Day 2 - 20" September 2016

Crackington Haven, Millock and Bude.

Location 1. Crackington Haven.
The Crackington Formation denotes a specific set of rocks, with colossal
features of distorted shales/mudstones and sandstones.

A tectonic setting with superb examples of folding, exhibited in the photograph
below. Looking for families or groups of information/patterns in the strike and
dip of folds. The folds are the result of the Variscan Orogeny which lasted 100
million years and were created by the collision between two microcontinents and
a closing sea. The orogeny caused a shortening (and locally stretching) in the
crustal rocks. There were two shortening events. From the originally laid down,
flat lying sediment the rocks were folded by N/S forces so that the fold axes
aligned W/E. A second phase of shortening took place with east/west pressure.

To determine whether the rocks had been over-turned "way up” was
determined by looking at the cross section of folds. Antiforms with the
youngest rocks on the outside of the fold; synforms with the youngest rocks on
the inside. The beds at Crackington Haven were determined to be the right way
up. Several fold types were observed from open to chevron.



Crackington Haven: showing beds dipping to the north and an east/west strike.

In terms of lithology grey sandstones and darker grey mudstones layered up the
cliff face. Veining was apparent in some of the beds. The coarser sandstones
had the veins, whereas the mudstones had no veins. During intense deformation
quartz sweats under strain which flows into the brittle, fractured sandstones.
The mudstones are not porous therefore the quartz cannot ingress.



Quartz veins shown in sandstone but not mudstone.

The alternation between sandstone and mudstone alluded to turbidites.

These are event beds, created from the disturbance of sediments by
orogenesis, undersea earthquakes and eruptions to give rise to these distal
sediments.

Deposits of sediments derived from the continental rocks are built up by rivers
bringing sediments and water to the coast, which progress o and build up on
the continental shelf. They consist of loose sediments, siliclastic in nature,
sitting on the perimeter of the continent.

The transportation and deposition of the sediment particles is largely controlled
by their settling velocity and the velocity and motion of the enclosing fluid.
Settling velocity is dependent upon particle size, sphericity and density. A one-
micron clay particle falls at the rate of 30cmin 3 days: a 20 micron silt particle
at the rate of 30cm in 10 minutes.

Suspension of the particles in a fluid may, under certain conditions, give rise to
sedimentary deposits called turbidites. A turbidite is a deposit left by density
currents. When fine particles (especially clay and silt size) are in suspension,
the fluid is denser and can flow through less dense clearer waters. These
denser fluids are capable of transporting larger particles because of their



increased viscosity. Hence density or turbidity currents are used to explain the
presence of coarser clastics in bathyal and abyssal depths.

Beyond the continental shelf water depth is such that the bottom sediments are
below the normal reach of wave action and strong currents. Thus sedimentation
is essentially gravity controlled.

Turbidite beds are notable for the variety and distinctiveness of the associated
primary sedimentary structures, particularly those at their bases (sole
markings). Flutes, grooves and bounce casts, represent casts of the markings
cut into the mud bottom and infilled with sand as the bed was emplaced. In the
regional basin setting they are useful in indicating direction of sediment
transport. Organic trails, traces or burrows are sometimes apparent at the tops
of beds. Ripples marks on the tops of individual flows reflect the slower
movement of the finer sediment as the velocity of the flow diminishes.

The deposits build up and at the margin of the continental shelf become
unstable as the angle of repose is surpassed. This creates a sudden explosion of
sediments of f the shelf and as such the mixture (turbidite) flows at great
speed down the slope on to the abyssal plain. Some turbidite deposits have been
found as far away from the continental shelf as the Mid Atlantic Ridge. A huge
amount of energy is dissipated with each flow which drops off in the deep
water. The heaviest particles drop out of this mix first and almost immediately.
The whole deposit then fines or grades upwards, with the finest clay particles
taking a week or more to come out of suspension.



A turbidite: showing fine mudstones at the top of a turbidite and the base of
the overlying coarser sandstone above.

The Bouma Sequence describes the deposition and settling of a typical
turbidite.

Youngest
3 Flow dissipates. Slow deposition, smaller grain size reducing upwards.
2 Quick deposition in rapidly flowing water - larger grain size.

1 An erosive base cuts across the surface of a previous turbidite and creates a
flat base. In some of the turbidite bases 'sole’ structures were visible.

Oldest

Dip and strike readings at Crackington Haven

strike 182° dip 028°E  strike 182 ° dip 028 °E



Location 2. Millock.

The rocks form part of a southward facing inverted limb of the great overfold
centred on Saltstone Strand. The folding sequence fits with those observed at
Crackington Haven. However, at this location the folding in the pale grey
sandstones and grey mudstone is more intense with dramatic recumbent chevron
folds with recumbent axial planes. The competent rocks such as sandstone do
not readily extend under tension or compress under compressive forces but give
way by fracturing and buckling. The incompetent rocks, mudstones, under these
conditions are ductile and able to be strefched and squashed into the folds. The
hinges of some folds were so acute that during their formation mud had flowed
into the fold and thickened it.

Recumbent chevron folding at Millock.




An acute chevron fold showing where dark grey mud had flowed into and
thickened the hinge.

The beds at Millock were determined to be the right way up and were folded
into a recumbent syncline.

AT Millock the "scientific experiment” was set up. Water and beach sediments
were mixed together and allowed to settle - demonstrating “fining up”.

Carboniferous plant debris has been retrieved from this location. A plant fossil
was found on the beach.



Calamites suckowi: a giant horsetail from the Coal Measures 300Ma that could
have grown up to 30m ftall.




Location 3. Bude.

At the base of some turbidites injection structures, or flutes, showed where
the turbidites had disturbed the underlying sediments as they hit the sea floor
of the abyssal plain.

Injection structures known as flutes at the base of a turbidite.

Ripple marks were found in the mudstones at the top of a furbidite sequence,
denoting where deposition had almost halted and currents in the deep ocean
were travelling across the surface. The ripple marks were covered by the next
inundation of turbidite deposition.



Ripple marks evident at the top of a furbidite sequence.

The mudstones exhibited honeycomb weathering created by the combined
forces of wind, sand and water eroding the surface.



Whale Rock.
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Slickensides on the flanks show where the younger, outer beds have moved

round the cylinder of the fold during the Variscan Orogeny.



Slickensides on Whale Rock.

Dip and strike measurements were taken on Whale Rock. The strike averaged
68 °and the dips were to the north or south depending upon the limb of the
pericline being measured. Later these were plotted onto a stereonet.

Near to the centre of Bude the Bude Formation becomes a distinct geological
zone within the Upper Carboniferous. It consists of highly contorted, massive
grey sandstone beds and thinner bedded dark grey mudstone (shales) that were
rapidly washed into and laid down in the shallow waters of a delta. The
sediments (turbidites) show fining of coarse sands fining up to silts and mud.
Each layer of turbidite may have been laid down in a matter of a few hours. The
Bude Formation is characteristic of proximal turbidites.



