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OVERVIEW
Farewell to lapetus: The Cheviot Igneous Complex and Avalonia"

WGS Visit to North Northumberland to view aspects of the Cheviot
Igneous Complex, an example of post-Caledonian magmatism
close to the lapetus Suture

During the final stages of Caledonian orogenesis and closure of the
lapetus Ocean the micrcontinental sliver of Avalonia converged on the
amalgamated Laurentian terrane, subducting and underplating the
Laurentian margins in a soft-docking event. This finally sealed the fate of
the former lapetus Ocean suturing the two adjacent continental masses
during Ludlow/Pridoli times. Post--orogenic thermal relaxation and
initiation of transtensional tectonics resulted in the sourcing of
intermediate and felsic magmas from partial melting of overheated crust,
supplemented by mafic magmas resulting from mantle partial melting
which was facilitated by deep, mantle-penetrating shears in the
extension tectonic environment. On either side of the lapetus suture in
what is now northern England and the Scottish Borders post-orogenic
felsic (granitic) plutons were emplaced whose chemistry differs
significantly from the post-orogenic granites emplaced further to the
north, distant to the suture. Intermediate-composition lava fields of
comparable age to the granites are also distributed either side of the
suture. In what is now north Northumberland a complete igneous
complex is preserved centred around the Cheviot summits, comprising
the products of explosive volcanic activity along with effusive andesite
lavas, and which are intruded by granites and a suite of mafic to felsic
dykes.

This trip provides an opportunity to study stacked Ordovician/Silurian
age metamorphosed shelf sediments, which form part of the collisional
accretionary complex, in addition to an exploration of significant aspects
of the Cheviot Igneous Complex. The Post-Caledonian sedimentary
cover will also be examined studying examples of basal and Lower
Carboniferous deposits developed around the Cheviot Complex.



INTRODUCTION

The Cheviot Igneous Complex comprises a series of volcanic rocks of
both pyroclastic and lava-flow origin, a suite of minor intrusive dykes
comprising mafic and more felsic examples, and a plutonic intrusive
granitic body. There is also a suite of lamprophyre dykes associated with
the complex. The volcanic/plutonic complex is situated just to the north
of the lapetus Suture in northern Northumberland (FIGURE 1), and is
dated at around 395 Ma, Early Devonian. It is thus post Caledonian, and
is regarded as one of the post-Caledonian “Newer Granites”. The
complex has a lot in common with other nearby post Caledonian
intrusions in Galloway such as Criffel and the Cairnsmore of Fleet,
particularly the association of lamprophyric dykes, and many of the
geochemical parameters too. This distinctive group of felsic plutons and
associated dykes all lie close to the lapetus Suture, and are known as
the Trans-Suture Suite (FIGURE 2).

BACKGROUND

The first phase of the Caledonian Orogeny began around 490 to 480 Ma
in the Ordovician as the lapetus Ocean began closing. Subduction-
related arc-magmatism was initiated, and the first stages of collisional
orogenesis were witnessed around 470 Ma as the arc-volcanic ridge
collided with Laurentia in the Grampian event. At around 450 Ma in the
Caradoc Baltica collided with Laurentia initiating the Scandian orogenic
phase, producing structures such as the Great Glen Fault, the Moine
Thrust, and the Caradoc volcanics of the Lake District.

During the final stages of the closing of the lapetus Ocean northerly
directed subduction of oceanic lithosphere of the Avalonian
microcontinental sliver under the Laurentian margins took place in
Wenlock-Ludlow times around 430 Ma. This resulted in the generation of
an accretionary complex as ocean-floor sediment was scraped from the
downgoing plate and accreted onto the southerly margins of the
Laurentian continent. These sediments comprised supra-subduction
zone turbidites shed from the Laurentian continent out across the



FIGURE 1: Geology of the Scottish Borders and North-East England
(Stone et al 2012)
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FIGURE 2: The Trans-Suture Suite of Felsic Plutons and the Location of
the lapetus Suture.
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subduction trench and ocean floor. As sections of ocean floor sediment

approached the subduction zone they were scraped off and sequentially
stacked northwards on the Laurentian margins creating what is now the

Southern Uplands.

