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Abstract -  Lithostratigraphic units o f early to late Cambrian age established by T. C. Nicholas in 
1915 in the St Tudwal’s Peninsula are revised. They comprise, in ascending order: Hell’s Mouth 
Formation (>  190 m); Trwyn y Fulfran Formation (37 m); Cilan Formation (400 m); Ceiriad 
Formation (40 m seen); Nant-y-big Formation (>  110 m seen); Maentwrog Formation (in part, 50 m 
seen, an estimated 250 m concealed); Ffestiniog Flags Formation (in part, c. 120m seen). The 
‘calcareous grit’ at the top of Nicholas’s Nant-pig Mudstones spans the unconformable boundary 
between the Nant-y-big and Maentwrog formations. Previously described limestone clasts in the 
‘ grit ’ are probably erosional remnants of an in situ bioclastic limestone bed ; their contained trilobites 
include genera and species found in the Andrarum Limestone (late Middle Cambrian) of Scania, 
Sweden. Acritarchs are documented and compared particularly with those from eastern Newfound
land. Those from the highest part of the ‘calcareous grit’ include Cymatiogalea sp. and are of late 
Cambrian age. One new species, Heliosphaeridium ? llynense Martin, comes from the lower part of the 
Nant-y-big Formation (middle Middle Cambrian), where it appears a little earlier than the Adara alea 
Biozone.

1. Introduction (T .Y ., W .T .D ., F .M .)

St Tudw al’s Peninsula and adjacent small islands 
form the southeastern tip o f the Llÿn Peninsula, a t the 
northern  end o f  C ardigan Bay, northw est W ales (Fig. 
1). C am brian rocks and fossils were recognized there 
during the nineteenth century, but the first detailed 
account was tha t o f  N icholas (1915, 1916), which 
formed the basis o f  subsequent interpretations. The 
relatively small C am brian outcrop is im portan t in 
W elsh Lower Palaeozoic stratigraphy as it lies near 
the northw est m argin o f the Welsh Basin. The 
succession (Fig. 2), broadly com parable with th a t o f 
the H arlech Dom e, 30 km to the east, is some 1400 m 
thick but the base is not seen. The H arlech Grits 
G roup  (Low er-?M iddle C am brian) consists largely of 
arenaceous turbidites; m udstones and siltstones are 
dom inant in the overlying Ceiriad and N ant-y-big  
form ations (M iddle Cam brian). Above an  uncon
formity the M aentw rog and Ffestiniog Flags form 
ations (U pper C am brian) correspond to  a shelf 
environm ent, with indicators o f  storm -dom inated 
depositional processes. The highest parts o f  the 
succession are no t well seen at St Tudw al’s, but north  
o f  the Sarn-A bersoch Fault, T rem adoc (Ordovician) 
stra ta  crop out, represented by the Dol-cyn-afon 
Form ation. Revised term inology o f the C am brian 
rocks used in the BGS Pwllheli M em oir (Young, 
G ibbons & M cCarroll, in press) and followed here 
forms part o f  the m apping o f Sheet 134 (Pwllheli)

under N E R C  contract F 6 0 /G 2 /2 8  aw arded to the 
D epartm ent o f Geology, University o f W ales College 
o f  Cardiff. All m ap references refer to N ational G rid 
square SH.

M acrofossils are generally scarce in the C am brian 
o f St T udw al’s, and apart from  the discovery o f  late 
Lower C am brian trilobites in the highest H ell’s M outh 
F orm ation  in 1960 (Bassett & W alton, 1960; Bassett, 
Owens & R ushton, 1976) there have been no significant 
additions to  the collection m ade by the late T. C. 
N icholas and reviewed both  by R ushton  (1974) and 
herein. M ost o f the macrofossils are M iddle C am brian 
trilobites, particularly agnostids or eodiscids, o f which 
the form er provide zonal indices for m ost o f the 
classic ‘reference’ sections in Sweden (W estergárd, 
1946) and were widely distributed, though with a 
distinct preference for deeper m arine environm ents. A 
few U pper C am brian trilobites at one level in the 
M aentw rog F orm ation  indicate, probably, the Olemts 
Biozone; the lower p art o f the Parabolina spinulosa 
Biozone is possible bu t unlikely.

A pioneer study on the C am brian acritarchs o f  
N orth  W ales by T. L. Potter in a Ph.D . thesis o f  1974 
remains unpublished except for a short note (Potter, 
1974). The present palynological investigation permits 
a partial com parison with results obtained in eastern 
N ew foundland (M artin  & D ean, 1981, 1983, 1984, 
1988), where biostratigraphic control based on tri
lobites is often better and m acrofossils, which have 
m any species in com m on with those o f  Scandinavia
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Figure 1. Outline maps of North Wales (inset), St Tudwal’s Peninsula and adjacent islands, showing locations of sections 
mentioned in the text. Geology after British Geological Survey (BGS) 1:50000 Sheet 134, Pwllheli (in press). Course of faults 
inland partly uncertain. Section number as follows: (1) type section for Hell’s Mouth Formation; (2) type section for topmost 
Hell’s Mouth Formation, Trwyn y Fulfran Formation and base of Cilan Formation; (3) type section for body of Cilan 
Formation and base of Ceiriad Formation; (4) fault bounded type section for middle of Ceiriad Formation; (5) base of Nant- 
y-big Formation; (6) type section for Nant-y-big Formation and section through lower part of Maentwrog Formation; 
(7) isolated section in Maentwrog Formation; (8) section through part of Ffestiniog Flags Formation.

and Wales, are m ore readily collected. A few selected 
trilobites and acritarchs are published elsewhere by 
Y oung, G ibbons & M cC arroll (in press). Present 
illustrations o f  m acrofossils are confined to m aterial 
from  Porth  Ceiriad, in the so-called ‘calcareous g r it’ 
o f  N icholas (1915), which spans the boundary  between 
the N ant-y-big and M aentw rog form ations, and a t a 
higher level in the M aentw rog Form ation. C harac
teristic acritarchs illustrated here range from  the 
upper part o f the Hell’s M ou th  F orm ation  at Trwyn 
y Ffosle to the M aentw rog Form ation  at Porth  
Ceiriad, and from  the lower part o f  the Ffestiniog 
Flags Form ation  outcrop on St T udw al’s Island East.

Palaeontological specimens with prefix SM are 
from the Sedgwick M useum , C am bridge, and those 
with the prefix IRScN B from  the Institu t royal des 
Sciences naturelles de Belgique, Brussels.

2. Dyfed Supergroup (T. Y.)

The C am brian  succession at St Tudw al’s form s p art of 
the Dyfed Supergroup (W oodcock, 1990), the base o f 
which is no t seen here. In the area o f M ynydd Rhiw

and Sara, 6 km northw est o f  St T udw al’s, the 
succeeding Gwynedd Supergroup (Ordovician, 
Arenig) rests unconform ably on the late Precam brian 
Sara Complex. In the H arlech area, 30 km to the east, 
the base o f  the Dyfed Supergroup was seen in the 
Bryn-teg borehole, where the Dolwen F orm ation  lies 
unconform ably on the Bryn-teg Volcanic F orm ation 
o f probable late Precam brian age (Allen & Jackson, 
1985).

The base of the Gwynedd Supergroup was defined 
(W oodcock, 1990) as the base o f the transgressive 
succession o f  Ordovician (Arenig) age over m ost of 
N orth  W ales, bu t locally as the base o f the Rhobell 
Volcanic Complex. It is m arked in the current area by 
the unconform ity below the N an t F francon G roup  
(Arenig). The la tter group rests on the Dol-cyn-afon 
Form ation (Ordovician, ?lower Trem adoc) to the 
no rth  o f St Tudw al’s Peninsula near Abersoch, and on 
the peninsula itself, on progressively older parts o f  the 
C am brian succession from  the Ffestiniog Flags F orm 
ation in the east to  the H ell’s M outh  F orm ation  in the 
west. The unconform ity becomes m ore angular from 
east to west.
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Figure 2. Cambrian lithostratigraphic succession at St 
Tudwal’s Peninsula and St Tudwal’s Island East. For 
chronostratigraphic ages of formations see Figure 8.

2.a. Harlech Grits Group (T.Y.)

The group is typified by a succession dom inated by 
sand-grade, or coarser, thickly-bedded turbidites. The 
base o f the overlying Ceiriad F orm ation  is m arked by 
a significant, ab rup t decrease in sediment grain size. 
The H arlech G rits G roup o f St Tudw al’s Peninsula 
includes two thick, turbidite-dom inated form ations 
(Hell’s M outh  and Cilan) separated by an interval 
characterized by finer-grained sediments, particularly 
m anganiferous siltstones (Trwyn y Fulfran  F orm 
ation).

In its type area the H arlech G rits G roup  (Allen, 
Jackson & R ushton, 1981) includes the Dolwen, 
L lanbedr, Rhinog, H afotty , B arm outh and G am lan 
form ations. N one o f  these is lithostratigraphically 
equivalent to any o f the form ations at St T udw al’s, 
bu t there is broad  similarity between the Rhinog, 
H afo tty  and B arm outh form ations on the one hand, 
and the H ell’s M outh , Trwyn y Fulfran  and Cilan 
form ations on the other.

The base o f the group is not seen a t St Tudw al’s, 
where the observed succession is over 630 m thick.

C om parison w ith the sequence in the H arlech area 
suggests that a considerable thickness o f  C am brian 
stra ta  (equivalent to  the lower Rhinog, L lanbedr and 
Dolwen form ations, totalling 1500 m at H arlech) 
m ight be concealed beneath the sea in the Hell’s 
M outh  area.

2.b. Hell’s Mouth Formation

2.b .l. Lithostratigraphy (T.Y.)

The unit, equivalent to the ‘Hell’s M outh  G rits ’ o f 
Nicholas (1915), comprises laterally persistent, coarse- 
to m edium -grained, graded green sandstone beds 
( < 4 m  thick), interbedded with thinner ( < 0 .5 m )  
green and grey siltstones. Some 190 m o f the Hell’s 
M outh F orm ation  are seen, bu t the base is not 
exposed and the oldest visible beds are those near sea- 
level on the west side o f St T udw al’s Peninsula.
Type Section. A t Trwyn y Ffosle, where a relatively 
complete succession can be traced from sea-level [2868 
2482] to the m anganese trials m arking the line of 
outcrop o f  the overlying Trwyn y Fulfran  Form ation 
[2894 2464], The upper p a rt o f  this section is no t well 
exposed, so the section above Trwyn Carreg-y-tir 
[2876 2402] has been used to  define the base o f the 
Trwyn y Fulfran F orm ation  (Fig. 3).
Description. The sandstones have sharply defined 
bases which often bear sole structures and may be 
loaded. Sandstone dykes cut down from  the bases of 
some beds and extend through up to 0.6 m o f 
underlying siltstones. The body o f the sandstone beds 
is usually structureless but often shows a bedding- 
parallel jointing. The beds are typically crudely graded, 
with the basal layers o f  coarse sand grade, sometimes 
as coarse as granule grade; they are generally 
dom inated by medium- to coarse-grade sand. The 
upper parts o f the beds fine upw ards to silt grade, are 
usually parallel lam inated, but may show ripple 
lam ination a t the very top, which is typically gra
dational into the overlying siltstone. The sandstones 
may form  sheets up to  4 m thick, though a bed 
thickness o f up to  1 m is m ore usual, and they have 
been interpreted as turbidites deposited by currents 
from  the northeast (Bassett & W alton, 1960). Back
ground sediments include siliceous m udstones with 
beds o f micaceous siltstone, together with thin beds 
and lenses o f coarse sand to granule grade. The lenses 
suggest some rew orking or winnowing o f the sediments 
between m ajor depositional events.

2.b.2. Biostratigraphy: macrofossils (W .T.D., A .W .A.R .)

Trilobites, including Hamatolenus (Myopsolenus) 
douglasi and Kerberodiscus succinctus, were described 
by Bassett, Owens & R ushton (1976) from a level
16.5 m below the base o f the overlying Trwyn y 
Fulfran Form ation  at Trw yn Carreg-y-tir [2875 2404],



338 T. YOUNG AND OTHERS

TRWYN Y FFO SL E TRWYN C A RR EG -Y -TIR

C ilan  Fm .

Trwyn y 
F ulfran  Fm .

