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Cambrian succession in north-west Wales
(adapted from Rushton and Howells, 1999).
P916150.

Penrhyn Quarry, Bethesda exploited the
Llanberis Slates Formation. Nant Ffrancon
and the high plateau of the Carneddau can
be seen in the distance. P662392.

Llanberis Slates Formation: bedding is
defined by reduction of iron in the green
bands. P662393.

Rhinog Mountains viewed west-south-west
from Foel Boeth. Rhinog Fawr, on right, and
Diffwys, in the centre, forming the western
limb of the Harlech Dome. Y Garn, on left,
apart from main ridge. P662394.

Roman Steps, south of Cwm Bychan: the
flags are turbiditic sandstones and siltstones
from the Rhinog Grits Formation (MFH
P662395).

St Tudwal’s peninsula, Llŷn, sketch map of
the geology (adapted from Young et al.,
2002). P916151.

Geological sketch map showing the
Cambrian rocks of the St
David’s — Haycastle area (adapted from
Rushton, 1974). P916152.

Cwm Graianog, on the west side of the Nant
Ffrancon. Ripple marked bedding plane of
the Carnedd y Filiast Grit (Cambrian) which
is overlain locally by the Graianog
Sandstone (Ordovician, Arenig) across a
slight angular disconformity (T P Crimes
P662397).
In Arfon, Comley Series (Lower Cambrian) strata overlie the Padarn Tuff Formation in the outcrop
between Deiniolen and Penygroes, where they comprise the Fachwen Formation (P916150), and in
the vicinity of Bangor, where they form the Minffordd and Bangor formations. The contact near
Fachwen on the north side of Llyn Padarn was considered to be the Precambrian-Cambrian
boundary in the 19th century. The lower formations thicken dramatically from some 50 m on the
east side of Llyn Padarn, to about 500 m on the west side and to 2000 m near Bangor; this increase
is thought to reflect rapid subsidence associated with intense tectonic activity. The lowermost beds,
conglomerates and sandstones, overlie Precambrian welded ash-flow tuffs (Padarn Tuff Formation),

and locally thin beds of fine- grained air-fall tuff and ash-flow tuff indicate that volcanism recurred
sporadically in the vicinity. The conglomerates, consisting mainly of subangular clasts of welded tuff,
and the sandstones with distinctive quartz crystals derived from the underlying tuffs, probably
represent rapidly accumulating alluvial fan and fluvial deposits, composed of debris derived from
local fault scarps and fluvial systems. Well-rounded clasts of quartzite, mica-schist, granite and
jasper indicate more distant derivation from the Precambrian on Anglesey. Towards the top of the
sequence, the increasing frequency of silty mudstone interbeds suggest more general subsidence
with the establishment of a more extensive marine basin in which mudstone of the overlying
Llanberis Slates Formation was deposited.
The Llanberis Slates Formation is the source of the slates that have been worked in the vicinity of
Bethesda, Llanberis and Nantlle for over 200 years and accounted for the growth of these
communities. The distribution of the formation at outcrop is clearly defined by the numerous trials
and small quarries that were excavated beyond the main quarries at Penrhyn and Dinorwic
(P662392), (P662393). The formation consists mainly of blue-grey and purple silty mudstone, which
accumulated in a broad marine basin that deepened to the south-east. Intermittent instability in the
vicinity of the distant shoreline, probably to the north-west, caused incursions of coarse sands in
turbidity flows, which locally fill channels in the underlying mudstones and include distinctive rip-up
clasts of silty mudstone. These coarse-grained sandstones formed major obstructions to slate
extraction and were given local names by the quarrymen; for example, the Dorothea Grit at Nantlle
was considered to be the equivalent of Red Grit (Gwenithfaen-Goch) at Penrhyn, but such
correlations are difficult to substantiate.
Bedding in the purple silty mudstone is locally well developed, commonly accentuated by sharply
contrasting green bands as a result of the reduction of iron; similar reduction produced the
characteristic green spotting, which has been used to estimate strain across the slate belt. Large
fresh surfaces of slate produced by modern cutting equipment commonly reveal a spectrum of
bedding fabrics, from slump folds in continuous beds of silty mudstone and muddy siltstone, to
totally disaggregated sediment. The latter probably produce the best slates because they contain no
well-defined bedding planes or other lithological contrasts to interrupt the cleavage. Trilobites found
in green slates near the top of the formation in Penrhyn Quarry include Pseudatops viola, and they
provide the lowest biostratigraphical evidence in the sequence. The fauna has been assigned to the
top of the Olenellid Zone, in the middle of the Comley Series. Estimation of the thickness of the
Llanberis Slates Formation is difficult because it lies between two more competent formations, and
consequently channelled a great deal of the strain when the sequence was folded. However, a
minimum of 380 m has been indicated on the published maps.
These lithological subdivisions of the Comley sequence can be traced southwards from Bethesda to
Nantlle with some confidence. However, farther to the south, into the Harlech Dome, correlation is
more difficult. Here, the lowest part of the sequence comprises pebbly, cross- bedded sandstone
with interbedded siltstone and mudstone (Dolwen Formation); the base is not exposed but it was
proved in a borehole, overlying the Brynteg Volcanic Formation of probable Precambrian age. The
base is defined by conglomeratic volcaniclastic sandstones, although the contained clasts are
compositionally different from the underlying strata. The overlying sequence of interbedded
sandstone and siltstone indicates several phases of delta building, and an overall gradual
progression into deeper water settings. The only body fossil is a specimen of Platysolenites
antiquissimus, of Comley age, recovered from the Brynteg Borehole. At the top of the sequence,
laminae with euhedral feldspar crystals and fragments of quartz euhedra have been intepreted as
air-fall tuffs although the site of the vent has not been determined.
The lower sandstone sequence grades up into blue and purple silty mudstone (Llanbedr Formation),
which has been worked for slates at a number of localities near Harlech. The overlying Rhinog Grits