By latest Ludlow/Pridoli times, around 420 Ma, accretion had ceased,
and convergence had resulted in final consumption of the lapetus Ocean
and collision of Avalonia with Laurentia in a soft-docking event (Soper
and Woodcock 2003). This was a relatively mild continental collision



compared to earlier events that had produced the massive Caledonian
Mountains to the north, and resulted in Avalonian oceanic lithosphere
being underplated under the Laurentian Plate along the suture zone. At
the same time the accretionary complex was overriding the northerly
margins of Avalonia southwards as final underplating of both Avalonian
oceanic and continental lithosphere took place. This is depicted in the
accompanying diagram (FIGURE 3).
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FIGURE 3: Cartoon depicting the Early Devonian Tectonic Setting
across the lapetus Suture, and the Inferred Position of the Subducted
Slab

The Late Silurian/Early Devonian saw a change in kinematic vectors.
The thickened orogenic continental crust began to thermally relax in a
sinistral transtensional tectonic stress-field with the opening up of pull-
apart basins and deep lithosphere-penetrating shears. A suite of



primitive mafic magmas, and more evolved felsic magmas was
generated in this new tectonic regime, which are discussed in detail
below.

THE CHEVIOT IGNEOUS COMPLEX

The Cheviot Volcanic Formation is dated at around 395 Ma and is
contemporaneous with the associated plutonic granitoid intrusives which
are dated at around 396 Ma.(Stone et al., 2012). These ages are similar
to those found for the post-orogenic granitoid felsic bodies situated in the
English Lake District such as Shap and Skiddaw, and also similar in age
to the other felsic intrusives of the Trans-Suture Suite in Galloway.

The lamprophyres are dated at around 402 Ma, and thus slightly pre-
date the Trans-Suture Suite plutonic felsic intrusives, and are regarded
as the first stage in this phase of post-Caledonian magmatism.

The Cheviot volcanic succession overlies deep water tightly folded and
cleaved Wenlock greywackes of the Riccarton Group. The volcanic
succession begins with explosive agglomerate breccias which are
probably phreatomagmatic in origin, and which contain fragments of
volcanic rocks not now found in the area such as felsite. Rhyolite blocks
are also abundant in the agglomerates. Overlying the agglomerates are
a thin series of rhyolite lavas which suggest a phase of magma
fractionation early in the volcanic history. Succeeding the rhyolites are a
thick series of lavas which are volumetrically the most abundant volcanic
rocks in the Cheviot complex. They are represented by calc-alkaline
andesites, trachyandesites, trachytes, and biotite trachytes, all of which
contain pyroxene. Pitchstone andesites are also found in parts of the
succession in small volumes, along with numerous ash bands.

A series of minor intrusive dykes are intruded into the volcanic complex.
These range from a few basaltic composition examples through
trachyandesite to more felsic granitoid compositions, rich in quartz and
mica. They occur throughout the volcanic succession but are more
common to the south and east of the complex.

Intruded into the volcanic complex, and now forming the highest ground
of the area are a suite of coarse-grained plutonic granitoid rocks. Quartz
monzonite and granodiorite are the main broad groups of plutonic rocks,



with pyroxene diorite as a minor component. Granophyres are also
present. The concentric intrusion has an outer ring of quartz monzonite
to quartz monzodiorite followed by monzogranite, and an inner core of
granophyric granite. Interpenetrating veins and stringers are common at
the boundaries between the various granitic units.

Lamprophyre dykes are also found cutting the complex but are less
common that the previously mentioned mafic, andesitic and felsic
examples. The lamprophyres are mainly mica-lamprophyres, but some
hornblende lamprophyres also found, and they are broadly calc-alkaline
and K-enriched.

PETROGENESIS OF THE CHEVIOT SUITE

The lamprophyres are the result of deep mantle melting and small
degrees of crustal assimilation and mixing during ascent, with very low
levels of crystal fractionation, and are thus derived from primitive
magmas generated deep within the mantle (Vaughan, 1996). The K-
enrichment indicates a contribution from slab-fluidised mantle, and the
lamprophyres represent large-fraction melts of lapetus sub-oceanic and
Avalonian sub-continental lithospheric mantle previously metasomatised
by hydrous fluids from slab dehydration during earlier subduction in the
initial stages of Avalonian convergence. Decompression melting was
facilitated by the deep lithosphere-penetrating shears which resulted
from a switch to sinistral transtension after final lapetus closure in the
Early Devonian. The shears also acted as conduits to effect rapid ascent
of lamprophyric melts to the higher crustal levels and emplacement as a
liner swarm of dykes parallel both with the suture and with the regional
shear orientations.