H ell's  
M ou th  Fm .

r  5 0 m

Figure 3. Log of sections through the lower part of Harlech 
Grits Group (Fig. 1, sections 1, 2). Left: type section of 
Hell’s Mouth Formation, Trwyn y Ffosle section [2873 
2480] to [2888 2472], Right: type section of Trwyn y Fulfran 
Formation and basal Cilan formation; Trwyn Careg-y-tir 
section [2872 2403] to [2887 2390]. A-J =  lithofacies 
divisions; F =  fossil localities o f  Bassett & W alton (1960). 
Strata shaded black denote manganiferous beds.

on the southw est m argin o f  St T udw al’s Peninsula. 
The form er species, a protolenid, belongs to  a genus 
know n from the Lower and lowest M iddle C am brian 
o f  the A nti-A tlas M ountains, M orocco; the la tter is 
one o f a num ber o f  eodiscids w idespread in only the 
highest Lower C am brian  o f  w hat is now Europe and 
eastern N orth  Am erica, regions that form ed p art o f 
the G ondw ana ‘supercontinent’ during early Palaeo
zoic times. A single pygidial fragm ent identified by 
Bassett, Owens & R ushton  (1976, p. 629) as ‘Ser- 
rodiscus c ten oa l  R u sh to n ’ (1966, p. 14) refers to a 
species from  late in the Protolenus Zone o f W arwick
shire. Cowie, R ushton  & Stubblefield (1972) in tro 
duced a ‘ P rotolenid-Strenuellid  ’ Biozone to  designate 
the topm ost zone o f the Lower C am brian, or Comley 
Series (nam ed after rocks in the C hurch S tretton area, 
Shropshire), and the assemblage from  the H ell’s 
M outh F orm ation  is o f  this age. N o macrofossils 
useful for delim iting the L ow er-M iddle C am brian 
boundary  in the St T udw al’s Peninsula are yet known. 
Geyer ( 1990) has assigned the ‘ Protolenid-Strenuellid  ’ 
Biozone to the earliest M iddle ra ther than  the latest 
Lower C am brian on the basis o f  evidence cited from  
M orocco; this raises wider problem s for defining the 
L ow er-M iddle C am brian boundary in the C am brian

type area and elsewhere, bu t for present purposes the 
traditional in terpretation  is followed.

2.b.3. Biostratigraphy: microfossils (F.M.)

East o f  Trwyn y Fossle acritarchs from  the upper part 
o f the Hell’s M outh  F orm ation are often num erous 
but, a t best, m oderately well preserved. Only Skiagia  
scottica  Downie, 1982 (Figs. 10 m, r, t-v ), abundan t in 
the upper p art o f  the form ation, and Skiagia insignis 
(Fridrichsone) Downie, 1982 (Fig. 10 p) and Pera- 
morpha m an uelen sis  M artin  in M artin  & D ean, 1983 
(Fig. lOn), both  very rare a t a level 66 m below the 
top, are limited to  the Lower C am brian in the Llÿn 
Peninsula. A ccording to  Downie (1982) S. scottica  is 
known from the Lower Cambrian in the H olm ia  
Shales o f N orw ay, the Bastion F orm ation  in G reen
land and the Fucoid Beds in northw est Scotland. In 
the first o f  these regions its age is middle Lower 
C am brian, and is the oldest record based on direct, 
independent age control. According to  Cowie (1974, 
pp. 145, 148) the Bastion Form ation and the Fucoid 
Beds are o f  the same age, and both  contain the 
Olenellus Biozone o f N orth  America, correlated by 
Fritz (1972, p. 4) with the ‘Protolenus B iozone’ of 
Europe and eastern C anada, itself equivalent to the 
‘ Protolenid-Strenuellid  ’ Biozone o f Cowie, R ushton 
& Stubblefield (1972). All the type specimens o f  S. 
scottica  illustrated by Downie (1982) cam e from  the 
Fucoid Beds and their age is late Lower Cam brian. 
Skiagia scottica  has a vast geographic distribution, 
including the East European Platform  and east 
Spitsbergen (references in M oczydlowska, 1991), and 
the South C hina P latform  (Zang, 1992), and is known 
only from  deposits attribu ted  to the Lower C am brian. 
On the o ther hand, Skiagia insignis is not typical o f 
the series and was first described from  the K ibertai 
H orizon, early M iddle C am brian, o f the East E uro
pean Platform  (Volkova e t al. 1979). Peram orpha 
manuelsensis is know n from the Brigus Form ation, 
late Lower Cam brian, in eastern N ew foundland 
(M artin  & Dean, 1983), at a level dated as ‘Catadoxides  
B iozone’, correlated by H utchinson (1962) with the 
‘Protolenus’ Biozone and by Bengtson & Fletcher 
(1983, fig. 5) with a level about the middle o f that 
division.

C ym atiosphaera capsulara  Jankauskas in Jan- 
kauskas & Posti, 1976 (Fig. 10o) and Cym atiosphaera  
ovillensis C ram er & Diez, 1972 (Fig. lOj, q) are 
variably abundan t in the upper p art o f the Hell’s 
M outh F orm ation  and rare in the Ceiriad Form ation, 
the age o f  which is imprecise owing to the lack of 
macrofossils. D ata  concerning the d istribution o f the 
form er species in the Baltic area (Hagenfeldt, 1989 a) 
and East E uropean Platform  (Volkova e t al. 1979), 
and o f  the latter species in northeast Spain (Fom bella, 
1978) do not perm it Lower C am brian to  be dis
tinguished from  basal M iddle C am brian.
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Multiplicisphaeridium dendroideum  (Jankauskas) 
Jankauskas & Posti, in V olkova et al. 1979 (Fig. 10a), 
also recorded from  the H ell’s M outh  F orm ation  by 
Downie (1982, p. 262), was very rare 66 m below the 
top o f  that unit and a t a level 18.5 m above the base 
o f the N ant-y-big Form ation. The species is unknow n 
after the M iddle C am brian, and its oldest recorded 
occurrence is close to the Holmia kjerulfi Biozone 
in the East E uropean Platform  (M oczydlowska, 
1991).

Annulum squamaceum  (Volkova) M artin  in M artin  
& Dean, 1983 (Fig. 10 s), Comasphaeridium  sp. in 
A lbani, M assa & Tongiorgi, 1991 (Fig. lOf), Dichoti- 
sphaera gregalis (H agenfeldt) Vanguestaine, 1991 
(Fig. 101), Eliasum llaniscum  Fom bella, 1977 (Fig. 
10 h, k), Retisphaeridium dichamerum  Staplin, Jan- 
sonius & Pocock, 1965 (Fig. 10 c, i), R. howellii M artin  
in M artin  & Dean, 1983 (Fig. 10 b), Synsphaeridium  
sp. 1 in C ram er & Diez, 1972 (Fig. 10e) and several 
undeterm inable species o f  Skiagia  Downie, 1982 are 
com m on between 99.5 m and 5 m below the top o f the 
form ation, particularly at and above the richest level 
at 66 m. They are not restricted to  the Lower Cam brian 
but range within the M iddle Cam brian (Tomagnostus 
fissus  Biozone), in the lower Nant-y-big F orm ation  up 
to a t least 22.65 m above a datum  level m arked by the 
pair o f  small faults indicated by N icholas (1915, p. 96, 
fig. 3).

2 .C . Trwyn y Fulfran Formation (new term, T.Y.)

2.C.I .  Lithostratigraphy (T.Y.)

The relatively thin (37 m) unit comprises finer-grained 
strata between the coarser sandstone turbidites that 
characterize both the Hell’s M outh  and Cilan form 
ations. It is dom inated by dark, m anganiferous 
siltstones, which become interbedded with fine- to 
medium -grained sandstones in the upper part. The 
lower part is easily traced along strike because o f the 
alm ost continuous trial trenching for m anganese along 
the line o f  outcrop. The new form ation is broadly 
equivalent to the ‘M ulfran B eds’ (137 m) o f Nicholas 
(1915) but the thickness as now interpreted is 
considerably less, for reasons given below.
Type section. Above Trwyn Carreg-y-tir, from  the old 
manganese trials [2877 2402] onto the poorly exposed 
slopes above [2885 2394], The form ational base 
corresponds to that o f N icholas’s ‘M ulfran Beds’ and 
is draw n at the base o f  the first significant m anga
niferous siltstone bed. The appearance o f the latter 
lithology coincides with the disappearance o f the 
typical thick sandstone beds o f  the H ell’s M outh  
Form ation , and the boundary o f the two form ations 
is sharp. N icholas (1915) chose the disappearance of 
m anganiferous shales as the criterion for the base of 
the succeeding ‘Cilan G rits ’; but this is problem atic, 
for m anganiferous siltstones occur sporadically 
th roughout the H arlech G rits G roup. Instead, the

24

appearance o f very coarse-grained sandstones has 
been chosen to define the base o f the Cilan Form ation, 
and on this criterion the thickness o f the Trwyn y 
Fulfran  F orm ation  is significantly less than  tha t of 
N icholas’s ‘M ulfran B eds’.
Description. The lower part o f  the form ation includes 
approxim ately 20 m o f m anganiferous siltstone with 
occasional m edium -grained sandstone beds, generally 
less than  10 cm thick, form ing 15%  o f the thickness. 
The upper p art is very poorly exposed, ap art from  the 
inaccessible cliff section southeast o f  Trwyn y Fulfran, 
but the sandstone com ponent form s at least 80 %  o f 
the succession. The sandstone beds show an overall 
increase in thickness and grain size upw ards through 
the upper p art o f  the form ation into the lower part o f 
the Cilan Form ation.

2.c.2. Biostratigraphy : Trwyn y  Fulfran and Citan 
formations (W .T.D., F.M .; see also Section 2.d.2)

N o trace o f  m acrofossils was found in either unit. 
A long the coast between Trwyn Carreg-y-tir and a 
po in t 0.5 km  northeast o f  Trwyn Cilan, the acritarchs 
o f bo th  form ations are badly preserved, but spor
adically observed up to 68 m  above the base o f  the 
Cilan Form ation. All are forms already present in the 
Hell’s M outh  Form ation, except for Pterospermella 
solida (Volkova) Volkova in Volkova et al. 1979 
(Fig. lOd), which was recognized only in the 
Cilan Form ation. N one provides evidence for 
deciding whether the age is late Lower or M iddle 
C am brian.

2.d. Cilan Formation (new term, T.Y.)

2.d.l. Lithostratigraphy (T. Y.)

The form ation, a thick (approxim ately 400 m) suc
cession o f dom inantly coarse-grained thickly bedded 
turbidites, is broadly equivalent to  the ‘Cilan G rits ’ of 
N icholas (1915), but the base is draw n abou t 100 m 
lower.
Type section. Form ed by the cliffs around Trwyn 
Cilan which, though clearly visible from  the sea, are 
largely inaccessible; farther east, limited access to  the 
upper part o f the section is available, but inland 
exposure is poor. The form ational base is well exposed 
in the sea cliffs, bu t as it can be reached only by boat, 
the boundary has been defined on the poorly exposed 
slopes above the cliffs [2885 2394], The top o f  the 
form ation is the ab rup t contact with m arkedly finer- 
grained lithologies a t Trwyn Llech-y-doll [2995 2340]. 
Description. The form ation is m arked by the typically 
coarser grain size o f  the sandstone beds com pared 
with tha t in the H ell’s M outh  Form ation. The bases o f 
individual beds are generally o f  granule grade and 
sometimes pebble grade. Some sandstones up to 1 m 
thick may be o f very coarse sand grade throughout 
and often, particularly in the upperm ost 30 m o f the
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form ation, contain ripped-up clasts o f m udstone and 
siltstone, usually up to  0.8 m in length, bu t in some 
cases exceeding 3 m. The coarse-grained sandstone 
beds typically show fewer sole structures than  the 
finer-grained sandstones o f  the H ell’s M outh  F orm 
ation. Rippled top  surfaces w ith trough-cross lam i
nation  in the upper part o f the form ation indicate 
palaeocurrents from  060° to  085°. Between 70 and 
30 m below the top o f  the form ation there is a 
m arkedly finer-grained interval dom inated by red and 
green m udstones and siltstones. These bear examples 
o f  the trace fossils Diplocraterion parallelum, Planolites 
isp., Phycodes isp. and Cruziana isp. (R. Goldring, 
pers. comm.), which are usually considered indicative 
o f  the shallow w ater Cruziana ichnofacies.

