
 
  The Geology of the Bowland 

Fells. South and East. 
 
  

 
 

 
A field guide by  
Alan Harrison



 1 

Acknowledgements 
 

The credit for this guide must go to the memoir writers of 

the British Geological Survey (BGS) over the last circa 

one hundred and fifty years. They have enabled me to 

find all the sites in this guide and more and I have 

personally marvelled at how they found them in the first 

place. All are listed in the reference section of this work, 

any omissions are this author’s responsibility.  

___________________________- 

 

Publication supported by the Geologists’ Association 
Curry Fund 

 

Front cover photograph: 

Middle Knoll at the head of the Dunsop Valley 
 



 2 

 

Contents 

                                                                            Page 
Introduction                                                             3 

The structure                                                           4 

The Quaternary background                                 5 

The summit rocks                                                   7 

Sketch maps of the following areas                       9 

A selection of Trough of Bowland and 

Brennand sites                                                       10 

Some eastern sites                                                 23 

The Tiddeman striae                                             29 

Glossary                                                                 31 

References                                                              33 

Appendix 1 Complete geological column            35 

Appendix 2 Carboniferous geological column   36 

 

© Alan Harrison, 2017 

Great Harwood, Lancashire.



 3 

The Forest of Bowland Area of Outstanding 

Natural Beauty (AONB) 

Introduction 
The geology of the fell area of the Bowland AONB has a 
regional dip roughly to the northwest, this of course implies, 
using the old geological saying "dips to the younger", that the 
oldest rocks are in the southeast. In this direction in the 
Slaidburn, Stocks and Dunsop area we have the oldest 
Namurian (Upper Carboniferous or Silesian) and late Visean 
(Lower Carboniferous or Dinantian) rocks exposed. In the 
north-west of the area the youngest Namurian are situated 
e.g. the Rough Rock and some coals of the Westphalian and 
even a dyke of Palaeogene age. (See geological columns in 
appendix 1 & 2). 
 
In the southeast the Sykes Anticline is the main structural 
feature that helps to bring to the surface the Hodderense Beds 
and the Bowland Shales of the Dinantian or Lower 
Carboniferous. Above these are our familiar local rock units, 
the Pendle Grits, Brennand Grits (roughly equivalent to the 
Warley Wise Grits of the Pendle Anticline) and, further north 
over the fells, the younger Wards Stone Sandstone member. 
 
The most geologically recent of treats, mentioned above, that 
the Bowland Fells has to offer apart from the Quaternary is 
an igneous dyke of Palaeogene or Tertiary age, circa 60Ma in 
age. At present considered contiguous with the Grindleton 
Dyke near Clitheroe (Brandon 1992). 
 
Some revision of names of geological Groups and 
Formations have been undertaken by the British Geological 
Survey (BGS) in recent years when they have proven 
correlation with other areas and the most appropriate name 
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chosen. The names used in this guide refer to individual rock 
units and mostly have not changed. 
 