The lavas of the Cheviot Volcanic Formation, along with the
neighbouring Eyemouth Volcanic Formation a little further to the north
are broadly calc-alkaline enriched in K and Th, but low in Ba and Sr;
LREE enriched, and with Shoshonitic affinities. This chemistry invokes
an arc-subduction setting but by the time these magmas were generated
subduction had already ceased in the Late Silurian. Again the
lamprophyric magmas hold the clues to the chemistry of the Cheviot
lavas. Post-subduction ponding of primitive lamprophyric melts at the
base of the Avalonian lithosphere provided heat to the base of the



lithosphere and ultimately contributed to partial melting of the base of the
Avalonian sub-continental lithosphere to generate magmas with a
contribution from K-enriched lamprophyric melts. These were erupted
as broadly andesitic composition lavas which were K-enriched and
containing a subduction signature inherited from the earlier pre-
Devonian subduction which involved Avalonian oceanic lithosphere.

PETROGENESIS OF THE GRANITES

The granites are also broadly calc-alkaline, K-enriched, with Th
enrichment but low Sr and Ba, and LREE enriched, again with
Shoshonitic affinities. As a continuation of the process that sourced the
andesitic magmas once sufficient heat was introduced to the base of the
overriding Avalonian lower crust from the ponded underplated
lamprophyric melts, coupled with post-collisional thermal relaxation in
the transtensional stress-field significant volumes of crustal melts were
incorporated in the mafic primary lamprophyric magma to generate
more felsic magmas which were intruded as the granitoid bodies. The
Sr, Pb and O isotope chemistry also suggests the incorporation of an
Ordovician crustal component into the final magma. For the granites
close to the suture zone, formed above Avalonian lithospheric mantle, a
K-enriched shoshonitic geochemical fingerprint was inherited, which was
lost further north where Laurentian crust was involved (Rock et al, 1986).
Although the calc-alkaline granitoid rocks are compositionally evolved
they show little evidence of an extended history of crystal fractionation.

The granites of the Trans-Suture Suite, dated at around 395 to 398 were
intruded during the Acadian Orogeny under transpressional tectonics in
the Late Early Devonian to Early Mid-Devonian, and whilst the magmas
would have been generated during transtension the granites are
regarded as Acadian in age. Very few compressional structures however
are found in any of the Trans Suture Suite granites, or indeed in those
south of the suture in Northern England.

OVERALL TECTONOMAGMATIC SETTING

The role of slab break-off has been implicated in the processes that
formed Caledonian granitic magmas across the lapetus suture zone (eg
Atherton and Ghani 2002; Brown et al 2008). Slab break-off under the
suture zone would have resulted in upwelling of hot asthenosphere,



raising the geothermal gradient, and generating hot spots in the
overlying Avalonian lithosphere promoting melting and magma
production. Recent research (Miles et al 2016), suggests that the
downgoing slab broke off underneath the suture following final lapetus
closure and peeled back some 100 km to the south, dramatically
increasing the volume of Avalonian lithosphere exposed to
asthenospheric heating and hence resulting in elevated volumes of
granitic magma production. Slab failure has also been implicated
(Lawrence et al., 2023) in the genesis of a suite of granitoid felsic
Caledonian intrusions much further north, whose chemistry is unlike
nearby “classic” Caledonian granites, again being K-enriched, and also
varying in other geochemical parameters too.
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THE LOCALITIES
DAY 1: Tuesday May 20"
THE COQUET VALLEY

Localities to be visited along the Coquet Valley are indicated in FIGURE
4) The Cheviots are not renowned for excellent rock exposures, and
river valleys are often the only places where rock outcrops can be
studied. Even here, drift mantling conceals much of the bedrock.
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FIGURE 4: Cheviot Igneous Complex Localities along the Coquet Valley
LOCALITY 1: North-East of Mackendon (around NT 805095)

The stream-bank at the bridge shows tightly folded and cleaved
mudstone/siltstone horizons along with coarser sandstone bands. These
are Wenlock-age greywackes of the Riccarton Group.

LOCALITY 2/LOCALITY3: Road towards Fulhope. (around NT 810098)

Descending from the road across bog and bracken down to the river
exposures of Riccarton Group Silurian greywackes are available for
study. At river level cliffs on the opposite (northern) bank show explosive
agglomerate breccias of the Cheviot Volcanic Formation.



LOCALITY 4: Fulhope (NT 816101)

In a rocky knoll above Fulhope brown-purple rhyolites outcrop. These
felsic lavas are easily identified by the conspicuous white spots of
altered feldspar. Small mica phenocrysts are also visible in hand
specimen. More rhyolite lavas also outcrop down the hill opposite
Fulhope in the river cliffs alongside the road.