2.d.2. Biostratigraphy : see Section 2.c.2

3. Middle Cambrian formations above the Harlech 
Grits Group (T .Y .)

These com prise m arkedly finer-grained deposits tha t 
are seen in the northw estern p a rt o f  Porth  Ceiriad. 
The sediments include m any previously interpreted as 
turbidites, but these are o f  siltstone grade ra ther than  
the coarse sandstones considered by Allen, Jackson & 
R ushton  (1981) to typify the H arlech G rits G roup. 
Some o f the siltstones contain a shelly m acro-benthos, 
m ainly trilobitic; acritarchs have been found in m ost 
o f the sequence, excluding the upper portion  o f the 
N ant-y-big F orm ation  (corresponding to  the N ant- 
pig Beds o f  N icholas, 1915). The higher p art o f  the 
section shows evidence o f  current or storm  reworking 
o f the sediments. Owing to  incomplete exposure the 
total thickness could no t be determ ined accurately but 
is a t least 150 m and probably  abou t 170-200 m.

3.a. Ceiriad Formation (new term) (T. Y.)

3.a .i. Lithostratigraphy (T .Y .)

The unit, which corresponds to  the com bined ‘ Lower 
Caered M udstones ’ and ‘ Caered Flags ’ o f  Nicholas 
(1915), comprises red, brow n and green siltstones with 
subsidiary sandstones o f similar colour. Exposure is 
incomplete, but at least 40 m are seen (Fig. 4).
Type section. The basal part o f the form ation is 
exposed at Trwyn Llech-y-doll [299 233] and a little 
farther north  [3018 2387], The upper beds are exposed 
along the northern  part o f  the west side o f Porth  
Ceiriad ([3033 2425] to [3056 2469]). These sections are 
separated by significant faults and their exact s tra ti
graphie relationship is no t know n, bu t it is assum ed 
tha t only a small thickness o f stra ta  is no t seen. 
Description. N icholas (1915) divided the ‘Caered 
M udstones and F lag s’ into ‘Lower Caered M ud
stones’ below the break in exposure, with ‘Caered 
Flags ’ and ‘ U pper Caered M udstones ’ above. Because

o f the similar facies o f  the two lowest divisions they 
are united here as Ceiriad Form ation. The ‘U pper 
Caered M udstones’ are similar to  N icholas’s ‘N ant- 
pig M udstones ’ and  are incorporated  here w ithin the 
N ant-y-big F orm ation  (see Section 3 .b .l).

The Ceiriad Form ation  consists mainly o f  red and 
brow n siltstones and very fine sandstones bedded on 
a 2-50 cm scale. Its base is m arked by a cherty bed 
with diffuse cross-lam inae o f sandstone containing 
intraclasts; the top o f the bed is strongly sulphide 
mineralized. Included within the unit are m any thin, 
pale horizons which may be m etabentonites, such as 
are recorded from  w hat is now the N ant-y-big 
Form ation. The Ceiriad F orm ation  is seen a t Trwyn 
Llech-y-doll, where 40 m are exposed, and again to 
the west o f  Porth  Ceiriad, where a t least 12 m o f red, 
green and purple sandstones are visible. Finer-grained 
interbeds in this upper part o f  the form ation are 
similar to the dom inant lithologies in the lower part at 
Trwyn Llech-y-doll. The sandstones, dom inantly very 
fine-grained lithic arkoses, are m oderately to well 
sorted and contain the same clast assemblage as seen 
in the H ell’s M outh  Form ation , i.e. quartz  (dom inant), 
plagioclase, alkali feldspar, biotite (m inor but prom i
nent), muscovite and trachytic volcanic fragm ents; 
one thin section shows detrital green tourm aline. The 
upperm ost beds o f the form ation in the northw estern 
angle o f  Porth  Ceiriad are siliceous siltstones and 
sandstones which often contain  large pyrite cubes and 
closely resemble the basal beds.

Despite showing some lithological similarity to  the 
G am lan Form ation  o f the H arlech district, the Ceiriad 
F orm ation  has been excluded from  the H arlech G rits 
G roup  because o f the com plete absence o f sand-grade 
turbidites coarser than  very fine sand grade. Instead, 
the dom inance o f  silt grade turbidites is a feature in 
com m on with the succeeding N ant-y-big Form ation.

3.a.2. Biostratigraphy: macrofossils (W .T.D.)

The only report o f a macrofossil is tha t o f  a com plete 
agnostid trilobite (M atley, N icholas & H eard, 1939, 
p. 85) abou t 30 m above the form ation base, which 
rem ains unconfirm ed (Bassett, Owens & R ushton, 
1976, p. 639).

3.a.3. Biostratigraphy : microfossils (F.M.)

A critarchs are o f  variable abundance and preservation 
between 3.1 m and 23 m above the form ation base at 
Trwyn Llech-y-doll. Specimens o f Cymatiosphaera sp. 
exhibiting wide variation are usually very num erous. 
Cristallinium cambriense (Slavíková) Vanguestaine, 
1978 (Fig. l i i )  is the only index taxon and appears
6.5 m  above the base. I t is accepted here as indicating 
a M iddle C am brian age, precise horizon unknow n but 
older than  the first level containing the Tomagnostus 
fissus  Biozone in the lower p art o f  the N ant-y-big
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Figure 4. Log of upper part o f Ceiriad Formation and lower 
part of Nant-y-big Formation (Fig. 1, section 6), northwest 
corner of Porth Ceiriad [305 247]. B = metabentonite 
beds.

Form ation. N o convincing specimen o f the species 
has been illustrated from  deposits assigned to the 
Lower C am brian by means o f macrofossils (references 
in A lbani, M assa & Tongiorgi, 1991). The first 
appearance o f  C. cambriense has been dated as middle 
M iddle C am brian; in eastern N ew foundland (M artin  
& D ean, 1988) the level belongs to the Ptychagnostus 
atavus-Tom agnostus fissus  Biozone, and in Bohemia 
(Vavrdová, 1976, p. 61 ) to the E ccaparadoxidespusillus 
Zone.

A single level 3.8 m below the top  o f the form ation 
in the eastern p art o f  Porth  Ceriad yielded rare, badly 
preserved acritarchs, including C. cambriense.

3.b. Nant-y-big formation (new term, T.Y.)

3.b.J. Lithostratigraphy (T.Y.)

The form ation comprises > 1 1 0 m  o f dark  grey 
siltstones with subordinate thin beds o f  pale 
sandstone/quartzose siltstone in the upper part, and is 
equivalent to the ‘U pper Caered M udstones’ and

‘N ant-pig M udstones’ o f N icholas (1915), which units 
are separated in Porth  Ceiriad by a poorly exposed 
fault zone a t the east end o f the prom inent cliff o f 
Pared M awr. N icholas claimed there was a stra ti
graphie gap between the highest ‘U pper Caered 
M udstones’ west o f the fault and the lowest ‘N ant-pig 
M udstones’ east o f it. This is impossible to verify on 
current evidence, nor has any exposure o f  the contact 
between the two units been found inland, and as they 
are o f  similar facies they are formalized here as a 
single form ation. The eponym ous farm is the same as 
tha t used by N icholas for his higher unit but the 
current spelling is adopted.
Type section. This extends along the coast in Porth 
Ceiriad, below Pared M aw r (Fig. 4). The form ation 
base is well exposed in the northw estern angle o f the 
bay [3056 2469], where red and green siliceous 
siltstones o f the Ceiriad F orm ation  pass upw ards 
rapidly into darker green siltstones o f  the N ant-y-big 
Form ation. The base is defined at a thin (4 cm) 
ferruginous sandstone bed, locally with granule-grade 
clasts, which lies above the highest green siliceous 
siltstone and below the first o f the thinly bedded 
brow n siltstones characteristic o f  the lower N ant-y- 
big Form ation. This horizon lies 5.04 m above the 
prom inent bedding plane at the base o f  the small 
waterfall. The middle p art o f the form ation is cut by 
the m ajor fault referred to above; the top is well 
exposed in the sea cliffs east o f the fault.
Description. The contact between the Ceiriad and 
N ant-y-big form ations is exposed in the northw estern 
corner o f Porth  Ceiriad. The lower parts o f  the N ant- 
y-big F orm ation  are well seen a t beach level, where 
they are dom inated by massive to  crudely graded 
siltstones, interbedded with m ore lam inated siltstones ; 
the thicker (2-30 cm) beds are probably turbidites. 
Some parts o f  the succession, for instance the basal 
6 m  o f the form ation where background lam inated 
siltstones are dom inant, contain  shelly macrofossils, 
m ostly trilobites. A t various horizons, particularly 
noticeable abou t 12 m above the base, there are 
abundan t m etabentonite horizons. They were de
scribed by Bennett (1989), who attribu ted  the origin of 
coticules in the H arlech area to  diagenesis and 
m etam orphism  o f such horizons, and by R oberts & 
M errim an (1990). The middle p art o f  the form ation is 
exposed high in the cliffs below Pared M awr, where 
the m udstones are m ore weathered.

The succession is cut by a m ajor fault tha t coincides 
with the boundary between N icholas’s ‘U pper Caered 
M udstones’ and ‘N ant-pig  M udstones’; the latter 
were distinguished on the basis o f  their supposedly 
typically greyer colour, bu t the sedim entary facies of 
the two units are closely linked. The lower part o f  the 
succession east o f  the fault (N icholas’s ‘N ant-pig 
M udstones’) comprises also 10-20 cm beds o f  graded, 
internally structureless, grey-brown siltstones with 
darker, lam inated siltstones. The siltstone beds often
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Figure 5. Section of ‘calcareous grit’ at contact o f Nant-y-big and Maentwrog formations exposed at base of cliff in Porth 
Ceiriad [3106 2482] (Fig. 1, eastern end of section 6). Vertical scale is equal to horizontal scale. Numbered units as follows, 
in ascending stratigraphie order: 1, fine-grained siltstone with bedding picked out by phosphatic? horizons; 2, fine-grained 
buff, calcareous?, probably diagenetically cemented top to unit 1 ; 3, brown, medium- to very coarse-grained sandstone with 
large clasts o f unit 2 (possibly including those from which late Middle Cambrian trilobites were obtained by Nicholas), and 
much phosphatic debris; 4, hard, green, fine-grained bentonite?; 5, pale, hard, fine- to medium-grained sandstone containing 
Upper Cambrian acritarchs and irregular horizons of very coarse sandstone with black matrix; 6, erosional remnants of 
bioclastic limestone. The formational boundary is between levels 2 and 3.

have sand-grade bases which may show the de
velopm ent o f  diagenetic or m etam orphic sulphides. 
These graded beds are sim ilar to the silty turbidites 
described above from  the basal part o f the form ation.

Silty turbidites become progressively less im portant 
upw ards through the form ation, eventually being 
subordinate to lam inated interbeds, a facies that 
indicates reworking and sorting o f the sea-floor 
sediment into a m ore bim odal sediment assemblage. 
Tow ards the top o f the form ation, the coarse-grained 
lam inae become thicker, often form ing trains o f 
starved ripples that are frequently mineralized by 
sulphides. The upperm ost 15 m o f the form ation m ark 
the appearance o f  some thicker ( <  20 cm) sandstone 
beds upon which large carbonate concretions have 
often nucleated. The dark  background siltstones may 
be fossiliferous.

The top metre o f  the N ant-y-b ig  F orm ation is 
formed o f siltstones with large wavelength but low 
am plitude cross-lam ination, picked out by seams o f 
darker (phosphatic?) m aterial th a t is also reworked as 
intraclasts. This lithology becomes increasingly con
cretionary upw ards and is highly indurated  for 20 cm 
below the m ajor hiatus within the ‘calcareous g r it’ 
(Fig. 5) o f  N icholas (1915, p. 102), a un it now 
considered to span the boundary  between the N ant-y- 
big and M aentw rog form ations at Porth  Ceiriad.

As a whole the form ation shows the waning 
influence o f  turbidity  currents, the increasing im
portance o f  reworking, probably  due to  wave or storm  
action, and a decrease in sedim entation rate, evidenced 
by the significant diagenetic carbonate and phosphate 
concretions.

3.b.2. Stratigraphie levels o f Nicholas's fossil localities 
(T.Y.)

A lthough the relative positions o f m ost localities 
listed by N icholas (1915, 1916) for the ‘U pper Caered 
M udstones’ and ‘N ant-pig  M udstones’ are correct, 
his given distances above the base and below the top

o f w hat is now the N ant-y-big Form ation  require 
some revision. Localities are shown below in de
scending stratigraphie order:

Locs. a l4  (beach level), a l6  (top o f cliff) : 3-6 m 
below top o f form ation.
Loc. a9 : <  5 m (est.) below top o f form ation, top  o f 
cliff a t Porth  Ceiriad.
Loc. a8 : 50-60 m (est.) above base o f  form ation, high 
on cliff slope below Pared M awr.
Loc. a7 : 50 m (est.) below top o f form ation; lowest 
p art o f  continuous section in cliff, P ort Ceiriad.
Locs. alO , a l2  (close to alO ): include a t least 20 m o f 
strata, up to 22.7 m above form ation base; near old 
adit a t west end o f bay, Porth  Ceiriad.
Loc. a l l :  fallen blocks; not closely located, and cover 
a t least 20 m o f stra ta  near base o f form ation; west of 
fault zone in northw est corner o f  Porth  Ceiriad [3042 
2454].