The structure 
The Bowland Fells are constrained in the west by the Pennine 
Boundary Fault. Because of the downthrow on the west side 
of this fault the younger rocks of the Permian and the Triassic 
are at the surface here and the Namurian (Upper 
Carboniferous) rocks, of the Bowland fell tops, are at some 
two kilometres depth. The Bowland Shales of interest to the 
hydrocarbon industry (fracking, etc.) are below these. The 
east is constrained by the Bowland Block, one of the stable 
platforms similar to the Askrigg Block. The folding of the 
Pendle and Sykes anticlines and elsewhere form part of the 
Ribblesdale Fold Belt  The forces that created it (the 
Variscan Orogeny) producing structures trending (aligning) 
from southeast to northwest. 
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Fig. 1.  Simplified structure of NW England  
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The Quaternary background 
During the last glaciation (the Devensian) the fells had full 
ice cover at the maximum but flowing ice and therefore till 
deposits are rare and mainly in the Lune and Ribble valleys. 
A curious strip of till SSW of the Crook of Lune occurs as 
well as NW of Keasden Beck (Moseley 1961). This was 
possibly deposited by the South Lake District or the South 
Pennine ice stream (English Heritage 2006). Tiddeman  
(1872, p. 477) records striations in the area of Bowland 
Knotts with a direction SSE. This was evidence of a general 
advance of the ice to the south a breakthrough for the time. 
The glacial ice, at certain periods, must, therefore, have 
overflowed into what is now the upper Hodder valley (Earp 
et al. 1961). The Ribblesdale Ice diverged in the area of 
Champion near Slaidburn also entering the Hodder valley, 
the other branch going down the Clitheroe valley. The ice 
passing over Bowland Knotts at 422m AOD must have 
occurred at a very active flowing stage as the height at 
Champion is only circa 250m AOD. The commonest 
Quaternary deposits found on the fells, apart from peat that is 
of Holocene age, are head deposits found on most of the 
sloping areas. Head are bedrock deposits that have been 
shattered and sometimes mobilised by freeze-thaw cycles 
during periglacial times (Aitkenhead et al. 1992) and are still 
mobilised as landslides today when heavy rain saturates the 
ground. 
 
To summarise, the main ice streams of the Devensian 
glaciation, apart from during the peak ice cover, flowed 
around the Bowland Fells. The Lake District and Irish Sea 
Ice flowed mainly to the west, the Pennine Ice to the east via 
the Hodder and Ribble valleys.  The Pennine Ice also flowed 
into the Burnley area. 
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NB There is now a body of opinion that says glacial till was 
deposited on the higher fells at some point in the Devensian, 
but was then eroded during the rapid de-glaciation of the area 
at the end of the Last Glacial Maximum. 
 

 
 

Fig. 2. Map showing postulated ice flow surrounding the 
Bowland Fells and ice cover circa 20,000 years BP 

(English Heritage 2006). 
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The summit rocks 
The rocks that give the uplands of the area its distinctive 
character are what might be termed the capping rocks. These 
are relatively resistant to erosion compared to the shales, 
mudstones and siltstones that comprise the intervening strata. 
 
On our south-west tour from the area of Dunsop Bridge we 
first meet the Pendle Grits, the oldest of the Millstone Grit 
Group and of Pendleian age. This forms the summits of 
Winfold Fell, Top of Blaze Moss, most of Beatrix Fell and 
Totridge Fell. Also included are the south-west moors e.g. 
the Bleasdale Moors and the Parlick area. The hills are 
mostly peat covered and the outcrops are not very striking. 
The Pendle Grit is a fine textured sandstone of a delta front 
origin, compared with the younger delta top deposits that can 
have a much coarser texture. 
 
The next of what we are calling the capping rocks are the 
Brennand Grits, also of Pendleian age. These rocks form 
much more striking features, with a tor like character and 
form the summits of Threaphaw Fell, Millers House, 
Brennand Hanging Stones, Whitendale Hanging Stones, 
Great and Little Bull Stones and the summit of Beatrix Fell. 
In the east of the upland area Bowland Knotts, Cold Stones 
and Black Hill are also of Brennand Grit 
  
Higher on the moor as we travel north we come to the Wards 
Stone Sandstone now Arnsbergian in age with the 
Roeburndale Formation (now the Silsden Formation) 
separating it from the preceding Brennand Grit. The Wards 
Stone Sandstone is another rock that forms tor like features 
that give the Bowland summits their particular character. 
Examples are the summits of Wards Stone and Wolfhole 
Crag. 
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Fig. 3. A simplified section that 
shows the Bowland Shales 
Formation and the Millstone Grit 
Group (i.e. From the Pendle Grit 
Member to the base of the Lower 
Coal Measures). (Based upon 
BGS maps 1:50,000 sheets: 59 & 
68 with the permission of the 
British Geological Survey). 

