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Pref ace 

The publication of this volume is a Canadian contribution to the International Geological 
Correlation Programme (IGCP) which is a joint undertaking of UNESCO and IUGS established for the 
promotion of geological research projects of international scope. At present some 62 projects are 
being undertaken involving about 100 countries with participation of scientists from government 
organizations, universities and industry. Since 1971 the government of Canada has endorsed and 
supported IGCP objectives through a National Committee with members drawn from Canadian 
universities, industries and government. 

The 25 papers published in this volume were prepared as part of one of the 62 projects of the 
programme, Project 27-The Caledonian Orogen. This project is concerned with the great Paleozoic 
orogenic belt exposed in the lands bordering both sides of the Atlantic Ocean and which for ms such a 
significant feature of the geology of the Appalachian region of Eastern Canada and the United States. 
The papers cover a wide variety of related problems including geological comparisons between 
Newfoundland and Ireland, and between Nova Scotia and Morocco. Such comparisons are 
unquestionably relevant to the elucidation of the significance of the Caledonian orogeny which cannot 
be attempted from studies within any one country. 

The publication of this material by the Geological Survey of Canada provides additional support 
to the International Geological Correlation Programme and also ensures that the material will be 
widely distributed and readily available. Part of the cost of preparation was borne by National 
Committee funds, the Survey assumed responsibility for printing and distribution. Dr. E.T. Tozer of 
the Geological Survey who is also Secretary of the IGCP National Committee undertook the not 
inconsiderable task of preparing the papers for publication. With contributions from many nations, in 
a variety of styles it was inevitable that there must be some modification of the normal for mat and 
editorial standards of the Geological Survey Paper Series, nevertheless by publishing this volume the 
Survey is making a significant contribution to the progress of the IGCP and such progress is of benefit 
to Canada and to all the other countries participating in the Programme. 

Ottawa 
March 31, 1978 

D.J. McLaren 
Director General 
Geological .Survey of Canada 
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1. CALEDONIAN-APPALACHIAN OROGEN OF THE NORTH ATLANTIC REGION - FOREWORD 

0 I £CT 27 

LEOONIDE 

0 CE N 
Brian A. Sturt 

Geologisk Institutt 
Avd. A. 

Universitetet i Bergen 
5014 Bergen, Norway 

This volume in an outcome of Project 27 - the 
Caledonide Orogen - of the International Geological 
Correlation Programme (IGCP). This project was proposed 
by the Norwegian IGCP National Committee in 1973. It 
was accepted by the International IGCP Board in April 
1974 under Division II of the Programme (''Major geolo
gical events in time and space their implications in 
environmental processes"). In November ' 1974 an organ
ization meeting was held i n Oslo under the writer's 
chairmanship. This led to the organization of the 
project with the writer as Proj ect Leader and David 
L. Bruton (Paleontologisk Museum, Sarsgt . 1, Oslo NS) 
as Project Secretary. The First International Working 
Group meeting took place at Bergen, in November 1975. 
At this meeting it was decided to ask participating 
countries to provide short national syntheses of the 
Caledonide Orogen. These were presented in preliminary 
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form at the Second International Working Group meeting, 
Oak Island, Nova Scotia, September - October 1976, 
organized by Paul Schenk, the Canadian Project Leader. 
At thi s meeting it was decided that the syntheses of 
the Atlantic Caledonides should be published. Svalbard 
was not dealt with at the Oak Island meeting but in 
order to complete the coverage of the North Atlantic 
region W.B . Harland kindly contributed an article on 
that area. Through the kind offices of the Geological 
Survey of Canada it has been possible to produce these 
contributions in their present form. It is hoped, in 
spite of the varied styles of presentation, ttat these 
syntheses will give a quick and useful overview of the 
present status of knowledge concerning the Caledonian 
geology in the Atlantic region. 

Figure 1.1, prepared by Paul Schenk, indicates 
the scope of the contributions. 

2 - Svalbard 

3-9 - Norway 

10 - Sweden 

11-15 - British Isles 

16 - Ireland 

17 - East Greenland 

18 - Canadian Appalachians 

19 - Northern U.S.A. Appalachians 

20 - Southern and Central U.S.A . Appalachians 

21 - France 

22 - Southern France, Corsica and Sardinia 

23 - Iberian Peninsula 

24 - Morocco 

25 - Wes t Africa 

Continental arrangement from Figure 9 in : Le Pichon, X., 
Sibuet, J. -C., and Francheteau, J.; "The Fit .of the 
Continents around the North Atlantic Ocean"; Tectono
physics, v. 38, p. 169-209. (1977). (Paul E. Schenk) . 

Figure 1.1. Index map, Caledonian-Appalachian Orogen of the North Atlantic Region. 
Numbers are those of articles. 

IGCP Project 27 
Ca 1edoni an-Appa l achian Orogen of the North At l antic Region; 
Geol. Su rv. Canada, Paper 78-13 (1978). 





2. THE CALEDONIDES OF SVALBARD 

PROJECT27 

CALEOONIDE 

OROGEN 

W.B. Harland 

Department of Geology 
University of Cambridge 

Sedgwick Museum, Downing Street 
Cambridge CB2 3EQ, England 

INTRODUCTION 

Spitsbergen (the principal island), Nordaustlandet, 
Prins Karls Forland, Kvit¢ya and Bj¢rn¢ya are the 
larger islands within the Svalbard Archipelago that 
expose pre-Carboniferous rocks (Fig. 2.1). These older 
rocks are generally deformed and often metamorphosed 
and were first described as the Hecla Hoek Formation 
by Nordenskiold .(1863) who included the Old Red Sand
stone in that division. Later usage came to define 
Hecla Hoek rocks as of pre-Devonian age and the recog
nition of Spitsbergen as belonging to the Caledonides 
led to the following simple first approximation of the 
sequence: 

Carboniferous and later strata 

Unconformity, representing the SVALBARDIAN FOLDING 

Old Red Sandstone (earliest Devonian to latest 
Middle Devonian) 

Unconformity, representing the main CALEDONIAN 
OROGENY, with tectogenesis, metamorphism and 
plutonism 

Hecla Hoek rocks (Precambrian to Early 
Palaeozoic). 

A close analogy with Scotland was pointed out by 
Holtedahl (1925). The late Devonian, early Carbonifer
ous peneplain clearly divided older rocks with geosyn
clinal marine and continental sequences from contrasting 
Carboniferous through Palaeogene platform facies. The 
relationship between the highly metamorphosed and the 
relatively unaltered rocks within the Hecla Hoek com
plexes long troubled geologists. The schists and gneis
ses could be: (a) Archaean strata on which rested the 
relatively unaltered rocks (e.g. Tyrrell, 1922; Odell, 
1927; Sandford, 1956); (b) they could all be of similar 
Palaeozoic age but of differing degrees of metamorphism 
(e .g. Blomstrand, 1864; Holtedahl, 1929); or (c.) they 
could be a single geosynclinal sequence in which the 
older strata have suffered the deepest alteration (e .g. 
Major and Winsnes 1955; Harland and Wilson, 1956). 
While the last vieh had prevailed for most areas, the 
other possibilities have not been eliminated everywhere. 
A further complication is that the west coast of 
Spitsber gen and Prins Karls Forland underwent tecto
genesis during the mid-Tertiary West Spits bergen Orogeny, 
so that the older rocks have been deformed at least 
twice, and in opposite senses, thrusting to the west 
prevailing in Palaeozoic time, to the east in Tertiary 
time. 

The resulting complexity delayed elucidation of 
the stratigraphic sequence in the west. The eastern
most sequence is still relatively unknown because of 
its difficulty of access. Nevertheless, a simple scheme 
(e.g. with Lower, Middle and Upper Hecla Hoek of Harland 
and Wilson, 1956) served well while the details of the 
succession were worked out in different areas. 

IGCP Project 27 
Caledonian-Appalachian Orogen of the North Atlantic Re~ion; 
Geo l. Surv. Canada, Paper 78- 13 ( 1978) . · 

However, when looked at in detail, there are marked 
differences even between neighbouring areas though their 
full significance is debatable. In an attempt to sep
arate fact from speculation, the main body of this paper 
will summarize the stratigraphic and tectonic sequence 
in the areas where these are best known; some interpre
tation will follow. It is a matter of judgement as to 
how many areas to distinguish or unify. In the past 
the tendency has been to unify stratigraphic schemes 
with a great economy in nomenclature but this may well 
have obscured significant contrasts. However, in this 
short paper there is no space to go to the other extreme 
so a compromise is effected. 

LITHO-TECTONIC SEQUENCES 

To save space the litho-tectonic sequence is sum
marized in semi-tabular form (youngest events at the 
top) in ten selected areas shown by number on Figure 2.1. 

Abbreviations used are as follows: 

am -
cgl 
dst -
fe -
gw -

1st -

Unit names: 

Fm - Formation 
Gp - Group 
SG - Supergroup 

For lithology: 

amphiboli te ps - psammite 
conglomerate qi - quartzite 
dolostone sh - shale 
feldspathite slt - siltstone 
greywacke spe - semipelite 
limestone sst - sandstone 

ma - marble till - tilloid or tilli te 
pe - pelite vole - volcanics 

For age: 

E - Early, M - Middle, L - Late, with 
commonly understood period abbreviations. 

All radiometric age determinations (in Ma without 
qualification) can be found in Gayer et al., 1966. Only 
a few references have been selected for each area. 

(1) EASTERN NORDAUSTLANDET AND KVIT0YA 

See Sandford, 1926, 1954; Flood et al., 1969; 
Krasil'shchikov, 1973. 

No stratal sequence has been elucidated in a com
plex of high-grade metamorphic rocks with feldspathite 
and amphibolite. This was originally regarded as 
Archaean basement or alternatively as equivalent to 
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Lower Hecla Hoek rocks in Ny Friesland. Radiometric 
ages generally show Caledonian recrystallization (393-
430 Ma) but some are enigmatic (581-618 Ma) . The area 
is generally icebound. 

(2) WESTERN NORDAUSTLANDET 

See de Geer, 1923; Kulling, 1934; Sandford, 1950, 1956; 
Flood et al ., 1969. 

Carboniferous and Permian strata rest unconforrnably 
on the 

Murchisonf jorden SG 

Kapp Sparre Fm 1 km, 1st, dst with ?E Camb. 
brachiopods, possibly also Ordovician. 

Gotia Gp 0.6 km, sh and till (Sveanor Fm) of 
Vendian age. 

Raoldtoppen Gp 1.3 km, dst, 1st, chert and sh 
with stromatolites and pisolites of L Riphean 
(Karatavian) aspect. 

Celsiusbreen Gp 2.5 km, dst, sst, sh. 

Franklinsundet Gp 1.8 km, sst, sl t and sh. 

The above appear in normal sequence and overlie 
unconformably 

Botniahalv¢ya Gp 6 km, qi, sh and vole, cgl 
(Kap Hansteen Fm). 

The sequence might simply continue downwards 
towards the east (see area (1) above). The Murchison
fjorden Supergroup is folded but not metamorphosed. 
The older rocks give Caledonian ages (380-420 Ma). 

(3) NY FRIES LAND 

See Blomstrand, 1864; Tyrrell, 1922; Fairbairn, 1933; 
Fleming and Edmonds, 1941; Harland and Wilson, 1956; 
Bayly, 1957; Harland, 1959; Harland et al. , 1966; 
Gayer, 1969; Wallis, 1969; Fortey and Bruton, 1973. 

This is the type area of the Hecla Hoek sequence 
from the eponymous mountain (now Hecl ahuken). It is 
the largest area of continuous exposure of these older 
rocks which were peneplained and overlain by Early 
Carboniferous (Tournaisian). 

The tectogenesis in this area has been named the 
NY FRIESLAND OROGENY. The geosyncline of 18 km or 
more thickness has been intensely deformed and metamor
phosed in the lower part (365-434 Ma); the upper rocks 
are folded but little altered. The whole structure 
shows an approximately NS strike and in the west shows 
considerable NS elongation and thinning of strata. It 
i s cut by two late tectonic granite batholiths (385-
406 Ma). 
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Hinlopenstretet SG (Upper Hecla Hoek) 

Oslobreen Gp 1-2 km, 1st and dst wi th E Camb. 
and rich E to M Ord. faunas. 

Polarisbreen Gp 0 .8 km, sh and till. Vendian 
microfoss ils. 

Lomfjorden SG (Middle Hecla Hoek) 

Akadamikerbreen Gp 2 km, dst, 1st with stromato
lites and pisolites at top. Late Riphean (Kara
tavian) and possibly partly Vendian. 

Veteranen Gp 3.8 km, qi, gw, sh. 

Stubendorffbreen SG (Lower Hecla Hoek) 

Planetfjella Gp 4.8 km, qi, ps, spe and acid vole 
seds. 

Harkerbreen Gp 4.1 km, qi , ps, spe , vole; fe and 
am. 

Finnlandveggen Gp 2.7 km, spe, ma, vole; fe and am. 

The Stubendorffbreen Supergroup is distinguis hed 
by a high proportion of volcanics. Those of the Planet
fjell a Group comprise only acid pyroclastics. The two 
lower groups include acid and bas ic pyroclastics and 
lavas; they were united by Krasil'shchikov (1973) as 
the Atomfjella phase. No significant breaks have been 
demons trated in the sequence. 

(4) NORTH CENTRAL SPITSBERGEN 

See Holtedahl, 1914 and 1926; Friend, 1961; Gee and 
Moody-Stuart, 1966; Friend, 1968; Friend and Moody
Stuart, 1972; Harland e t al . , 1974. 

Underlying Early Carboniferous (Tournaisian) strata 
is the classic Old Red Sandstone "graben" which appears 
not to have been ini ti a lly formed as a graben (Harland, 
1969). The Old Red Sandstone has been folded, thrust 
and loca lly cleaved especially along the sinistra l 
strike- s l i p Billefjorden Fault Zone. These structures 
have been referred to as SVALBARDIAN (Yogt, 1938) . 

Andree Land Gp 5 km, red sst and slt, mainly con
tinental facies ages ranging from E Dev (Gedinnian) 
to latest M Dev. 

Red Bay Gp 2 km, red sst and cgl Earliest Devonian. 

The thick Red Bay conglomerate rests on and trun
cates both the deformed Siktefjellet Group strata and 
the older metamorphic rocks. Thi s tectonic phase has 
been referred to as HAAKONIAN (Gee, 1972). 

Siktefjellet Gp 1.5 km, grey ss t and cgl probably 
latest Sil. 

The above Old Red Sandstone (Red Bay and Siktefjellet) 
conglomerates rest on tectonised high grade metamorphic 
rocks. 

"Heclahook" (Holtedahl, 1914) pe, ps, eclogites , 
agrnatites and migmatites whose age has only ten
tatively been suggested as "Lower Hecla Hoek". 

Ag e determinations give a few enigmatic dates (1430-
1541 Ma) and more CALEDONIAN s.s. figures (365-431 Ma). 

(5) NORTHWESTERN SPITSBERGEN 

See Holtedahl, 1914 and 1926; Gee and Hjelle, 1966; 
Hjell e and Ohta, 1974. 



In this area, bounded by Raudfjorden and 
Kongsfjorden, the solid rocks exposed are all metamor
phic rocks (375-450 Ma), except for the large Horneman 
granite batholith (318-340 Ma). 

Generalfjella Fm 2 km, ma, pe and qi. 

Signehanma Fm 2 - 2.5 km, pe and ps. 

Nissenfjella Fm 3 km, pe and am. 

The lowest formation passes downwards and east
wards into widespread migmatites. These may be contin
uous with the migmatites of area (4). 

(6) CENTRAL WESTERN SPITSBERGEN 

See Holtedahl, 1913; Orvin, 1934; Harland, 1960; 
Horsfield, 1972; Harland and Horsfield, 1974; Scrutton 
et al., 1976; Harland et al ., in press . 

This area extends from Kongsfjorden to Isfjorden. 
The pre-Carboniferous rocks are ref erred to as the 
Western Complex. This complex was deformed first by 
at least two mid-Palaeozoic orogenic episodes. The 
most intense of these involved westward overthrust
ing, nappe formation and some metamorphism. Then 
in the mid-Cenozoic WEST SPITSBERGEN OROGENY there 
was eastward overthrusting but little metamorphism. 

In consequence the sequence of the Western Complex 
occurs in tectonically separated structures, five 
of which are numbered below and of which sequences 
3 and 4 represent the main outcrop. They are tabu
lated below in a postulated stratigraphic sequence . 

(1) Bullbreen Gp 
Sil. fossils. 
or klippen. 

0.7 km, pe, cgl, 1st with Mor L 
This occurs in a large klippe 

Kongs 

Scotia Gp 1 km, sh, pe, 1st. 

Peachflya Gp 1.3 km, pe, sst and vole. 

Ferrier Gp 0.73 m, till, gw, pe, ps, cgl. 

This apparently continuous sequence is truncated 
downwards as it occurs in a large nappe rooted in the 
east (A.P. Morris, private communication). 

(8) 

Pinkie Fm 0.2 km, meta vole. i s a tectonically 
·iso l a ted unit. 

SOUTHWESTERN SPITSBERGEN 

See Garwood and Gregory, 1898; Hjelle, 1962, 1969; 
Flood et al ., 1971; Harland and Wright, in press. 

From I sfjorden to south of Bellsund: 

Kapp Linne Gp c.5 km, cg ., till, qi and pe. 

Bellsuncl Gp 1.4 km, pe, vole and 1st. 

Th e best sequence is seen west of Recherchefjorden. 
East of Recherchefjorden is another sequence of more 
metamorphosed rocks with feldspathites and amphiholites 
that could he a continuation northwards of the feld 
spathi t es of the Eimfj e llet Gp (of area 9). 

(2) Sars¢yra Fm 0.5 km, ma, cgl. , pe and vole. pe. 
with a probable Silurian coral. This is bounded 
by Tertiary graben faulting. 

-fjorden'l±~~lJl:I 

(3) Comfortlessbreen Gp 2-4 km, 1st, till, qi, 
vole, dst. 
St Jonsfjorden Gp 3.8 km, 1s t, qi, vole, dst. 

(4) Kongsvegen Gp 3. 1 km, pe, ma, ps. 
(3) and (4) occupy the main outcrop area and 
are separated by a fault of unknown displace
ment. 

(5) Vestgotabreen Fm blue schist meta vole. 
This gives a Caledonian radiometric age and is 
associated with the Cenozoic thrust that bounds 
the Bullbreen Group. 

(7) PRINS KARLS FORLAND 

See Tyrrell, 1924; Atkinson, 1956; Atkinson, 1960; 
Harland et al ., in press. 

This island, which parallels the coast of 
area (6) has a similar Tertiary and mid-Pa laeozoic 
tectonic history but exposes a less broken sequence 
above the tillite formations compared with that of 
the mainland. 

Farland Complex (part of Western Complex) 

Grampian Gp 3.6 km, turbidite pe, cgl, qi. 

(Drawn by C.A.G. Pickton) SO km 

LATE SILURIAN 
AND DEVONIAN 

ROCKS -

PRE LATE SILURIAN 
( HECLA HOEK ROCKS, 
GRANITES 

ETC.) 1111111111 

BJ0RN.0YA 

50 km 

Figure 2.1. Map of Svalbard to show outcrop of older rocks 
involved in Caledonian diastrophism. The numbers 
refer to the t en areas distinguis hed in the text 
(where the place names for these areas are given) 
and in Figure 2 . 2. Other place names mentioned i n 
the text are shown on the map. Kvit¢ya is about 
80 km E of Nordaustlanclet in l a titude 80° N. 
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Figure 2.2. Diagrammatic plot of litho-tectonic sequences in the ten areas referred to in 
the text and the map (Figure 2.1). The plot is schematic and no precise ages 
of events should be inferred from it. It is based on a more detailed plot with 
stratal thicknesses in Harland and Wright (in press). 
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(9) SOUTH SPITSBERGEN 

See Winsnes, 1955, Birkenmajer, 1958, 1959, 1960, 
1972, 1975; Flood et al., 1971. 

The sections north and south of Hornsund are the 
best known. The rocks of this area have been folded 
and overthrust to the E in the mid-Tertiary WEST 
SPITSBERGEN OROGENY and the sequence, broken largely 
by later faulting, is listed here in what might origi
nally have been the unbroken sequence. 

Unconformably beneath Early Carboniferous rocks 
occurs an Old Red Sandstone unit: 

Marietoppen Gp 1 km, red sst and slt of Devonian 
age (Emsian-Eifeli an). 

This rests unconformably above the older rocks 

S¢rkapp Land Gp 1.4 km, 1st and dst, E Ord. 
(Candian). 

HORNSUNDIAN ? tectonic phase 

Sofiekammen Gp 0.8 km, dst, 1st and sh. E Camb. 

JARLSBERGIAN ? tectonic phase 

Sofiebogen Gp 4.7 km, pe, till, dst and 1st. 

Tertiary tectonic discontinuity may also represent 
contemporaneous 'tectonic break referred to as TORELLIAN 
tectonic phase. 

Deilegga Gp 3.5 km, green pe and qi. 

WERENSKIOLD ? tectonic phase 

Eimfjellet Gp 1.5 km, am, fe, till and qi. 

Isbjornhamna Gp 1.5 km, pe and ma. 

(10) BJ0RN0YA (BEAR ISLAND) 

See Hol tedahl, 1920a; Horn and Orvin, 1928; 
Krasil'shchikov and Livshits, 1974; Worsley and 
Edwards, 1976. 

On this small island the outcrop area is small so 
the record is likely to be partial. 

the: 
Carboniferous strata pass continuously down into 

R¢edvika Fm sst of late Fammenian to Tournaisian 
age. 

This sets the youngest limit to the mid-Palaeozoic 
movements for Svalbard and suggests that the Svalbardian 
phase was entirely Late Devonian, but the older r ocks 
are only s lightly tilted. 

Ymerdalen Fm 0.64 km 1st , dst. M Ord. (Chazy) 

separated by a phase of minor folding from the 

S¢rhamna Fm 0.175 km, pe and qi , ?Vendian . 

Russhamna Fm 0.4 km , dst, L Ri phean (Karatavian) . 

DISCUSSION 

Many publications have attempted an overview of 
the Svalbard Caledonides with varying degrees of specu
lation and simplifications. See Nordenskiold, 1875-1876; 
Nathorst, 1910; Holtedahl, 1920b; Kulling, 1932; Frebold, 
1935; Bailey and Holtedahl, 1938; Orvin, 1940; Harland 
and Wilson, 1956; Harland, 1959, 1960; Wi nsnes, 1965, 
1975; Harland, Wallis and Gayer, 1966; Sokolov et al., 
1968; Harland, 197la and b; Harland and Gayer, 1972; 
Krasil 'shchikov, 1973; Harland et al., 1974; 
Birkenmajer, 1975; Harland and Wright, in press. 

CORRELATION 

Time-correlation of the fossiliferous Palaeozoic 
rocks is generally fair. The problem here is that the 
western sequences (especially area (7)) are of highly 
mobi le, often turbiditic, facies and have yielded few 
fossils even though it seems probable that much of the 
rock is of Early Palaeozoic age. 

One or two of the two principal levels of Varangian 
(Early Vendian) tillites can be traced in sequences 2, 
3, 6, 7, 8 and 9 so that correlation at this horizon is 
reasonably secure even between different tectonic envi
ronments. Vendian microfossils from associated shales 
confirm the Varangian age of some of the above tillites. 

The commonly stroma toli tic, pisoli tic, oolitic 
facies that underlie the tillite formations are of 
Vendian and later Riphean (Karatavian) age but cannot 
be correlated with the same precision. There is no 
means yet of correlating older rocks other than by sim
ilarity of neighbouring facies. These conclusions are 
represented in outline in Figure 2.2. 

TECTONIC PROVINCES 

If Svalbard were treated as one tectonic province 
a unified scheme, such as appears in the first page of 
this paper or as elaborated by Krasil 'shchikov (1973) 
or Birkenmajer (1975), would combine all sequences (1) 
to (10) and so set rather rigid constraints on the 
stratigraphic breaks that would indicate tectonic phases . 
The outline of the ten sequences above presents evidence 
on a comparable basis with little interpretation. While 
acknowledging that each area may have been separated 
by minor faults if not major ones (cf. Harland, 1972) 
some groupings are suggested, namely, 1, 2 and 3; 4 and 
5; 6 , 7 and 8; 9 and 10. The Billefjorden Fault Zone 
(Harl and et al., 1974) was suggested as a major boundary 
due to substantial sinistral transcurrent Svalbardian 
motion so separating areas 1, 2 and 3 from the rest. 
A further Central West Spitsbergen Fault Zone was postu
lated in 1975 (Harland and Wright, in press) to separate 
the western sequence 6, 7 and 8 - together referred to 
as the Hol tedahl Geosyncline (Harland e t al., in press) -
from the centra l sequence (4 and 5). 

Fie ld work in 1977 confirmed the abundance of vol 
canic facies at least into Vendian time if not l a ter in 
areas (8) as well a s (6) and (7) and to Vendian time in 
area (9); but in areas (1), (2) and (3) volcanic facies 
were not evident above Lower Hecla Ho ek rocks. 

In conc lusion three, four or even five major prov
inces widely separated in pre-Devonian time may have 
been brought together in l ate Devoni an time by major 
transcurrent faults. 
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TECTONIC PHASES 

Although plate motions tend to produce broadly 
synchronous deformation at plate margins, deformation 
need not be synchronous and the search for widespread 
tectonic phases may not be worthwhile. 

Precambrian phases are difficult to correlate in 
Svalbard where there has been general mid-Palaeozoic 
over-printing of radiometric ages. In any case Precam
brian events may be regarded as pre-Caledonian. Areas l, 
4 and 5 may well conceal major Precambrian phases; in 
area (9) the Precambrian Werenskioldian and Torellian 
phases represent possible but not well-established 
Precambrian events. 

Of Palaeozoic phases the postulated Cambrian 
breaks: Jarlsbergian and Hornsundian claimed only 
from area 9, appear to be only minor episodes. The 
major episode - or the main Caledonian tectogenesis in 
the east (areas 1, 2 and 3) and centre (areas 4 and 5), 
at least, corresponds to the Ny Friesland Orogeny which 

Greenland GsFz 
CP 

Craton 

CWFZ 

was post-Llanvirn and pre-Devonian - possibly pre
Wenlockian. A later phase particularly in the west 
(areas 6 - 9) would appear to be very late or post
Silurian. This could correspond to the Haakonian in 
the centre-north (area 4) but might have been more 
intense and of greater duration in the west, being 
analagous to the Ellesmerian of North America and 
Greenland. Certainly the latest Caledonian event was 
very widespread in its effect, namely the Late Devonian 
transcurrent faulting with transpression. 

Post-Caledonian movements are evident but decrease 
in Carboniferous time. There is no major Variscan move
ment in Svalbard. These movements appear to be the 
final adjustments of the Caledonian s.l. regime. 

MID-PALAEOZOIC PLATE MOTIONS 

In a sequence 0£° papers, e.g. Harland, 1959, 1965, 
1969, 197la, 197lb, 1972; Harland & Gayer, 1972; Harland 
et al., 1974; Harland, 1975; Harland & Wright, in press, 

WP 

8 

(a) BFZ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

GSFZ 

(b) 
BFZ 

Figures 2. 3a, b. Diagrammatic maps to illustrate hypothesis of Harland & Wright (in press), 
in which at least three pre-Devonian provinces in Svalbard, distinguished 
by their litho-tectonic history, were widely separated until they were 
brought together by late Devonian sinistral transcurrent faulting. 
Figure 2.3a is a schematic pre-Devonian arrangement from Harland and 
Wright Figure 4; Figure 2.3b is much simplified from their Figure 3. 
Symbols are as follows: 

WP 
CP 
EP 

Provinces 

Western Province 
Central Province 
Eastern Province 

Fault Zones 

GSFZ (postulated) = Greenland-Svalbard Fault Zone 
CWFZ (postulated) = Central-Western Fault Zone 
BFZ (established)= Billefjorden Fault Zone 



I have attempted to define significant fault zones and 
develop a plate tectonic model for Svalbard through 
time. Earlier interpretations, (e.g. Harl and et al., 
1974) invoked only one major fault zone within the 
Svalbard archipelago. The interpretation presented in 
this paper (Figures 2.3a, 2.3b) is essentia lly as put 
forward in Harland & Wright (in press). In thi s inter
pretation four provinces are distinguished: Eastern 
(areas l, 2 and 3); Central (areas 4, 5 and 9); Western 
(areas 6, 7 and 8) and Southern (area 10). The Eastern, 
Central and Western Provinces ar e shown on Figures 2. 3a, b; 
the Southern Province (B ear Island) is south of the map 
area of these figures . The relationship of the Southern 
Province to the others is qu es tionable. A fault zone 
defines the boundary between the Eastern and Central 
provinces (Billefjorden Fault Zone); another between 
the Central and We stern Provinces (Central-Western 
Fault Zone). Also relevant to this discussion is the 
hypothetical Greenland-Svalbard Fault Zone, believed 
to lie west of Svalbard and firs t postulated in 1965. 
Dividing Svalbard in thi s way provides a model to 
account for the differences in f acies and timing of 
events in the different areas . 

The Caledonian events may be summarized as EW 
compression in the initial Ny Fries land Orogeny in, 
say , later Ordovician to Silurian time. The effects 
of this orogeny are clearly displayed in the Eastern, 
and probably the Central province. This orogenic 
activity culminated in sinistral transpress ion with NS 
elongation in Silurian time. Sinistral strike-slip 
then took over, involving movement along what are now 
recognized as the Billefjorden and Central-Western 
Fault Zones. 

The western sequence might have a more complex 
history. A poss ible Late Ordovician or Early Silurian 
episode preceded deposition of the Bullbreen Group 
rocks which were then deformed in late Silurian or 
Devonian time. Devonian strata have not been identi
fied in this province . The facies, ages of deposition 
and deformation all contrast with what is known of the 
Caledonian sequence in the east, and in East Greenland, 
and have more similarity with the North Greenland and 
Ellesmerian orogenic provinces. 

The model with late Devonian sinistral motion 
along the main NS faults serves to account for the 
differences in facies and timing of events and to jux
tapose these provinces as they remained from Carboni
ferous through Paleocene time. 

The typical Caledonian events of the Eastern 
Province culminated in the final closure of Iapetus. 
The succeeding sinistral motion along the suture (and 
along all the faults mentioned) probably coincided with 
Acadian and/or Ellesmerian orogenic episodes . These 
contrasts represent a change in relative plate motions 
that need further investigation. 

Until such an interpretation be rejected it would 
be well to restrict the name Hecla Hoek to the eastern 
sequences. Harland et al ., in press, proposed the 
name Holtedahl Geosyncline for the rocks of the Western 
province. The southwestern and southern sequences are 
s till in need of further elucidation. 

Many regard the above views as too mobilistic. 
A more fixistic view, as, for example, outlined by 
Birkenmajer (1975) should be compared as an alternative 
model. An extreme fixistic model is developed by 
Krasil'shchikov (1973). 
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3 . THE NORWEGIAN CALEDONIDES - INTRODUCTION 

PA 0 J E C T 27 

CALEDONIDE 
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Avd . A 

Universitetet i Bergen 
5014 Bergen, Norway 

In preparing the synthesis of the Norwegian Cale
donides we have divided the orogenic belt i nto five 
segments: 1 - northernmost Norway (Finnmark); 2 - north 
centra l Norway; 3 - south central Norway; 4 - southern 
Norway; 5 - the eastern marginal zone (Fig. 3.1). 
Articles 4-8 of this Volume describe these segment s . 
Regional coverage of the Scandinavian Caledonides is 
completed with the article by Gee (10), on the Swedish 
Caledonides. The account of the Norwegian Caledonides 
i n this volume also includes an article by Steel (9) 
on the late orogenic Devonian rocks (Old Red Sandstone) 
which occur in the southern segment, and, l ess exten
sively in the south central segment. The segments are 
essentially regional subdivisions but they are also 
divi sions which show regionally dis tinct patterns and 
which involve unlike geological e lements . 

The l ast major syntheti c studies of the Norwegian 
Caledonides (Nicholson, 1974; Strand and Kulling, 1972) 
contain a wealth of information, but significant 
advances have been made in recent years which clarify 
many of the relationships. These recent advances have 
either not been published before, or appear in scat
tered publications. 

The Norwegian Caledoni des are developed upon a 
framework of the Baltic Shield which shows a complex 
pattern of Precambrian orogenesis. This is reflected 
in the several now firmly established age provinces 
(Figs. 3 . 2, 3.3). Above the basement occurs an autoch
thonous cover sequence of Vendian-Silurian deposits 
which is now only preserved in part beneath the thrust 
nappes of the Caledonides. A complete Lower Palaeozoic 
succession is found in the Oslo region, but elsewhere 
the sequence is incomplete. 

The nappes of Caledonian development range from 
littl e travelled parautochthon to far-travelled alloch
thonous units, many of which root westward of the pres
ent day geographica l confines of Norway. Work spanning 
the l ast decade has shown tha t the nappe sequences are 
much more complex than previously considered, and 
attempts to express this in this synthesis will be 
found in the form of tectonostratigraphic tables. The 
l as t decade has also shown how our assessment of Cale
donian elements in these nappe sequences and indeed 
the identification of Caledonian elements elsewhere in 
Norway has to be substantially modified. Many areas 
of gneissic and migmatitic rocks previously regarded 
as an integral part of Caledonian evolution have been 
demonstrated both by geochronological and by strati
graphical techniques to represent Precambrian crystal
lines . The great area of gneisses in western Norway 
known as the North-West Gneiss Region, previously 
regarded by many as Caledonian in age, has been shown 
to represent a window of the Precambrian crystalline 
foundation and to represent an integral part of the 
Baltic Shield . The same has been shown for windows 
in the north-central part of the country . In the 

IGCP Project 27, Norwegian COntribution No . SA. 
Caledonian-Appalach ian Orogen of the North Atlantic Region; 
Geo l. Surv . Canada, Paper 78-13 (1978) . 

nappe sequences many gneissic rocks, previously con
sidered to be of Caledonian deve lopment, have a lso 
been demonstrated to r epresent allochthonous e lements 
of the former crystalline basement to the Caledonian 
supracrustal sequences . 

The timing of Caledonian orogenesis in Norway 
(Fig . 3.3) now appears, without any reasonable 
doubt, to have occurred in two main stages: 

1. Late Cambrian-Early Ordovician (Finnmarkian/ 
Grampian) . 

2. Middle to Late Silurian (Main Scandinavian). 

The northernmost segment contains a succession of 
nappes which not only went through their main tectono
thermal evolution during the first of these periods 

12° 20° E. of Greenw. 28° 
1 - north·ernmost Norway (Fig. 4 .1); 
2 - north central Norway (Fig. 5.1); 
3 - south central Norway (Fig. 6 .1); 
4 - southern Norway (Fig. 7.1); 
5 - eastern marginal zone (Fig. 8.1); 
6 - Swedish Caledonides (Fig. 10.2). 

Figure 3.1. Index map, Scandinavian Caledonides. 
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Figure 3.3 . Generalized map showi ng approximate timing 
of principal zones of t ectono-metamorphic 
evo lution in the Norwegian area (modified 
from Roberts and Gale, in press). 

(Finnmarkian) but also suffered their major "mise-en
place" at this early stage . The northernmost segment 
is a l so characteri zed by the unu sual pat t ern of syn
orogenic magmat i sm developed during thi s time period. 
Cl ear evidence of major deformation and metamorphism 
at about this time is also seen in Wes t ern Norway, 
a lthough there the substantial reworking dur ing Late 
Silurian orogenesis has produced a compl ex structural 
pattern. With the exception of the northernmost seg
ment the empl acement of the Caledonian nappes , and also 
much of the structural and met amorphi c development 
within these , is re lated to the second of the main 
Caledonian phases (Scandinavian). One of the features 
which is emerging from current work concerns the 
i ncreasingly complex r e lations between folding and 
thrusting where even major thrusts may be polyphasallv 
r efo lded. The i nten s ity of such deformation appears 
to i ncrease progressively westwards. 

In models of Caledonian reconstruction, signifi
cant advances have been made in relation to the identi
fication of distinctive faunal provinces, which show 
dec idedly different characteristics for the foreland 
region when compared with the allochthonous units. 
Within the allochthonous units geochemical work has 
demonstrated that many of the basic volcanic sequences 
bear the characteristics of ocean floor and island arc 
basalts, features which are important in any geotectonic 
and palaeogeographic reconstructions. One of the out
standing problems for such reconstructions is the pres
ence of major overthrust units of Precambrian crystal
lines which occupy the highest position in many of the 
tectono·stratigraphic sequences. 