3.b.3. Biostratigraphy: macrofossils (W.T. D., A .W .A.R .)

N early all macrofossils from  the lower part o f the 
form ation, corresponding to N icholas’s (1915, 1916) 
‘U pper Caered M udstones’, are trilobites, mostly 
agnostids; the m ajority came from the lowest part of 
the unit and a selection is illustrated in Young, 
G ibbons & M cCarroll (in press). N icholas’s list, 
revised, includes: Eodiscus punctatus (Salter, 1864), 
Peronopsis scutalis (Hicks, 1872), probably subsp. 
exaratus (recorded as Agnostus exaratus Grönwall, 
1902), Ptychagnostus longifrons (Nicholas, 1916) and 
Pt. typicalis (Nicholas, 1916) (for both o f which this is 
the type locality and horizon), Tomagnostus fissus 
(Linnarsson, 1879) and the paradoxidid Plutonides 
hicksii (Salter, 1866). As noted by R ushton (1974, p. 
72) the assemblage indicates the T. fissus  Biozone of 
the M iddle C am brian. P. hicksii, based on m aterial 
from  the M aw ddach valley, east o f B arm outh (Allen 
& Jackson, 1985, p. 17), is a widespread species, 
recorded also from  south W ales, the English M idlands,
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eastern C anada (especially eastern New foundland), 
Scandinavia and Siberia.

The rem ainder o f  the N ant-y-big Form ation, 
corresponding to N icholas’s (1915, 1916) ‘N ant-pig 
M udstones’, is variably fossiliferous (Fig. 10). The 
lower half o f the exposed section contains many fewer 
trilobites than  the upper half, and only Peronopsis 
scutalis, Plutonides hicksii, Eodiscus punctatus and 
Parasolenopleura applanata (Salter in Salter & Hicks, 
1869) are recorded (R ushton, 1974, p. 72). P. scutalis 
ranges from the P. gibbus Biozone to the P. punctuosus 
Biozone; P. hicksii occurs in the P. gibbus and T. fissus 
biozones; and the rem aining two species are not 
recorded below the T. fissus Biozone, to  which the 
assemblage is considered to belong.

The m ore diverse fauna in the upper part o f the 
section at Porth  Ceiriad includes agnostids such as 
Peronopsis scutalis scutalis, Ptychagnostus punctuosus 
(Angelin, 1851), Phalagnostus sp. and Pleuroctenium  
scanense W estergàrd, 1946, together with Eodiscus 
punctatus, Meneviella venulosa (Salter in Hicks, 1872), 
Centropleura pugnax  Illing, 1916, Agraulos longi
cephalus (Hicks, 1872) and Corynexochus cambrensis 
N icholas 1916 (for which this is the type locality and 
horizon). The assemblage indicates the Hypagnostus 
parvifrons Biozone o f the M iddle Cam brian, in spite 
o f  the record o f Pt. punctuosus, a species tha t can 
occur below its nom inal zone (Thom as, Owens & 
R ushton, 1984, p. 11). N icholas’s (1916) questioned 
record o f Paradoxides [now Plutonides] hicksii is not 
confirmed. His listing o f  ‘Solenopleura variolaris (?)’ 
(Salter, 1864), a species now assigned to Soleno- 
pleuropsis (a genus o f zonal value in the M edi
terranean region), from  two levels in the highest 10 m 
o f the N ant-y-big F orm ation  suggests a possibly 
younger horizon, the P. punctuosus Biozone. But the 
record is no t confirmed and may refer to Paraso
lenopleura cf. applanata, resembling a long ranging 
species tha t occurs, inter alia, in the H. parvifrons 
Biozone. There is no evidence at St Tudw al’s o f 
Paradoxides davidis Salter, 1863, a very large trilobite 
conspicuous in the M enevian Beds o f St D avid’s, 
south Wales, and in the Clogau F orm ation o f the 
H arlech D om e (R ushton, 1974, pp. 62, 90; Allen & 
Jackson, 1985) in stra ta  that belong to  the Pt. 
punctuosus Biozone. As noted by Nicholas, a sig
nificant stratigraphie break occurs between the N ant- 
y-big and M aentw rog form ations, and is confirmed by 
both palaeontological and sedimentological evidence.

3.b.4. Biostratigraphy : microfossils (F.M.)

Acritarchs are o f  variable abundance and preservation 
in the lower p art o f  the N ant-y-big F orm ation 
( =  U pper Caered M udstones o f N icholas) a t the 
beach-side outcrop [306 247] in western Porth  Ceiriad, 
where they become determ inable upw ards from  a level 
18.5m  (sample N A N -11) above the form ational base.

A t this level num erous specimens o f  A critarch gen. et 
sp. nov. M artin  in M artin  & D ean, 1984 (Fig. I le ) , 
know n only from  the middle M iddle C am brian in 
eastern N ew foundland, and rare Heliosphaeridium? 
llynense M artin  sp. nov. (Fig. 11 b, g, h, j, k, o, q) are 
present and m ark a contrast with subjacent assem
blages from  the Ceiriad Form ation. H .? llynense is 
better represented in stra ta  a t N icholas’s locality alO  
(T. fissus Biozone), in sample NA N -12, approxim ately 
27.50 m above the base o f  the form ation, and at 
several levels in the succeeding 29.15 m o f the same 
unit. Comasphaeridium longispinosum  Hagenfeldt, 
19896 (Fig. 11 f, 1) occurs first in this section in sample 
N A N -13, 33.90 m above the form ation base. The only 
o ther illustrated records (Hagenfeldt, 19896, figs 5, 6) 
o f the species, the processes o f  which are very fragile, 
are from  boreholes in Sweden, the south Bothnian Sea 
and G otland. The stra ta  were correlated, on the basis 
o f  acritarch evidence, with the Acadoparadoxides 
oelandicus Biozone (sometimes Paradoxides oelandicus 
‘S tage’), generally taken as lowest subdivision o f the 
M iddle C am brian in Scandinavia but younger than 
the lowest biozone in the M editerranean region 
according to G eyer (1990, p. 66).

The first occurrence o f Adara alea M artin  in M artin  
& D ean, 1981 (Fig. 11m, n ,p ) , also in the T. fissus 
Biozone, is in sample NAN -17, a level 45.45 m above 
the base o f the form ation and 11.55 m above the first 
record o f Comasphaeridium longispinosum. This is the 
youngest assemblage containing both  the latter taxon 
and Annulum squamaceum, assuming there is no 
reworking. The Adara alea Biozone, defined by the 
range o f the eponym ous taxon, was found in the 
succeeding 6.50 m o f the middle part o f the N ant-y- 
big F orm ation ; the overlying 24.50 m were not 
sampled. In eastern N ew foundland (M artin  & Dean, 
1988) its lower limit is the upper part o f the 
‘Paradoxides hicksii Z o n e’ (of H utchinson, 1962), 
which is correlated with the T. fissus Biozone. Its 
upper limit, though less precise, is close to  the base of 
the ‘Paradoxides davidis Z o n e’, corresponding to 
about the top o f the Hypagnostus parvifrons Biozone. 
Its range in Ö land (Bagnoli, Stouge & Tongiorgi, 
1988), western Libya (Albani, M assa & Tongiorgi, 
1991) and southeastern Turkey (Erkm en & Bozdogan, 
1981) has no t been verified by means o f  macrofossils.

All acritarchs from  the higher part o f  the N ant-y- 
big Form ation, corresponding to the N ant-pig  M ud
stones o f N icholas (1915), were very fragm entary, 
black and undeterm inable.

4. Formations of Upper Cambrian age (T.Y.)

The base o f  the section is well exposed in Porth 
Ceiriad, where it lies unconform ably on the N ant-y- 
big Form ation, and the succession closely resembles 
part o f  the M aentw rog F orm ation in the Harlech 
area. Following a break in exposure, equivalent to an
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Figure 6. Log of the Ffestiniog Flags Formation as exposed 
on St Tudwal’s Island East (Fig. 1, section 8). STE-1 and 
STE-2 indicate microfossil localities.

estim ated thickness o f  250 m, a very small area o f 
M aentw rog F orm ation  occurs a t the eastern end o f 
the beach in Porth  Ceiriad. Still farther eastwards, 
there is a stratigraphie gap tha t N icholas (1915, 
p. 105) described as ‘very considerable’ before the 
Ffestiniog Flags Form ation  is seen on St T udw al’s 
Island East (Fig. 6).

Elsewhere in southern Llÿn, rocks o f Ordovician 
(Trem adoc) age ascribed to the Dol-cyn-afon F orm 
ation are exposed outside the limits o f  the present 
paper, in the area between A bersoch and Sarn. The 
sediments o f  the Dol-cyn-afon F orm ation  are the 
oldest seen north  o f the Sarn-A bersoch Fault, and 
their relationship to  the C am brian rocks now discussed 
is unknow n.

4.a. Maentwrog Formation

4.a .i. Lithostratigraphy (T.Y.)

The rocks consist o f  beds o f  coarse siltstone to fine 
sandstone, up to  40 cm thick, interbedded with thinner

levels o f  dark  m udstone and siltstone with fine 
sandstone laminae.
Type section. Defined and described by Allen, Jackson 
& R ushton (1981), and located dow nstream  from 
Vigra Bridge in the Flirgwm [6682 1922], on the 
southern side o f the Harlech Dom e, where the 
form ation is 700-1200 m thick. The basal 34.5 m are 
seen only in the cliffs in the centre o f Porth  Ceiriad, 
followed by an unexposed interval between them  and 
the small exposures at the eastern end o f  the beach. 
Description. The boundary  between the N ant-y-big 
and M aentw rog form ations lies within the ‘calcareous 
g r it’ o f N icholas (1915), later nam ed the ‘Dorypyge 
L im estone’ by Shergold & Brasier (1986). The 
m ajority o f  this bed is not, however, limestone and the 
trilobite Dorypyge is very rare; this name is no t used 
here. Indeed, because o f  the presence o f a t least one 
m ajor unconform ity within the bed, it has not been 
accorded a form al lithostratigraphic status in this 
study. This bed, with a total thickness abou t 0.6-1 m, 
is a complex unit; it is subdivided into six numbered 
layers (Fig. 5) and embraces the concretionary top o f 
the N ant-y-big F orm ation together with the coarse 
conglom eratic sandstones at the base o f  the M aent
wrog Form ation. The erosion surface within the bed 
(between layers 2 and 3) has significant relief, with 
associated boulders o f  >  30 cm diam eter; fragm ents 
o f  strom atolitic crust are seen lying on the surface. The 
top  o f the bed is irregular, and the prom inences on the 
surface preserve erosional rem nants o f a bioclastic 
limestone (layer 6) indicating a second erosional event 
a t this higher level. This com plicated history o f low 
sedim entation rates and erosion means that the 
biostratigraphic data  m ust be treated with extreme 
caution, especially in the case o f  old collections whose 
precise location within the bed is unknow n.

The lowest 34.5 m o f the M aentw rog Form ation, 
exposed in the cliff section in the centre o f  Porth 
Ceiriad, are characterized by beds up to 40 cm thick o f 
calcite-cemented, very fine sandstone and coarse 
siltstone. T hinner sandstone beds com m only comprise 
complex am algam ated ripple sets while thicker beds 
show parallel lam ination in the body o f the bed, wave 
rippled tops, and sole structures. An im portan t feature 
o f the form ation is the com m on occurrence o f 
structures attribu tab le to soft sediment deform ation ; 
these include convolute beds, and beds exhibiting ball 
and pillow structure. The interbeds consist o f  lam in
ated siltstone with rippled sandstone lam inae and 
starved ripple trains. The thickness ratio o f  sandstone 
beds to  the m udstone-dom inated background sedi
m ent is about 2:1 according to  Bose (1983), who 
considered the sediments to  be typical shallow marine 
sandstones deposited under the influence o f  storm  
action.