LOCALITY 5: Buckhams Walls Burn (NT 824108)

Here at this locality purple-grey andesites were formerly quarried for
local use. The grey-purple andesites are typical of the Cheviot Volcanic
Formation and contain small pyroxene phenocrysts and phenocrysts of
altered plagioclase. The andesites here are well-jointed, and curved joint
planes related to the cooling properties of these lava flows are also
visible.

LOCALITY 6: Blindburn (NT 830109)

In the stream-bank traverse between the cottages at Blindburn and
Carlcroft the andesite lavas and ashes are exposed, and columnar-
jointed andesites crop out in the hillsides above the stream on the
opposite bank. Some of the ash horizons are coarse and agglomeratic,
and some of the lava and ash horizons contain agate. Dykes also cut
across the stream intruding the lavas but are not very easy to identify.
These dykes are somewhat more felsic than the surrounding andesite
lavas and contain mica, and some form small waterfalls in the stream
bed.

LOCALITY 7: Carlcroft (NT 838117)

Ash horizons are notable here within the lavas, and are coarse and
agglomeratic, representing more explosive activity from the Cheviot
volcanic vents.

LOCALITY 8: Carshope (NT 846114)

In the stream at Carshope a quartz-rich felsic dyke is exposed in the
banks, and can be traced up the adjoining hillside forming the feature
known as Raker Crag. Also in the stream bank is an exposure of the
Pitchstone Andesite, or Glassy Andesite. As its name implies it is an



aphyric pitchstone which is traversed by numerous mm-size veins of red
jasper.

LOCALITY 9: East of Linbriggs ( around NT 904065)

About 800 m east of Linbriggs the road rises to a high point with verge-
side parking. Walking south over the rough pasture for about 200 m to
the highest point overlooking Barrow Scar the River Coquet has cut a
deep gorge which is fault-controlled. The south bank of the gorge shows
a spectacular section through the lowest Carboniferous beds in the area.
These are the Cementstone Series, Dinantian in age, and are an
alternating succession of hard thin dolomitic carbonate beds and fine
laminated mudstones.

Return to cars and drive back to Wooler and the hotel.



DAY 2: Wednesday May 21°
THE BREAMISH VALLEY AND INGRAM

The River Breamish cuts a gorge through Cheviot andesites in the
vicinity of the hamlet of Ingram. Westwards Cheviot agglomerates are
exposed although the relationships with neighbouring andesites are not
clear as no contacts are exposed. Further west towards Linhope the
Cheviot granite is exposed as a series of tors in the hillsides. Andesite
lavas within a couple of kilometres of the granite outcrops are altered by
contact metamorphism and lie within the contact aureole.

LOCALITY 1) (NU 008165)

We will make a first stop in the parking area 800 m west of Ingram on
the meander plain of the River Breamish to view the general
characteristics of the Breamish Valley. Above the meanders scree-
covered crags are composed of grey andesite lava-flows, some with
platy habit along with more blocky autobrecciated horizons a few metres
thick. The general dip of the lavas appears to be predominately to the
south.

LOCALITY 2) (NT 995166)

Drive west along the road following the course of the River Breamish
until the valley opens up as the river turns southwards. Park in the large
flat area on the south side of the road by some trees. Southwest from
the road crags are composed of agglomerates. Walk south from the
parking area across generally boggy and tussocky vegetation and
access the slopes on the western side of the valley. Pink blocky
agglomerates are well exposed over the hillside and are accessible at
this time of year before the bracken has had time to grow and obscure
the outcrops. Angular blocks of rhyolite and felsite in the agglomerates
attest to the explosive origins of this unit.

Walking further south from the agglomerate outcrops, low river cliffs of
agglomerate on the banks of the Breamish are cut by a ~ 1m wide mafic-
intermediate dyke containing small phenocrysts of plagioclase and
pyroxene in a fine-grained grey matrix This dyke is one of the later minor
intrusions of the Cheviot complex and points to the availability of more



mafic melts available for intrusion. Access to the dyke will be dependent
on the state of the river.

LOCALITY 3) (NT993164)

Walk back to the parking area, and walk westwards along the road for
about 500 m to a NW bend in the road. Outcrops of pink “mica
porphyrite” can be found on the slopes on the inside of the bend. This
rock is generally fine-grained with a predominantly pink matrix containing
small , about 1mm phenocrysts of alkali feldspar, biotite and quartz This
rock may be part of the felsic mica porphyrite suite of Cheviot dykes, but
could also represent an intercalated lava flow. No contacts are visible at
this outcrop so the intrusive/extrusive nature is not possible to
determine.