Recent work on the Devonian of Norway has shown 
the substantial development of molasse sedimentation 
in rel ation to the denudation of the Caledonian mountain 
chain produced during the main Scandinavian phase of 
the Caledonian orogeny (Mid- Late Silurian). It is also 
apparent that the Devonian rocks are now in part in 
al lochthonous position, and that strong folding has 
affec t ed certain areas. Low-grade metamorphism is also 
prevalent in some of these assemblages. This phase of 
orogenic activity is regarded as Svalbardian (at the 
Middle to Upper Devonian boundary) and may well repre
sent in the NE Atlantic region an expression of the 
Acadian Orogeny so strongly developed in the Appalachians. 

In writing these short summaries, although we have 
tried to t ake a neutral and impartial line, the views 
expressed are naturally those of the individual authors; 
a t the same time we are grateful to our. many colleagues 
who have kindly made available to us a considerable 
volume of unpublished information. 

Similarly we express our gratitude to Sissel Dahle 
who has typed all manuscripts and to Jan Lien who has 
drawn mos t of the illustrations. 
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INTRODUCTION 

The nappes of the northernmost segment of the 
Norwegian Caledonides were initially emplaced during 
the Finnmarkian phase of the orogeny which occurred 
during the time interval approx. 550 - 500 m.y . B.P. 
(Sturt et at., 1975), that is during a major period of 
orogenesis beginning in the Upper Cambrian and extend
ing in t o Lower Ordovician time (Table 4.1, Fig . 4 . 1) . 
In the southwest part of this segment, in the Lyngen
Balsfjord area, the Finnmarkian nappe complex is over
lain by a younger sequence of nappes, parts of which 
are composed of Ordovician-Silurian strata. Similarly, 
a klippe of such rocks is found on the island of Mager¢y 
in the far north. The northeastern section of the 
Finnmarkian nappe sequence is bounded, on Varanger 
Peninsula, by a major transcurrent fault - the Tro l l
fjord Komagelv Fault Zone - to the north of which is a 
thick, low-grade metamorphic sequence of Riphean sedi
ments, the Barents Sea Group (Siedlecka and Siedlecki, 
1967; Roberts, 1972). Above these, with either a tec
tonic or a sedimentary contact, are sediments of the 
Raggo Group of probable latest Riphean to Vendian age; 
these show certain similarities with parts of the 
Finnmarkian nappe complex (Fig. 4.1, Table 4.1). 

The foreland to the south consists of a basement 
of Karelian and pre-Karelian rocks which varies from 
high-grade ~1eiss terrains to greenschist facies supra 
crustals. These are overlain by a succession of late 
Precambrian and early Paleozoic rocks which comprise 
two sequences separated by a shallow angular unconform
ity. In east Finnmark the older of these two sequences -
the Older Sandstone Series - is composed of two units, 
the Vads¢ Group and the overlying Tanafjord Group . 
Shales from the Vads¢ Group have been dated at 825 Ma 
(Pringle, 1973) . The younger sequence, comprising in 
ascending order the Vestert ana and Digermul Groups, 
ranges from basa l Vendian tillites , dated at 668 ± 7 Ma 
(Pringle, 1973) continuously up into Tremadocian strata 
(Reading, 1965) . To the southwest, along the thrust 
front, the autochthon is r epresented only by a thin 
condensed sequence, the Divida l Group or Hyolithus 
Zone , which passes down into northern Sweden (Fig . 4.1, 
Table4.l). 

Two major windows of basement show through the 
Finnmarkian nappes ; the Komagfjord and Alta - Kvaenangen 
(designated the Raipas windows on Fig . 4.1) . These 
expo se the so-ca lled Raipas Suite of presumed Karelian 
age which comprises sandstones, dolomit es , quartzites, 
shales and conglomerates with thick developments of 
pillow lava s (Barth et at ., 1963). Autochthonous late 
Precambrian -Cambrian rocks containing tillites rest 
unconformably upon these older Precambrian rocks, and 

IGCP Project 27 , Norwegian Contribution No. 58. 
Caledonian-Appalachian Orogen of the North At lantic Region; 
Geo 1. Surv . Canada, Paper 78- 13 ( 1978) . 

it can be demonstrated that the strong cleavage of the 
window assemblage is cut by the unconformity . In areas 
where the Caledonian reworking of the basement/cover 
assemblage is advanced this unconformity is difficult 
to detect. 

THE FINNMARK NAPPE SEQUENCE 

This consists of a succession of nappes with a 
range of basement/cover relationships (Figs . 4.1 and 
4 . 2) . The nappes also vary from little transported 
parautochthonous units of low metamorphic grade to far
travel led allochthonous nappes in which high-grade 
Caledonian metamorphism is widespread. The main napp~ 

sequence is as follows: 

Mager¢y Nappe - of Silurian emplacement 

Laksefjord Nappe - of Finnmarkian emplacement 
Kalak Nappe Complex } 

Gaissa Nappe 

In the region of the Raipas windows the two lowest 
units are missing and instead parautochthonous nappes 
of Raipas rocks may be present; these carry Caledonian 
metamorphic f abrics of middle to upper greenschist 
facies. The Mager¢y Nappe contains Ordovician-Silurian 
rocks with metamorphism ranging from greenschist through 
to high-rank amphibolite facies and was emplaced during 
late Silurian time (Ramsay and Sturt, 1977). The nappes 
beneath this unit constitute the Finnmarki~n tectonic 
a ssemblage (Table 4.1) . 

The two lowest units, the Gaissa and Laksefjord 
Nappes, contain a l ithostratigraphic sequence similar 
to the foreland assemblage, of late Precambrian age 
(Laird, 1972; Gayer and Roberts, 1973). The Gaissa 
Nappe is only very weakly metamorphosed, while the 
Laksefjord Nappe lithologies show evidence of middl e 
greenschist facies metamorphism. South of Alta the 
lowest tectonic unit, the so-called Jerta Nappe, is 
composed of imbricated, weakly metamorphic lithologies 
of Dividal Group or Bossekop Group aspect (Zwann, pers . 
comm.). This lies directly upon autochthonous Div i da l 
Group (Table 4.1), and may be tentatively correlated 
with the Laksefjord Nappe. 

The uppermost of the Finnmarkian units, the Kal ak 
Nappe Compl ex (also called the Reisa Nappe Complex in 
north Troms), is by far the most complicated, tectonic
ally, of all the units . This is composed of a number 
of discre t e nappes which contain a variety of gnei ss ic 
rocks of Precambrian age and a distinctive Vendian to 
Cambrian lithostratigraphic sequence . Examples are the 
Hammerfes t, Kval¢y and Kval sund Nappes (Fig. 4.2). 
Gneisses are locally ass ocia ted with the sedimentary 
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Table 4 .1 

TECTONO-STRA TIGRAPHIC 

UNIT 

MAGER0Y 

NAPPE 

KA LAK 

N APPE 

COMPLEX 

LAKSEFJORD 
NAP PE 

AUTOCHTHONOUS 

TREMADOC -

LATE PRECAMBRIAN 

M 
E 
T 
A 

K S 
A E 
L D 
A 
K M 

E 
N 
T 

p 

E 
c 
A M 
M E 

~ N 

A 
N 

THE MAIN FEATURES OF THE Fl NNMARK NAPPE SEQUENCE 

STRA Tl GRAPHIC AGE OF 

SEQUENCE AND MAIN 

LITHOLOGIES 

Ordovician - Silurian 

Greywackes, shales, phyllites, 
schists, limestones, conglo
merates . 

PALAEONTOLOGICAL 

EVIDENCE 

Llondoverian' Fauna 

/>IKJnogroptids 
Corals 
Brachiopods 
Crinoids 
T~ace fossils 

DEFORMATION/METAMORPHISM 

AND IGNEOUS ACTIVITY 

Greenschist - amphibolite facies 
regional metamorphism . Progrode 
metomorphismond thrust fabric . 
Mafic, uhramafic and granitic 
rocks . 

THRUST - CONTACT/ PROGRADE METAMORPHISM 

late Precambrian - Cambrian 
Psammites, schists, limestones 
- with turbidites at top of 

succession 
No glociogene sediments 
recorded. 

Archaeocyathids of a 
Lr-mid Cambrian age 
in Folkenes i'Aorble Group 

(S1'><"¢ya) 

Trace fossils in Klubben 
Psammi te Group 

(S¢'¢ya) 

Complex deformation history. High
grade regional metamorphism (main
ly amphibolite facies) with loca l 
development of migmotites. 
Plutonic mofic, ultromofic, dioritic, 
granitic, and alkaline rocks in 

W. Finnmork and N. Trams. 

IN SOME CASES THRUST-CONTACT; IN OTHERS PRIMARY UNCONFORMITY 

Precambrian 
Two different types of basement 
involved in Kolek Nappe 
Complex. 
(i) Rocks of Raipas Suite in 

parautochthonous nappes 
(ii) Para- and ortho-gneisses in 

internal thrust sheets within 

Kolek Noppe Complex, 
either as gnci--s units or to
gether with the Knk1k 
sediments . 

None PolY-Rhase Precambrian deformation 
and metamorphism (amph ibalite foc ies 
with relics of gronulite facies) 

PolY-Rhase Caledonian reworking. 
Metamorphism from greenschist to high 

c:imphibolite focies. 
!gneous rocks: Precambrian granites, 
gobbros, dolerites, etc. 

Caledonion - as in Kalak metasediments 

THRUST CONTACT/DIAPHTHORITIC METAMORPHISM AND CATACLASIS 

late Precambrian - Cambrian{?) 

Sandstones, schists, phyllites, 
limestones, glociogene sediments 
etc. 

No fossi Is recorded Strongly deformed low greenschist 

facies metasediments. 
local basic dykes. 

UNCONFORMITY AT BASE OF LAKSEFJORD GROUP 

THRUST - CONTACT/DIAPHTHORITIC METAMORPHISM AND CATACLASIS 

THRUST - CONTACT/CATACLASIS 

RAOIOMf TR IC 

AGE DETERMINATIONS 

Not yet dated 

402N\o. K-A r whole rock . f0a1e 
of"lote metamorphic event' 

384-420Ma. K-Ar micm (Dote 
- - -o(i~te-metomorphic eventl 

480 - 491'\/\a. K- Ar nephelines 
- -(D~ie ~f mo in high grade 

metamorphisml 
501-552fv\a. Rb-Sr isochron age~ . 

~f medium-high 
grade metamorphism) 

1500Ma. Rb-Sr , on granite dyke 

cutting gneisses (preliminary isochron 
from lerrisfjord area) 

503Ma. Slates - Friorfjord 
---i:"Ormotio n (age of cleavage) 

A A A A A A AAA AA A AAAAAAAAAA A AAA 

late Precambrian - Tremadoc 

Continuous sequence of 
sandstones, shales, glaciogene 
sediments etc. 

Cambrian and Tremadoc
ian macro- and trace

fossil faunas. 

little metamorphosed - slightly 
recrystalli zed sediments. 
Variably folded and cleaved. 

UNCONFORMITY AT BASE OF VESTERTANA GROUP 

Older Sandstone Series 

Sandstones, shales etc. 

No fossils recorded 

REGIONAL UNCONFORMITY 

little metamorphosed - slightly 
recrystalli7-ed sediments. 
Variably folded and cleaved. 

KARELIAN AND OLDER CRYSTALLINE BASEMENT 

~-b-=--~-j~~~~~~~.?J:l~~ 
515Ma. Shales - Stoppogeidde 
~alion (age of cleavage) 
668Mo. .Shales - Nybor~ Form
-atiOn (age of diogenesis) 

825 Ma. Shales - Vods~ Group 
(oge of diagenesis) 
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Figure 4 .1. Tectono-stratigraphic units , northernmos t Norwegian Caledonides. 
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succession and in many cases it is not clear whether 
these represent Caledonian gneisses or tectonically 
incorporated Precambrian elements. The stratigraphy 
of the Caledonian cover sequence is very distinctive 
and can be traced throughout the segment. The type 
succession for west Finnmark and north Tr ams is found 
on the island of S¢r¢y and is as follows (Ramsay, 1971): 

5. Hellefjord Schist Group - alternating, thin-bedded 
metagreywackes and pelitic schists - a turbi
di te sequence. 

4. Aafjord Pelite Group graphitic schists, mica 
schists with thin granoblastic quartzites. 

3. Falkenes Marble Group - pure and impure marbles with 
calc-silicates; contain Archeocyathids of Lower 
Middle Cambrian age. 

2. Storelv Schist Group - thick sequence of mica schists 
with distinctive upper and lower formations. 

1. Klubben Psammite Group - thick development of cross
bedded psammites with extensive horizons of 
semi-pelitic schists. 

This succession shows polyphasal structural and metamor
phic development with two major deformational episodes: 
in detail, more complex, multiphase deformational 
sequences may be established. Fold structures range 
from major recumbent folds with extensive zones of 
stratal inversion to more simple structures. The meta
morphism of the Kalak Nappe Complex was essentially 
within the amphibolite facies, though in the lower units 
greenschist facies may obtain (Sturt et al., 1975). The 
Caledonian metamorphism of the region appears to be 
entirely of the medium-pressure Barrovian type. Local 
areas of highest amphibolite facies are present, and 
here migmatite complexes are developed . 

One of the most significant features of the Kalak 
Nappe Complex is its igneous history, which is probably 
unique within the Caledonian-Appalachian orogen. This 
igneous activity is concentrated in the western part of 
the Kalak Nappe Complex in the Seiland Petrographic 
Province, within which occurred a great plethora of 
igneous activity showing a considerable petrological 
variation (Sturt and Ramsay," 1965; Robins and Gardner, 
1974; Bennett, 1974). Major layered gabbro intrusions 
with parent magmas ranging from quartz-normative tho
leiite to alkali olivine basalt were emplaced, these 
showing ma~y features characteristic of such intrusions 
in stable tectonic environments. Major ultramafic com
plexes with compositions ranging from dunites through 

west -----------SEILAND PROVINCE---------- east 
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wehrlites to lherzolites occur, as do extensive alkaline 
complexes containing carbonatites, nepheline syenites, 
alkaline pyroxenites and a range of other syenitic 
types. A deformed alkaline pyroxenite ring-dyke com
plex is present on Stjern¢y (Robins, pers. comm.), and 
elsewhere there are numerous small intrusions of gran
ite, monzonite and diorite (Fig. 4.3). 

The emplacement of the igneous complexes spans 
the sequence of polyphasal tectono-metamorphic evolu
tion of the region, and all rank as syn-tectonic intru
sions (Figs. 4.3, 4.4). As a result they show variable 
effects of tectonic and regional metamorphic processes, 
and in turn provide a complex sequence of contact meta
morphic recrystallizations and overprinting on the 
envelope rocks. The general evolutionary pattern of 
the basic rocks is of a progressively developing alka
line trend (Sturt and Ramsay, 1965; Robins and Gardner, 
1974), though exceptions do occur. The entire plutonic 
complex is allochthonous, deriving from a northwesterly 
source probably above a mantle diapir (Ramsay, 1973). 

Geochronological studies in the Kalak Nappe Complex 
show from the Rb/Sr whole-rock isochron method (Rb87 = 
1.39 x lo-llyr-1) that the ol dest members of the Seiland 
province were emplaced approximately 550 Ma ago (for 
intrusions emplaced during the o1 sequence of strains), 
and that the youngest major intrusives (alkaline) date 
to ca. 500 Ma, these latter having been emplaced late 
in the protracted Dz deformation episode (Sturt et al., 
1975). Attempts to date the peak of the regional meta
morphism indicate ages of around 535 Ma . Studies of 
the slaty cleavage in the foreland and in the Laksefiord 
Nappe indicate that this structure was formed around 
510-500 Ma ago and thus corresponds to the Dz defor
mation in the Kalak Nappe Complex (Table 4.1). The 
mineral ages are all considered to represent cooling/ 
uplift ages and can be divided into two groups: 

(i) Nephelines, 480-494 Ma, taken to represent 
cooling/up lift ages for the Finnmarkian event. 

(ii) Micas, 385-4ZO Ma, taken to represent cooling/ 
uplift ages in relation to the subsequent 
main Scandinavian event. 

BASEMENT/COVER RELATIONS WITHIN THE 
FINNMARK NAPPE COMPLEX 

Primary stratigraphic contacts are seen between 
cover sediments and basement in the f oreland and around 
parts of the Raipas windows. Withi n the nappe complexes 
a primary unconformity is documented from the Laksefjord 
Nappe where the metasediments rest on gabbroic rocks 
of assumed Precambrian age (Laird, 197Z). In the Kalak 
Nappe Complex areas of gneissic rocks have long been 
known, though until recently they have. been considered 
as representing gneisses generated in response to 
Caledonian orogenic processes. Recently a primary 
stratigraphic unconformity has been discovered on the 
island of Kva l¢y (Fig. 4.1) beneath the Klubben Psammite 
Group (Sturt, unpub. data). The subjacent gneisses 
represent a series of foliated rocks of complex evolu
tion wi th several phases of reworking and injection 
prior to deposition of the Klubben Psammite . Further 
south in a nappe unit probably equivalent to the gneis
sic rocks on Kval¢y Rb/Sr isochron work shows that late 
granitic dykes cutting gneisses are approximately 
1500 Ma (Sturt, unpub. data). In a higher tectonic 
unit at 0ksfjord gneisses have been dated to 1030 Ma. 
The implications of this are manyfold: 

1. The thesis of a Caledonian origin for all the 
gnei ssic rocks of the region mus t be r econsidered, and 
except for migmatite complexes derived from specifically 
recognized members of the Kalak succe ssion the status 
of such rock s i s in doubt. 

Z. The unconformity on Kvalpy beneath the Klubben 
Psammite implies that Baltic continental crust extended 
for a considerable distance to the west beneath the 
depositional basin for the Kalak sediments, and that 
this crust is of high metamorphic grade and considerable 
antiquity. 

3. As such gneisses also occur sandwiched between 
thrust sheets of parautochthonous rocks of the Precam
brian Raipas Series, they in part represent a crystal
line basement to these rocks. 

4. The highest nappe yet recognized in the Finn
markian sequence, on the island of Arn¢y, truncates the 
full S¢r¢y sequence and is composed of a comp lex devel
opment of gneisses and granulite facies rocks. If these 
also turn out to be Precambrian crystallines the impli
cation would be that virtually the entire sedimentary 
basin in which the west Finnmark sequence accumulated 
was floored by continental crust (Fig. 4.4). 

The major thrust planes in the region are clearly 
demarcated and particularly where gneisses occur at 
such contacts a range of mylonitic and blastomylonitic 
rocks are developed. Where metasediments make contact 
with thrust planes quartz-mylonites are extensively 
developed from the psammitic rocks and a range of phyl
lonitic rocks from the micaceous mem~ers of the sequence. 
Towards thrust planes marked extensional and flattening 
fabrics are characteristic. Major overthrusting occur
red in two distinct episodes (Sturt et al., 1975): 

(i) In relation to Finnmarkian orogenic develop
ment, i.e. in late Cambrian to early Ordovi
cian time. 

(ii) In relation to late Silurian (main Scandina
vian) orogenic development. 

In the earlier of these episodes (Finnmarkian) it 
can be seen that thrusting was polyphasal, and episodes 
of thrusting can be distinguished both early and late 
in the sequence of tectono-thermal development. The 
latest thrust movements are characterized by diaphthore
tic metamorphism. 

The later of these major episodes, i.e. late 
Silurian (main Scandinavian), is clearly seen in rela 
tion to the Mager¢y Nappe on the island of Mager¢y. 
Here, thrust movements were coeval with high-rank 
amphibolite facies metamorphism (Ramsay and Sturt, 1977). 
At the southern margin of the Finnmarkian segment the 
younger nappes, however, have diaphthoretic fabrics at 
their contacts which post-date the metamorphic maximum 
of the nappe lithologies. This indicates that the his
tory of thrusting during the main Scandinavian phase of 
the Caledonian orogeny was probably also polyphasal . 

THE MAGER0Y NAPPE 

The rocks of the Mager¢y Nappe are found only on 
the island of Mager¢y, which is separated from the main
land by a major fault. This unit contains a sequence 
dominated by metagreywackes and mica schists with sub
ordinate limestones and conglomerates. Sporadic finds 
of fossils demonstrate an Ordovician-Silurian age for 
much of the succession (F¢yn, 1966). The rocks were 
affected by polyphasal deformation and metamorphism 
presumably during late Silurian orogenesis (Ramsay and 
Sturt, 1971). Metamorphism i s entirely of the medium
pressure Barrovian type and shows a marked increase in 
grade from east to west. Igneous rocks present include 
gabbros, peridotites, diorites and granites . As yet 
no geochr onologica l information i s available. 

Zl 
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Figure 4.4. Diagrammatic profiles depicting the tectono ~stratigraphic and igneous 
evolution of the Ca l edonides of Finnmark and North Troms, northern 
Norway (from Sturt et al. , 1977) . 



In general terms the gross l ithofacies of the 
Mager¢y Nappe r esemble those of the younger nappes 
south of the Finnmarkian segment, wes t and southwes t 
of the Lyngen Peninsula. In particular there is a 
striking simil arity between certain tilloidal intra
formational conglomerates on Mager¢y and conglomerate s 
in the lowes t nappe unit west of the Lyngen gabbro. 
Recent fossil finds south of Ba l sfjord in fact indicate 
a Lower Silurian age for at least part of the succession 
(Bjorlykke , pers . comm . ), thus providing an important 
link between the Mager¢y Nappe and the Silurian-deformed 
nappe p i l e of Nordland and Tr¢ndelag (Roberts and Gale , 
1977) (Fig. 4 . 4). 

The sequence in the Mager¢y Nappe and its southerly 
equivalents was presumably deve loped in a basin sited 
to the west of the Finnmarkian fold belt (Fig . 4 .4) . 

ROCKS NORTH OF THE 
TROLLFJORD KOMAGELV FAULT ZONE 

On Varanger Peninsula two lithos t ra t igraphical 
sequences have been described from north of the complex 
dextral-trans current Trollfjord-Komage lv Fault Zone; 
the Barents Sea Group and the Raggo Group (Siedlecka 
and Siedlecki, 1967 ; Siedlecka, 1975). These are quit e 
dis s imilar to the late Precambrian rocks of the Vads¢ 
and Tanafj or d Groups occurring in the autochthon south
wes t of the fault zone . 

The 9 km-thick Barents Sea Group consists of prox
imal and dista l turbidites superseded by a variable 
sequence of si lt stones, mudstones, sandstones and 
s tromatolite-bearing carbonates . By ana logy with a com
parab l e success ion on the Ri bachiy Peninsula , U.S.S.R., 
the Barents Sea Group has been considered as Riphean 
in age (Siedlecka, 1975). Some confirmation of this 
has been provided by K/Ar age deter~inations on dolerite 
dykes from the Batsfjord area which i ndicate that the 
sedimentary p i le was folded and weakly met amorphosed 
sometime prior to 640-650 Ma (B eckinsa l e et al . , 1976), 
and possibly before ca. 740 Ma (B eckinsale, pers. comm . ). 
As the cleavage in the autochthon south of the fault 
i s 515 Ma (Sturt et al., 1975; Pringle, 1973) and as 
such dykes are completely absent i n this area, the 
implication is that the Trollfjord-Komage lv Fault Zone 
separates two regions or blocks with quite different 
early geo logical histories. 

Studies on the palaeomagneti sm of the Batsfjord 
dykes a lso favour the notion that the Barents Sea Group 
is a foreign element in the Caledonides of northern 
Norway and suggest that the sediments were deposited, 
folded and i ntruded by dyke s before be ing laterally 
displaced, by dextral transcurrent movement, along the 
Trollfjord-Komage lv Fault Zone over a distance of sev 
eral hundred kilometres (Kjode et al . , unpub. data) . 
Most of thi s movement occurred between 640 to ca 530 Ma. 

Unt i l recently the Raggo Group has been considered 
to be composed of two forma tions , the L¢kvikfjell and 
the Berlevag Formations . It is now known that the con
tact between these is of thrus t - f ault char ac ter with 
the Berl evag Formation apparently correlating with part 
of the Kalak Nappe Complex sequence occurring on nearby 
Nordkyn Peninsula (Levell and Roberts, in press). Rocks 
of the L.6kvikfjell Formation may be equiva l ent s of part 
of the Laksefjord Nappe succession. As the metamorphic 
fabric in the Berlevag and L¢kvikfj e ll Formations is 
thus almost certainly of Finnmar kian age, and since 
comparatively little displacement has occurred along 
the Trollfjord-Komagelv Fault Zone subsequent to the 
emplacement of the Kalak Nappe, this is further confirma
tion tha t the major component of transcur r ence is 
pre Finnmarkian . 

A few dol erite dykes of late Devonian age, 355 Ma, 
are a l so present on Varanger Peninsul a (Beckinsal e et 
al . , 1976). These occur on both sides of the Trollfj ord
Komage l v Fault Zone, indi cating that s i gnificant l at eral 
translative movements had ceased by t he very end of the 
Caledonian orogeny. 
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INTRODUCTION 

The geology of north- central Norway (Fig. 5.1) is 
dominated by nappes of rel atively high-grade psarnrnitic, 
pelitic and calcareous metamorphic rocks with subordi
nate metavolcanics and with some intrusive ma ss ifs of 
Caledonian age. The generally granitoid Precambrian 
basement is exposed in a number of tectonic windows. 
The depositional age of the metasediments of the nappe 
sequence has for a long time been regarded as most 
probably Cambra-Silurian (Strand, 1972), but recent 
age determinations are indicating that parts of certain 
successions may be of late Precambrian age (P. Taylor, 
pers. comm.; A. Raheim, pers. comm.). So far the 
Caledonian age of the deformat ion and main metamorphic 
episodes has not been doubted. 

Geochronological studies from the central part of 
the area indicate that the main metamorphism in this 
area occurred i n the Silurian (Wilson, 1972) . Some 
l a te-tectonic intrusives, including the largest granite 
massif in the Norwegian Caledonides, the Bindal massif, 
west of Hattfjelldal, were empiaced at the very end of 
Silurian time (Priem et al., 1975). The great strike 
extension and relatively constant thicknesses of many 
sedimentary units over large areas of Nordland and 
Troms are suggestive of fairly stable deposi tional 
conditions . It i s also probab le that the trend of 
larger fold structures and the mountain chain in gen
eral, N-S to NE-SW, is approximately paralle l to the 
longer dimension of the original sedimentary basins 
(Gustavson, 1966; 1972). Th e complex tectonics and 
high-grade metamorphism have so far precluded any 
a ttempt at geotectonic reconstruction fo r this region. 
It can be suggested, however, that an eventual Cale
donian subduction zone was most probably si tuated some 
where to the west of the pre sent coast line . 

THE AUTOCHTHON: PRECAMBRIAN BASEMENT AND COVER 

Continuous areas of Precambrian basement east of 
the Caledonian nappes are mostly confined to the Swedish 
s ide of the national border in this region, but base
ment rocks enter Norwegian t er r itory in Dividalen, 
about 100 km E of Narvik at about 68°30'N (Fig. 5.1). 
It is here covered, to the west , by an approximately 
100 m-thick autochthonous sequence of Lower Cambrian 
sandstone and shale, dated by fossils (Vogt, 1967). 
Large areas of Precambrian basement are exposed in 
Lofoten-Vesteralen and in adjacent coastal districts. 
The Precambrian west of the Ofoten Synform is continu
ous with basement within the Caledonian nappe area in 
Tysfjord. To the east, in Sweden, this basement is 
overlain by allochthonous Precambrian rocks of the 
"Syenite Nappe". 

A number of tectonic wi ndow s are exposed within 
the Caledonian nappe region, the largest being the 
Rombak Window (Fig . 5.1) where the Precambr i an is over
lain by a thin sequence of supposed Lower Cambrian con
glomerate and sandstone . The autochthonous sediments 

IGCP Project 27, Norwegia n Contributi on No. SC. 
Ca l edoni an-Appalachian Orogen of the Nor t h At l ant ic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

are also preserved in small areas of "down folded" 
rocks within the window. West of the Ofoten Synform 
conglomerate and sandstone in a small area on Hinn¢y 
may represent the origina l cover sediments, but these 
are now metamorphosed and probably thrust some di stance 
along the surface of the Precambrian gr anite below 
(Gustavson, 1972). 

Sandstones of Divida l Group (Hyol ithes Zone) type 
are also present around Precambrian windows in Troms 
(e.g. the Mauken Window) (Gustavson, 1966; Berthelsen, 
1967). Tectonic windows i n Nordland, other than the 
Rombak Window, are: Rishaugfjell, Nasafjall and Bt\rge
fjell in an eas tern zone and Heggmovatn, Svartisen, 
Sjona and H¢gtuva in the we s t, to mention the larges t 
ones (see Fig. 5. l'). Autochthonous sediments have been 
described from the eastern margin of the Nasafjall 
Window (which lies in Sweden) and the B¢rgefjell Window 
(Greiling, 1974). Around the coastal windows no autoch
thonous cover has yet been found. 

In a very general way, the Precambrian windows 
along the na tional border and thos e along the coast of 
Nordland-Trams can be regarded as forming e longate, 
anticlinal s tructures, between which the Caledonian 
nappes lie folded in a ma jor synclinorial depression. 

Apart from the Lofoten-Vesteralen area, wher e a 
wide range of radiometric ages have been reported from 
about 3500 Ma to about llOO Ma (Taylor, 1974) absolute 
age determinations so far seem to indicate that the 
largely granitoid basement of Nordland is about 1700 -
1800 Ma old, that is Late Svecofennian. Some indica 
tions of a younger Precambrian thermal event of about 
llOO - 1200 Ma have also been report ed . 

TECTONO-STRATIGRAPHIC UNITS 
IN THE NAPPE SEQUENCE 

The accompanying table (5.1) outlines the main 
features of the individual nappe unit s and their rela
tive posit ions i n the tectono-stratigraphic column. 
The areal distribution of the different units is shown 
on the sketch map (Fig. 5.1). 

The lower nappes 

The lowermost thrus t unit in Eastern Troms is com
posed of phyllonitic and mylonitic rocks, including 
Precambrian granite slices and psammitic metasediments 
with some dolomite lenses (Gu s t avson, 1972; Kalsbeek 
and Olesen , 1967). It can probably be correlated with 
the Abi sko Nappe of the neighbouring Tornet rask area 
(Sweden). This i mpl ies that the lowermost thrust nappe , 
the Rautas Nappe Compl ex, is absent in eas tern Troms 
(Mortensen, 1972). Equivalents of the Abisko Nappe have 
also been i nferred west of the Rombak Window, on both 
sides of the Ofoten Synform . Correlation s to the south 
are conjectura l. Correlation has been yiropose d between 
the psammitic/semi-pelit ic Mel¢y Group above the western 
basement wi ndo\" of Svarti sen and the Juron Quartzite of 
the Seve-Koli Nappe Complex (Nicholson and Rutland, 1969). 
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Another possibility is that the Mel¢y psammites, 
together with similar rocks above other basement cul 
minations, are structural equivalents of the Abisko 
Nappe. At the B¢rgefjell Window the Fjallfjiill arkoses 
(Zachrisson, 1969) form a basal nappe in the alloch
thonous sequence. 

The Seve-Koli Nappe Complex 

This major structural unit covers Norwegian ground 
in the following areas: 

(a) The Hattfjelldal area, 
(b) South of the Nasafjiill Window, 
(c) The Sulitjelma area, and 
(d) Eastern Troms-Ofoten. 

The rocks present in the first three areas belong to 
the generally greenschist facies Koli part of the nappe 
complex . Fossils found in area (c) are of probable 
Middle Ordovician age. In the Hattfjelldal area corre
lations with Swedish areas indicate an Ordovician and 
Silurian age for the Koli rocks . The metasedimentary 
sequences above the Abisko Nappe in East Troms are meta 
morphosed to amphibolite facies or high greenschist 
facies and Seve-Koli distinction is not easy, but it 
would seem that the lowermost parts with large ·amphib
olite intrusives correspond directly with Seve rocks 
in the Tornetriisk area (Mortensen, 1972). A larger 
part of the sequence may, however, belong to the Kali, 
indicating a considerably higher metamorphic grade than 
usual for this part of the nappe complex. 

In the far north, recent fossil findings in the 
Balsfjord area of Central Troms indicate a Llandovery 
age for the alternating calcareous and pelitic sequence 
of that area (Bjorlykke, pers. comm.). Relations of 
these rocks to the succession in South Troms are not 
clear . A relatively thin schist and psammite sequence 
separates the fossiliferous rocks from the Precambrian 
basement of the Mauken window. The sedimentary sequence 
is clearly allochthonous above the basement but there 
may be more than one major thrust plane between the 
Precambrian and the fossil-bearing succession. In 
Table 5.1 the Silurian strata have been tentatively 
placed in the Seve-Koli Nappe Complex (Koli part), but 
this position may be revised as mapping proceeds in 
the area. 

The Radingfjall and Gasak Nappes 

In recent literature on the Caledonian sequences 
these two nappe units have been regarded as equivalents 
(Nicholson and Rutland, 1969). New information from 
the area west of the Nasafjall Window shows that this 
opinion can no longer be maintained, as marble horizons 
(Fauske Marble Group) belonging to the uppermost Gasak 
sequence are here overlain by the Rodingfjall Nappe 
(Gjelle, 1974). As the two nappes have their main 
distribution in different areas where they are in the 
same structural position relative to the Seve-Koli 
rocks below, they are here treated together. 

The Rodingfjii l l Nappe (Fig. 5.1) has its main 
distribution in the southern part of the area. Its 
amphibolite facies mica gneisses, marbles and amphibo
lites show a distinct metamorphic and tectonic boundary 
against the Kali rocks below . To the west the nappe is 
overlain by another high-grade nappe unit, the Helgeland 
Nappe Complex, of similar lithologies (Ramberg, 1967). 
In addition to the metasedimentary rocks a large gabbro 
body, the Umbukta gabbro, is situated within the 
Rodingfjiill Nappe . 
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The Gasak Nappe (Kautsky, 1953) of the Sulitjelma 
area includes the Sulitjelma Schist Sequence and the 
Sulitjelrna Gabbro (Nicholson and Rutland, 1969). As 
in the Rodingfjall Nappe staurolite and kyanite are not 
uncommon in schists of appropriate composition . In 
central Troms an upper nappe with marbles and mica 
gneisses, partly with kyanite and staurolite, overlies 
the Seve-Koli Nappe Complex. In the central part of 
the Ofoten Synform the Niingen Group of mica gneisses 
constitutes an upper unit, possibly forming a separate 
nappe. Another possibility is that an inferred slide 
at the base of the Narvik Group defines the base of a 
separate nappe complex which would then include the 
gneissic Narvik Group with the Rana norite massif and 
the iron ore-bearing Salangen Group of pelitic and cal
careous sediments (Gustavson, 1972) . Lithologies are 
similar in several respects to those of the Gasak and 
Radingfj al 1 Napp es. (Figure 5. 1 is drawn in accordance 
with this alternative). 

In the areas south of Troms¢ the uppermost thrust 
unit may represent still another Radingfjiill nappe 
equivalent, but here again our knowledge about inter
vening areas is too scanty (Olesen, 1971; Landmark, 
1973). 

The upper thrust units 

Relations between the Dunderland Group with its 
iron ores, marbles and pelitic formations and the 
Radingfjall Nappe lithologies to the east are not known. 
So far, no major tectonic break has been discovered. 
If a major part of the Rana sequence (Bugge, 1948) is 
to be included within the Radingfjiill Nappe, and accept
ing that the thrust zone below the Narvik Group in 
Ofoten is equivalent to the Radingfjiill thrust, this 
would lead to the structural and stratigraphic correlation 
of the Rana and Ofoten iron ore-bearing formations. 
The status of the Fauske Marble Group is conjectural 
(Nicholson and Rutland, 1969). If it is considered as 
forming the upper part of the Gasak Nappe, it cannot be 
correlated in a structural sense with the marbles of 
the Dunderland Group for reasons discussed in connection 
with the Gasak/Rodingfjiill Nappe relationship. 

Both the Fauske Marble Group and the Dunderland 
Group are, with some intervening schist sequences, 
overlain to the west and northwest, respectively, by 
the Beiarn Nappe, the highest of· the major structural 
units in central Nordland (Nicholson and Rutland, 1969; 
Wells and Bradshaw, 1970; Bennett, 1970}. In the south
ern area the Helgeland Nappe Complex is in a similar 
position (Ramberg, 1967; Gustavson, 1972). Although 
embracing similar rock types (mica genisses, marbles 
and igneous rocks Tanging from ultramafic to granitoid 
types), a direct correlation of the Beiarn and Helgeland 
Napp.es is contradicted by their apparently different 
age of emplacement. While the thrust plane below the 
Helgeland Nappe Complex is a typical late structure, 
post-dating the two major fold episodes and the main 
amphibolite facies metamorphism, the Beiarn Nappe trans
port has been described as of F1 age. 