M ost o f the northeastern shore o f  Porth  Ceiriad is 
occupied by beach sand, bordered by low cliffs o f 
D rift m aterial, and there is an unexposed horizontal
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interval o f 570 m, corresponding to an estim ated 
thickness o f 250 m. This is followed by a very small 
outcrop o f M aentw rog F orm ation at the northeastern 
corner o f  Porth  Ceiriad [3172 2490] which shows 
about 15.5 m o f lam inated siltstones with sandstone 
lam inae below the unconform ity at the base o f  the St 
T udw al’s F orm ation (Ordovician, Arenig).

4.0.2. Biostratigraphy: macrofossils (W .T.D., A .W .A.R .)

N icholas’s (1915, 1916, locality a  15) description o f the 
‘thin calcareous g r it’ (Fig. 5) tha t spans the junction 
o f  the N ant-y-big and M aentw rog form ations near 
N ant-y-big [3106 2482] as ‘a m ost disappointing b ed ’ 
is an understatem ent. Nevertheless, he obtained a 
small num ber o f  fragm entary trilobites preserved in 
supposed limestone clasts, a lithology otherwise 
unknow n at this level in north  Wales, and the unit has 
been cited as a calcareous conglom erate, the age o f 
which approxim ates to the Paradoxides forchhammeri 
‘S tage’, late M iddle Cam brian (R ushton, 1974, p. 72; 
Thom as, Owens & R ushton, 1984, p. 12). N icholas’s 
principal specimens are figured here (Fig. 9 a -o ), some 
for the first time. As now revised the faunule includes 
Bailiaspis glabrata (Angelin, 1854), Dolichometopus 
cf. svecicus (Angelin, 1854), Dorypyge sp., Lingu- 
agnostus aristatus Fedjanina, 1977, Acrocephalites? 
sp., Solenopleura sp. and Centropleura sp. A lthough 
specific identification is only partly possible, the 
assemblage has elements in com m on with tha t o f  the 
A ndrarum  Limestone in Scania, Sweden, correlated 
with the Solenopleura brachymetopa Biozone by 
W estergârd (1953, p. 37) or, in the case o f  L. aristatus, 
corresponding strata in Siberia.

The level (or levels) within the ‘calcareous g r it’ 
from which the m aterial was obtained remains 
uncertain, but judging from the new detailed section 
(Fig. 5) level 6 is unlikely, as level 5 contains U pper 
Cam brian acritarchs; level 3 seems m ore probable. If 
this is the case, the ‘clasts’ were probably produced by 
erosion o f  a late M iddle Cam brian limestone unit, 
unknow n elsewhere in north  W ales, and incorporated 
into a transgressive sequence o f early U pper Cam brian 
rocks. In the Harlech D om e it has been suggested 
(Allen, Jackson & R ushton, 1981) that a fossiliferous 
bed approxim ately 25 m above the base o f  the 
M aentw rog F orm ation may be o f late M iddle C am 
brian age.

The small collection o f trilobites from the highest 
beds o f the incomplete section o f M aentw rog F orm 
ation exposed in the low cliff at N ant-y-big beach 
[3112 2487] is still the only one available from  the St 
T udw al’s area. The specimens were listed (N icholas, 
1915, p. 104; 1916, locality a  17) as Agnostus pisiformis 
var. obesus Belt, 1867 and Olenus sp., and considered 
by him as indicative o f the Olenus Biozone, early 
U pper C am brian. Some o f the less imperfect m aterial 
is illustrated herein (Fig. 9 p -s) as Homagnostus cf.

obesus and olenid? genus and species undeterm ined. 
By com parison with the M aentw rog F orm ation in the 
Harlech D om e (Allen, Jackson & R ushton, 1981) the 
age is probably  Olenus Biozone.

4.0.3. Biostratigraphy: microfossils {F.M.)

V arious levels within the ‘calcareous g r it’ were 
sampled for acritarchs but only the upperm ost part o f 
level 5 (Fig. 5) yielded determ inable specimens. Am ong 
them were Izhoria sp. (Fig. I la ) ,  Cymatiogalea sp. 
(Fig. 11 c, d) and Timofeevia lancarae (Cram er & 
Diez) Vanguestaine, 1978, all o f  which range higher in 
the U pper C am brian rocks o f the area. The first two 
taxa perm it level 5 to  be attribu ted  to the U pper 
C am brian. They are know n only from tha t series in 
the East E uropean Platform  (Volkova & G olub, 
1985; Volkova, 1990) and in the Baltic region, a t 
Ö land (Di M ilia, Ribecai & Tongiorgi, 1989); 
Cymatiogalea is know n from the U pper C am brian in 
eastern N ew foundland, but Izhoria has not been 
determ ined there (M artin  & Dean, 1988).

Acritarchs from  the cliff exposures o f  M aentw rog 
F orm ation  at the western and eastern ends o f  N ant-y- 
big beach are very abundan t and variably preserved ; 
they were studied from  thicknesses o f  32.30 and 
14.00 m respectively a t the two sections. C om parison 
with the zonation in eastern N ew foundland (M artin  & 
D ean, 1981, 1988) and in the Eastern European 
Platform  (Volkova, 1990) is as follows.

1. Timofeevia microretis M artin  in M artin  & Dean, 
1981, rare a t levels 10 cm and 3.85 m above the top o f 
the ‘calcareous g rit’ a t the base o f the section, could 
indicate, with reservations, the middle o f  the upper 
part o f m icroflora A2 which, in eastern N ew found
land, ranges from  the Agnostus pisiformis Biozone 
into stra ta  w ithout trilobites that underlie the Olenus 
Biozone.

2. If  the above assessment is correct, and if the 
trilobite-bearing horizon 30 m higher in the same 
section at N ant-y-big beach belongs to  the Olenus 
Biozone (which is no t totally certain; see Section
4.a.2), the species o f  Stelliferidium  Deunff, G órka & 
Rauscher, 1974 and Cymatiogalea Deunff, 1961 
emend. G órka & Rauscher, 1974 may appear earlier in 
the U pper Cam brian than previously recognized. In 
eastern C anada the form er genus appears in the 
poorly preserved upper part o f  microflora A2, dated 
as Olenus Biozone, and the latter am ong the more 
determ inable specimens in m icroflora A3a, contem 
poraneous w ith the Parabolina spinulosa Biozone. In 
the East E uropean Platform , and in the absence of 
trilobites and conodonts, the appearance o f Cymatio
galea and Stelliferidium  in assemblage VK2 is cor
related with the P. spinulosa Biozone on the basis o f 
palynological com parison with eastern New foundland 
(Volkova, 1990, pp. 42, 43, who indicated that her 
figure 3 should be modified).
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Figure 7. Range chart o f selected Cambrian acritarchs at St Tudwal’s Peninsula and St Tudwal’s Island East. Selected species 
are illustrated in Figures 10, 11, 12.
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3. Timofeevia lancarae (Fig. 12u), T. phosphoritica 
V anguestaine, 1978 (Fig. 12q), Cymatiogalea asper
gillum  M artin  in M artin  & D ean, 1988 (Fig. 12 r), 
Cymatiogalea virgulta M artin  in M artin  & D ean, 1988 
(Fig. 12 c), Cymatiogalea cf. C. cristata (Downie) 
R auscher, 1974 (Fig. 12 f), Stelliferidium pingiculum  
M artin  in M artin  & D ean, 1988 (Fig. 12y), Vulcani
sphaera turbata M artin  in M artin  & D ean, 1981 (Fig. 
121) and transitions from  V. turbata to V. africana 
sensu M artin  in M artin  & D ean, 1988 (Fig. 12v) are 
abundant. Timofeevia pentagonalis (Vanguestaine) 
Vanguestaine, 1978 (Fig. 12 k) and Cristallinium  
cambriense are rare in the M aentw rog F orm ation 
from 10 cm upwards above the ‘calcareous g r it’. 
N um erous incompletely preserved Cristallinium  cf. C. 
randomense M artin  in M artin  & Dean, 1981 emend. 
M artin  in M artin  & Dean, 1988 (Fig. 12d) were 
determ ined from 3.85 m upw ards above the ‘cal
careous g r it’. Leiofusa stoumonensis Vanguestaine, 
1973 (Fig. 12 h) and Leiofusa cf. L. gravida P ittau, 
1985 (Fig. 12n-p) are present 27.20 m above the same 
level. All the above taxa from the M aentw rog 
Form ation, except Timofeevia microretis, have been 
identified in the Llÿn Peninsula up to the lower part o f 
the Ffestiniog Flags F orm ation  a t St Tudw al’s Island 
East. All except Leiofusa  cf. L. gravida and Cymatio
galea cf. C. cristata are know n in eastern N ew found
land from  the sum m it o f  m icroflora A2 and from  
microflora A 3a; they do not perm it a distinction to be 
m ade between the upper part o f  the Olenus Biozone 
and the lower part o f  the Parabolina spinulosa Biozone.

It should be noted that Veryhachium dumontii 
Vanguestaine, 1973 has been found neither in the 
M aentw rog F orm ation at N ant-y-big beach nor in the 
lower part o f the Section in Ffestiniog Flags F orm 
ation at St T udw al’s Island East. The species enters in 
stra ta  w ithout macrofossils located between the Olenus 
and Parabolina spinulosa biozones, a little below the 
base o f m icroflora A3a in eastern N ew foundland. It 
appears a t the base o f assemblage VK2 in the East 
European P latform . In  north  W ales it is abundan t in 
the Ffestiniog Flags F orm ation  at Llÿn Carreg-W en, 
west o f Portm adoc (F .M ., personal observation).

4. A critarch assemblages from  14.00 m o f the 
M aentw rog F orm ation  at the eastern end o f  N ant-y- 
big beach differ from  those in the topm ost 18 m  o f the 
form ation at the western end o f  the same beach only 
in the absence o f  Leiofusa stoumonensis and L. cf. 
gravida. They do not perm it any reliable age distinction 
to be m ade between the strata at the two sections.

4.b. Ffestiniog Flags Formation (T.Y.)

The highest part o f the Cam brian succession at St 
Tudw al’s was referred by N icholas (1915) to the 
‘Ffestiniog F lag s’, a correlation followed here as the 
succession show s m any similarities to  that described  
in the H arlech district (Allen, Jackson & R ushton,

1981 ; Allen & Jackson, 1985). The form ational name 
was formalized by Allen, Jackson & R ushton (1981), 
who defined the stratotype as near Bryn-y-gath, in a 
tributary  o f the A fon M aw ddach [7492 2947],

4.b.l. Lithostratigraphy (T.Y.)

The Ffestiniog Flags F orm ation  is well exposed on 
St T udw al’s Island East (Figs 1, 6), where the sedi
m entary facies are very similar to those o f the 
underlying M aentw rog F orm ation but generally finer 
grained. Packets o f  fine-grained sandstone with soft 
sediment deform ation features similar to those o f the 
M aentw rog Form ation  occur th roughout the observed 
succession but are rarely m ore than a few metres 
thick, separated by tens o f  metres o f finer-grained 
rocks. Between the packets o f  thick, storm -generated 
sandstone beds, the form ation consists o f bioturbated 
heterolithic facies with variable preservation o f the 
original bedding fabric. Approxim ately 120 m o f the 
form ation are seen on St Tudw al’s Island East, but 
there is no evidence for the total thickness in the 
district as the base is not seen and the highest stra ta  
are overlain unconform ably by the St T udw al’s 
Form ation  (Arenig).

4.b.2. Biostratigraphy: macrofossils (W.T. D., A.W .A. R.)

N icholas (1915, p. 105) recorded distorted examples 
o f Unguiella davisii (M cCoy, 1851) from  a bed in the 
section on St T udw al’s Island East and several 
specimens were found during the present work. 
N icholas correlated the horizon with the ‘Lingulella 
B an d ’ a t the top  o f the Lower Ffestiniog ‘Series’, part 
o f  the ‘Lingula F lags’ in the H arlech Dome. The 
usefulness in correlation o f  a facies-controlled species 
such as L. davisii is limited, and although it is typical 
o f the Ffestiniog Flags F orm ation in north  Wales, the 
age o f the ‘Lingula F lag s’ may vary significantly in 
o ther parts o f  the Welsh Basin (review in R ushton, 
1974, pp. 63,90). N o other macrofossils were recorded 
in the St Tudw al’s area.

4.b.3. Biostratigraphy: microfossils (F.M.)