______________ 
 

The following pages will take us to 
various sites of interest in the high 
fells area of The Forest of Bowland. 
Full fell walking equipment is 
recommended as the ground can be 
boggy and the weather unreliable. 
The map that covers the area for 
navigational purposes is the OS 
Explorer Map 1:25,000, OL 41, 
Forest of Bowland and Ribblesdale. 
The 1:50,000 Geology maps of the 
area are sheets; 59, Lancaster; 
sheets 60, Settle and 67, Garstang. 
 
Grid references are given in a ten 
digit format that gives the location 
to 1 metre. They are given in bold 
type with SD at the start and 

sometimes with the height over ordnance datum (AOD), 
when available, last. 
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A selection of geological sites to visit in the 
Trough of Bowland and Brennand area. 

 
The Sykes Anticline. 
Easily visible at the quarries approx. 2 kilometres south of 
the highest point of the famous Trough of Bowland near 
Sykes Farm that gives the anticline the name. 
These give access to the oldest rocks in the Bowland Fells, 
the Hodder Mudstone Formation. The core of the anticline is 
composed of the Hetton Beck Limestone exposed at Sykes 
Quarry. The Hodder Mudstone is described as a packstone 
with shaley mudstone interbedding (Kabrna 2011). These are 
of Chadian age in the Dinantian or Lower Carboniferous. 
 

 
 

Fig. 4.  Sykes Quarry (east of the Trough road)  
 SD 62815 51882. 

From the Trough of Bowland and Sykes area the Brennand 
Valley is accessible by way of Rams Clough, the ruins of 
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Trough House, the boggy moor and then down Ouster Rake 
to Brennand Farm. On this route the Pendle Grit is seen to the 
left at the top of the descent. This forms the summit rocks of 
Whins Brow and others but they are mostly peat covered. 
Below this is the Bowland Shale Group famous as the source 
rock for the shale gas and the proposed fracking operations to 
penetrate below the Permo-Triassic rocks that cover the 
downfaulted Upper Carboniferous rocks on the Fylde plain. 
 

 
 

Fig. 5.  The Pendle Grit outcrop at the top of the Ouster 
Rake bridleway SD 64336 53226, 413m AOD 

On the descent to Brennand Farm the Hind Sandstone should 
not be missed. Immediately below the site of Fig. 5 is Hind 
Clough a steep water worn valley that gives the sandstone's 
name. It is about 50m down the gully that the sandstone 
outcrops but is a steep descent. A possibly easier way is to 
descend Ouster Rake to near the gate to the farmland and 
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contour back to the gully making judicious use of sheep 
tracks as sheep know their way better than we do. 
 

 
 

Fig. 6. The horizontal Hind Sandstone outcrop partly 
obscured by shale talus. SD 64381 53278, 366m AOD 

 
The sandstone at the northwest side of the gully is somewhat 
contorted (Fig. 7.) possibly caused by minor faulting (Hughes 
1986). This is unlike the horizontal bed visible in Fig. 6. 
Above the sandstone is a good exposure of the Bowland 
Shales (Fig. 8). The descent to Brennand Farm can now be 
continued and a return to Dunsop Bridge or, from the farm, a 
climb to the Upper Brennand Valley and the moors. 
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Fig. 7. Contorted strata. 
 

 
 

Fig. 8. The Bowland Shales above the Hind Sandstone. 
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Blue Scar and the Hind Sandstone again. 
Blue Scar, high on the Whitendale slopes of Middle Knoll 
has no easy way to visit but using the Right to Roam access 
land a tour can be formed. Walk up the road from Footholme, 
fork right to Whitendale and to the cattle grid about 500 
metres along. Pass the cattle grid and take to the moor and 
ascend by the wall to the summit and the scarp of the Pendle 
Grit which is dipping at 30o SE (Fig.9.) at the sharp bend in 
the wall. Stunning views await if the weather is kind. 
 

