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1  Introduction 

 Carbonate rocks such as limestone are the result of biological processes. The hard parts of 

carbonate producing organisms, including algae, brachiopods, crinoids and corals,  

accumulated as sediment on the sea floor and were later cemented (stuck together) to form 

rock. Most organisms which produce carbonate sediment are intolerant of terrestrially 

sourced mudstone and sandstone, such as are eroded from high ground and brought down 

to the sea by rivers. In the area of Newton Gill, beds of limestone are found interspersed 

with beds, of mudstone and fine grained sandstone. The strata exposed in Newton Gill are 

therefore not easy to interpret. 

 Some of the limestone beds contain boulders, which can only have been transported down 

slope by processes such as underwater landslides. 

 By walking up the stream, beds of mudstone, sandstone and limestone can be identified, 

though beds of impure limestone are hard to distinguish from mudstone.  

 Acid fizzes when in contact with rocks containing limestone. Vinegar is not sufficiently 

strong. Dilute hydrochloric acid can be used to test for carbonate rocks but, if you use it, be 

sure that you know how to do so safely. 

 

 These notes are an introduction to local geology. For those who want to know more the  

 ‘Geology of the country around Settle’ a memoir of the British Geological Survey 

 ISBN 0 11 884403 2 

 is very comprehensive.  It accompanies  

 British Geological Survey 1:50000 geological map, Sheet 60, Settle. 

 Both are obtainable via the BGS website. 
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2 Stratigraphy 

 

 The rocks in Newton Gill are of late Mississippian age which is, in traditional UK parlance, 

near the top of the Lower Carboniferous. In Figure 1 is shown the age of these rocks and 

their position relative to other Phanerozoic rocks. The Phanerozoic is the aeon (eon) of 

‘visible life’, which commences with the appearance of abundant fossils of hard-shelled life 

forms, all of which were marine. 

 

 

  
Figure 1:  Geological Column, using international nomenclature and indicating ages in 

millions of years 
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Figure 2:  Geological Column, identifying local rock formations. 

 

The stratigraphic column of Figure 2 shows the rock formations found in the local area.  

Rock formations are not necessarily laterally continuous. During the Brigantian, for instance, 

the Pendle Sandstone and Lower Bowland Shales were deposited contemporaneously. 

Laterally constrained deposition is an important aspect of the story of Newton Gill. 

 

 

3 What is exposed in the stream bed, rocks and fossils 

 Beds of mudstone and sandstone in ‘couplets’ 

 Just to the right of Newton Gill, as you approach the gorge, is a small cliff of mudstone and 

sandstone couplets known as turbidites. There are a number of different types of turbidite; 

in this location the turbidites are ‘event deposits’, underwater avalanches often arising from 

an earthquake. Soon after the 1929 Grand Banks earthquake off the coast of Newfoundland, 

transatlantic telephone cables were broken. Twelve cables were snapped at different times 

in a total of 28 locations. Analysis of the data showed that a 60-mile-per-hour (100 km/h) 

turbidity current of water saturated sediments swept 400 miles (600 km) down the 

continental slope.   
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 Every turbidite has the potential to erode some of the mudstone top of the previous flow. 

When it does so it leaves tell-tale evidence. At Newton Gill the evidence is seen in 

characteristic erosion traces, including flute casts and groove casts. Flute casts record the 

current direction, the steep side of the bowl being upstream and the gently inclined ‘tail’ 

downstream. Groove casts are parallel to the current. Remember that these sedimentary 

structures are preserved on the underside of the sandstone beds, i.e. ‘upside down’. 

Because sand has filled the hollows eroded in the mudstone, what you see is a cast of the 

original erosional surface.   Although it may be possible to see these features in situ in 

outcrops in the stream bed, they are more readily identified in loose blocks, see Figure 3. It is 

well worth keeping an eye open for examples as you walk up the stream bed. Figure 4 shows 

a sedimentary structure in situ on the underside of one of the overhanging sandstone beds 

in the small cliff of Figure 5. It is clearly an erosional feature but wider than a normal groove 

cast. 