Correlations with the Ofoten - South Troms area 
are uncertain, but one possibility already mentioned 
requires that the Niingen Group forms a separate nappe 
in a position similar to that of the Beiarn Nappe. 

The age of the rocks in these uppermost nappes is, 
as for the other higher-grade nappes, unknown. Some 
low-grade (greenschist facies) rocks of Ordovician age 
in the coastal area have been tentatively correlated 
by the author with parts of the Kali Sequence (Gustavson, 
1975), As the low-grade rocks seem to be transitional 
into higher-grade ones in the Helgeland Nappe Complex 
it has been concluded that at least some parts of the 
Complex are Lower Palaeozoic rocks. 
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1 - Precambrian basement. 
2 - Divida l Group (Lower Cambrian autochthon) and possible equivalents . 
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M. Gustavson, nov.1976 

3 - Lower nappes, partly sparagmitic , in eastern area and psammitic-semipelitic rocks above basement 
culminations i n the western ar eas . 

4 - Seve-Koli Nappe Complex 
5 - Rodingfjall and Gasak Nappes and possible equivalents, correlations uncertain north of Bod¢-Fauske. 
6 - Upper nappe unit s (Helge l and Nappe Complex, Beiarn Nappe , Niingen Nappe (?)). 

Abbreviat ions, Precambrian tectonic windows: 

M - Mauken 
Sv - Svartisen + 

Glomfjord 

R - Rombak 
H¢ - H¢gtuva 

T - Tqrnetrask 

Hm - Heggmovatn 
Sj - Sjona 
Ri - Rishaugfjell 

N - Nasafj all 
B - B¢rgefj e ll 

Figure 5.1 . Tectono-stratigr aphic units of the north-central Norwegian Caledonides. 
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Table 5.1 

The Nordland-South Trams Nappe Sequence (North-Central Norway) . 

lv\A.IN UTHOLOGIES 

Peli tic ond semipelitic rocks, 
ca lcareous li mestones, loca l dolomite 
OI" limestone conglomerates. 

.. 

FOSS IL EVIDENCE 

None 

IGNEOUS ROCKS 

Basic , intermediate and gronitoid 
intrusives (large), Ultromofics. 
Some horizons of volcanic (bosoltic ) 
origin . 

CHARACTER OF DEFORMATION 

& METAMORPHIC GRADE 

Defonno tion strong 3 or 4 episodes. 
Metamorphism omphibolite f. with 
migmotimtion, loca l greenschisl 
focies. 

THRUST CONTACT (FI BEIARN NAPPE, POST-F 
2 

HELGELAND NAP PE 

Dolomitic and calcareous limestone, 
pelitic and calcareous pelitic rocks, 
sedimentary iron ores, minor sandstones 
and conglomerates . Amphibolites 
(various orig ins). 

Pe lit ic ond semipeliti c rocks, 
greywockes, volconics and sedim • 
with vole. debris, conglomerates. 
Gneisses, omphibolites and marbles 
in Seve port. 

Psammitk ond semipelitic roch 
common (partly sparagmites) 

Sha le, $iltstone, $Ondstone, 
cong lomerate 

._ 

None Gabbros wi th associated ultramafics . 
Small isolated ultramafics . Granite 
and trondhjemite bodies. Some 
amphibo lites may be intrusives, 
some of volcanic origin, 

THRUST CON TACT (PRE - F 
2
l ? 

Deformation strong, (4 episodes), 
metamorphism genera lly amphibolite 
facies, migmatites common in some 
areas (main ly boso l part) 

Mid-Ordovi c ian foss ils , 
Su lit jelmo (K¢ili) (Various 
fossils Sagelv- vo tn , 
Bolsfjord. 

Ultromofic rocks common . peFormolion strong, 3 or 4 def. ep isode 
Amphibo lite/melogobbro, large fMetomorphhm : In Seve, omphibolite 
in E. Troms. odes, in K~li greenschist focies. 

Llondovery 
Relations of sequence to 
Seve-K~~i Complex 
somewhot uncertain) 

Gronite bodies (sma ll ) ond ve ins, 
ore common in Seve part. 

THRUST CONTACT (fl, AT LEAST PRE-F
2

) 

None None 

THRUST CONTA<:;.T (POST-ME TAMORPHIC, P OST-F 
2 

?) 

lower Cambrian fossils 
(E . Troms) 

None 

UNCONFORMITY 

P lanar foliation developed, folding 
loca ll y strong . Rel . low-grade 
(mostly greenschisl fades, biotite 
zone) 

Slight thrusting upper part, 
low- or non-metamorphic 

- ---~~-~{ .707- 1780 m.y. (Rb-Sr WHOLEROCK). 

,LATE ~~~~~~~Ny6~~i~s~~~~l~-G-EN_G_R-AN_l_T_E _14-l-5--°:!:- ;0 m . y. (2)) 1100 - 1200 m.y . REGENERATION 

References for radiometric age determinations: 

2 - Taylor, 1975 
4 - Wilson, 1972 
5 - Priem et al . , 1975 
See also Moorbath et al., 1963. 

RADIOMETR IC AGES 

(
2
)865-560 m.y. (Rb/Sr whole- rock, 

Be iom noppe),. deposilion oge . 

(S) 424 ':!: 26 m .y. Bindol gron ite, 
post-or lote F2 emplacement oge 
(Rb-Sr whole-rock. 

Preliminary results from Rb-Sr 
determinations indicute a Later 
Precambrium age for the deposition 
of iron/ore-bearing sequence (2,3) • 

(4)409-423 m.y . (K-Ar biotites, 
Sl.l litj elma), latest metamorphism . 

(4)430- 360 m .y., (K-Ar ond Rb-Si-
mica do tes), latest metamorph. 
420 m.y. (30) 
(Pb model age, golena, Bohfjord, 
Trams), 

None 

None 



COMMENTS ON STRUCTURAL HISTORY 

In those parts of the region where detail ed s truc
tural work has been carried out, at least three episodes 
of folding have been described. All fold episodes have 
been ascribed to the Caledonian orogeny and, as men
tioned earlier, indications so far point to a Si lurian 
age of deformation. 

At l eas t two of the fold episodes (generally F1 
and Fz) seem to have been rather intense and resulted 
in patterns of isoclinal to tight folds in most areas. 
In the coastal districts of Nordland the granitoid 
Precambrian basement became involved in the F1/Fz fold
ing, such that it now forms cores to the large fold 
nappes of the Svartisen - Glomfjord region (Rutland 
and Nicholson, 1965). In the other areas , involvement 
of basal mas sifs was less i ntens ive, but clearly of an 
early age in the deformation history . Folding in the 
metasedimentary sequences into isoc linal or subisoclinal 
folds on a major or minor sca le seems to have been much 
the same in all the allochthonous units although varia
tions due to the competency contrasts of the various 
lithological units are the rule. Our knowledge of the 
structural development is still too poor, how ever , to 
allow the conclusion that a ll nappe units share a com
mon deformational history. The partly different ages 
of thrus ting of the various nappe complexes indicate 
that differences in the tectonic history are present. 

The final thrust movements on the basal thrust 
planes above non-metamorphic autochthon in the eas t 
are clearly post-metamorphic, i .e. , they post-date the 
peak of the regional metamorphism. In some areas the 
main metamorphi sm is referred to F1, but frequently 
this must have continued into the Fz, or even post-F2, 
stage . The thrusting of the Seve-Koli Nappe Complex 
has been regarded as of F1 age . In some areas, e.g. 
the South Trams area, movements occurred on the Seva 
thrust plane also in later ep isodes (Gustavson, 1972; 
Mortensen, .1972). 

It has been shown that the Rodingfjall Nappe 
thrust plane was deformed by regional folds on N-S 
axes (Ramberg, 1967). It is possible that these folds 
correspond to Fz folds in the Helge l and Nappe Complex 
and it may be therefore, that thrus t i ng of the Roding
fjall Nappe is pre-Fz in this southern district. In 
the Sulitjelma area thrusting of the Gasak Nappe occur
red between the D1 and Dz deformations of that segment 
of the orogen (Henley, 1970). Like the Seve Koli Nappe, 
thrusting of the Beiarn Nappe has been related to F1 . 
It has already been mentioned that the Helge l and Nappe, 
lying in a similar structural pos i tion , is a l ate , 
post-F 2, s tructure. In East Trams similarly, the Upper 
Nappe has been emplaced during late thrust movements. 
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INTRODUCTION 

From Dombas in the south (62°N) to the Hattfjelldal 
area of southern Nordland (65°30'N) the Caledonides are 
extensively exposed in two major districts: (1) the 
Trondheim region, including Sm¢la, and (2) the Grong
Bindal-Hattfjelldal region. An additional though no 
less important element in the picture is that of the 
Old Red Sandstone districts of coastal Tr¢ndelag (the 
county containing Trondheim) and at R¢ragen, east of 
R¢ros. The Trondheim and Grong regions are separated 
by the Grong-Olden Culmination of peripherally foliated 
Precambrian crystallines passing from Sweden across to 
the western basement area of Caledonized Svecofennian 
supracrustals (Fig. 6.1). On its east and south sides 
the Trondheim region is bordered with a tectonic con
tact by the Late Precambrian 'sparagmites' and by a 
chain of small windows of basement porphyry and granite 
exposed in an antiformal structure. 

Palaeontological evidence from different parts of 
the Trondheim region denotes that the Silurian-deformed 
and metamorphosed stratigraphical sequences extend from 
at least the Tremadocian up into the Llandoverian (Vogt, 
1945). Biostratigraphic control is unfortunately lack· 
ing from the metasedimentary succession north of the 
Grong-Olden culmination, but there is no reason to 
doubt the gross correlation with the lithostratigraphy 
just to the south. Geochronological data, in conjunc
tion with the pre-orogenic and late-orogenic biostratig
raphy, place the climactic Caledonian deformative event 
in this segment of the orogen in the mid-Silurian, in 
late Llandoverian to Wenlockian time (Wilson et al., 
1973). In coastal Tr¢ndelag the oldest, post-Wenlock, 
Old Red Sandstone rudites are certainly Downtonian and 
possibly of Ludlovian age (Siedlecka and Siedlecki, 
1972). 

THE TRONDHEIM REGION: TECTONOSTRATIGRAPHY 

Mapping and research over the past decade have 
reaffirmed the long-held though not undisputed notion 
that the Lower Palaeozoic succession in this area is 
essentially allochthonous, deriving from a primary 
location to the northwest of the present Atlantic sea
board and constituting a part of the Seve-Koli Nappe 
Complex (Table 6.1). The principal tectonic unit, the 
Trondheim Nappe (Wolff, 1967), covers the greater part 
of the region from Trondheimsfjord east to the sparag
mite-basement window border zone, and from Dombas in 
the south to the Grong culmination in the north. This 
nappe displays a complex, polyphase internal deforma
tion. It is also increasingly clear that this meta
morphic allochthon is capable of further dissection 
into separate disjunctive and conjunctive units (Gale 
and Roberts, 1974), and local thinner nappes of these 
and older rocks have been demonstrated in eastern, 
northwestern and southern areas (Wolff, 1976; Gee, 1975; 
Guezou et al. , 1972). 

The regional stratigraphy within the Trondheim 
Nappe, estab lished in the classical H¢londa.Horg area 
in the west (Vogt, 1945), comprises five groups: 

IGCP Project 27, Norwegian Contribution No. 50. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

1) Gula Group - age uncertain, possibly mainly 
Precambrian; 

2) St¢ren Group - pre-Arenig to Arenig; 
3) Lower Hovin Group - Lower to Middle Ordovician, 

possibly into Upper Ordovician; 
4) Upper Hovin Group - Upper Ordovician to ? Lower 

Silurian; and 
5) Horg Group - age in doubt, assumed Lower 

Llandoverian. 

In other parts of the region local names have been 
adopted for correlatives of these groups. Of these one 
can mention the stratigraphy in eastern districts: 
Fundsj¢ Group (St¢ren), Sulamo (Lower Hovin), Kj¢lhaug 
(Upper Hovin) and Slagan Groups (Horg) (Wolff, 1967). 
The full stratigraphical succession within the nappe 
has been termed the Trondheim Supergroup (Gale and 
Roberts, 1974). 

The Gula Group underlies the central part of the 
Trondheim region in the core of an antiformal structure 
(Wolff, 1967; Roberts, 1967; Roberts et al., 1970; 
Olesen et al., 1973) and reappears in western districts 
extending down into Surnadal, and in the northwest 
flanking the T¢mmeras window. In these marginal dis
tricts the Gula lies with tectonic contact upon discon
tinuous Vendian meta-arkoses of Sarv Nappe (sub-Seve) 
character. The Gula comprises a complex sequence of 
mostly middle to upper amphibolite facies pelitic to 
psammitic schists with subordinate amphibolites, marbles 
and a variety of intrusives including occasional serpen
tinized ultrabasics. Migmatization is locally perva
sive . The contact zone w~th the suprajacent St¢ren or 
younger groups is of tectonic character (Gale and 
Roberts, 1974; Guezon et al., 1972). Thus the Gula 
appears to constitute an allochthonous unit in its own 
right. If this is confirmed, then it would be reason
able to refer to this as the Gula Nappe. 

The St6ren to Horg Group succession and equivalents 
is a broadly continuous, mostly low-grade assemblage of 
sedimentary and volcanic rocks of Koli affinity. In 
recent years much attention has been paid to the 2.5 -
3 km-thick sequence of basaltic lavas (greenstones) of 
the St¢ren Group which have revealed remarkably consis
tent ocean-floor tholeiite characteristics, with incip
ient island-arc type lavas appearing higher up as well 
as in the Lower Hovin Group (Gale and Roberts, 1974). 
The succeeding Lower Hovin, Upper Hovin and Horg Groups 
and their eastern correlatives constitute a heterogen
eous assemblage of, firstly, conglomerates, fossilifer
ous sediments and carbonates, and local serpentinite 
lenses and marginal-basin to island-arc lavas and pyro
clastics; and, later, of flysch-type metagreywacke
phylli te alternations with thick, lensoid, deep-marine 
conglomerates in which strike-parallel and. transverse 
facies variations are frequently very rapid (Siedlecka, 
1967; Roberts, 1972). 

In keeping with the tectonic and geochemical evi
dence, this volcanic arc/back arc basinal assemblage 
and underlying St¢ren oceanic crust is considered to 
have been translated, or obducted, eastwards upon the 
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Table 6.1 

Principal features of the south-central Norwegian Caledonides. 

TECTONOSTRATIGRAPHIC 

UN ITS 

MAIN UTHOLOGIES AND 

STRATIGRAPHIC AGE 

OLD RED Downlonion (?or Ludlovion) -
M. Devonian 

SANDSTONE Brecc ias, conglomerates, sandstones, 

PALAEONTOLOGICAL 

EVIDENC E 

P la nt fossils: L. to M. Devonian 
Dictyocoris and eurypterids : 
? ludlovion - L, Downton ion 

DEFORMATION, METAMORPHISM, 

PLUT0N IC ACTIVITY 

RADIOMETRIC AGE 

DETERMINATIONS 

None directl)'; but 363 ~ 15 m .y . 
K/Ar biotite from lomprophyre dyke, 
Ytter¢iy (37) 

West coost - cpen folding, faulting 

R91"tongen - Two fo ld episodes, very 
low-grade metamorphism, faulting 

arkoses, mudstones 
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GRONG K0LI, 

ST0REN NAPPE 

(TRONDHEIM K0LI), 

SM0LA SEQUENCE 

GULA GROUP 

ALLOCHTHON, 

SEVE NAPPE 

LOWER NAPPE(S), 

SIS.RV NAPPE 
EQUIVALENS 

AUTOCHTHONOUS 
SEDIMENTS 

OLDEN & T0MMERAS 

"SPARAGMITE" 
SEQUENCE IN 
SOUTHEAST 

Assumed Vendian to Silurian 
Psammitic to pel itic sch ists and 
gneisses, caraonoles, conglomerates, 
local omphibolites, basic to acidic 
lovos ond luffs, 

Pre-Arenig to L.Silurian 
Basaltic lavas , conglomerates, pelitic 
to psommitic metasediments, 
metalimestones, acid to basic tuffs, 
flysch sequence~. 
On Sm¢ilo - andesitic to basalt ic 
lavas and limestones. 

? Precambrian to ? Cambrian 
Various schists, gneisses, psammites, 
amphibolites, migmotites, loca l 
conglomerates and marbles. 

Vendion - ? Cambrian 
Feldspathic sandstones, orkoses, 
siltstones. 

Vendion - Cambrian 

'V 

Basal conglomerate, quortzites, 
phyl lites, li mestone. 

Late P recambriun - Cambrian 
Arkoses, phyl li les, conglomerates, 
local limestones, tillites. 

UNCONFORMITY 

None 

THRUST CONTACT 

Rich fauna of groptolites, trilobites 
and brachiopods in ports of the St9ren 
Noppe. Also gastropods, corals, 
conodonts, cystoids and molluscs. 
On Sm9la - gastropods 

'V V 'V 

THRUST CONTACT 

None ; but Dictyonema 
(Tremadoc ion) of controversial position 
at one locality (Gula Group or 
St.,:iren Group), 

' V 

THRUST CONTACT 

None 

v ' V 

THRUST CONTACT 

None 

None 

UNCONFORMITY 

Po lyphase deformation, 3 or 4 episodes. 
Metamorphism in amphibolite focies, 
local migmotitisation; greenschist 
facies in wes t. Basal thrust post-F2. 
Serpentinites, gabbros, granites. 

Po lyphase deformation, 3 main episodes 
Metamorphism middle greenschisl focies 
locally low amphibo li te facies. 
Basal thrust pre-Di (to syn-01). 

Gobbros, diorites, lrandhjemiles, 
granodiorites, lensaid serpentinites 

•v v ' V ' V 'V 

.. .. 

Complex polyphase deformation, 
Most ly middle to upper amphibo lite 
foci es metamorphism± migmotisolion 
locally lower grade . 
Various ultromofic to gronodiori tic 
intrusives. 

2-3 fo ld episodes 

At least 2 deformation episodes . 
Greenschist focies metamorphism. 

2 fold episodes; weak , lowest 
greenschist facies metamorphism 

424:: 26 m. y. Rb/Sr isochron from 
late phase differentiates of the Bindol 
gronite.(25) 

:~I ~i t~~2fr:: ;h;~~;r:ic~:;;:~2) 
504 m .r. . Rb/Sr biotite, trondhiemile, 
Grong. (38) 

420 m.y. Pb model age, galena, (22) 
ore zone in greenstone, Grong district. 

.. 

418 - 415 m.y. K/Ar whole·rocJ
21 

{2 
412 m .y . K/Ar muscovites,pegmolites 
468 - 418 m.y. K/Ar hornblendes(2l 
407 - 403 m.y. K/Ar bioties, 

trondhjemite(2) 

473 m.y. Rb/Sr isochron, 
frondhjemite(39) 

Not yet dated 

'V v 

Not yet dated 

Not yet dated 

0 ~~~__,--.___.--.----~~----_,,------,,-~------_,,------~~----_,,------...--~------___/---------~------___/-------'---~--------_,---'-~--------_.--., _ _,. _________ .____~___..i 
~ f Colcdonian 380- 430 m.y. Coledonian overprinting (Rb/~, K/:{

151
40) 

Sveconorweg ion IOOO - l IOO m. y. Regeneration(l 5, 40) 

~ PRECAMBRIAN CRYSTALLINE BASEMENT Gothion 1468 m.y. Grong-Olden porphyries (Rb/Sr isochronf
38

l 

I 
T [ 1708 - 1880 m.y. W. basal gneiss region (Rb/Sr isochrJ~~' 41 

$ Svecofennian 1800- 1900 m.y. Namsos gneiss region (Rb/Sr whole rockl?8) 
1750 m.y. B¢irgefjell (Rb/Sr whole rockjf42) 

References for radiometric age determinations: 

2 - Wilson et al ., 1973. 
15 - Raheim and Sundvoll, 1976. 
22 - Moorbath and Vokes, 1963. 
25 - Priem et al., 1975. 
28 - Oftedahl, 1964. 
37 - Priem et al., 1968 . 

38 - Z.W.O. Lab. Isotopen~geologie, Amsterdam, 
2nd Progress Report, 1968. 

39 - Berthomier et al., 1972. 
40 - Brueckner, 1972. 
41 - Pidgeon and Raheim, 1972. 
42 - Z.W.O . Lab. Isotopen-geologie, Amsterdam, 

1st Progress Report, 1967. 



Gula at an early stage in the mid-Silurian orogenesis. 
The designation St¢ren Nappe has been adopted for this 
far-travelled allochthonous unit (Gale and Roberts, 
1974). The age of the Gula Group is of renewed interest 
here . Recent geochronological studies from the Surnadal 
district suggest that it may be older than hitherto 
assumed, perhaps largely Precambrian (A. Raheim and 
B. Sundvoll, pers. comm.); and, in addition, it may pos
sibly carry traces of a l ate Cambrian or early Ordovi
cian thermal event (Wilson et al., 1973; Berthomier 

c::::::::J 9 
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fillJJl 6 
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i;; .• ·::<I 3 
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I+++ +I 1 

1 - Granite, trondhjemite, quart z <liorit e . 
2 - Gabbro ( + Leka ultramafics). 
3 - Precambrian basement. 
4 - Autochthonous sediments in window areas . 
5 - Autochthonous "sparagmites" in southeast; 

a llochthonous meta-arko ses of Sarv type 
in we s t and northwest. 

et al . , 1972; Guesou, 1975) . If this is so, and in 
view of its allochthonous nature, then the Gula Group 
should be divorced from the Trondheim Supergroup. The 
Gula does, in fact, appear to show close similarity to 
the Seve in Sweden and its tectonic position beneath 
the Trondheim Koli is comparable . Certain Swedish 
authors have virtually denied the surface extension of 
Seve into Norway (Zachrisson, 1973), although the tec
tonic and lithologic arguments for its occurrence , as 
the Gula, are strong. 

6 - Gula Group allochthon and equivalents; 
Seve in Grong-Olden district . 

N 

7 - Koli sequences: Grong Koli, Trondheim 
Supergroup (minus Gula), Sm¢la succession. 

8 - Helgeland Nappe Complex. 
9 - Old Red Sandstone. 

Abbreviations: B - B¢rgefjell 
H - Hitra 

G-0 - Grong-Olden culmination 
S - Surnadal 

T - T¢rnrneras 
R - R¢ragen 

F - Fosen 
H¢ - H¢londa 

Map compiled from data in several references cited in t ext; for the southwest Trondheim area a lso from 
Rohr-Torp (1972) and Wolff (1976). The map differs slightly from Table 6.1 in that the a llochthonous Sarv 
typ e meta-arkoses are here included with the sparagmite sequence. The Trondheim Nappe embraces units 6 
and 7 within the confines of the Trondheim region. 

Figure 6 .1 . Principal tectonostratigraphic units of the south-central Norwegian Caledonides. 
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A peripheral Caledonian element in the Trondheim 
region, sensu lato, is that of the supracrustal sequence 
on the island of Sm¢la. This comprises a succession 
of low-grade basaltic to andesitic volcanics with sub
ordinate acidic extrusives, conglomerates and a fossil
iferous limestone formation of Middle Ordovician age 
(Fediuk and Siedlecki, in press). Contact relations 
with a gneiss complex of assumed Precambrian age are 
nowhere seen. Following a folding and low-grade meta
morphic event the Ordovician rocks were extensively 
intruded by. quartz diorites (Fig. 6.1); the latter occur 
as clasts in nearby Downtonian conglomerates. Prelim
inary radiometric work indicates that the diorite intru
sion on Sm¢la dates to Early Ordovician time (R~heim 
and Sundvoll, pers. comm.) 

THE GRONG-BINDAL-HATTFJELLDAL REGION: 
TECTONOSTRATIGRAPHY 

Three principal lithotectonic units can be recog
nized north of the Grong-Olden culmination up to the 
latitude of Hattfjelldal: 

1) the Seve supracrustal complex; 
2) a low-grade metasedimentary and metavolcanic 

K¢li succession; 
3) the Helgeland Nappe Complex (Table 6.1). 

The Seve, represented mainly by schists, gneisses and 
amphibolites, is exposed only in the southeasternmost 
part of this district. The greenschist facies Kali 
sequence is widely developed above this, from Grong 
northeastwards to beyond the B¢rgefjell basement window. 
Lithologies can be traced without much difficulty across 
the Grong culmination into the Snasa district and fur
ther into the low-grade Trondheim Supergroup complex. 
Relationships around the B¢rgefjell massif are compli
cated. Quartzites and phyllites believed to be autoch
thonous, are present locally below a thin 'lower nappe' 
of arkoses, but further work is required. 

The stratigraphy and tectonics of the Grong Kali 
succession are the subject of current detailed investi
gations and the full geological picture is not yet 
clear. Northeast of Grong a major island-arc volcanic 
unit (Gale and Roberts, 1974) composed largely of 
greenstone lavas with a variety of keratophyric to 
rhyodacitic extrusives is associated with a plutonic 
infrastructure of gabbros and later diorites and trond
hjemites (Halls et al., 1977). The trondhjemites 
intrude and engulf the greenstones and both these rock
types occur in an overlying polymict conglomerate. This 
forms the base of a thick sequence of calcareous psam
mi tes, phyllites and conglomerates, the Liming Group 
(Foslie, 1957, 1958); and a succeeding mixed phyllite, 
quartzite, keratophyre and greenstone assemblage with 
limestone near the top. Earlier the basal volcanics 
were referred to a separate nappe, the Gjersvik Nappe 
(Foslie, 1957, 1958; Oftedahl, 1956), and considered as 
St¢ren Group correlatives, but on stratigraphic and 
geochemical grounds they are currently thought to be 
younger than the St¢ren (Roberts, 1975). The overlying 
Liming and later sediments are devoid of fossils, but 
comparison with neighbouring areas in Sweden denotes a 
probable Upper Ordovician to Lower Silurian age. The 
main Caledonian deformation and metamorphism occurred 
in Middle to Upper Silurian time; as yet the only radio
metric age determination from the Grong Kali is that of 
a Pb isotope model age of 420 ± 70 Ma on galena from an 
ore zone in the lower greens tones (Moorbath et al., 
1963). Preliminary Rb-Sr dating of a major trondhjemite 
massif suggests a late Middle Ordovician intrusive age 
(Raheim and Sundvoll, pers. comm.). 
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The K¢li rocks are tectonically overlain to the 
northwest by the Helgeland Nappe Complex (Gustavson, 
1975) (in the present area the R¢<lingfjall Nappe, which 
overlies Kali north of Hattfjelldal, is absent). The 
Helgeland Nappe Complex is mostly an amphibolite facies 
complex of mica schists, gneisses, marbles and calc
schists, local amphibolites and a variety of igneous 
rock-types including the prominent Bindal granitic 
massif west of Hattfjelldal. Somewhat lower grade meta
sediments and metavolcanics have been described from 
some western coastal districts; these are also consid
ered to belong to the Helgeland Nappe Complex. On Leka 
(Fig. 6.1), similar low-grade volcano-sedimentary supra
crustals include basal ultramafic rocks, gahbros and 
hawaiitic volcanics and a younger formation of island
arc greenstones and ouartz-keratophyres within a calc
greywacke, phyllite and conglomerate succession 
(Prestvik, 1974). Whether these rocks belong to the 
low-grade part of the Helgeland Nappe Complex or to 
the K¢li is undecided. 

The climactic Caledonian, thermotectonic event in 
the Helgeland Nappe Complex is thought to date to middle 
to late Silurian time. Xenoliths of foliated metasedi
ments, some carrying regional F2 folds, occur in the 
Bindal massif of dioritic to granitic rocks, and the 
later differentiates of this massif have provided a 
Rb-Sr isochron emplacement age of 424 ± 26 Ma - upper
most Silurian (Priem et al., 1975). 

BASEMENT-COVER RELATIONSHIPS 
AND REGIONAL TECTONICS 

Extensive modern investigations and mapping have 
shown that the concept of a regionally established 
Vendian to Cambrian autochthon in this part of the 
Norwegian Caledonides required serious revision, and 
that only a very small proportion of these supracrustals 
can be regarded as in si"bu sediments. In the north a 
thin metasediment veneer considered to be autochthonous 
is present locally around the B¢rgefjell granite gneiss 
basement (Fig. 6.1), but in most places either a "lower 
nappe" of arkoses or the Koli sequence rides allochthon
ously upon the crystallines. To the south a thin crust 
of graphitic phyllite, quartzite and limestone occurs 
in autochthonous position upon the Precambrian Olden 
granite and porphyry massif (within the Grong-Olden 
culmination) (Gee, 1975) and is succeeded with tectonic 
contact by similar but foliated basement crystallines. 
The Caledonian remobilization of this gneissic basement, 
recently mistakenly interpreted as constituting the 
Offerdal Nappe (Gee, 1974, 1975), increases markedly 
westwards. Interpretation of the basement-cover si tua
tion around the T¢mmeras window and beneath western and 
southwestern margins of the Trondheim Nappe has been 
somewhat contentious over the years, opinion varying 
from autochthonous (Peacey, 1964; Oftedahl, 1964) to 
almost totally allochthonous interpretations for the 
older cover sediments (Wolff, 1976; Gee 1974, 1975). 
Regional studies in the T¢mmeras district (Wolff, 1976) 
and excursion investigations (Gee, 1974) favour the 
allochthon hypothesis. Only thin sediments of Olden 
autochthon affinity appear to be in situ above this 
basement massif. Further west the allochthonous cover
on-basement relationship is camouflaged by tectonometa
morphic overprinting and has to be inferred. On Sm¢la 
the contact is nowhere seen but the fold style in the 
Ordovician cover is simpler and the metamorphism of 
low grade (Fediuk and Siedlecki, 1977). 

The Silurian-transported and deformed nappe pile 
above the "Caledonized" basement is constructed from 
a variety of lithologies. These range from Precambrian 



crystallines though Vendian arkosic psammites to Silur
ian pelites. The lowermo st allochthon equivalents of 
the Swedish Offerdal and Sarv Nappes are of limited or 
uncertain occurrence in this part of Norway, and the 
extent of the Seve, Grong and Trondheim Kali, and 
Helgeland Nappe Complex, have been dealt with earlier 
in this synopsis. Westward thinning of nappe units 
reported from Nordland (Nichol son and Rutland, 1969) 
and central Sweden (Zachris son, 1969) is l ess evident 
in this region though not denied . This nappe geometry 
is disturbed by locally complex internal deformation 
of certain nappe units, by difficulties encountered in 
the west in distinguishing between Seve , hi gher grade 
Kali and Caledonized supracrustals of pos sible Svecofen
nian age, and by superposed components of s train relat
ing to heterogeneous stretching associated with diapiric 
doming and gravity collapse processes . 

A polyPhase , tectonometamorphic development of the 
several nappe units has been documented from all parts 
of the region with three or four principa l fold episodes 
the first two of which are responsible for the macroscopic 
structures and main thrusting (Guezou et al., 1972; 
Roberts et al . , 1970; Olesen et al ., 1973; Rui, 1972), 
The regional metamorphic fabrics were l arge ly imposed 
early in this history with a minimum age of 438 ± 12 Ma 
for the last metamorphic phase in the Trondheim region 
(Wilson et al., 1973). A contact metamorphic mineralogy 
around gabbros in this same region is overprinted by 
regional metamorphic assemblages (Olesen et al ., 1973; 
Birkeland and Nilsen, 1972). Trondhjemites were intruded 
in at least three phases; the larger bodies are mostly 
of Ordovician age while the youngest emplacement is 
syn- to post-tectonic and mid-Silurian. 

Major fold structures are of variable development 
and trend. Open to tight antiforms and synforms of 
Caledonoid axial orientation, c. NE-SW, deform the flat
tened and stretched early isoclines and regional foli a 
tion, with early lineations mostly approximating E-IV 
to SE-NW (Roberts, 1967). Large areas of inverted 
sequences r e late either to syn-metamorphic or post
metamorphic s tructures. In the Trondheim region, a 
central mushroom-antiform domi nates the picture, expos
ing Gula in its core, with overturned synclines of the 
part of the Trondheim Supergroup known as the St¢ren 
Nappe (see above) to the west and to the east (Wolff, 
1967; Roberts, 1967; Olesen et al. , 1973). East of 
T¢mmeras, in the Hegsj¢fjell area, the major antiform 
i s itself deformed by the more open eastern syncline. 
In the south of the region the picture is less straight
forward and other solutions have been proposed (Gee, 
1975). North of the Grong-Olden culmination partial 
inversion relates to an overturned synclina l structure; 
this is transected by the Helgeland Nappe Complex. 
Thrusting developed at various stages during the con
struction of the nappe pile from pre-Di in the case of 
the St¢ren Nappe (Gale and Rob erts, 1974) to post-D2 
f"or the Helgeland Nappe Complex (Gustavson, 1975). Cumu
lative allochthon translations , the sum total of a vari
ety of strain increments, may be calculated in terms of 
hundreds of kilometres (Gale and Roberts, 1974; Gee, 1975) . 

Following the construction of the main nappe pile 
there is widespread evidence for gravitational sagging 
or collapse which produced a younger episode of meso
scopic folds with flat-lying axial surfaces, the folds 
varying in style and character depending on the pre
collapse attitude of the layering (Roberts, 1967, 1971; 
Ramberg, 1967). This also produced boudinage and exten
sional features in appropriate locations, thus adding 
to the regional flattening and thrust translation, and 
is an interpretation which has received support in 
recent regional syntheses (Gee, 1975) . An interesting 
late structure, observed by the author in many areas 

from the Trondheim region up to B¢rgefjel l, is that of 
a near-vertical kink fold set of remarkably consis t ent 
approximately N-S trend. This denotes a reimposed 
regional horizontal shortening, albeit weak, following 
the vertical compression relating to gravitational col
lapse (Roberts, 1971). 

DOll'NTONIAN-DEVONIAN SEDIMENTATION AND TECTONICS 

Sedimentary sequences classified as late-orogeni c 
with respect to the Caledonian cycle are those of the 
Old Red Sandstone areas of coastal Tr¢nde lag and 
Nordmi\re - Hitra, the (llrlandet area of Outer Fo sen and 
the archipelago southeast of Sm¢la - and of R¢ragen 
along the southeast margin of the Trondheim region 
(Fig. 6.1, Table 6.1) . 

The Old Red sediments of the coastal districts 
have been described by Siedlecka and Siedlecki (1972), 
Fediuk and Siedlecki (in press), and Siedl ecka (1975). The 
chronostratigraphy of the Old Red molasse of the coastal 
districts is based on finds of Dictyocaris and eurypter 
ids on Hitra and islands southeast of Sm¢la and of plant 
fossils in the Outer Fosen area. Sediments range in 
age from Lower Downtoni an, possibly uppermost Ludlovian, 
to Middle Devonian. Sedimentological studies have shown 
that the deposits are alluvial and fluvial, braided 
river accumulations. Deposition occurred in what was 
evidently a tectonically active zone, probably in 
faulted intramontane bas ins, with r ap i d facies varia
tion reflec ting the crustal movements . Southeast of 
Sm¢la and on Hitra a basal breccia contains blocks of 
local quar t z diorite up to 1. 5 m, rare ly 3 m, across _. 
Conglomerates , sandstones, arkoses and mudstones consti
tute the bulk of the successions; southeast of Smi\la 
the sequence is over 3.7 km thick, on Hitra 1.3 km. 
In the (llrl ande t area a similar Old Red succession totals 
at least 2.5 km in thickness . The coastal Old Red sedi 
ments were folded and faulted subsequent to their depo -
si tion. The main fold s tructure is that of a gentle to 
close sync line of NE-SW trend with the southeaster n limb 
locally faulted. The folding is considered to relate 
to the Svalbardian parorogenic movement s of lowermos t 
Upper Devonian age, with the faulting partly Devonian 
and partly Mesozoic or Cenozoic (Oft edahl, 1975). 

