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Figure 85; Field excursions
In this chapter we focus on the Mawddach Group The outcrops lie on the eastern edge of the
of sedimentary rocks. These occur towards the Harlech Dome, along the nor$puth Rhobell
top of the Cambrian succession, and are composed  fracture zone. As a consequence, the outcrops are
mainly of mudstones and thinly bedded siltstones cut by a series of major nortbouth faults. The
and sandstones. Thecks represent a mixturef faults have often been eroded into deep, gorge
shallow watershelf sediments and deeper water like river valleysn the Coed y Brenin area, as in
turbidites. the case of the Afon Wen between Glasdir and
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Hermon. The excursions taken together cover the
sequence from the BarmoutBrit Formation to
the Dolgellau Formation (fig38).

TheMawddach Groupf sediments were followed

by the Rhobell volcanic episodehich marked the
start ofa long sequence of eruptions at other
volcanic centresround the Harlech Dome, and in
central Snowdonia and the Lleyn peninsula. By late
Ordovician times, volcanic activity ceased. Mud
and sands continued to be deposited in the Welsh
Basin throughout the Silurian period during final
convergence of the Avaldéen microcontinent with
Laurentia. We will examine this huge succession
of volcanic and sedimentary deposits in later
chapters.

conglomerate

By Devonian times, closure of the Rheic ucean
began to the south of Britain. Subduction of
oceanic crust beneath the Welsh Basin caused the
Acadian orogeny in which the basin sediments
underwent additional folding and faulting. Low
grade regional metamotism produced slaty
cleavage in mudstones, and hydrothermal fluids
released during metamorphic reactions released
heavy metals which were carried to higher levels in
the crust and deposited as quartz sulphide vein
deposits. Sites of gold mining on seveméheral
lodes of Acadian age are visited during the
excursions in this chapter. We will return to
examine the Dolgellau gold belt in greater detail
later in the book.
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Precipice Walk 3 miles: approximatelyl¥2hours

We begin in the south of the Coed y Brenin area
with an excursion to examine Ffestiniog
sediments, igneoumtrusions of the Rhobell
fracture zone, and a large breccia pipe associated
with the Rhobell volcanic episode.

Start: Take the minor road from Dolgellau to the

car park at the start of the Precipice Walk near
Llanfachreth villaggSH74621P

1: Follow thefootpath towards Llyn Cynwch

2: As Llyn Cynwch comes into view, take the
footpath which branches to the right and rises up
the hillslope to follow a dry stone wall.

3 Continue around the end of Foel Cynwch and
follow the hillside path high above the Mawddach
valley. By the side of the path, outcrops of
Ffestiniog sandstones and microdiorite intrusions
are visible.
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Figure 38:
Field excursion

A \ [] Rhobell basalt

Rhobell volcaniclastioreccia

Diorite and gabbro

Quartzmicrodiorite

The Ffestiniog Formation consists of hard, light
grey, fine sandstones and siltstones which are
interbedded with darker massive mudstones
without visiblebedding. The nature of the
sediment and the depositional structures suggest
that the Ffestiniog beds were deposited in a
relatively shallow coast or estuary environment,
either intertidal or within storm wave depth.

The relative proportions of sandstorad
mudstone vary between different stratigraphic
levels in the succession, representing changes over
time in the nature of the sediment supply, the
transport direction of bottom currents, and the
location of sediment deposition relative to the
shore line.

The sediments are cut by a number of sheet
intrusions, generally of fine grained microtonalite
which weathers to a light grey colour due to a high
silica content.

Ffestiniog mudstone, siltstone, sandston
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Figure 39: Sedimentary structures in the Ffestiniog beds. (left) ripplaght) flaser bedding.

4 Continue along the path, observing outcrops of bedding planes and within thicker beds. A
Ffestiniog laminated mudstones and siltstones. particular feature of the rocks ftaser bedding
Isolated sand ripples are found, separated
horizontally by mud. This structure is
characteristic of some tidal environments where
sand ripples form during periadof fast high
energy water flow, and are then infilled by mud
during quieter low energy flow.

The siltstones vary between thin lenses and thick
beds of up to quarter of a metre. They are
interbedded with mudstones which have a
cleavage at a steeper angle. Ripples, often
symmetric in cross section, are developed on

Figure 24: Breccia pipe ave Precipice
Walk

(above right) pinnacle produced by the
breccia outcrop.

