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Landscape evolution of southwest Wales:

revelations of a dynamic Earth
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Shaded 5m NEXTmap + 50 K Bedrock Geology

Theme: Vast amounts of rock eroded away
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Dissected peneplains: definition
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‘The Valleys’ - Cefn Rhondda above Treorchy at 420
| Gently dipping lowermost Pennant sandstones cap the hills
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(northeast of Carmarthen)

Dissected peneplains cut across folded
Ordovician, Silurian and ORS rocks




<~ Plateau Beds (UORS)
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Caledonian Mountains

Mid Wales

Vast volumes of rock have been eroded away

ORS today

eroded
IZ; fan of debris mountains
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fan of debris




Plateau Beds (UORS)

Ancient weathering .

deposits - Pwll Byfre Carreg Cadno ——

Peneplain remnants occur as
stepped near-horizontal levels
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Ancient weathering .

deposits - Pwll Byfre Carreg Cadno ——

Vast volumes of rock have been eroded away stepwise




Dissected peneplains

Fan Gyhirych Carreg Cadno
538 m
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B Swansea Valley

e — - —

Landscape preserves a degraded succession of stepped peneplains

- a record of stepwise, pulsed uplift during ca. 50 million years
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28m Platforms on Gower

= ’“‘“‘f sloping modern marine platform

60m Som ¢ Paviland Moraine \t
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So-called 200 foot’ platform




Platforms on Gower Inner Head

The modern platform slopes evenly
across eroded rock strata

Inner Head

Exposed platform A to B is 500 m wide

Entire sloping platform is almost 1.5 km wide
extending down to a submerged cliff at
-20to-25m
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4 Base image multibeam bathymetry from The Admiralty Marine Data Portal,
( / y kindly processed and provided by Gareth Carter (BGS)
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Platforms on Gower

Pennard Castle

Deep Slade
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So-called ‘200 foot’ (61 m) platform slopes up
broadly northwards to ~75 m OD. It was cut
by marine erosion ca. 4 to 3 million years ago

High Pennard




Archipelago with island surfaces — R

older than ca. 4 to 3 million years pencddil) Rk peneplaln remnants |
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latform cut by marine abrasion




Platform cut by marine dissolving of limestone




A little geology...
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___________ -
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Map simplified from images originally provided to the author by BGS © UKRI and derived in part from
NextMap Britain elevation data provided under licence to BGS from Intermap Technologies.



Gower folds formed 300-290 million years ago - Early Permian times

Pennant sandstones record early mountain uplift to the south




Triassic landscape with desert sediment infill

southwest northeast
Worms Head Fall Bay Triassic Port-Eynon Tooth Cave Triassic speculative Triassic
Triassic pothole collapse with infill (b) Triassic conglomerate fault-fissure infill (e) source of red mud
with infill \ and sandstone (c)
60 m = =%
approx. \ Port-Eynon \_/
oD I N back-thrust limestone
Iy (fault)
r0m T I 1 T T & : 1 T
| limestone 1 I Marros Group Llethrid Cave Marros Group
S A / mudstone & sandstone red mud Hilidstone
fault fissures Triassic infill i possible glacial rock-flour & sandstone
offshore Mercia Mudstone \ith Triassic infill e.g. Red Chamber (d) Tt | periglacial from Triassic outcrops
Group dip south at 1-4° nottoscale | Tyiassic debris




Triassic fault calcite-hematite mineralization - probably beneath hot springs
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Worms Head Triassic karst

by Mario Lanzas

Contemporary herbivore

~ 201 million years old!

Triassic sediment infill |,

o v 7 = 2 =g = ——




Herbivore Thecodontosaurus

D Carboniferous Limestone
D Upper Old Red Sandstone
. Lower Old Red Sandstone

. Silurian and older

~ fault “Cthrust fault N\ dip of strata

EI Marros mudstone & sandstone. Jurassic

by Mario Lanzas

- Triassic
Pennant Sandstones &

Upper Coal Measures
Middle Coal Measures

. Lower Coal Measures

Simplified from Howells 2007*

I3 = latest Trias in limestone fissures locally with
fossils of early plant-eating reptiles

Cretaceous 145-66 Ma |\/| a ri ne
Jurassic 201-145 Ma Marine

vegetation
Triassic 252-201 Ma Desert

unconformity* Permian 299-252 Ma

— Carboniferous 359-299 Ma

Gower landscape preserves
vestige of Triassic water table
marking onset of Jurassic seas

100 m

— Devonian 419-359 Ma

* references in full in Kokelaar 2021 ISBN 978-1-3999-0335-6.