The Devonian of R¢ragen is a unique element in the 
geology of southeast Norway (Holmsen, 1973; Roberts, 
1974). What little remains of the original succession 
comprises conglomerates, breccias, sandstones and shales 
going over to phyllites and is about 1 . 2 km thick. 
Plant fossils and their spores indicate a Lower Devonian 
age. Again, the depositional evironment was one of 
bajadas with irregular fluvial interludes in a fault
controlled intramontane basin, with periodic crusta l 
movements. The succession was later folded along two 
trends and subjected to very low-grade metamorphism 
wi th the pelitic lithologies in particular exhibiting 
distinct lepidoblastic textures. The ear ly folding 
followed E-W axes, and could be related to similar 
trending folds in the Devonian of west Norway. La ter 
minor folds deform the phyllite fabric along NE-SW axes , 
and local minor thrusting and faulting completed the 
diastrophism. The deformation of the R¢r agen Devonian 
is considered to be Svalbardian (Fras nian) and it has 
been suggested that the main folding of the Oslo region 
Lower Palaeozoic forel and succession may date to thi s 
period r ather than Gedi nnian (Roberts, 1974). 

No igneous rocks have been reported from the south
cen tral Norwegian Devonian districts , but an ENE-WSW 
trending lamprophyre dyke on the i s land of Ytter¢y in 
Trondheimsfjord has yielded a K-Ar biotite age of 363 ± 
15 Ma (Priem et al., 1968). This was considered to 
be an intrusion age, around the Middle to Upper Devonian 
boundary. 
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INTRODUCTION 

The southern Norwegian Caledonides show a complex 
pattern of evolution, dominated by a series of far
travelled thrust nappes which contain rocks of Precam
brian age as well as those generated during the Cale •. 
donian cycle. The autochthonous cover to the underlying 
Precambrian basement can in many cases be followed fo~ 
a considerable distance westwards and has generally 
very low metamorphic grade, implying that the main zone 
of Caledonian metamorphism lay west of the present dis
tribution of allochthonous Caledonian metamorphics. 
In the northwestern section a Caledonian development 
of metasediments and metavolcanics occurs in the coastal 
regions north of Sognefjord, though their precise rela
tions to the basement substrate have not been clarified. 
Subsequent to the major Caledonian diastrophism and 
nappe transport, a series of basins accumulated coarse 
Devonian elastic assemblages. These were subjected to 
deformation (Svalbardian Phase) and very low grade 
metamorphism. The basins are now partly in allochthon
ous positions. 

THE NAPPE AREA OF THE 
SOUTHERN NORWEGIAN CALEDONIDES 

This contribution will deal essentially with the 
complex of metamorphic nappes. The eastern nappes 
with their low metamorphic state will be covered by 
K. Bj¢rlykke in the description the Eastern Marginal 
Zone (Article 8) . 

The Hardangervidda-Ryfylke area 

This classical nappe area has been subjected to 
considerable restudy in recent years, and a reasonably 
adequate model is now available (Naterstad et al., 1973; 
Andresen, 1974b). The nappe sequence is emplaced above 
an autochthonous basement containing both Precambrian 
crystallines and a Crunbro-Ordovician cover sequence 
(Table 7. 1) . The basement rocks appear to form two 
distinct units and a primary stratigraphic unconformity 
is assumed between them. The oldest complex is one of 
crystalline gneisses (Table 7.1), and it is assumed 
that the major metamorphism and dominant foliation of 
these rocks was completed prior to the deposition of 
the Telemark Suite. The supracrustal sequence of the 
Telemark Suite includes metasediments and metavolcanics; 
emplaced into these rocks is a series of granitic -
dioritic plutons. These rocks were subjected to Pre
cambrian folding and metamorphism (Andresen et aZ., 
1974), the latter being essentially of greenschist 
facies, though locally higher grade metamorphism occurs. 

The autochthonous cover sequence, although thin, 
is extensively developed beneath the nappe sequence . 
Palaeontological evidence shows that the sequence ranges 
from Lower Cambrian to Llanvirn-Llandeilo age (Andresen, 
1974a). A well-preserved primary stratigraphical 

IGCP Project 27, Norwegian Contribution No. SE. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

unconformity is observed in a number of localities. 
The metamorphism of this sequence appears to be essen
tially of low greenschist facies, implying that the 
Caledonian thermal maximum must have lain considerably 
further west. 

The nappe sequence (Table 7.1) shows a succession 
of distinctive tectono-stratigraphic units of which 
only two of the five identified units (Holmasj¢ and 
Revsvegg units) represent rocks of the Caledonian depo
sitional cycle and were affected uniquely by Caledonian 
metamorphism. The other nappes clearly represent pre
Caledonian basement and had variable histories of sedi
mentation, deformation and metamorphism in Precambrian 
times (Anderson et aZ., 1974; Heieret aZ., 1972; Andresen 
and Heier, 1975). In the Stavanger area, similar Pre
cambrian nappe units have recently been reported with 
Rb/Sr whole rock isochron ages in the range 1534-1160 Ma 
(see Table 7.1). It is considered that these may repre
sent the allochthonous equi val en ts of the two major 
units in the autochthonous basement, i.e. the Telemark 
Suite and the Pre-Telemark gneiss complex. If this be 
the case, it is apparent that the Telemark Suite of the 
Dyrskard unit has undergone higher grade metamorphism 
during Precambrian times than the equivalent rocks of 
the substrate to the nappe pile. The Holmasj¢ unit 
apparently has a lower metamorphic grade than the upper
most Revsvegg unit., implying an original (pre-thrusting) 
increase in metamorphic grade. This pattern is also 
indicated by the apparent increase in the metamorphic 
grade of Caledonian overprint metamorphism in the three 
thrust nappes of Precambrian rocks. It is suggested that 
the Revsvegg urii t may represent an original Caledonian 
cover sequence to the underlying crystallines of the 
Kvitenut Complex, though movements have apparently 
occurred at the contact. Post-thrusting open folding 
and faulting of the thrust planes is clearly demon
strable in the area. 

The nappe sequence of the eastern 
and central Jotun complex 

Three major nappe units are recognized in this 
area (Table 7.2), the highest of which is the Upper 
Jotun Nappe comprising Precambrian crystallines below 
which is, first, the Valdres Nappe, then the Quartz 
Sandstone Nappe. The lower nappes consist almost 
entirely of low-grade Ea-Cambrian to Middle Ordovician 
metasediments. The underlying Precambrian basement is 
essentially composed of the rocks of the Telemark For
mation and pre-Telemark crystallines. Lower Palaeozoic 
autochthon is only present as a thin skin over the 
basement and below the nappe complex (Strand, 1972). 

The lowest of the nappes is the Quartz-Sandstone. 
Nappe which contains sediments ranging from Late 
Precambrian to Middle Ordovici an, (Oslo 4a) (Strand, 
1972). The rocks of this nappe show strong internal 
folding; the main features are summarized by Bj¢rlykke 
(Article 8). Above this occurs the Lower Jotun or 
Valdres Nappe (Kulling, 1961) which is a unit containing 
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Table 7.1 

Summary of Nappe Sequence - Hardangervidda Ryfylke, Southern Norway. 

lv\AIN LITHOLOG!ES 

Essen tiall y micoce ovs gne is1es of 
unknown age. 

FOSSIL EVIDENCE 

None 

IGNEOUS ROCKS CHARACTER OF DEFORMATION 

AND METAMORPHIC GRADE 

Minor omphibolites and gronodiorites Polyphmol Coledonion deformation 
Caledonion omphiboli te fades 
metamorphism with greemchist focies 
retrogress ion. 

RADIOMETRIC AGES 

(6) 430 ± 250 m. y . 

PRIMARY STRATIGRAPHIC UNCO NFORMITY OR THRUST CONTACT (My lonites described at interface) 

Gneissesondmigmotitesofgranitic 
ondd ioriticc omposit ion, augen 
gneisses, omphibolite1, ondthin 
sporadic cok-silicate bandL 

Upper 
Quortzites, melo-arkases, 
quartz-rich block schists. 

·Middlr, lnterba nded quorlzites and 
omphibolites, 

Bonded suprocrustol gneisses, 
lower quor tzites and quortzofcld

spath ic gneisseL 

(The rocks of this unit ore correlated 
with the Telemark Suite) 

Rock assemblage resembles that of 
Kvitenut Complex. Granitic and 
gronodioritic gneisses which are variably 
migmatitic. 
lower part comprises quartzites, quortz
schists, omphibolites ond minor develop
ments of colcoreovs rocks. 
(Question m to true status of thh 
lower unit), 

Strongly deformed quartz-schists with 
layen of feldspothic quartz-sandstone 
and quartzite. 

Stratigraphic range Cambrian up to 
Llorwirn/Llondeilo. Thin sequence 
variably preserved beneath the over
lying th rust plane , and is sometimes 
cut-out. Comprises conglomerates, 
sandstones, siltstones,mudstones, 
block shales and limestones 

Rocks of Telemork suite : 
IV!etasedimcnts {quartziles, quorlz 
schhh, conglomerates, minor 
calcareovs schists and limestones. 

None Granites, diorites, monzoni te s. 
Minorultrabmics, 

THRUST CONTACT WITH MYLONITE DEVELOPMENT 

Nooe 

" 

Theamphibo lites inthesequenceare 
regordedosvokonics. 

THRUST CONTACT WITH MYLONITE DEVELOPMENT 

None Granites, gronodioritesandquartz
diorites, 
Amphiboliles with minor bodies of 
metagabbra. 

THRUS T CONTACT WI TH CATACLASIS ..... 
None None recorded 

THRUST CONTACT WITH CATACLASIS 

Poorly preserved fauna includes: -
Oictyonemo flabbeliforme, Obulus sp., 
Ptychopyge o;p., Orthis ss., Ormoceros 
(?)sp.,Torellella(?)sp. 
An early middle Cambrian fauna 
containing Paradoxides oelondicus 
hos been recorded from )¢senf jord. 

AA" 

None recorded 

PRINIARY STRATIGRAPHIC UNCONFORMITY 

None Volcanics : - acid lavas, ignimbrites, 
agglomerates & luffs. Basaltic lavas 
and luffs, 

Plutonics: - granites, gronodiOfites, 
monzodioritesondmetadolerites. 

PRINIARY STRATIGRAPHIC UNCONFORMITY (ASSUMED) 

Polyphosol deformation both during 
Precambrian and Coledonian, 
Wletomorphism: relicsofolderPre
combriongranulite focieswi1hinupper 
omph iboli te fociescomplex of probable 
Precambrian age. Upper greenschist 
- lower omphibolite facies in 
Caledonion 

.. 
Polyphasol deformation both during 
Precambrian and Coledonion. 
Amphibolite facies me tamorphism 
of Precambrian age. Coledonion 
overprint metomOfphismof 
greenschistfocies. 

Polyphosal deformation in both 
Precambrian (?)ondCo ledonian, 
Amphibolite facies metamorphism in 
Precambrion (?), and/ or Coledonion. 
late Coledonian greenschi1t fades 
overprintmetomorphism. 

(6) 1M3::: aa m.y. 
(9) 1639! 100m.y. 
(8) 1534! 125 m.a. x 
(8) 1243! 160 m,y,x 

(Intrusive Granite) 

x From StovongerAreobul 
corre lated with this complex 

(6) 1289 ! 80 m.y. 

(?) 1160! 24 m.y. (from Stavanger 
area but corre lated with 
Dyrskard Unit). 

No infOfmat ionavailoble, 

Coledonion middle greenschist fades '.<,J 409± 15 
re trograde metamorphism. (token to indicate age of 
Relics of garnet and epidote clouded Caledonian metamorphism). 
albite indicate former grade conditions, 

Maximum progrode metamorphism 
in lowest greenschist fades -
Late Coledonion 

At least one major Precombrion 
deformation phase (though probably 
polyphasal). 
Greenschist focies metamorphism of 
Precambrian age. 

No information available 

(6) 943:!: lOOm.y. (assumed 
lo beo metamorphic age) 

'~·~'-~--~~-~~---~-~~ ~~~~-· ~~~~~~~' .~. -~.~~~~~~ .~~~-~~-~~~~-~~~~----~ 

Granitic and gronodioritic gneisses 
with basic enclaves, 

None Not recorded Complex Precambrian deformation 
Highomphibolite focies 
Precambrian m e tomorphism 

No informotion ovoilable. 

along part of its lower contact Precambrian crystallines 
resembling those of the Upper Jotun Nappe (Strand, 1972; 
Nickelsen, 1967, 1974; Loeschke and Nickelsen, 1968; 
Hossack, 1972). These crystallines are succeeded, in 
part with preserved stratigraphic unconformity, by a 
thick sequence of the Ea-Cambrian sparagmite sequence 

a Middle Ordovician graptolite-shelly fauna (Oslo 4a). 
Strong internal folding is shown in the rocks of this 
nappe with major overturns. The folding was apparently 
developed prior to the "mise-en-place" of the Valdres 
Nappe. The metamorphic grade is low-greenschist facies. 
Rocks of the Valdres Nappe continue westward and have 

of Valdres. The sparagmites in turn pass up through a 
Cambrian sequence and reach their highest stratigraphic 
level in the upper part of the Mellsenn Group which has 

40 

a marked development at the Tyin window beneath the 
Jotun Nappe. 



A 

L 

L 

0 

c 
H 

T 

H 

0 

N 

0 

u 
s 

u 
N 

I 

T 

s 

A 
u 
T 
H 
0 
c 
H 
T 
H 
0 
N 

TECTONOSTRA Tl GRAPHIC 

UN IT 

0LJUVATN UNIT 

(Formation} 

UPPER 

JOT UN 

NAP PE 

w 
D.. 
D.. 
<( 

VALDRES OG 
MELLSENN 
GROUPS 

Table 7.2 

Nappe Sequence Eastern Jotunheimen, Southern Norway. 

MAIN LITHOLOGIES 

Sandstone 
po lymict conglomerate 

FOSSIL 

EVIDENCE 

None 

IGNEOUS 

ROCKS 

CHARACTER OF DEF ORMA TI ON 

& METAMORPHIC GRADE 

Polyphasol deformat ion greenschist 
focies metamorphism {probably 
Coledonian) 

RAD IOMETRIC AGES 

None 

----J/------~~~~~--------~~-------------_,,---..._, __ ~~~--~__,.-------_,---.._,~~~~~'-------"-_,,,."-_, _____ ~~~~~ 
PROBABLY PRIMARY UNCONFORMITY 

-------------~~-------------------~~'~~~~'------------------.,--.~~~~~-----~_,,--~.___, 
Anor thos ites. 
Peridotites. 
Var ious pyroxene-gronu li tes and 
gneisses in the core . In periphera l 
areas gobbros and granit ic rocks . 

None Anor thosites, 
peridoti tes, 
gobbros, 
syeni tes, 
gran ites 

Precambrian gronu lite focies, corona 
form ing in onorthosites. 
Amphibolite fades (probabl y precomb.) 
Strongly deve loped cotoclostic rocks 
during Ca ledon ian thru st ing , wit h 
greenschist focies metamorphic 
assemblages produced, 

THRUST CONTACT, WI TH MAJOR DEVELOPMENT OF BLASTOMYLON ITES 

Sho les, sa ndst ones, ti llites (correlated 
with the thic k Moelv tillite) 
Coarse conglomerates, 

4o 

.AAA 

None Polyphasol deformation with strong 
pebble elongation (Bygdin) c leavage 
format ion. 
Recumbent folds in the 1\1\ellene area. 
Caledonion low greenschist focies met. 

K/Ar m inera l ages in the 
range 428 - 1280 m.y. 

None 

v 

z 
z 
::I 

b 
· vvvvvvv v v v vvv 

I 
' v v v v v v v 

TH RUS T CONTACT, IN PART SLIGHTLY DISTURBED PR IMARY UNCONFORMITY 

I A A A A A A J\ J\ A A - - - ----~~-~~-,..0.a.lif>_A f>_Af>_Af>_Af>_Af>_Af>_Af>_Af>_Af>_A{>..A {>..A{>..A {>AA{>A{>A{>A'l-"'l>A<""'A'"A'"A'"A"A"A"A"A"A"A"A'"A'"A"A~ ...., 
ES PEDAL 
R0SSJ0KOLLAN a: 

w 

~ POSSIBLY 
GR0NNESEN
KNIPA 

,.... 

QUARTZ

SANDSTONE 

NAPPE 

CAMBRIAN 

-

...... 

PRECAMBRIAN 

BASEMENT 

Var ied gnehses and other rocks 
resembli ng those of the Upper Jotun 
Noppe, 

J! {Limestones locally, sch ist , 
~ shales and sandstones pass ing up 
O: into 

"Quartz sands tone" 

(F ine groined sands tone, coarse 
arkoses ond quor tz ites) 
(eocombrion) 

Thi ckness < 1 OOm. 
Alunschist. 
Dork sandy sha le 
Thin basa l conglomera te 
loca lly 

None 

THR UST CONTACT 

3 o-b 
2c 
2o 
le 

THRUST PLANE 

Middle 
Cambrium {I c) l 
in Arudal 
(S tcood (1954) ). 

Granite, 
metogobbro, 
onor thosite 

Amph ibo lite focies of probable Pre
cambr ian age. 

Relic t Precambrian gronulite focies 
suggest by the presence of jotunperthites 
Co ledon ion co taclastic with accompany 
ing greenschist focies metamorphism, 

'VVVVV V VVVVVVVVVV 

.A A .AAAAAAAA A AAA AA 

None Sloty cleavage and folding , 
Caledonion low greenschist 
metamorphism 

N one 

.AAAAAAAAAA A A 

None 

' v . v v v v 

None Very low grade Caledonion 
metamorphism. 
Loca ll y tectonic thi cken in g end 
imbrication, 

.A AA A h A A h /, h A h h A Ah A 

None 

PRIMARY STRATIGRAPHIC UNCONFORMITY 

Te lemark suprocrusto ls (metadacite, 
metobasoh end quorlzi tes. 
Various gne isses (both para- and 
orthogneisses) . 

Note
1 

None Gran ites, 
gobbros, 
do leri tes 

Pol yphosal deformation. 
tv\ainly Precambrian omphibo lite 
focies, a lso Precambrian greenschis t
focies in Telernork suprocrustals, 
Precambr ian granu lite focies in 
Arendal area. 

lv\oin ly Sveconorwegion dotes 
900-1 200 m , y. but some older 
(Svecofenn ian) 
16 16± 38 m.y. 
1700 ± 100 m.y. 

( Numbers I c etc. refer to standard strat igraphic subdivision of the Lower Pa laeozoic 

sequence in the Os lo area as summarized by Henningsmoen , 1960 ( p, 130 - 131, PI . 7 ) , 

Geology of Norway,N orges Geo l .Unders _. 208, ed. Olaf Ho ltedah l . 

The Upper Jotun Nappe is the highest structural are mainly amphibolit e facies rocks with essentially 
gabbroic and granit ic rocks which may retain relics of 
primary igneous textures. The Upper Jotun Nappe evi
dently includes several tectono- stratographic units but 
at pre sent insufficient work has be en done to provide 
details. The thrust-planes are always marked by exten
sive zones of cataclastic rocks and near such zones 
Caledonian greenschist facies overprint metamorphism 

unit in the area, and occupies the central part of a 
major northeasterly trending depression (Faltungsgraben). 
The nappe contains a variety of rock typ es of the Bergen
Jotun kindred. In the interior parts granulite facies 
assembl ages dominate (anorthosites, mangerites, jotu
nites and pyroxene granulites) (Griffin, 1971; Battey 
and McRitchie, 1975). The periphera l areas, hm~ever, 
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HARDANGERVIDDA 

LEGEND : 

Devonian 

Caledonian intrusi ve complexes 

Lower Palaeozoic metamorphic rocks 

R\%WRX@ Vaid res Nappe I Late Precambrian-Mid. Ordovician) 

Quartz- Sandstone Nappe (Late Precambrian - Mid. Ordovician) 

Fanafj ell Nappe, uncertain age (Bergen) 

Upper Jotun Nappe 

Hardanger - Ryfylke Nappe Complex 

Upper 
Lower Bergsdalen Nappes 

Anorth osite Complex (Bergen) 

~I LJLJ Ulriken Nappe (Bergen) 

~ Dalsfjord Nappe (Sunnfjord) 

-

In east autochtonous Lower Palaeozoic sediments. In west Lower 
Palaeozoic sediments variably involved in thrusting and of 
uncertain tectonostratigraphic position . 

LJ Precambr ian basement. 

Loca lities where maj or Middle Ordovician unconformity is 
preser ved : 

S - Skudeneshavn, M-Moldvika, Os, St-Stubseid 
~ - Lcerdal and Aurland 

Figur e 7 .1 . Prin cipa l t ectono- s tratigraphic un i t s of the sout hern Norwegian Cal edonides . 
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Table 7.3 

Bergen Nappe Sequence, Southern Norway . 

TECTONOSTRATIGRAPHIC 

UN ITS 

MAIN LI THOLOGIES FOSSIL 

EVIDENCE 

IGNEOUS 

ROCKS 

C HARACTER OF DEFORMAT!ON 

AND GRADE OF METAMORPH ISM 

FANAFJELL 

NAP PE 

ANORTHOSITE 

COMPLEX 

ULRIKEN 

GNEISS 

NAP PE 

MAJOR 

AND 

MINOR 

BERGEN 

SCHIST 

ARCS 

0YGARDENS 

GNEISS 

COMPLEX 

Ort ho- ond porognciHcs : 
Gro11itcs, micaschists, quortz i tcs, 
grcensch ists, minor morb lcL 
Age uncertain. 

None Granites, Porphyries, 
Mc todo1cfi lcs . 

P o lyphoso l deformation probobly both 
Precom br ion and Co lcdonion . 

Amph ibo lile focics metamorphism 
{probobly Precambrian), Co l ~donion 

greenschist focics me tamorphism. 

THRUST CONTAC T CATACLAS IS AND VAR IAB LE BLASTOMYLONITES DEVELOPMENT 

THRUST P~ANE FOLDEp AND CUTS ALREADY FOLDED THRUST PLANE l~ AS~BST~.A TE., 

Anor thosites, gobbros, monger iles. 
Ortho- ond parogneisses wi th qvortz ites. 

Possibility thol these roc ks represent 
severol tectono-strotigrophic uni ls, bvl 
this awaits confirma tion . 

None Anor thosi les, Gobbros, 
minor ultromafics 
lv'Dngeri les, 
Wietodoleri !es, 
Trond hj cmitcs. 

Precambrian polyphosol deformat ion. 
Ca l edo~ i~n polyphmal defonno lion . 

Precambrian po lyphosol gronulite focies 
metamorphism - local eclogite 
developmen t, 
Amph ibalite focics metamorphism of 
Precambrion/Ca ledonion age. 
Co ledon ion greenschist foc ies overprint 
metamorphism. 

THRUS T CONTAC T - EXTENSIVE BLASTOMYLON lTE DEVELOPMENT 

Ovartzitcs, conglomerates, m icosch ists 

Assumed Lr. Palaeozoic age, 

. ,.. COMfLEX REFq_LDl.~G OF THRUST PLAN~ 

None None recorded, Polyphasa l Caledonian deformation 

Caledonion midd le greenschist focies 
metamorphism. 

IN PART TH RUS T CONTAC T - IN PART PR IMARY STRA TI GRA PHIC UNCONFORMITY 

Migmoti ti c poro- and orthogneiS5es . 
Intrusive gran itic comp lexes. 

None 

The Ulrikens Noppe is mu lti ple unit containing at feast 
three thrust sheets, wh ich in themse lves exhibit o varie ty 
of baseme nt/cover relations invo lvi ng the above units . 

Granites, Pegmolites, 
Wie todo leriles. 

'v 'v . v . y 

Polyphosol Precambrian deforma ti on. 
Polyphoso l Caledanion rework ing. 

Precambrian high omphiboli te focies 
polyphosol metamorphism wit h 
ex tens ive onolexis, 
Ca ledon ion greensc hi st focies overpr int 
me tamo rphism , 

THR US T CONTACT - EXTENSIVE BLASTOMYLONITE DEVELOPM ENT 

COMPLEX REFOLDING OF THRUST PLANE 
,,0. .A .A .A 

n. 
:J 

~ Conglomerates, phyll ites, m ica - schists , Uondoverion : 

Cl limestones, metogreywocks groptolitejbrochiopod 
:g fauna. 
B Ashgi1 1: 
Q corol/shelly fovno 

I 

Lomprophyres, 
Trondhjemites . 

Polyphosa l Colec!.onion (late) deforma tion 

Caledonion metamorphism of middle to 
upper Greemch ist focies. 

HIGHLY DEFORMED PR IMARY STRATI GRAPH IC UN CONFORMITY 

C:i 
...J Mica sch ists, quartz sch ists, None Qvorlz diorites, Minor 

O~ conglomera tes, marbles, grcenschists, gran iodiorites , Gobbros, 
omphibolites , Serpent ini tes, Peridotites, 

~ t-----------~-------IExtens ive basic loves, 

('.'.) The re la ti ons be twee n the two comp lexes ore often in por t pillowed. 

~ obscured by the pervas ive late Co ledonian polyphose 
z deformati on and metamorphism, 

~ ~:~~~~~:;::~=:ts ;:i~::sl'. ces of variably 

Polyphoso l ea rly Co ledoni an 
deformat ion. Polyphosol la te 
Coledon ion reworking. 

Early Coledanion upper gree nsch ist
lowe r omph ibolite focies meta
morphism. 
Late Ca ledonion greenschist foci es 

overprint metamorphism - often 
pervasive. 

THRUST CONTACT - EXTENSIVE BLASTOMYLONITE AND PHYLL ON ITE DEVELOPMENT 

COMPLEX REFOLDI NG OF THRUST PLANE 

Poro- and Or thogneisscs with 
omphibol ites 

None 

lt is not poss ibl e to soy whether this is true bosement or 
if thrust planes occur beneath sea-level, 

Granites, Gabbros , 
Metodoleriles, 
Amphiboli tes, 
Di orites, 
Ouorlz Syen iles, 
Pegmotiles 

Polyphosol Precambrian deforma tion. 
Polyphoso l Coledon ion rework ing. 

Precambrian hi gh amphibolite focies, 
metamorphism with rel ic ts of older 
gronv lite focies metamorph ism, 
Coledonion grecnschist focies overprint 
metamorphism, may rongc up 
into omphiboli te focies. 

RADIOMETR IC 

AGES 

453 ±SO m , y . 
(var iab l y shcc11cd g1onitcs). 

, ,., A / , A.\A A/. , ,,\ 

1064 ~ 24 m.y . {lv'ongerites) 
1775 m . y . (Approx. isochron for 
gronv lil c focies poragne isses, partia ll y 
downgraded to omphibolile focies ) . 

.. 
None ovoilob le. 

1440 ! 100 m.y. 
(oge of late anotexis) . 

None a vai lable 

None ava ilable 

473 '!" 31 m.y . J 
890 t 150 m,y. 
800'! 14 m . y. 

1024 :!: 85 m·>:'J 
l042±92m,y, 

1750:!: 60 m.y. 

Younger 
igneous 
intrusions 

Presumed 
Grenvill e 
reworking 
Older gneisses 

dominates . An important recent discovery is the pres
ence of a supracrustal cover sequence to the Upper Jotun 
Nappe (Askvik, 1976) . Thi s sequence - the 0ljuvatn 
For mation - rests with assumed st r a tigraphic unconform
ity on mangerites of the Nappe, and has obviously been 

transported as part of thi s structure. These supra
crustals show only greenschist f acies metamorph ism, 
which would i ndicate that the main metamorphism of the 
Upper Jotun Nappe was probably Precambrian . Little 
geochronological data is avai l abl e from the Nappe and 
only K-Ar mineral ages in the range 426-1280 Ma come 
from the main outcrop (Batt ey and McRitchie, 1975). 
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From the Kaupanger area a Rb-Sr whole rock age of 448 ± 
30 Ma is reported for trondhjemites intruding partly 
retrograded anorthosites (Berthomier et al., 1972). 
The Hardangerj¢kul massif, regarded as a klippe of the 
Jotun Nappe, has yielded an Rb-Sr whole rock isochron 
of 1639 ± 89 Ma (Priem, 1968) . 

The status of the Upper Jotun Nappe has long been 
a controversial subject in Norwegian geology and expla
nations vary from hypotheses that it is a far-travelled 
thrust nappe (Strand, 1972), that it is a fold nappe, 
or that it has a local root-zone and is upthrust from 
below (Smithson et al., 1974) . The latter hypothesis 
has been considered to have support in the pattern of 
regional gravity anomalies. However, rocks of the 
basement windows of Laerdal and Aurland show little 
signs of Caledonian reworking and cover sequences are 
preserved. In a l l places at the contact of the Upper 
Jotun Nappe, marked developments of mylonitic rocks 
are found and in the section from Valdres to Sogndal 
variable developments of the Valdres Nappe intervene 
between the Upper Jotun Nappe and the autochthon 
(Strand, 1972). The strong stretching fabric with 
general NW-SE trend show little variation around the 
central zone, indicating a northwesterly source for 
the whole mass. The authors thus prefer the hypothesis 
of a distant nappe transport and consider that the pro~ 
venance of the Upper Jotun Nappe must have lain at some 
considerable distance westwards of the present Norwe
gian coast. When this great nappe is seen together 
with those of the Hardanger-Ryfylke area, which occupy 
a similar tectonic position, one cannot but marvel at 
the enormous extent of old Precambrian crust which has 
been thrust into place from a distant northwestward 
source. 

The nappe sequence of the western 
Jotun complex - Bergsdalen 

This complex shows surprising differences to the 
patterns observed in the eastern section of the Jotun 
region. The thick development of the Valdres (Lower 
Jotun) Nappe and its underlying ~uartz Sandstone Nappe 
is but little represented in the western region. The 
rocks of the Bergsdalen Nappe underlie the Upper Jotun 
Nappe in the southern part of this area, and have a 
somewhat enigmatic position (Kvale, 1960) . They have 
been subdivided essentially as the Upper and Lower 
nappes separated by a thick development of Lower Palaeo
zoic phyllites. The Bergsdalen nappes are separated 
from the basement gneisses of the North-West gneiss 
region by similar phyllites. To the west they are over
ridden by the Bergen Nappe sequence, though the contact 
is complicated by subsequent folding. To the southwest 
the Bergsdalen complex borders against the structurally 
underlying Caledonian schist sequence of Norheimsund. 
The Bergsdalen nappes contain an assemblage of Precam
brian genisses and supracrustals. The latter includes 
a sequence of quartzites, conglomerates and metavolcan
ics which have been correlated with the Telemark Suite 
(Kvale, 1960). This assemblage is intruded by a series 
of plutons of varied composition which were thought to 
be of Caledonian age . Recent Rb-Sr isochron studies, 
however, clearly demonstrate their Precambrian age: 
Hernes (1274 ± 48 Ma, Pringle et al., 1975); Hodnaberg 
(1004 ± 100 Ma, Brueckner, 1972); Berge (950 Ma, Pringle, 
pers. comm . ); and Fosse (969 ± 17 Ma, J. Gray, pers . 
comm . ). Recent studies by the authors indicate that 
certain of the rocks of the Bergsdalen previously iden
tified as metavolcanics are in fact retrograded and 
variably mylonitic gneisses, though the extent of these 
rocks is not yet known . This reworking is, in part, of 
Caledonian development. In the Upper Bergsdalen Nappe 
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a thick sequence of low metamorphic grade supracrustals 
occurs, and whether these are Precambrian or Lower 
Palaeozoic is not clear. In the southern part of this 
nappe are localized developments of rocks of the anor
thosite kindred (Kvale, 1960) though there is no precise 
information concerning their tectono-stratigraphic posi
tion . The metamorphism of the Bergsdalen nappes is 
~enerally regarded as being of Caledonian age and ranges 
high up in the amphibolite facies (Kvale, 1960). We 
consider, however, that a constraint is put on the 
extent of Caledonian metamorphism by the maximum grade 
attained hy the Lower Palaeozoic sediments. These lat
ter never reach higher than greenschist facies, implying 
that the amphibolite facies metamorphism in the rocks 
of Precambrian age is also of pre-Caledonian develop
ment . There are also abundant indications of green
schist facies overprint in these rocks which probably 
represents the effects of Caledonian metamorphism 
related to thrusting. 

To the north of the Bergsdalen Complex, the phyl
lite units continue across Sognefjord. Beneath the 
Upper Jotun Nappe in the Sogndal region a naµpe of 
Caledonian supracrustal rocks rests with thrust contact 
above the basement (Skerlie, 1957; Lacour, 1969). The 
rocks of this nappe closely resemble the older sequence 
of the Bergen schist arcs both in terms of lithology 
and of metamorphic grade. \lie consider that this unit 
probably represent a klippe of Major Bergen Schist Arc. 
Rocks of Valdres type have been identified in a thrust 
nappe between this and the Upper Jotun Nappe. If this 
is correct it implies a very substantial lateral trans
lation of the Valdres Nappe, i.e. from a position west 
of the provenance for the Major Bergen Arc Unit. 

The Bergen Nappe Complex 

This is the classical area of the Bergen Arcs 
(Kolderup and Kolderup, 1940), and involves a sequence 
of nappes of both supracrustals and gneisses thrust 
over a gneissic basement (Table 7 . 3). At the eastern 
boundary this complex transgresses the Bergsdalen Nappe 
Complex and the basement gneisses of the northwest 
gneiss region . The western boundary is with the gneisses 
of the 0ygarden Gneiss Complex which, although it forms 
on Sotra the local basement of the Bergen nappes, may 
possibly represent an allochthonous unit though no 
thrust planes are seen. The characteristics of the 
Bergsdalen Nappe Complex are indicated in the preceding 
section. The northwest gneiss area contains a great 
variety of para- and ortho-gneisses together with 
supracrustals of assumed Precambrian age . Rb - Sr 
isochron ages are generally Svecofenninan (1600-
1800 Ma) (Brueckner, 1972; Sturt et al., 1975), 
though Grenville ages (950-1200 Ma) are also 
recorded (Bryhni et al., 1971). The western gneisses 
of 0ygarden show an older complex of Svecofennian age 
with the evidence of subsequent Grenville reworking 
(Sturt et al., 1975). The Caledonian rocks of the 
schist arcs (mapped as Lower Palaeozoic metamorphic 
rocks on Figure 7.1) fall into two sequences separated 
by a major stratigraphic unconformity above which occurs 
a major development of polymict conglomerate (Moberg 
Conglomerate) (Sturt and Thon, 1976). The older or 
Samnanger complex (Table 7.3) had a complex orogenic 
development in early Caledonian times which involved 
polyphasal deformation, metamorphism and igneous intru 
sion (Foerseth et al., 1977) . The metamorphism ranges 
into the amphibolite facies, though the pattern is com
plicated by late Caledonian reworking and overprint 
metamorphism. The sequence is considered to be of prob
able Cambrian-early Ordovician age as the result of 
regional correlations, though no fauna has yet been 



recorded from the rocks. Conspicuous in this sequence 
is a thick development of submarine lavas which have 
many of the geochemical characteristics of ocean-floor 
basalts (Inderhang, 1975). 

The younger sequence (Holdhus Group (Foerseth et 
al., 1977) commences with the Moberg conglomerate which 
passes upwards into Ashgillian (Oslo-Sa) limestones 
with a coral-shelly faun a (Kolderup and Kolderup, 1940) . 
Higher in the sequence occur Lower Llandovery rocks 
which contain a monograptid assemblage. These rocks 
have been involved in polyphasal deformation and meta 
morphism ranging from low to high greenschist facies. 
It would appear that the first phase of major folding 
pre-dates the "mise-en-place" of the t hrust sheets . 
A number of highly mylonitic sheets of basement gneisses 
have been imbricated up into the sequence, which in fact 
can be subdivided into a series of minor tectonic units. 
Near thrust planes very pronounced zones of mylonitic 
and phyllonitic rocks are present. Structurally above 
occur the rocks of the Ulriken Gneiss Nappe (Sturt et 
al . , 1975). This is a complex unit comprising a series 
of thin thrust sheets of gneiss, each capped by a cover 
sequence of presumed Lower Palaeozoic metasediments . 
In some instances undisturbed primary stratigraphic 
unconformities can be seen at the base of the sediments, 
though in zones of high strain the rocks have a myloni
tic aspect . The gneisses are both of para- and of 
ortho-type and have had a complex pattern of tectono
metamorphic evolution involving multiple deformation 
and several periods of migmatitization. The latest 
anatexis has been dated at 1440 ± 100 Ma (Sturt et al ., 
1975) . The cover sequence is metamorphosed only to 
middle greenschist facies, and is considered to repre 
sent a former western margin to a lower Palaeozoic basin. 