Formation, up to 780 m thick, forms the castellate ridges of Rhinog Fawr, Rhinog Fach and Y Llethr
that dominate the local topography (P662394). The formation is characterised by massive, locally
pebbly, graded turbiditic sandstone and mudstone, thin flaggy, fine-grained sandstone interbeds and
beds of well-sorted, coarse-grained sandstone. Many of the pebbles are of lithologies similar to
Anglesey Precambrian rocks. The formation is spectacularly exposed about the Roman Steps, in
Cwm Bychan (P662395). The dominance of the turbiditic process in the accumulation of this
sequence was first demonstrated in the classic studies by Kuenen in 1953 and Kopstein in 1954.
Elements of the Bouma cycle are present throughout various combinations and in the sole marks and
current bedding indicate deposition in a submarine fan complex, with sediment transport mainly
from the north-east.
Similar coarse sandstones forming the Hell’s Mouth Formation, crop out on the west side of St
Tudwal’s peninsula on Llŷn, although their base is not seen (P916151). The beds are crudely graded,
with cross-laminations, convolute bedding and groove and flute casts which are commonly loaded. In
most of the formation only trace fossils are present, but trilobites (Hamatolenus (Myopsolenus)
douglasi, Kerberodiscus succinctus and Serrodiscus ctenoa?) associated with hexactinellid sponge
spicules and a single inarticulate brachiopod near the top indicate the upper part of the ProtolenidStrenuellid Zone of the Comley Series (Table 2), which is younger than the Pseudatops viola horizon
at the top of the Llanberis Slates Formation. However, the broad correlation suggests that the latter
developed distally to the fan complex of the Rhinog Grits Formation at the end of Comley Series
times.
In Pembrokeshire, the Comley Series (P916152) is up to 300 m thick and is represented by the
Caerfai Group, which outcrops in both the St David’s and Hayscastle anticlines. A basal
conglomerate, which contains pebbles of quartz, quartzite and acid tuff, displays channel structures
and large-scale planar cross-stratification, with the foresets directed southwards. These structures,
together with the occurrence of vertical cylindrical burrows of Skolithus, have been interpreted as
indicating intertidal deposits. The conglomerates are overlain by green feldspathic sandstone (St
Non’s Sandstone) with detrital blue amphibole, red mudstone (Caerfai Bay Shales), and plane and
cross-laminated, micaceous, feldspathic, purple sandstone (Caerbwdy Sandstone) (P662396). The
red mudstone forms a convenient marker and is conspicuous in the cliffs at Caerfai, at Castell on
Ramsey Sound and at Cwm Mawr near Newgale. Pale tuffs interbedded with the red mudstone have
given a radiometric age of 519 ± 1 Ma. The mudstone is the lowest unit from which fossils, although
rare, have been recorded. These include Lingulella primaeva and the bradoriid Indiana lentiformis of
probable late Comley age. The sequence west of St David’s reflects a nearshore shelf environment,
but the lack of symmetrical wave ripples suggests that deposition occurred below wave base (100 to
200 m).
At Llangynog, south-west of Carmarthen, a thin conglomerate and green feldspathic sandstones, the
former containing well-rounded pebbles of igneous rocks, overlies the Precambrian rhyolites and
volcaniclastic sedimentary rocks and are considered to be of Comley age.
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