(below left) tight vertical folds in the
sediments alongside the breccia pipe.
(below right) breccia within the pipe.
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5: pass through two gates to reactpaint where

a large rock pinnacle can be seen on the hillside
above the path(fig.240). This is a volcanic bréac
pipe.lt is possible to climb up the heather hillside
to inspect the outcrop. As the breccia pipe is
approached, outcrops of Ffestiniog siltstones show
tight vertical folds, suggesting that the sediments
were forced outwards by the expanding breccia
intrusion.

The breccia within the pipe is a mixture of
Ffestiniog siltstone fragments in a matrix of mud
and ash with flow foliation. Veins of calcite and
sericite are present, cementing some of the
fragments. There is no evidence of heavy metal
mineralisdion of the kind seen at Glasdir, so the
pipe may simply have formed an escape route for
high pressure steam generated at the margins of
the subvolcanic magma chamber in the later
cooling phase of the Rhobell volcanic episode.

6: Return to the Precipice Walk footpath and
continue around the hillside. Examine outcrops of

Figure 24.
Orientations of
sheet intrusions in
relation to bedding.
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Magma will move preferentially along softer
mudstone horizons rather than through harder,
more consolidated siltstones and sandstones.
Where bedding is at a steep angle, multiple dyke
intrusions are common, as in the intrusion
complexes below the Rhobetblcano. However,

in an area such as Precipice Walk where beds lie at

a gentler angle, magma can flanore easily
outwards to produce sill sheets.

/. Continue alondhe path beside the lake to
return to the car park
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grey microtonalite in the cuttingalongside the
path, and view the exposures on the cliff faces
above the path.

Flow foliation is present in the rock, indicating the
directions in which the viscous magma was
intruded. A point can be found where an upwards
transition occurs between vertical and horizontal
flow.

At a number of localities around the Harlech
Dome, wefind that the orientation of sheet
intrusions is strongly controlled by sedimentary
strata. Hot magma moves upwards due to its low
density compared to the cold rocks surrounding it
at depth. Flow often takes place along deep crustal
fractures. As the maganrises, it passes through
sediments which have been less compressed and
are less dense. A point lithostatic equilibriumis
reached, where the densities of the magma and
surrounding crustal rocks are equal, and further
uprise of the melt is inhibited.

mudstone

siltstone, sandstone

microtonalite

it 24PN,

Figure 2£2: Orientation ofanintrusion in relation to
beddingof the country rock, at the point where a vertica
dyke spreads laterally to form a sill.
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Clogau mudstone

Gamlan mudstone, siltstone

Hafotty mudstone

Hafotty sandstone

aoooooao

Rhinog sandstone, mudstone

In this excursion, we examine sediments of the
Gamlan formation around their type locality of the
Afon Gamlan. We again see sheet intrusions
associated with the Ribell volcanic centre, which
at this point form the picturesque waterfalls of
Rhaeadr Ddu. We complete the excursion by
walking up the mountain to the site of the Cefn
Coch gold mine.

Start: Acar park is available in Ganllwyd village
[SH72724p

1: Take the road uphill next to the village hall.

Maentwrog mudstone, siltstone

Barmouthsandstone, mudstone

- Quartzmicrodiorite
|:| Diorite and gabbro

Figure 28: Field excursian

Beds of the Gamlan and Barmouth Formations are
exposed in the river bed’he Gamlan Formation
consists ofjreysilty mudstona, which may

contain small particles of iron pyritand thin beds
of coarsegrained sandstone Similar sandstones
occur at intervals throughout th&amlan

formation inCoed y Brenin

Within the predominantly silty mudstone
successiomre four major sandstone members,
including the Cefn Coch Grit. The beds are
turbidite sandstone, greywacke to quartz wacke in
composition, up to 2 m thick, in places with pebbly
bases; they resemble the sandstones in the lower
formations.

149



Geology Field Studies from Lleyn to Plynlim
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Figure 24: Outcrops along thAfon Gamlan, Ganllwyd.

Coarsegrained turbidite sandstones persist to the which characterise the Mawddach Group. They are
top of the formation, but interbedded with them rare except in the top 20 where, in some areas,
in the upper half are laminae and thin beds of the they exceed coarse sandstone in proportion.

coarse quartzose siltstone and fine sandstone

Figure 25: Gamlan quartz gnule conglomerate and grit, Afon Gamlan.
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2 Turn into the woods at the sharp bend in the microgabbro. The lower fall is at the faulted

road, taking the footpath to Rhaeadr Ddu contact with the Barmouth Grit. The upper fall is

waterfalls. the uppersurface of a sill intruded into hornfelsed
sediment of the Hafotty Manganese Formation.