Jurassic marine sediments probably covered
Gower peninsula like south Glamorgan... but
now are eroded off. Why is that?

EI Marros mudstone & sandstonei Jurassic

Cretaceous 145-66 Ma

Jurassic 201-145 Ma

Triassic 252-201 Ma

unconformity* Permian 299-252 Ma (no rocks)

Marine sedimentation?
(no evidence on Gower)

Marine sedimentation
(rocks eroded off Gower)

Desert sedimentation

Rock deformation, uplift & erosion

EI Carboniferous Limestone
D Upper Old Red Sandstone
- Lower Old Red Sandstone

[ siturian and older

~ fault S thrust fault

. Triassic

Pennant Sandstones &
Upper Coal Measures
Middle Coal Measures

. Lower Coal Measures
\ dip of strata

Vast volumes of rock have been eroded away




Conditions affecting
southern Wales after
Cretaceous times
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Absolute versus relative levels

absolute
land level

absolute
sea level

T\

relative levels control
position of the coast

A

. Vot s absolute absolute
notional ‘fixed
land level sea level
Earth centre ) .
or distance or distance
Planet Earth
position of notional fixed Earth centre
To understand the landscape, we must be - =

concerned with changes of absolute levels
and hence their effect on relative levels
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Bristol Channel

now eroded
away =1 km

magma chamber

present surface

Lundy granite is a remnant of a volcano magma
chamber active 60-57 million years ago.

Vast volumes of rock have been eroded away

Snowdon 1,085 m (3,560 ft)!

Lundy - mainly granite
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Lundy Volcano is part of a huge volcanic field that included Greenland




Mantle plumes - briefly...

outer core

(molten)

inner core

2900 km

5100 km

6370 km

Mantle plumes rise from above
the outer core to cause widespread
volcanism and uplift of Earth’s crust
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outer core
(molten)

inner core

Sea-floor spreading - briefly...

5-50 km

subduction mid-ocean ridge subduction
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convection

5100 km

6370 km

Mantle convection with upwelling
beneath an oceanic spreading centre

Sea-floor crust forms at a mid-ocean
ridge so crustal plates move apart
and ocean basin opens



from 62 Ma
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What shape is a mantle-plume head?

' ’ FINGERS

MANTLE
PLUME

Idealised shape of
radially directed
mantle flow

anomalies of Earth’s gravity
centred on Iceland

Graphics kindly supplied by Hannah Galbraith-Olive
and Nicky White of Cambridge University.



Iceland plume axis

tilted
_ geology

Wales

Jurassic marine sediments probably covered
Gower peninsula like south Glamorgan... but |- ~
now are eroded off. Why is that? 28

Graphics kindly supplied by Hannah Galbraith-Olive and Nicky White of Cambridge University.

high temperature = low density = high buoyancy => high uplifting support

low gravity
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Absolute versus relative levels

relative levels control
4-3 my ago position of the coast
land subsidence > fall of sea level

A

= marine advance & planation

absolute absolute
land level sea level
or distance or distance

<2.6 my ago ‘Ice Age’
fall of sea level > land subsidence
= marine retreat

position of notional fixed Earth centre




Early Pliocene

slade 5-4 Ma

Pleistocene cliff
123,000 years

Late Pliocene

Early Pliocene

sloping platform
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Pleistocene notch
‘Patella’ 123,000 years
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slade 5-4 Ma

Pleistocene cliffs
<450,000 years & active




High 6.1 m

Low -36.7 m
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Black arrows mark
submerged cliff
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Base image multibeam bathymetry from The Admiralty Marine Data Portal, " 2 0_ 2 5 m b S |

kindly processed and provided by Gareth Carter (BGS)




The headless slades problem - identified by TN George 1932
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Slades are remnants of valleys beheaded by the marine planation of 3 or 4 million years ago,
so the valleys must be at least 4 or 5 million years old
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Leather’'s Hole35m | .

Caves initiate by dissolution
beneath the water table

water table

OO0

Some Gower caves are very old!

Many caves in Gower limestones must
predate the slades and so are much older
than 4 or 5 million years, possibly at least
10 million years old
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Ancient cave passages isolated by deep erosion

vertical continuation
behind cliff face

N AN ORI
Devil’s Kitchen {21
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Remnants of phreatic tube passages
- dissolved around all contacts

AL S
- .

