
Ordavieian volcanicity 

By CHRI STOPHER J .  STILLMAN 

Introduction 

Reconstructions of World palaeogeography through the Lower Palaeozoic period 
suggest extensive movement of lang-lived continental or micro-continental mas­
ses which produced relatively shortlived o cean basins. These basins opened by 
rifting, spread with the formation of new ocean crust and then closed by sub­
ductian of that crust with the attendant development of island arcs, marginal b a­
sins and active continental margins. It was in these situations that the great majo­
rity of Ordavieian volcanic rocks were erupted. Volcanics are found sporadically 
throughout Lower Palaeozoic strata and evidence of world-wide sustained cli­
maxes of volcanic activity are preserved commonly in late Cambrian to early 
Ordavieian and in middle to late Ordavieian sequences. 

There is undoubtedly a connection between geotectonic situation and the 
type and intensity of volcanism. Pro ducts of initial crustal rlfting are widely seen 
in the Cambrian and post-orogenie continental volcanism was common in the 
Devonian , but Ordavieian activity was dominantly subduction-related ,  pre- or 
syn-orogenic, occurring in submarine ,  island,  coastal or eardilleran environ­
ments, often situated on crust whose instability was responsible for an abundan­
ce of distinctive features in the volcano-sedimentary record. The characteristics 
of this volcanism and the nature of its products is described, with reference to 
present day analogues . 

The chemistry of volcanic rocks is largely controlied by their teetona-magma­
tic environment and geochemical descriminant analysis has been widely used as 
a means of distinguishing between the environments. By such means Ordavieian 
volcanic ro cks within, for instance , the Caledonide orogen have been recognised 
as the pro ducts of eruption above subductian zones bordering Iapetus; on contin­
ental plate margins that came tagether in collisions that largely destroyed the 
oceanic lithosphere , preserving i t only in small remnants in obducte d slices. The 
substantial replacement of volcanism by plutanie activity in late Silurian to De­
vonian times is believed to be due to the suturing of the plates which common­
ly terminated subduction . 

Whilst adverting to the world-wide distribution of Ordavieian volcanism, 
emphasis in this paper is placed on the lapetus region . In particular the volca­
nie rocks of the British and Irish CaJedanides are described in some detail as an 
illustration of features which might be expected anywhere in similar teetona­
magmatic situations. 

C. J. Stillman, Department of Geology, Trinity College, Dublin,  !re land. 

Many of the problems which face those who 
see k to reconstruct the palaeogeography of the 
World in Ordavieian times derive from the diffi­
culty of positioning accurately the remarkably 
mobile continental masses of that time . Palaeo­
magnetics and terrain analysis suggest the rnave­
ment of relatively Jong-lived continental or 
microcontinental masses producing relatively 
short-Iived ocean basins which opened and 

closed with extensive subductian and attendant 
development of island arcs and marginal basins .  
The "docking" of continental masses with a 
variety of relative motions ultimately created 
compressive or transpressive orogenie events, 
deforrning and dislocating the sequences of 
rocks which were formed in the Lower Palae ­
ozoic at the margins of these continents ; 
rocks which include the great majority of Ordo­
vtctan volcanics .  There is undoubtedly a 
connection between the geotectonic activity 
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and the intensity, extent and type of volcan­
icity ; volcanic rocks are found sporadically 
throughout the Lower Palaeozoic, but wide­
spread and sustained periods of volcanic activi­
ty are common only in late Cambrian to early 
Ordavieian times and again in the middle to up­
per Ordovician, in both of which periods world­
wide climaxes of activity have been recorded. 

Almost everywhere these volcanics erupted 
in island arcs, marginal basins or volcanically 
active continental margins. Their magmas be­
longed to either or both of two magma "se­
ries" ;  l) the "Orogenic Magma Series", a basalt­
andesite-dacite association with chemistry 
ranging from sub-alkaline island-are tholeiite 
through calc-alkaline suites to patash-rich sho­
shonites ;  or : 2) a characteristically bimodal as­
sociation of tholeiitic basalt  and calc-alkaline to 
alkaline rhyolite, often with a "within plate " 
chemistry. By analogy with modern examples, 
these Ordavieian volcanoes are believed to have 
erupted above subductian zones, and the dra­
matic reduction of volcanicity and its replace­
ment by essentially plutanie activity in late Si­
lurian to Devonian times is believed to be due 
to suturing resulting from continental plate coll­
isions which, in most cases, terminated the 
active subductian and initiated the variety of 
eratonising events which make up the end-Cale­
donian orogen y .  

