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Foreword 
This r eport is t he pub lished pr oduct of  a  s tudy by t he B ritish G eological S urvey (B GS) to 
describe the geology and history of geological research on Anglesey, North Wales. The geology 
of this i sland, which ranges f rom Neoproterozoic to Pleistocene in age, i s highly complex and 
has be en the f ocus of  sci entific research si nce the 19 th Century. H owever, a  nu mber of  ke y 
scientific qu estions remain unanswered. A multidisciplinary Anglesey project i s proposed to 
investigate the geological evolution of this island and will examine: (1) the tectonic drivers and 
processes r esponsible for t he a ssembly of  Anglesey f rom t he l ate N eoproterozoic through t he 
Lower P alaeozoic ( Cambro-Ordovician); (2) the s edimentology a nd s tratigraphy of  t he 
Ordovician and Silurian sequences on Anglesey and their relationships to the Lower Palaeozoic 
succession of mainland Wales; (3) Devonian and Carboniferous basin evolution on Anglesey and 
its relationships to the Upper Palaeozoic succession of mainland north-west Wales; and (4) the 
subsequent, gl acial hi story of  A nglesey with particular re ference to the c ontrol of  be drock 
geology on  temporal a nd s patial c hanges i n subglacial p rocesses a nd l andform de velopment 
beneath Irish Sea ice stream during the Late Devensian. 
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Table 1.  Lithostratigraphy a nd f acies c orrelation f or t he “ Bedded S uccession” p roposed by 
Greenly (1919). Southern facies – the Monian metasedimentary rocks exposed on H oly I sland 
and the southwestern part of  mainland Anglesey; Northern facies – Monian sedimentary rocks 
exposed in northern A nglesey; W estern facies – the Gwna m élange e xposed on Anglesey; 
Eastern facies – the Gwna mélange exposed on the Llyn Peninsula. 

Table 2. Tectonostratigraphy for the Monian Supergroup proposed by Barber and Max (1979). 

Table 3 . Lithostratigraphy of  t he M onian S upergroup pr oposed by S hackleton (1954, 1969,  
1975). 

Table 4. Revised lithostratigraphy for the Monian Supergroup based upon Phillips (1989; 1991a) 
and incorporating the amendments of Howells (2007). 

Table 5. the lithostratigraphy of the Dinantian succession on Anglesey (Davies, 1983; Walkden 
and Davies, 1983). 

 

Summary 
This report provides a summary of the geology and history of geological research on the island 
of A nglesey, N orth Wales. T he ge ology of  t his i sland, w hich r anges f rom N eoproterozoic t o 
Pleistocene in age, is highly complex and has been the focus of scientific research since the 19th 
Century. H owever, a  number of  ke y s cientific questions r egarding the geological evolution of  
this island remain unanswered. A multidisciplinary Anglesey project is proposed to investigate: 
(1) the tectonic dri vers and processes r esponsible f or t he assem bly of Anglesey from t he l ate 
Neoproterozoic through the Lower Palaeozoic (Cambro-Ordovician); (2) the sedimentology and 
stratigraphy of the Ordovician and Silurian sequences on Anglesey and their relationships to the 
Lower P alaeozoic su ccession of mainland Wales; (3) Devonian and C arboniferous ba sin 
evolution o n A nglesey a nd i ts relationships to t he U pper P alaeozoic s uccession of  mainland 
northwest Wales; and (4) the subsequent, glacial history of Anglesey with particular reference to 
the c ontrol of  be drock ge ology on temporal a nd s patial c hanges i n subglacial to ice m arginal 
processes, and landform development beneath Irish Sea ice stream during the Late Devensian. 

 

1 Introduction 
This report provides a summary of the geology and history of geological research on the island 
of A nglesey, N orth Wales. The ge ology of  t his i sland, w hich r anges f rom N eoproterozoic t o 
Pleistocene in age, is highly complex and has been the focus of scientific research since the mid-
19th Century. However, a number of key scientific questions regarding the geological evolution 
of this island remain unanswered. 
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A multidisciplinary Anglesey project is  pr oposed which aims to provide a  ne w ba seline 
geological dataset t o r eplace t he current early 20 th Century s urvey, a nd t o rebuild B GS’ 
knowledge of  t he metamorphosed a nd c omplexly de formed r ocks a s pa rt of  a n ongoi ng 
investigation into the ‘geological foundations’ of Wales. Key to this will be investigation into: 
(1) the te ctonic dr ivers and processes r esponsible f or t he assem bly of Anglesey from t he l ate 
Neoproterozoic t hrough t he L ower P alaeozoic ( Cambro-Ordovician); (2) the s edimentology, 
structure and s tratigraphy of  t he Ordovician and S ilurian s equences on A nglesey a nd t heir 
relationships t o the L ower P alaeozoic suc cession of m ainland Wales; (3) Devonian a nd 
Carboniferous ba sin evolution on Anglesey a nd i ts relationships to t he U pper P alaeozoic 
succession of mainland northwest W ales; and (4) the s ubsequent, glacial h istory of A nglesey 
with pa rticular r eference t o t he temporal a nd spatial c ontrol of  be drock ge ology on s ubglacial 
processes and landform development beneath Irish Sea ice stream. 

 

2 Geology of Anglesey and History of Research 
The history of geological research on Anglesey commenced during the 19th Century (notably by 
Blake a nd Matley) and pr eceded the publ ication of  t he t wo vol ume m emoir The ge ology o f 
Anglesey by G reenly ( 1919). A lthough the f ield of ear th sci ences has ‘evolved’ over t he 
intervening years, this highly detailed memoir still remains one of the main sources of relatively 
unbiased field based ( site specific) geological information for a nyone studying the ge ology of  
Anglesey. The memoir was accompanied by the publication of a one inch to the mile geological 
map of t he island in 1920;  r epublished, e ffectively unc hanged at t he 1:50 000 s cale, by t he 
British Geological Survey in 1972. 

In this report, for ease o f description, the history of  geological research on A nglesey has been 
divided i nto f ive main s ections: (i) the pr e-Ordovician or M onian ge ology; (ii) Ordovician-
Silurian; (iii) Siluro-Devonian rocks of  the Old Red Sandstone Facies; (iv) Carboniferous; and 
(v) Quaternary to recent.  

2.1 PRE-ORDOVICIAN OR MONIAN GEOLOGY 

The pre-Ordovician rocks, collectively referred to as Monian by Blake (1888), or Mona Complex 
by Greenly ( 1919), oc cur be neath t he A renig ove rstep s equence on A nglesey (see f ollowing 
section). Greenly ( 1919, 1920)  subdivided the M ona C omplex i nto t hree m ain uni ts: (i) the 
granitic rocks a nd gne isses o f c entral A nglesey; (ii) the f ine-grained “ Penmynydd” s chists 
(which form the host for the Monian or Anglesey blueschists) exposed on the eastern side of the 
island; and (iii) a sequence of deformed metasedimentary rocks with subordinate meta-igneous 
rocks and a regional-scale mélange, collectively termed the “Bedded Succession” (Table 1).  

 

Table 1.  Lithostratigraphy a nd f acies c orrelation f or t he “ Bedded S uccession” p roposed by 
Greenly (1919). Southern facies – the Monian metasedimentary rocks exposed on Holy I sland 
and the southwestern part of  mainland Anglesey; Northern facies – Monian sedimentary rocks 
exposed in northern A nglesey; W estern facies – the G wna m élange e xposed on Anglesey; 
Eastern facies – the Gwna mélange exposed on the Llyn Peninsula. 

 
 Group Southern facies Northern facies Western facies Eastern facies 

 Penmynydd zone of 
metamorphism 

Correlated in part with the Fydlyn and Gwna Groups 
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 Plutonic intrusions     

B
ed

de
d 

Su
cc

es
si

on
 

Holyhead Quartzite     

South Stack Series i. Stack Moor Beds    

 ii. Llwyn Beds i. Coeden Beds   

New Harbour 
Group 

New Harbour Beds Amlwch Beds   

 i. Celyn Beds i. Bodelwyn Beds   

 ii. Soldiers Point Beds ii. Lynas Beds   

Skerries Group Church Bay Tuff Skerries Grits  Tyfry Beds 

  Church Bay Tuff   

Gwna Group   Gwna Beds 
(sedimentary) 

Gwna Beds 
(volcanic) 

Fydlyn Group     

 The Gneisses     

 

The f irst major revision of Greenly’s work was carried out by Shackleton (1954, 1969, 1975) , 
who i ntroduced t he term “ Monian Supergroup” for t he metasedimentary s equence exposed on  
Anglesey and the Llyn Peninsula. Shackleton (1975) recognised broad facies changes within this 
supergroup and implied that they: (i) record a progressive shallowing of the basin; and (ii) are 
consistent with the deepening of the basin towards the southeast, with a source of detritus to the 
northwest. Shackleton (1954) i nterpreted the typically na rrow t ransitions be tween r ocks of  
differing metamorphic grade at various localities on A nglesey and the Llyn Peninsula as being 
due t o r apid prograde metamorphism. T his “ prograde m etamorphic t ransition” m odel w as 
applied t o the gne iss and gr anitic r ocks of  central A nglesey, w hich w ere i nterpreted by  
Shackleton (1954, 1969) as having been derived from the lower grade Monian metasedimentary 
rocks. This model w as contested b y B aker (1969) w ho r ecognised that a  num ber of  t he ke y 
localities, r eferred t o by S hackleton ( 1969) i n s upport o f t his m odel, a ctually represented 
mylonitic shear zones which juxtapose rocks of different metamorphic grade. This fundamental 
observation removed t he ne ed to establish relative age  r elationship(s) b etween the three m ain 
units of the Mona Complex. 

The advent of plate tectonic theory in the 1960’s to early 1970’s saw a renewed interest in the 
geology of the Mona Complex. The potential significance of the Monian blueschists, mélange, 
serpentinites, gabbros and associated volcanic island-arc related rocks was recognised by several 
workers, m ost not ably Thorpe ( 1972, 1975, 1 979), W ood ( 1974) a nd M altman ( 1977, 1978, 
1979). As a  r esult, the Mona C omplex became view ed as r ecording the pres ence of  a l ate 
Precambrian s ubduction s ystem i nvolving p late convergence t owards t he s outh-east, beneath 
southern Britain (Thorpe, 1972, 1975 ; Wood, 1974). In this model, the volumetrically restricted 
mafic and ultramafic r ocks cont ained within the m etasedimentary rocks of t he N ew H arbour 
Group, a nd exposed o n H oly I sland, were interpreted as  pa rt of  a tectonically em placed 
ophiolitic assemblage (Thorpe, 1972, 1975, 1979; Wood, 1974; Maltman, 1977, 1978, 1979). 

