The Deep Structure of Anglesey:

Insights from Gravity, Magnetic
and Seismic data
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History of Research

-The geology of Anglesey was first described in
1822 by Robert Henslow who was Charles
Darwin’s tutor at Cambridge

-The island was mapped by Edward Greenly in his
retirement after a career in the BGS

-Greenly’s work was published by the BGS in 1919
as a two volume memoir plus a geological map

-The memoir has not been updated since 1919.
Map last reprinted in 1980
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-A cross section across the island has not been | 7
created since Greenly’s version in 1919
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Key points

-the island is extremely flat with poor
inland exposures

-the main subject of this talk, the Precambrian
and Cambrian rocks, are locally overlain by an
unconformable cover of Ordovician and
Carboniferous sediment. The boundaries

of the major fault blocks are largely obscured

-the only continuous exposures are
on the north coast

-structural work to date has concentrated
on the north coast
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GeoMo6n Geology of Anglesey map 2020

Creigiau mwy diweddar
Younger rocks

Cwatemaldd (tywod yn bennaf)
Quatemary (mainly sand)

Creigiau Cambriaidd
ambrian rocks

EI Grivp Ynys Lawd
South Stack Group

Creigiau Cyn-Gambrialdd
Precambrian rocks
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Part 1
-Plate tectonic overview
-stratigraphy and virtual field trip

-existing structural models

Brittania Bridge and the Swellies



Avalonia: Late Precambrian microcontinent accreted onto the margin of Gondwana

Cambrian
510 Ma

I Avalonia (a)
I Meguma

] Ganderia (g)
Carolinia (c)

[ ] Suwannee

|:| Neoproterozoic / Palaeozoic
Orogens (<1 Ga)

- Mesoproterozoic / Palaeozoic
Orogens (1.6 - 1 Ga)

[: Palaeooproterozoic / Palaeozoic
Orogens (2.5 - 1.6 Ga)

[” ] Archean Cratons (>2.5 Ga)




End Carboniferous:
lapetus and Rheic Oceans closed and the formation of the Pangaean supercontinent

= Avalon:
Ganderia - Megumia An island of Arthurian legend and possibly
e located in Glastonbury, Somerset
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Avalonian basement of Southern Britain
Anglesey "-ﬁl’ 3 =le N L] ijehole with Neopt.'olerozqic rocks
N =~ Major Neoproterozoic fault/terrane

S boundary - _ Strike-slip fault

N RS ~* ~Thrust = showing sensc of
’ shear
@& Neoproterozoic outcrop
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Monian outcrops Magnetic anomalies




Precambrian and Cambrian stratigraphy of the

Central Gneisses and Coedana Granite
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are now considered to be Avalonian

Arfon Basin and Anglesey
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South Stack to Llanberis section

Cambrian Precambrian | Cambrian | Precambrian |
South Ynys Menai
Stack Rhoscolyn Aberffraw Llanddwyn Straits Llanberis
| | | | (. Arfon |
- Basin
Gwna Blueschists i
Group B:.:ulgor P ; Llanberis
Ridge Ridge Slates
LTF orq PNF CASZ Carb BF Carb Ord Cam
South Stack and New / Central \ ;/ / l/ )/ \
Harbour Groups ClisisEsy MSF
km
0 5 10 BF Berw Fault

CASZ Central Anglesey Shear Zone
LTF  Llyn Traffwyl Fault

MSFZ Menai Straits Fault

PNF  Porth Nobla Fault

Compiled from various sources and map data



Key section in SW Anglesey: recently described anticline

Porth Nobla.t, m—— Aberffraw Malltraecth  Ynys
[ iy | Marsh ~ Llanddwyn
Base Gwna Group / % | |
Unconformity H""‘“‘J "
\! Central Anglesey \ Gwna Group Carboniferous
Shear Zone
Central Anglesey Blueschists
Gneisses
Porth Nobla Berw Fault
Fault 0 km 5 Zone