  

  
 Figure 3:  Groove casts and a flute cast on the underside of a sandstone bed.  
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 Figure 4:  Underside of one of the sandstone beds in Figure 5, below. 

 

  
 Figure 5:  Small cliff on south side of Newton Gill gorge. The sandstone mudstone couplets 

are turbidites. 
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 Pendleside Limestone and conglomerate 

 Further up the gorge two styles of limestone strata can be seen in the stream bed. The first 

consists of fine grained impure limestone in beds parallel to the sandstone and mudstone. 

These beds are not easily recognised because they are almost the same colour as the 

sandstone beds.  

 The second consists of coarse rounded limestone clasts (fragments) in a fine grained 

limestone matrix. This is known as a conglomerate and within a 100 metres or so the clast 

size varies from the size of a pebble to tens of cubic metres. 

 The best place to see the conglomerate is upstream of the ‘sheep fence’ which hangs across 

the stream. To find it you must scramble up the side of the gorge, climb over the style in the 

stone wall and follow the low path which drops towards stream level. In the far bank of the 

stream, underneath the last tree is an erosional contact between mudstone, underneath, 

and limestone conglomerate, on top, as shown in Figures 6, 7 and 8. 

 

  
 Figure 6:  Location of base of Pendleside Limestone 
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 Figure 7:  Contact between base of Pendleside Limestone and underlying Worston Shales 

  

  
 Figure 8:  Close up of contact 
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 Figure 9:  Pendleside Limestone conglomerate. The largest clasts are about 150mm across 

  

 The clasts contain fossils of reefal origin. It is clear that the sediment in the reef had been 

cemented before it was broken up, by storms for instance. After that the resulting clasts 

were rounded by erosion and transported to their current location, where they became 

cemented in a muddy limestone matrix.  

 Upstream, sandstones and mudstones dominate the succession, although some of the 

sandstones have calcareous cement and the rock fizzes with acid. Some of the mudstones 

contain fossils, thin shelled marine bivalves. 

 

 

 Return to the path, go back over the style and walk downhill on the main path until a small 

valley appears on your left. In the foreground beds of limestone can be seen, inclined at a 

similar angle to those in the stream bed. 
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4 Depositional environment 

 The rocks in Newton Gill bear witness to two different depositional processes. 

 The turbiditic sandstone mudstone couplets were emplaced in quite deep water along the 

axis of the Craven basin, in front of an advancing delta.  

 The limestone conglomerate and boulders have been transported downslope from a shallow 

reefal environment. The slope must have been both steep and close by for such large 

boulders to be transported into the basin. 

 The margin of the Craven basin in this area was faulted, with much greater basin subsidence 

on the southern side of the fault. The fault, or more correctly the fault complex because 

there is a suite of faults, is known as the South Craven Fault. A schematic representation of 

the depositional environment is shown in Figure 12. Faulting was active during deposition of 

the strata in Newton Gill. Earthquakes are likely to have been the cause of large sections of 

reef breaking away and slipping or rolling downslope. 

 

  
Figure 12: Schematic cross section of depositional environment, taken from Sheet 60, 

Settle, 1:50000 geological map. PdL represents Pendleside Limestone and LCg 

Limestone Conglomerate. 

  

 The reason for subsidence being greater on the southern side is the presence of a granite 

intrusion underneath the region north of the fault. The region is known as the Askrigg Block. 

Granite is less dense than the surrounding rocks and its buoyancy reduced subsidence right 

across the Askrigg Block. 
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5 Recent geology 

 The most recent ice ages have left their mark on the local landscape. Glaciers and ice sheets 

transported rock from distant locations. When the ice melted about 10,000 years ago, these 

rocks, known as erratics were deposited with finer grained material to form till (formerly 

described as boulder clay). We shouldn’t use the term ‘boulder clay’ because the finer 

grained material can be anything from clay to sand and gravel and such glacial deposits do 

not just consist of boulders and clay. 

 A variety of erratics can be found in the stream bed. One piece of karstic limestone has 

clearly not travelled far, sandstones may be very local, but the occasional hard greenish rock 

which is neither limestone nor sandstone may have come from the Lake District. 
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