Characteristics of  subduction-related 
volcanism 

Present-day analogues indicate two principal 
environments ; firstly the volcanic island arcs, 
often separated from the continental land mas­
ses by marginal back-are basins, such as are seen 
in the western Pacific and South East Asia, and 
secondly the active continental margins such as 
the American Northwest, or the Andean region . 
In the first of these, the volcanism is of two dis­
tinct types : that of central volcanoes which 
build up arcs of oceanic islands, and that of sea­
floar rifts within extensional basins . The pro­
ducts of this latter type of activity closely re ­
semble the new ocean floar produced by roid­
ocean rifting except that, in many cases, the 
crust is sialic and the rifting is not complete . 
Thus the result is a suite of tholeiitic basalt dy­
kes intruding a thinned continental basement, 
on the surface of which submarine basaltic lava 
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flows and hyaloclastites are deposited tagether 
with pelagic and hemipelagic sediment . The is­
land-are volcanoes, on the other hand, are gene­
rated by calc-alkaline magma which is largely 
intermediate in composition, containing higher 
concentrations of volatiles and producing pre­
dominantly explosive eruptions which generate 
pyraclastic ejecta. This, in a marine environmen t 
devoid of terrigenous detritus, provides the vol ­
canie sediment which is the principal infill to 
the adjacent .  back-are basins. An example is 
the Granada Basin west of the Lesser Antilies 
are of the Carribean, where volcanic sediment 
input has added 7 km of sediment in the 47Ma 
since the inception of volcanism (Siggurdson 
et al. 1 980) .  The bed-forms, nature of grading 
and sarting depend both on the character of the 
source and the transport mechanism . Three of 
the major forms of transport described by Fish­
er ( 1 97 1), are all important in volcanic sedi­
ments ; these are slides, sediment gravity flows 
and suspension fall-out . Individual volcanoes 
provide point sources which may build up un­
stable piles of volcaniclastic material . These 
may shed sediment gravity flows which initiate 
as debris or grain flows and extend down-slope 
and across the basin floar as turbidites .  The 
latter may demonstrate diagnostic features such 
as the doubly graded sequence recognised by 
Fiske & Matsuda ( 1 964) in the submarine ash 
flows of the Tokiwa Formation in Japan . In 
some cases major deposits can be correlated di­
rectly with individual ignimbrite eruptions 
which commonly provide the largest volume of 
sediment ; a fine example is the Minoan erup­
tion of Thera, in the Aegean Sea (Bond & 
Sparks 1 976) .  lgnimbrites with their zones of 
welding and reworked mudflows were former­
ly regarded as diagnostic of subaerial eruption 
but subaqueous exaroples have now been re­
cognised.  It is believed that these flows rnaved 
within a carapace of steam which insulated 
them and permitted a more complete and uni­
form welding throughout the full thickness of 
the sheet (H oweils et al. 1 979;  Francis & 
Howelis 1 973) . Accretionary lapilli remain one 
of the few unique indicators of subaerial erup­
tion, but even these can commonly be re­
worked in aquagene deposits . 

As the volcanoes build up from the sea bed, 
contemporaneous intrusion into the wet sedi­
ment is not unusual ; magma bodies reach a 
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Fig. l .  Schematic cross seetian of is/and volcanoes, to portray the distribution ofvolcanic sediments. A represents 
an istand are volcano, based on the diagramrnatic mode/ given by Siggurdson et al. ( 1980) .  The cross seetian 
a/so illustrates the asymmetry produced by the great er oversteepening of the slopes de scending in to the back 
are basin . B represents an oceanic is/and volcano, based on a diagramrnatic mode/ given by Stillman et al. 
( 1 982) . The cross seetian illustrates the effect of the rise at the ocean floar which is particular/y rapid imme­
diately adjacent to the p/u tonic care of the volcano. 

hydrastatic compensation leve! within the pile 
and spread laterally into the incoherent sedi­
ment producing a range of effects both in the 
igneous material which pillows or disintegrates ,  
and on  the sediment which becomes fluidised 
thus destroying the normal bed forms (Koke­
laar 1 9 82) . At the foot of the volcanic slopes 
the build up of small fans is achieved ,  often 
with contributions from more than one vol ­
cano , and a multi-stage evolution of the sedi­
mentary pile is common . Further from the 
vents ,  on the floor of the basin , the products 

of several volcanoes may intedinger and the 
volcaniclastic flows become intercalated with 
hemipelagic sediment fed from essentially air­
fall volcanic dust , which provides the main 
source of sediment at distances beyond the dis­
tal limits of the turbidites .  Even more com­
plex interrelationships of volcanic and non-vol ­
canie sediment have been recorded in the 
western Pacific back-are basins. Klein ( 1 982) 
reports the recognition of nine depositional sys­
tems in the cores recovered by the Deep Sea 
Drilling Project , of w hi ch de bris flow, subma-
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Fig. 2. Schematic representation of a segment of the lower part of the Borrowdale volcanic succession; after 
Millward et al. ( 1 9 78, fig. 3 7) ,  to illustra te rapid facies changes and intraformational unconformities pro­
duced by the derivation of products from a number of separate and overlapping volcanic edifices. 

rine fans,  resedimented earbonates and turbid­
layer clay deposits occur during times of are 
volcanism , of basin spreading and tectonism . 
Others such as biogenie pelagic systems accu­
mulate all the time , but are dominant only in 
quiet periods . In these , pelagic clays dominate 
when the basin floor sinks below the carbonate ­
compensation-depth; otherwise pelagic earbo­
nates are common . These extensive deposits are 
distinguished from the restricted island-fring­
ing biogenie reef deposits which build up round 
the volcanic islands and contain essentially 
shallow water faunas and floras . Such reefs are 
often broken up into limestene breccias or 
conglomerates by seismic activity or by volca­
nie debris flows into which they may become 
incorporated.  To some extent the bed-forms 
and the degree of continuity , or lack of i t in 
the sedimentary record depends on the speed 
with which the submarine volcano builds up, 
and this in tum seems to relate to whether the 
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volcano has a plutonic core which acts as an 
upward-moving piston producing extensive 
intraformational faulting, doming and uplift 
of the ocean floor (Stillman et al. 1982). A sig­
nificantly different picture may emerge when 
there is subsidence , which , in are situations may 
occur in the back-are basin but not on the open 
ocean side of the are (see Fig. l). 