_ watertable __
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Sea caves - eroded
most towards base




S

v

| Dan yr Ogof

e

iy <

(9N cave entrances

4 active streamway [#8

ancient deeply weathered
surface - collapse pits & |

drains >10 million years old
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Ogof Ffynnon Du, in red, Swansea Valley
>60 km (38 miles) of passages; drop 300 m




ancient surface

X >

water table migrates

downwards during uplift
& erosion

phreatic caves ®
drain successively
downwards

- P

V% dei &
valleys eroded for at
least 10 million years

Schematic evolution of south Gower coast
(using Adriatic coastal limestone mountains)




phreatic caves ®
drain successively
downwards

o .

valleys eroded for at
least 10 million years

water table migrates
downwards during uplift
& erosion

valley erosion before & after
3-4 million years ago




phreatic caves ®
drain successively

downwards
{ . -

water table migrates
downwards during uplift
& erosion

valley erosion before & after
3-4 million years ago

Three Cliffs
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| - z . ~ R ” b - ~
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Whatever next?
Not glaciation!




The Last Glaciation of Gower

Whiteford ;

Brock Hole
(Clyne)

Three Cliffs

Southgate R4 Rotherslade

Ram Grove beach: . v < : ‘ pwll-du Head Limeslade

Paviland outwash with
Anglian volcanics and
dolerite, and NCEs Knave

EL A ¢ » Contains Natural Resources Wales information.
2 km 4 m-scale Anglian gabbro, volcanics Oxwich Point © Natural Resources Wales and Database Right.
and NCE quartzites, with conglomerates, Al rights reserved. LiDAR data from I.Ie~Ma|{
grits and Brownstones Browser http://Lle.gov.wales/home 2 km grid.

242000 Port-Eynon Point 250000




ca. 23,000 years ago
(Phillips et al. 1994)

Welsh lce Maximunm AcCVance

Maen Ceti / Arthur’s Stone

]

e
-

Ve 3 F\

~~

Three Cliffs

m-scale Anglian gabbro, volcanics’ ”JOxwu:h Point
26000

Ram Grove beach:
186°00 Paviland outwash with

Anglian volcanics and
dolerite, and NCEs Knave P -
J » -  Horton
2 km g,
—_— ’\& and NCE quartzites, with conglomerates,
47m grits and Brownstones
242000 * Port-Eynon Point 250000

Sea shoreline nowhere near
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Welsh Ice distinguished
by ‘north crop’ erratics.

Quartz-rich rocks
can only come from
Black Mountain area.

Rounding occurred in rivers
ahead of the advancing ice,
e.g., in Loughor river valley.




UORS quartz-pebble conglomerate
and basal Carboniferous quartz grit

Marros (Carboniferous) white
quartzite and ganister
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Passage of ice streams within the sheet through low passes.




Blue Anchor phase of glacier retreat
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Blue Anchor phase of glacier retreat

Hermon moraine

hanging glacier
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Late Pleistocene

cemented talus /scree
top layer

limestone

Cave access talus cone

cemented talus
overhang

Holocene




Cave excavated in 1869 by Col. ER Wood who found remains of cave bear, woolly rhinoceros and hyena,
with flint tools (Late Stone Age 50,000 to 10,000 years ago). “The cave was destroyed by quarrying.”

North Hill Tor

drone photo Andy Freem
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1862

Royal Society Photographic Society via Getty Images




Landscape highlights
Oldest landscape features are Triassic, 200 million years old
Lundy records at least 1 km of rocks eroded away

Stepped peneplains record mantle-plume pulsed uplift

Marine platform sloping to ~75 m OD records land subsidence
faster than sea level fall 3-4 million years ago

‘Ice Age’ sea level falls faster than land subsidence so coast
retreats; interglacial sea-level rises cut cliffs

Welsh Ice drapes landscape in glacial till and gravels ~23,000
years ago

Freezing conditions form screes that flank cliffs and bury caves

Humans scratch the surface







For lovers of Welsh landscape:
large-format hardback 288 pages with more
than 190 colour photographs, maps and diagrams.
Printed and bound in Wales by Gomer Press.

ALL OUR OWN WATER

LANDSCAPE EVOLUTION, CAVES AND HYDROGEOLOGY
OF GOWER

Peter Kokelaar
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