Compiled from a map in a 2019 PhD thesis and
written description in BGS 2021 paper

-NoO cross sections



Virtual Field trip

Disclaimer:

Not intended to be a
comprehensive field
guide

Emphasis is on key
lithologies and structure

390000 -

380000 —

370000 —

360000 —

Skerries /7
Carmel Head .
“EINS

Holy Island

e
Menai Straits Fault

350000 —

Welsh Basin
Cambro-Ordovician
Arfon Basin
B Minftordd Formation
I Fachwen Formation
Bl 7wt Hill Granite
[ Padamn Tuff

Aber-Dinlle Fault-""
Dinorwic Fault =%

220000

230000

- Central Anglesey Gneisses

270000




Avalonian Basement:
Precambrian 614 Ma

Padarn Tuff at Craig yr Undeb.
Llyn Padarn

Ignimbrites. Rhyolitic ash flow tuffs

Carmel Head
‘Thrust Zone

/B’uﬂ‘m Island
I~

Conwy Bay

LA
Rhoscolyn Anticline,
Liyn Traffwyl Fault
370000 | Porth Nobla Fault

Lianddwyn Island—"
Caernarfon Bay
Menai Strits Fault

an - Aber-Dinlle Fault-"
Dinorwic Fault = |

-] B From: North Wales Bouldering website



Image from
GeoMon

Blueschists at the base of the Marquis of
Anglesey’s column, Plas Newydd

Late Precambrian 590-580 Ma

Blueschist metamorphism indicates low
temperature (ca. 500°C) and high pressure
(ca 30km depth) in a subduction zone setting

Schistose metasediments and mafic igneous rocks.
The diagnostic Blueschist minerals, Glaucophane
and Lawsonite, are restricted to lenticular pods of
basic rock.

Liyn Traffwyl Fault

Porth Nobla




Blueschists at the base of the Marquis of
Anglesey’s column, Plas Newydd

Late Precambrian 590-580 Ma
Sheared pillow lava in schistose metasediments

Note: It is not an Ophiolite

Image from
GeoMon




South Stack Group, South Stack
Holy Island

Cambrian

Minimum age of 501 Ma

from detrital zircons. Skolithos in
overlying Holyhead Quartzite

Turbiditic sands and muds.
Lower Greenschist facies

SW verging maijor folds

I
Skerries 0

Caernarfon Bay st
Menai Straits Fault

vician |Aber-Dinlle Fault-"|
Dinorwic Fault =




Rope
Not a second lighthouse




\‘_.1 o] "N

WO - }, 7 | 2 | ; =\ New Harbour Group, Porth y PwilI,
¥ == v Holy Island

Cambrian

Thinly bedded and fine grained

SE verging minor folds

BerwFauli—" /¢ 7"/ | Lower Carboniferous
) , 5 -
Lianddwyn Tsland—" B Devonian
< [0 ordovician
CocrnarfonBay .
Menai Straits Fault
Welsh Basin /
[F] Camiro-Ondovician Aber-Dinlle Fault [ =
Ak Besin Dinorwic Fault — | i Bl
- Minffordd Formation %

I Fachwen Formation
Bl Cocdana Granite

Treagus, ‘ Sl o




Pillow Lavas

‘ Vertical and younging
to the SE

Image from Geomon

Gwna Group, Ynys Llanddwyn
Cambrian

Olistostrome, Melange

or Mega conglomerate

Clasts range in size from
centimetres to hundreds of metres
and are a range of igneous and
sedimentary rocks in a sand or
mud matrix

Lower Greenschist to burial diagenesis




Outcrop belt 4

el Head Thrust

s R
Outcrop belt 3

70

Key

[ ounger cover sucassions Qutcrop| belt 2 .
I Ueyn Shear Zone .

