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In previoudfield excursions we have examined investigatingthe Ordovician igneous rocks of the
outcrops of Ordovician volcanic rocks around the Lleyn peninsula

Harlech Dome. However, volcanicity was
widespread throughout the Welsh basin. In the
current chapter we will be particularly

We have discussed the importance of deep crustal
fractures in controlling both sedimentary
processes and the uprise of magmas. Although
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initially formed in Precambrian or Cambrian times,
the major crugal fractures beneath Wales have
remained as lines of weakness along which earth
movements could take place. In the late 1960's,
geologists began to suspect that a down faulted
sedimentary basin might exist in Cardigan Bay
containing much younger rocks than the

surrounding coastal areas. An initial borehole
was sunk at Mochras near Harlech, and this
was followed by boreholes drilled offshoré
basin was indeed discovered, bordered by
faults along which the underlying crustal
basement was able to subside (fi§g%).
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Figure $9: The
Cardigan Bay Basin

PALAEOZOIC AND PRECAMBRI/

Combining evidence from onshore and offshore
observations, we see that North Wales is underlain
by two sets of deep basement fractures (fig03:

9 A set of fractures oriented approximately
northeast to southwest, along which the fault
motion has been mainly horizontal. These
fractures separate blocks of crust which were
successively pulled in the direction of central
England ag\wvalonia broke away from
Gondwana in Cambrian times. Thesefuaes
become more closely spaced towards the
Menai Strait, as the margin of the Avalonian
microcontinent was approached.
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1 A second set of major fractures have a roughly
north-south orientation, and appear to have
formed due totension in the crustal slices
during the pulling apart of Avalonia and
Gondwana. These fractures exhibit mainly
vertical fault movements.

As around the Harlech Dome, the locations of
Ordovician volcanic centres in the Lleyn peninsula
appear to have been gingly influenced by the
deep fractures in the Precambrian basement
which allowed the uprise of magma from the
active subduction zone below.
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We will begin our investigations by visiting the
area of Trefor, where a series of large felsic
intrusions occus along the coast. This line of
intrusions closely follows the orientation of the
Menai fault system as it merges into the Lleyn
shear zone at Nefyn. We move next to the area of
Llanbedrog, where another series of felsic
intrusionsis found, this time assciated with a
north-south fracture zone. We finish our
investigations in the area of Porth Neigwl, where
large mafic intrusions occur at Mynydd
Penarfynydd, again closely associated with a
northeastsouthwest transverse fracture.

MAJOR INTRUSIVE
BODIES

@® Felsic
© Mafic

ZONE

An explanation for the difference in grain size may
be the role of dissolved water in the melt, which is
at least as important a factor as rate of cooling in
controlling crystal growth. A larger proportion of
dissolved water promotes the formation of lang
crystals. The sills at Cader Idris and Arenig appear

An interesting aspect of the Lleyn intrusions is
their grain size. At Cader Idris and Arenig we
found very large felsic sills more than half a
kilometre in thickness and several kilometres in
lateral extent. These intrusions would
undoubtedly have cooled slowly, at least in their
central zones, but are uniformly of an extremely
fine cryptocrystalline grain size. By contrast, all of
the major intrusive bodies in the Lleyn peninsula
have a largegrain size with individual quartz,
feldspar and mafic minerals visible to the naked
eye.
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Figure $0: Diagrammatic
representation othe
crustal structure beneath
North Wales

to have formed at very shallow depth beneath the
seabed, allowing superheated steam to easily
escape leaving a dry melt. The Lleyn intrusions
may have formed at greater depth, where
confining pressures could prevent loss of volatiles.
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Trefor and Nant Gwrtheyrn 5 miles: approximately 2 hours
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Outer Garnfor Microgranodiorite |:| Felsite

Porth Y Nant Microgranodiorite || Nant Ffrancon mudstone, siltstone
Carregy-llam Microgranodiorite |:| Nant Ffrancon slate

CR Caergribin Rhyolite
Figure $1: Field excursion.

Tre'r Ceiri Microgranite

In this excursion we visit the series of large granitic produces a mixture oividely separatedate-

intrusions along the coast around the villages of Ordovician andevonian ages. Geologists have
Trefor and Nant Gwrtheyrn. Whilst suggesting variously suggested that the granites were

that these intrusions are associated with a emplaced during the Ordovician volcanic episode
northeastsouthwest oriented deep crustal in Snowdonia, oalternativelyduring Devonian
fracture, we havenot yet considered their age. earth movements in the fial stages of

The intrusionsvere emplacedat approximately convergence of Avalonia with the Laurentian

the same timejn mudstones which have been northern continent in the. No intrusions of

dated on fossil evidence as middle Ordovician definite Devonian age are found in North Wales, so
However, adiometric dating of the granites an Ordovician origin is more likely.