 
 
Fig. 9.  The scarp of Pendle Grit at the summit of Middle 

Knoll 
From the summit descend to the top of Blue Scar, then 
downhill to the left and enter the scar about half way down. 
This is famous as an example of "soft sediment deformation" 
and "injectites" Fig. 10. (Kabrna 2011).  
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Fig. 10. Blue Scar looking south.  
 SD 65578 54603, 377m AOD 

From Blue Scar we can walk to the west side of Middle 
Knoll to visit an example of the Pendleside Sandstone. 
Descend the moor to the tarn, through the gate in the wall 
then follow the stream to the start of the improved farmland 
and go through the gate in the fence. Follow the cart track to 
the small plantation and just beyond to a stream section with 
sandstones and shale and some bedding features. Figs. 11 & 
12.  SD 65071 54153, 265m AOD. 
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Fig. 11. Coarse sandstone bed with field book for scale. 
 

 
 

Fig. 12. Bed below Fig. 11, see stick left for scale.



 17 

The upper Brennand Valley and gorge. 
 
Beyond the Brennand Farm settlements the high moors begin 
and the valley can be accessed by the water authority tracks 
or the joint United Utilities / shooting syndicate jeep road 
that eventually leads to the shooting hut at SD 63473 55782, 
362m AOD and then the moorland summits. 
 
From the shooting hut the Brennand Waterfalls are easily 
visited to the west and a circuit can be made east to Brennand 
Hanging Stones, a tor like feature of Brennand Grit.  
 

 
 

Fig. 13. Brennand Hanging Stones   
SD 63980 55850, 397m AOD. 
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Fig. 14. Note the pebbly nature of the Brennand Grit at 
the Hanging Stones. 

 
From the Brennand Hanging Stones proceed south to the 
grains of Lee End and the brook that is a tributary of the 
Brennand River. Keep to the left bank going downstream 
until SD 63893 55400, 325m AOD where a shaley section is 
exposed in the right bank (Surgill Shales). Carry on down the 
left bank where a sandstone bed is visible at SD 63841 
55323, 320m AOD then proceed with caution until a short 
cliff is reached with a gully coming from the left. From this 
point will be visible massive ripple marked slabs opposite 
which are identified as the Pendle Grit Member (Brandon 
1992). Descend into the bed of the stream to get closer at  SD 
63806 55246, 304m AOD (Figs. 15 & 16). 
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Fig. 15. Short cliff then ripple marked slabs opposite. 
 

 
 

Fig. 16. Close up of the ripple marks, see stick for scale. 
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The upper Brennand Valley, part two. 
 
The Waterfalls. 
Visiting the shooting huts again we are nearly at the head of 
the Brennand Gorge and river. From here the gorge can be 
traversed downstream but is not an easy passage. Go west 
across the moor from the huts for approx. 200m and meet a 
jumble of massive boulders and outcrops at the junction of 
the streams coming in from Cabin Hill and the main 
Brennand River. The river and the waterfalls (Fig. 17) then 
continue due south for 500m cutting down through the two 
lower tiers of the Brennand Grit until Fig. 18 is reached at SD 
63106 55276, 359m AOD. The Surgill Shale is below the  
eroded channel feature (Fig. 20).  
 
 

 
 

Fig. 17. The top waterfall in the Brennand Gorge 
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Fig. 18. Eroded channel at the basal Brennand Grit 
 

 
 

Fig. 19. The pebbly nature of the basal Brennand Grit 
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Fig. 20. The change of facies below Fig. 18. 
 

The Brennand Grit is said to be equivalent to the Grassington 
Grit in the Airdale area and also to the Warley Wise Grit of 
the Pendle area further south. All seem to have the coarse, 
pebbly nature of delta top deposits seen on figures 14 and 19. 
Below the basal Brennand Grit of figure 18 are the Surgill 
Shales and then the much finer sandstones of the Pendle Grit 
Member, a delta slope deposit, (see Fig. 20). 
 
To visit the sites at figures 18, 19 and 20 an alterative route 
can be made following the pipeline or the jeep track to the 
water intake SD 63099 54863, 236m AOD and then walking 
upriver for about 300 metres on fairly even ground. 