Bardsey Sound

Monian Supergroup
[ Gwna Group
[ Church Bay Tuft ‘s%
[l New Harbour Group

[ Holy Island Group

[] Coeden Beds 50
Older Rocks

B Cenval Anglesey Shear Zone
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Gwna Group SW tip of the Llyn Peninsula
Cambrian
Mega Conglomerate. Rounded white quartzite boulders in a schistose mudstone matrix

BGS image



Gwna Group
from Space

Medium size clasts

in the Gwna Group

| Line | Path Palygon Circle 3D path 30 polygon

Measure the distance between two points on the ground

Map Length: 30,42  Meters
Ground Length: 30,71
Heading: 144,07 degrees

v | Mouse Navigation




Lower Carboniferous

Dinantian Shelf Carbonates
Port Dinorwic/Y Felinheli

Menai Straits Fault is 200m
to the right.

Dip is towards the fault

South Stack
olyhead-|

j’uﬂ'm Island
¢

Conwy Bay

7 /
Rhoscolyn Anticine,
Liyn Traffwyl Fault

370000 - Porth Nobla Fault

Palacozoic cover
] Uppet Carboniferous
BerwFault =) 7 [ rower Carboniferous

4 Devo
Lianddwyn Island = evonian

Caernarfon Bay g i “Cambrian
Menai Straits Fault i Gwna Melange
Welsh Basin
[ Cambro-Ordovician Aber-Dinlle Fault-""
St Baan Dinorwic Fault =
Minffordd Formation g
Fachwen Formation
350000~ ([l Tt Hill Granite
[ Padam Tuff

220000 260000




Upper Carboniferous
Westphalian Coal Measures
Berw Colliery

The Coalfield is beneath
EQ Malltraeth Marsh. Mines required
constant pumping.

Record of coal exported from
Beaumaris to France in 1595.
Last colliery closed in 1878
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Structural observations from outcrop

NW SE

Cleavage

-Cambrian South Stack and New Harbour Groups

-SE directed thrusts and folds

Carboniferous PC

-reactivation of the faults in the Carboniferous

-down to the NW movement on the Berw and
Menai Straits faults

-Carboniferous downfaulted against Precambrian

Consistent with fault planes dipping to the NW



Tectonics: The California model

Gibbons and Ball, 1991 -fault blocks bounded by steep to vertical faults

-each fault block is considered to be an
O e unrelated exotic or a suspect terrane

i Polasozole Cover

Palasczoic
Seawncas -considerable horizontal strike slip movement
envisaged to emplace the fault blocks in their
anian Basament g
. present positions
e Ba : : .
-all of the lithologies are Precambrian
5::‘.""_5
st ¥ -now the standard model for Anglesey
5“"5-5 Fig. 1. Geological sketch map and
5 | unit section of Anglesey. The Coedana
| Complex may have formed a basement
8| ElMonai | o sl cantaceare o e
| Group faults or shear zones such as the

*Central Schist Belt”. The Eastern Schist

. oy Belt includes exotic blueschists lying
Fault Dinorwic “Group between the Berw and Dinorwic Faults.
Zone Fault &  Faoult 1 Casdana Fydlyn unit lithologies are considered
Shear Zone 7, Complex part of the Gwna Group melange.
Skerries unit lithologies occur both
b. (Not to scate) within the New Harbour Group and in

the Gwna melange.




Tectonics: The Caribbean model
(a) c. 485-475 Ma

Late Cambrian-Early Ordovician -fault blocks bounded by steep to vertical faults

Penobscot Arc/Back-Arc and Amlwch Terrane

-each fault block has a distinct lithology

=
?E* Harlech Dome (Megumiz) . )
& - -considered to be unrelated exotic or Suspect
. ™ Vm Terranes
——"'--...__ Anglesey Terranes
sl -considerable horizontal strike slip movement
envisaged to emplace the fault blocks in their
present positions
(b) c. 475-470 Ma
Anglesey Terranes Early Ordovician -the Harlech Dome is included in the Suspect