In a controversial publication, Barber and Max (1979) challenged the previously held views of 
Monian geology by suggesting a radical reinterpretation of the Monian Supergroup (Shackleton, 
1969, 1975; after Greenly, 1919) and arguing for a Cambrian, rather than Precambrian, age for at 
least pa rt of  t he Mona Complex. Barber and Max (1979) erected a t ectonostratigraphy for the 
Monian Supergroup, identifying a number of major tectonic breaks (thrusts) separating the main 
units within this metasedimentary sequence (Table 2). They considered the predominantly pelitic 
and semi-pelitic rocks of the New Harbour Group to have been deformed within a subduction 
zone, pr ior t o t heir tectonic emplacement upon t he und eformed S outh S tack Group. T his 
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interpretation was contested by s everal w orkers, w ho e mphasised the s imilarity between t he 
polyphase deformation hi story recorded by t he pelitic uni ts within the South S tack Group and 
that of t he New H arbour G roup (Wood, 1979;  P owell, 19 79; M altman, 1979;  G ibbons, 1979 ; 
Kohnstamm, 1979). The apparent differences in the style and intensity of deformation recorded 
by the South S tack and New Harbour groups was considered to have been gove rned by gr oss 
lithological contrasts be tween t hese t wo uni ts (Wood, 197 9; P owell, 1979; M altman, 1979 ; 
Gibbons, 1979; Kohnstamm, 1979; Cosgrove, 1980; Phillips, 1989, 1991b). 

 

Table 2. Tectonostratigraphy for the Monian Supergroup proposed by Barber and Max (1979). 

 
Tectonic unit Group Formation Age 

Cemlyn Unit 

Llanvirn shales  
Ordovician 

Arenig grits  

                         Unconformity 

Gwna Mélange (2)  

Cambrian 
Greywacke Group 
(Skerries Group) 

 

Gwna Mélange (1)   

Church Bay Tuff  

Thrust/unconformity 

New Harbour Unit New Harbour Group  ? 

Thrust 

South Stack Unit Holy Island Group 

Rhoscolyn Formation 

? Holyhead Quartzite 
Formation 

South Stack Formation 

 

The increasing recognition of ductile fault rocks on Anglesey and the Llyn Peninsula, commonly 
occurring in subvertical shear zones that separate radically different rock units, led directly to the 
application of the suspect terrane concept to the Mona Complex (Gibbons, 1983, 1987, 1989) . 
Gibbons (1987, 1989)  recognised the presence of s inistral, t ranscurrent kinematic indicators in 
one of the most prominent of these shear zones, the Berw Shear Zone, in south-eastern Anglesey. 
Gibbons (1989) concluded that the Mona Complex could be subdivided into at least four suspect 
terranes, the boundaries of which are all tectonic. The four terranes are: (i) the Sarn Complex of 
the Llyn Peninsula; (ii) the blueschist belt exposed in southeastern Anglesey; (iii) the Coedana 
Complex of central Anglesey; and (iv) a thick sequence of low-grade metasedimentary rocks and 
mélange, t he M onian Supergroup ( Shackleton, 1975) , which crops out  ex tensively acr oss 
Anglesey a nd t he L lyn P eninsula. The gr anitic a nd gne issose r ocks o f t he S arn C omplex a re 
interpreted as representing the north-western edge of the Avalonian basement exposed elsewhere 
in south and west Wales, and central England (Gibbons, 1989). Gibbons (1987, 1989) concluded 
that the Monian blueschists, and their host schistose metasedimentary rocks, represent a sliver of 
exotic m aterial c aught up within early transcurrent m ovements al ong t he Mena i S trait F ault 
System. The Coedana C omplex, which i ncludes t he c . 614 Ma muscovite-garnet Coedana 
Granite (614 ± 4 Ma, U-Pb zircon; Tucker and Pharaoh, 1991) and a suite of meta-mafic, granitic 
and pe litic gne isses, may ha ve formed a n ol der b asement t o t he M onian S upergroup. 
Metamorphism o f t he a mphibolite f acies gne isses w ithin the C oedana Complex has r ecently 
been da ted at 666 ± 7 Ma ( U-Pb z ircon; Strachan et al ., 2007) . The sus pect t errane m odel 
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emphasises the importance of brittle and ductile fault rocks within the Mona Complex and places 
special significance on the marked contrasts in geology across these major tectonic boundaries. 
The pr oblem t hen be came one  of  e xamining t hese bound aries i n d etail to obt ain ne w da ta to 
evaluate t he tectono-metamorphic hi stories of  t he pr oposed s uspect t erranes to test w hether 
geological c onnections can be est ablished across t hese bo undaries. Recently, Strachan et al . 
(2007) have shown that metamorphism o f the Coedana Complex gne isses i s s imilar in age (c. 
666 Ma) to that of Malverns Complex of southern Britain, arguing that both crustal blocks share 
a s imilar t ectonothermal hi story. T hey s uggests t hat t he Coedana a nd M alverns c omplexes 
represent pa rt of  t he s ame ba sement c omplex t hat w as l ater i nterleaved w ith s ubduction z one 
components dur ing t he latest N eoproterozoic to ear liest C ambrian in r esponse to transcurrent 
fault m ovements a long t he nor th-west m argin of  A valonia ( c.f. G ibbons a nd H orák, 1996) . 
Strachan et al . (2007) argue that, if this interpretation is correct, then there is no n eed to view 
Anglesey as being a ‘suspect terrane’ relative to the rest of Avalonia. 

 

2.1.1 Monian Supergroup 

Rocks be longing t o t he M onian S upergroup ( Shackleton, 1975) , t he  “ Bedded S uccession” of  
Greenly (1919) (Table 1), crop out extensively on Anglesey and the Llyn Peninsula. Shackleton 
(1969, 1975)  s ubdivided t his metasedimentary s equence i nto f our main gr oups overlain by a n 
acid volcanic formation (Table 3). 

 

Table 3 . Lithostratigraphy of the M onian S upergroup pr oposed by S hackleton (1954, 1969,  
1975). 

 
 Group Formation Estimated thickness 

M
on

ia
n 

Su
pe

rg
ro

up
 

 Fydlyn Formation 50 m 

Gwna Group  3000 m 

Skerries Group Skerries Grits Formation 
500 m 

Church Bay Tuffs Formation 

New Harbour Group  2000 m 

South Stack Group 

Rhoscolyn Formation 

1400 m Holyhead Quartzite Formation 

South Stack Formation 

 

Shackleton, with the aid of way up evidence (e.g. graded bedding, cross-lamination), was able to 
demonstrate t hat the S outh S tack Group w as in f act t he oldest exposed uni t a nd, therefore, 
inverted Greenly’s original succession (Table 1). Subsequently, Barber and Max (1979) argued 
for t he pr esence of  m ajor t hrusts s eparating the S outh S tack a nd N ew H arbour gr oups, a nd 
between the New Harbour Group and the remainder of  the Supergroup (Table 2) . However, a  
formal definition of  t he c onstituent gr oups w ithin t he M onian S upergroup ha d yet to be  
published (see Greenly 1919; Shackleton, 1969, 1975; Barber and Max, 1979, G ibbons, 1983). 
This was partially addressed by P hillips (1989, 1991a), who made the first attempt to formalise 
the lithostratigraphy of the Monian Supergroup, subsequently refined by Howells (2007) (Table 
4) (also see Gibbons and Ball, 1991; McIlroy and Horák, 2006) . The Monian Supergroup was 
generally considered t o be l ate P recambrian to early Cambrian in a ge (Greenly, 1919; Crimes 
and Dohnau, 1969;  Shackleton, 19 75, B arber and Max, 1979;  M uir et al ., 1979 ) w ith t he 
unconformable Arenig overstep sequence (Beckly, 1987) providing the only real age constraint. 
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Tietzsch-Tyler and Phillips (1989) c orrelated the m etasedimentary r ocks of  t he H oly I sland 
Group with the lithologically and sedimentologically similar Cahore Group of south-east Ireland, 
suggesting a completely Cambrian age for the Monian Supergroup; an interpretation which has 
been confirmed by the detrital zircon study of Collins and Buchan (2004). 

The simplest interpretation of Monian Supergroup lithostratigraphy is in terms of three principal 
groups: the Holy Island, New Harbour and Gwna groups (Table 4). Neither the stratigraphic base 
or top of this Supergroup is exposed. The Holy Island Group (c. 1000 m) is the lowest unit and is 
further divided into the South Stack, Holyhead and Rhoscolyn formations (Phillips, 1989, 1991a; 
Howells, 20 07). T he group comprises a  seque nce of  metamorphosed ( greenschist f acies) and 
polydeformed, turbiditic (Tabcde, T abc and T bcde) metasandstones, m etasiltstones, and 
metamudstones ( pelites), interpreted a s ha ving been de posited by a  pr ograding (towards t he 
west/north-west), s and-rich submarine f an s ystem ( Phillips, 19 89, 199 1a). T he l ocally t hick 
orthoquartzites ( e.g. t he H olyhead Q uartzite) within t his s equence are i nterpreted as m ajor 
channel-fill de posits within a m id- to i nner-fan setting, w hich t ransported m ature qua rtz-rich 
detritus from a relatively shallow marine e nvironment, deeper i nto t he ba sin. Bimodal 
palaeocurrent cur rent evidence f rom t he Holy I sland G roup record bot h lateral a nd axial 
transport within a north-east to south-west trending basin (Wood, 1974; Phillips, 1989, 1991a ), 
with a  pr imary s ource of detritus f rom the  s outh-east. Detrital z ircons popul ations w ithin the 
metasandstones of the South Stack and Holyhead formations have yielded a depositional age of 
501 ± 10 Ma (Collins and Buchan, 2004) for the Holy Island Group. Strachan et al. (2007) noted 
that t he a ge r ange of  de trital z ircons w ithin the S outh Stack a nd Holyhead f ormations i s 
comparable to that obtained from the Coedana Complex; the latter may, therefore, have formed 
part of the source terrane for these quartzofeldspathic metasedimentary rocks. Correlation of the 
Holy Island Group with the Cullenstown Formation (Crimes and Dohnau, 1969; Bennett et al ., 
1989; B ruck and Vanguestaine, 2004 ) and a n e nlarged Cahore G roup ( Tietzsch-Tyler and 
Phillips, 19 89) s uggests t hat t his turbidite f an s ystem e xtended t o the s outh-west, linking t he 
Monian S upergroup t o the L ate P recambrian/Lower P alaeozoic ge ology of  s outh-east Ire land 
(Phillips, 1991a).  
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Table 4. Revised lithostratigraphy for the Monian Supergroup based upon Phillips (1989; 1991a) 
and incorporating the amendments of Howells (2007).  