The depositional environment of a volcanic­
ally active continental margin is different in 
that it is, at !east in part , subaerial , and con­
sists of shield volcanoes with abundant para­
sitic vents .  These build up extensive plateaux 
with intermontane lakes providing scattered 
lacustrine and deltaic environments , and near 
the coast , as in Chile in historie times , occa­
sional subsidence provides limited marine in­
cursions. A characteristic of such an environ­
ment is extremely rapid lateral facies change 
with frequent intraformational unconformities 
and the reworking of volcanic sediments in re-
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Fig. 3. Ear/y Ordavieian world map (on Mercator projection) to show distribution of confinental mosses, ear/y 
Palaeozoic orogenie betts, subductian zones transforms and mid-ocean ridges (after Keppie 1 9 77). (The map 
is centred upon the Japetus region and part of the Pacific region is omitted.) Ordavieian volcanism is /arge/y 
confined to the orogenie belts, and is subduction-related. 

peated eyeles of construction and destruction, 
often overlapping from one centre to another .  
Such features are well displayed in the upper 
part of the Ordovician Borrowdale Volcanic 
Group of the English Lake District which de­
monstrates close simHarities with present day 
volcanogenic sediments in northwestem USA 
(Moseley 1 982), where, in a complex sequence 
of events, substantial eruptions of pyroclastics 
are reworked.  However in general the radius of 
distribution of all but the air-fall ashes is much 
less than for the equivalent submarine flows 
and thus the contributions from different vol­
canie sources provide more rapid intercalation 
and facies change . 

The global setting of  
Ordavieian volcanism 

In order to understand the timing and distri­
bution of the Ordovician volcanicity it is ne-

cessary to examine briefly the crustal evolution 
of the world immediately prior to our period 
of interes t. Towards the end of the Precambrian 
it appears that the continents were amalgama­
ted into a Proterozoic super-continent (Piper 
1 976). From 1 000 Ma to c .  850 Ma this was in 
a general state of tension with typical intra­
plate tensional igneous centre s :  layered intru­
sions, alkaline complexes, lavas and dykes .  
Around 850 Ma the super-continent began to 
crack up (Windley 1 977), and by 600 Ma the 
Baltic and Laurentian plates had separated from 
the main mass and started to move apart, as 
had the Antarctic, Australian and Asian plates .  
The process of  extension and rupturing was 
accompanied by the appropriate volcanic acti­
vity with dyke swarms and lavas of tholeiitic 
basalt; of such are the Tayvallich volcanics of 
the Scottish Upper Dalradian which Anderton 
( 1 982) attributes to the opening of the Iap­
etus Ocean . 
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Fig. 4. A Caledonian plate reconstruction of the lapetus region after closure of the ocean. The plate boundaries 
are taken from A nderton (1 982) , but the a"ows indicating sense of movement have been added by the 
author. 

New ocean crust to floor the Iapetus and 
other opening ocean basins was presurnably 
being provided by basaltic mid-ocean rift vol­
canism, but almost all of this has vanished ;  
traces only are found in  scattered ophiolite 
complexes preserved in obducted slices stacked 
on the continental plate margins, sometimes 
in association with accretionary wedges of sedi­
ment .  This is because by the early Ordovician, 
the sense of plate motion had changed and the 
oceans were beginning to close with the con­
sumptian of most of the newly formed ocean 
crust in subduction systems which started in 
Tremadoc times .  Well documented examples 
are the Ballantrae Complex of the Scottish 
Southern Uplands (Bluck 1 978 ,  Bluck et al. 
1 980) and the ophiolite fragments of western 
Norway (Furnes et al. 1 980; Sturt et al. 1 980). 

The processes of closure operating through­
out the Ordovician and early Silurian eventu­
ally brought together the continental plates to 
produce a new super-<:ontinent, Pangaea. 
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Though the process was complex and the 
nature and timing of approach of each plate 
and the tectonic situations on the leading edg­
es was variable, a consistent pattern neverthe­
less emerges of volcanic activity related to the 
subduction systems .  

Clearly it is not  within the scope of this 
paper to describe all known areas of Ordovician 
volcanism, thus attention will be focussed on 
Iapetus, and in particular the British and Irish 
section of the Caledonides, which contains 
some of the best known localities (see still­
man & Francis 1 979). 

lapetus and Caledonide volcanism 

Two aspects of the tectonism of the British 
Isles sector of the Caledonide orogen are of 
major significance when discussing the appa­
rent zonatian of volcanism as it is preserved 
today . Firstly, when the continental masses 
came together to close Iapetus, they did not al -



ways approach in a direction normal to the 
plate boundaries ;  a great deal of lateral trans­
lation must have taken place with one margin 
sliding past another .  Collision and subsequent 
deformation was not everywhere synchronous 
nor always compressive ; the irregular outlines 
of the passing continents would have provided 
opportunity for the generation of pull-apart 
marginal basins and at a later stage the poten­
tial for high leve! pluton emplacement where 
thickened crust was wrench-faulted (see Hut­
ton 1 9 82) . Secondly, the history of closure and 
collision of the Laurentian and Baltic plates 
(see Fig. 4) di d not at first involve the crust 
which underlies southern Britain. This appa­
rently belongs to a micro-plate which was de­
tached from some other part of the African 
continent and di d not en ter the "Caledonide " 
orogenie belt until quite late in the process of 
closure (Anderton 1 982), and then "docked" 
largely by strike -slip or transpression . 