The Anorthosite Complex sits with disjunctive 
thrust contact above the Ulriken Gneiss Nappe and com
prises rocks of Precambrian age (Sturt et al., 1975). 
The assemblage in this complex is varied and contains 
a range of para- and orthogneisses together with 
plutonic rocks of the anorthosite-mangerite kindred. 
Recent inves tigations have shown that the anorthosites 
have a protracted history of deformation and meta
morphic r ecrys tallization in the granulite facies 
(Griffin, 1972) prior to the intrusion of the rocks of 
the mangerite suite (Austrheim, pers. comm.). These 
latter have also been subjected to granulite facies 
metamorphism (Griffin, 1972), and this implies that the 
anorthosite s with their considerable pre-mangerite 
emplacement history may well represent a more ancient 
granulite facies complex. An Rb -Sr isochron age is 
available for the mangerites at 1064 ± 24 Ma and the 
initial Sr87 /Sr86 ratio of 0. 7030 implies 'that this 
must be close to the age of intrusion (Sturt et al., 
1975). The rocks of the Anorthos ite Complex show 
effects of reworking under both amphibolite and green
schist facies which to a large extent is of Caied~nian 
age. The paragneisses of thi s complex record this 
particularly well and only relics of the earlier granu
li te facies are seen in a general amphibolite facies 
surround. Partially downgraded granulites have yielde'll 
an approximate isochron at 1775 Ma (Sturt et al ., 1975). 
The thrust planes beneath the nappe units described 
above have been polyphasally refolded which produces 
complex geometries. 

Work in progress by the authors shows that the 
highest unit in the Bergen Nappe sequence is the Fana
fj ell nappe (Table 7. 3). This nappe transgresses the 
already folded thrust plane between the Anorthosite 
Compl ex and the Major Bergen Arc. The thrust plane at 
the base of the Fanafjell nappe is also strongly fold ed 
by westward facing folds attesting to the complex pat
tern of fold and thrust tectonics in this western sec
tion of the southern Caledonian segment. 

To the south of the Bergen region in the island 
complex towards Stavanger occurs a succession of Lower 
Palaeozoic rocks both of older and younger Caledonian 
development in allochthonous position . Their exact 
relations to the Bergen Nappes and Hardanger ~ Ryfylke 
Nappes are not yet clear. The major unconformity 
observed i n the Major Bergen Arc is a l so again seen 
at Karm¢y . There a thick development of polymict
conglomerates capped by calca reous sandstones, with an 
Ashgill-Llandoverian fauna (Isachsen, 1940), rests with 
profound stratigraphic unconformity on a substrate of 
polyphasally deformed and metamorphosed (to upper green
schist facies) early Caledonian rocks . These latter 
include a variety of mica-schists, greenstones, meta
gabbro and serpentinites which had undergone consider
able uplift and erosion prior to the deposition of the 
conglomerate. 

In Stord an assemblage of Upper Ordovician and 
Lower Silurian rocks has been identified, though the 
base of the sequence is obscured by faulting . (Foerseth 
et al., 1975), The northern part of Stord and much of 
B6mlo contains a considerable development of Caledonian 
volcanic rocks which are to a large extent of sub-aerial 
eruption and show certain geochemical affinities with 
those of continental rift zones (Furnes and Foerseth, 
1975). The age of these rocks is uncertain, but an 
Rb-Sr isochron of 455 ± 5 Ma for rhyolites indicates a 
Llandeilo/Caradoc age (Priem and Torske, 1973). These 
rocks have a quite complex structural history with vari
able, though low metamorphic grade. The exact position 
in the sequence of Caledonian development has not yet 
been ascertained. 

The Caledonian rocks of the coastal area 
north of Sognefjord 

Again this area involves both older and younger 
Caledonian complexes, separated by the polymict Middle 
Ordovician Stubseid cong l omerate (Skjerlie, 1969). 
Polyphasal deformation and metamorphism apparently 
occurred prior to the deposition of this conglomerate 
and again in the late Si l urian . The metamorphism does 
not appear to have exceeded greenschist facies at either 
stage. The relationships of the lower structural part 
of this complex to the gneissic basement have not yet 
been cl early defined. In the Sunnfjord area a sequence 
of nappes occurs containing elements of both Caledonian 
supracrustals and Precambrian crystallines (mainly man
geri tes). Above these occurs the Devonian Old Red 
Sandstone elastic sequences which occupy an essentially 
allochthonous position. The pre-Stubseid Caledonian 
succession contains a major development of submarine 
basaltic lavas which have many of the geochemical char
acteristics of ocean-floor basalts (Furnes et al., 
1976). Volcanic rocks are comparatively rare in the 
younger succession. 
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INTRODUCTION 

Along the parts of the eas tern margin of the Caledonian 
orogenic belt that lie in Norway a l ate Precambrian or 
Lower Palaeozoic sed imentary cover overlies a crystal 
line Precambrian basement. The part that lies in Sweden 
is de scribed by Gee (Article 10). The stratigraphic 
relationships in these sediments show that the late 
Precambrian sedimentary rocks are restricted to well
defined cratonic bas ins and that a series of transgres
s ions fina lly led to an almost total submergence of the 
Baltic Shield i n Middle Cambrian time. 

Thick sequences of l a te Precambrian sedimentary 
rocks of low met amorphic grade are found in two main 
areas (Table 8.1) : 

1. South Norway (Hedmark and Oppland counties) 
2. North Norway (Finnma rk county) . 

SOUTH NORWAY (HEDMARK AND OPPLAND) 

In South Norway late Precambrian sediments (Hedmark 
Group) were deposited in N- to NNW-trending grabens that 
were 30-60 km wide (Fig. 8 . 1) (llj¢rlykke et al., 1976). 
These sediments are i n Scandinavia traditionally refer
red to as sparagmites and they occur in the area north 
of Lake Mj~sa (Gudbrandsdal en) and in 0sterdalen. Simi
lar sediments are also found in the adjoining par ts of 
Sweden (Gee et al . , 1974) . The base of this sedimentary 
sequence is nowhere exposed, but estimates of sedimen
tary s equences made by Arn (1975) suggest a 3-4 km thick
ness in the deeper parts of t he bas in. 

During the deposition of the Br¢ttum Formation 
(Table 8. 1) the initial subsidence led to deep water 
conditions in large parts of the basin and deposition 
of turbidi t es (Engl und, 1966, 1972). Both the Biskopas 
Conglomerate and the Ring Forma tion can be mapped out 

Tabl e 8 . 1 

La te Precambrian and Ear l y Cambrian Stratigraphy of Norway . 
s . Norw a (Moe l v - Rin saker) N. Norwa (Tanaf'ord - Di e r mu l en ) 

Thick- Thick-
ne ss in ness in 

a> ·metres Formations Litholo Fossils <V metres ? Formations Litholo Fossils .-f '<-- .... 
:g ~ 'tl 

30 Paradoxides s. 'tl 700 Kisteda l F • Shal e , (Paradoxides) ·ri "' ..... "' ..... :;:u :;:u :l s ands t . E o. 
1 Strenuella Limest . (strenuell 500 H :l Duolbas- quartzites (Holmia sp.i 

linnarson " ) <V 0 gaissa F. tn H 
·.-tl'J 
0 

" 
30 Holmia Shale (Ho l mia 

" 

t "' kierulfi) "' ..... 1-5 Br As tad Sha l e (Volbertella) ..... 
600 Breivik F. sandst. (P l atysole-H H 

.a .a si l tst . nites) 
E E 

"' "' u 0-4 BrAstad Sandst . (Moberge l l u 

"' H holsti) H :l 
QJ 

0-2 
<V 0 ;. Breens<ether Limest. (Holmia et. ;. H 

0 mickwitzi) 0 l'J ...:l ...:l 

"' " "' 100-200 Vangsas F. Sandst. ( Scoli thus) 450 .µ Stappogiedde F. sandst . , 
H 
<V shal e 

20 Ek re Shale 10-50 .µ Mortensnes Tillite Ul 
5-20 M.oelv Tilli te 2-400 <V Nyberg F. sands t . , 

1 shale , 
limes t. 

0-300 Ring F. Arkose 5-50 Smalfjord Tillite 
p, 
::J 50- 100 Biri F. Shale , 0 

1-2° ... limest . unconforrni ty l'J 

" "" 
0-100 BiskopAs Conglome- (Papilla- 1200 Tanafj o rd Group dolomite, 

"' ..... ... rate mernbrana) " shale, ... "' "' sandst. .a E ..... 
E 'tl 0-20 Biri Lime s t . H 580 Vads¢ Group 
"' ~ ~ u (often 
QJ "' ? ... eroded) u 
0, 1500 Br¢ttum Shale, <V 9 000 Bare nts Sea Group H 

graywacke s a rkoses 0, 

congl . I< . BJ0RLl'KKE 

IGCP Project 27, Norwegian Contribution No . SF. 
Ca l edoni an-Appa l achian Orogen of the North Atlantic Region; 

49 Geo l. Surv. Canada , Paper 78-13 ( 1978) . 



Table 8 . 2 

Summary of stratigraphy and sedimentation in l ate Precambrian and Lower Palaeo,zoic rocks 
in the Sparagmite and Oslo Regions . 

STRAT I GRAPH I C UNIT THICKNESS LITHOLOGY DEPOSITONAL ENVIRONMENT BASIN DEVELOPMENT I GEOTECTONIC MOVEM ENTS 

LUD LOVIAN 500 M SANDSTONE DEL'l'AIC REGRESSION OROGENIC UPLIFT 
PROGRADATION 

SILURI AN 600 M CARB/SHALE EPICONT . SEA TRANSGRESSION 
( LLANDOVERIAN- MINOR UNCONFORM . EMERGENCE 
WENLOCKIAN) 

ORDOVICIAN 550 M LIMEST./ EPICONT. SEA TRA'<SGRESSION 
(ARENIGAN- SHALE REGRESSION 
A,$ HGI LLIAN) 

ALUM SHAL E 100 M BLACK STAGNANT EPICONT.SEA TRANSGRESS I ON CRATONIC SUBMERGENCE 
(M . CAMBR.- SHALE 
TREMADOCIAN 

HOLMIA SERIES 50 M SHALE/ SHALLOW M.l\RINE 
(L . CAMBRIAN) SANDST. MINOR UNCONFORM. 
VANGSAS FORM , 4o M QUARTZITE SHALLOW '11\RINE TRANSGRESSION 

VANGSAS FORM. 200 M SANDST. FLUVIAL/BRAIDED RIVER REGRESSION 

l EKRE SHALE 20-50 M SHALE/ PRODELTA/DELTA SLOPE TRANSGRESSION 
SANDST. 

MOELV TILLITE 1-20 M DIAMICTITE GLACIAL REGRESS I ON 

RING FORMATION 0- 200 M ARKOSE/ FAN DELTA REGRESS I ON 
CONGL . PROGRADATION (.!) BLOCK z 

BIRI FORMATION 100 M SHALE/ PLATFORM/BASIN TRANSGRESSION H 
E-< 

FAULTING 
LIMEST . µ. 

BI SKOPAS CONGL. 0-200 M BDULDER AND FAN DELTA REGRESSION H 
<>: 

PEBBLE CONGL. 
BIR!. FORMATION 0-10 CARBONATE PLATFORM BASIN TRANSGRESSION ''~~o. l 

AND PHOS-
PHATES 

BR0TTUM FORMATION 2000 M SANDST. TURBIDITE AND 
CONGL. SEDIMENTATION 
ARKOSES & 
GREY WACKE 

as e l astic wedges (fan deltas) disappearing into a 
shale or finer sandstone facies (Bj¢rl ykke et aZ . , 
1976). Al so carbonate sed imentation i s found to be 
restricted to the mar ginal shelf facies of t he basin . 
Carbonate sedimentation took place dur i ng two periods 
of transgression onto the Baltic Shield surrounding the 
basins, holding back elastic sediment supply . Evidence 
of the first transgressive episode is found as lime
stone beds below the Biskopas Conglomerate at Moe lv 
and Biri and as cl asts in t he basal part of the con
glomerat e . Microfossils have been described from phos
phorite pebbles in thi s congl omerate (Manum, 1967; 
Spjeldnaes, 1967). 

The Moelv Tillite is a diami ctite showing posi tive 
evidence of deposition by glacia l processes including 
striated pebbles , drop- s tones and ice -wedges (Bji\rlykke, 
1974a; Nystuen, 1976a, b). Two main glacial facies can 
be recognized in the Moelv Tillite : 

1) massive di amictite mora ina l facies; 
2) scattered clasts in a l aminated matrix 

(dropstone facies). 

The morainal facies can be shown to represent the shal
l ower parts of the bas in on top of the fan deltas where 
the ice was grounded . Dropstone facies were deposited 
in the deeper parts where the ice sheet s were flo ating 
(Btorlykke et aZ. , 1976) . 

The Moelv Tillite is conformab l y overlain by the 
Ekre Shale which passes upward s into the Vangsas For
mation. The lower par t of the Vangsas Formation (Vardal 
Member), which is a red feldspathic sandstone, was prob
ably deposite d by braided rivers. The upper part of the 
Vangsas, the Ringsaker Quartzite is an orthoquart zi te 
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DELTA INITIAL BASIONAL BLOCK 
SUBSIDENCE FAULTING 

member which contains l ow-angle cross-bedding and 
s 'colithus burrows in the topmost part, and represents 
a shallow marine evironment . Lead minerali zation 
(ga l ena) in the Vangs~s Formation has been the ob ject 
of economic prospecting (Bj¢rlykke et aZ . , l 97S ). 

The Lower Cambrian Holmia Series represent s a 
trans gressive fining -upwards sequen ce from marine sand 
s tone, shales and limeston e and is succeeded by the 
Middle Cambrian black bitumi nous alum sha l e . The black 
sha l es are succeeded by mor e calcareous sediments rep 
resenting an upwards shallowing sequence to the reef 
and coral - alga l facies of Upper Caradocian age. In 
the Mj¢sa district the Upper Ordovician and lowermos t 
Silurian is missing. A thin transgressive quartzite 
and carbonate - shale was deposited following the trans
gression i n Middl e Llandovery times. 

In Wen locki an times the Caledonian orogenic uplift 
started to produce elastic deltaic sediment s prograding 
southwards OV(ff marine sediment s , reaching the Oslo
Asker district in Ludlovian time (Skjeseth, 1963; 
Bj¢rlykke et aZ., 1976) . In the Oslo-Asker district 
of the Oslo Region a continuous highly fossiliferous 
sedimentary sequence is found ranging in age from Middle 
Cambrian to the Silurian interrupted by only minor 
breaks (Table 8.2) (Strand and Henningsmoen, 1960). 

Between Engerdale n near the Swedish border and 
li')sterdalen are sparagmites which were deposit ed in an 
eastern ba s in more or les s separat ed from the central 
basin by a horst s tructure, which wa s plunging to the 
north. The o l dest recogni zed stratigraphic unit in 
the eastern basin is the Biri Formation and we find 
here evidence of locally deve loped depositiona l envi
ronments wh ich differ in severa l re spects from that of 
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Figure 8. 1. Geologi cal map of the Sparagmite Region, South Norway, compiled by Dypvik and Bj¢rlykke. 
In the eastern part unpublished data from Nystuen is included. 
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the central basin (Nystuen, 1976a, b). It seems that 
the eastern side of the sparagmite basin had a more 
well-defined fault as well as the largest fault dis
placement, such that the basins may be regarded partly 
as ha lf-grabens. There are several lines of evidence 
which indicate that syn-sedimentary faulting was accom
panied by volcanicity. Alkali-basaltic rocks associated 
with sparagmite yield a preliminary Rb-Sr isochron with 
a l a t est Precambrian (Vendian) age (Holmsen and Oftedahl, 
1956; Bj¢rlykke, 1969; Bj¢rlykke et al., 1976; Raheim, 
pers. comm., 1976). 

Sparagmites in the Valdres Nappe (Figure 8.1) to 
the west of the central basin were earlier thought to 
be of Ordovician age because they apparently overlie 
shales with a Middle Ordovician fauna (Strand, 1959), 
but Kulling (1961) and later Nickelsen (1967) and 
Loeschke (1967) showed that the section on which this 
conclusion was based (Mellene) was inverted. The latter 
authors worked out a late Precambrian stratigraphy and 
recognized a glacial conglomerate which courd be corre
lated with the Moelv Tillite. The basal part of the 
sparagmi te in the Valdres Nappe in the Dokkvann area 
contains frequent charnockitic rocks from the Jotun 
Nappe (Goldschmidt, 1916; Nickelsen, 1974). It is 
therefore clear that the Valdres sparagmite must be 
allochthonous, transported from approximately the same 
root zone as the Jotun Nappe (see a lso Sturt and Thon, 
Article 7). 

The Kvitvola Nappe (Fig. 8.1) is found in the 
0s terdalen and Engerdalen areas and consists of impact 
quartzites , dolomites and pelitic rocks which have been 
subjected to a higher degree of regional metamorphism 
and deformation than the underlying sparagrnites (Holmsen 
and Oftedahl, 1956, Bj¢rlykke, 1965). Basement rocks 
such as gabbros similar to those of the Jotun Nappe 
Complex, granitic rocks and augen-gneisses are also 
included in the Kvitvola Nappe. This suggests that it 
may be part of the Jotun Nappe Complex. Mainly because 
of its carbonate and diamictite horizon, the Kvitvola 
Nappe has been correlated with the late Precambrian 
sparagmites, but there are no definite age determina
tions to support this. Lithologically the Kvitvola 

rocks show closer resemblance to the late Precambrian 
sequence in Finnmark than to the sparagrnites of south 
Norway. The extensive dolomites which contain magnesite 
(Nys tuen, 1969), and the latera l continuity of facies 
suggest that the Kvitvol a sequence was deposited along 
the wes tern st ah le (passive) maJ '.gin of the Bal tic Shield 
(Bj¢rlykke et al., 1976). 

The late Precambrian and Lower Palaeozoic sedi
ments have been subjected to a variable degree of Cale
donian thrusting. The following tectonic units can be 
recognized. 

1. Strictly autochthonous sedimentary rocks rest
ing with primary contact on crystalline basement. 

2. Parautochthonous rocks subjected to folding 
and smaller scale thrus ting wi thin the cratonic basin 
in which they were deposited. In the central sparag
mite basin this unit consists of the sparagrnite sequence 
from the Br¢ttum to the Ekre Formations. 

3. Allochthonous rocks thrust above Cambrian shale. 
This nappe is called the Osen Nappe (Quartz Sandstone 
Nappe) . It is the easternmost nappe which has been 
thrust over Lower Palaeozoic rocks. It can be seen on 
the map (Figure 8.1) where the Vangsas Formation is 
separated from Cambro-Silurian sediments by a thrust 
plane . The Osen Nappe consists mainly of sandstones 
of the Vangsas Formation which lie on the Ekre Shale. 
The nappe has been thrusted, with an imbricated struc
ture, above a thin autochthonous sequence which includes 
the Alum Shale. 

4. Lower Palaeozoic rocks (Middle Ordovician -
Upper Silurian) thrust over underlying Alum Shale in 
the Oslo Region. 

5. Strongly allochthonous and tectonically 
deformed rocks, usually with a well-developed lineation 
(Kvitvola Nappe), comprising quartzite, dolomite, gab
bros, anorthosites and augen gneisses. 

CONTINENTAL MARGIN 
OF FINNMARK, N.NORWAY 
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Figure 8.2. Diagrammatic representation of l ate Precambrian sediments lapping 
onto the crystalline basement in Finnmark, North Norway. 
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In the centra l and eastern part 
of Finrunark late Precambrian rocks 
are found lapp i ng on to the Precam
brian crystalline basement (Fig . 8.2). 
To the north they are overlain by a 
sequence of nappes of successivel y 
higher metamorphic grade and tectonic 
deformation (see Sturt and Roberts, 
Articl e 4). The Riphean Barents Sea 
Group is found i n the northern part 
of the Varanger Peninsula (Siedl ecka 
and Siedlecki, 1972) hounded by the 
Komage lv-Troll f jord fault (Fig. 4.1). 
Some details are also contained in 
the Sturt and Roberts contribution. 

1 - Lower Cambr ian shale 
2 - Vangsas Formation (sandstone) 
3 - Moelv Tillite 

7 - Br.Ottum Formation {sandstone) 
8 - Shale 

To the south of this major fault, 
around the Varanger Fjord, the Vads¢ 
Group is found in direct contact with 
the Precambrian basement (Banks et 
al., 1974) . These sediments, which 
are mainly fluviatile, are overlain 

9 - Tilli te 
4 - Ring Formation 
5 - Biri Formation (limes tone) 
6 - Biskopas Conglomerate 

10 - Carbonate (dolomite) 
11 - Sandstone 

by the Tanafjord Group which contains 

Figure 8.3. a series of mostly marine sandstones 
and sha les with supratidal dolomites 
in the uppermost part (Holtedahl, 
1918; F¢yn, 1937) . The unconformably 
overlying Ves t ertana Group (Reading, 

Reconstructed cross section through the Baltic Shield in early 
Palaeo zoic time showing a rift valley basin (Sparagrnite Bas i n) 
and an onlapping continental margin sequence to the west cor
responding to the Finrunark sequence and pos s ibly al so the 
Kvitvola sequence. 

1965; Banks et al ., 1971) contains 
two tillite horizons separated by carbonates, shales 
and sandstones of the Nyborg Formation, which have been 
radiometrically dated at 668 ± 27 Ma (Pringle, 1973). Table 8.3 

Comparison between the Rift Valley basins of South Norway 
and the continental margin facies of North Norway 

Dimen sions of the 
basin 

Thickness of latest 
Precambrian 
sediment 

Li thos t ratigraphic 
Un i t s 

Arkoses 

Coarse cong l omerates 
exc lusive of 
glacial 
conglomerates 

Glacial conglomerates 

Carbonate rocks 

Facies variat i on 

TuTbidites 

Alluvial fan 
deposi t s 

Type of basin 
subsidence 

Volcanic activity 

Plate tectonic 
situation 

Sparagmi te Region 
South Norway 

50-60 km width 

3000-4000 m 

Hedmark Group 

common 

One well-defined 
unit (Moe l v 
Tillite) 

Marginal limestone 
facies passing 
into basi na l 
mud facies 

Rapid l ater a l 
facies variation 
from margin to 
central basin 

Fi nnmark 
North Norway 

Hundreds of km 

10-20 km ? 

Vestertana Group 
Tanafjord Group 
Vads~ Group 

rare 

some 

Two we ll-defined tillite 
(Smalfj ord and 
Mortensnes Tillite) 

Extens ive dolomites, 
supratidal facies 

Pe r s istent l ithol ogy 
over l ong di stances 

present in the basal common 
part 

widespread along the not reported 
bas i n margin 

contemporaneous s ubsiding continenta l 
faulting mar g in without c lear 

evide nce of contempor
aneous f aulting 

Lavas of probab le No evidence of volcanic 
late st Precambrian activity 
age 

Rift Valley Passive margin 

The glacia l conglomerates represents two distinct 
climatic episodes. Around the inner part of the Varan
gerfjord at Biggjojavre they rest unconformably on a 
glacially striated pavement of the underlying sandstone 
of the Vads¢ Group (Reusch, 1891; Reading and Walker, 
1966; Bj¢rlykke, 1967). The upper part of the Vester 
tana Group is exposed at Digermulen (Reading, 1965) and 
equiva l ent rocks (Divida l Group or Hyolithus Zone) are 
found directly above the Precambrian basement to the 
south (Foyn, 1967). The Stappogiedde Formation of the 
Tanafjord section can be correlated with the Hyolithus 
Zone, through Sweden and corresponds to the Ekre Shale 
and Vangsas Formation of South Norway (F¢yn, 1967; 
Bj¢rlykke et al., 1967). The sediments overlying the 
Stappogiedde Formation (Breivik Formation and Duolbas
gaissa Formation) contain Lower and Middle Cambrian 
trace fossils (Banks et al ., 1971; Banks, 1973) and 
body fossils (Henningsmoen, 1960). 

Further west around the inner part of Laksefjord 
and Porsangerfjord occurs a sequence of stromato litic 
dolomites, sandstones and tillites that can be corre
lated with the section of eastern Finnmark (Tanafjord) 
(White, 1969 ; Roberts, 1974). These sediments have 
been thrust to the south over the Dividal Group . Also 
as far west as Alta the same tillite horizons can be 
found in tectonic windows (F¢yn, 1963). 

SUMMARY 

The late Precambrian sediments in North and South 
Norway show a number of distinctly different character
istics (Fig. 8.3, Table 8 .3). While sedimentation in 
the sparagmite region in South Norway is characterized 
by r apid latera l facies variations and elastic wedges 
(fan deltas) the broad features of stratigraphy in 
Finnmark can be corre l ated over long distances (100-
300 km) along the depositional strike. 

Also the development of extensive supratidal dolo
mites i n North Norway provides evidence of sedimenta tion 
on a s table craton subsiding at variable rates . The 
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-sparagmites hav e formed a response to block faulting 
in a series of rift valleys (Bj¢rlykke et al ., 1976), 
or an aulacogen (Roberts and Gale, 1977), probably 
associated with volcanicity. The block faulting died 
out in early Cambrian time as the Baltic Shield was 
being covered by an epicontinental sea. 

In late Precambrian time the continental passive 
margin facies was represented by the Finnmark sequence 
and possibly also by the Kvitvola nappe. 
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INTRODUCTION 

Non-marine sediments known as the Old Red Sand
stone, of Devonian and possibly also latest Silurian 
age, presently occur in two coastal districts of west
ern Norway (Nordfjord-Sognefjord and Trondheim areas) 
and in a small area (R¢ragen) of eastern Norway. They 
occur in relat i vely small, fault-controll ed basins. 
Distribution of these rocks in the Nordfjord Sognefjord 
area is shown on Figure 9.1 and also on Figure 7 .1 
(this volume, Article 7). The occurrences in the 
Trondheim area and at R¢ragen are shown on Figure 6.1 
(this volume, Article 6). Details for the coastal areas 
are provided by Bryhni (19 75 ), Nilsen (1973) and Steel 
(in press) ; for R¢ragen, by Roberts (1974) . The basins 
presently vary in size from approximately 2000 km2 to 
less than 12 km2, in their type and style of sediment 
infill from dominantly laterally dispersed fanglomer
a tes to dominantly longitudinally disper sed sandstones, 
in their age from Lower to Middle Devonian (Nilsen, 
19 73 ) and in the stratigraphic thickness of their sedi
ment infill from less than 1 km to apparentl y 25 km. 

Despite this considerable variation there are very 
many points of similarity between the basins . They 
are often elongate parallel to the structural trend in 
adjacent Caledonian or "caledonized" Precambrian base
ment, their sediment infill often shmvs a cyclic organi
zation whose scale and style reflects varying syndepo
si tional dip-slip or strike-slip-dominated faulting, 
and many of the bas ins show evidence of having been 
thrust eastwards after infilling (Bryhni, 1975; Steel, 
in press). Because of these similarities only one of 
these basins, the Hornelen Basin, the mo st intensely 
studied one, is described in some detail here . In 
addition, the Hornelen Basin is briefly contrasted 
with the Solund Basin (Fig. 9.1) to emphasize the vary
ing t ec tonic context of Devoni an basin formation within 
r e l atively short distances. 

HORNELEN BASIN 

Hornel en Basin (Fig. 9 .1) is largely filled with 
sand stones, 25 km in stratigraphic thickness, which 
are spectacularly organized into basin-wide, coarsening
upwards cycles of the order of 100-200 m in thickness 
(Figs. 9.3, 9.4) (Brynhi, 1964; Steel et aZ ., 1977). 

Most of the cycles can be traced from a marginal 
conglomeratic facies, by vigorous interfingering, into 
an axial sandstone facies (F ig . 9.2). The coarsening
upwards in each conglomerat e cyc l e (Fig. 9.4), repre 
sent s the basinwards progradation of a margina l al l u
vial fan body, and it is beli eved that sma l1 er segments 
(of the order of 10-20 m) within each fan are of direct 
t ectonic significance (Larsen and Steel, in press). 
Of particular importance in the Hornel en Basin is the 
fact that the fans radiating from the southern ma rgin 
are relatively l arge, relative ly thin and stream
dominated while those along the northern margin are 

IGCP Project 27, Norwegi an Contribution No. 5G. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78- 13 (1978). 

small, thick and dominated by debris flow deposit s 
(Fig. 9.2) (Steel, in press). This essentially reflects 
the overall asymmetry of basin subsidence , as outl i ned 
below in the tectonic model (Fig. 9 .5). 

The axially developed sandstones have been di s
persed largely westwards (longitudina lly), but their 
cyclicity is in notable continuity with the margina l 
fanglomerat es and also is dominated by a coarsening
upwards motif (Fig. 9.3). The sandstones represent a 
wide variety of environments within an extensive allu
vial plain system . Braided river channel sediments 
pass into flood-basin and lacustrine depos its via a 
variety of levee, crevasse splay and crevasse channel 
sub-environments. The prominent axial cycl icity 
(Fig. 9.3) has resulted from repeated westwards progra 
dation of the alluvial plain system in response to an 
equivalent number of basin-floor subs idence episodes. 

It is like ly that the apparent 25 km thickness 
has accumulat ed by progressive eastwards overlap of 
the basement. Estimation of the amount of overlap per 
cycle suggests that the locus of sedimentation steadily 
shifted eastwards by the order of 0 .25 km hetween the 
westwards progradationa l episodes constructing each 
cycle. It has also been proposed tha t the simplest 
method to produce this overlap of successive basin-fi ll 
increments i s periodic right-lateral fault movement, 
with a strike-slip component about twi ce as large as 
the dip-slip component, along a "restrictive" doubl e 
bend on the northern margi n of the basin as shown in 
Figure 9.5. This proposa l satisfies the sedimentary 
evidence from the geometry of the basin cycles, from 
the palaeocurrents (Fig. 9.5b) and is not inconsistent 
with the present tectonic features of the basin 
(Fig. 9.5a). An additiona l notable feature is the 
asymmetry of the basin with respect to fan type, size 
and thickness on opposite bas in margins, as noted above . 
This can be accounted f or i n the proposed model s ince 
it would necessarily involve a preferentia l subsidence 
along the main northern fault zone (Fig. 9.5c), causing 
the observed facies contrasts. It has not previous ly 
been proposed , from independent evidence, that Nordfjord 
presently occupies a major strike-srip fau lt, nor is 
there evidence of the continued presence of such fault
i ng farther east. Similar types of basins presently 
forming along known strike-slip faults, however, for 
example along the San Andreas Fault (Crowe ll, 1974), 
are frequently associated with considerab le variation 
in throw l atera lly, as the strike-slip component is 
often "taken up" a l ong associated minor fau lt lines. 

THE CONTRAST BETWEEN HORNELEN 
AND SOLUND BASINS 

Solund Basin is of the same order of size as 
Hornelen Basin, presently lies less than 50 km to the 
south, but is notably i n con trast because it is filled 
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Figure 9.1 . The Devonian basins of western Norway (partly after Nilsen (1968, 1973) . 
Note the contrasting dispersal directions, grain sizes and thicknesses 
of the infilling sediments in Horne len and Solund Basins. 



l 

Figure 9.2. Details of the lithofacies in Hornelen Basin and, in particular, the contrast in 
type and size of fan body along the north and south margins: Along the northern 
margin the succession dips steeply (70) southeastwards, and in the south there 
is an open syncline, plunging 20-30 degrees eastwards. 

largely with 5 km of conglomerates which have been dis
persed laterally from the basin margins (Fig. 9.1) 
(Nilsen, 1968). A traverse through 3 kilometres of 
this basin sequence has shown clearly that here also 
coarsening-upwards conglomerate sequences, though less 
uniform and less frequent than in Hornelen, commonly 
dominate the succession (Steel, in press). The great 
thickness of coarse-grained conglomerate in this basin 
may imply repeated vertical uplift of drainage areas. 
This is likely to have occurred in a context of dip
slip dominated faulting. The faulting here, as in the 

Hornelen Basin, has produced a coarsening upwards 
"motif" as the basic sedimentary response to tecton
ism but the dip-slip movement here, in contrast to 
strike-slip dominated movement in Hornelen, has caused 
a sub-vertical stacking of prograding conglomerate 
bodies in contrast to an overlapped stacking of sa~d
stone bodies in Hornelen. These two basins, therefore, 
demonstrate clearly the strong influence of varying 
tectonic context on the sedimentation history of late
orogenic basin formation in this western region of the 
Norwegian Caledonides. 

59 



® 

m 

0 10 20 

1 
i 

I 
I 
J Q) 

c 
c 
<1l 

_c 

u 

Q) 

> 

c 

(J) 

<1l 
SJ 

""() 

o STACKED ALLUVIAL PLAIN 
0 SEQUENCES ALONG BASIN AXIS 

<1l 

E 

x 
0 

fo~(\'*D•j Extrafarmat ion a I cong lorn. 

l~.:-;-_I Mudcla st conglo m. 

~Trough X-strata 

[fil Plana r X-strata 

§§ Plane parallel laminae 

!---<'-....-<"' I Ripple laminae 

l.!7//I C l imbing ripp le laminae 

I ·-0-' .. ?I So ft sedimen t defo rmation 

- M ud/s il t 1nterlaminae 

M .P.S. M ea n max. clas t s ize 

Figure 9 . 3 . 

Interna l details of .two types 
of coarsening - upwards alluvial 
plain sequence. The sket ch, 
an oblique aerial view east
wards a long the basin axis , 
locates the profiles; within 
the marked ly cyclic succession. 

0 10 20 



50 

40 

30 

10 

0 
M 

FAN CYCLE 
0 10203040 

0 10 20 3040 
MAXIMUM PARTICLE 

SIZE CMEAN l 

t SIX ALLUVIAL FAN CYCLES 

' ~, l l l 

SINGLE ALLUVIAL 
FAN CYCLE 

(/) 
LU 
I 
u 
<t: 
LU 
a:: 
z 
~ 

Figure 9. 4 . 

Interna l de t ail s of a singl e 
coarseni ng-upwards sequence 
f rom t he sout hern margin of 
Hornelen Basin. The ske t ch 
shows (upper right ) the 
t yp i ca l mult i pl e devel opment 
of congl omerat ic fan bod i es 
as the marginal facies of the 
cyclic bas in f ill. 

61 



(C) 

Figure 9.5. 
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(a) Some of the main structural features of Hornelen 
Basin, 

(h) palaeocurrent distribution through time, and 
(c) suggested origin of the basin by dextral wrench 

faulting. Non-continuous wrench movement caused 
the cyclic development of the basin succession. 
The basin sequence was later folded with thrust
ing along the eastern margin. 
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INTRODUCTION 

Reconstructions of the northern Atlantic (the 
Greenland and Norwegian Seas) and adjacent areas for 
periods prior to the Mesozoic suggest that the 
Caledonide Orogen occupied a linear belt up to about 
1000 km wide and extending from Spitsbergen in the 
north to the United Kingdom and Ireland in the south. 
Within the mountain range of western Scandinavia (the 
Scandes) the Caledonides attain a maximum width of 
about 300 km; thus less than half of a section through 
the orogen is exposed on land. The structure of the 
Scandes is dominated by nappe tectonics with displace
ments from west to east across the Baltoscandian base
ment (Fig. 10.1). Basement and cover, both alloch
thonous and autochthonous, together are folded on axes 
parallel to the length of the orogen . These large
scale folds change in style from open and upright in 
the east becoming tighter further west; in the western 
coastal zone (Norway) they are, at least locally, recum
bent. General summaries of the Scandinavian Caledonides 
are to be found in Strand (1961) and Nicholson (1974). 

The Swedish Caledonides make up a subordinate part 
of the orogen in the Scandes (Fig. 10. 2). Kulling (in 
Strand and Kulling, 1972) and Lindstrom (in Lundeg~rdh, 
Lundqvist and Lindstrom, 1974) have described the devel
opment of the orogen in Sweden. The Caledonian Front 

SCANDINAVIAN 
CALEDONIDES 

400 

Scale in km. 

Figure 10.1. Basement-cover relationships in the 
Scandinavian Caledonides. 

IGCP Project 27, Swedish Contribut1c..1. 
Cdledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada_. Paper 78-13 (1978). 

is exposed over a distance of about 900 km and the 
width of the belt varies from about 150 km in the south 
to a few tens of kilometres in the north. Four counties 
in Sweden contain Caledonian units in their western 
parts : Norrbotten, Vasterbotten, Jamtland and Kopparberg 
(Fig. 10.3). Descriptions of the geology of Norrbotten 
are to be found in Kulling (1964 and in press); of 
Vasterbotten by Kulling (in Gavelin and Kulling, 1955); 
of Jamtland by Hogbom (1920) and Stromberg (in prep.); 
and of Kopparberg by Hjelmqvist (1966). Asklund (1960) 
and Kulling (1960) independently summarized the southern 
and northern parts of the Swedish Caledonides in a des
cription accompanying the 1:1 000 000 geologica l map of 
Sweden (Sveriges geologiska undersokning, 1958). 