In the lower part o f the section a t St T udw al’s Island 
East acritarchs are abundan t and relatively well 
preserved at levels 130.50 m and 82.50 m below the 
angular unconform ity at the base o f  the St T udw al’-s 
Form ation  (Figs 7, 8). In addition to acritarchs 
know n earlier from  the M aentw rog Form ation, several 
taxa are recognized. Cymatiogalea parvivela Di Milia, 
1991 (Fig. 12j) is abundant. Monocrodium?  sp. (Fig. 
12 s), Impluviculus sp. (Fig. 12 m) and Poikilofusa cf. 
P. squama (D eunff) M artin , 1973 (Fig. 121, w, x) are 
rare. A few poorly preserved Multiplicisphaeridium  cf. 
M . eopiriferum  Fom bella, 1978 (Fig. 12a) and 
Poikilofusa  cf. P. chalaza Rasul, 1979 (Fig. 12g) were 
determ ined only in the higher sample. Such an



348 T. YOUNG AND OTHERS

BRITISH
SERIES LITHOSTRATIGRAPHIC DIVISION TRILOBITE BIO Z O N E S ( n o  s u b - b io z o n e s  

r e c o g n is e d  in p r e s e n t  a r e a ) ACRITARCH BIOSTRATIGRAPHY

F fe s t in io g  F la g s  Fm  
(part!) c . 12 0 m  s e e n

N o trilo b ite Parabolina spinulosae v  id e n c e
MAWDDACH

GROUP N ot e x p o s e d
M ERIONETH

M a e n tw r o g  Fm  
Cpart) 5 0 m  s e e n

P ro b a b ly(p a r t) Olenusp r e s e n t

Agnostus pisiformis

Lejopyge laevigata

ÿ  A8SENT y Solenopleura brachymetopaABSENT ^  ABSENT

Goniagnostus nathorsti

Ptychagnostus punctuosus

ST. DAVID S Hypagnostus parvifronsP resen t

N a n t-y -b ig  F m .> 1 1 0 m

Tomagnostus fissusP resen t

Ptychagnostus gibbus

C eiriad  Fm . 4 0 m
No trilobite 

ev id en ce
Acadoparadoxides pinus

t a  to

C ilan  Fm . c . 4 0 0 m Eccaparadoxides insularis
Trwyn y Fulfran Fm . 37mHARLECH

GRITS
GROUP

(part)

Presen t P r o to le n id -S tr e n u e llid
Hell s  M outh Fm. (p a r t)  

c . 190m  s e e n
No trilobite 
e v id e n c e O le n e llid  (p a r t)

lower 35rrbCf.?microf!ora A3a (E. Nfld)-, 
diacrodians ab sen t

Timofeevia micro-1 rr 
/  retís o c c u r s  J

• Im icro llo ra s  A2 (upper) 
& A 3a (E. Nfld) 

y  izhoria sp . & undifferentiated
Cym atiogalea  sp . 
o c c u r

}  Adara a lea  B io z o n e  (E . Nfld)

H elosphaerid ium ? llynense  
a p p e a r s

«*— Cristallinium cam briense  
a p p e a r s

COMLEY
(p a r t)

. Peram orpha m a n u e le n s is  
& Skiagia insignis o c c u r

*1 Skiagia 
r scottica  
J occurs

Figure 8. Correlation of Cambrian lithostratigraphic units at St Tudwal’s and St Tudwal’s Island East with trilobite biozones 
and selected acritarchs.

assemblage is as yet unknow n elsewhere. Because o f 
the absence o f  diacrodians it may be com pared, with 
reservations, with m icroflora A3a in eastern New
foundland, which ranges from  strata  lacking m acro
fossils between the Olenus and Parabolina spinulosa 
biozones, to  the lower part o f the P. spinulosa Biozone. 
The association o f  Cymatiogalea parvivela, Leiofusa 
cf. L. gravida, Timofeevia lancarae, T. phosphoritica 
and T. pentagonalis, and the lack o f diacrodians are 
known from part o f  the Solanas Sandstone F orm 
ation, which crops out in the R iu Araxisi, central 
Sardinia. The la tter unit is a ttribu ted  (Di Milia, 1991), 
on the basis o f acritarch data, to  the m iddle U pper 
C am brian, from  the sum m it o f  the Olenus Biozone to 
the middle part o f the Parabolina spinulosa Biozone.

5. Palaeontological notes (W .T .D ., F. M., 
A .W .A .R .)

5.a. Trilobites from the Maentwrog Formation (W.T. D., 
A.W .A .R .)

5.a .i. Trilobites from the ‘calcareous grit ' at locality a l5

Bailiaspis glabrata (Angelin, 1854)
Figure 9g, k, m ?, n

A large, incomplete cranidium  and associated 
pygidium (SM  A. 15630) were listed by N icholas (1915, 
p. 102) as ‘Conocoryphe cf. dalmanni [sic =  dalmani\ 
Angelin ’ and later described briefly, bu t not illustrated 
(Nicholas, 1916, p. 461). The m aterial was listed by 
Resser (1936, p. 14) as a new species, Bailiaspis 
nicholasi, but no diagnosis was given and the taxon 
rem ained a nomen nudum  until described and illus
trated  by Lake (1940, p. 286, pi. 41, figs 1-4), who 
must be considered the author. W estergârd (1950, 
p. 31) noted that the m aterial ‘seems to  agree with 
[Bailiaspis] glabrata (in particular our fig. 8 )’; he 
apparently  found significant L ake’s description o f a 
granulate test in the Welsh cranidium , even though he 
recorded th a t o f B. glabrata as being ‘ finely granulate ’. 
The W elsh specimen is slightly distorted but closely 
resembles the type and other m aterial o f  B. glabrata 
from  the A ndrarum  Limestone o f  Scania illustrated 
by W estergârd (1950, pi. 6, figs 6-8) and is considered 
conspecific. The pygidium o f B. glabrata has not been 
described, and the example (Fig. 9 m) associated with 
the Welsh cranidium  is assigned questionably to the 
species; it is o f general conocoryphid type with three 
axial rings, progressively less well defined from  first to 
third, and two and  a half pairs o f pleural ribs. F urther



Cambrian stratigraphy, S t TudwaVs Peninsula 349

Figure 9. Trilobites in T. C. Nicholas Collection from Maentwrog Formation at Porth Ceiriad: (a-o) from the ‘calcareous 
grit’, locality a l5  of Nicholas (1915); (p-s) from siltstones 30 m (est.) above the ‘calcareous grit’, at locality a l7  of Nicholas 
(1915). (a) Solenopleura sp. Incomplete cranidium, SM X.23265 ( x 3). (b, e, i) Dolichometopus cf. svecicus Angelin, 1854. (b, e) 
dorsal and oblique right lateral views of exfoliated cranidium, SM A. 10800 (x 2 .5 ); (i) fragment of pygidium, SM X.23266 
(x 4 ). (c) Acrocephalites? sp. Incomplete pygidium, SM A.54671 (x 4 ) , listed Nicholas (1915, p. 102) as ‘Solenopleura sp.’ 
(d, f,j) Dorypyge sp. (d) fragment of pygidium, SM A .54230 (x 4 );  (f, j) incomplete cranidium, SM A.263a (x 3 ) , figured 
Nicholas (1916, pi. 39, fig. 10) as ‘Dorypyge cf. richthofeni Dames’, (g, k, m?, n) Bailiaspis glabrata (Angelin, 1854). (g, k, n) 
dorsal, anterior and left lateral views of incomplete, large, slightly distorted cranidium SM A. 15630 (x  1.5), figured Lake 
(1940, pi. 41, figs 1-4) as Bailiaspis nicholasi; (m) associated pygidium assigned questionably to the same species ( x 2.5). (h) 
Linguagnostus aristatus Fedjanina, 1977. Incomplete pygidium, SM A.245 ( x 7), figured by Nicholas (1916, pi. 39, fig. 3) as 
‘Agnostus kjerulfi' Brögger. (l,o) Centropleura sp. Fragmentary pygidium, SM A .10801 (x  3), listed Nicholas (1915, p. 102) 
as ‘Centropleura saberi (?)’. (p, q, r) Homagnostus cf. obesus (Belt, 1867). (p) latex cast of almost complete exoskeleton, SM 
A.243 ( x 6) ; (q) incomplete cephalon, SM A. 1180 ( x 5) ; (r) fragmentary pygidium, SM X.24556 ( x 6). (s) Olenid genus and 
species undetermined. Fragment of poorly preserved cranidium, SM A .54224 ( x 5); cited Nicholas (1915, p. 104) as ‘Olenus 
sp.’.
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Figure 10. For legend see facing page.
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com parison may be m ade with m aterial from the 
Bergleshof-Schichten, late M iddle C am brian, o f G er
m any described as Badiella?glabrata  by Sdzuy (1966, 
p. 74, pi. 9, figs 16-24).

Dolichomelopus cf. svecicus Angelin 1854
Figure 9 b, e, i

Type m aterial is from  the A ndrarum  Limestone of 
A ndrarum , Scania, and the species was redescribed, as 
D. suecicus [sic], by W estergârd (1948, p. 11, pi. 3, figs 
12-16). Particularly distinctive are the glabellar 
outline, mostly subparallel-sided but widening slightly 
near the extrem ity o f  the flat anterior border, and the 
long, narrow  palpebral lobe, continuous with an eye 
ridge tha t meets the glabella a t its widest point. Small 
differences in convexity are probably due to  pres
ervation. So far as it goes the pygidial fragm ent 
illustrated agrees with W estergârd’s figures o f the 
species.

Dorypyge sp.
Figure 9 d ,f ,j

Recorded by Nicholas (1915, p. 102) as Dorypyge sp. 
and later (Nicholas, 1916, p. 465, pi. 39, figs 10, 11) as 
‘Dorypyge cf. richthofeni D am es’ (1883). Figured as 
Dorypyge sp. by Lake (1938, pi. 37, fig. 13), who 
suggested that it m ight be identical with Dorypyge 
aenigma (Linnarsson, 1869) from  the A ndrarum  
Lim estone o f Scania. In his redescription o f D. 
aenigma W estergârd (1948, p. 7) agreed tha t it 
resembled the Welsh form  ‘as far as a com parison is 
possible’, but cautioned tha t the latter seemed to 
occur at a considerably lower horizon, a negative 
argum ent that cannot now be sustained. The Welsh 
m aterial is too fragm entary for full com parison but 
granules on the surface o f  the cranidium , in particular, 
appear smaller and denser than those o f D. aenigma.

Linguagnostus aristatus Fedjanina, 1977 
Figure 9h

This single incom plete pygidium was recorded by 
Nicholas (1915, p. 102) as ‘Agnostus kjerulfi B rögger’

(1878), and described (N icholas, 1916, p. 459, pi. 39, 
fig. 3) under the same name, but according to 
W estergârd (1946, p. 64) the Welsh pygidium could 
no t be safely identified from  N icholas’s illustration. 
A lthough incomplete, it differs from the lectotype 
pygidium o f L. kjerulfi in having the breadth 1.05 
times the length, com pared with 1.28. The axis is 
subparabolic in outline, 1.2 times longer than wide, in 
contrast to the squat, subpentagonal outline, as wide 
as long, in the lectotype.

Linguagnostus aristatus Fedjanina (1977, p. 145, pi. 
19, figs 1-4) was described from  Siberian strata 
correlated with the A ndrarum  Limestone o f Sweden ; 
three type specimens are compressed or slightly 
distorted, but an apparently  undeform ed paratype 
pygidium (Fedjanina, 1977, p. 145, pi. 19, fig. 4) 
agrees closely w ith tha t from Porth  Ceiriad. Both have 
a parabolic axis with breadth  and length respectively 
abou t 0.52 and 0.63 those o f the pygidium (compared 
with 0.46 and 0.58 in L. kjerulfi)', and segment M2 
(term inology from  Shergold, Laurie & Sun, 1990, 
p. 18) is alm ost undefined, whereas in L. kjerulfi it is 
bounded by a deep F2 furrow. L. aristatus and the 
Scandinavian species have a conspicuous, rectangular 
axial node with a deep, transverse depression behind 
the tip ; the node occupies 0.68 o f  the length o f  the axis 
in the form er species, but only 0.59 in the latter.