 
Group Formation Thickness Type section Boundaries 

G
w

na
 G

ro
up

  3000 m Llanbadrig [SH 375 
946] 

Top – not exposed 

Base – gradational (Gibbons and 
Ball, 1991) 

N
ew

 H
ar

bo
ur

 G
ro

up
 

Skerries 
Formation 

200-300 m The S kerries [S H 
260 940] 

Top – gradational into the Gwna 
mélange (Greenly, 1919) [SH 3000 
915; SH 315 907] 

Base – gradational 

Lynas and 
Bodelwyn 
formations 

Northwestern 
Anglesey 
1000-2000 m 

 Top – gradational into the Gwna 
mélange (Gibbons and Ball, 1991) 

Base – not exposed, possibly 
tectonic 

Southwestern 
Anglesey 

2000-3000 m  

Port-y-Post [ SH 
2436 760 0] to B wa 
Du [SH 2600 7625] 

Top – faulted contact with Skerries 
Formation [SH 2890 8580] 

Base – tectonised sedimentary 
contact with the Holy Island Group 
[SH 2700 7464; SH 2420 8035; SH 
2362 8370] 

H
ol

y 
Is

la
nd

 G
ro

up
 

Rhoscolyn 
Formation 

300 m Rhoscolyn be tween 
[SH 26 47 7 495] 
and Porth-y-Corwgi 
[SH 2700 7470] 

Top – tectonised sedimentary 
contact with the New Harbour 
Group 

Base – conformable upon the 
Holyhead Formation [SH 2647 
7495] 

Holyhead 
Formation 

500 m Bwa Du  [ SH 2 600 
7640] to Porth Saint 
[SH 2595 7590] 

Top – corresponds to the top of the 
Holyhead Quartzite [SH 2647 
7495] 

Base – conformable upon the South 
Stack Formation [SH 2048 8230; 
SH 2580 7544] 

South Stack 
Formation 

400 m Penrhyn M awr [S H 
2110 8062] 

Top – conformable with the 
overlying Holyhead Formation 

Base – not exposed 

 

The New Harbour Group comprises a t hick sequence (estimated thickness c. 2000-3000 m) of 
polydeformed a nd metamorphosed ( greenschist t o s ub-greenschist f acies) chlor ite-mica-schists 
and phyl lites, which p reserve ve ry l ittle e vidence of  t he original lithologies or  depositional 
environment. However, in northern Anglesey, near Amlwch, the sequence is less deformed and 
metamorphosed ( sub-greenschist facies). In this area, the lower mudstone-rich sequence of  the 
Bodelwyn F ormation gr ades up wards i nto t he f ine- to coarse-grained volcaniclastic 
metasandstones of the Lynas Formation; the latter containing coarsening and thickening upward 
cycles (Kohnstamm, 19 82) s uggesting t hat t he New H arbour G roup w as a lso de posited i n a  
turbidite f an system (Shackleton, 1969, 197 5; Kohnstamm, 1982;  P hillips 1 989, 1991a ). 
However, in contrast to the Holy Island Group, sandstone deposition was apparently dominated 
by m assive, structureless, grain-flows or  f luxo-turbidites ( Kohnstamm, 1982;  Phillips, 1991a ). 
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Rather t han r epresenting a  s eparate gr oup, t he poor ly-bedded vol caniclastic  metasandstones 
(composed of pr edominantly a ndesitic de tritus) of the  S kerries Formation ( Kohnstamm, 1980 , 
1982; Phillips, 1989)  r epresent a  more proximal, m id- to i nner-fan f acies w ithin the N ew 
Harbour G roup t urbidite s ystem ( Greenly, 19 19; P hillips, 1989, 1991a ; H owells, 2007) . 
Mineralogical and geochemical studies have shown that the dissected volcanic arc provenance of 
the N ew H arbour G roup c ontrasts markedly w ith the qua rtzose c ontinental pr ovenance of t he 
underlying Holy I sland G roup (Phillips, 1989;  1991a). T he ge ochemical c haracteristics of  t he 
New H arbour G roup metasedimentary r ocks a re s imilar t o t hose of  s andstones de posited i n a 
continental island-arc setting. The sand-dominated nature of the Holy Island and New Harbour 
group turbidite fan systems, coupled with their complex provenance and depositional setting, led 
Phillips (1989, 1991a) to suggest that these metasandstone-dominated sequences were deposited 
in a tectonically active, possibly strike-slip basin.  

Deformation of the Holy Island Group and, to a lesser extent, New Harbour Group has been the 
focus of  s everal de tailed s tudies (Cosgrove, 19 80; L isle, 1 988; P hillips, 1991b;  R oper, 1992 ; 
Hudson and Stowell, 1997; Stowell et al., 1999; Starkey, 2002; Treagus, et al., 2003; Hassani et 
al., 2004). These studies have largely focused upon the small-scale structures associated with the 
development of  t he R hoscolyn A nticline (Holy I sland). Both pol yphase, c omprising a  N W-
directed D1 event followed by SE-directed  D2 (Cosgrove, 1980; Treagus, et al., 2003; Hassani 
et al., 2004), and single, progressive SE-directed deformation (Phillips, 1991b) models have been 
erected to explain the o ften complex de formation s tructures developed within the South S tack 
and New Harbour groups. In both models the Rhoscolyn Anticline is considered to be of D2 age. 
Deformation in the s tructurally/stratigraphically lower pa rts of  the M onian S upergroup i s 
considered to be pre-Arenig in age, based upon the presence of the Arenig overstep sequence on 
Anglesey. Hassani et al. (2004), however, concluded that the D2 event recorded by t he Monian 
Supergroup correlates with the SE-verging Caledonian deformation a ffecting the Monian units 
and O rdovician cover seque nce exposed elsewhere on Anglesey. The presenc e o f deformed 
Monian-derived fragments ( schist, jasper, metabasalt and volcanic r ock) w ithin the coa rse-
grained sandstones at the base of this overstep sequence (Bates, 1972; Phillips 1989), however, 
suggests that the Monian Supergroup was deformed prior to the deposition of this sedimentary 
sequence; h ence, pr oviding indirect evide nce for a pr e-Arenig age for t he d eformation of  the 
Monian Supergroup. Consequently, the actual age of this deformation is not constrained and its 
relationship(s) to t he d eformation events ef fecting the L ower P alaeozoic cove r s equence on  
Anglesey and similar aged sequences in mainland Wales, remains poorly understood. 

The N ew H arbour G roup c ontains w ithin i t a t l east t wo hor izons of  a rc-related m etabasalts 
(Thorpe et al ., 1984; P hillips, 1989) a nd a horizon of  s erpentinised ul tramafic r ocks a nd 
metagabbros ( Maltman, 1977;  P hillips, 1989). T he ge ochemical s ignature of  t hese basaltic 
volcanic rocks and postulated ophiolitic affinity of the ultramafic and gabbroic rocks have been 
used in support of a subduction related setting for the Monian Supergroup (Thorpe, 1972, 1975, 
1979; Wood, 1974; Thorpe et al., 1984). The interpretation of the ultramafic and gabbroic rocks 
as pa rt of  a ‘ Monian o phiolite’ w as, how ever, contested by Maltman (1977, 1978, 1979)  and 
later by Phillips (1989) (see below). 

The New Harbour Group is in turn overlain by the Gwna Group (Table 4). The Gwna Group is 
dominated by a  r egional-scale m élange w hich contains a llochthonous c lasts, from a  few 
millimetres to several kilometres across, of a wide range of igneous (e.g. MORB basalt, granite) 
and sedimentary rocks (e.g. orthoquartzite, stromatolitic limestone, oolitic limestone, mudstone, 
volcaniclastic sands tone) set i n a sand- to mud-grade matrix. Muir et al . (1979) i dentified t he 
stromatolitic limestone olistoliths as being of the Vendian-Cambrian form Georginia, as well as 
Lower C ambrian age  m icrofossils within the d eepwater se diments i ntercalated w ith the ba salt 
lavas of  L landdwyn I sland, pl acing a  maximum a ge c onstraint of  L ower C ambrian on t he 
formation of  t he mélange. The G wna mélange ha s al so r ecently been reported t o c ontain 
olistoliths o f he mi-pelagic m udstone c ontaining i ce-rafted debris ( dropstones) (Kawai et al ., 
2008). Unpublished w ork on t he G wna G roup has s uggested t hat t he m élange also contains 
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olistoliths o f much younger Ordovician (Caradoc or  yo unger) strata. However, pr eviously 
published work ha s s hown t hat t he G wna Group i s unc onformably ove rlain by t he ba sal 
conglomeratic uni ts of  the O rdovician (Arenig) overstep s equence on  A nglesey ( e.g. B ates, 
1972; Ruston et al., 1999). Consequently, the presence of Ordovician-aged olistoliths within the 
Gwna mélange has yet to be substantiated. A clast of muscovite-garnet granite extracted from the 
mélange has yielded Rb-Sr muscovite ages of 621 ± 6 Ma and 619 ± 6 Ma (Horák et al., 1996); 
i.e. comparable to the age of the Coedana Granite and Sarn Igneous Complex. Adjacent to the 
contact with the Gwna Group, the New Harbour Group is highly disrupted, with this disruption 
being interpreted by Gibbons and Ball (1991) as having occurred when the rocks were still only 
partially lithified. Although a c rude, ghos t-like i nternal stratigraphy can be l ocally r ecognised 
within t he Gwna mélange ( based upon t he va riation i n t he dom inant c last l ithology), no  
formal/mappable division of the group has yet been established (see Greenly, 1999; Barber and 
Max, 1979; Gibbons, 1980, 1983; Howells, 2007).  

Greenly (1919) c onsidered t he m élange t o b e a  t ectonic br eccia, but  S hackleton ( 1969, 1975 ) 
thought that its distribution, the largely unstratified nature of the matrix, and its relatively sharp 
contacts were consistent w ith an olistostrome o r s lide br eccia. The emplacement of  t he G wna 
Group was clearly initiated by a series of catastrophic events, possibly in response to tectonically 
induced instability during the closure of the Monian sedimentary basin. The estimated thickness 
of t he group ( c. 3000  m) means t hat its generation i s l ikely to have occurred in response t o a 
series of failures, rather than one single ‘high-magnitude’ event. It has been proposed that there 
were two major collapse events in the emplacement of the mélange and that ‘flow’ was directed 
to the ea st (Howells, 2007) , a lthough t his i s di fficult t o s ubstantiate. The w ide r ange i n 
composition of the  ol istoliths indicates s ediment c haracteristics of  a n active pl ate margin and 
rocks of a possible ‘exotic’ oceanic origin. The presence of some Coedana Complex-like granitic 
clasts within the mélange suggest that t his complex was exposed at the t ime of  t he disruption 
and, consequently, that the Gwna Group was deposited after 614 Ma. 

Despite t he f act t hat t he s edimentology of  t he M onian S upergroup is relatively poorly 
understood, a  num ber of  pl ate tectonic m odels, c ommonly i nvolving l ate Precambrian 
subduction, have drawn heavily upon interpretations of the Monian metasedimentary rocks and 
their included meta-igneous rocks ( see Thorpe et al ., 1984 ; Wood, 197 4; Gibbons and Horák, 
1996; Kawai et al., 2006; Kawai et al., 2007). The arc-related metabasalts (Thorpe et al., 1984; 
Phillips, 1989) and serpentinised ultramafic rocks and metagabbros (Maltman, 1977, 1978, 1979; 
Phillips, 1989) w ithin t he N ew H arbour G roup, in particular, have b een us ed in support of  a  
subduction related setting for the Monian Supergroup (Thorpe, 1972, 19 75, 1979; Wood, 1974; 
Thorpe et al ., 1984) . The validity of the interpretation of  the ul tramafic and gabbroic rocks as 
part of  a  ‘Monian oph iolite assemblage’ was contested b y M altman ( 1977, 1978 , 1979) , who 
interpreted these volumetrically restricted rocks as a  deformed intrusive body. However, a ll of 
the c ontacts be tween the metabasaltic vo lcanic and ultramafic r ocks and t he hos t 
metasedimentary rocks are either highly tectonised, faulted, or hopelessly obscure. The primitive 
tholeiitic to  loc ally boninitic geochemical si gnature of t he ba saltic vol canic r ocks, typical of 
intra-oceanic plate subduction (Thorpe et al., 1984; Phillips, 1989), contrasts markedly with the 
calc-alkaline, continental volcanic arc provenance of the host New Harbour Group sedimentary 
rocks (Phillips, 1989; 1991a). Consequently, Phillips (1989), suggested that these highly altered 
and disrupted meta-igneous bodies may represent olistoliths within the New Harbour Group. If 
correct, this would suggest that the meta-igneous rocks contained within the New Harbour Group 
represent the dismembered remains of an older (?Neoproterozoic/Avalonian) ophiolitic/oceanic 
island-arc complex. In the ‘subduction model’ the turbiditic metasandstones of the Holy Island 
and N ew Harbour gr oups, c oupled w ith t he pr esence of  t he r egional-scale m élange ( Gwna 
Group) were considered to represent part of  an accretionary pr ism (Thorpe, 1972, 1975, 197 9; 
Wood, 1974; Thorpe et al., 1984; Kawai et al., 2006). Phillips (1989, 1991a), however, found no 
unequivocal e vidence t o s upport t he de position of  t he Holy I sland a nd N ew Harbour gr oups 
within a trench system associated with south-easterly directed plate subduction, favouring their 
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deposition within a n a ctive continental m argin s etting, p ossibly w ithin a  s trike-slip controlled 
basin. Consequently, t he de positional s etting of t he M onian S upergroup within t he br oader 
context of the Lower Palaeozoic of the Caledonian orogen remains unequivocal. 