Closure of the Baltic and Laurentian plates 
however was compressional, and resulted in 
enormous crustal truckening and the peeling 
off of nappes which, driven by gravity, slid 
away from the suture across the Greenland and 
Scandinavian crust, preserving on the latter dis­
merobered sequences of volcanic and plutonic 
rocks within the tectonically-bounded strati ­
graphic packages. A recent compilation by 
Stephens et al. (in press) shows that in the va­
rious nappes of the Upper and Middle Allocht­
hon there are preserved relics of pre -lapetus 
rifting, Iapetus opening with oceanic crust now 
seen as ophiolite fragments, and lapetus closing 
with subduction-related are volcanics and even 
late extensional magmatism developed on new­
ly sutured crust . When reconstructing the ocean 
margins in which the igneous activity presurn­
ably took place, it is necessary to account for 
the curious asymmetry which resulted in the 
virtual absence of volcanic rocks in the East 
Greenland Caledonides until Devonian times, 
when acid lavas and tuffs were erupted through 
crust already remelted to produce orogenie gra­
nite magmas . 

The Caledonide igneous activity in Britain 
and Ireland marks the approach and "docking" 
of the southern British microcontinent with the 
southern flank of Laurentia, south-west of its 
compressive collision with Baltica, and west of 
the debatable "Törnquist" Iine . North of the 

Iapetus suture, igneous activity relates to the 
margins of the ancient Laurentian crust, whilst 
to the south of it, magmatism developed on 
the edge of a less homogeneous and much 
younger crustal unit which may weil have form­
ed by volcanic are accretion and cratonisation 
only a little earlier, in the late Proterozoic 
(Thorpe 1 979, Piasecki et al. 1 9 8 1  ) .  

Ordavieian vakanieity south of the 
Iapetus suture in Britain and Ireland 

It appears that all Ordavieian magmas south 
of the suture may have been generated on or 
above a relatively simple southward-dipping 
subductian system which may have changed 
its position during Ordavieian times .  Geochem­
ical and petrographic zonation indicates vol ­
canism on a continental crust which thickened 
to the southeast (Stillman & Williams 1 979) . 
The Eycott volcanics of Arenig-Uanvirn age, 
rest on the Skiddaw Group on the northern 
flank of the Skiddaw anticline in the northern 
Lake District .  These submarine basalt and ba­
saltic andesite lava flows are intercalated with 
occasional more acid pyroclastics, suggesting 
periodic violent acid eruptions punctuating the 
quiet effusion of basaltic lavas which built up 
oceanic shield volcanoes (Millward et al. 1 978) .  
Chemically the basic rocks are tholeiites charac­
teristic of early stage are deveopment .  They 
are similar in many ways to the basalts and ba­
saltic andesites of the Ordavieian inliers seen 
north of Dublin in eastern Ireland, which were 
erupted somewhat later to build up submarine 
sea mounts and oceanic islands (Stillman & 
Williams 1 979) . Earliest eruptives are Llanvirn 
but the vast majority are Caradoc to Ashgill, 
and are associated with local shallow water 
Iimestones and more widespread black pelagic 
muds . A Llanvirn plinian pyraclasti c eruption 
at Bellewstown represents the only acid activ­
ity here . 

Immediately south of the Eycott volcanics 
are the much better-known and extensive Bor­
rowdale Volcanic Group (Liandeilo to Cara­
doc) eruptives. These are dominantly andesitic, 
calc-alkaline, and of an evolved island-are type, 
associated with some more acid dacites and 
rhyolites .  The abundant volcanic sediment in­
dicates an initial environment of deposition 
around a chain of volcanic islands in shallow 
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Fig. 5. Locality map of the Ordavieian volcanic rocks in Britain and /re/and. 

seas underlain by continental crust. The islands 
were dorninantly strato-volcanoes camposed of 
interbedded lavas and pyroclastics , tagether 
with acid shields of ignimbrite and acid lava. 
These , despite being continuously subjected to 
destructional erosion and redistribution in the 
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waters around the islands , some of which , to 
judge from microfossils (Millward et al. 1 978) 
were marine , built up to subaerial plateaux.  

In south-east lreland at this time volcanic 
activity dominated the infilling of a north-east 
trending linear basin which had been accumu-



lating the terrigenous clastic sediments of the 
marine Bray and Ribband Groups . Amongst 
these are "coticule " beds now thought to indi­
cate ocean-floor metalliferous sediment related 
to some form of volcanogenic-hydrothermal 
activity (Kennan pers . comm.). In Llanvim to 
Llandeilo times ,  in what is now the Waterford 
c<;>astal region , a number of submarine basaltic 
volcanoes began to erupt island are transitional 
tholeiites ,  then calc-alkaline basalts and basaltic 
andesites .  These built up shield volcanoes with 
much associated shallow intrusive activity em­
placing high-leve! sills into unconsolidated vol­
canie muds and hyaloclastites .  A pause in the 
upper Llandeilo allowed the widespread depo­
sition of a calcareous sediment, then renewed 
igneous activity ejected !arge volumes of acid 
pyroclastics as ash-flows , both submarine and 
subaerial , with occasional andesite and basalt 
sheets. Quantities of rhyolite were injected as 
sills , dykes ,  and domes which sometimes broke 
surface to provide the setting for "Kuroko" 
type volcano-exhalitive copper-iron deposits, as 
at Avoca (Sheppard 1 980) .  Here there is a bi­
modal association of basic rocks derived from 
subduction-related calc-alkaline magmas and 
acid rocks possibly derived from the partial 
me! ting of continental crust . 