Solenopleura sp.
Figure 9 a

R ushton (in Taylor & R ushton, 1972, p. 8) noted that 
the type species o f  Solenopleura is S. holometopa 
(Angelin, 1851) and no t S. canaliculata (Angelin, 
1851) or S. brachymetopa (Angelin, 1851) as is 
sometimes claimed. The slightly deform ed and com 
pressed cranidial fragm ent now illustrated resembles
S. holometopa (Angelin, 1851), from  the S. brachy
metopa Zone o f Scania and redescribed by W estergârd 
(1953, p. 14, pi. 4, figs 1-8), in the glabellar outline 
and the length (sag.) and form  o f the preglabellar field 
and anterior border. The palpebral lobe is not 
preserved but may have been located only slightly in

Figure 10. Magnification x 1000 unless otherwise stated, (a, b, e, g-i, k, 1): lower part Nant-y-big Formation (formerly Upper 
Caered Mudstones), (c, d, s) : Cilan Formation (formerly Cilan Grits), (h, q) : lower part o f Ceiriad Formation (formerly Lower 
Caered Mudstones), (j, m, o, p, r, t-v): Hell’s Mouth Formation (formerly Hell’s Mouth Grits), (a) Multiplicisphaeridium 
dendroideum (Jankauskas) Jankauskas & Kirjanov in Volkova et al. 1979. NAN-11, IRScNB b2612. (b) Retisphaeridium 
howellii Martin in Martin & Dean, 1983. NAN-18. IRScNB b2622. (c, i) Retisphaeridium dichamerum Staplin, Jansonius & 
Pocock, 1965. (c) CJL-2, IRScNB b2620; (i) NAN-59, IRScNB b2621. (d) Pterospermella solida (Volkova) Volkova in 
Volkova et al. 1979. CIL-2, IRScNB b2619. (e) Synsphaeridium sp. 1 in Cramer & Diez, 1972. NAN-58, IRScNB b2634. (f) 
Comasphaeridium sp. in Albani, Massa & Tongiorgi, 1991. NAN-51, IRScNB b2593. (g) Asteridium sp. NAN-15, IRScNB 
b2590. (h, k) Eliasum llaniscum Fombella, 1977. (h) TRW-2, IRScNB b2604; (k) NAN-64, IRScNB b2605, x 500. (j, q) 
Cymatiosphaera ovillensis Cramer & Diez, 1972. 0  HMG-4, IRScNB b2600; (q) TRW-1, IRScNB b2601. (1) Dichotisphaera 
gregalis (Hagenfeldt) Vanguestaine, 1991. NAN-18, IRScNB b2603. (m, r, t-v) Skiagia scottica Downie, 1982. (m) HMG-2, 
IRScNB b2630, x 500; (r, t) HMG-2, IRScNB b2631 ; (r) =  enlargement, x 3000, o f lower right part of (t); (u, v) HMG-1, 
IRScNB b2632; (u) =  enlargement, x 3000, o f lower right part of (v). (n) Peramorpha manuelsensis Martin in Martin & Dean, 
1983. HMG-4, IRScNB b2615. (o) Cymatiosphaera capsulara Jankauskas in Jankauskas & Posti, 1976. HMG-4, IRScNB 
b2602, x 750. (p) Skiagia insignis (Fridrichsone) Downie, 1982. HMG-4, IRScNB b2623. (s) Annulum squamaceum (Volkova) 
Martin in Martin & Dean, 1983. CIL-2, IRScNB b2573, x 1500.
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Figure 11. For legend see facing page.
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front o f  a line through the centre o f the glabella, 
judging from a rem nant o f  the eye ridge. In this 
respect it resembles the lectotype o f  S. holometopa 
(W estergârd, 1953, pi. 4, fig. la ) , though other cranidia 
o f  the species illustrated by W estergârd have the eye 
set farther forwards.

Acrocephalites? sp.
Figure 9 c

A single, incomplete pygidium listed by Nicholas 
(1915, p. 102) as ‘Solenopleura sp .’ resembles tha t o f 
A. stenometopus (Angelin, 1851), from  the Lejopyge 
laevigata Zone (slightly above the A ndrarum  Lime
stone) in Scania and redescribed by W estergârd (1948, 
p. 19, pi. 2, figs 11, 12). Both have a similar outline 
with m arginal rim and, probably, two and a half pairs 
o f pleural ribs. The Welsh specimen may have two 
axial rings, ra ther than  one as in the Swedish species, 
but is too  poorly preserved for detailed com parison 
and also lacks the exoskeleton, which is granulöse in 
A. stenometopus.

Centropleura sp.
Figure 91, o

Listed by N icholas (1915, p. 102) as ‘'Centropleura 
salteri (?)’, described as Anopolenus Solieri Hicks (in 
Salter & Hicks, 1865, p. 478) from  south W ales and 
placed in synonymy with A. henrici Salter, 1864 by 
Lake (1934, p. 189). The specimen comprises only a 
strongly convex, gently tapered pygidial axis, slightly 
wider than long, w ith part o f  the adjacent right pleural 
region. There are three large axial rings, bounded by 
sinuous inter-ring furrows tha t curve forw ard medially 
and distally around a pair o f  lobe-like swellings. 
C om parable structures are seen in some illustrations 
o f Centropleura phoenix  Öpik (1961, pi. 8, fig. 2a, b) 
from the upper M iddle C am brian (Lejopyge laevigata 
Zone) o f A ustralia. In his redescription o f  the type 
species o f  Centropleura, C. loveni (Angelin, 1851) from 
the Solenopleura brachymetopa Zone o f  Scania, 
W estergârd (1950, p. 4, pi. 1, fig. 4) included tentatively 
a pygidium in which the axis is relatively narrow er 
than  tha t o f the W elsh specimen. In  both  the Swedish 
pygidium, and in another referred probably to  the 
associated C. angelini W estergârd (1950, pi. 1, fig. 
10 a), the well-defined axial rings show little evidence 
o f lobe-like structures.

5.a.2. Trilobites from the higher Maentwrog Formation

‘Very badly preserved’ specimens o f Olenus sp. and 
Agnostus pisiformis var. obesus Belt, 1867 from  locality 
a  17,30 m above the base o f the M aentw rog Form ation 
at Porth  Ceiriad, were noted by N icholas (1915, 
p. 104; 1916, p. 470) bu t not illustrated; no additional 
specimens have been found. The agnostid is repre
sented by a few, poorly preserved cephala and pygidia 
(Fig. 9q , r) and a small, alm ost complete dorsal 
exoskeleton (Fig. 9p) referred here to Homagnostus cf. 
obesus. The lectotype o f H. obesus from W ales was 
figured by Allen, Jackson & R ushton (1981) and 
variation in English m aterial figured by R ushton 
(1983). The species is accepted as indicative o f  the 
Olenus Zone in the W elsh Basin and Scandinavia (see, 
for example, H enningsm oen, 1958). A subspecies 
from the lower half o f  the overlying Parabolina 
spinulosa Zone in Scania was described as Agnostus 
(Homagnostus) obesus laevis W estergârd (1947), and 
differs only in the presence o f a broader marginal 
furrow  and the absence o f  a m edian preglabellar 
furrow  on the cephalon, characters that are difficult to 
evaluate in poorly preserved or compressed m aterial. 
Evidence from  the present specimens suggests that a 
m edian preglabellar furrow  is present, and the 
resemblance to  H. obesus is evident.

Identification o f the o ther trilobite is equivocal and 
one o f the better specimens (Fig. 9 s) cited as Olenus 
sp. by N icholas cannot be assigned confidently to that 
genus, though it is o f  olenid type. O n present evidence, 
the trilobites from  the M aentw rog F orm ation of 
Porth  Ceiriad are m ore likely to  belong to the Olenus 
Zone, as in the M aentw rog F orm ation  o f  the main 
outcrop. The lower half o f the P. spinulosa Zone 
cannot be altogether excluded, but is less likely.

5.b. Description of acritarchs (F.M.)

G enus Cristallinium  Vanguestaine, 1978

Type species. Cristallinium cambriense (Slavíková) 
V anguestaine, 1978, by original designation.

Cristallinium cambriense (Slavíková) Vanguestaine, 
1978 

Figure l i i
1968. Dictyotidium cambriense n. sp. Slavíková, p.

201, pi. 2, figs 1, 3.

Figure 11. Magnification x 1000 unless otherwise stated, (a, c, d) : level 5 o f ‘ calcareous grit ’ at base o f Maentwrog Formation, 
(b, e-q): lower part o f Nant-y-big Formation (formerly Upper Caered Mudstones), (a) Izhoria sp. NAN-33c, IRScNB b2468. 
(b, g, h, j, k, o, q) Heliosphaeridium? llynense Martin sp. nov. (b) NAN-55, IRScNB b2624; (g) NAN-16, IRScNB b2625; (h) 
N A N -15, holotype, IRScNB b2626; (j) NAN-51, IRScNB b2469; (k) N A N -15, IRScNB b2627, x 1500; (o) N A N -14, IRScNB 
b2628, x 2000; (q) NAN-51, IRScNB b2629, x2000. (c, d) Cymatiogalea sp. NAN-33c. (c) IRScNB b2467; (d) IRScNB 
b2466. (e) Acritarch gen. et sp. nov. Martin in Martin & Dean, 1984, NAN-11, IRScNB b2586. (f, 1) Comasphaeridium 
longispinosum Hagenfeldt, 19896. (f) NAN-13, IRScNB b2591; (1) NAN-14, IRScNB b2592. (i) Cristallinium cambriense 
(Slavíková) Vanguestaine, 1978, NAN-67, IRScNB b2594, x 1500. (m, n, p) Adara alea Martin in Martin & Dean, 1981. 
NAN-17, (m, p) IRScNB b2587; (p) =  enlargement, x4000, of central part o f (m); (n) IRScNB b2588.
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1978. Cristallinium cambriense (Slavíková) Vangue
staine nov. com b., p. 271, pi. 2, figs 16, 17; pi. 
3, figs 16, 26.

1991. Cristallinium cambriense (Slavíková) Vangue
staine, 1978. A lbani, M assa & Tongiorgi, pp. 
266, 268, pi. 1, figs 3-5. Includes references.

Occurrence. R are in the Ceiriad Form ation, where its 
oldest record is 6.5 m above the base o f  the un it; in the 
M aentw rog F orm ation ; and in the lower part o f  the 
Ffestiniog Flags Form ation.

Discussion. In her original description o f  the species 
Slavíková (1968, pi. 2, figs 1, 3) illustrated two 
specimens; the one designated as holotype, with 
d iam eter 32 /«m, is clearly tha t in pi. 2, fig. 1, and not 
in pi. 1, fig. 11 as stated erroneously in one o f  her three 
references to the illustrations. The genus and species 
are widely used in C am brian palynological literature 
and there is no doub t as to  the holotype, which was 
correctly indicated by Vanguestaine (1978) as tha t o f 
the type species o f Cristallinium. It seems to  me 
confusing to follow the proposal o f  Fensom e et al. 
(1990, p. 160) who, on the basis o f  w hat is no more 
than a m isprint by Slavíková, designated Cymatio
sphaera ovillensis C ram er & Diez, 1972 as type species 
o f Cristallinium. Furtherm ore, the holotype of 
Cymatiosphaera ovillensis illustrated by C ram er & 
Diez (1972, pi. 2, fig. 4) appears to belong to that 
prasinophyte genus on the basis o f  the relative 
im portance o f the muri ; C. ovillensis is figured herein 
(Fig. lOj, q).

G enus Heliosphaeridium  M oczydlowska, 1991

Type species. Heliosphaeridium dissimilare (Volkova) 
M oczydlowska, 1991, by original designation.

Heliosphaeridium? llynense M artin  sp. nov. 
Figure 11 b, g, h, j, k, o, q

In press. Skiagia  sp. nov. M artin  in Young, G ibbons 
& M cCarroll, pi. 1, fig. 5.

Holotype. IRScNB b 2626 (Fig. 11 h). Vesicle diam eter : 
18 /¿m; trunk  o f processes: 11 to 15/rm long, with 
basal breadth  0.7 to  1 .5 /a n ; distal divisions o f 
processes: up to 6 .5 /a n  long.

Type locality. Lower part o f  N ant-y-big Form ation, 
Loc. N A N -15, 15.85 m above the pair o f  small faults 
used as datum  poin t a t the section along the northw est 
shore o f  Porth  Ceiriad.

Derivation o f  name. Latin  (substantive in the genitive), 
for the Llÿn Peninsula.

Diagnosis. Based on 150 specimens. Single-walled, 
psilate acritarch. Vesicle originally spherical, clearly 
distinct from  processes. A bout fifteen to forty slender 
processes, the hollow internal cavity o f  which com 
m unicates with tha t o f  the vesicle. The length o f  the 
proxim al portion, slightly conical basally, varies from 
one-quarter to  1.0, bu t m ost often tw o-thirds, o f  the 
vesicle diam eter. The distal extremity is divided 
dichotom ously, up to  the fourth  order, into ‘s trap s’ 
which anastom ose with those o f  adjacent processes.