216



Chapter 13 Ordovician of the Lleyn peninsul

Porth y Nant

Figure &2
Micro-granodiorite
intrusions at Nant
Gwrtheyrn

We can explain thanomalousDevonian
radiometric ages as the date at which the rocks
were subject to metamorphism, and radiogenic
daughter isotopes were lost from the rocks.

The quarries we will visit were first developed in
the 19th century to produce 'setts’, the small cubic
blocks of granite which were used to pave roads in
major towns and cities before the discovery and
introduction of tarmacadam. The position of the
guarries on the coast allowed rock to be
transported away by sailing ship, and remains of
piers and jetties still exist. In more recent years,
crushed granite has been produced for use for
road building and as concrete aggregate.

Start: From Llithfaen villagetake the minor road

towards Nant Gwrtheyrn. A large car parking area
is provided before the road descends to Peyth
nant [SH35344]L

1: Takethe track towards Bwich yr Eifel. As the
track ascends, we see a panorama of the quarried
granite intrusions, stretching around the bay from

Figure $3: Caergribin intrusive rhyolite

microgranodiorie

Caregy-llam
microgranodiorite

the headland of Trwyn y Gorlech in the norglast
the Porth y Nant intrusion, to Caragllam in the
south (fig.$2).

The track passes outcrops of a palek fine

grained felsic rock. This is the Caergribin intrusive
rhyolite (fig.33), which forms the outer zone of a
large intrusion centred on tpeak of Yr Eifel. This
outer zone shows evidence of flow foliation during
forceful emplacement of the very viscous magma.
The inner core of the intrusion can be examined by
climbing to higher crags of the slopes of Yr Eifel,
and is found to be a sliglytcoarser though still

very fine grained microgranite.

2 Turn off the track through a gate and onto a
footpath which leads around the hillside towards
Trwyn y Gorlech.

In cuttings alongside the track, we find a medium
grey finegrainedmicrogranodiorite (fig.84). This
lies in the inner zone of a largrtrusion which
forms the peak of Garnfor. We will be able to
examine the outer zone of the Garnfor intrusion at
Trefor quarry, where it is found to be lighter in
colour, with a higher 8ta content.

It appears that the magmas which produced the
inner and outer Garnfor intrusions were derived
from the same parent melt in a deep crustal
magma chamber. Over a period of time, the body
of magma began to crystallise, with lighter quartz
and fldspar crystals migrating upwards towards
the top of the chamber, whilst denser mafic
minerals such as pyroxene and amphibole sank
towards the base. It appearsdha quantity of the
lighter felsic magma was able to migrate upwards
through the crust firg to form the outer Garnfor
rocks. This was followed by an injection of more
mafic magma from lower in the chamber to
produce the inner Garnfor intrusion.
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3 0ld quarry workings can be seen below the
track, including an incline and large concrete
storage bins for crushed granite. If time permits,
you may like to examine these.

4 Return to the track leading to Bwich yr Eifel.

At the side of the trackefore the summit is
reached, we pass a cutting exposing fragments of
grey rock wth rusty weathering on surfaces
Banding is present, but the rock is hard. The rocks
were originally the mudstones into which the
granitic intrusions were emplaced. Heatrin the
intrusions has baked the rock to produleernfels,

a process known antact metamorphism

5: Continue along the track, past the transmitter
station, to the boundary of the Trefor quarry. Take
the path to the left to reach an upper disused level
of the quarry.

Figure $5: Outer Garnfor microgranodiorite.
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Figure &4: (left) Trwyn y Gorlech quarryright) Inner Garnfor microgranodiorite

The microgranodiorite rock exposed in the working
face and loose blocks is a lighter and more silica
rich variant forming the outer zone of the Garnfor
intrusion (fig.365). The rock consists of visible
crystals oplagioclase and biotite in a fine
grained matrix of quartz, feldspar, hornblende
and magnetite.

The outer Garnfor zone shows more evidence of
late stage hydrothermal alteration than the inner
zone. Soméeldspar has been converted to
sericite, and there is some alteration of mafic
minerals to chlorite.