GFNERAL STRUCTURE 

During the middle and latter parts of the 19th 
Century, the theory of nappe tectonics was applied 
successfully in several of the major mountain belts of 
the world. In the Scandinavian Caledonides, T1lrnebohm 
(1888, 1896) demonstrated displacements in the order of 
100 km, drawing attention to the superposition of a 
high grade metamorphic suite (the Seve) on the largely 
unrnetamorphosed Lower Palaeozoic sediments and underly
ing granitic and rhyolitic basement of the Baltoscandian 
Pl atform. Some forty .years later, Holtedahl (1936) 
inferred derivation of the Jotun Nappe from west of the 
Norwegian Coast, and in 1938 Asklund presented a basis 
for requiring that the displacement of the Great Seve 
Nappe was at least twice the distance established by 
Tornebohrn (1888). 

The allochthonous character of the major thrust 
sheets in the eastern part of the Scandes is, in gen 
eral, easily recogni zable, thick mylonite zones sepa
rating distinctive tectonic units, the latter often 
showing markedly different metamorphic parageneses. 
The basement beneath the nappes is unambiguously of 
lower grade than the a llochthon; it is in part imbri
cated and gently folded by the major Caledonide (NNE) 
open antiforms and synforms. Further west, along the 
Norwegian coast, basement and cover, often of similar 
metamorphic grade, are intimately folded together and 
"consequently, nappe interpretations of relationships 
are l ess than pressing unless urged by wider considera
tions" (Nicholson, 1974, p. 163). Hence, until the 
1970's, those accepting derivation of the major alloch
thon from west of the Norwegian coast have l argely 
derived their experience of the orogen in eastern parts, 
Kautsky (1946, 1953) in the Su litelma area, Kulling 
(1960) in Norrbotten and Vasterbotten, and Zachrisson 
(1969) in northern Jtlmtland and southern Vasterbotten. 
Oftedahl (1966) drew attention to the importance of 
Kautsky' s interpretation of the northern Scandes. 
Gustavsson (1966) likewise inferred the allochthonous 
nature of the cover sequences in northern Norway. The 
alternative hypothesis preferred by ·many authors, par
ticularly during the 1960's, required accumulation of 
eugeosynclinal pile in western Norway followed by ~plift, 
gravitational collapse and displacement eastwards of the 
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nappe units largely by stretching. This hypothesis 
required the displacement distances to decrease from 
over a hundred kilometres in the eas t to zero in the 
west. Analysis of the geological relationships renders 
this hypothesis unt enable. Nevertheless, collapse and 
stretching clearly play an important role in the move~ 
ment of the nappes (Ramberg, 1966). 

Within the Swedis h part of the Scandinavian 
Caledonides six main tectonic units are recognized and 
described below - the Autochthon, Parautochthon, 
Offerdal and associated nappes, Sarv Nappe, Seve-Koli 
Nappe Complex and Rodingsfjall Nappe (Fig. 10.4). The 
term Parautochthon is preferred for all the nappe units 
that occur between the Offerdal Nappe and the Autoch
thon, units that show unambiguous stratigraphic affini
ties with the autochthonous sediments. Recent work 
suggests that the distinction between the highest 
parautochthonous unit s and the lowest units in the 
Offerdal Nappe is insecure in some areas. Basement 
beneath the parautochthonous nappes, appearing in the 
deeper parts of the windows, may be more or less autoch
thonous, influenced only by vertical movements, or 
parautochthonous and displaced a short distance eas t
wards. In that the basement is clearly not passive in 
these areas , it is treated here as parautochthonous. 
Likewise the thin sedimentary veneer on this basement, 
which at least locally, can be demonstrated to have 
been deposited on the Precambrian crystalline rocks, 
is treated here as parautochthonous. 

Westward thinning is the geometrical characteristic 
of all the nappe units as is apparent from the sections 
(Fig. 10.2) . Zachrisson (1969, 1973) and Nicholson 
and Rutland (1969) drew attention to this phenomenon 
for the higher tectonic units. However, the thinning 
is far from regular, some tectonic units "pinching-and
swel ling" both along and perpendicular to the axis of 
the orogen. Recently, very large scale pinch-and-swell 
structures have been shown (Gee, 1976 and 1977) to be 
composite phenomena composed of more than one nappe 
unit, implying build up of the napp e pile prior to 
collapse and stretching. This is treated further below. 

AUTOCHTHON 

Basement 

The autochthonous basement is largely composed of 
crystalline rocks of Svecofennian (c. 1700-1800 Ma) 
age. In the northernmost area (north of Kiruna) an 
older gneissic basement is inferred on the basis of 
U/Pb age determinations on zircon and sphene (Kuovo; 
in Welin et al., 1971). Throughout much of the Cale
donian Front granites and gneisses dominate, intruded 
by occasional gabbros and dolerites. The latter locally 
have been dated by the K/Ar method to c. 1250 Ma (Welin 
and Lundqvist, 1975). East of the southernmost part 
of the Front, granites and related porphyritic rhyolites 
dominate the basement (Hjelmquist, 1966) and have been 
shown to be l ate or post-Svecofennian in age (Welin 
and Lundqvist, 1970). Overlying sandstones (Dala ) are 
closely associated with the rhyolit es . 

Precambrian sandstones (Sjofall sandstone, Odman, 
1957) of similar or younger age than the Dala sand
stones (Witschard, pers. comm.) occur locally in Norr
botten in the area southeast of Akkajaure, unconformably 
beneath the autochthonous Cambrian sediments. 

Caledonian sedimentary sequence 

The autochthonous sediments of the Caledonian 
Front in Sweden are usually thin (less than 150 m) and 
often in the order of a few tens of metres. They may 
locally be absent, the lowest thrust sheets of the 
parautochthon riding directly on the basement surface. 
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In general, the decollement surface occurs in the black 
alum shales of Middle and Upper Cambrian age, a unit 
usua lly not exceeding 50 m in thickness and underlain 
by a few tens of metres of shales and sandstones. Lower 
Cambrian body fossils have been recorded from a variety 
of localities in these s hales underlying the alum shales 
and trace fossils are common in some of the sandstones 
(Kulling; in Strand and Kulling, 1972). In the Torne
trask area of northern Sweden (Fig. 10.3), about 100 m 
of sha les and sandstones (Tornetrask Group, Kulling, 
in press) are preserved below the a lum shales. Kulling 
has described a breccia (Vakkejokk) of possible glacial 
origin (Varangian) and a sandstone unit with Precambrian 
fossils including Spriggia sp., the relationship betw~en 
these two uni ts being uncertain. Locally (e.g . Lai svall 
and Vassbo) these autochthonous sandstones contain 
important lead-zinc mineralizations (Grip, 1967) . 

In central Jllmtland the autochthonous sequences 
reach into the Upper Ordovician. Loca l "highs " occur 
(Thorslund, 1943) with Middle Ordovician limes tones 
deposited directly on the Precambrian crystalline 
basement. 

PARAUTOCHTHON 

Above the decollement surface in Sweden, the lower
most nappe units usually comprise thin s lices of sedi
ments comparable with the autochthon and dominated by 
quartzites, black shales and greywackes. Throughout 
much of Norrbotten and northern Vasterbotten these are 
generally too thin to show on Figure 10.2. In southern 
Vasterbotten and Jamtland their development below the 
Offerdal Nappe is more complete and a series of thrust 
units contains sediments (the Jamtland Supergroup) 
ranging in age from late Precambrian to Middle Silurian. 
The general stratigraphy is illustrated in Figure 10.4 
and has been described by Thors lund (1960). A few 
hundred metres of pre-Varangian fluviatile and shallow 
marine sandstones, the Risback Group in northern 
Jllmtland and southern Vasterbotten (Kulling; in Strand 
and Kulling, 1972 an<l Gee et al. , 1974) have been 
referred to as the L~ng~ Group in southern Jamtland 
(Stromberg, 1974). They are overlain by a few metr es 
to t ens of metres of glaciogenic sediments (tillites 
and laminated shales with drop-stones) and then sand
stones (quartzites) and s hales up to 250 m thick, 
together composing the Sjoutalven Group (Gee et al ., 
1974). These sandstones and shales are correlatabl e 
with the autochthonous sandstones and pass up through 
grey-green siltstones into the a lum shale formation of 
Middle and Upper Cambrian and locally of Tremadocian 
age. The black alum shales and overlying shales and 
greywackes are referred to as the Tasjon Group. The 
greywackes occupy large areas of central Jamtland and 
are probably in the order of about 500 m thick. They 
range in age from Arenig to Caradoc , in the Ashgill 
passing up into dark shales. Laterally, the greywacke 
facies passes eastwards into platform limestones in 
the lowermost Jamtland nappes and the autochthon. In 
the easternmost parautochthon there is an uninterrupted 
passage from Ashgill shales into Llandovery quartzites . 
(Thorslund, 1943). Further west, uppermost zones of 
the Ashgill are apparently absent and thin shallow water 
sandstones occur in the lowermost Llandovery, apparently 
conformably overlying the deeper water Ordovic ian 
sequence, and passing up into coral limestones and then 
dark shales .. and greywackes , this entire sequence being 
called the Ange Group (Stromberg, 1974). The youngest 
sediments were thought to be of Llandovery age (Thorslund, 
1948, 1960) but are now thought to be younger (possibly 
of Ludlow age, Karis pers. comm.). 

The occurrence of the pre-Varangian rocks in the 
northern and southern parts of Jamtland was previously 
interpreted (Asklund, 1960) as being related to 
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deposition in local basins separated by a "high" in 
central Jamtland . Recent investigations have shown 
the pre-Varangian sequence in northern Jamtland to be 
allochthonous and this is also probably the case in 
southern Jamtland and Kopparberg Counties. Thus the 
stratigraphic development described from central 
Jamtland and referred to as the "Jamtland Basin" 
(Fig. 10.4) is probably representative of areas both 
to the north and south. There are no major north-south 
facies changes within the Lower Palaeozoic sequence and 
the "Jamtland Basin" was probably developed extensively 
along the Baltoscandian Platform-margin representing 
a zone of crustal instability along the eastern edge 
of the Caledonian geosyncline. It is important to 
note that the displacement of these parautochthonous 
sequences can be shown ( at leas t in northern Jamtland) 
to exceed 70 km implying that the "Jamtland Basin", 
prior to orogenesis, extended far west into Tr¢ndelag. 

Along the border between Norway and Sweden there 
occur a .number of windows exposing Precambrian basement 
crystalline rocks. This "axis" of windows (Fig. 10.1) 
can be traced both further northeastwards into northern
most Norway and southwards into southern Norway. Of 
fundamental importance to the interpretation of the 
derivation of the Scandian nappes is the recognition 
that the autochthonous sediments in the Caledonian 
Front are similar to those deposited on the basement 
of these windows. A number of subordinate windows 
occur between the Norwegian/Swedish border and the 
Caledonian Front and they likewise show a similar stra
tigraphic development, the Lower Cambrian and perhaps 
the latest Precambrian sediments appearing west of the 
Front as characteristic white, yellow, and blue quartzT 
ites. Locally, they are overlain by black shales, 
limestones, and greywackes. Varangian tillites appear 
in some of the western windows and are the oldest sedi
ments deposited on and east of these windows. Further 
west, a feldspathic sandstone/arkose facies is devel
oped comparable with the Risback Group of the northern 
Jamtland parautochthon. 

Minor basement lenses up to a few tens of metres 
thick and several hundred metres to a few kilometres 
in other dimensions occur as isolated slices in the 
nappes of the parautochthon, usually at the base of the 

quartzites. At several localities their geometry is 
well established by drilling (e.g. Laisvall, Lilljequist, 
1973) and they have been interpreted as sliced-off tops 
of basement irregularities (monadnocks) on an otherwise 
regular late Precambrian peneplain. Further west in 
the vicinity and west of the windows basement imbrica
tion is extensive (e.g. in the Grong-Olden culmination, 
Gee, 1975b). 

OFFERDAL AND ASSOCIATED NAPPES 

The Offerdal Nappe has been traditionally treated 
as the lowermost unit of the major allochthon in Sweden. 
In the type area in central Jamtland it is composed of 
unfossiliferous feldspathic sandstones and crystalline 
basement rocks and has been ref erred to by some authors 
(Asklund, 1960) as the granite mylonite nappe. In 
southern Jamtland (Fig. 10.3) a tectonic unit composed 
of augen granites and augen gneisses (the Tannas Augen 
Gneiss) apparently is developed at the same tectonic 
level (shown as Offerdal and associated nappes, 
Fig. 10.2). Northwards from Jamtland, cataclastic 
granites occur locally between the parautochthon and 
the overlying Seve-K5li Nappe Complex and are exten
sively developed in the Akkajaure Complex of Norrbotten. 
All these units have clearly been derived from west of 
the windows along the Norwegian-Swedish Border. Kulling 
(1960) required a derivation zone along the Norwegian 
west coast for the Akkajaure Complex and Gee (1975a 
and in press) has outlined the evidence for derivation 
of the Offerdal Nappe of central Jamtland from western
most Tr¢ndelag, Norway. 

Crystalline basement units carry a penetrative, 
cataclastic foliation; the meta-sandstones, generally 
in greenschist facies, are isoclinally folded with 
development of a penetrative, fine-grained schistosity. 
These foliations and the extensive mylonites, both 
within and at the base of the nappe, are generally flat
lying and truncate the cleavages, folds and thrusts in 
the underlying parautochthon. Thus, though the general 
regional evidence requires displacement of the Cale -
donian nappe-pile to commence in the west and progress 
eastwards (Gee, 1975a) the parautochthonous units were 
apparently deformed prior to being overriden by the 
Offerdal Nappe. 
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Late Precambrian feldspathic sandstones (Risback 
Group) in the highest tectonic units of the parautoch
thon are compositionally similar to the overlying 
Offerdal Nappe sediments. Distinction between the 
Offerdal and these lower nappes is locally ambiguous 
particularly in northern Jamtland. In Norrbotten, 
feldspathic sandstones and arkoses that are overridden, 
at least in part, by the Akkajaure Complex may have 
been deposited on the basement from which the latter 
was derived. They are transported from west of the 
border windows and are included here in the Offerdal 
Nappe . 

SARV NAPPE 

The Sarv Nappe (Fig . 10.2) has been identified 
and defined in Jamtland (Strombert, 1955, 1961) . It 
is composed essentially of a metasandstone sequence 
(the Sarv Group, Stromberg, 1969) intruded by an 
olivine-bearing tholeiitic dyke-swarm (the Ottfjallet 
Dolerites). The sedimentary sequence (c. 2000 m+, 
Kumpulainen, pers . comm.) contains subordinate lime
stones and a diamictite of probable glacial origin 
(Roshoff, 1975). Within the main outcrop area of the 
Sarv Nappe the basic sheets dip westwards at moderate 
to high angles and sediments dip eastwards, a high 
angle usually being preserved between the intrusions 
and the country-rock. Prior to nappe emplacement, the 
sandstones were largely flat-lying intruded by a ver
tical, approximately north-northeast trending dyke
swarm . There is as yet no unambiguous evidence of 
regional deformation of the Sarv Group prior to intru
sion of the dyke-swarm although, locally, dyke-sediment 
relationships have been interpreted to imply pre-dyke 
folding (Stromberg, 1961). 

The age of the dyke-swarm is controversial. Recent 
isotopic age-determinations by the K/Ar method have 
yielded ages ranging from c. 2 500 to 600 Ma (Point 
et al., 1976; Claesson, 1976). The Rb/Sr method has 
provided an isochron favouring a late Precambrian age 
(735 ± 260 Ma, Claesson, 1976) . 

Internal deformation of the nappe is concentrated 
to zones of high strain with rotation of the dykes 
towards parallellism with the bedding in the sandstones, 
development of a penetrative foliation and general 
retrogression associated with greenschist/lower amphib
olite facies metamorphism. Outside these zones of high 
strain, sedimentary structures and intrusive relation
ships between the dykes and the sediments are well
preserved. At the base of the nappe, locally, a blasto
mylonite zone sharply truncates the dyke swarm; however, 
generally the sediment - dyke angle decreases towards the 
base of the nappe and the rocks pass downwards into 
banded greenschists and feldspathic psammites above the 
basal mylonites. Where the nappe thins both westwards 
and northwards, concordance between greenschists,amphib
olites and psammites is general and discordant intrusive 
relationships are recorded only from local "swells". 

The Sarv Nappe has been identified as far north 
as northernmost Jamtland in Sweden; it may well be 
present further north. In northernmost Norway compar
able units occur in the Laksefjord Nappe (Gayer, pers. 
comm.) . In Kopparberg County and further southwest in 
Norway the Kvitvola Nappe (Tornebohm, 1896) has been 
correlated with the Sarv Nappe on the basis of the 
similarity of the sediments . Dykes are apparently 
lacking. It is improbable that the dyke swarm origi
nally terminated abruptly southwards; thus correlation 
of the Kvitvola Nappe with the underlying Offerdal 
Nappe is preferred. 
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SEVE-KOLI NAPPE COMPLEX 

The Seve-Koli Nappe Complex (Zachrisson, 1969; 
Zwart, 1974) is divisible into two major rock units, 
a lower Seve and an upper Koli division. The Seve is 
generally of higher metamorphic grade than both the 
Koli and the underlying Sarv Nappe. Both Seve and Koli 
are complex, heterogeneous, polymetamorphic units com
posed of several subordinate nappes. The Koli contains 
Ordovician and Silurian fossiliferous units and the 
Seve, at least locally, includes slices of Precambrian 
basement rocks . However, age-relationships between 
the two units are not fully understood; the contact 
between them is usually "transitional". Regional dis
cordance and development of local phyllonites have been 
demonstrated in southern Vasterbotten and Jamtland. 

Within the Seve-Koli Nappe Complex, there is abun
dant evidence of small and medium scale folding and 
refolding and sequences of deformation in relation to 
metamorphism have been described from various areas 
(Zachrisson, 1969; Trouw, 1973; Zwart, 1974; Stephens, 
1977). However, the basic structure of the complex 
is dominated by thrust nappes, not by recumbent fold 
nappes, the thrusting accompanying some of the earlier 
phases of folding (often recumbent on WNW-axes) and 
folded by the later NE-trending, upright antiforms and 
synforms. The earliest isoclinal folding apparently 
predated the thrusting of the nappe complex and the 
peak of the regional metamorphism, both of these having 
clearly occurred prior to displacement of this a l loch
thon into Sweden. 

Seve 

Aspects of the development of the Seve in Sweden 
has been treated by Zachrisson (1973) where attention 
was drawn, in particular, to the gross geometry of the 
nappe with thinning from a thickness of a few kilometres 
in the east to zero in the vicinity of the border zone 
windows. The Seve continues northwards into the Kal al< 
Nappe in northern Norway (this volume, - Arficle-4)'-.-----
Recent evidence (Gee, 1977) indicates that, at least 
in the central part of the Scandes, the Seve "swells " 
again in Norway, west of the border zone windows, form-
ing parts of very large scale lenses in the Norwegian 
allochthon. 

Where the S~ve has been investigated in some 
detail (e.g. on Areskutan, Helfrich, 1967; Marsfjallet, 
Trouw, 1973) it has been shown to be composed of at 
least three major tectonic units separated by blasto
mylonite zones. Metamorphic grade ranges from lower 
amphibolite to upper amphibolite (locally with eclo
gites) and granulite facies. Some of the high-grade 
rocks were regarded by Hogbom (1909) and Asklund (1938, 
1960) as being of pre-Caledonian origin and this view 
has received recent support from age-determination 
investigations by Reymer (pers . comm.) in northern 
Jamtland/southern Vasterbotten and Koark (pers. comm.) 
on J\reskutan. Further north,. in Norrbotten, huge len
ticular anorthosite units (Ruoutevare anorthosite) with 
subordinate gabbro/norites and associated titaniferous 
magnetite ores occur in the base of the Seve-Koli Nappe 
Complex. The largest anorthosite lens is c. 700-1000 m 
thick and has a north-south dimension of about 15 km 
and an east - west axis of at least 20 km. Although sub
ject to Caledonian metamorphism, with development of 
almandine and well - lineated hornblende, these units 
are very probably of Precambrian origin . Similar anor
thosites, basic rocks and ores occur in the Lofoten 
basement (Romey, 1971) some 200 km to the northwest, 



a displacement distance which is compatible with the 
tectonic position of these Seve units above the 
Akkajaure Complex . Smaller l enses of anorthosite have 
been reported from the same tectonic level in southern 
Vas t erbotten. 

The Seve is dominated by amphibolites, schists 
and gneisses, their approximate distribution being 
shown on the 1:1 000 000 geological map of Sweden. 
Massive concordant basic rocks, completely recrystal
lized in amphibolite facies, occupy large areas; they 
may be of intrusive or extrusive origin. Ultrabasic 
rocks are also locally frequent. Subordinate quartz
ites and marbles occur in some areas. Schistose meta
arkoses and banded amphibolites are present in the 
lower parts of the Seve in Jamtland. They are of 
higher metamorphic grade (containing eclogite in north
ernmost Jiimtland) than the Sarv Nappe to which they 
might otherwise be referred. 

Koli 

Seve schists and amphibolites pass downgrade 
upwards into the phyllites and greenschists of the 
Koli. The contact zone is generally concordant and 
transitional. In some areas, such as southern Vaster
botten, a tectonic contact (Zachrisson, 1969) has been 
inferred on the basis of the presence of phyllonites, 
the existence of a low angle regional discordance 
between the Seve and Koli units and the absence of 
certain isograds (Trouw, 1973). Within those areas 
where the Koli has been invest i gated in some detail 
(Kautsky, 1953; Zachrisson, 1969) it has been shown to 
be a composite, generally low-grade unit made up of at 
least three nappes. The recognition of tectonic bound
aries in the Koli successions and the relationship of 
the latter to the pre-orogenic volcano- sedimentary 
stratigraphy is controversial (e.g. Henley, 1970). 
Well-preserved diagnostic fossils are few and assess
ment of the age of the concordant, attenuated sequences 
is often problematical . 

In the lowest tectonic division of the Koli, 
Kulling (1933; in Gavelin and Kulling, 1955; 1958; in 
Strand and Kulling, 1972) described a succession which 
included two fossiliferous units. These provided sup
port for his stratigraphic interpretation and estab
lished that at least a part of the Kali was of Ordovi
cian and Silurian age. He described from the now clas
sical, Bjarkvattnet-Virisen area, a part of which has 
been treated recently by Stephens (1977), a sequence of 
phyllites and ultrabasic rocks, including detrital ser
pentinites overlain by greenschists (Seima Formation). 
The latter pass up into greywackes and conglomerates 
(Gilliks Formation) overlain by quartzites (Vojtja 
Formation) and coral limestones (Slatdal Formation) of 
Ashgill age and then by black phyllites (Broken Forma
tion) of Middle and Upper Llandovery age. These pass 
up transitionally into calcareous greywackes and phyl
lites (Lovfjall Formation) and then into coarse grey
wackes and sandstones (Vesken Formation) overlain by 
quartzites (Viris Formation). Subsequent mapping has 
identified an overlying sequence of calcareous phyl-
li tes, conglomerates and greywackes. The thickness of 
the entire section in the type area is in the order of 
a few kilometres but the relationship of this figure 
to the pre-orogenic thickness remains unassessed. 

Passing westwards the succession thins dramatic 
ally; units at the base are cut out and other litholo
gies appear above. From areas in southern Vasterbotten 
adjacent to the border with Norway, Zachrisson (1964 
and 1969) has described three groups, the Tjopasi, 
Lasterfjall and Remdalen Groups, the first including 
the Gilliks and underlying formations referred to 
above, the second starting with Vojtja Formation and 
including all the overlying formations described by 

Kulling and reaching into overlying greenschists and 
keratophyres and the third starting with conglomerates 
(the Remdalen conglomerate) and passing up into mixed 
phyllites and largely basic, volcanic rocks . This 
succession is illustrated in Figure 10.5, where it is 
compared with the Jamtland Supergroup of the parautoch
thon . This Koli succession in southern Viisterbotten/ 
northern Jiimtland, was shown (Zachrisson, 1969) to be 
overthrust by two nappes, the Gellvernokko and Leipik 
Nappes. Neither contain fossiliferous units but both 
are made up of lithologies comparable in composition 
and metamorphic grade to the underlying Kali Supergroup. 

In central and northern Viisterbotten, the sequences 
of Kulling's classical stratigraphic succession are 
overthrust by a higher grade unit in the Sodra Storfjiill 
(Beskow, 1929) and Norra Storfjall (Kulling; in Gavelin 
and Kulling, 1955) areas, the Storfjiill Nappe Complex 
(Kulling; in Strand and Kulling 1972). The lithologies 
are in many respects comparable to the Kali Supergroup 
and contain poorly preserved fossils of Ordovician or 
Silurian age. Synorogenic gabbros (Artfjallet) and 
granites (Vilasund) intrude the succession. The meta
morphic grade in Sadra Storfjiillet reaches upper amphib
olite facies with development of garnet, staurolite 
schists, whilst in Norra Storfjiillet kyanite schists 
pass laterally into migmatites. The inter-relationship 
of these high grade units in Sodra and Norra Storfjallet 
has remained obscure until recently . Hiiggbom (1976) 

KOL/ and JAMTLAND SUPERGROUP STRATI GRAPHY 

KOLi 
SUPER GROUP 

greenschist " 

porphyry(J<20) ec•~~~_,_, 

9reenschisf J"!o=.'<'o~.=o "1. 

kerolophy"' 
and 

greenschisf 

9reywucke1 

feldspalhic 
iuorlzife 

and 
shale~boulder 

con9lomerale 

==== 

blockshole ~~~~~ 
limesfone ~ 
9uarfzife 1---~~~--r 

0 

JAHTLAND 
SUPERGROUP 

0 ~~ 
0 9r~cke 

black shale 

~:;~:free 
A 

block shale 
and limestone 

9rf!lf'"IOCke 

alum shofe 

M 
'Juarlzifes 8 . 

and 
shales 

9reywocke 
and 

plufonic
boulder 

conglomerofe fi l/ ife VARANG. 

greenschisf 
and 

kerofophyre v 

serPJ!f!linife 
conglomerate 

" 

/ 

Q orkose 
and 

a 
~e;g~f:/t~ic 

c. 950 m.y. 

' 
serpenfinife ,........__,,....,._,."""" 

fee tonic 
contact 

fJUOrl~ife 0 
onO orkose 

/ 

Figure 10.5. 

SEVE 

v 

c 
V'\ 

Q 

~ 

@ Fossiliferous units 
in KO!i 

Kali Supergroup stratigraphy compared 
with the Jamtland Supergroup (from 
Gee, 1975a). 

69 



demonstrated that their gros ~ geometry was that of very 
large-scale lenses. The high grade basal part of the 
Storfjall Nappe Complex shows a pinch-and-swell geom
etry within the Kali comparable to that of the huge 
amphiboli te uni ts in the Seve. In the upper part of 
the Storfjall Nappe, metamorphic grade decreases to 
greenschist facies. 

Kali stratigraphy further north in Norrbotten is 
less well-known. Kulling (in Strand and Kulling, 1972) 
has described fossiliferous units of comparable lithol
ogy and similar age to those in Vasterbotten. Different 
Koli nappe units, the Salo, Vasten and Pieske Nappes, 
have been identified by Kautsky (1953) and disputed by 
Kulling (in Strand and Kulling, 1972). 

The Seve-Koli Nappe Complex contains a large num
ber of complex polymetallic sulphide mineralizations, 
the most important being located in the Koli. One of 
these ores is in production (at Stekenjokk in southern
most Vasterbotten) and has been described by Zachrisson 
(1971) and Juve (1974). 

RODINGSFJALL NAPPE 

Above the phyllites of the Storfjall Nappe Complex 
in northern Vasterbotten is another higher grade unit, 
referred to as the Radingsfjall Nappe (Kulling; in 
Gavelin and Kulling, 1955). Composed of a migmatite 
complex in its lower part, it passes up into schists, 
marbles and amphibolites. At various localities further 
north in Norrbotten the uppermost units in the Swedish 
Caledonides (e.g. the Gasak Nappe, Kautsky, 1953) are 
upper amphibolite facies schists and amphibolites. 
These have been correlated with the Rodingsfj all Nappe 
and this interpretation has been shown in Figure 10.2; 
nevertheless correlation with the Storfjall Complex is 
equally possible. 

CONCLUDING REMARKS 

Interpretation of the evolution of the Caledonide 
Orogen in Sweden cannot be treated independently of the 
Scandes as a whole. The allochthon and part of the 
parautochthon have been derived from Norway or west of 
the Norwegian coast. Estimates of displacement dis
tance of the nappes and timing of this movement are 
fundamentally dependent on data from the Norwegian 
Caledonides. Late-orogenic sedimentation of molasse 
character in intramontane basins is restricted to 
Norwegian territory and critically influences assess
ment of the timing of the orogenic processes. The map
ping of the nappe units westwards towards the Norwegian 
coast provides a basis for obtaining minimum estimates 
of displacement distance. During recent years Swedish 
research in the context of the International Geodynamics 
Project (Annersten, 1973; Bylund et al., 1976) has con
centrated on a profile through the central part of the 
Scandinavian Caledonides and this has resulted in vari
ous attempts (Gee, 1975a and in press) to analyse the 
evolution of the orogen from the late Precambrian to 
the Devonian. It is apparent that displacement dis
tances are vast, in the order of 1000 km, movement 
having occurred during the Silurian (post-Llandovery) 
and continuing into at least the Early Devonian. Trans
lation can be estimated to a minimum of c. 500 km and 
involved build up of a nappe-pile composed of basement 
and cover elements that both have a higher density than 
the underlying Baltoscandian basement with its veneer 
of non-volcanic elastic sediments. Collapse of this 
nappe pile resulted in the vast pinch-and-swell geom
etry of the major allochthonous units and further dis
placement eastwards onto the Baltoscandian Platform. 
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Two major problem areas are central to future 
Caledonian research in Scandinavia. The first is the 
establishment in detail of the pre-orogenic relation
ships of the different tectonic units and the character 
of the environments from which they were derived. The 
second is the establishment within the general context 
of the Caledonide Orogen of a coherent theory for the 
emplacement of a dense allochthon several hundred 
kilometres onto the lighter Baltoscan<lian Platform. 
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The following articles are intended to be an 
informative statement of the state of knowledge of the 
Caledonides of Britain. Janet Watson (Article 12) deals 
with the Basement of the Orogen; Anthony L. Harris, 
Michael R.W. Johnson and Derek Powell (Article 13) with 
the Orthotectonic Caledonides (Moines and Dalradians) 
of Scotland; Bernard E. Leake (Article 14) with the 
Caledonides of the Midland Valley of Scotland; and 
Gilbert Kelling (Article 15) with the Para tectonic 
Caledonides of mainland Britain. 

The greater part of Britain is a sector of the 
Caledonide Orogen (Fig. 11.1). Four structural divi
sions are conveniently recognized divided by major 
dislocations represented by the Moine Thrust Zone, the 
Highland Boundary Fault and the Southern Uplands Fault. 
The formations involved range in age from later Precam
brian to Silurian and it is becoming increasingly clear 
that the earliest orogenic events date back to the 
Precambrian, possibly as old as 1100 Ma. 

The Midland Valley is essentially a graben occupied 
by post-Caledonide formations, but, since the units to 
the north and south have totally contrasting structures 
and metamorphism, it must be significantly related to 
the Oro gen its elf. Both here and in the Southern 
Uplands to the south the nature of the Precambrian 
basement is a matter of speculation. 

In general the Orogen is sharply defined to the 
northwest where strongly deformed formations override 
autochthonous basement, but in the south and southeast 
Caledonian structures weaken and fade beneath the 
younger rocks of the English Midlands. 
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Figure 11.l Generalized map of mainland Great Britain, 
showing outcrop-distribution of rocks 
assigned to the orthotectonic, paratectonic 
and molasse zones of the Caledonides. 
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NATURE AND DISTRIBUTION OF BASEMENT UNITS 

Most of the Caledonian orogen is underlain by 
Precambrian basement of continental character which 
may be considered on a regional basis in terms of two 
domains (Fig. 12.1, inset). 

1. A northwestern domain, comprising the basement 
of the Hebridean craton and adjacent parts of the north
western Caledonides in Scotland and Ireland: mainly 
gneisses and granulites ~2700 Ma. 

2. A southeastern domain represented by the base
ment of the Midland craton and adjacent parts of the 
southeastern Caledonides in England, Wales and Ireland: 
mainly low-grade metamorphic and plutonic rocks over
l ain by late Precambrian volcanics. 

A NE-SW zone almost devoid of evidence relative 
to the nature of the basement separates the domains 
mentioned above. It has been suggested (e.g. Dewey, 
1969) that ·parts of this zone are underlain by basement 
of oceanic type marking the site of a Caledonian suture. 
Although geophysical evidence does not seem to support 
this proposal the differences in constitution and his
tory which distinguish the basement rocks of the north
western and southeastern domains would be compatible 
with the suggestion that they formerly belonged to 
separate continental plates. 

Decisions as to which units should be assigned to 
the basement depend largely on the views adopted as to 
the time-span of the Caledonian cycle. In the north
western domain, the Moinian and Dalradian Supergroups 
which include metasediments of late Precambrian age 
and which have undergone polyphase deformation extend
ing over a considerable time-period have most usually 
been regarded as early units of the cover-succession 
in contradistinction to the obvious ly pre-Caledonian 
Lewisian gneisses on which they rest . Recent isotopic 
evidence which suggests that portions of the Moinian 
Supergroup and associated rocks underwent important 
deformation and metamorphism at or before 1000 Ma, indi
cates that these rocks might logically be regarded as 
portions of a Grenville prov ince acting as basement to 
the Caledonides; because the extent of Grenville activ
ity is not yet known, they are dealt with here a long 
with other early cover-units. In the southeastern 
domain, volcanic and associated sedimentary formations 
of very l ate Precambrian age have traditionally been 
assigned to the basement because they are considerably 
more disturbed than the Lower Palaeozoic cover and are 
penetrated by intrusions which do not enter the cover. 
This procedure is fol lowed here in spite of the fact 
that the rocks concerned are essentially coeval with 
the Dalradian Supergroup of t he northwestern Caledo
nides, which is regarded as part of the cover. 

IGCP Project 27, British Contribution No. 18. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

BASEMENT OF THE HEBRIDEAN CRATON 
AND NORTHWESTERN CALEDONIDES 

The cratonic area west of the Caledonian front in 
Scotland is floored by a basement of gneisses and granu
li tes, known collectively as the Lewis ian compl ex, which 
forms part of a large province originally extending into 
Rockall Bank and south Greenland. The principal rock
types are tonalitic to granodioritic gneisses and granu
lites derived from plutonic rocks and interleaved with 
supracrustal gneisses and with metamorphosed layered 
basic, ultrabas ic and anorthositic igneous complexes 
(Watson, 1975). 

The majority of the ·Lewisian rocks are Archaean 
and underwent deep-seated metamorphism at about 2800-
2700 Ma. They subsequently suffered inhomogeneous tec
tonic and metamorphic modifications which continued 
intermittently until about 1800 Ma. The emplacement 
of a suite of tholeiitic dolerite dykes (the Scourie 
dyke swarm) provided time-markers which have been used 
to separate early (Scourian) and later (Laxfordian) 
tectonic episodes (Sutton and Watson, 1951). The 
principal structures built up during the initial 
(2800-2700 Ma) Scour ian stages define a crude NNE grain. 
Later Scourian and Laxfordian events led to the forma
tion of a system of NW and NE ductile shear-zones and 
to the development of several areas heavily veined by 
potassic pegmatites. No significant activity followed 
the emplacement of late Laxfordian pegmatites at about 
1800 Ma on the craton. 

Lewisian gneisses essentially similar to those of 
the craton, and in some areas yielding isochron ages 
of 2700 Ma, extend into the Caledonian orogen for 100-
150 km from the western orogenic front. They are seen 
unconformably below the older units of the Moine Super
group in the Northern Highlands of Scotland and appear 
elsewhere in tectonic contact with Dalradian rocks 
(Shetland, western Ireland). Granulites possibly 
derived from a Lewisian type of basement have been 
found as inclusions in volcanic vents in the Midland 
Valley of Scotland (Upton et al., 1976) and central 
Ireland (Strogen, 1974) and granulites are thought, on 
geophysical evidence, to underlie much of the Southern 
Uplands of Scotland (Powell, 1971). These somewhat 
ambiguous indications suggest that the metamorphic 
(northwestern) Caledonides are largely floored by a 
basement of deep-seated Archaean to ear l y Proterozoic 
rocks . The older members of the Moine Supergroup in 
the Northern Highlands, which rest unconformably on the 
basement and which appear to have accumulated before 
1000 Ma (Brook, Brewer and Powell, 1976) together with 
some isolated groups in the Ox Mountains and elsewhere 
in Ireland may be tentatively regarded as a younger 
basement unit; as these rocks appear to have been tec
tonically and metamorphically modified by 1000 Ma, it 
follows that Grenville activity not recorded in the 
craton (see above) took place in the northwestern part 
of the future Caledonian orogen. 
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Figure 12.1. Diagranunatic map showing the principal outcrops of basement i n the Caledonides and 
Hebridean craton . Inset, inferred extent of the two contrasted basement domains. 