 

2.1.2 The Coedana Complex 

The poor ly e xposed C oedana C omplex of  c entral A nglesey c omprises a  po lydeformed a nd 
metamorphosed s equence of  a mphibolite facies s illimanite and ga rnet-bearing pelitic gne isses 
and m eta-mafic r ocks, i ntruded by t he C oedana G ranite (Greenly, 19 19; H orák, 1993) . The 
gneisses ar e coa rse-grained, f oliated r ocks w ith pa le a nd dark c oloured layers which Greenly 
(1919) r eferred to as ‘acidic’ and  ‘ basic’ r espectively. They c onsist m ainly of (locally) 
migmatitic m etasedimentary and metabasic gne isses w ith a l ocally de veloped, more schist ose 
facies containing meta-limestone, graphitic schist and orthoquartzite. Mineralogical assemblages 
indicate that the rocks were metamorphosed under middle to upper amphibolite facies conditions 
(Horák, 200 0). These p eak m etamorphic c onditions a re recorded by  t he mineral assemblages: 
sillimanite ± garnet ± biotite ± oligoclase ± quartz ± ilmenite w ithin the  pe litic migmatitic 
gneisses; and hornblende ± oligoclase ± biotite ± garnet ± clinopyroxene ± ilmenite ± quartz ± 
apatite ± titanite in the metamafites. The age of this metamorphic event has been dated at 666 ± 7 
Ma ( U-Pb z ircon) by S trachan et al . ( 2007). Shackleton ( 1954, 196 9) c oncluded t hat these 
gneisses w ere f ormed as a result of  progr ade m etamorphism of  t he l ower g rade Moni an 
Supergroup metasedimentary rocks; a model contested by Baker (1969) who recognised that the 
margins of the Coedana Complex are tectonic. Limited whole-rock geochemical data obtained by 
Phillips (1989) indicates that the metabasic gneisses within the Coedana Complex can be clearly 
discriminated f rom the New Harbour Group metabasalts, and that they show characteristics of  
basaltic rocks emplaced/erupted in a continental, possibly subduction-related setting. 

The C oedana G ranite i s unde formed and, t herefore, pos t-dates t he f ormation of  t hese 
polydeformed metamorphic rocks. Published U-Pb zircon ages indicate that crystallisation of the 
granite took pl ace a t 6 14 ± 4 Ma ( Tucker and Pharaoh, 1991) ; a  s lightly young er, but  l ess 
reliable, Rb-Sr whole-rock isochron age of 603 ± 34 Ma was obtained for Coedana Granite by 
Beckinsale and Thorpe (1979). Greenly (1919) recognised four facies within the intrusion: (1) 
the pi nk c oloured, ‘ normal’ gr anite w hich c ontains c hloritic a ggregates; (2) an orthoclase 
porphyritic granite; (3) a f iner grained muscovite grani te which forms a marginal facies to the 
main gr anite body;  a nd (4) a sui te of  fi ne-grained gr anitic ve ins. Although G reenly ( 1919) 
concluded that the granite intruded into and locally merged with the gneisses, clear relationships 
to s upport this i nterpretation are not e xposed. A f ine-grained hor nblende-facies ho rnfels and 
quartzite in contact with, and as xenoliths within, the granite indicate that the host gneisses were 
in fact relatively cool at the time of intrusion. The presence of xenoliths of this hornfels within 
the gr anite further suggests t hat it may have actively intruded i nto a nd deformed/disrupted its 
own thermal aureole.  

The north-western boundary of the Coedana Complex is apparently formed by the Llyn Traffwll 
Fault, which j uxtaposes t he hi gh-grade gne isses aga inst the m uch lower grade  ( greenschist 
facies) m etasedimentary r ocks of  t he N ew H arbour Group. However, t hese hi gh-grade 
metamorphic r ocks m ay e xtend f arther to the nor th-west, forming the ba sement t o a Monian 
Supergroup cover sequ ence (Phillips, 1989 ). T he Llyn Traffwll F ault has acco mmodated a 
prolonged h istory of  m ovement, with sedimentological e vidence ind icating that i t f ormed a 
positive t opographic f eature which locally controlled the de position of  t he A renig ove rstep 
sequence (Bates, 1972). Earlier brittle movement along the fault resulted in the development of a 
wide zone  of cat aclasite (Gibbons, 1983, 1989;  P hillips, 1 989). Gibbons ( 1989) a nd H owells 
(2007) conclude that cataclasis along the L lyn Traffwll Fault post-dated the deposition of  t his 
Ordovician cover s equence. However, Phillips (1989) found that t hese brittle f ault rocks were 
solely derived from the quartzose gneisses and metamafites of the Coedana Complex, indicating 
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that they are more likely to relate to a pre-Arenig phase of movement which probably occurred 
entirely within the Coedana Complex. 

The s outh-eastern boundary of  t he Coedana C omplex i s m arked by a  wide duc tile she ar zone 
(Gibbons, 1983, 1989;  Mann, 1986). This shear zone also deforms the south-eastern margin of 
the C oedana G ranite and r esulted i n t he t ectonic i nterleaving of  hi ghly de formed elements of  
both the Coedana Complex and Gwna Group. Although this boundary is believed to represent a 
major ‘ terrane’ bounda ry within t he M onian Complex (Gibbons, 1983, 1989) , t he structural 
evolution, kinematics and original geometry of this complex shear zone are poorly understood. 
Strachan et al . ( 2007) have de monstrated that t he a ge of  m etamorphism w ithin t he C oedana 
Complex is similar to that of the Malvern Complex farther to the south-east, concluding that the 
Precambrian gneisses o f A nglesey pr obably evolved in close p roximity t o t he A valonian 
basement of southern Britain during the mid- to late Neoproterozoic. As a r esult, these workers 
argue that t he C oedana C omplex of  c entral A nglesey is n ot a  ‘suspect t errane’, b ut rather it 
represents the north-west extension of the Avalonian continental basement. 

The gneissose and granitic rocks of the Coedana Complex have been correlated with a suite of 
similar l ithologies present within the Precambrian Rosslare Complex (Max and Dhonau, 1971;  
Max and Long, 1985; Bennett et al., 1989; Murphy, 1990) of southeast Ireland (Gibbons, 1983). 
The Rosslare Complex occurs to the south-east of  the Cullenstown Formation (correlated with 
the H oly Island G roup by T ietzsch-Tyler and Phillips, 1 989), with the l atter having be en 
interpreted as part of a deformed cover sequence to this basement complex (Bennett et al., 1989; 
Murphy, 19 90). The a ge of  em placement of t he C oedana G ranite of centr al Anglesey is 
comparable to t he c . 61 4 M a U -Pb a ge ob tained f or t he P adarn T uff F ormation of  t he A rfon 
Group of the Welsh mainland (Tucker and Pharaoh, 1991); although a slightly younger U-Pb age 
of 604 M a has recently been obtained for an ignimbrite from this volcanic group (Compston et 
al., 2002). The similarities in ages between the Arfon volcanic rocks and Coedana Granite and 
led Tucker and Pharaoh (1991) to suggest a genetic relationship between this intrusion and the 
Arfon Group, minimising the importance of any transcurrent offset across the Menai Straits Fault 
Zone.  

 

2.1.3 The Penmynydd Zone or Blueschist terrane  

The Penmynydd Zone (Greenly, 1 919) or  Blueschist t errane (Gibbons, 1983;  1989;  H owells, 
2007) of sout heastern A nglesey com prises a va riably exposed belt of  pol ydeformed 
metasedimentary rocks that c ontain lenses o f metabasic igneous r ocks. The f ine-grained, 
micaceous schistose metapelites which dominate this belt contain disrupted lenses of quartzite, 
foliated metalimestone, metagabbro, metabasalt and graphitic schist (Greenly, 1919). The main 
focus of  s tudy within this belt, however, has been the variably preserved high-pressure – low-
temperature blue schist f acies m etamorphic assem blages w ithin m etabasalts an d associated 
metasedimentary rocks; m ost im portantly the pr esence of bl ue a mphibole (c rossite) a nd 
lawsonite near t o the eastern margin of the  te rrane (Gibbons 1981;  Gibbons and Mann, 1983;  
Gibbons et al., 1985; Gyopari and Gibbons 1986; Horák and Gibbons, 1986; Kawai et al., 2006; 
Kawai et al., 2007; Treagus, 2007; Kawai, 2007). Although metamorphosed, these metabasaltic 
volcanic r ocks r etain t he ge ochemical c haracteristics of  M ORB ba salts ( Thorpe, 1972, 1975,  
1979; Thorpe et al., 1984; Phillips, 1989). The metamorphic grade and MORB geochemistry of 
these m etavolcanic r ocks ha ve f ormed the m ajor t enets suppo rting the ex istence of  a  
Neoproterozoic s ubduction s ystem i n nor th W ales (Thorpe, 1972, 197 5, 1979;  W ood, 1974;  
Thorpe et al ., 1984;  Kawai et al ., 2006; Kawai et al ., 2007a and b). Analyses of 40Ar/39Ar and 
phengite m ica da ta ha ve yi elded u plift a ges o f a pproximately 560-550 Ma f or t he blue schist 
facies m etamorphic eve nt, a nd 580-590 Ma f or an earlier greens chist f acies eve nt, possibly 
associated with s ea f loor m etamorphism ( Gibbons et al ., 1985;  G yopari and Gibbons 1986 ; 
Dallmeyer and Gibbons, 1987). Recent work by Kawai et al. (2006) on the mineral assemblages 
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contained w ithin t he m etabasaltic lavas ha s di vided t he Blueschist t errane and adjacent G wna 
Group into t hree, ge ntly e asterly dipping z ones s eparated by t wo i sograds: zone 1  - sub-
greenschist facies (crossite isograd); zone 2 - blueschist facies (barroisite isograd); and zone 3 – 
epidote amphibolite facies. Kawai et a l. (2006) suggest that these zones are folded by a major 
south-easterly di pping antiform w hich c loses t owards t he nor th-west, w ith f olding a nd 
metamorphism occurring i n r esponse t o s outh-easterly di rected pl ate s ubduction be neath 
Avalonia at a round 56 0-550 Ma. T he exis tence of  t his large-scale a ntiform w as dispu ted by 
Treagus (2007), who also argued that relating the structure of the Anglesey blueschist belt to the 
geometry of a subduction-accretion complex was “premature” (for reply see Kawai et al., 2007). 
The recently published detrital zircon study of Collins and Buchan (2004) has demonstrated that 
the M onian S upergroup, w hich i ncludes t he G wna G roup, w as de posited dur ing Cambrian t o 
possibly early Ordovician and is, therefore, considerably younger than the tectonothermal event 
responsible for blue schist f acies m etamorphism. C onsequently, t he d ifference in a ge between 
blueschist facies metamorphism and deposition of the Gwna Group represent a major flaw in the 
‘subduction model’ proposed by Kawai et al. (2006). 