Whilst it seems Iikely that the south-east 
lre!and and Lake District volcanoes were parts 
of arcs situated on the margin of the south­
em Britain microcontinental plate , a recent 
very thorough re-examination of the evidence 
by Kokelaar et al. (in press) leaves little doubt 
that the Lower Palaeozoic Welsh Basin was 
actually founded on this continental crust and 
developed by extensional mechanisms,  behind 
the arcs. At the very beginning of the Ordovi­
cian , in late Tremadoc times ,  a major graben 
controlled by north-east trending faulting and 
filled with Cambrian marine sediments was 
subjected to tectonism and associated sub­
duction-related calc-alkaline volcanism , as seen 
at Rhobell Fawr . The subduction system would 
appear to have changed position in Lower Or­
dovician times, as the focus of are volcanism 
moved to the southeast Ireland-Lake District 
centres and was succeeded in Wales by mainly 
tholeiitic magmatism emplaced in an environ­
ment of back-are extension . This , with the ex­
ception of the Llanvim Fishguard Volcanics 
(Bevins 1 982) seldom fractionated to produce 

significant volumes of intermediate or acid 
rocks . The distinct bimodal character of Welsh 
volcamism is, in fact ,  provided by the addition 
of voluminous eruptions of rhyolite which 
again is interpreted as resulting from crustal 
fusion . Centres of volcanism migrated both in 
time and space from the Arenig to Llanvim 
activity of southem Wales to the pre-Caradoc 
volcanism of southem Snowdonia and then the 
Caradoc episode of central and northem Snow­
donia. In the We!sh borderlands and the Lleyn , 
activity of both episodes is represented.  In all 
areas contemporaneous faults often controlled 
sites of eruption . Intrusive activity is represent­
ed by high-leve! basic sills and small granitic 
bosses ,  some of which are clearly coeval with 
the volcanics , but others may be later .  

Ordovician volcanity north of the 
I apetus Suture , in Britain and Ireland 

No such simple zonation is apparent here . The 
Laurentian plate had a longer more complex 
history , which involved,  during the Lower 
Palaeozoic , both the approach and interaction 
with the Baltic plate and the southem Britain 
microplate . The results were first a Cambro­
Ordovician (Grampian) compressive event pro­
ducing pronounced regional metamorphism and 
deformation , and a second, end-Silurian (Ca!e­
donian) event , in which oblique transpression 
resulted in strike-slip shuffling of segments of 
crust with relatively mild intemal deformation , 
but with very extensive batholithic granitic plu­
tonism.  The sediments deposited in the Dalra­
dian basins on this plate were affected by both, 
but early Ordovician to mid Silurian rocks de­
posited on its southem margin show only the 
CaJedorrian events. 

There is evidence that the Dalradian supra­
cmstal basins which were being stretched and 
ruptured in mid-Cambrian were , by Arenig ti­
mes , fringed by ocean basins to the south. Rem­
nants are seen at Ballantrae , where Bluck et al. 
( 1 980) have described an island-are and 
marginal basin assemblage which evolved in a 
pre-Arenig marginal basin and was obducted 
northwards onto a pre -CaJedorrian continental 
margin between 4 70 and 490 Ma ago . The High­
land Border Complex which is now known to 
be , at !east in part , of Lower Arenig age (Curry 
et al. 1 982) also contains southerly derived de-
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bris from a back-are basin . In Northern Ireland 
the Tyrone Igneous Complex comprises a suite 
of high-level basic and intermediate intrusions 
closely related to volcanic rocks of similar earn­
position in a setting which could well be a mar­
ginal basin and island are . The complex is in 
tectonic contact with Dalradian metasediments 
in a manner analogous to that of the Highland 
Border Complex. 

There is evidence not only of the existence 
of oceanic crust but also of the beginnings of 
subduction , with its related are magmatism, 
at the same time as the Grampian orogenie 
event was taking place on the continental plate . 
In Connemara the interaction of the two may 
perhaps be seen ; the Connemara migmatites 
contain an intrusive magmatic component 
which Yardley et al. ( 1 982) interpret as the 
roots of an early Ordovician volcanic are em­
placed in Dalradian supracrustals during the 
Grampian event. 

Whilst these deep-seated roots to not have 
direct volcanic associates ,  compositionally very 
similar coeval Tremadoc submarine lavas are 
found at Lough Nafooey, some 1 5  km to the 
north. These are island-are tholeiites which in 
th Arenig ,  give way to more calc-alkaline 
evolved are types (Ryan et al. 1 980). It is not 
likely that these little-deformed are volcanics 
with their pelagic black mud interealatians 
were erupted in close proximity to the Conne­
mara orogenie zone ; they must be situated on a 
block of crust which was tectonically juxta­
posed with Connemara only from Llanvirn 
times onwards , when clasts of Dalradian litho­
logy were transported from the south into the 
Maumtrasna Group conglomerates .  The volca­
nies apparently initiated as an are on the south­
ern border of the South Mayo Trough, which 
evolved throughout Ordavieian and Silurian 
times ,  during which the volcanicity was , like 
the Welsh Basin , bimodal acid and basic . Here 
again it seeros that the acid magma may be the 
product of crustal melting, induced as the crust 
was thickened . 