The lower and upper falls occur over sills of

N T S R T P

sill intrusion 4 hornfels

Figure 26:. (above) Waterfalls over microgabbro sill intrusions at Rhaeadr Ddu. (below) Hornfelsed sediments abc
microgabbro sill at the upper waterfall.

3. Qoss thebridge over the river and continue the west are composed of proximal turbidite grits

up through the woods to Berth Lwydbserving of the Barmouth Formation. The Barmouth grit
the remains of the gold mine site. outcrop swings around in the nose of an anticlinal

fold at this point and returns down to the
4 Continue upwards through the wood and turn waterfalls, with the Hafotty Manganese group
onto the mine track. The cliffs of CrajigCae to underlying the grits.

BARMOUTH GRIT
dipping away on the westerr

GAMLAN BEDS fold limb
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Figure 27: View looking west from Cefn Coch mill.
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The anticline at Craig-cae is one of a series of
parallel northsouth oriented folds incorporated in
the larger Dolwen Pericline structuat the centre
of the Harlech Dome.

5: Observe the ruins of the Cefn Coch mill.

6: Examine the series of adit tunnels on the
hillside.

Cefn Coch, and the adjacent Berth Lwyd mine
lower on the hillside, worked several branching
mineral lodes orienteépproximately northeast

to south-west which can be traced for about 2
kilometres. The mines were active from the
1860's. The heavy metal content declines with
depth in the Gamlan formation, so the workings
are close to the surface. Open trench workings
and a series of adit tunnels have been excavated.
When adits reached the mineral lode, the ore was
extracted in stope workings which eft extended
up to the surfaceGold and other heavy metals
were found in the quartz lodes, in addition to the
lead oregalena, the copper mineral chalcopyrite,
and the zinc mineral sphalerite.

Return to Ganllwyd by retracing your routewn
through the forest.
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The mineral lode often has the form of multiple
parallel branching sheets of quartz emplaced along
the cleavage planes of the enclosing shales.

The gold and other heavy metals were found in the
guartz lodes close to the junction between the
Gamlan shales and the overlying Clogau
mudstones. The junction between the Gamlan

and Clogau formations is transitional, with a
gradual decline in turbiditergs and siltstones and
an increase in the proportion of dark mudstones
containing carbonaceous material and pyrite. The
Clogau Formation represents a change in basin
conditions, with turbidite events dying out and
quiet deposition of muds becoming dominta

Deep water anoxic conditions preserved carbon
and iron sulphide in the muds, derived from the
decomposition of marine organisms. It is the
presence of carbon and pyrite in the mudstones
which is likely to have precipitated heavy metals at
this point,as we will discuss in a later chapter
about the Dolgellau Gold Belt.

Figure 28: Cefn Coch mine
(left) Adit tunnel at Cefn Coch mine
(above)Multiple quartz lenses in the vein
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Afon Mawddach in Coed y Brenin 4 miles: approximately 2 hours
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In this excursion we move downwards in the
Mawddach Group succession, examining outcrops
of the Maentwrog, Clogau and Gamlan formations,
along with intrusions related to the Rhobell
volcanic episode and later Ordovician volcanicity.

Start: Leave the main road at the north end of
Ganllwyd village. Continue along the minor road

Diorite and gabbro

Microgabbro

Microtonalite

Ffestiniog mudstone, siltstone,
sandstone

Maentwrog mudstone, siltstone,
sandstone

Clogau mudstone

Gamlan mudstone,
siltstone

Barmouth sandstone, mudstone

Hafotty sandstone
Hafotty mudstone

5 Y By

Rhinog sandstone, mudstone

to the Forestry Commission car park in the
Mawddach valley below Cefn Deuddwr
[SH733251L

1: Cross the footbridge and follow the east bank
of the river.Exanmine outcrops of the Maenwtwrog
formation. These rocks represent a sudden return
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to turbidite deposition following the quiet low
energy conditions under which the muds of the
Clogau Formation were laid down.

Figure 2B: Afon Mawddach Ganllwyd.

At this point, the Maentwrog Formation consists
mainly of wellbedded coarse turbidite siltstones
and fine sandstones, composed of quartz grains
and some very smdithic fragments produced by
weathering of earlier igneous rocks. The rocks are
similar to the distal turbidite succession seen at
Panorama Walk, Barmouth.