The w estern margin of the B lueschist t errane, where it is  faulted a gainst t he G wna G roup, is 
formed by a s ubvertical z one c omposed of  v ery f ine-grained, m ylonitic t o phyl litic r ocks, 
referred to as the Berw Shear Zone (Gibbons, 1983, 1987, 1989) or Berw Fault (Howells, 2007). 
Kinematic i ndicators d eveloped within these d uctile f ault rocks record a s inistral t ranscurrent 
sense of  movement, with the Berw Fault forming the most westerly strand of the Menai Strait 
Fault System (Gibbons, 1990). The eastern margin of the terrane is not exposed, but is likely to 
be f ormed by one  of  t he major f ault s trands r unning dow n t he M enai S traits. On t he L lyn 
Peninsula an extension of one of the faults within the Menai Straits Fault System juxtaposes the 
Gwna G roup a gainst t he S arn C omplex ( see be low). T his f ault is m arked by mylonitic z ones 
composed of steeply inclined, fine-grained recrystallised schist and phyllite. 

 

2.1.4 The Sarn Complex 

The Sarn Complex forms a  narrow outcrop on the Llyn Peninsula where i t separated from the 
Gwna Group, to the north-west, by a Llyn Shear Zone; the latter forming part of the Menai Strait 
Fault System (Gibbons, 1987; Howells, 2007). The Sarn Complex is unconformably overlain by 
lower Ordovician (Arenig) sedimentary rocks. The complex i s m ainly c omposed of  variably 
foliated and xe nolithic, calc-alkaline di oritic to gr anitic ro cks (including the pa le a damellitic 
Sarn Granite) which have been interpreted as representing part of the north-western edge of the 
Avalonian t errane ( Gibbons, 1989;  H owells, 2007) . The pe trology a nd ge ochemistry of  t he 
igneous rocks have been used to suggest that they were emplacement in a subduction-related arc 
setting (Horák, 1993; Horák et al., 1996). A gabbro from within the complex has yielded an U-
Pb zircon age of 615 ± 2 Ma (Horák et al., 1996),  comparable to that of the Coedana Granite of 
central Anglesey and the c . 614 M a age obtained for t he Padarn Tuff Formation of  t he Arfon 
Group of the Welsh mainland (Tucker and Pharaoh, 1991); although a slightly younger U-Pb age 
of 604 M a (SHRIMP) has r ecently be en obt ained for an ignimbrite f rom t his vo lcanic g roup 
(Compston et al ., 2002). Horák et al . ( 1996) c oncluded t hat t he N eoproterozoic S arn I gneous 
Complex f ormed dur ing t he s ame r egional A rvonian a rc-related m agmatic e vent a s the  A rfon 
Group. These autho rs argued t hat the pe trological d ifferences between t he S arn and C oedana 
granitic rocks negates any direct correlation between the two plutonic suites, even thought they 
have similar ages. 
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2.2 ORDOVICIAN-SILURIAN SEDIMENTARY AND IGNEOUS ROCKS 

In North Wales the Ordovician rocks crop out in a broad tract surrounding the Cambrian rocks of 
the Harlech Dome, and extend westwards across most of the Llyn Peninsula and onto Anglesey. 
Only the lower parts of the Ordovician succession are preserved on Anglesey, where they form 
an unconformable overstep sequence that places a minimum age constraint on the deposition and 
deformation of the underlying Monian Supergroup (see section 2.1). The Anglesey sequence lies 
in a  is rather different structural situation to that exposed elsewhere in North Wales as it consists 
of the remnants of sandstones and mudstones deposited on a palaeo-high formed by the Irish Sea 
horst complex (Bevins et al., 1992). It is thought to have been deposited during periods of marine 
high-stand, namely the Fennian Stage of the Arenig, the Llanvirn and the Costonian Substage of 
the early Caradoc (Rushton et al., 1999). The sedimentary facies and faunas present within the 
sequence o n Anglesey ar e d ifferent t o contemporaneous r ocks of  t he W elsh Basin, which 
Rushton et al . ( 1999) s uggested provides s upport to t he t heory that Anglesey represents an  
independent terrane. 

The O rdovician s equence on A nglesey i s m ainly e xposed i n a  Y-shaped t ract oc cupying t he 
central and northern parts of the island, where it unconformably overlies the Precambrian rocks 
of the Coedana Complex and Cambrian Monian Supergroup. The northern boundary of the tract 
is f ormed by t he C armel H ead T hrust; a low-angle, s outh-easterly di rected brittle thrust f ault 
which a ffects bot h the M onian S upergroup and younge r L ower P alaeozoic c over s equence 
(Greenly, 1919; Bates, 1974; Barber and Max, 1979). Elongate slivers of Ordovician rocks also 
occur in central and northeastern Anglesey, with two small outliers occurring on the north coast 
at G ynfor. T he i nshore, t ransgressive f acies of  t he l ate A renig ( Fennian, B eckly 1987)  a ge 
sequence c omprises t he C armel a nd ove rlying T reiorwerth f ormations. T hese l ocally 
conglomeratic, variably cross-bedded sandstones and interbedded siltstones, and the faunas they 
contain, were f irst r eported by G reenly ( 1919) and s ubsequently described i n de tail by B ates 
(1972) and Neuman and Bates (1978). However, a  coherent, mappable s tratigraphy within the 
Ordovician succession on A nglesey r emains t o be  e stablished. The shallow-water brachiopod 
faunas present within the Carmel and Treiorwerth formations form part of the ‘Celtic Province’ 
and were interpreted by Neuman and Bates (1978) as having developed around a group of small 
islands developed on t he I rish Sea Horst, at a t ime when Anglesey and the Welsh Basin were 
separated by a wide expanse of ocean. However, Beckley (1987) and Cope et al. (1992) disagree 
with this interpretation, arguing that Anglesey formed an integral part of the Welsh Basin.  

Beckly (1987) concluded that after a relatively passive initial marine transgression, the Anglesey 
area f oundered dramatically in response t o f ault-controlled s ubsidence. T his accompanied the 
deposition of a thick sequence (up to 650 m) of conglomerates which dominate the Treiorwerth 
Formation. T hese de bris f lows t hicken t owards, a nd were apparently banked up a gainst, the 
scarps f ormed during s yn-sedimentary f aulting ( Beckley, 1987; R ushton et al ., 1999) . The 
conglomerates contain pebbles and cobbles of foliated chlorite-quartz-schist and jasper derived 
from the Monian Supergroup indicating that the latter metasedimentary sequence was deformed 
prior to the deposition of the Arenig overstep sequence (Bates, 1972; Phillips, 1989). 

The Nantannog F ormation of late A renig (Fennian) to mid-Llanvirn ( Abereiddian) a ge, 
comprises a seque nce o f sandy mudstones, sandstones and  pe bbly, coarse-grained sandstones 
which c ontain de eper water f aunas, i ncluding gr aptolites. It rests directly upon t he Carmel 
Formation and is i nterpreted as representing the l ateral, deeper w ater equ ivalent t o the 
Treiorwerth F ormation. A thi ck ( 20 m), westerly-derived (Bates, 1972) s lide-conglomerate 
within the Nantannog Formation (at its t ype locality) contains l arge (up to 0.6  m), subangular 
blocks of  c hlorite-quartz-schist, qu artzite, g ranite, j asper a nd gne iss d erived f rom t he M onian 
Supergroup a nd C oedana C omplex. T his pr ovides e vidence f or t he M onian S upergroup a nd 
Coedana Complex having been juxtaposed/accreted next to each other, prior to late Arenig times, 
and furthermore indicates that these polydeformed and metamorphosed rocks were periodically 
exposed dur ing t he de position of  t his ove rstep s equence. Fault-bound out liers of  O rdovician 
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sedimentary rocks occur within the Monian Supergroup on the north coast of Anglesey at Gynfor 
(Bates, 1972, Barber and Max, 1979; Ruston et al., 1999). These outliers were described in detail 
by G reenly (1919) w ho a ssumed t hey w ere a ll C aradoc i n age ( gracilis Zone). S ubsequently, 
however, Bates ( 1968) de monstrated t he pr esence of  A renig (Porth W en Group) as w ell as  
Caradoc r ocks (Llanbadrig G roup) within the outliers. The conglomerates o f t he Porth W en 
Group (Torllwyn and Porth Cynfor Conglomeratic formations), which forms the lowest exposed 
unit within the  ou tliers, rest unconformably upon t he G wna G roup ( Greenly, 1919)  
demonstrating t hat t he latter is pr e-Arenig i n age. B oth sequences p ossess a s teeply di pping 
cleavage, indicating that t hey were de formed together after the  m id-Ordovician (Barber and 
Max, 1979). 

The L ower P alaeozoic volcanic r ocks i n nor theast A nglesey f orm a  s mall ( c. 6 km  x 1 k m), 
elongate be lt cen tred on  P arys Mou ntain. The Parys Moun tain Volcanics ar e com posed of a 
bimodal association of basalt and rhyolite consisting up to 200 m of probable welded ash-flow 
and debris flow deposits, basic tuffs/lavas, rhyolite lavas and high level intrusions (Pointon and 
Ixer, 1980; Pointon, 1980; Southwood, 1984; Leat et al., 1986). Geochemical studies (Leat et al., 
1986) ha ve shown t hat the r hyolites a re highly e volved, high-K t ype s ubalkaline r ocks. T he 
associated basalts sho w ge ochemical ch aracteristics of  l avas e rupted in a t ransitional 
environment be tween vo lcanic a rc and w ithin-plate s ettings. L eat et al . ( 1986) concluded t hat 
this ba salt-rhyolite a ssociation de veloped w ithin a n e xtensional e nvironment. Volcanism w as 
associated with polymetallic s ulphide m ineralisation, with t he h igh-level r hyolitic magmas 
possibly p roviding t he he at t o dr ive t his hyd rothermal s ystem. These vol canic r ocks ove rlie 
mudstones of Arenig to Llanvirn age (Pointon and Ixer, 1980), and are in turn, locally overlain 
by a  Llandovery age mudstone sequence (Bates, 1972) . These relationships have been used to 
suggest a n Upper Ordovician a ge for t he vo lcanic r ocks, and s upport the c onclusion t hat t hey 
were e rupted i n a  submarine e nvironment ( Wheatley, 1971 ; P ointon and Ixer, 19 80; P ointon, 
1980). However, unpublished zircon dates indicate a Silurian age (ca. 430 Ma). 