Amlweh Terrane

Terrane concept

Harlech Dome (Megumia)

Schofield et al, 2021

T — BGS

Gondwanan Margin



Late Precambrian o
C around 575~550Ma
> 110 km -

Longmyndian bentonite & tuff (567 £2 9Ma; 556+3.5Ma)
Uriconian rhyolite (566 £2Ma)

Ercall Granophyre (560% 1Ma)

Warren House rhyolitic tuff (566 2Ma)

I Arfon Group tuff (572%1.2Ma) I Charnwood tuff (5591 2Ma; 566+ 3Ma)

Accretionary complex

<Y~ ___Blueschist unit » sealevel Volcanicarc~, MF@w ov
e ] _ \

D Tremadoc-Caradoc, c. 488-448 Ma

Blueschist unit

Olistostrome-type
accretionary complex

South Stack Group Tremadoc-Caradoc
(passive margin sediments) Coedana granite I
gty |
\ New Harbour Group .. —
e — \ - T = tﬂ.‘_‘___:s,g.m
= e e I', !
el
Avalonia— — _— _

Gwna Group
(accretionary complex)

Kawai et al 2007

Tectonics: The Pacific model

-Team of Japanese researchers on
sabbatical at the University of Leicester
with Brian Windley

-the Blueschists fit the model
-No evidence of the South Stack, New
Harbour and Gwna Groups being the

products of an accretionary prism

-the structural fabric dips beneath the
leading edge of Avalonia

-this is opposite to the evidence in
this presentation



Part 2: Interpretation
- | Kl
a - Ty » J . -
- e N -Feature mapping

4

-Gravity and Magnetic data

‘Penmaenmawr

~ Anglesey

¥ _Secismic data
W -Gravity Model

Y.
—,J-Cross section

Looking west from the Conwy Estuary



Ordnance Survey
Digital elevation model

Downloaded from the
Ordnance Survey
website as simple
XYZ grid

Anglesey was
peneplaned by the
Irish Sea Ice Sheet

Feature mapping
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7
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80

60
140
20
0
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260000 270000




Geophysical Data
Potential Fields
-onshore gravity and magnetic data from the BGS (public domain)
-offshore satellite gravity data from the OGA/NSTA (public domain)
Seismic:
-associated with the UK Onshore Geophysical Library (UKOGL)
-access to all of the onshore seismic and borehole records

-offshore data has recently been added, including Cardigan Bay and Central Irish Sea



Bouguer Gravity
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-Edge detection.

-lineaments are highlighted
with positive (red) values

Bouguer Gravity
amplitude of gradient attribute
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BGS High Resolution
Aeromagnetic Survey

Acquired in 1998

Flight line spacing 240m
Flight height 90m

Not public domain

BNG Northing (m)

395000+

Blueschists

Central
Geisses

(nT}

0D 225000 230000 235000 240000 245000 250000 255000 260000 265000
BENG Easting (m)



Tertiary Dykes

Part of a late Palaeocene |
dyke swarm extending
from Northern Ireland
to Shropshire and
Staffordshire

Menai Straits
Fault Zone

The dykes display
consistent left-lateral
displacement across
the Berw Fault

Post Palaeocene
movement




BGS High Resolution
Aeromagnetic Survey

Depth to magnetic
basement

(m)

Precambrian structural
highs and Cambrian
Basins

BNG North

ing

Blueschists

Central
Geisses

225000 230000 235000 240000 245000 250000 255000 260000
BNG Easting (m)




Summary of gravity
and magnetic anomalies

| |
Skerries @ ,
0 10 20
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- km
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390000+ Thrust
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2\ Rocks with parailel structires
) Massive Rocks!

el [P )

Greenly (1919)

Fiag. 101.—CHART SHOWING THE GENERAL DIRECTIONE OF STRIKE AND
OTHER STRUCTURES IN THE Mowni CoMpPLEX.