B

mudstones
andsiltstones
Figure 24: A
Microtonalite dyke
cutting Maentwrog
strata in the Afon
Mawddach
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2 Severalntrusions of microgabbro and
microtonalite are exposed in cuttings along this
section of the forestry track, and can be seen in
the river bed and banks below.

Continuing along the forestry road, we see
outcrops of Clogau mudstone and then Gamlan
siltstone and sandstones.

The Gamlan Formation is of interest because of its
variation across the area. Around the Mawddach
estuary between Bontddu and Barmouth, anda

at St Tudwal's peninsula in Lleyn, the formation
consists mainly of thinly bedded siltstones and
mudstones characteristic of distal turbidites, with
ripples and crosbedding indicating redistribution
by bottom currents in the basin between turbidite
events. By contrast, the Gamlan beds outcropping
in Coed y Brenin in the east of the Harlech Dome
contain a greater proportion of sandstone and
coarse siltstone, and individual beds are much
thicker. These rocks are more characteristic of
proximal turbidte deposition, with minor

guantities of mud accumulating between turbidite
events.

During Gamlan times it is likely that turbidity
currents discharged down submarine slopes in the
area of Coed y Brenin, with sediment flowing into
deeper waters to the wdgowards Barmouth and
northwards towards Lleyn. The location of the
submarine slope seems to be related to the nerth
south Rhobell fracture zone. Subsidence of the
central Harlech Dome crustal block along this
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fracture zone during Gamlaimes may have
produced deeper waters into which turbidity
currents could discharge from the shallower shelf
sea to the east.

3. Leave the forestry road and cross the Afon
Mawddach by a stone bridge. Turn to the left and
descend along the forestry tradér a short

distance to the site of the former processing mill
for Gwynfynydd gold mine. From this point,
Rhaeadr Mawddach can be seen.

Figure 22: Rhaeadr Mawddach, formed by a microtonalite
intrusion within siltstones of the Gamlan Formation

Rhaeadr Mawddach waterfall has been produced
by a resistant microtonalite sill associated with the
Rhobell volcanic centre which crosses the valley at
this point.

Continue a shortlistance down the valley to the
confluence with the Afon Gain. The similar but
larger waterfall of Pistyll Cain is also produced
where a thick microtonalite sill within the Gamlan
Formation crosses the valley.

4. Returnup the forestry road to the stone bridge
over the Afon Mawddach. The road continues to
the Gwynfynydd mine site, which we will visit in a
later chapter.

R Y - :
Figure B3: Pistyll Cain, cut in Gamlan turbidite grit.

Take the footpath whicllimbs steeply up the
valley side above Pistyll Cain waterfall, then
continues along the valley to reach Pont

Gwynfynydd.

Descend along the valley side on the east bank of
the Afon Gain. Waterfalls are cut in massive
sandstones of the Gamlan Formation. A
horizontally bedded sequence of fine turbidite
sandstones and siltstones is well exposed in the
gorge between Pont Gwynfynydd and the head of
the Pistyll Cain waterfall (figh3).

Figure 54:
Afon Gain,
cut in Gamlan
turbidite grit.

Return by retracing your route down the valley.
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Hermon 3 miles: approximatelyl¥2hours

|:| Ffestiniog mudstone, siltstone, sandstone
|:| Maentwrog mudstone, siltstone, sandstone

- Clogau mudstone

Alteration zones of the Coed y Brenin porphyry copper depo

- argillic

- propylitic

sericitic

The objective of this excursion is to examine
intrusions in the Rhobell fault zone around the
village of Hermon. Intense hydrothermal
alteration has occurred in both the igneous rocks
and Cambrian sediments in this areadehas been
accompanied by the deposition of large quantities
of copper and iron minerals. Both the
hydrothermal alteration and heavy metal
mineralisation are associated with the Rhobell
volcanic centre to the east.