Preserved i n ope ncast workings a bove t he P arys M ountain vol canic rocks is a  s equence of  
Silurian graptolitic mudstones. Greenly (1919) lists the faunas recovered f rom these rocks and 
assigns them to a range of early to mid Llandovery graptolite Biozones. However, the results of 
unpublished research by Leicester University have raised serious questions about the veracity of 
this ea rlier account. The r ecent dis covery by the L eicester t eam of f orms o f Monograptus 
lobiferous with morphologies more closely resembling Scottish (Southern Uplands) examples of 
this taxon rather than those found in the Welsh Basin (Zalasiewicz, pers. comm.), has enormous 
implications for the structural evolution of this northern portion of the island. 

Bates (1974) recognised two main deformation events effecting the Lower Palaeozoic rocks of 
Anglesey: an earlier phase, possibly during late Silurian times, that led to tight folding and the 
variable de velopment of a sl aty cleavage, culminating i n r everse f aulting; a nd a  l ater, s econd 
phase, w hich pos t-dated i ntrusion of a  s uite o f ba sic dyke s, a nd i s c haracterised by r everse 
faulting followed by normal faulting and mineralisation. 

 

2.3 OLD RED SANDSTONE SUCCESSION (?LATE SILURIAN – EARLY DEVONIAN)  

In comparison to the wealth of information available on the geology of the Mona Complex there 
has be en v ery l ittle w ritten on the O ld R ed S andstone s edimentary succession exposed on 
Anglesey. These r ed beds w ere first de scribed in detail by Greenly ( 1919) w ho a lthough 
recognizing the gross lithological similarities with the Lower Old Red Sandstone facies of south 
Wales and the Welsh Borders, viewed the succession on Anglesey as having been deposited in a 
separate northern basin. Allen (1965) carried out the first detailed sedimentological study of the 
red beds on Anglesey, dividing the succession into four formations; namely the Bodafon (oldest), 
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Treath Bach, Porth-y-Mor a nd T reath L ligwy ( youngest) f ormations ( summarised by D avies, 
2005).  

The B odafon F ormation ( 3-45 m  t hick) r ests unc onformably upon gneisses o f t he Mona  
Complex and comprises a sequence of  conglomerates and pebbly sandstones i ntercalated with 
minor r ed siltstone l enses. The congl omerates cont ain extraformational ( exotic) cl asts d erived 
from t he l ocal Mona  Complex basement. The T reath Bach Formation (≥ 130 m t hick) i s 
dominated by r ed c alcrete-rich siltstones with minor extraformational c onglomerates and thin 
pebbly sandstones. Pebbles within the conglomerates are mainly derived from the local Monian 
and Ordovician rocks. The Porth-y-Mor Formation (c. 347 m thick) is the thickest unit within the 
Devonian succession on Anglesey. It comprises a series of fining-upward cycles with each cycle 
comprising a tabular to trough cross-bedded  basal conglomerate, overlain by cross-laminated to 
planar laminated, coarse- to fine-grained sandstone which passes upwards into muddy siltstone, 
with occasional beds of impure limestone (calcrete). Palaeocurrent indicators within the Porth-y-
Mor F ormation i ndicate t hat i t w as mainly de posited by c urrents f lowing f rom t he nor th-east. 
The T reath L ligwy F ormation r ests c onformably upon t he P orth-y-Mor F ormation a nd i s 
characterised by fine-grained sandstones (bioturbated) and siltstones. 

Allen (1965) interpreted the Bodafon Formation as a alluvial fan sequence deposited along the 
margin of the Old Red Sandstone basin, which was flanked to the south-west by an upland area 
composed of Mona Complex and Ordovician rocks. These older rocks provided the main source 
of de tritus for the  a lluvial gr avels. Away from the  ba sin margin, the B odafon F ormation 
interdigitates with the ephemeral playa lakes (non saline) and channelized fluvial deposits of the 
Treath B ach and Port-y-Mor f ormations, r espectively. A llen ( 1965) i nterpreted t he ove rlying 
Treath L ligwy F ormation a s ha ving be en de posited in pe rennial l akes w ith t he r eduction in 
calcrete a nd a bundant bioturbation being e quated w ith a  h igh w ater t able a nd l ess pr olonged 
periods of subaerial exposure of the lake sediments.  

Early palaeogeographical models suggested that the Old Red Sandstone succession on Anglesey 
was deposited in a na rrow basin, which ope ning t owards t he nor th-east, was c onnected t o the 
Midland V alley of  S cotland ( Greenly, 1919;  Wills, 1952) . T his ba sin was t hought t o be  
structurally isolated f rom t he s equences i n s outh Wales a nd t he Welsh Borders. A llen (1965), 
suggested that the Anglesey succession was deposited at the margin of a broad depositional tract 
connected to the main basin to the south and fed by rivers flowing from the northwest (also see 
Allen, 1974; Allen and Crowley, 1983; Bluck et al., 1992; Davies, 2007). 

The r ed-bed suc cession i s st rongly de formed with E-W t rending f old a xes a nd a  pe netrative 
northward dipping c leavage. M uch of  c oastal s equence oc cupies t he st eeply-inclined t o 
overturned s outh-facing l imb of  t he L ligwy B ay S yncline, and di ps steeply t o the nor th. 
However, a side f rom G reenly’s ( 1919) de scription a nd inclusion in a  num ber of  r egional 
syntheses (see Treagus, 1992), there are no detailed accounts of the Old Red Sandstone structure, 
or of its contact relationships, and this currently precludes the structural comparison necessary to 
understand the palinspastic tectonic setting and timing of its deformation.  

A major uncertainty regarding the Old Red Sandstone succession on Anglesey is it age. A mid-
Devonian age ha s be en sugge sted (Hurst et al ., 1978) , but  t he pr esence of  t he f olding a nd 
cleavage m akes t his u nlikely (Allen and Williams, 1979; H urst et a l., 1979) . Allen ( 1965) 
attributed t he pe rvasive de formation di splayed by t he Anglesey s equence t o t he w idely 
recognised mid Devonian ( late Caledonian-Acadian) tectonic event and correlated the Porth-y-
Mor Formation to the Dittonian (Lochkovian) and Brecconian deposits of Pembrokeshire and the 
Welsh B orders ( Allen, 1974b, 1977) . However, due  t o t he a bsence o f f ossil, or  ot her di rect 
dating evidence, the age of  the sequence remains unproven and must be a key topic for future 
research. 
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2.4 CARBONIFEROUS SUCCESSION 

The late Asbian to Brigantian (Dinantian) carbonate sequence on Anglesey comprises a sequence 
of bi oclastic l imestones a nd s ubsidiary terrigenous s andstones t hat w ere de posited a long the 
margin of  a  broad shelf l agoon that covered most of  North Wales, and l ay to the north of  the 
residual Caledonian upland (George 1958; Bates and Davies, 1981; Walkden and Davies, 1983; 
Davies, 1984; 1991; Davies et al., 2004). The sequence is divided into five limestone formations 
resting upon a  ba sal s andstone ( Table 5;  D avies, 1983) . T he be dded c herts, which c ap t he 
Anglesey succession, have previously also been viewed as Dinantian in age, but recent work on 
the N orth Wales Mai nland (Davies et al ., 2004)  now  f avours t heir i nclusion i n t he N amurian 
Series ( Silesian). The l imestone succession represents t he only s ignificant t hickness of  s trata 
preserved which accumulated at the l andward margin of t he she lf l agoon. The seque nce is 
strongly cyclic, with over 20 transgressive-regressive sha llowing-upward c ycles h aving be en 
recognised w ithin t his c omplex s uccession (see T able 5; Davies, 1983; Walkden and Davies, 
1983). T he t ops of  t he i ndividual c ycles s how e vidence of  pe necontemporaneous s ubaerial 
exposure and weathering (Davies, 1991). The limestones immediately below these palaeokarstic 
surfaces display structures and fabric typical of calcretes (Davies, 1991). The cyclicity and the 
associated formation of the palaeokarst features has formed the main focus of research within the 
Carboniferous on Anglesey (Greenly, 1900, 1901; Bates and Davies, 1981; Walkden and Davies, 
1983; Davies, 1983; 1984; 1991).  

The pa laeokarstic em ergent surf aces ar e l ocally marked by the presen ce of  spe ctacular ( 5 m 
deep, 3 m  wide) s andstone-filled ‘ pipes’ (Greenly, 1900,  1901;  B aughen and Walsh, 1980) . 
Walkden and Davies (1983) noted that these so-called ‘pipes’ are unlike normal late Dinantian 
palaeokarst features in North and South Wales as t hey ar e much deeper and filled by detrital 
sandstones, rather tha n by palaeosol. The sands tones w ere derived from t he P recambrian and 
older Lower P alaeozoic r ocks on A nglesey dur ing pe riods of  marine i nundation a nd r ecord 
deposition within a  ne arshore environment. H owever, dur ing m arine r egressive p hases t his 
siliciclastic de tritus w as ca rried across t he shelf via large (20 m de ep, 200 m  w ide), 
anastomosing channels cut into the newly lithified carbonates (Bates and Davies, 1981; Davies, 
1983; 1994;  Walkden and Davies, 1983) . Davies ( 1983, 1994)  de scribed t he s equences which 
infill these pa laeovalleys: f luvial conglomerate pass up i nto to estuarine mudstones containing 
flood-generated sheet sa ndstones, with wave r eworked t ops. These a re cappe d by cal careous 
barrier-spit sandstones. The sandstone pipes appear to have developed on the terraced margins to 
these channel complexes, and Walkden and Davies (1983) concluded that this karstification was 
largely due  to overbank solution rather than any c limatic e ffects. It was further suggested that 
Dinantian cyclicity on Anglesey was probably driven by eustatic sea level change, now widely 
acknowledged to have a glacigenic origin (Davies et al., 2004).  

The P ennsylvanian ( Upper C arboniferous) r ocks of  Anglesey ha ve r eceived l ittle a ttention 
subsequent to G reenly’s ( 1919) a ccount, w hich ha s be en r elied up on i n a ll subsequent 
descriptions ( e.g. C alver a nd S mith, 1974) . Greenly di stinguished a s andstone-dominated 
‘Millstone Grit’ f rom an overlying ‘Coal M easures’ su ccession and a ye t younge r ‘ Red 
Measures’ sequence. He also provided details of workings and boreholes, which proved at least 
14 coal seams, and of the fossil collections obtained from these rocks. The presence of the listeri 
Marine Band from a level in the middle of the ‘Millstone Grit’ confirms that much of this unit is 
Westphalian ( Langsettian Stage) i n age  and  n on-marine mussel dis coveries m ake it doubt ful 
whether a ny of  t he overlying c oal-bearing de ltaic s equence e xtends i nto the younge r 
Duckmantian S tage. T he A nglesey ‘ Red M easures’ a re e quivalent t o the P las B rereton 
Formation of the adjacent mainland (Howells et al., 1985) and similarly record alluvial red-beds 
and br ockram-style br eccia de position t ypical of t he now  w idely r ecognised W arwickshire 
Group (Davies et al., 2004 and references therein). 
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Table 5. The lithostratigraphy of the Dinantian succession on Anglesey (Davies, 1983; Walkden 
and Davies, 1983). 

