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LOGISTICS
An almost round trip of 8 km starts at SD 
239928.  Walk up the road to Stephenson 
Ground and after looking at the features here 
take the path northwards to follow the 
itinerary.  Once the geology has finished head 
for Natty Bridge and take the forestry road to 
return to the parking place.

About half the distance is on open fellside and 
the other half on roads, paths, and poorly-
defined tracks.  Caw Moss is boggy in parts.

Ordnance Survey Open Data.

Kilometre grid.
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Introduction to the Tail Crag maar diatreme

On the southern slopes of Caw the stratigraphy published at 1:50,000 scale is a triple layer stack of the  Stickle Pike Member [Lickle
Formation], Caw Formation, and Lag Bank Formation.  The Caw Formation in the centre is volcaniclastic sandstone and conglomerate
whereas the two units on either side are ignimbrites.   There is much evidence that, prior to deposition of the Caw Formation, the upper 
surface of the Stickle Pike had a topography defined by volcanotectonicfault [VTF] scarps which influenced sedimentation.  A VTF at Tail 
Crag, with a very weak landscape expression, has a pronounced effect on the sedimentary style in the Caw.  South of the VTF the Caw is 
mainly fairly thinly-bedded fine- to medium-grained turbidites [Bouma model] contrasting with deposits to the north which are mainly 
thickly bedded coarse-grained turbidites [Lowe model] though some debris flows might have been involved.  Coincident with this 
contrast in sedimentological styles are abundant Neptunianclastic dykes in the underlying Stickle Pike, the intense fracturing being 
attributed to continuing seismic activity on the VTF after explosive eruptions had ceased.  The VTF topographic expression extends from 
part way below the Stickle/Caw boundary, through the Caw up to just into the Lag Bank.  At the Caw/Lag Bank contact there is a tuff-
ring style deposit that only extends for a few tens of metres either side of the intersection of the VTF with this boundary. Overlying the 
dilute PDC deposit there is an ignimbriticlag breccia which is laterally only a little more extensive than the underlying well stratified 
ignimbrite.  Along the trend of the VTF, but only extending a little way down into the Caw, there are metric-scale blocks of thetuff-ring 
style deposits disoriented such that, in some cases, bedding has been overturned; this is interpreted as a diatreme of limited depth.  A 
possible scenario involves reuse of a Stickle Pike Member magma conduit which was propagated through the Caw Formation partly
guided by the contrast of sedimentary types.   Seismic activity may have continued along the VTF during much of the evolutionof the 
Caw.  When the initial Lag Bank magmatism was close to the palaeosurfaceit generated phreatic eruptions forming the very limited tuff-
ring.  Expansion of the feeder zone caused break up of blocks of the stratified tuff-ring deposits which now have a range of steep 
attitudes.  The Caw was probably poorly consolidated during these events and probably disaggregated into its constituent parts ςa soft-
rock environment.  Subsequently the lag breccia which is localised around the VTF/Caw-Lag Bank intersection was fed from the same 
conduit.



Weakly-defined 
approximately east-west 
features on Google Earth 
are VTFs.  The Tail Crag 
VTF is highlighted by 
arrows together with a  
southerly splay.  Less 
persistent VTFs, or those 
with less offset on the 
Stickle/Caw boundary, 
are not resolved at this 
scale.  On the Tail Crag 
VTF there is a twenty 
metre offset [strike 
separation] of the 
Stickle/Caw boundary.

The fault along the River 
Lickleoffsets the 
Borrowdale 
volcanics/Windermere 
Supergroup boundary 
but when it was initiated 
is another question.

Volcanotectonicfault lineaments on Google Earth south of Caw
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Locality 1 
Walking up the road towards the 
large barn at Stephenson 
Ground, have a look at the lintels 
over the door and windows onto 
the road.  They are welded 
ignimbrite.  The source is not 
known with certainty but they 
might be from the Stickle Pike 
Member of the LickleFormation.



Classic caries 
texture in the 
calcareous 
siltstone of the  
Kirkley Bank 
Formation 
[Coniston 
Limestone that 
was].  Many of the 
copestones are of 
this material.

Before you head out onto 
the fells it is worth a brief 
look at the copestones on 
top of the wall outside 
Stephenson Ground which 
include local geology not 
seen on this itinerary.

To the right is a block from a  
quartz vein.  

At the western end of 
the wall is a water yeat
made from columnar 
cooling-jointed welded 
ignimbrite.  The source 
of the columns is not 
certain but they 
probably came from the 
άǊƘȅƻƭƛǘŜ ǉǳŀǊǊȅέ ŀǘ {5 
2454 9463 in the Lag 
Bank Formation ς
Locality 10.



Locality 2 SD 23451 93202

Columns from a columnar 
cooling-jointed welded 
ignimbrite used as a water 
yeat in a dry stone wall.  The 
source of the columns is not 
certain but they probably 
ŎŀƳŜ ŦǊƻƳ ǘƘŜ άǊƘȅƻƭƛǘŜ 
ǉǳŀǊǊȅέ ŀǘ {5 нпрп фпсо ƛƴ 
the Lag Bank Formation 
[Locality 10].



Locality 3 SD 23413 93461

This locality can be observed from SD 23377 93433 
otherwise it is quite a hike to get to the rock face 
via an Open Access route.

Fanned columnar cooling-joints in welded 
ignimbrite of the Stickle Pike Member, Lickle
Formation, Stephenson Ground Crags.  Exposure 
approx. 7 m high.
The welding fabric defined by flattened pumice 
clasts is at high angles to the length of the columns 
[just about visible in the photo].