Dimensions. Based on 60 specimens. D iam eter o f 
vesicle: 14-23 (average 18)/¿m; length and basal 
w idth o f proxim al p art o f processes: 4 -1 2 /¿m and 
1-2.5 pm ;  to tal length o f  distal divisions o f  processes: 
5 -1 4 /¿m; m axim um  thickness o f vesicle wall: less 
than  0.35 /¿m.

Occurrence. Rare to abundant in the lower N ant-y-big  
Form ation. Locs., in ascending order, N A N -11, -12, 
-50, -51, -55, -13, -56, -57, -58, -14, -59, -15, -61, -62, 
-16 ,-17 , -64 and -67.

Discussion. F requent breakage o f the distal extremities 
o f the processes produces artificially a funnel-like 
aspect such as is indicated in the diagnosis o f  Skiagia 
Downie, 1982. The generic a ttribu tion  is doubtful as 
coalescence o f  the distal divisions o f the processes is 
no t m entioned in the diagnosis o f Heliosphaeridium. 
Incom plete specimens recall those determ ined by 
Vanguestaine & Van Looy (1983, p. 73, pi. 1, figs

Figure 12. Magnification x 1000 unless otherwise stated, (a, e, g, h, j, 1—n, s, v, w, x): Ffestiniog Flags Formation (formerly 
Ffestiniog Beds), (b-d, f, i, k, o-r, t, u, y): Maentwrog Formation (formerly Maentwrog Beds), (a) Multiplicisphaeridium cf. 
M. eopiriferum Fombella, 1978. STE-2, IRScNB b2613. (b) Timofeevia microretis Martin in Martin & Dean, 1981. NAN-34, 
IRScNB b2635. (c) Cymatiogalea virgulta Martin in Martin & Dean, 1988. NAN-36, IRScNB b2599. (d) Cristallinium cf. C. 
randomense Martin in Martin & Dean, 1981. NAN-39, IRScNB b2595. (e, i) Isolated opercula of Stelliferidium sp. or 
Cymatiogalea sp. (e) STE-1, IRScNB b2580; (i) NAN-42, IRScNB b2614. (f) Cymatiogalea cf. C. cristata (Downie) Rauscher, 
1974. NAN-42, IRScNB b2597. (g) Poikilofusa cf. P. chalaza Rasul, 1979. STE-2, IRScNB b2616, x 500. (h) Leiofusa 
stoumonensis Vanguestaine, 1973. STE-2, IRScNB b2610, x 750. (j) Cymatiogalea parvivela Di Milia, 1991. STE-1, IRScNB 
b2598. (k) Timofeevia pentagonalis (Vanguestaine) Vanguestaine, 1978. NAN-42, IRScNB b2636. (1, w, x) Poikilofusa cf. P. 
squama (Deunff) Martin, 1973. STE-2. (1) IRScNB b2617; (w,x) fragment, IRScNB b2618; (x) =  enlargement, x 8000, of 
lower left part of (w). (m) Impluviculus sp. STE-1, IRScNB b2606. (n-p) Leiofusa cf. L. gravida Pittau, 1985. (n) STE-2, 
IRScNB b2607; (o) NAN-43, IRScNB b2608; (p) NAN-42, IRScNB b2609. (q) Timofeevia phosphoritica Vanguestaine, 1978. 
NAN-39, IRScNB b2637. (r) Cymatiogalea aspergillum Martin in Martin & Dean, 1988. NAN-37, IRScNB b2596. (s) 
Monocrodium? sp. STE-1, IRScNB b2611. (t) Vulcanisphaera turbata Martin in Martin & Dean, 1981. NAN-44, IRScNB 
b2638. (u) Timofeevia lancarae (Cramer & Diez) Vanguestaine, 1978. NAN-42, IRScNB b2575. (v) Transition Vulcanisphaera 
turbata to V. africana sensu Martin in Martin & Dean, 1988. STE-2, IRScNB b2639. (y) Stelliferidium pingiculum Martin in 
Martin & Dean, 1988. NAN-36, IRScNB b2633.
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16-19; text-fig. 4) as M icrhystridium  aff. M . coniferum  
Downie, 1982, from  deposits they considered as 
M iddle C am brian in the M oroccan High Atlas.

G enus Leiofusa  Eisenack, 1938 emend. Com baz, 
Lange & Pansart, 1967

Type species. Leiofusa fusiform is  (Eisenack) Eisenack, 
1938 by original designation.

Leiofusa  cf. L. gravida P ittau , 1985 
Figure 12n-p  

1985. Leiofusa  sp. A lbani, Di M ilia, M inzoni & 
Tongiorgi, pi. 1, figs 7, 8.

1991. Leiofusa stoumonensis V anguestaine, 1973. Di 
M ilia, p. 142, pi. 2, figs 1?, 2-4.

Dimensions. Based on 22 specimens. Length and width 
o f  vesicle: 2 4 -4 0 /¿m and 16-22 /tm. Length and 
basal w idth o f processes: 7 -1 3 p m  and  2 - 4 p m  
respectively.

Occurrence. R are in the upper p art o f the M aentw rog 
F orm ation  (Locs. N A N 4 1 , -42, -43 and -44); rare to 
com m on in the lower part o f the Ffestiniog Flags 
F orm ation  (Locs. STE-1, STE-2).

Discussion. Based on 45 specimens. Leiofusa  cf. L. 
gravida differs from  L. stoumonensis in the dissimilar 
processes and asym m etric swelling o f the vesicle ; and 
from  L. gravida in the m uch shorter processes. One 
com plete process has a length between one-quarter 
and one-half tha t o f the vesicle; the other, of 
approxim ately sim ilar length, is always broken and 
gaping. Vesicle and processes are weakly and ir
regularly granulate.
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Figure 13. Sketch (adapted from Nicholas, 1915, fig. 3) of cliff section at west end of Porth Ceiriad showing lithostratigraphic 
boundaries and selected microfossil localities (locality numbers carry the prefix NAN- in the text). Q =  Quaternary sediments 
seen in distance at east end of Porth Ceiriad.

Appendix. Location of microfossil samples (F .M ., 
W .T .D ., T .Y .)

(a) acritarchs present ; (o) acritarchs absent or undeter
minable.

AÍ. Ffestiniog Flags Formation

St Tudwal’s Island East (c. 120 m seen)

STE-2: 82.50m below Arenig unconformity (a) 
STE-1: 103.50 m below Arenig unconformity (a)

A2. Maentwrog Formation

Northeastern shore o f Porth Ceiriad (15.5 m seen)

(1.50 m to base of Arenig unconformity) 
NAN-48: 14.00 m above base of section (a)
NAN-47: 11.00 m above base of section (a)
NAN-46: 8.10 m above base of section (a)
NAN-45: 6.80 m above base of section (a)
(gap in section at Nant-y-big beach)

Northwestern shore o f Porth Ceiriad (34.5 m seen)

A4. Nant-y-big Formation, upper part (67 m seen) 

Northwestern shore o f  Porth Ceiriad (Fig. 13)

(c. 2.00 m 
NAN-44: 
NAN-43: 
NAN-42: 
NAN-41 : 
NAN-40: 
NAN-39: 
NAN-38: 
NAN-37: 
NAN-36: 
NAN-35: 
NAN-34:

exposed
32.30 m
27.20 m
22.30 m
16.20 m
10.40 m 
9.00 m 
6.90 m 
5.65 m 
3.85 m 
0.95 m 
0.10 m

above
above
above
above
above
above
above
above
above
above
above
above

N A N -  
base of 
base of 
base of 
base of 
base of 
base of 
base of 
base of 
base of 
base of 
base of

44)
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a) 
unit (a)

A3. ‘Calcareous grit’

Base of cliff, Porth Ceiriad (Fig. 5; levels 1, 2, Nant-y-big 
Formation; levels 3-6, basal Maentwrog Formation). 
NAN-33c: level 5 (a)
NAN-33b: level 3 (o)
NAN-33a: level 1 (o)

NAN-32
NAN-31
NAN-30
NAN-31
NAN-30
NAN-29
NAN-28
NAN-27
NAN-26
NAN-25

0.25 m below top of unit (o)
0.90 m below top of unit (o)
1.70 m below top of unit (o)
3.70 m below top of unit (o)
4.70 m below top of unit (o)
7.70 m below top of unit (o)
8.70 m below top of unit (o)

14.00 m below top of unit (o)
3.50 m above fault plane datum (o)
2.80 m above lowest bed in triangular block of

fau lted  s tra ta  (o)
NAN-24: 2.60 m above lowest bed in triangular block of 
faulted strata (o)
NAN-23
NAN-22
NAN-21
NAN-20

14.00 m 
12.30 m 
7.30 m 
3.50 m

above fault/shore datum (o) 
above fault/shore datum (o) 
above fault/shore datum (o) 
above fault/shore datum (o)

(Base not seen)

A5. Nant-y-big Formation, lower part (>  120 m
previously Upper Caered Mudstones)

N A N -19 53.65 m above fault datum (o)
NAN-67 29.15 m above fault datum (a)
NAN-66 27.80 m above fault datum (a)
N A N -18 27.65 m above fault datum (a)
NAN-65 26.75 m above fault datum (a)
NAN-64 25.20 m above fault datum (a)
N A N -17 22.65 m above fault datum (a)
N A N -16 20.05 m above fault datum (a)
NAN-63 17.85 m above fault datum (o)
NAN-62 16.80 m above fault datum (a)
NAN-61 15.90 m above fault datum (a)
N A N -15 15.85 m above fault datum (a)
NAN-60 15.30 m above fault datum (a)
NAN-59 14.00 m above fault datum (a)
N A N -14 13.85 m above fault datum (a)
NAN-58 12.60 m above fault datum (a)
NAN-57 12.00 m above fault datum (a)
NAN-56 11.30 m above fault datum (a)
N A N -13 11.10 m above fault datum (a)
NAN-55 10.90 m above fault datum (a)
NAN-54 10.00 m above fault datum (a)
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NAN-53: 9.40 m above fault datum (o)
NAN-52: 8.70 m above fault datum (o)
NA N-51: 8.30 m above fault datum (a)
NAN-50: 7.60 m above fault datum (a)
NAN-12: 4.70 m above fault datum (a)
(pair of small, parallel faults used as datum point; at beach 
level, the easterly fault is 22.80 m above formation base) 
NAN- 11 ; 18.50 m above base of unit (a)
NAN-10: 12.60 m above base of unit (o)
NAN-9: 10.55 m above base of unit (o)
NAN-8: 6.85 m above base of unit (o)
NAN-7: 1.85 m above base of unit (o)
NAN-6: 1.65 m above base of unit (o)

A6. Ceiriad Formation (upper >  35 m; previously Caered 
Flags)

N A N -5 : 0 .40 m below  to p  o f  u n it (o)
NAN-4: 3.80 m below top of unit (a)
NAN-3: 7.30 m below top of unit (o)
NAN-2: 8.85 m below top of unit (o)
NAN-1:  11.65 m below top of unit (o)

A7. Ceiriad Formation (lowest 34 m ; previously Lower 
Caered Mudstones; Trwyn Llech-y-doll)

TRW-6: 23.00 m above base of unit (a)
TRW-5: 20.10 m above base of unit (a)
TRW-4: 15.70 m above base o f unit (o)

TRW-3: 11.10 m above base of unit (a)
TRW-2: 6.50 m above base of unit (a)
TRW-1: 3.10 m above base of unit (a)

A8. Cilan Formation (c. 400 m; Trwyn Cilan and Trwyn 
Carreg-y-tir)

MUL-3: 68.00 m above base of unit (a)
CIL-2: 64.00 m above base of unit (a)
CIL-1: 28.50 m above base of unit (o)

A9. Trwyn-y-Fulfran formation (37 m ; section between 
Trwyn Cilan and Trwyn Carreg-y-tir)

MUL-4: 37.00 m above base of unit (a)
MUL-2: 28.50 m above base of unit (a)
M U L -1 : 26.50 m ab o v e  base  o f  u n it (a)

A10. Hell’s Mouth Formation (>  190 m; south of Trwyn 
y Ffosle)
HMG-6: 5.00 m below top of unit (a)
HMG-5: 45.00 m below top of unit (a)
HMG-4: 66.00 m below top of unit (a)
HMG-3: 70.50 m below top of unit (a)
HMG-2: 92.00 m below top of unit (a)
HM G-1: 99.50 m below top of unit (a)
(Base not seen)
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