Age Formation Thickness Minor Cycles 
B

rig
an

tia
n 

Red Wharf Cherty Limestone 
Formation c. 55 m 

Castell-Mawr beds 
Castell-Mawr sandstone (sheet sandstone) 
St. David’s beds 
St. David’s sandstone (sheet sandstone) 
Upper Dwlban beds 
Dwlban sandstone (channel sandstone) 
Lower Dwlban beds 
Thelwal sandstone (channel sandstone) 

Treath Bychan Limestone Formation c. 96 m 

Pen-y-Coed beds 
Betws sandstone (channel sandstone) 
Upper Dinas beds 
Benllech sandstone (channel sandstone) 
Lower Dinas beds 
Upper Morcyn beds 
Treath Bychan sandstone (sheet sandstone) 
Lower Morcyn beds 
Porth-y-Rhos beds 
Aber sandstone (channel sandstone) 
Porth-yr-Aber beds 
Eglwys Siglen beds 
Clan’r-Afon sandstone (channel sandstone) 

A
sb

ia
n 

Moelfre Limestone Formation c. 32 m 

Upper Harbour beds 
Lower Harbour beds 
Upper Lookout beds 
Lower Lookout beds 
Dafarn sandstone (channel sandstone) 
Upper Helaeth beds 
Middle Helaeth beds 
Lower Helaeth beds 
Helaeth sandstone (channel sandstone) 

Flagstaff Limestone Formation c. 38 m 

Royal Charter beds 
Pedolau sandstone (channel sandstone) 
Pedolau beds 
Upper Moryn beds 
Lower Moryn beds 
Porth Forllwyd beds 
Forllwyd sandstone (channel sandstone) 
Lligwy beds 

Careg Onen Limestone Formation c. 45 m  
Basal Sandstone up to 50 m  

 

2.5 QUATERNARY TO RECENT  

In comparison to the relative wealth of  publ ished information on t he bedrock geology there is 
very little p ublished w ork on the Q uaternary g eology of  A nglesey (Greenly, 1919 ; Embleton, 
1964; Helm, 1971;  Helm and Roberts, 1984;  Harris, 1991;  Hart, 1995;  Campbell et al ., 1995;  
Thomas and Chiverrell, 2003; Thomas and Chiverrell, 2007). The island’s geographical position, 
coupled with the range of landforms and deposits left after ice retreated at the end of the last ice 
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age, means that the superficial geology of Anglesey is key to understanding the evolution of a 
major ice sheet which occupied the Irish Sea during the late Devensian.  

It has long been recognised that ice flowed south through the southern Irish Sea basin during the 
Late D evensian glaciation (Tiddeman, 1872; Jehu, 1909;  M itchell, 19 60; 1972;  S ynge, 1964;  
Bowen, 1973a, b), merging with the Irish Ice Cap to the west and the smaller Welsh Ice Cap to 
the east to form the Irish Sea Ice Stream (Merritt and Auton 2000; Evans and O’Cofaigh, 2003; 
Hiemstra et al., 2006; Roberts et al., 2007). Since Tiddeman (1872), most workers have agreed 
that t he adv ance and retreat of  the I rish Sea i ce w as t errestrial. However, Eyles and McCabe 
(1989) argued that during the Late Devensian ice expanded down the Irish Sea basin when the 
floor w as isostatically d epressed, followed by  a m arine re -flooding event dur ing d eglaciation. 
These a uthors believed that thi s re sulted in a rise in relative se a-levels up t o 100 m OD, 
interpreting most of the outcropping glacigenic sequences below this height as gla ciomarine in 
origin. Subsequent work around the Irish Sea basin (Harris, 1991; McCarroll, 1991, 1995, 2001, 
2005; Scourse, 1991a, b; Austin and McCarroll, 1992; McCarroll and Harris, 1992; Harris et al., 
1997; Thomas et al., 1989; 2004; Merritt and Auton, 2000; Hambrey et al., 2001; O’Cofaigh and 
Evans, 2001; Scourse and Furze, 2001; Evans and O’Cofaigh, 2003; Glasser et al., 2004; Etienne 
et al., 2006; Thomas and Chiverrell, 2007; Roberts et al., 2007) has rejected this model and the 
consensus view is that the deposits associated with the Irish Sea Ice Stream, including those on 
Anglesey, are principally terrestrial in origin. 

Anglesey occurs at the eastern margin of the Irish Sea Ice Stream, where ice moving south-west 
met, coalesced with and ult imately decoupled from i ce em anating from t he Welsh Ice S heet 
centred on Snowdonia (McCarroll, 2005; Thomas and Chiverrell, 2007). Thomas and Chiverrell 
(2007), utilising their own f ield mapping, BGS maps and memoirs, and the work of  Embleton 
(1964) a nd T homas et al ., ( 1998) pr ovided t he f irst description of t he ge omorphology, 
stratigraphy, sedimentology and glacitectonic structures developed on Anglesey and the adjacent 
areas of  m ainland Wales and the L lyn peninsula. Thomas and Chiverrell ( 2007) di vided 
Anglesey into three sediment-landform assemblages. Northern Anglesey is covered by landforms 
and s ediments w hich these w orkers interpreted as r epresenting an extens ive subgl acial 
depositional assem blage ( assemblage zone  1). These de posits cons ist of  a l ocally derived 
diamicton w hich i s m oulded i nto an e xtensive dr umlin f ield ( Greenly, 1919) , which pr ovides 
evidence f or i ce s treaming t owards t he s outh-west. The ge omorphological m ap publ ished by 
Thomas and Chiverrell ( 2007) ( see f ig 2 of Thomas and Chiverrell, 20 07) s hows a  pot ential 
relationship be tween the s ize a nd distribution of the dr umlins a nd t he unde rlying be drock; a  
feature not recognised by these authors. Also on this published map is a cl ear, arcuate ridge of 
bedrock marking the line of the Carmel Head Thrust. Importantly, drumlins are absent over this 
feature suggesting that this bedrock structure may have exerted some influence on de formation 
and landform development within the glacier bed.  

To the south-east, covering a t ract across central Anglesey, is a  zone comprising north-east to 
south-west tre nding ice-moulded b edrock r idges, which m imic t he regional s trike of  t he 
underlying Precambrian, Lower Palaeozoic and Carboniferous bedrock. This tract corresponds to 
the subglacial erosional assemblage (assemblage zone 2) of Thomas and Chiverrell (2007). The 
remainder of the island which borders the Menai Straits was assigned by Thomas and Chiverrell 
(2007) t o t heir undi fferentiated s ubglacial e rosional a nd de positional a ssemblage ( assemblage 
zone 3). T his c omprises a m ix of elongate be drock r idges, sporadic solitary drumlinoid 
landforms and deeply entrenched bedrock channels; the latter include the Menai Straits and the 
Bangor to Y Felinheli trench of Embleton (1964). On Anglesey, assemblage zone 3 also includes 
the p roglacial ou twash deposits w hich oc cur a round L leiniog ( Helm and Roberts, 1984;  H art, 
1985) and subglacial esker sed iments ne ar L langefni ( Thomas and Chiverrell, 2003) . The 
sediment-landform assem blage zone s r ecognised by Thomas and Chiverrell (2 007) c learly 
reflect t he unde rlying be drock geology suggesting t hat i t may have influenced processes 
occurring within the ice sheet or glacier bed, therefore, exerting a control on ice sheet dynamics 
along at least part of the eastern margin of the Irish Sea Ice Stream. 
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3 Key scientific questions 
A number of  key scientific questions remain concerning the geological evolution of  Anglesey. 
These can be are briefly outlined in the following sections.  

 

3.1 NEOPROTEROZOIC TO LOWER PALAEOZOIC TECTONIC EVOLUTION  

The or iginal de tailed survey of Greenly ( 1919) coupled w ith i nformation c ontained w ithin a 
number of subsequent PhD theses (e.g. Kohnstamm, 1983; Phillips, 1989; Horák, 1993) should 
allow the production of a revised map of the geology of the Mona Complex with very little new 
mapping. The focus of  additional fieldwork, t herefore, should critically e xamine t he 
relationships be tween th e m ain lithostratigraphic a nd tectonic un its present within the M ona 
Complex. T he a pplication of  the s uspect terrane conc ept to the Mona C omplex represented a 
major a dvance i n our  approach t o unde rstanding the ge ology of  Anglesey. It emphasised the 
importance of  major du ctile a nd br ittle f aults within t he Mona C omplex a nd pl aced special 
significance on the marked contrasts in geology across these tectonic boundaries. So the problem 
has become one of examining these boundaries in detail, and to unravel the tectono-metamorphic 
histories recorded by the proposed suspect terranes to test whether geological connections can be 
established acr oss t hese boundaries. Although some c onnections h ave be en e stablished, f or 
example l inking t he C oedana and  S arn complexes t o the A valonian basement geology o f 
southern Britain, a number of  key questions remain regarding the Neoproterozoic to Cambrian 
evolution of Anglesey: 

• Although t he de trital zircon study of  C ollins and Buchan ( 2004) ha s pr ovided a  
maximum age constrained for the Holy Island Group, a major outstanding problem is the 
age of  t he r emainder of  t he M onian S upergroup. The age  of  t his seque nce sh ould 
therefore be  est ablished, as a  key to providing t he context by w hich to i nterpret the 
depositional and tectonothermal evolution of the Monian Supergroup; 

• The pr ovenance, de positional e nvironment a nd t ectonic s etting of  pa rts of  t he M onian 
Supergroup remain poorly understood. Even so, the turbiditic metasandstones of the Holy 
Island and New Harbour groups, coupled with the presence of the regional-scale mélange 
(Gwna Group), have been regarded as forming part of an accretionary prism developed 
during l ate P recambrian subduction. Alternatively, this m etasedimentary sequence has 
been interpreted as having been deposited within a tectonically a ctive strike-slip basin 
formed during t he br eak-up of  t he nor thwestern margin of  A valonia during the L ate 
Precambrian to Lower Palaeozoic. An i ntegrated s edimentological a nd pe trographic, 
geochemical a nd i sotopic pr ovenance s tudy w ill be us ed t o shed l ight o n t he 
depositional/tectonic setting of Monian Supergroup and provide valuable information on 
the source terrane(s) that contributed detritus into this tectonically active basin; 

• The correlation of  t he H oly I sland G roup w ith the C ullenstown F ormation a nd/or 
enlarged C ahore G roup has be en made, linking the M onian S upergroup t o t he L ate 
Precambrian/Lower P alaeozoic g eology of  s outh-east I reland. H owever, the 
relationship(s) be tween the M onian S upergroup a nd t he C ambro-Ordovician s equence 
exposed on mainland Wales, or elsewhere within Avalonia (for example Newfoundland), 
remain unknow n. Consequently, the pr oposed pr oject s hould i nclude a  c ollaborative 
study focusing on placing the Monian Supergroup into the broader context of the Lower 
Palaeozoic basin e volution. T his w ill a llow a  gr eater unde rstanding of  t he 
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palaeogeography and tectonic drivers acting along the northern margin of Avalonia from 
the late Precambrian to early Ordovician within the Caledonian orogenic belt;  

• Although the arc-related metabasalts and serpentinised ultramafic rocks and metagabbros 
contained within the New Harbour Group, and MORB-derived basalt olistoliths present 
within the Gwna Group, have been used in support of a subduction-related setting for the 
Monian Supergroup, questions regarding t he or igin a nd e mplacement of these m eta-
igneous rocks remain unresolved. The relationships of these metavolcanic and intrusive 
igneous rocks to the host sediments of the Monian Supergroup must to clarified, in order 
to establish the existence and s ubsequent di smemberment o f any pos tulated Avalonian 
volcanic arc/subduction complex within the Welsh sector of the Caledonian orogen; 

• The major faults defining the boundaries of the various Monian ‘terranes’ have clearly 
recorded a  prolonged h istory of  movement which, in some cases,  likely extended f rom 
the Neoproterozoic t hrough to a t least Carboniferous t imes. However, t he age, or iginal 
geometry and kinematics of the main ductile phases of movement along the major shear 
zones, for example the central Anglesey shear zone that forms the eastern margin of the 
Coedana Complex, remain poorly constrained. Understanding t he hi story of  movement 
recorded by these m ajor s tructures w ill f orm the ba sis f or bui lding a more s ensible 
palaeogeographical reconstruction of the Pre-Carboniferous evolution of Anglesey;   

• The presence of  blue schist f acies, MORB-related metabasalts within the Penmynydd 
zone or b lueschist t errane of  southeastern Anglesey has been one of the major lines o f 
evidence used to support the existence of  a  Neoproterozoic subduction system in nor th 
Wales. Although t he bo undaries b etween t he bl ueschist t errane a nd t he ot her M onian 
terranes a re al l tectonic ( for exa mple t he B erw S hear Zone), the presence of  these 
volumetrically restricted blueschists has driven tectonic interpretations of the remainder 
of t he M ona C omplex. The r elationship(s) be tween t hese h igh-pressure – low-
temperature m eta-mafic r ocks and  t he l ower grade m etabasaltic, meta-gabbroic a nd 
serpentinised ultramafic rocks found elsewhere within the Mona Complex therefore need 
to be critically re-examined as one of the strands of the project. This will allow a more 
robust tectonic model for this part of the Avalonian terrane to be established.  