Figure $6: Rock face at Yr Eifl Granite Quarry illustratin
the inland dip of the jointingPhoto by Eric Jones.
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An interestingfeature of the intrusion is the
orientation of the main joints, which dip inland at
an angle of about 45fig.366). It is possible that
these joints were originally close to horizontal,
forming parallel to the roof of the intrusion during
cooling, but wee then tilted into their current
position by regional folding during the Devonian
earth movements.

6 Return down the track to the car park, then

take the road which descends to Nant Gwrtheyrn
village. In the cutting just beyond the first hairpin
bend, it is possible to identify the contact between

the Porth y Nant microgranodiorite and the
surrounding mudstones. Contact metamorphism
has again converted the mudstone hornfels.

'/ Continue past the Nant Gwrtheyrn café to
reach the coast path. The path descends past the
remains of concrete storage bins for granite
chippings, to reach the beach. The path then
climbs again through ancient woodland to Gallt y
Bwich.

8: Fdlow the track toCiliau, then the old road to
the disused Carreg-llam quarry at Penrhyn Glas.

Figure &7: (left) Careg y llam quarrgright) Careg llammicrogranodiorite.

9: Explore the old quarry and examine outcrops of
the Carregy-llam microgranodiorite. The rock is of
a more uniform fine grain than the Garnfor
intrusives, but consists of similar minerals.

The variations itexture and chemistry of the
different intrusions within the coastal group may
represent a long period of evolution of a magma
chamber at depth beneath the area during late
Ordovician times, with periodic uprise of bodies of
felsic magma to a high crustalvel. There is no
evidence that the magma actually reachédgkt
surface to produce rhyolitic eruptions. The lack

any surface vents may have helped to maintain the

dissolved water content of the melt, and
promoted the formation of larger crystals.

10: Reurn along the road to Ciliau, then take the
footpath around the hill to reach the car parking
area above Nant Gwrtheyrn.

Whilst crossing the fields near Bwich, the path
passes an outcrop of Nant Ffrancon mudstone,
which represents unmetamorphosed country rock
betweenthe granitic intrusions (fig&B).

B

Figure $8: Nant Ffrancon mudstone.
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Llanbedrog

|1

eddol
L 7

‘v 'E‘Ud"f
". 1 anr

L]

W
‘_ —

L% /;J N

Crugan mudstone

Nod Glas mudstone

Bodgadle rhyolitic ash

Nanty Gledryd ash

Foel Ddu rhyolitic Lava and ash

Penmaen trachydacite ash and breccia

Penmaertrachydacitelava
Sill, dacite

Nant Ffrancon mudstone

Wig Bach sandstone, mudstone

In this set of excursions, we visit three areas: a
series of felsic intrusions near the village of
Mynytho; a large felsic intrusion at Llanbedrog;
and outcrops at Carreg y Defaid. Tbeks at
Carreg y Defaid are most easily accessed at low
tide, so the order in which the three areas are
visited might be rearranged to allow this.

Start A: Following the road from Llanbedrog to
Mynytho, a car parking area is reachedaimold
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Figure $9: Field excursion.

granite quarry at the base of Foel Gron
[SH30331p This isolated circular hill is formed by
a domeshaped intrusion of a pinkistirey
microgranite.

1: The microgranite can be examined in loose
blocks in the quarry parking arealthough the
quarry working faces are now largely overgrown
with vegetation.
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A set of stone steps in the quarry leads to a
footpath which ascends to the summit of Foel
Gron. Loose blocks of microgranite at the summit
illustrate its texture (fig.20).

Figure J1: Microgranite outcrop alongside
Mynytho common

3: Leave the path at thipoint and make for rock
outcrops visible in the heather moorland of
Mynytho common, following the line of a series of
electricity supply poles. From this view point, we
2: Continue down the path on the northern side can see the line of microgranite outcrops,

of Foel Gron to join a grassy track which follows a stretching northwards to the peak of Caradfyn.
dry stone wall alongside the heatheovered
Mynytho common. The track passes a largeliice
rock outcrop ofwhite-weathering very fine grained
microgranite (fig.31).

R T A L R {@: 2 §.b
FHgure 370: Foel Gron microgranite.

Compositional variations in the microgranite pick
out a nearhorizontal flow foliation which may
represent convective overturning of the viscous
magma within the magma chamber.

Figure 32:

Microgranite outcrops on
Mynytho common.

Flow foliation in the
micrograniteis indicated

Continue across the higher grounéiMynytho Start B: we begin by examining the Mynydd Tir
Common and descend past ald quarry to reach y-cwmwd merogranite which outcrops in the
another grassy footpath. Follow the path back to headland to the south of Llanbedrog bay. Park in
the base of Foel Gron, then past the village school the National Trust car park at Plas Glymweddw

to reach the car parking area. [SH33031F
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Figure 33:

Mynydd Tiry-cwmwd
headland at
Llanbedrog.