If you wish to have a more in-depth look at the 
sedimentary style of the Caw Formation the 
following are of note: 
SD 23467 93662 accretionary lapilli reworked in 
turbidite/debris flow beds. 
SD 23454 93595 a metric scale debridflow bed 
crowded with accretionary lapilli.
SD 23444 93578 a 3.5 m long clastic dyke in the 
Stickle Pike Member.
These three exposures are associated with a 10-15 
m step in the Stickle/Caw contact.

At SD 23426 93667 there is a good exposure of the 
turbidite style south of the Tail Crag VTF.



Locality 4 SD 23358 93726

An exposed contact between 
the Stickle Pike Member and 
the Caw Formation which 
gives a good opportunity to 
see the sedimentary style of 
the Caw.  The grainsize and 
bedding characteristics of the 
Caw are typical of medium-
grained turbidites.  It is easy 
here to identify the contact 
between the two units in 
contrast to north of the Tail 
Crag VTF where the Caw is 
coarser grained and poorly 
bedded making distinguishing 
the two difficult.

Just a few metres into the 
Caw [next slide] accretionary 
lapilli have been reworked by 
the turbidity currents.



Locality 4B SD 23371 93725

A few hundred metres south of 
Locality 4, around SD 23467 93562, 
accretionary lapilli are common and 
may in part be primary pyroclastics
though at SD 23455 93595 they are 
clearly reworked in a debris flow.  By 
the time you reach Locality 4  
accretionary lapilli are restricted to 
one or two layers and all are 
reworked.  Sparse accretionary 
lapilli are seen as far north as a few 
metres above the section shown in 
the photograph of Locality 5.

20p coin, amongst the accretionary 
lapilli, for scale. 



Locality 5 SD 23355 93906 

A fairly typical example of the 
sedimentary style of the basal several 
tens of metres of the Caw Formation 
south of the Tail Crag VTF.  These are 
medium-grained turbidites with Bouma-
model internal structures.  Bedding is 
mainly on the centimetre to a few tens of 
centimetre scale.  C divisions up to four 
cm thick are common. Fine-grained to 
medium-grained sand is dominant in the 
exposure.

[mobile phone for scale]



SD 23355 93906 [mobile phone for scale] SD 23273 94098 [joint face is 2.1 m tall]

Contrasting Sedimentary Styles North & South of the Tail Crag VTF

To the south [SD 23355 93906] of the Tail Crag VTF fairly thinly-bedded medium-grained turbidites have Bouma-model 
internal structures whereas to the north [SD 23273 94098] bedding is much more massive, grain size is coarse to very-coarse 
sand and beds have Lowe-model internal structures.



Typical coarse-grained and medium-grained turbidite sedimentary structures compared. 
From: Dorrik Stow and Zeinab Smillie, 2020, Distinguishing between Deep-Water Sediment Facies: Turbidites, Contourites and Hemipelagites. Geosciences, 10, 68; 
doi:10.3390/geosciences10020068. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/).



Ŷ Locality 6 SD 23316 93955 
Abundant Neptunianclastic dykes in Stickle Pike Member

From SD 23444 93578 [where there is a very large clastic dyke, 3.5 m 
x 15 cm] to Locality 6 there are localised clusters of dykes some of 
which are at abrupt steps in the Stickle/Caw boundary considered to 
be caused by VTFs.  From Locality 6 to the Tail Crag VTF clastic dykes 
are abundant. 

An example of clastic dyke arrays north of Locality 6.



In the area north of Locality 6 some infills of the abundant clastic dykes display turbiditic sedimentary structures showing 
that turbidity currents operated from the start of the depositional process on the south side of the Tail Crag VTF.  The  
dyke internal features, and the nature of the ignimbritichost, indicate a passive infilling process rather than forceful 
injection.  They are Neptuniandykes. 



Stickle Pike Member laced with 
Neptunianclastic dykes

scour Locality 7 SD 23277 94000

A perfect exposure of part of the Stickle/Caw contact where there is an 
overall four metre step.  Clastic dykes in the Stickle emphasise the boundary 
between the two units, a task helped by the good definition of bedding in 
the Caw.  The Caw built up against the steep edge of the Stickle Pike 
Member.  A scour within the Caw possibly reflects turbulence generated by 
the palaeotopographyat the top of the Stickle Pike Member.

Shadows on the photographs can create a pseudoscopiceffect where 
positive features appear recessive.  The clastic dyke labelled +vestands out 
from the weathered surface ςblink hard if it is recessive!

A couple of metres south, the contact is sub-parallel to the bedding in 
the turbidites.

Stickle Pike Member with Neptunianclastic dykes

Caw turbidites

Caw turbidites
+ve



SD 23250 94015

Just north of Locality 6 there 
are gently dipping surfaces in 
the Stickle Pike Member 
with abundant clastic dykes.



Locality 8 SD 23273 94098 

The Stickle Pike/Caw boundary north 
of the Tail Crag VTF is at SD 23255 
94096 where the depositional style in 
the Caw Formation is markedly 
different to that south of the VTF.  
Coarse to very coarse sand dominates 
with some granule conglomerate.  A 
better view of the sedimentary 
structures is gained a little way into 
the Caw at SD 23273 94098 on a 2.1 
m tall joint face; these are 
characteristic of high-concentration 
turbidity currents [Lowe model].  
Possible amalgamation of beds makes 
it difficult to assess bed thickness but 
it is significantly greater than to the 
south of the Tail Crag VTF.

The Stickle/Caw contact is exposed at 
23234 94117.