 

3.2 ORDOVICIAN STRATIGRAPHY AND BASIN EVOLUTION  

• Although p arts of  t he Ordovician sequence h ave be en d ivided i nto their constituent 
lithostratigraphical uni ts (B ates, 19 72), this is  still a rather di sjointed vi ew of  t he 
succession on Anglesey, resulting in the re latively ‘preliminary’ nature of  t he 
biostratigraphical a nd sedimentological c orrelations w ith more t horoughly s tudied 
Ordovician sequence of the Welsh mainland. A coherent, formal lithostratigraphy for the 
Ordovician succession on Anglesey needs to be established. 

• The na ture, age a nd or igin of  t he melange of  the nor th A nglesey c oast r equire u rgent 
investigation. The potential gains of such a study would be: (a) a radical revision of the 
Greenly map; and (b) new structural models for the region. 

• Allied to this, the pr oject s hould c onfirm of t he S ilurian a ge of  t he Parys M ountain 
volcanic s uccession and pr ovenance of  t he ove rlying gr aptolitic s equence. Such a n 
outcome w ould inform a  re -appraisal of  t he t ectonic setting and emplacement of  t hese 
rocks.  
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3.3 OLD RED SANDSTONE AND CARBONIFEROUS BASIN EVOLUTION 

• Preliminary f ield investigations h ave re vealed the p resence of  ra re, but a s ye t 
indeterminate f ish remains as w ell as green reduction spots w ith the pot ential t o yield 
unoxidised palynomorphs. A programme of targeted collecting may, therefore, offer the 
opportunity f or bi ostratigraphical dating. T he us e of  no vel i sotope da ting s trategies 
(heavy m ineral s uites and a uthogenic m inerals) m ay a lso pr ovide a  means of  more 
precise relative and absolute dating. 

• A detailed appraisal of the structure of the Old Red Sandstone succession, and its contact 
relationships, allowing comparison with the s tructural s tyles di splayed by adjacent 
Ordovician and ol der b edrock uni ts needs t o be done . T he a pparent ove rstep o f t he 
Ordovician s uccession preserved t o t he no rth of  M ynydd B odafon s uggest that t he 
structural analysis of this region will be key to understanding the nature and evolution of 
northern margin of t he L ower P alaeozoic Welsh Basin and its successor Upper 
Palaeozoic cover sequences. 

• Work on the mainland Upper Carboniferous successions has revealed the effects of large-
scale di ssolution a nd f ounding of  the f ormer D inantian p latform a ssociated w ith t he 
marked c hanges i n s edimentary r egime r ecorded by N amurian c hert deposition. The 
former e xtent of  Westphalian de position a nd t he de structive e ffects of  a dditional 
erosional r egional d iscontinuities pr esent w ithin the r ed-bed s uccessions of  t he 
Warwickshire Group also warrant investigation. 

3.4 QUATERNARY GLACIAL HI STORY AND BED C ONDITIONS B ENEATH THE 
IRISH SEA ICE STREAM  

• The glacigenic sequence and landforms present on Anglesey are key to understanding the 
bed c onditions a long t he e astern part of  the I rish Sea Ice S tream during t he l ate 
Devensian. A de tailed geological map of these sediments and the associated landforms 
has yet to be published. The provisional map published by Thomas and Chiverrell (2007) 
clearly indicates t hat changes i n be drock geology are r eflected i n the gl acial 
geomorphology. S uch c hanges i n the l andforms de veloped b eneath the I rish Sea I ce 
Stream pro bably reflect spa tial and temporal cha nges i n ice she et dyna mics. 
Consequently, t he s ediment-landform a ssemblages de veloped on A nglesey n eed to be  
investigated in detail to provide a greater understanding of the processes active beneath, 
and near the margin, of this major ice sheet during the initial glaciation and subsequent 
deglaciation of the Irish Sea Basin. The study of this ancient glacigenic system may shed 
light on the processes occurring beneath modern ice sheets and glaciers during the current 
period of rapid climate change. 

 

4 Proposed Anglesey Project  
The proposed Anglesey project should focus on five key areas. 

Area 1  - will inve stigate the tectonic dr ivers and processes r esponsible f or t he assembly of 
Anglesey from the late Neoproterozoic through the Lower Palaeozoic (Cambro-Ordovician) and 
its position within the wider Avalonian/Caledonian orogen. It will involve:  
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• Examination of  t he key r elationships be tween t he va rious uni ts w ithin t he M onian 
Supergroup, their relationship to the overlying Ordovician cover sequence, and the nature 
and origin of the Gwna mélange (or mélanges).  

• Detailed isotopic and detrital zircon studies are also envisaged in an attempt to establish 
the depositional age of the New Harbour and Gwna groups.  

• Geochemical and isotopic studies are proposed to establish the eruptive/intrusive setting 
of the various, possibly disparate, meta-basic igneous rocks contained Mona Complex as 
an a id t o unr avelling t he of ten c onflicting e vidence f or t he e xistence of  an active 
subduction system.  

• A critical re -examination of  the e vidence f or the or igin and t iming of  a ccretion of  the 
blueschist terrane, and its relationship(s) to the Monian Supergroup so as to build a more 
robust geotectonic m odel f or the N eoproterozoic t o L ower P alaeozoic e volution of  t he 
Mona Complex.  

• Detailed macro- and microstructural s tudies in collaboration with the U niversity of 
Portsmouth will allow the hi story o f movement a long the  major f ault systems w hich 
dissect t he M ona Complex t o be  established. S uch a  study i s k ey to unr avelling t he 
relationships be tween the va rious A nglesey ‘terranes’ and their d ispersal and eventual 
accretion onto the northern margin of Avalonia.  

• Collaboration w ith s cientists f rom Birmingham, P ortsmouth a nd L eicester uni versities 
and the National Museum of Wales. 

 

Area 2  - examination of  t he sedimentology, stratigraphy a nd s tructural r elationships of  t he 
Ordovician and Silurian sequences on Anglesey and its relationships with the Lower Palaeozoic 
succession of mainland Wales. This area will: 

• Form the main focus of field work to be carried out by B GS geologists in collaboration 
with academics from Leicester University.  

• Establish a formal, mappable stratigraphy for the Ordovician sequence on Anglesey. 

• Accompanying biostratigraphical, sedimentological and provenance studies will provide 
a framework on w hich t o e rect a  more r obust c orrelation w ith e quivalent aged s trata 
exposed on  t he mainland a nd bui ld a  de tailed m odel of  O rdovician-Silurian basin 
evolution within the north Welsh sector of the Iapetus ocean. 

 

Area 3  - will examine of the e volution a nd t ectonic s etting of  t he O ld R ed S andstone (late 
Silurian – Devonian) and will require: 

• A detailed s tructural analysis a nd the re sourcing of a  pr ogramme o f tra ditional 
(biostratigraphical) a nd i nnovative ( isotopic) t echniques t o e stablish t he a ge a nd 
provenance of these rocks. 

 

Area 4 - the development of successor Carboniferous basins on Anglesey and their relationships 
to the Upper Palaeozoic succession of mainland north-west Wales and, therefore, require: 

• Establishment of , a nd differentiation be tween the k ey r egional t ectono-sedimentary 
events and global drivers during basin development. 

• Access to off-shore seismic data. 
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• Improved d ating a nd s edimentary l ogging of  c ritical c ontacts: regional int ra-Dinantian 
sequence b oundaries; Dinantian/Namurian contact; m ajor int ra-Westphalian erosional 
surfaces.  

• The use of  innovative analytical techniques to investigate the or igins and diagenesis of  
early N amurian chert s uccessions is ne ed to explore the complex chemical cha nges 
associated with the c limate-linked de mise an d collapse of t he N orth Wales D inantian 
platform. 

 

Area 5  -  the glac ial his tory of Anglesey in the cont ext of  t he I rish Sea i ce st ream, focussing 
upon: 

• The subglacial to ice marginal processes and landform development beneath this major 
ice sheet.  

• The c ontrol of  be drock ge ology on subglacial and ice-marginal processes, a nd t he 
potential for the reactivation of bedrock structures during glaciation and deglaciation.  

• It is in tended that th is w ork will invol ve c ollaboration with scientists from Keele 
University and the setting up of a co-funded (BGS/University) PhD research project.  

• One s pin of f o f t his r esearch pr oject w ill be  t he pr oduction of  a  ne w 
geomorphological/superficial map of Anglesey. 

 

5 Deliverables 
Potential deliverables from the proposed project could include:  

• A number of high quality of peer-reviewed publications. 

• A new geological map (solid and superficial) for Anglesey. 

• A number of ‘holistic’ publications, such as ‘the Geology of Anglesey’, a geological field 
guide. 

• Popular publications, such as a mapped based tourist guide to Anglesey. 

• The a cquisition of  up -to-date ge ological i nformation/data on w hich t o ba se f uture 
commercial projec t bid s, such as d ecommissioning of t he W ylfa H ead N uclear P ower 
Station, future mining exploration in the area of Parys Mountain. 

 

6 Collaboration 
The proposed project will both exploit and develop the geoscience knowledge base for northwest 
Wales and the northern sector of the Irish Sea, develop new consortium-based collaboration with 
university ( e.g. Leicester, P ortsmouth, Keele, Durham, A berystwyth) a nd m useum ba sed ( e.g. 
National M useum o f W ales) r esearchers, and l inks w ith other g eological act ivities w ithin the 
region ( for example A nglesey G eopark, A nglesey A ONB, Aberffraw B ay/Holyhead 
Mountain/North Anglesey Heritage Coast pr ojects). The project w ill a lso de velop cross-theme 
collaboration within BGS, most notably Lower Palaeozoic, Upper Palaeozoic, Quaternary Earth 
Systems and Landscape Evolution teams. 
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