Similar Arenig volcanics and marine sedi­
ments are seen at Charlestown , 45 km to the 
northeast , where a mineral deposit ,  apparently 
of porphyry copper type , is associated with 
high-level quartz feldspar porphyry intrusions .  
Such deposits are characteristic of continental 
margin volcanic areas and again suggest some 
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crustal involvement in the magmatism . 
All these early Ordavieian volcanic arcs and 

marginal basins fringe the Dalradian continent 
and it appears that an active continental margin 
with subduction-related are magmatism and ex­
tensional marginal basins was established on 
this segment of the Laurentian plate boundary 
as early as the beginning of the Ordovician . 

Immediately to the south , there is now to be 
found an accretionary prism of stacked ,  often 
inverted , slices of sediments , volcaniclastics and 
lavas which make up the Southern Uplands. 
This sequence , lying immediately to the south 
of the Ballantrae ophiolite , has been interpreted 
as comprising ocean-floor assemblages obducted 
northward onto the continental margin (Leg­
gett et al. 1 979). In the northern belt are ba­
saltic lavas overlain by metalliferous sediments , 
cherts , graptolitic mudstones and greywackes ,  
largely of Arenig age . Geochemical studies 
(Lambert et al. 1 98 1 ), indicate a variation from 
alkaline to tholeiitic in chemical character from 
north to south through a series of tectonic sli­
ces , leading these authors to suggest that the 
Ordavieian sequences were deposited on 
oceanic crust , alkaline in the north and thole­
iitic in the south . They also suggest that this 
oceanic crust continued to be the basement 
throughout Ordovician and into Silurian times .  

Along the northern edge of the Longfard­
Down extension of the accretionary prism 
into Ireland ,  Llandeilo to Caradoc pillow lavas , 
found on the northern shores of Belfast Lough 
at Helens Bay (Sharpe 1 970, Craig 1 982) and 
at Stokestown (Morris 1 98 1  ), appear to have 
erupted in spreading marginal basins ,  and in 
South Connemara Ordavieian basaltic pillow 
lavas are of apparently similar origin (Ryan et 
al. , in press). Although no actual fragments of 
oceanic crust have been recorded ,  all the Ordo­
vidan lavas are of extensional ocean floor ori­
gin .  

However, also within the sediments, are vol­
canidastic components which become domi­
nant in the younger Ordavieian sequences ,  and 
which appear to have been derived from the 
north . The succeeding Silurian beds also con­
tain traces of volcanic material (Phillips & Ske­
vington 1 968,  O'Connor 1 975 , Cameron & 
Anderson 1 980), which is largely pyraclastic 
and may best be explained as the product of 
subduction-related are volcanism , the source re-



gion of which is not clear but may weil be to 
the north. This rather tentative evidence of a 
volcanic are north of the accretionary prism 
which continued its activity into the Silurian 
is signiflcant when the situation in Scotland is 
examined .  Here though the Ballantrae conglo­
merates contain northerly derived clasts of vol ­
canie are rocks (Bluck 1 978) ,  the supply of 
these had apparently ceased by the end of the 
Llanvirn . The Southern Uplands Fault must have 
been active by this time as the Ordavieian are 
which supplied the clasts can scarcely have been 
in the region now occupied by the Midland Val­
ley . The dislocations and juxtapositions such as 
are suggested for the Southern Uplands and for 
Connemara ,  which took place during the pe­
riod of lapetus closure , illustrate the camplexi­
ty of the Laurentian plate margin that evolved 
during that closure . They may go far to explain 
the absence of a clearly defined geochemical 
zonation in the volcanic rocks , such as is seen in 
the subduction-related Ordavieian volcanics of 
England ,  Wales and south-east Ireland ,  south of 
the lapetus suture . 

This detailed account of one small sector of 
just one plate collision zone should serve to 
indicate that Ordavieian volcanity demonsira­
tes a period of active plate motion . It also sug­
gests that whilst geochemical descriminants pro­
vide perhaps the most powerful too! for the re­
cognition of tectono-magmatic setting,  palaeo­
geographic reconstructions may be better ana­
lysed with the help of the eruptive and deposi­
tional character of the volcanics which can ef­
fectively demonstrate the physical environ­
ment .  

A final and cautionary comment must be 
that the widespread distribution of Ordavieian 
volcanism virtually precludes its use in Iong 
range correlation . Similar tectono-magmatic set­
tings on different plate boundaries can , and do, 
produce identical volcanic sequences in provin­
ces which are geographically quite distinct and 
perhaps formed at different times .  

Acknowledgements 

Most of the data and concepts on which this 
survey is based owe their existence to studies 
carried out under the auspices of the l .G.C .P. 
Project 27 , the Caledonides Orogen Project , and 
the author wishes to thank his many friends 

and colleagues in the project for their help and 
advice . Special thanks must also go to colle a­
gues in the Volcanic Studies Group of the Geo­
logical Society of London , whose symposium 
on "Volcanic processes in marginal basins" pro­
vided much inspiration and material for the 
first part of this paper .  