Evidence for the | D N\ ==
dip of the Menai | [ T %

Straits Fault:

Offshore Satellite %
Gravity data with |
seismic lines |

EB aernarfon Bag 2

BB ardlg?n.Bay asin
CISB  Central Irish'Sea Basin
EISB East Irish Sea Basin
SB Skerries Basin | A

—BF_ Be Y q 53N
LSZ Llyn Shear Zone

LTF Llyn Traffwyl Fault
MSF Menai Straits Fault

} y i o~
50w 40 W 30 W



BIRPS (British Institutions Reflection Profiling Syndicate)

South Irish Sea

Sangament St. G*enrge's Channel Basin

Winch-4 1983
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Winch-4 line
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Block diagram

-BGS seabed map
-Winch-4 seismic line

Menai Straits
Fault Zone

Berw Fault
Monian Rider

Menai Straits

Avalonian Fault Zone



390000 —

Simplified polygons used in the Gravity Model
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Input to the Gravity Model

-cross section from South Stack
to Llanberis

-fault trends from the gravity
and magnetic data

-fault dips from the seismic data

-published average rock
densities

-values in g/cm?



Gravity model

South Stack to
Llanberis

10+

South Stack and New Central Llanberis
Harbour Groups . Gwna Group  Carb Blueschists Arfon Basin




South Stack and New

Harbour Groups

km_

10

South Rhoscolyn
Stack Anticline

Central

Central Anglesey

Final cross section

Menai

Straits Llanberis

| |
Bangor Padarn
Ridge Arfon Ridge

Basin
Ord Cam

N/ 7

Llanberis

Slates
Cam

PNF

Gneisses Shear Zone
BF  Berw Fault CD Coedana Granite
LTF  Llyn Traffwyl Fault TG Twt Hill Granite
MSF Menai Straits Fault

Porth Nobla Fault



Cross Section Restoration

Late Precambrian

Central Gneisses

Blueschisis

Closure of an oceanic basin and obduction
of the leading edge of Avalonia =) Padarn Tuffs

Gneisses and Blueschists thrust on to the Padarn Tuffs

Cambrian .
Basin_
Reactivation of the thrust in extension. T GwmaGop ——— 7? i
South Stack and New ' v
Harbour Grow
10km of basin fill. = s

Sediment source from the north

Early Ordovician (Late Tremadoc)

Penobscottian/Monian orogeny

Present day
erosion level

Formation of the major monocline in
Anglesey

Erosion of most of the Gwna Group
prior to the Arenig transgression




Work to be completed: checking the cross-section in SW Anglesey

Porth Nobls; e —— Aberffraw Malltraeth Ynys
| 7 \\\\ | Marsh Llanddwyn
Base Gwna Group ;/ 5 | |
Unconformity ""'“‘“i';f k.
\/ Central Anglesey \\ Gwna Group Carboniferous
— \\ Shear Zone X .
=
Central Anglesey Blueschists
Gneisses (\ / /

Porth Nobla Berw Fault
Fault 0 km Zone

-Ln




Thrust reactivation: It’s not unusual

Jurassic reactivation of steeper fault

Examples | T
R|der BIOCk Clutar 1slas Thewst Faults

Minch Fault

-Outer Isles Thrust and the
Mesozoic Sea of Hebrides Basin

4 Jurassic Sea of
Hebrides Basin

-Moine Thrust and offshore

Devonian Basins

point of =2 v SHALLOW EANTHOUAKES

-Mesozoic basins in the SW reactivation “on. Y T
Approaches - ﬁ‘%;&h HWEB =2
Reactivated Variscan Thrusts ““3‘5;:%3__“

-Mesozoic Weald and Wessex Basins. ‘%uji*;zwﬁfﬁ_?@fgfinh
Reactivated Variscan Thrusts ’ SRS SN




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