In the present context, the important features of 
the basement in the northwestern domain are (a) the 
general predominance of Nap over K20, the strong deple
tion in K, Rb, U and other incompatible elements shown 
by Lewisian granulites and the general absence of miner
alization, (b) the dry and refractory nature of the 
deep-seated gneisses and (c) the occurrence of a grid 
of deep dislocations. The response of the basement 
during the Caledonian cycle suggests that old disloca
tions were reactivated. Most basement units take the 
form of tectonically defined wedges or slices; mantled 
gneiss domes produced by the regeneration of buoyant 
granites are absent . 

PRECAMBRIAN COVER ON THE LEWISIAN BASEMENT 

The basement of the Hebridean craton is overlain 
unconformably by two groups of Precambrian arkoses, 
sandstones and silts tones (the Stoer and Torridon 
groups, zlOOO Ma and 800 Ma, known collectively as the 
Torridonian) . These divisions are in turn overlain by 
transgressive Cambra-Ordovician quartzites, siltstones 
and dolomites. Although minor unconformities separate 
successive divisions, none have suffered severe defor 
mation or metamorphism and all can be assigned to the 
cratonic cover; all are folded and disrupted at the 
Caledonian orogenic front . In the adjacent part of the 
orogen, the lowermost Moinian rocks appear as a thick 
sequence of metapsammites and metapelites interfolded 
and tectonically interleaved with Lewisian gneisses. 
The dating of these rocks (see this volume, Article 13, 
p. 79) suggests that the younger Moinian and Dalradian 
cover-units may rest unconformably on them but no such 
relationship has yet been confirmed . 

THE MIDLAND CRATON AND SOUTHEASTERN CALEDONIDES 

The basement of the southeastern domain is poorly 
exposed and little known. Exposures in a few loca l i
ties in northern Wales, southeast Ireland, the Channel 
Islands and the English Midlands, with evidence supplied 
by geophysical surveys and by the nature of elastic 
fragments in younger formations suggest that much of 
the domain is underlain by granitic and associa ted rocks 
or by metamorphic complexes of medium grade (Malvernian, 
Monian, Rosslare Complex etc. cf. Dunning and Max, 1975). 
There are no indications of the presence of granulites 
or gneisses formed at depth. Some parts of this base
ment appear from preliminary isotopic data to be 
Archaean, but most remain undated . Aeromagnetic and 
gravity maps suggest that the basement in England is 
traversed by large northwesterly lineaments. 

Assemblages of mainly acid lavas, pyroclastics, 
sub-volcanic intrusions and elastic sediments which 
are non-metamorphic and are severely disturbed only in 
the vicinity of large disloca tions appear widely beneath 
the Palaeozoic cover of the Midland craton and Welsh 
basin. These rocks (Uriconian, Charnian, Pebidian, 
Arvonian etc.) have yielded minimum isotopic ages 
<700 Ma and some carry Vendian or very late Proterozoic 
fossils (Downie, 1975). They are broadly comparable in 
character and age with assemblages wh ich underlie the 
Avalon platform at the southeastern margin of the 
Appalachians in Newfoundland and which extend thence 

as far as Massachusetts (e.g. Rast, O' Brien and Wardley, 
1976). They are often assigned to late stages of the 
Cadomian orogeny and form a local basement to the Lower 
Palaeozoic successions in the eastern Caledonides. Their 
time of accumulation, however, apparently overlapped 
with that of the Dalradian Supergroup which represents 
an early cover-unit in the northwestern part of the 
Caledonides. The basement-cover junction therefore does 
not, on a regional scale, correspond to a time-plane. 

REFERENCES 

The Geological Society of London Special Report 6, 
Precambrian (1975) contains full bibliographies. 
Specific references are as follows. 

Brook, M., Brewer, M.S., and Powell, D. 
1976: Grenville age for rocks in the Moines of north

western Scotland; Nature, Phys. Sci. Lond., 
v . 260, p. 515-517. 

Dewey, J. F . , 
1969: Evolution of the Appalachian/Caledonian orogen; 

Nature, Lond., v . 222, p. 124-129. 

Downie, C. 
1975: Precambrian of the British Isles - Palaeontol

ogy; Geol. Soc. Lond., Sp. Rep. 6, p. 113- 115. 

Dunning, F.W. and Max, M.D. 
1975: Explanatory notes to the geological map (Fig. 4) 

of the exposed and concealed Precambrian base
ment of the British Isles; Geol. Soc. Lond., 
Sp. Rep. 6, p . 11-14. 

Powell, D.W. 
1971: A model for the Lower Palaeozoic evolution of 

the southern margin of the early Caledonides 
of Scotland and Ireland; Scott. J. Geol., v . 7, 
p . 369-372 . 

Rast, N., O' Brien, B.H., and Wardle, R.J. 
1976: Relationship between Precambrian and Lower 

Palaeozoic rocks of the ' Avalon Platform' in 
New Brunswick, the northeast Appalachians and 
the British Isles; Tectonophysics, v. 30, 
p . 315-338. 

Strogen, P. 
1974: The Sub-Palaeozoic basement in central Ireland; 

Nature, Lond., v. 250 , p. 562-563 . 

Sutton, 
1951: 

J. and Watson, J. 
The pre-Torridonian metamorphic hi s tory of 
the Loch Torridon and Scourie areas etc . ; 
Quart. Jl. Geol. Soc. Lond., v . 106,p. 241 - 307. 

Upton, B. G. J., Aspen, P ., Graham, A., and Chapman, N. A. 
1976: The pre-Pal aeozoic basement of the Scottish 

Midland Valley; Nature, Lond., v. 260, 
p. 517-518. 

Watson, J. 
1975: The Lewisian Complex; Geol . Soc. Lond. Sp. 

Rep. 6, p. 15-29. 

77 





13. THE ORTHOTECTONIC CALEDONIDES (MOINES AND DALRADIANS) OF SCOTLAND 

PROJECT 27 

CALEDONIOE 

OROCEN 

Anthony L. Harris 

Geology Department 
The University 

Liverpool, England 

Michael R.W. Johnson 

Grant Institut e of Geology 
University of Edinburgh 

\\lest Mai ns Road 
Edinburgh, Scotland 

Derek Powell 

Department of Geology 
Bedford College 
Regent's Park 

London NWl 4NS, England 

1. MOINE ROCKS OF BRITAIN 

Derek Powell 

Within Britain Moine rocks crop out only in the 
Scottish Highlands. They comprise an ill-defined assem
bl age of Proterozoic metamorphic rocks of l arge ly sedi 
mentary origin. Despite having the largest outcrop 
extent of all the Precambrian rock groups in northern 
Britain they are the least well-understood in terms of 
their age, correlatives and t ec tono-metarnorphic history. 

Moine rocks sensu strioto, are bounded to the 
nor thwest by the Moine Thrus t Zone, to the southeast 
by the Great Glen Fault; they occupy what may be called 
the Northern Highland Block. The psarnrnitic Central 
Highland Granulites, which are commonly accepted as 
equivalents of the Moine s.s., lie to the southeast of 
the Great Glen Fault beneath the late Proterozoic to 
Lower Palaeozoic, Dalradian Supergroup. 

Summaries of the nature and constitution of the 
Moine rocks s . s . can be found in Johnstone (1975) and 
Johnstone, Smith & Harris (1969) who divided the Moine 
s.s. into three t ec tonic- stratigraphic divisions - the 
Morar, Glenfinnan and Locheil; relationships between 
these divisions , which are separated by major tectonic 
di scontinuities, are , howev er, uncertain. Details of 
the stratigraphy of parts of the Moine s . s . are given 
in Ramsay & Spring (1962), Powell (1964), Dalzie l (1966), 
Tanner, Johns tone, Smith & Harris (1970) and Powell 
(1974). Information about the Central Highl and "Moine" 
is summarized by Johnstone (1966). 

The Moine rocks s . s . li e, i n places , unconformably 
upon Lewisian gneisses (Clough; in Peach et al . , 1910; 
Ramsay, 1958) which appear to be of Scourian Type 
(Watson, 1975) and are thus older than c. 2200 Ma. The 
young es t dates so far, from Lewisian inliers, are K-Ar 
mi nimum dat es of 2200 - 1500 Ma (Watson, 1975) . The 
Moine s . s . is overlain by Middle Old Red Sandstone (ORS) 
sediments and is intruded by the Carn Chuinneag Granite 
which has yielded an Rb-Sr isochron suggesting an age 
of emplacement of 560 ± 10 Ma. Radiometric ages from 
metamorphic rocks and minera l s of the Moine sequence 
range from 1050 to 320 Ma (Long & Lambert, 1963; Dewey 
& Pankhurst, 1970; van Breemen, Pigeon & Johnson, 1974 ; 
Brook, Powell & Brewer, 1976) a spread which reflects 
their long and complex history. 

IGCP Project 27, British Contribution No. l C. 
Caledonian-Appalachian Orogen of the North At lantic Region; 
Geo 1. Surv. Canada, Paper 78-13 (1978). 

As a whole the Moine rocks of Scotland have been 
considered as an older part of the Dalradian sedimentary 
succession because the Central Highland Moine passes up 
without a break into the younger supergroup, and no 
unconformity has been identified within the Moine. In 
consequence, all orogenic events affecting the Moine 
have been regarded as Caledonian (Ramsay, 1963; Johnson 
& Shepherd, 1970; Dewey & Pankhurst, 1970). An alter
native view is that the Moine s.s. constitutes a much 
older sedimentary sequence which suffered Precambrian 
(Morarian - c. 730 Ma) orogenic activity overprinted 
by Caledoni an (Long & Lambert, 1963; Powell, 1974; 
van Breemen et al., 1974). Recent work has identifi ed 
rocks of Grenville age within the Moine rocks s.s., 
suggesting that the older orogenic events belong to the 
Grenville orogenic episode (Brook et al ., 1976). It 
thus appears likel y that at least part of the Moine s .s. 
belongs to an older sedimentary sequence than the 
Central Highland Moine (Powell, 1974; Brook et al ., 
1976) since i t would appear unlikely that the Centra l 
Highland Moine can be very much older than 668 ± 23 Ma 
(Johnstone, 1975; Pringle, 1972). 

Many workers have assumed correlation of the 
Torridonian sediments of the NW Cal edonian forel and 
with the Moine (Kennedy, 1951; Sutton & Watson, 1964; 
Dewey & Pankhurst, 1970) . Others have corre l ated the 
older, Stoer Group (Stewart, 1975) of the Torridonian, 
with the Moine s.s., and the overlying Torridon Group 
(Stewart, 1975) with an undefined Upper Moine (Garson & 
Plant, 1973). In view of the ages for diagenesis of the 
Stoer Group a t c. 995 Ma and of the Torridon Group at 
c. 810 Ma (recalculated from Moorbath, 1969) and the 
suggested age of sedimenta tion of the Moine s . s ., 
between 1250 and 1050 Ma (Brook et al., 1976) it would 
appear that such correlations are not justified. 

TI1e tectonic hi story of Moine rocks of the Northern 
Highland Block has been investigated in a number of 
iso l ated regions (Ramsay, 1958, 1963; Brown et al., 
1970; Soper, 1971; Tanner, 1971; Tobisch et al. , 1970; 
and Powell 1974). Though there is agreement that poly
phase deformation has occurred and attempts have been 
made to correlate deformation sequences (Tanner, 1971 ; 
Tobisch et al., 1970; Powell, 1974) a complete tectonic 
pattern has not emerged. An Alpine-type major structure 
has been recognized in part of the southwestern Moine 
(Ramsay, 1963; Powell; 1974) but elsewhere the regional 
s tructure is unknown or not well unders tood. In some 
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places slivers of Lewisian basement appear to have been 
brought into high levels of the Moine cover along syn
metamorphic slide zones (Tanner, 1971; Tanner et al., 
1970) . 

The metamorphic history of the Moine sequence s.s. 
is polyphasal. In general terms the grade of metamor
phism rises from west to east into a belt of migmatitic 
gneisses (Kennedy, 1949). Sillimanite, staurolite and 
kyanite have been recorded but there is no evidence 
thit the rocks reached granulite facies. In detail the 
pattern of metamorphism is complex (Dalziel & Brown, 
1965; Johnstone et al., 1969; Soper, 1971; Powell, 1974; 
Winchester, 1971) but there is some evidence for two 
overlapping major episodes of metamorphism (Long & 
Lambert, 1963; Powell, 1974; Winchester, 1974; van 
Breemen et al., 1974). Granitic and other gneisses 
are developed some of which appear to be products of 
the early metamorphism. Pegmatites belonging to both 
phases of metamorphism form, together with gneisses, a 
so-called Injection Belt (Phemister, 1960). 

Recent isotope studies support the separation of 
both metamorphic and tectonic events into an earlier 
Precambrian group, c. 730 Ma (van Breemen et al., 1974) 
or c. 1050 (Brook et al., 1976), and a Caledonian group 
c. 560 - 320 Ma. The precise constitution and nature 
of these two groups is, however, debated (van Breemen 
et al., 1974; Powell, 1974). 

Plate tectonic models of the evolution of the rocks 
of Scotland during late Precambrian and early Palaeozoic 
time propose inclusion of the Moine as either an older 
part of the Dalradian sedimentary prism accumulated on 
the edge of the North American - Greenland continent, 
which subsequently became involved in Caledonian oro
genic activity (Dewey & Pankhurst, 1970); as pre
Dalradian sediments which were deformed and metamor
phosed during the closure of a Precambrian ocean before 
the rifting which gave rise to Iapetus (Dewey & Kidd, 
1974); or as late Precambrian sediments which became 
involved in late Precambrian subduction during the 
closure of Iapetus (Garson & Plant, 1973). The first 
of these models does not account for the antiquity of 
Moine sedimentation or its early phase of defor~ation 
and metamorphism. The second may be correct, but clo
sure of a Precambrian ocean or small ocean basin is 
likely to have occurred at least 480 Ma earlier than 
subsequent rifting. The third model depends upon inter
pretation of a zone of ultrabasic rocks in the Moine 
of the N. Highlands as a subduction zone, an interpre
tation which has been strongly criticized (Johnson, 
1975; Moorhouse, 1976). 

Whether the Moine rocks s.s. and the early tectono
metamorphic events which affected them are of Grenville 
age remains to be proved. Further investigations into 
the stratigraphy, tectonic pattern and sequence of 
tectono-metamorphic events are evidently necessary. 

2. THE MOINE THRUST BELT 

Michael R.W. Johnson 

The Moine thrust belt is a narrow zone of thrust 
faults, more than 250 km long and up to 18 km wide, 
dividing the Moine metamorphic block from the so-called 
Caledonian Foreland. The Moine thrust, the most east
erly thrust in the belt, carries Moine and Lewisian 
rocks with small 'parcels' of Torridonian and Cambro
Ordovician rocks. The thickness of the nappe above 
the Moine thrust is unknown but probably large. 
Although a post-early Ordovician age for the thrust 
belt is highly likely (Johnson & Shepherd, 1970) the 
lower age limit is uncertain. Polyphase deformations 
(Christie, 1963; Johnson, 1957, 1960; Barber, 1965; 
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Soper & Wilkinson, 1975), involving at least four epi
sodes and repeated displacement along individual thrusts, 
may indicate prolonged (? until early Devonian times) 
history. The earliest structural event consists of duc
tile flow in shear belts, forming mylonite zones up to 
800 m thick, and recumbent folds (Johnson, 1960). Later 
"brittle" clean-cut thrusting has distrupted these 
early features. 

Apart from the time-span perhaps the most contro
versial aspect of the thrust belt concerns the amount 
and direction of displacement. Minimum estimates 
(c. 20 km) for displacement along the major thrusts 
seem rather low when compared to the estimates made for 
comparable thrusts in other orogenic belts. As regards 
the displacement vector, recent work on the deformed 
Cambrian Pipe Rock (McLeish, 1971; Wilkinson et al., 
1975) confirms the widely held view that the sense of 
translation on thrusts was from east to west. It also 
has provided useful calculations of the shear strain 
within the early mylonite belts. Christie (1963) has 
challenged the orthodox view and has proposed consider
able strike-slip movement along the Moint thrust, basing 
his argument on the transverse linear fabrics which are 
ubiquitous in the higher structural levels in the 
thrust belt and in the near-thrust Moines. Alternative 
interpretations of the transverse structures have been 
proposed (e.g. Johnson, 1965) and current work is aimed 
at solving this problem. The transverse structures are 
controversial in other respects, notably their possible 
regional extent and correlation with structures in the 
central part of the Moines. Although many workers have 
suggested that such correlations are reliable, these 
are open to question now that the validity of a Precam
brian orogenic event in the Moines is gaining acceptance 
(Powell, 1974) (see Powell, this article, above). 

3. DALRADIAN ROCKS OF BRITAIN 

Anthony L. Harris 

The sedimentary passage from the Central Highland 
Moine to Dalradian is marked by a diversification of 
rock type consequent on improved sorting of the sedi
ments. Thus the transitional rocks are interbedded 
quartzites and pelites rather than the uniform micaceous 
psammites of the Moine. These transitional rocks were 
formally included with the Dalradian Supergroup by 
Harris & Pitcher (1975) and are the oldest of several 
lithostratigraphic subgroups into which the Dalradian 
has been divided. The subgroups, which are distributed 
into three groups, span the Cambrian-Precambrian bound
ary (Downie et al., 1971). The base of the Argyll 
(Middle Dalradian) Group is marked by the widespread 
occurrence of the Varangian Portaskaig Tillite, while 
the limestones and associated volcanic rocks of the 
Lower Cambrian Tayvallich Subgroup occur at the top of 
the Argyll Group. Sandstones, shales and volcanic rocks 
known collectively as the Highland Border Series are 
included with the Southern Highland (Upper Dalradian) 
Group as are the fossiliferous Macduff Slates thought 
to be Lower Ordovician (Downie et al., 1971). The sedi
mentary history of the supergroup is marked by an 
increasing maturity of the basin of deposition from 
shallow-water limestones, pelites and quartzites to 
turbidites. From early Cambrian times sedimentation 
was accompanied by widespread basic vulcanicity. It 
has been inferred that the Cambrian quartzites and lime
stones of the Durness succession, which are preserved 
on the Caledonian foreland of NW Scotland, may be 
related to the upper parts of the Argyll Group. Such 
shelf deposits may have provided a source of elastic 
siliceous and calcareous material very early in the 
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Cambrian, but while deposition of carbonates continued 
in NW Scotland until the Ordovician, from ear ly Cambrian 
onwards Dalradian r ocks are large ly elastic. 

Both Central Highland Moine and Dalradian rocks 
underwent deformation and regiona l metamorphism together 
and polyphase deformation has been recorded in many 
loca l ities (e.g. Roberts, 1974). There is no indica
tion that the Moine rocks of the Central Highlands 
underwent any Precambrian orogenic ac tivity . 

In the SW Highlands the regiona l structure is dom
inat ed by an antic linal gravity nappe (the Tay Nappe) 
the upward, SE-facing root of which can be traced as 
the Ardrishaig Anticline through the Loch Awe-Lo ch Fyne 
district of Argyll shire (Roberts, 1974) . Its downward
facing closure (Aberfoyle 'Anticline') can be traced 
along the adj acent Highland Border to the southeast, 
(Shack leton, 1958). Northwest from the Ardrishaig 
Ant icline the axial planes of maj or fo lds of comparable 
age fan through the vertical (Loch Awe and Tayvallich 
synclines) and come to dip southeast while facing up 
to the northwest (Islay Anticline) . Traced to th~ east 
into Perthshire this 'mushroom' form of the Tay Nappe 
complex becomes l ess well-established because a major 
closure comparabl e to the Ardrishaig Anticl i ne is absent, 

a lthough, as i n the SW Highland s , large areas of hori
zontal i nverted strata thought to lie on the lower limb 
of the nappe are recorded (e .g. Loch Tay Inversion). 
The geometry of the major structure in Perthshire is 
further complicated by the existence of the Boundary 
Slide (Rast, 1958) which separates the Dalradian rocks 
(above) from the Central Highland Moine (below). Harri s , 
Bradbury & McGonigal (1976) have sugges t ed that succes
sively lower levels in the nappe are characterized by 
increasing bulk strain and complexity of deformation, 
the lower levels being characterized by at least three 
major episodes . Bradbury et aZ. (.19 76) have shown that 
in Pe.rthshire the 514 +6/- 7 Ma U-Pb zircon age on the 
synorogenic Ben Vuirich granite (Pankhurst & Pidgeon, 
1976) dates a time in the interval between the second 
and third deformation episodes, and is broadly coeval 
with migrnatization in that area. Right-way-up Dalradian 
rocks in NE Scotland probably lie on the upper limb of 
the continuation of the Tay Nappe into Banffshire and 
Aberdeenshire. Here the third episode of deformation 
is preceded by the 501 ± 17 Ma empl acement of the 
'Newer ' Gabbros (.Pankhurst , 1970) . 

The SE Highlands (.Barrow, 1893) constitute the 
type area for Miyashiro' s (.1961) kyani t e-sillimani t e 
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facies series, while the Buchan area (.Read, 1952) is 
the type area of Miyashiro's (op. cit.) intermediate 
low-pressure facies series. In both areas it is prob
able that the presence of sillimanite and associated 
migmatites is due to a thermal overprint on rocks 
already at kyanite or andalusite grade (Chinner, 1966). 
11rn thermal overprint is probably related to the 
emplacement of the 'Newer' Gabbros at 501 ± 17 Ma 
(Pankhurst, 1970; Ashworth, 1975). Chinner (1966) has 
traced the boundary between the Barrovian and Buchan 
metamorphic areas as the kyanite-andalusite isograd. 
Much of the Dalradian - Central Highland Moine area 
lies in the epidote amphibolite and amphibolite facies 
of metamorphism but lower facies are encountered in 
peripheral areas such as the Highland Border and in 
major depressions of regional plunge such as Banffshire. 

4. THE GREAT GLEN FAULT 

Derek Powell 

The Great Glen Fault Zone is a northeasterly trend
ing, essentially vertical, feature which traverses some 
160 km of the Scottish Highlands. Its submarine exten
sion has been traced northeastwards to the Shetland 
Islands where it is represented by the Walls Boundary 
and Nesting Fault Systems (Flinn, 1961, 1969, 1976). 
To the southwest, the main fault zone appears to pass 
north of the island of Colonsay (McQuillin & Binns, 
1973) whilst a southern branch may pass through Islay 
to connect with the Leannan Fault in Ireland (.Pitcher 
et al., 1964; Dobson & Evans, 1974). From north of 
Colonsay the main fault may continue towards the west 
or southwest for at least 160 km (Bailey et al., 1975). 
Its total length thus probably exceeds 720 km. Corre
lation of the fault zone with similar structures in 
Newfoundland has been discussed by Pitcher (1969), 
Phillips et al. (1969), Kay (1967), Webb (1969) and 
Wilson (1962). 

Kennedy, in 1946, was the first to postulate hori
zontal movement along the fault zone considering such 
to have taken place in pre-Carboniferous time. Since 
Kennedy's suggestion of a 104 km sinistral displacement, 
sinistral shifts of 133 km (Holgate, 1969), 160 km 
(Winchester, 1973) and dextral mo.vements of 29 km 
(Holgate, 1969), 120 km (Garson & Plant, 1972), and 
between 64 and 96 km (Flinn, 1969, 1976) have been pos
tulated. It is now generally agreed that movement took 
place in post-Lower Cretaceous time though earlier move
ment prior to middle Old Red Sandstone deposition has 
been suggested (Garson & Plant, 1972; see also Flinn, 
1969). Earth tremors related to the fault zone are 
recorded in historical time. 

The matching of the Strontian and Foyers granites 
across the fault zone, cited by Kennedy as evidence 
for lateral slip, has been questioned (Marston, 1970; 
Munro, 1965). Kennedy's matching of regional metamor
phic zones has however been supported, though modified, 
by Winchester (1973). Assuming the age of metamorphism 
giving rise to the zonal pattern in the Northern High
land and the Grampian Highland blocks on either side 
of the Great Glen Fault Zone, to be between 530 and 
480 Ma (Dewey & Pankhurst, 1970; Flinn & Pringle, 1976) 
and accepting the evidence for dextral movements of at 
least 64 km since Devonian times (Flinn, 1969) it fol
lows that a sinistral shift of ca 224 km occurred some 
time between 530-480 Ma and 395 Ma. There are, however, 
doubts as to whether or not the tectono-metamorphic 
events on either side of the fault are wholly of the 
same age. Isotopic evidence suggests the influence of 
Precambrian tectono-metamorphic activity in the Northern 
Highland Block at between 1050 and 730 Ma overprinted 
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by Caledonian at 560 to 450 Ma (van Breemen et al., 
1974; Brook et al., 1976). In contrast orogenic activ
ity in the Grampian Block seems to have occurred between 
530 and 480 Ma (Dewey & Pankhurst, 1970; Flinn & 
Pringle, 1976). 

Such differences between the Northern and Grampian 
blocks together with those of tectonic style may indi
cate either even greater horizontal displacements than 
those already proposed, considerable vertical movements, 
or that the fault zone is a more fundamental structure 
than just a transcurrent fault. 

5. THE HIGHLAND BORDER 

Anthony L. Harris 

The Highland Border zone is marked by a major com
monly reversed fault - the Highland Boundary Fault -
the trace of which is locally picked out by bodies of 
serpentinite and by the cherts, black shales and spili
tic rocks of the Highland Border Series. Regionally 
the fault separates Dalradian rocks from Upper Palaeo
zoic rocks occupying the Midland Valley of Scotland. 
Locally the fault is overstepped by Devonian sediments 
and volcanic rocks and in such areas the course of the 
fault is commonly marked by a monoclinal change in 
their dip. The coincidence of the fault with lenticles 
of Highland Border Series, with downward-facing Dal radian 
structures and with Dalradian rocks of low metamorphic 
grade suggests that its history must date back much 
further than the post-Lower Devonian episodes of dis 
placement. Its earliest movements probably coincided 
with the downbending of recumbent Dalradian structures 
into a downward-facing attitude and the downbending of 
initially shallowly dipping isograd surfaces into steep 
attitudes. It is possible that, between the earliest 
traced displacements in the Highland Border zone and 
the episodes which displaced and influenced the deposi
tion of the Lower Devonian strata, movements on_ the 
fault were normal. Thus high grade, structurally low 
Dalradian rocks may underlie the Midland Valley. Cer
tainly the high-grade Dalradian rocks of Connemara lie 
to the south of the supposed extension of the fault 
into western Ireland. 

6. POST-OROGENIC FORMATIONS 

Michael R.W. Johnson 

Apart from the insignificant amounts of Late 
Palaeozoic, Mesozoic and Tertiary rocks the most impor
tant post-metamorphic formations in the Scottish High
land region are Devonian. During the Devonian the crust 
underwent increasing stabilization linked with the end
ing of subduction and the closure of Iapetus. The 
Devonian is represented by elastics, volcanics, granite 
bodies and minor intrusions. Uplift and erosion of the 
Moine and Dalradian led to the formatio;1 of intermon
tane basins in which molasse-type Devonian rocks (Old 
Red Sandstone) accumulated. Cale-alkaline and acid 
volcanics were poured out from volcanic centres like 
that at Glen Coe. The volcanics and the post-tectonic 
granites, like the ring-complex at Ben Nevis and the 
numerous large plutons, indicate that thermal activity 
persisted in the Highlands after the uplift. 

Several important faults were initiated or active 
during Devonian times. Downwarping led to formation 
of the Midland Valley graben and the Highland Boundary 
Fault (see Harris, this article), which now forms the 
southern margin of the Dalradian, and was active in the 
Devonian. Major folds have affected the Lower Devonian 
rocks in the northern part of the Midland Valley. 



The Great Glen Fault (see Powell, this article) 
and associated faults represent a wrench fault regime 
which was active in Mid-Devonian times and subsequently. 
Controversy continues on whether these are sinistral or 
dextral faults . 
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PROJECT 27 

CALEOONIDE 
14. CALEDONIDES OF THE MIDLAND VALLEY OF SCOTLAND 

Bernard E. Leake 

Department of Geology 
The University, Glasgow 

Glasgow, Gl2 SQQ, Scotland 

The Midland Valley lies between the Highland Boundary 
Fault (HBF) and the Southern Uplands Fault (SUF) (this vol
ume, article 11, Figure 11.1). A swnmary of the geology 
is given in MacGregor &MacGregor (1948) and George (1965). 
Along the HBF is a sliver of serpentine and Ordovician 
(Arenig or Llanvirn?) black sha les and r adiolarian 
cherts associated with basaltic pillow lavas . The age 
of initiation of the HBF is uncertain; it could be as 
early as late Cambrian - early Ordovician if the remark
able parallelism and proximity of the hinge line of the 
Dalradian Tay nappe (the downward facing Aberfoyle anti
cline) to the HBF is taken as evidence 'of a genetic 
connection between the Tay nappe and HBF. The fault 
is generally considered to be pre-Lower Devonian as 
the Lower Old Red Sandstone (ORS) is reported (George, 
1963) to cross the fault without much change of thick
ness though the lack of a complete succession to the 
north of the HBF makes correlation difficult. Whereas 
the main movement on the HBF was a downthrow as a 
reversed fault to the southeast, later movement (as a 
normal fault) with a downthrow to the northwest, has 
preserved Upper ORS and Carboniferous rocks, including 
Coal Measures in Kintyre, to the north of the fault. 
It is critical to note that the conglomerates of the 
Lower ORS are largely formed of well-rounded quartzite 
boulders derived from Dalradian formations now removed 
by erosion and, indeed, in the region of Loch Lomond 
they are sharply upturned against the HBF. 

The Upper ORS and succeeding Carboniferous are 
nearly horizontal formations and occupy erosional 
depressions in what is virtually the present Dalradian 
topography. Moreover, the pebble conglomerates of the 
Upper ORS contain fragments of the immediately adjacent 
Dalradians - 'schistose grits ' and vei,n-quartz. 

The HBF can be traced with some ambiguity into 
Ireland (Max and Riddihough, 1975) whereas the SUF is 
more confidently corre l ated (Leake, 1963; Max & Ryan, 
1975). The evidence from Ireland indicates that the 
Da lradian rocks underlie the Midland Valley in that 
Dalradian rocks occur south of the probable continua
tions of the HBF in Ireland. 

The Valley was probably tectonically di s tinguished 
from the rock s of the Southern Uplands by Silurian times 
as Silurian successions differ from those to the south 
in the Southern Uplands or at Girvan (this volume, 
article 15) in the SW part of the Midland Valley. The 
exact age of initiation of the SUF is unknown but late 
Silurian conglomerate wedges from the south suggest 
that it existed in the late Silurian, though George 
(1965) has argued for an early Devonian initiation. 
The oldest known exposed rocks within the Midland Valley 
are the Arenig rocks of Girvan that are unconformably 
overlain by Caradoc rocks but Upton et al. (1976) have 
reported garnetiferous quartz f eldspathic gneiss frag 
ments in Carboniferous volcanoes that indicate the pres 
ence of a granulite basement; presumably Precambr ian. 

The Lower ORS within the Valley rests with angula r 
and non-angular unconformity upon the muds tones and 
shales of Wenlock and Ludlow age being markedly uncon
formable upon folded Silurian near the marginal faults. 

IGCP Project 27, British Contribution No, 10. 
Caledon ian-Appalachian Orogen of the North Atlantic Re~ion; 
Geol. Surv. Canada, Paper 7B-13 (1978). • 

The Lower ORS is formed of thick sandstones and conglom
erates interbedded with volcanic rocks, olivine basal ts, 
andesites, rhyolites, dacites, agglomerates and tuffs, 
the whole series being folded and then unconformably 
overlain by Upper ORS that passes conformably into the 
basal Carboniferous. On either side of the Valley at 
least 3000 m of Lower ORS is believed to have been 
eroded before the deposition of the Upper ORS, the 
rifting having preserved the Lower ORS preferentially 
within the valley (George, 1963). The Carboniferous 
Calciferous Sands tone Group (and oil shales) were fol
lowed by the Carboniferous Limestone Group (but with 
few limestones), 'Millstone Grit' and the Coal Measures. 
Thick sequences (in places exceeding 1000 m), mainly of 
alkali basalts occur in the Calciferous Sandstone Group 
in the west, but extend into Carboniferous Limestone 
Group in the east - locally volcanics are found in the 
Millstone Grit (e.g. Ayrshire). Mugearites and trachytes 
are l ess common, but plugs of basalt and basaltic 
agglomerate are very numerous. More strongly alkaline 
rocks, teschenites, etc. form sills and occasional dykes 
and there are several sheets and 'laccoliths' of phono
lite or trachyte. 

The main structure of the Midland Valley is a 
shal low syncline, which is gent ly eastward plunging in 
the west, while an approximately north-south directed 
arch separates the eastern and western groups of upper 
Carboniferous basins. In the southwest the Ayrshire 
basin contains red beds which have been ascribed to the 
Permian, while in Arran the Carboniferous is succeeded 
by considerable thicknesses of undoubted Permian and 
Trias. 

An extensive suite of large sills (up to 300 m 
thick) and broad east-west trending dykes, all of very 
uniform quartz dolerite (tholeiitic) composition are 
emplaced within Carboniferous (and older formations) 
and are inferred to be of early Permian age. 

The major Caledonide problems are s,tructural, mag
matic and stratigraphical. What was the age and the 
reason for the initiation of the boundary fractures and 
how does the Valley fit into any plate tectonic model? 
Is it for example, an intracratonic basin or a back arc 
basin? Is the Highland Border Ordovician an ophiolite 
sequence and if so how can the Dalradian sequence occur 
south of th e HBF in Ireland? What were the nature of 
the fir s t fault movements and how do they relate to the 
enormous thi ckening of the Lower ORS from SW (c. 3000 m) 
to NE (c. 9000 m) (Armstrong & Peterson, 1970) on the 
north side of the valley? [),ifferential subsidence within 
a basin being pulled apart? How are the voluminous 
Lower ORS volcanic rocks explained - intraplate vol
canoes, perhaps connected with rifting, or plate-edge 
magmatism connected with a subduction zone? Why are 
there important granitic plutons of Devonian age both 
to the north and south but none in the Valley? Are 
there thick lower Palaeozoic and Dalradian sequences 
under the exposed rocks of the Valley and if not is this 
due to subsequent removal or were they never deposited? ' 
What is the deep structure of this part of Scotl and and 
does it confirm or deny the postulated subduction zone 
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that might have passed through the miniscule blue 
schist outcrops at Girvan? The results of the recent 
north-south seismic profile through Britain (LISP) should 
give most valuable information on these problems. What 
is the age of the basement revealed in xenolithic frag
ments; Lewisian or younger and why have no Dalradian 
fragments been identified? 
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This article deals with the Caledonides of three 
regions within mainland Britain (this volume, article ll, 
Fig. 11.1): 

1. Southern Uplands of Scotland; 
2. The Lake District and the Isle of Man; 
3. Wales, the Welsh Borderland and Central 

England. 

1. SOUTHERN UPLANDS OF SCOTLAND 

In this region (Fig. 15.1) the Caledonides are 
represented by Ordovician and Silurian rocks which 
attain a maximum aggregate thickness of around 9 km 
(Walton, 1965). These rocks are virtually unmetamor
phosed except for local developments of greenschist 
facies metasediments (Weir, 1974) and the thermal 
effects associated with later intrusions. The rocks 
are disposed in a series of struc tures trending ENE
WSW. With the exception of the Girvan sequences, the 
region is bounded to the north by the Southern Uplands 
Fault, a complex fracture which effectively drops down 
Upper Palaeozoic rocks to the northwest; in the south 
and east, the region is bounded by Devonian and Carbon
iferous rocks which are unconformable on the Lower 
Palaeozoic sequences. Geographically, it is convenient 
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to refer to four areas (Peach and Horne, 1899). From 
north to south these comprise the Girvan area, the 
Northern Belt (between the Southern Uplands Fault and 
the Silurian boundary, the Central Belt (Silurian rocks 
with inliers of the Moffat Series shales) and the South
ern Belt (made up of mainly younger Silurian rocks, 
south of the Moffat Series) (see Fig. 15.1) . 