________________________ 
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A selection of geological sites to visit in the 
eastern area of the Forest of Bowland 

 
Introduction 
This area includes the sites of Croasdale Beck, Catlow Fell, 
Coldstone,  Bowland Knotts and Whelpstone Crag. 
In this area it is the Catlow Anticline that brings the older 
rocks, i.e. the Bowland Shales to the surface in the region of 
Dobb Dale Beck near Halsteads Farm and just inside the 
Gisburn Forest Plantation. The capping rock of the summits 
is again the Brennand Grit and said to lie unconformably on 
the underlying Pendle Grit. Evidence for the unconformity is 
provided by the differing angles of dip between the two beds 
and implying that the fold had formed in late Pendlean times. 
The reasoning for this is that the Brennand Grit is less steeply 
dipping than the underlying Pendle Grit Formation to the 
south in Near Costy Clough (Arthurton 1988).  
 
The sites 
All the following are high on the fells and are possible to 
access from the car park at the Cross of Greet Bridge SD 
70239 59005.  From here a walk can be had over the Catlow 
Fells to Cold Stone and Bowland Knotts returning via Catlow 
Farm. Secondly, on the western side of the valley, we can 
walk via White Hill from the Cross of Greet and return via 
Far Costy Clough. The quarry at the foot of the clough 
supplied stone for the building of Stocks Reservoir and is 
worth a visit. 
 
The photographs following are of the impressive outcrop of 
Cold Stone and one of the Bowland Knotts outcrops.
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Fig. 21. Outcrop 100m west of Cold Stone showing the 20o 

dip to the north of the Brennand Grit. 

 
 

Fig. 22.  The Cold Stone. Rucksack at the foot of the left 
buttress for scale. SD 71171 60753, 395m AOD 
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Fig. 23. Cross bedding, highlighted by surface weathering 
 

 
 

Fig. 24. Bowland Knotts, summit rocks by the road.  
SD 72640 60665, 422m AOD. 
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From the car park at the Cross of Greet Bridge we can also 
visit the old quarry, mentioned earlier. A narrow gauge 
railway connected the quarry with the site and remnants of 
the track and loading crane are still visible. The Pendle Grit 
is visible at the bridge and described as "300 metres of 
interbedded sandstones and siltstones" (Arthurton 1988). The 
Pendle Grit is not easy to differentiate as the bed of the 
stream is armoured by many boulders. 
 
Near Costy Clough can be accessed from the car park and 
provides a reasonably level way onto the high moorland to 
the west if the northwest bank is used. The Pendle and 
Brennand Grits are exposed occasionally on the ascent. 
 
Far Costy Clough (Fig. 26) is much more spectacular with 
waterfalls formed in the Brennand Grit above the quarry. One 
way of accessing these are to walk up to the shooting hut 
(Fig. 25) and spring SD 69577 59119 from the car park then 
a contouring route leads almost to the waterfalls at SD 69229 
59495.  After the falls make your way down the south bank 
of the stream for about 500 metres (one of the principle 
sources of the River Hodder) aiming for the derelict crane 
mechanisms and the quarry. The rocks here are lower 
Brennand Grit merging into the Pendle Grit Member SD 
69480 59550. After pondering the faulting and the bedding at 
the last stream section before the quarry level (Fig. 29) a 
return to the car park can be made roughly along the line of 
the railway but is not particularly easy to follow. Good luck.  
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Fig. 25. The shooting hut with Catlow Fell behind 
 

 
 

Fig. 26. The Far Costy Clough waterfalls 
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Fig. 27. Quarry crane mechanism, useful landmark 
 

 
 

Fig. 28. The remains of the narrow gauge track 
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Fig. 29. The exposures at the quarry level 
 

The Tiddeman striae 
The author attempted to locate the famous striae, mentioned 
earlier in the Quaternary section. Identified by Tiddeman 
(1872) during his studies of ice cover in the north of England 
some possible candidates were noticed at the summit of the 
Bowland Knotts road SD 72640 60665, 422m AOD (fig. 30). 
The compass bearing was 120 degrees measured by this 
author whereas Tiddeman gave the figure as south 15 degrees 
east. This gives 165 degrees, in modern practice, so is 45 
degrees at variance. Possible chatter marks are also visible 
(fig. 31) but perhaps are a bit speculative. A thorough search 
is required for more examples. 
 