Three different types of hydrothermagactions
have been identified in the rocks Btermon, based
on the secondary minerals formed:
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- Diorite and gabbro
- Microgabbro

’:l Microtonalite

Figure 55:
Field excursion

Propylitic alteration, where biotite and plagioclase
feldspar are brokenalvn to chlorite and epidote:

biotite + H = chlorite + quartz + *K
supplied removed
in the fluid in the fluid

plagioclase feldspar + quartz +OH+ N&

supplied
by the fluid
= epidote + albite + H
removed
in the fluid
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Sericitic alteration,where orthoclase feldspar is
converted to sericite:

orthoclase fledspar + 'H = sericite + quartz + *K
supplied remo
in the fluid in the fl

Argillic alteration, where sericite has been further
converted to clay minerals:

sericite + D + H = kaolinite + K
supplied removed
by the fluid in the fluid

Hydrothermal alteration takes place beneath the
volcano during the late stages of cooling of the
magma chamber when superheated steam is
released, carrying heavy metals and other minerals

The majority of alteratiorwithin the igneous
intrusions of the Hermon area was produced by
hydrothermal fluids released from the solidifying
magma chamber of the Rhobell volcano.
However, alteration in the surrounding
sedimentary rocks was largely the result of
circulating groundwter heated by the underlying
magma chamber. Convection cells were active for
a long period after the volcanic centre became
extinct. Mineralising fluids moved through
fractures inthe rock, breaking down feldspars
and depositing quartz and metal sulpbil

in solution. In a simple volcano, the zones of
alteration form concentric rings extending
outwards from the magma chamber core. The
argillic zone represents the most intense alteration
of the original igneous rocks, whilst the sericitic
and propylitc zones represent decreasing degrees
of alteration.

The simple model of concentric alteration zones
has been modified to some extent at Hermon, due
to vertical movements of slices of crustal rock
within the Rhobell fracture zone. The intensity of
hydrathermal alteration increases from west to
east across the fracture zone (fi§3), suggesting
that the most altered rocks in the argillic zone in
the east have been carried upwards from the
greatest depth, whilst alteration in the propylitic
zone to the wet took place closer to the surface.

Figure 56:
Mineralisation
around Hermon.
Locations on the
field excursion
are numbered.

copper
mineralisation

pyrite
mineralisation

Start: Aparking area is available at the forestry
roadjunction above HermofSH74825p

1: Return along the road to the river bridge at
Hermon. Follow the road southwards along the
Afon Wen valley. After about 500 metres, leave
the road and descend along a footpath to the
waterfall pool and footbridge ovehe Afon Wen.

Siltstones andmudstones of the Ffestiniog
Formation outcrop to the west of the river, with an
intrusion of microtonalite on the east of the pool.
The Afonwen fault passes through the pool. This

157



Geology Field Studies from Lleyn to Plynlim

5
—

crystals are still visible. Copper was probably
deposited along the many fractures as the

Figure &7:. (above ) The Afon Wen faig exposed in the outcrop to the right of the waterfall.

(below) Cemented fault breccia.

is one of aseries of northsouth faults making up

the Rhobell fracture zone. The fault is infilled by a
cemented breccia containing large angubémcks

of the adjacent igneous and sedimentary rock

types.

2: Cross the footbridge and follow the path to
reach a forestry road. Continue back along the
road towards Hermon. After a short distance, a
road cutting exposes a heavily altered diorite
intrusion with prominent green colouration due to
copper mineralisation. This is an outcrop of the
Coed y Brenin porphyry copper deposit.

Figure B8 Sericitic alteration of diorite with
copper mineralisation.

The original igneous rock has been heavily
decomposed to sericite, although larger feldspar
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sulphidechalcopyrite but this has been broken
down by circulating groundwaters to produce the
copper carbonate minerahalachite.

It is clear from examining the outcrop that the
grade of the copper ore is very low, around 0.3%
copper metal, but the deposit extends over an
area of more than a square kilometre. If extracted
and processed, it has been estimated that the
Coed y Brenin deposit would provide around
600,000 tonnes of copper metal.

3! Return to the parking area and continue up the
surfaced road. Take the rightdnch to Buarthre.

4 Continue up the forestry road and park at the
T-junction at the top of the hill. Walk along the
road to the left, where large road cuttings expose
rocks within the alteration zone of the Coed y
Brenin porphyry copper deposit.

Beddng is visible in siltstones and mudstones of
the Ffestiniog Formation. The road cuttings lie in
the sericitic zone, in an area of disseminated iron
pyrite deposition. Alteration products are visible
as orange colouration and development of soft
micatype minerals.

At this point there is evidence of the epithermal
mineralisation processes which occurred in the
late stages of the volcanic episode. Deep
circulating groundwater at relatively low
temperatures of 20B0OXPC and pressures of a few
hundred barsvas able to dissolve silica and
metals, then flowed upwards through fractures
where deposition of quartz veins occurred. We
see that rocks within a fault zone have been
heavily decomposed, and pods of pyrite and quartz
occur nearby. Brecciation has affedtthe