References 

Anderton, R .  1 98 2 :  Dalradian deposition and the late 
Precambrian-Cambrian history of the N. Atlantic 
region; a review of the early evolution of the Ia­
petus Ocean. J. geol. Soc. London 1 39, 42 1 -
434. 

Bevins, R.  E. 1 9 8 2 :  Petrology and geochemistry of the 
Fishguard Volcanic Complex, Wales. Geol. J. 1 7, 
1 -2 1. 

Bluck, B. J. 1 9 7 8 : Geology of a continental margin, 
l :  the Ballantrae Complex. In Bowes, D. R. & Lea­
ke, B. E. (eds.) : Crustal evolution in northwestern 
Britain and adjacent regions. Geol. J. Spec. Jssue 
No. 1 0, 1 5 1 - 1 6 2. 

Bluck, B. J. ,  Halliday, A. N. ,  Aftalion, M. & Macln­
tyre, R. M. 1 980 :  Age and origin of Ballantrae oph­
iolite and its significance to the Caledonian oroge­
ny and Ordavieian time scale. Geology, 8, 494-
495. 

Bond, A .  & Sparks, R. S.  J .  1 976 : The Minoan erup­
tion of Santorini, Greece. J. geol. Soc. London, 
1 32, 1 - 16. 

Cameron, T. D. J. & Anderson, T. B. 1980 :  Silurian 
metabentonites in County Down,  Northern Ire­
land. Geol. J. 1 5, 5 9 -75. 

Craig, L .  1 9 8 2 :  The Ordavieian rocks of North Down. 
Unpublished Ph.D. Thesis, The Queen's Universi­
ty, Belfas t. 

Curry, G. B ., Ingham, J. K., Bluck, B.  J .  & Williams, 
A. 1 9 8 2 :  The significance of a reliable Ordavieian 
age for some Highland Border rocks in central 
Scotland. J. geol. Soc. London 1 39, 435 -456. 

Fisher, R .  V. 1 97 1 :  Features of coarse-grained high 
concentration fluids and their deposits. J. Sed. Pet. 
4 1 ,  9 1 6 -9 27. 

Fiske ,  R.  S.  & Matsuda, T. 1 964 : Submarine equiva­
lents of ash flows in the Tokiwa Formation, Japan. 
A mer. J. Sci. 262, 76 - 1 06. 

Francis, E. H .  & Howells, M. F .  1 97 3 : Transgressive 
welded ash-flows tuffs amongst the Ordavieian se­
diments of northeast Snowdonia, N. Wales. J. geol. 
Soc. London 1 29, 6 2 1 -64 1 .  

Furnes, H. ,  Roberts, D.,  Sturt, B .  A., Thon, A .  & Gale, 
G. H. 1 980 : Ophiolite fragments in the Scandina­
vian Caledonides. In Panayiotou, A. (ed.) : Ophio­
lites. Proc. Int. Ophiolite Symp. , Cyprus 1979,  
5 3 8 -554. 

Howells, M. F. ,  Leveridge, B. E., Addison, R., Evans, 
C. D. R. ,  Nutt, M. J. C. ,  1 97 9 :  The Capel Curig 
Volcanic Formation, Snowdonia, N. Wales; varia­
tions in ash-flow tuffs related to emplacement en­
vironment. In Harris, A. L., Holland, C. H. & Lea-

1 93 



ke, B. E. (eds.) : The Caledonides of the British 
Isles - reviewed. Spec. Pub/. geol. Soc. London 8, 
6 1 1 -6 1 8. 

Hutton, D. H .  W. 1 9 8 2 : A tectonic model for the em­
placement of the Main Donegal Granite, NW !re­
land. J. geol. Soc. London I 39, 6 1 5 -6 3 2. 

Keppie, J. D. 1 977 : Plate tectonic interpretation of Pa­
Jaeozoic world maps (with emphasis on circum­
Atlantic orogens and southern Nova Scotia). Nova 
Scotia Department of Mines, Paper 77-3, 1 -45 .  

Klein, G.  de V.  (in press) : Depositional systems and 
sandstone diagenesis in the back-are basins of the 
western Paeific Ocean. In Kokelaar, B. P. & How­
ells, M. R. (eds.) : Volcanic processes in marginal 
basins. Geol. Soc. London, Spec. Pub/. 

Kokelaar, B .  P. 1 982 : Fluidisadon of wet sediments 
during the emplacement and cooling of various 
igneous bodies. J. geo/. Soc. London I39, 2 1 -34. 

Kokelaar, B .  P. ,  Howells, M .  F ., Bevins, R .  E., Roach, 
R.  A. & Dunkley, P. N. (in press) : The Ordavieian 
marginal basin of Wales. In Kokelaar, B. P. & How­
elis, M. F. (eds.) : Volcanic processes in marginal 
basins. Geol. Soc. London Spec. Pub/. 

Lambert, R. St. J., Holland, J. G. & Leggett, J. K. 
1 9 8 1 : Petrology and tectonic setting of som e Or­
dovieian volcanic rocks from the Southern Up­
lands of Scotland. J. geol. Soc. London I 38, 4 2 1 -
436.  

Leggett, J. G., McKerrow, W. S .  & Eales, M. N .  1 97 9 :  
The Southern Uplands o f  Scotland, a Lower Pa­
Jeozoic accretionary prism. J. geo/. Soc. London, 
I 36, 75 5 -770.  