1: Enter through the main gate éflas Glygy- This location might have facilitated the uprise of

weddw. Walk past the front of the mansion to granitic melt.
reach a footpath which ascends through the

3: Return to Plas Glyg-weddw, then take the
woodland to the summit of the rocky headland. w '

road to the beach. Follow the beach northwards

2’ The microgranite is exposed in outcrops around the bay towards Carreg y Defaid.

alongside the path, and in a ropkatform at the

top of the headland. The microgranite contains
phenocrysts of feldspar in a matrix of smaller
feldspar, quartz and mica crystals. Some seconda
alteration has converted mafic minerals to chlorite
(fig.374).

TheMynydd Tiry-cwmwdintrusion is a large
circular boss. There is no indication that it broke
the surface and formed an eruptive volcano.
Indeed, the texture of visible crystals suggests
cooling at depth under high confining pressure.

Figure J5: Carreg y Defaid.

4: Examine the rock succession exposed m th
cliffs at Carreg y Defaid.

T s T
[, B ‘ﬁ.:, Jt._\ YR

The intrusion occurs at the possible intersection of
a northeastsouthwest transverse fracture with a % S kT e il
north-south tensional fracture in the deep crust. Figure J6: Felsite Carreg y Defaid.
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The sequence of outcrops belasiy the

Llanbedrog Volcanic Group, which is composed of
felsic lavas and ashes, and a feeder vent from
which these materials were erupted.

The first outcrops seen are of pink felsite,
representing a dome shaped intrusion which broke
the surface.

We next find a series of rhyolitic lavas. Nodular
structures are present, and flow foliation can be

found (fig.37). The rock structure in places is
contorted andbrecciated, suggesting that the very
viscous rhyolitic lava was solidifying rapidly as it
moved slowly away from the vent.

Approaching the point at Carreg y Defaid, we
reach outcrops of an orangeeathering rhyolitic
ash which shows evidence of weldinbhis
material was deposited from ash flows erupted
from a vent.

Figure 37: (above left) Felsite intrusion.

(aboveright) Rhyolitic lava showing flow
foliation and a nodular structure.

(right) Rhyolitic ash with welding.

Return along the beach to the car park.

223



Geology Field Studies frolbeyn to Plynlimon

Mynydd Penarfynydd

5 miles: approximately 2 hours

Nant Ffrancon mudstone
Trygarn sandstone
WigBach sandstone, mudstone

oo

Sarn Complex, igneous

In this excursion we will be examining rocks of the
Rhiw igneous complex, which includes both sills
and lavas. The volcanic rocks occur within a
sequence of middle Ordovician sediments. In
contrast to the igneous rocks of the Trefor and
Llanbedrog areas, the Rhiw igneous complex is
mafic in composition. We can conjecture that
basaltic magma was able to rise rapidly along a
northeastsouthwest orented deep crustal

fracture. The flow of magmamplaced sills at a
shallow depth beneath the sea floor, then erupted
submarine basalts.
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Figure 3B: Field excursion.

Start: From the crossroads in the middle of Rhiw
village, follow the village streetphill to the north.
Parking is possible on the road verge near the T
junction at the top of the village [SH226281].

1: Follow footpaths to the hill fort on the
northern slope of Mynydd y Graig.

The scarp face below the hill fort is formed by a
thick basaltic lava flow. This has a rough pillow
structure in its lower part, with columnar jointing
above.
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Figure 39: Outcrop of
basalt lava below
Mynydd y Graig hill fort.

2 Continue towards the summit of Mynydd y
Graig. Exposures @frdovician mudstones are
seen (fig.80). These rocks have experienced
metamorphism due to heat from the surrounding
igneous activity.

Figure 30: Ordovician mudstones exhibiting
thermal metamorphism.

The broad summit of Mynydd y Gragbroken by
ridges of hard igneous rock which run in a
northeastsouthwest strike direction. There has
been some controversy as to whether these sheets
are sills or thick lavas flows. It is probable that the
coarsest of these microgabbros have been
emplaced as sills.

3: Continue to the water treatment works, then
follow the footpath which descends alongside a
dry stone wall taPenarfynyddarm.

Figure 31: Microgabbro intrusion at Mynydd y Graig.

Figure 32 Detail of theMynydd y Graignicrogabbro
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