_________________________________
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Fig. 30. Is this the Tiddeman striae? bearing 120 degrees 
 

 
 

Fig. 31.  Possible chatter marks adjacent to the above?
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Glossary 
 

Anticline. A convex folding that leaves the oldest or lowest 
rocks at the core. 

 
BP. Before present, taken as 1950. 
 
Chatter marks. Centrimetric scale curved marks formed by 
irregularly moving boulders under a flowing glacier. 
 
Dip. The maximum angle of slope of a sedimentary rock 
bedding plane, also has a direction component. 
 
Drift. The term used for all superficial deposits. 
 
Fault. A shearing of rocks with a displacement or throw 
component. 
 
Feldspar. An alumino-silicate mineral that contains sodium, 
potassium and calcium in various proportions. 
 
Fold. A curved or angular shape of an originally planar 
geological surface. 
 
Glacio-fluvial. Derived from glacial melt-waters. 
 
Grains. Small feeder streams in the moorland peat. 
 
Head. A superficial deposit formed under periglacial 
conditions. 
 
Injectite. When one sediment layer forces into another. 
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Quaternary. The fourth and most recent of the geological 
periods, generally considered the last 2 million years. 
 
Orogeny. A period of mountain building. 
 
Inter-stadial. A short period of amelioration in climatic 
conditions. 
 
Packstone.  Defined as a grain supported, clastic limestone 
containing some lime mud. 
 
Periglacial. Areas not directly glaciated but affected by 
proximity to cold conditions e.g. arctic tundra. 
 
Roche moutonee. An outcrop of rock that is smooth in the 
up ice direction and plucked or eroded on the down ice 
direction. 
 
Sedimentary. A rock reformed from previously eroded 
debris and undergone a process known as lithifaction. 
 
Stadial. A short period of ice age conditions. 
 
Strata. Layers of sedimentary rock, single layers referred to 
as beds or stratum. 
 
Striae. Scratches on a rock surface caused by rocks under a 
flowing glacier and indicate ice flow direction. 
 
Syncline. A sinking or concave folding of rocks that leaves 
the younger rocks in the core. 
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Till. Unsorted glacial debris, usually clay and boulders, but 
depends on the source material, carried on the bed of a 
glacier, is now called diamict by modern workers. 
 
Tor.  Originally a term from the southwest of England to 
indicate a detached mass of rock sometimes capping the 
summit of hills. 
 
Unconformity. A break in deposition of sediment. 
 
Upper Carboniferous or Silesian. A period in geological 
time from 322Ma ago to 290Ma ago when the rocks in 
question where at the vicinity of the equator. Noted for 
sandstones, gritstones and coal i.e. estuarine deposits, as 
opposed to the Lower Carboniferous or Dinantian noted 
generally for limestone laid down in clear shallow warm 
seas. 
 
The Variscan Orogeny. The name given to a mountain 
building episode in the late Carboniferous / Permian periods 
when the Caledonian continent collided with Southern 
Europe. 

Wackestone.  A limestone composed of matrix supported 
carbonate particles in mud. 
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Appendix 1. 
 
 

 
 
 

Fig. 32 Complete Geological Column (BGS 2016) 
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Appendix 2. 
 

 
 

 Fig. 33 Section of the Geological Column Specific to the 
Carboniferous Period (BGS 2016) 

http://www.bgs.ac.uk/discoveringGeology/time/timechart/phanerozoic/images/carboniferous.png

	Wackestone.  A limestone composed of matrix supported carbonate particles in mud.