Max, M. D. 1 9 7 7 : Volcanic and sedimentary rocks of 
the South Connemara Group along the northern 
approaches to Galway Bay. In Stillman, C. J .  
(ed .) : Palaeozoic volcanism in Great Britain and 
Ireland. J. geol. Soc. London I 33, 401 -4 1 1 .  

Millward, D. ,  Moseley, F .  & Soper, N .  J .  1 97 8 :  The 
Eycott and Borrowdale volcanic rocks. In Mose­
Jey, F. (ed.) :  The geology of the Lake District, 
Yorks. geol. Soc. ,  9 9 - 1 20. 

Morris, J .  H .  1 9 8 1 : The geology of the western end of 
the Lower Palaeozoic Longford-Down inlier, !re­
land. Unpublished Ph.D .  Thesis, University of 
Du b lin. 

Moseley, F. & Millward , D. 1 9 8 2 : Ordavieian volcani­
city in the English Lake District .  In Sutherland, 
D. S. (ed.) : Igneous Rocks of the British Isles. 
John Wiley, London. 

O'Connor, E. 1 97 5 :  Lower Palaeozoic rocks of the 
Shercock-Aghamullen district, Counties Cavan 
and Monaghan. Proc. R .  Irish Acad. 758, 499-
5 3 0. 

Phillips, W.  E. A. & Skevington , D. 1 96 8 : The Lower 
Palaeozoic rocks of the Lough Acanon area, Coun­
ty Cavan, Ireland. Sci. Proc. R. Dubl. Soc. JA , 
1 4 1 - 148.  

Piasecki, M .  A.  J . ,  Van Breeman, O.  & Wright, A.  E.  

1 94 

1 98 1 :  Late Precambrian geology of Scotland, Eng­
land and Wales. Canadian Soc. Petrol. geol. Mem. 
7, 5 7 -94. 

Piper, J .  D.  A.  1 976 : Palaeomagnetic evidence for a 
Proterozoic supercontinent. Phil. Trans. R. Soc. 
London 280 A ,  469-490. 

Ryan, P .  D ., Floyd, P .  A .  & Archer, J .  B .  1 98 0 :  The 
Stratigraphy and petrochemistry of the Lough 
Nafooey Group (Tremadocian), western Ireland. 
J. geol. Soc. London I 3 7, 443 -45 8. 

Ryan, P .  D ., Max, M .  D .  & Kelly, T. (in press) : The 
petrochemistry of the basic volcanic rocks of the 
South Connemara Group (Ordovician), W. !re­
land. 

Siggurdson, H. ,  Sparks, R. S .  J . ,  Carey, S. & Huang, 
T. C. 1 980 : Volcanogenic sediments in the Lesser 
Antilies Are. J. Geol. 88, 523 -540. 

Sharpe, E .  N .  1970 : An occurrence of pillow Javas in 
the Ordavieian of County Down. fr. Nat. J. I 6, 
299-30 1 .  

Sheppard, W. A .  1 980 : Th e  ores and host rock geology 
of the Avoca Mines, Co. Wicklow, Ireland. Norges 
Geol. Unders. 360, 26 9-284.  

Stephens, M.  B. ,  Furnes, H. ,  Robins, B.  & Sturt, B.  A. 
(in press) : Igneous activity within the Scandinavian 
Caledonides. In Gee, D. G. & Sturt, B. A. (eds.) : 
The Caledonide Orogen - Seandinavia and related 
areas. John Wiley, London. 

Stillman, C. J. & Francis, E. H. 1 979 : Caledonide vol­
canism in Britain and Ireland. In Harris, A. L. ,  
Holland, C .  H. & Leake, B.  E .  (eds.) : The CaJeda­
nides of the British Isles - reviewed. Spec. Pub/. 
geol. Soc. London, 8, 5 5 7 -577 .  

Stillman, C .  J .  & Williams, C .  T.  1 97 9 :  Geochemistry 
and tectonic setting of some upper Ordavieian vol­
canie rocks in east and southeast Ireland. Earth & 
Planet. Sci. Letters, 4I , 288-3 1 0. 

Stillman, C. J. ,  Fumes, H., LeBas, M. J . ,  Robertson, 
A. H. F .  & Zielonka, J. 1 9 8 2 :  The geological his­
tory of Maio, Cape Verde Islands. J. geol. Soc. 
London , I 39, 347-36 1 .  

Sturt, B .  A . ,  Thon, A.  & Fumes, H .  1 98 0 :  The geolo­
gy and preliminary geochemistry of the Karm0y 
ophiolite, S. W. Norway. In Panayiotou, A. (ed.). : 
Ophiolites. Proc. Int. Ophiolite Symp. Cyprus 
1 97 9 , 5 3 8-554.  

Thorpe, R .  S .  1979 : Late Precambrian igneous activi­
ty in southem Britain. In Harris, A. L., Holland, 
C. H. & Leake, B. E. (eds. ) :  The CaJedanides of the 
British Isles - reviewed. Spec. Pub/. Geo/. Soc. 
London , 8, 5 7 9 -5 84.  

Windley, B.  F.  1 977 : The evolving continents. John 
Wiley, London. 

Yardley, B. W. D., Vine, F .  J .  & Baldwin, C. T. 1982 : 
The plate tectonic setting of NW Britain and !re­
land in late Cambrian and early Ordavieian times. 
J. geol. Soc. London I 39, 4 5 7 -466. 




