Bude trip with Malvern U3A geology group
19t September 2016
General Geology of the area

The general geological structure of the area is that of the Culm Synclinorium, which stretches from
east to west across northern Cornwall and Devon. This is a downfolded area with other smaller folds
superimposed on it. To the north are Devonian rocks, through the centre are Carboniferous rocks
and to the south are Devonian rocks again, so the youngest rocks are found in the synclinorium, with
older rocks to the north and south.

At the end of the Carboniferous Period, the area was subjected to intense folding during the
Variscan orogeny, which lasted for about 90 million years. This was caused by the collision of the
supercontinent of Laurussia with the microcontinent of Iberia-Armorica (outlying terranes of
Gondwana). The crust was shortened and deformed.

Maer Cliffs at Northcott Mouth

The first site we visited was Northcott Mouth, a few kilometres north of Bude, where we parked at
the National Trust car park, from which we walked to the Northcott Stream and then along the top
of Maer Cliffs to see the folds exposed on the beach below. The rocks here are Upper
Carboniferous, the Holsworthy Group (formerly called the Upper Culm Group), which is several
kilometres thick and are highly deformed. This is made up of the Crackington, Bideford and Bude
Formations. From the cliff top chevron folds are visible with the bedding dipping into the beach.
The folds have been eroded by the sea and are cut across and appear on the wave cut platform as
tight zig zag shapes, not rounded forms. The eroded limbs of the antiforms and synforms can be
seen. These are the names given to anticlines and synclines when it is not known whether the beds
are the right way up or overturned. As seen looking down from the cliff top to the wave cut
platform below, the antiforms close with the point of the V shape facing away from us showing that
the fold axis is plunging away from the cliff towards the sea. The synforms close facing towards the
cliff showing that their axes also dip away from the cliff.



The photo shows an antiform in the centre of the picture with a synform on either side.

Chevron folds are really tight and develop where the rocks consist of a high proportion of mudstone
beds as well as sandstone. The mudstones allow slippage along bedding planes when the beds are
folded and there is often concentration of mudstone at the fold axis. When there are sandstone
beds alone or massive sandstones, the folds are rounded in shape. Examples of each of these were
seen on the next day of the trip



Further south, seen in the photo above, is a thick sandstone band, probably better cemented and
therefore more resistant to erosion, which stands up as a sea stack. The fence seen at the top of the
cliff in the photo now hangs out into thin air after a cliff fall.

This antiform, seen in the photo above, has a fault running through its axis.



In the photo above we were looking at a synform. The nearest rock layers are dipping away from us
but those opposite are dipping towards us. The loose blocks of rock are falling down and eventually
come to rest in the axis of the synform. At the top of the cliff superficial deposits can be seen lying
on a planed surface of the rock with a coarse pebbly layer at the base overlain by finer orange sand.
This planed rock surface is only found on each side of the valley and not on the cliffs further away. It
is possibly part of a raised beach, cut when sea level was 25 feet higher than at present, which is
found around the south west peninsula. At its greatest extent the ice in the Pleistocene was thought
to have impinged on the North Devon and North Cornish coast leaving behind erratic boulders.
More recent studies suggest that ice may have penetrated inland leaving traces of glacial deposits
further south. In the photo above, the superficial deposits were deposited on sandstone beds
dipping steeply towards us which appear to have a ripple-marked surface.

Turbidity Current Deposits

The rocks of the Bude Formation are mudstones and sandstones which we would see on subsequent
days. We also saw the Crackington Formation in which many of the rocks are turbidites formed in
deep water. The sediments which form the Bude Formation were deposited in rather more shallow
water and show features such as ripples and burrows. They may have been formed in a river delta
and some even in a lake. Occasionally plant and fish fossils have been found.

The Crackington Formation is typically formed of sediment laid down in deep water, which had been
initially transported by rivers and were deposited far from land on the continental shelf. On the
continental slope the layers of sediment could become over-steep or had been subjected to earth
tremors. When the sediment became unstable, it starts to slip down the slope as a turbidity current,
a kind of submarine avalanche. We know a lot about turbidity currents because they have been
studied after damaging under-sea telephone cables. In a typical turbidity current, coarse and fine



sediment saturated with water travels accelerating down the continental slope at speeds of upwards
of 100km per hour and eroding the sea bed below. The material in the turbidity current is denser
(more turbid, loaded in sediment) than the sea water on either side, which prevents the two from
mixing at first. The current travels for a great distance, hundreds of kilometres along the sea bed,
only gradually dissipating its energy. Eventually the coarse sediment settles out first and the finer
material remains in suspension, gradually settling out as the flow subsides. This can take some time
and the turbidity current can travel hundreds of kilometres across the ocean floor. The underlying
sea floor is eroded producing an uneven surface with grooves and other gouge marks. These are
infilled by the coarse material which eventually settles out from the turbidity current. The base of
this bed often has a variety of ‘sole marks’, groove casts and flute marks. The deposits of a turbidity
current are known as turbidites. The basal layer is coarse and gradually fines upwards (This is known
as graded bedding). Also the coarser material is found closer to the continental slope (proximal
deposits) and the finer material reaches areas much further out in the ocean (distal deposits). To
demonstrate this look at the following photos taken on the second day of our trip.

The photo below, taken at Crackington Haven, shows a couple of typical turbidite sequences. Look
at the example of the highest sandstone band. This has an uneven base where the turbidity current
has eroded the underlying mudstone. There is a sharp change from mudstone to the sandstone
above it. First coarse material was dropped from the turbidity current. Then gradually medium
sized sediment was deposited, seen here with thin layers (laminations). Finally, as the current
slowed down and eventually ceased, the finer material gradually settled out from solution and is
seen at the top as layers of mudstone. This shows at least 3 of the layers of a typical Bouma
sequence which we were taught about by Rosemary later in the week.

The base of the coarse layer often has sole marks where it infilled grooves in the underlying bed.
The photo below shows a boulder by the stream at Crackington Haven. This is of massive sandstone



showing sole marks. The turbidity current travelled at great speed across the seabed and when the
sand was deposited it filled in all the groves eroded in the underlying layer. These are called sole
marks and are found at the base of the sandstone bed, the boulder of which is now lying on its side.




The photo above shows another example of sole marks seen in a loose block on the beach at
Millook. This rock is upside down exposing the base of the turbidite. It shows the infillings of the
groves which were carved as the turbidity current rushed across the sea bed.