LOCALITY 4) (NT 976162)

Return to the cars and drive west for about 1-2 km to the road-end at
Hartside, and park on the verge. The fells to the north of the road are the
flanks of Dunmoor Hill, composed of the Cheviot granite. Walk from the
vehicles along the road to a convenient access point and ascend the
lower slopes to some prominent outcrops. These tors are composed of
Cheviot Granite, here strictly a granodiorite as it is more plagioclase-
bearing than a “true” granite. The granite is well-jointed, and massive,
weathering in classic rounded granite fashion to produce these
upstanding tors across the hillside.

The predominant rock type is a grey coarse-grained granodiorite, but
contacts can be found against more pink alkali-feldspar bearing varieties
with a granophyric texture. Finer-grained grey varieties can also be
found. The contacts are sharp, but in places the pink variety is seen
invading the grey variety as fine veinlets and stringers. The presence of
more than one composition of granite points to successive injections of
separate pulses of magma with slightly varying compositions , with
intrusive relationships.



LOCALITY 5) (NT 999168)

Return to the vehicles and drive back eastwards passing the parking
area for locality 2 for another 800 m to a convenient parking area on the
right (south) side of the road after crossing the bridge over the Breamish.
A small track allows access to the lower slopes of the hillside where
outcrops and littered scree are composed of a very black-coloured fine-
grained rock with pale green, yellow, and pink spots. This is a
hornfelsed, contact metamorphosed andesite within the granite
metamorphic aureole. Chlorite, epidote and sericite plus thermally
altered feldspar are the notable constituents of these metamorphosed
lavas, set in a fine matrix.

Return to the vehicles, drive east to the main road, and return to Wooler
and the hotel.



DAY 3: Thursday May 22" Half Day

POST-DEVONIAN SEDIMENTATION IN THE NORTHUMBERLAND
BASIN

The transtensional tectonic regime that developed in the Devonian
continued into the Carboniferous with the development of a number of
strike-slip pull-apart basins. These were responsible for sourcing the
later Devonian volcanics found around the Cheviot Complex in the
Scottish Borders and north Northumberland. Continued extension led to
the reactivation of earlier northerly dipping Caledonide shears at the
start of the Carboniferous, and the initiation of the faulted half-graben of
the Northumberland Trough, which acted as a site of deposition and
subsidence during the early Carboniferous. The dramatic facies change
very noticeable at the start of the Carboniferous across much of the
British Isles is not recognised here, and the Late Devonian
continental/lagoonal/shallow water facies continues up into the
Carboniferous without a break. Consequently it is very difficult to
accurately pinpoint the Devonian-Carboniferous boundary.

Fluvial sedimentation across the flanks of the Cheviot Volcanic
succession resulted in red sandstones and conglomerates being
deposited in pockets on the eroded volcanic units, which in some places
show fluvial cross-stratified and alluvial fan units. The conglomeratic
horizons contain clasts of Cheviot volcanic origin. These red
sandstones, as developed around Roddam Dene south-west of Wooler
are recognised as lowest Carboniferous although there is no fossil
evidence for this. More extensive, identifiable Carboniferous
sedimentation begins with Dinantian Cementstone Series, as seen at
the Coquet Gorge above Alwinton.

Above the Cementstone Series are fluvial massive sand units of the Fell
Sandstone, which forms a prominent feature across Northumberland.
We will study this unit at Bowden Doors, on Day 3 of the trip.

BOWDEN DOORS

Drive west from Wooler on the B 6348/B 6349 towards Belford, up the
scarp slope at Old Lyham onto Lyham Hill and turn left onto the
Hazelrigg road and park on the verge near NU 071329. Walk across



open moorland to spectacular 8 m high crags of Fell Sandstone which
form a west-facing scarp feature. These are massive fluvial sandstones
formed as mass-flow deposits showing spectacular overturn features.
Lower units are medium-grained sandstones showing diffuse cross-
stratification, and abundant dewatering structures. Higher units have a
sharp basal contact and show planar and trough cross-stratification, with
some units spectacularly overturned and convoluted, the result of
sediment laden mass flow. Numerous channels are also developed in
this predominantly channel-bar and bank-collapse facies.

The scarp and dipslope feature itself is the surface expression of the
Holburn Anticline, formed as a Variscan structure by westerly directed
compression of the Carboniferous strata up against the resistant Cheviot
Block. Many other similar features occur in this part of north
Northumberland, most notable of which is the Berwick Monocline, a few
tens of km to the north (see figure below).

Walk back to the vehicles and depatrt.
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