The oldest known rocks (Arenig-?Llanvirn) occur in 
the Girvan area and doubtfully in one small inlier in 
the Northern Belt. They form a strongly deformed ophio
litic complex including pillow-lavas, serpentinites, 
cherts and black graptoli tic shales, together with 
glaucophane schists and eclogites which may be pre
Arenig in age. Together with gabbroic and trondjhemi
tic intrusives, these rocks constitute the Ballantrae 
Igneous Complex of the Girvan region . 

Although originally regarded as Arenig, the thin 
sequences of black, graptolitic mudstones, cherts and 
spilitic or andesitic tuffs and lavas which occur near 
the base of the thick greywacke-turbidite successions 
of the Northern Belt are now recognized as spanning the 
time-interval from ?Llanvirn to early Caradoc (Lamont 
and Lindstrom, 1957; Kelling, 1961; Bergstrom, 1970; 
Walton & Weir, 1974). However, rapid accumulation of 
coarse elastics commenced in Caradoc times and continued 
into the Wenlock. In the northwest (Girvan area) Caradoc-

Ashgill platform sediments (including lime
stones) step northwards over the Ballantrae 
Igneous Complex (Williams, 1962), on to a 
landmass which has been termed Cockburnland 
(Walton, 1963; Dewey, 1971). Southwards, 
the platform facies passes rapidly into a 
thick pile of Caradoc-Ashgill greywackes 
and rudites, straddling the Southern Uplands 
Fault (~illiams, 1962) and constituting the 
greater part of the Northern Belt succes
sions (Kelling, 1961, 1962). These sedi
ments appear to have been deposited in a 
deep marine trough or trench (Piper, 1972) 
and were probably formed in a series of 
overlapping submarine fans at the base of 
a southeast-facing submarine slope. Evi
dence of lateral input from the northwest 
is common in older sequences but the younger, 
more distal turbidites display more consis
tent axial transport, mainly towards the 
southwest (Walton, 1963, 1965; Kelling, 1962; 
Weir, 1973). To the southeast, in the 
Central Belt, the several kilometres of 
Late Ordovician greywackes are represented 
by the Moffat Series, a few tens of metres 
of graptolitic mudstones, with tuffaceous 
and clay bands, which appear to have accumu-
lated on an 'axial rise' which . permitted 

Figure 15.1. Generalized geological map of southern Scotland with 
(at top) a schematized structural profile across the 
region (after Walton, 1965). 

pelagic sedimentation to continue beyond the 
influence of the bottom-hugging turbidity 
currents (Kelling, 1964, p. 86; Walton, 1965). 

The Silurian Birkhill Shales of the 
Moffat Series pass laterally into greywacke 
sequences both to the northwest and, at least 

B.I .C. - Ballant:rae Igneous Complex 
S.U.F. - Southern Uplands Fault 

IGCP Project 27 1 British Contribution No. lE. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geo l. Surv. Canada, Paper 78- 13 ( 1978). 89 



in part, to the southwest where rocks previously 
thought to be Wenlock have now been identified as 
Llandovery . This suggests a possible symmetry to the 
Southern Uplands basin with elastics derived from both 
northwes t and southeast, at l eas t for the Llandovery. 
Wenlock turbidites occupy most of the Southern Belt, 
whil e coeval platform sediments occupy a few small 
pa tches i n the Girvan region. 

Sediments of Ludlow age are absent from the South
ern Uplands and are only doubtfully present in a few 
Lower Palaeozoic inliers in the southern part of the 
Midl and Valley of Scotland, where they occur near the 
top of fluvio-deltaic redbed sequences of late Wenlock 
age, which pass down transitiona lly into early Wenlock
Ll andovery turbidites, derived from the south (Walton, 
1965; Rolfe, 1961). The implica tion is clear that, by 
mid-Silurian times, the Cockburnland landmass had 
expanded to include much of the former Northern Belt 
and Central Belt trough and rise and an independent, 
essentially shallow marine bas in had come into exist
ence within the Midland Vall ey as a precursor to the 
mol assic Old Red Sandstone trough. 

Structurally , the rocks of the Southern Uplands 
are disposed in a series of steep and flat-lying zones, 
each zone occupying several kilometres across the strike 
(Fig. 15.1). The steep zones consist of beds dipping 
at high angles and often overturned where folds tend 
to be restricted to small anticline-synclinal pairs 
(Cra ig & Walton, 1959; Walton, 1961, 1965; Kelling, 
1961). The flat-lying zones take their name from the 
attitude of the 'faltenspiegel' (the tangent to the 
crests of the folds of one bed) which tends to be sim
pl e and near the horizontal, although the beds them
selves are deformed into many asymmetrical or isoclinal 
folds. Axial planes generally dip southeastwards and 
the tendency to young northwestwards is offset by a 
series of major thrust faults which bring up older rocks 
to the north. Thus the inliers of the Moffat "Series" 
are brought into their present position by the major 
Ettrick Valley Thrust and the repeated outcrop of the 
grapto l itic shales is brought about by schuppen asso
ciated with these major thrus ts. Similarly it is 
thought that the Silurian boundary is a major thrust 
which brings Ordovician rocks up to the north of domi
nantly northwards-younging Silurian rocks. The struc
tural configuration of the Lower Palaeozoic rocks at 
the northeastern end of the Southern Uplands appears 
to be substantially different to that described above 
(Shiells and Dearman, 1963) and shows s ome affinities 
with the tectonic history of the Upper Dalradian. In 
most parts of the Southern Uplands at least t hree phases 
of post-Caradoc, pre-Lower Old Red Sandstone tectonic 
deformation can be discerned but only the first two 
involve significant folding (Williams, 1959; Kelling, 
1961; Walton, 1965; Rust, 1965; Weir, 1968) . 

While the structural style of the Lower Palaeozoic 
rocks in the Southern Uplands strongly suggests decol
lement, the nature of the pre-Arenig basement remains 
uncertain. Geophysical evidence (Powell, 1970, 1971) 
indicates a Lower Palaeozoic 'cover' depth of some 12 km 
and an underlying high-velocity basement of crystalline 
rocks, possibly composed of Lewisi an-type metamorphics 
(Powell, 1971, p. 371). An alternative explanation for 
these geophysical observations is offered by Mitchell 
and McKerrow (1975), who invoke either a thick pile of 
folded turbidites, metamorphosed at depth, or an imbri
cate series of thrust-slices carrying Lake District 
sediments and volcanics and tectonically emplaced below 
the Southern Uplands turbidite complex. 

The area has been affected by magmatism at differ
ent periods during the Lower Palaeozoic . The Caledonian 
orogeny was responsible not only for the Arenig 'spili
tic' suite but also for some interbedded Caradoc 
spilites, andesites, keratophyres and ashes in the 
Northern Belt. 
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The abundance of fresh andes ite clasts in the Late 
Ordovician (Kelling, 1962) to mid-Silurian (Zieg l er and 
McKerrow, 1975) turbidite s, ultimate ly derived from a 
northern landmass, demons trates tha t andesitic vulcanism 
within and to the north of the Midland Valley probably 
was much more widespread and prolonged than is indicat ed 
by restricted present outcrops. 

Major intrusions include granites such as the Loch 
Doon and Cairnsmore of Fleet masses as well as many 
smaller bodies . Minor i ntrus ions comprise the 'porphy
rites', which form dykes and small irregular sheets, 
many of which are affected by later tectonic episodes . 

2. THE LAKE DISTRICT AND THE ISLE OF MAN 

This region (this volume, article 11, Fig. 11.1) 
displays a thick sequence of mildly to unrnetamorphosed 
sediments and volcanics spanning the time interval from 
late Cambrian to late Silurian, and surrounded by Car
boniferous or younger rocks. Although no undoubted 
Precambrian rocks are known here, small outcrops at 
Ingleton, about 15 km to the southeast of the Lake 
District, include late Precrunbrian or Cambrian (O'Nions 
et al., 1973) sediments strongly deformed, which may 
represent a northeasterly extension of the Irish Sea 
Horst. 

The oldest rocks in this region are the Manx Group 
of the Isle of Man, a 7 . 5 km pile of slates and greywacke
turbidites of probable late Tremadoc or early Arenig 
age (Downie and Ford, 1966; Simpson, 1963). These sedi
ments may be partly coeval with or transitional up into 
the Skiddaw Group of the Lake Dis trict, a 9 . 5 km thick 
sequence of mud-dominated turbidites of Arenig-Llanvirn 
age. These are succeeded, with apparent discordance 
(but see Moseley, 1975) by nearly 5 km of andesitic 
lavas and pyroclastics (Borrowdale Volcanic Group) of 
late Llandeilo - early Caradoc age (Moseley, 1964). The 
succeeding late Caradoc to Ludlow sequence rests uncon
forrnably on the underlying rocks. The late Ordovician 
sequence is relatively thin and dominantly argillaceous 
(with subordinate tuffs) but with some important cal 
careous units near the top. The conformably succeeding 
Silurian is thick (max. 4 km) and mainly of deep marine 
aspect, commencing with a group of graptolitic mudstones 
and shales which pass up into a thicker sequence of 
Ludlovian turbidite sandstones and calcareous siltstones. 
Palaeocurrent vectors from these late Silurian turbi
dites indicate dominant flow towards the south and 
southeast (Furness et al. , 1967; McCabe· and Waugh, 1973) 
and suggest that these sediments may represent the 
advancing front of the flysch-wedge which had prograded 
southwards across the Southern Uplands of Scotland dur 
ing the Silurian (Ziegler, 1970). 

The Lower Palaeozoic rocks of this region appear 
to have been affected by three main phases of fold
deformation (Simpson, 1968): 

(i) A late Llanvir n phase which produced a set of 
large folds trending north-northeast (Jeans, 
1972), with accompanying cleavage and, in the 
Isle of Man, synkinematic chlorite-grade 
metamorphism; 

(ii) A pre-Caradoc episode responsible for warping 
of the Borrowdale Group and the older sequences 
into broad, east-west trending fo l ds (Simpson, 
1968; Soper and Numan, 1974); 

(iii) The end-Silurian deformation phase which estab
lished the dominant ENE - WSW trend of the major 
folds, cleavage and thrusts in these rocks and 
refolded some of the earlier structures. The 
emplacement of granites (e.g. the Shap mass) 
and less commonly, basic complexes (Carrock 
Fell) represents the f inal Caledonian event 
in the Lake Di s trict (early Devonian) . 



3. WALES, THE WELSH BORDERLAND 
AND CENTRAL ENGLAND 

Here a maximum thickness of approximately 13 km 
of Lower Palaeozoic sedimentary and volcanic rocks, 
virtually unmetamorphosed, are disposed in a series of 
major folds of broad, relatively open style and general 
NE-SW trend, and are cut by major fractures of similar 
trend, which are best developed near the southeast and 
northwest borders of the regions. 

Precambrian rocks outcrop sporadically on the 
flanks of these younger rocks: to the east, in 
Leicestershire; the Malvern Hills and the Borderland 
(Shropshire); ·"o the southwest in Pembrokeshire (St. 
Davids); and to the northwest, in Anglesey and Caernar
vonshire. In this northwestern area the Precambrian 
comprises essentially two groups of rocks: an older, 
thick (? 9 km) series of strongly deformed and differ
entially metamorphosed flyschoid metasediments and meta
volcanics (Monian) which includes serpentinites and 
glaucophane schists and is unconformably overlain by 
an acidic lava and pyroclastic sequence (Arvonian) 
which appears to pass conformably up into the Cambrian 
sediments in more southeasterly outcrops (Shackleton, 
1969; Wood, 1969). 

The Precambrian rocks of central England are known 
from several isolated outcrops, the most important being 
in Leicestershire (Charnwood Forest, about 100 km north
east of the Malverns), and in the Malvern Hills of 
Worcestershire. Boreholes indicate that similar rocks 
are extensively developed at shallow depths beneath the 
Upper Palaeozoic/Mesozoic cover of the Midlands region 
(Wright, 1969). The Charnian of Leicestershire is a 
thick, strongly def armed series of mainly volcaniclastic 
sediments, with northwest-southeast trending structures, 
intruded by diorites and syntectonic syenites which 
yield late Precambrian - early Cambrian dates (Cribb, 
1975). In the Malverns, the gneisses of the basement 
complex may represent the oldest known rocks of south
ern Britain and are succeeded unconformably by a late 
Precambrian sequence of acid to intermediate volcanics 
(Warren House Group). 

In Shropshire, the Precambrian consists of a l ower 
sequence of acid volcanics (Uriconian) overlain by 
nearly 9 km of very slightly metamorphosed flysch and 
molasse (Longmyndian) with at least two major uncon
formi ties represented in this sequence. These rocks 
were folded prior to early Cambrian times and are cov
ered discordantly by Lower Cambrian orthoquartzites . 
However, radiometric dates recently obtained from the 
basal Longmyndian indicate an Ea-Cambrian age - an 
anomaly still to be resolved (Bath, 1974; Toghill , 1975). 
In the St. Davids district of southwest Wales only the 
lower, volcanic, Precambrian succession is preserved, 
again unconformal;lly covered by Lower Cambrian sediments. 

Within the Lower Palaeozoic terrain of Wales three 
main areas may be distinguished geologically (Fig. 15.2). 
From southeast to northwest these are: 

~a) the Borderland-Pembrokeshire platform, 
(b) the Central Wales basin, and 
(c) the Harlech Dome-Snowdonia district 

(cf. Jones, 1938). 

Area (a) yields relatively thin sequences of sedi
ments which are consistently of shallow-marine aspect 
throughout the time-interval from Early Cambrian to 
Late Silurian and which show numerous internal time
breaks and discordances, the most widespread of which 
occurs at the base of the Upper Llandovery. Tuffs and 
lavas of mixed composition (spilites to rhyolites and 
keratophyres) attain significant thicknesses in the 
Llanvirn and Caradoc Series of Shropshire (Shelve dis
trict) and further to the southwest in the Builth and 
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Figure 15 . 2. Generalized geological map of Wa l es and 
the Welsh Borderland indicating the 
approximate limits of the areas (a, b, c) 
described in the text. 

Llanwrtyd areas of Breconshire . Basic volcanics of 
Llandovery age occur near Bristol (Tortworth) and in 
south Pembrokeshire (Ziegler et al . , 1969). These 
"shelf" deposits evidently were formed on the western 
margins of a stable platform cored by Precambrian crys 
talline rocks (the "Midlands Block" ). 

Area (b) is characterized by thick (4 - 6km) Ordovi
cian and Silurian elastic sequences of "basinal" aspect, 
with restricted graptolitic faunas . Dark shales and 
localized thick submarine volcanics are typical of the 
rather attentuated Ordovician successions whereas the 
Silurian is marked by substantial thicknesses of turbi
di te sandstones and conglomerates (e.g. Aberystwyth 
Grits), mostly transported from the southwest (Wood .and 
Smith, 1958). Deeper marine conditions thus seem to 
have prevailed in this region through much of Early 
Palaeozoic time (Ziegler, 1970). 

Area (c) ·includes mainly Cambrian and Ordovician 
rocks which show marked and rapid lateral variations 
in facies and thickness which, together with the rela
tive paucity of fossils, render correlation in this 
structurally complex area a matter of some difficulty, 
especially in the Lower Cambrian. The Cambrian sequence 
in the northwest (Caernarvonshire) commences with a 
group of shallow-marine conglomerates, sandstones and 
slates interbedded with ignimbrites which are discon
formably succeeded by a group of turbidite sandstones 
which pass up into shallow-marine sandstones and shales 
with several internal time-breaks. To the southeast, 
in the Harlech Dome, the Cambrian is represented by a 
thick (4.5 km) sequence of poorly fossiliferous sandy 
turbidites passing up into a more argillaceous group 
of shallow-marine aspect (George, 1961; Crimes, 1970). 
The base of the Cambrian is not seen here but there do 
not appear to be any significant breaks in the sequence, 
in contrast to the Caernarvonshire Cambrian . Through
out area (c) the basal Ordovician (Arenig) is represented 
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by a shallow-marine facies which oversteps northwest
wards with increasing discordance across Cambrian and 
older rocks. This overstep emphasizes the existence 
of a structurally positive region, known as the Irish 
Sea Horst, which strongly influenced sedimentation in 
north Wales throughout much of Early Palaeozoic time . 
The later Ordovician history of northwest Wales i s 
dominated by post-Llanvirnian uplift and the eruption 
of the great thicknesses of Caradocian shallow marine 
and subaerial acid volcanics which form the spectacular 
mountain scenery of Snowdonia . In northeast Wales 
(Denbighshire) an east-west trending turbidite trough 
came into existence during the Silurian (Cummins, 1957, 
1959) and the northern flank of this basin is marked 
by spectacular slumping (Jones, 1937). 

The Lower Palaeozoic rocks of Wal es provide evi
dence of polyphase deformation (Dewey, 1969; Bates, 
1974), the most important phases being end-Silurian. 
Mid- or Late Ordovician movements, responsible for 
widespread warping, particularly in North Wales, may 
have evoked a cover response from ma jor basement frac
tures, inducing at least some of the anomalous fold and 
cleavage trends encountered in this region (Shackleton, 
1954; Dewey, 1969). Traditionally, the major structures 
are a series of large, crenulated folds, trending mainly 
northeast-southwest and accompanied by subvertical 
faults of similar trend . However, northwest dipping 
thrusts are known to be an important element in Anglesey 
and northwest Wales (Shackleton, 1959; George, 1961) 
and recent work suggests that these thrust-features may 
have their counterparts on the southern and southeastern 
margins of the Welsh basin. In southwest Wales the 
Caledonian structures swing into an east-west alignment 
and here, too, sedimentation continued, virtually unin
terrupted, into the Old Red Sandstone. Thus, in this 
region, there is no clear distinction between the 
belated deformative phases of the Caledonian and the 
premonitory pulses of the Hercynian orogeny. 

Significantly, syn- or post-orogenic plutonism 
appears to be lacking in the Welsh region, although 
smaller acid plutons and basic intrusives form impor
tant contemporaneous elements in the Caradoc volcanics 
of north Wales. 

A SUMMARY OF DEFORMATION HISTORY 
IN THE BRITISH PARATECTONIC CALEDONIDES 

As stated earlier, the evolution of the British 
Caledonides involves a long and complex history of 
stratigraphic and structural events, manifes ted i n the 
marked variations in rock-facies and thicknesses and 
the development of unconformities and other discordant 
junctions, which have been outlined above. Considera
tion of these effects clearly indicates that the British 
Caledonides must be considered in terms of a number of 
zones or regions with significantly differing sequences 
and developmental histories. Diastrophism occurs in 
various ways and at greatly varying rates but Dewey 
(1974) has argued that elucidation of the deformation
history is greatly enhanced if the assumption is adopted 
that thick terrestrial molasse sequences result from 
rapid uplift of adjacent "orogenically" deformed ter
rains. On this basis, it is possibl e to recognize 
three major "orogenic" events in the British Caledonides. 

The first of these is the late Precambrian "Celtic" 
(Wright, 1969) or "Cadomian" event, di scernible only 
in the Welsh region, which was responsible for defor
mation of the Monian and formation of the Upper Long
myndian molasse of Shropshire. The second major event 
has been termed the "Grampian" (Rast and Crimes, 1969) 
and corresponds to the mi d-Ordovician deformative and 
metamorphic phases which are manifest in the Scottis h 
Highlands but which also find expression in terms of 

92 

volcanicity, lithologica l contrast or actual unconform
ity within the paratectonic belt. There is persuasive 
evidence, principally from wester n Ireland, that this 
"Grampian" event may involve diachronous structural 
and metamorphic phases spanning the Arenigian - ear ly 
Caradocian time-interval. The l ast major episode of 
deformation is the late Silurian or "Cymrian" event 
whose structura l effects are widespread throughout 
south Scotland, the Lake District and Wales, where thin 
Lower Devonian molass e sequences l ap unconformab ly 
across strongly deformed older rocks. Along the north
ern and southern borders of the para tectonic belt 
(Scotti sh Midland Valley and South Wales-Welsh Border
land respectively) the thick molasse sequences (previ
ously regarded ·as entirely of Early Devonian age but 
almost certainly including Late Silurian redbeds; cf . 
Walmsley and Bassett, 1976) pass quasi -conformably down 
into the Silurian and the final Caledonian event is 
represented by a mid - Devonian episode of faulting and 
gentle warping . 

A PLATE TECTONICS MODEL 
FOR THE BRITISH CALEDONIDES 

The justification for viewing the evolution of the 
British Caledonides in the context of plate tectonics 
and ocean-floor spreading involves manifold considera
tions, but principally (a) the occurrence of ophiolite 
suites which correspond closely in sequence, struc ture 
and composition to present-day ocean crust and upper 
mantl e and are associated with sediments of deep oceanic 
aspect; (b) the nature of certain lateral changes in 
sedimentary facies (e.g. the "s he lf" to "basin" facies 
of the Welsh late Ordovician and Silurian) which are 
analogous to those encountered at exis ting continent
ocean interfaces; (c) the existence of geochemical 
polari ty in volcanic sequences and of paired metamor
phic belts, both of which phenomena are associated with 
modern island arcs. Additional evidence for the exis 
tence of a major Lower Palaeo zoic ocean derives from 
the contrasting nature of Cambro-Ordovician benthonic 
faunas on opposite f l anks of the Caledonian orogen. The 
tota lly dissimilar nature and history of the Precambrian 
basement in the Welsh/English and Scottish/Irish zones 
also argues for an initial separation of substantially 
greater magnitude t han exists at present, with the 
corollary that intervening (?oceanic) crust has heen 
destroyed to achieve the current proximity. 

Vi ewed in this context, the history of the British 
Caledonides may be express ed in terms of the growth and 
destruction of a major ocean which came into existence 
in the late Precambrian and persisted in the British 
region until late Silurian time (Dewey, 1969, 1971, 
1974). 

The earl iest evidence for the existenc e of such 
an ocean derives from Anglesey, northwest Wales, where 
the late Precambrian Monian sequence includes metamor
phosed turbidites and ophiolitic equivalents of ocean 
crust layers 1, 2 and 3 forming a t ectonic melange 
which probably formed in a subduction zone (but see 
Mal tman, 1975). The pre-Arvonian ("Celtic event") 
d~formation of this sequence may have resulted from 
the arrival of a southern pre-Caledonian continent at 
this subducting margin with the formation of a paired 
blueschist-greenschist metamorphi c belt in Anglesey. 
In Shropshire, Uriconian acid volcanism and Longmyndian 
molasse deposition may represent differing responses 
within the southern continental plate to the uplift of 
thi s Monian orogen, which continued (as the I rish Sea 
Horst) to play an important role in the Lower Palaeozoic 
history of the We l sh-Irish-Lake District basins . Fur
ther (Ea -Cambrian) but less severe deformation of the 
Longmynd ian and the Arvonian phase of acid volcanism 



may record additional within-plate movements heralding 
inception of the Cambrian marine basin of Wales. 
Although pillow-basalts and dark lutites occur within 
the Lower Palaeozoic sequence in Wales there is no 
unequivocal evidence for the presence of true oceanic 
crust or subduction and plate consumption during this 
period. This, coupled with the presence of an under
lying continental basement, suggests that during Early 
Palaeozoic time the Welsh area may have been a marginal 
basin, possibly of Sea of Japan type, lying to the 
southeast of the Lower Palaeozoic ocean (Ziegler and 
McKerrow, 1972). 

Conver~ely, in the zone lying north of the Irish 
Sea Horst and south of the Highland Boundary Fault, the 
apparent absence of true continental basement and the 
common occurrence of the ocean crust association of 
cherts, black shales, pillow-basalts and gabbroic intru
sives suggest that this area occupies the site of an 
early Palaeozoic ocean. Within this central zone of 
the Caledonides the oldest rocks seen are late Cambrian 
sediments (Lake District/Isle of Man) . These are suc
ceeded by a thick pile of mid to late Ordovician ande
si tes which probably indicates the site of an is l and 
arc and suggests the existence of a subduction zone 
lying beneath the Lake District (Fitton & Hughes; 1970). 

The northern margin of the Palaeozoic Ocean in 
Britian has had a history substantially different from 
that outlined above. Here, the Torridonian-Moine
Dalradian assemblages appear to record prolonged accu
mulation of a thick pile of terrestrial and marine 
sediments, deposited on the southeastern flank of the 
Lewisian continent during the main phase of Proto 
Atlantic opening in the late Precambrian to early 
Ordovician time-interval. It is probable that the 
wedge of Dalradian sediments extended into what is now 
the Scottish Midland Va l ley and that the continent
ocean suture of early Ordovician time is represented 
by the lutites, cherts, pillow basalts and serpenti
nites of the Arenigian Ballantrae Complex. The asso
ciated blue- schist metamorphism suggests that this 
Complex was sited in a deep oceanic trench above a sub
duction .zone at which consumption of the northwestward
spreading ocean floor commenced during the early Ordo
vician . However the relationship of these rocks to the 
analogous sequences of the Highland Border Group on 
the northern margin of the Mjdland Valley remains in 
doubt. Moreover, recent geochemical work (Wilkinson 
and Cann, 1974) on the Arenig-Caradoc Ballantrae spil
ites suggests that hot-spot basalts and island-arc 
tholeii.tes may be present, in addition to 'normal' 
ocean-floor basalts . 

The Mid-Ordovician Grampian deformation and meta
morphism of the Scottish Highlands has been linked with 
the inception of oceanic contraction and was followed 
by very rapid elevation and unroofing. During the 
Caradoc and early Silurian, large quantities of detri
tus (including abundant andesitic volcanics) derived 
from this uplifted region were supplied across a narrow 
platform region (Girvan area) and filled the Ballantrae 
trench, gradually advancing southward across the thin 
pelagic sequences (Moffat Series) of the ocean floor. 

By the mid-Silurian (Wenlock) it appears that the 
Proto-Atlantic had narrowed considerably, promoting 
much stronger affinities between the shallow-water 
benthos on either side of the ocean (cf . Cocks and 
McKerrow, 1973). Internal source-lands (e.g. Cockburn
land, Solwayland) also appeared within the contracting 
ocean, with resultant reworking of earlier Palaeozoic 
sediments and volcanics . Complete closure of the ocean 
in the British region may have ensued from collision 
of the northern and southern continents in the late 
Silurian and led to the final deformation of rocks. 
within the paratectonic zone ("Cymrian event" ). Sub
sequent isostatic uplift of the overthickened crust 

resulting from the collision, and deformation (and the 
accompanying magmatism) was accompanied by deposition 
of the Lower Old Red Sandstone (Lower Devonian) molasse 
in fault-bounded cuvettes within the orogen and on its 
northern and southern flanks. 
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REGIONAL GEOLOGY 

In Ire land, the Caledonide Orogen can be divided 
into five stratigraphical and structural zones 
(Fig . 16.1), which are comparable with Zones C - G 
of the Canadian Appalachians (Williams et al., 1972). 
Northwest and southeast foreland zones l ie outside 
Ireland. 

Zone 1 (C, Appalachians) i n northwestern Ireland is 
composed of a thick (c. 17 km) succession of elastic 
s.edimentary and minor basic volcanic rocks (Harris and 
Pitcher , 1975), all affected by late Cambrian-early 
Ordovician polyphase deformation, up to amphibolite 
faci es metamor phism and syntectonic calc-alkaline intru
sions (Pitcher and Berger, 1972) . These late Precambrian 
and Cambrian rocks of the Moine and Dalradi_an Super
groups (c. 700-500 Ma) are underlain by partly rejuve
nated continental basement which in north Mayo was prob
ably deformed in the Grenvillian Orogeny (van Breeman 
et al., 19 76) . In the extreme northwest , the Lewisian 
gneisses of Inishtrahull were deformed before 1500 Ma 
(Macintyre et al., 1975). The Dalradian rocks of 
Connemara lie detached and south of the main part of 
Zone 1. Thi s detachment can be exp lained by strike
slip faulting (Ph illips et al ., 1976)". The Dal radian 
of Connemara has an unconformable cover of gently folded 
unmetamorphosed Silurian e lastic sediments derived from 
a northern landmass (Laird & McKerrow, 1970; Piper, 
1972). In the r est of Zone 1 a few i so lated outliers 
of Lower Middle Devonian form the only pre-Carboniferous 
cover to the Dalradian. These fluviatile red beds are 
faulted and gently folded. 

Zone 2 (D, Appalachians) consists of greywackes , 
pelites, and acid and basic vol canic rocks of l a te 
Cambr ian ( ?) to early Caradoc age. Though these rocks 
have been regarded as an unconformable cover sequence 
to the Dal radian (Dewey et al ., 1970), it appears more 
likely that they represent a slope and sha llow water 
volcanic facies developed a long the southern side of 
the Dalradian basin (Phillips et al . , op . cit.). These 
rocks appear to have been a ffected by the same poly
phase deformation, greenschis t facies metamorphism and 
calc-alkaline intrusions as the Dalradian of Zone 1. 
There is an underly ing and partly rejuvena ted basement 
of amphibolit e - granulite facies metasedimentary rocks, 
which, like the "older" Moine of Scotland, may have a 
Grenvillian orogenic history (Phillips et al. , 1975). 
There is an unconformable cover of fold ed late Ordovi
cian and Silurian elastic sediments derived from the 
north (Phillips, 1974). A further angular un conformity 
lies at the base of Lower Devonian fluviatile red beds 
with basal t ic flows. There are a lso some small syn tec
ton ic and post-tectonic granitic intrusions of late 
Silurian-Devonian age. The boundary with Zone 1 is a 
slide or thrus t zone, probably of mid-Ordovician age; 
this is repl aced further wes t by the younger sinistral 
Leck -Leannan Fault (Pitcher et al ., 1964; Phill i ps 
et al. , 1969). The Orthotectonic or IIetamorphic 

IGCP Project 27, Iri sh Contribution No. 1. 
Caledonian-Appalachian Orogen of the North Atlanti c Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

Caledonides are confined to Zone 1 and 2 . The rocks 
of Zone 2 strike eastwards towards the l.fidland Valley 
of Scotland. 

Zone 3 (E, Appa lachians) contains a distinctive suite 
of Llanvirn-Wenlock pelites, cherts , greywackes and 
minor basic volcanic rocks. Strike faults separate 
stratigraphic units which generally young to the north, 
however the sedimentary pile as a whole youngs in the 
opposite sense with the oldest rocks outcropping in 
the north. A quartz-bearing turbidite facies appears 
first in the north (Caradoc) and arrived progressively 
later towards the south. The succession is usually 
overturned, dipping southeastwards_, and pre-cleavage 
overturned folds and/or thrust slices are detected by 
alternating faci ng up to the northwest and down to the 
southeast on cleavage. Large-scale monoclines and 
cross-folds post-date the cleavage. There are some 
late-tectonic intrusions of granodiorite probably of 
Lower Devonian age (O'Connor, 1975.}. Xenoliths of 
granulite-amphibolite f acies gneisses from Lower Car
boniferous agglomerates suggest a basement of conti
nental crust comparable to that of Zone 2 (Strogen, 
1974). The boundary between Zone 2 and 3 is concealed 
both by Carboniferous rocks and probably by the Devonian 
Galway Granite. 

Zone 4 (F, Appalachians) contains at the base a thick 
sequence of Lower Cambrian-Llanvirn greywackes, quartz
ites and siltstones with local centres of basaltic vol
canism. A basin margin lay to the southeast in Zone 5. 
These rocks are followed by an extensive suite of tho
leii tic and calc-a lkaline basa lts and andesites followed 
in the southeast by abundant rhyolites. The main axis 
of this volcanism extends from Arklow to Dingle 
(Fig. 16.1). Volcanism ended in the Ashgill in the 
eas t but in the Ludlow in the west. The volcanic rocks 
pass laterally towards the northwest .and north into a 
pelite and greywacke succession with some Llanvirnian
Caradocian local centres of tholeiit i c basalt. In the 
southwest and northwest the sequence is a conformable 
greywacke succession up into the Ludlow where there is 
a transition into fluviatile red beds . Caledonian 
deformation produced upright variably plunging folds 
with steep dipping cleavage and ·minor subsequent ductile 
and brittle deformation. The Leins ter Granite plutons 
were intruded during the later stages of deformation 
(Brindley, 1969), probably in late Silurian-early 
Devonian times. The boundary between Zones 3 and 4 is 
a major strike fault (Navan~Shannon Fault). 

Zone 5 (G, Appalachians) forms a sma ll part of south
eas t Ire land (Max , 1975). It comprises early grey 
gneisses of the Rosslare Complex, possibly as old as 
2400 Ma. 1\~o subsequent cycles of locali zed granitic 
i ntrusion, deformation, amphibolite facies metamorphism 
and intrus ion of basic dykes are as yet undated. These 
events were followed by the deposition of l ate Precam
brian greywackes and quartz sandstones, correlated with 
the 14ona Complex of Wa les. These younger rocl>s underwent 
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polyphase deformation and greenschist fac i es metamor
phism prior to emplacement of the Carnsore Granite at 
551 ± 10 Ma. The earl ier gneisses were mylonitized 
during thi s deformation. Most of the zone was probably 
uplift ed and eroded during the Cambrian. Locally there 
is an unconformable cover of gently folded but faulted 
Arenig conglomerates and shales with a shelly fauna . 
The boundary between Zones 4 and 5 is faulted where 
exposed . 

SYNTHESIS OF THE LATE PRECAMBRIAN AND 
EARLY PALAEO ZOIC THROUGH DEVONIAN EVOLUTION 

Consideration of pal aeogeography, s tructure, geo
chemistry of igneous rocks, and Ordovician f aunal 
provinciality has led to the hypothesis that a Nort h
western and a Southeastern plate can be recognized 
(Dewey, 1974; Phillips et al ., 1976) in the Caledonide 
Orogen of Ireland . In the Northwestern Plate, compri s 
ing Zones 1 - 3, American faunal province graptolites 
and shelly faunas have been found in the lower Ordovi
cian rocks of Zone 2 . In the Southeastern Plate which 
includes Zones 4 and 5, the lower Ordovician faunas are 
of European provinciality. It appears, therefore that 
the boundary, or Iapetus Suture, between the two plates 
is the strike fault between Zones 3 and 4. Using palae
ontological and isotopic dating to define the time of 
ending of igneous activity related to subduction , it 
appears that pla t e collision migrat ed westwards with 
time and was followed by severa l hundred kilometres of 
dextral strike- s lip displacements on the Iapetus Suture. 

Northwestern Plate 

The Caledonian Orogenic Cycle started about 700 Ma 
ago in Zone 1 with deposition of Moine and younger l ate 
Precambrian-early Ordovician Dalradian sediments. Most 
of the Precambrian succession is of shal low-marine shelf 
facies, dominated by arkoses, sandstones, dark pelites 
and thin limestones. Sedimentation seems to have been 
related to a landmass of continental crust l ying to the 
northwest. Soon after deposition of the late Precam
brian tillite, more basinal sedimentation set i n, with 
turbidites, dark pelites and tholeiitic basaltic vol
canicity. This facies is also seen in Zone 2 and 
extends up into rocks as young as lower Caradocian 
(J . Sull ivan pers. comm., 1976). The ear lier Ordovician 
rocks of the western part of Zone 2 show a southwards 
transition into a shallow-water volcanic shelf facies 
with American faunal province s helly and graptolitic 
faunas (Dewey et al ., 1970, Williams, 1972) . There is 
evidence that sedimentation after the tillite was 
related to a northwestern and a southeastern landmass. 
The basin as a whole was probably ensialic, formed by 
rifting assoc iated with opening of the Iapetus Ocean 
further to the southeast. No unmoved contacts with 
the. underlying basement are preserved. In late Cambrian
early Ordovician times, deformation produced l arge 
recumbent folds and thrust sheets which face away from 
a central upright NE-SW trending synclinal symmetry 
axis (Phillips, in press.). Further sma ller sca le co 
axial folding and cross -folding was associated with 
normal (Barrovian) metamorphism usua lly of the green
schist but sometimes of low amphibolite facies grade. 
In the Dalradian rocks of Connemara, metamorphism of 
medium to high amphibolite facies grade was accompani ed 
by unusually profuse calc-alkaline igneous activity 
(Leake, 1970). Early normal (Barrovian) metamorphism 
here was followed by low pressure (Buchan) metamorphism 
(Yardley, 1976). The overall facing direction of Dl 
structures in Connemara is uncertain, there has been 
intense refolding by large-scale D2-D4 structures. 
Isotopic and palaeontologica l evidence sugges t s that 

deformation and metamorphism occurred in late Carnbri an
Aren ig times in Zone 1 (Leggo and Pidgeon, 1970; Pidgeon, 
1969), but in later Ll anvirn-early Caradoc times in 
Zone 2 (Phillips et al., 1976). These processes may 
well have spread upwards and outwards from the more 
central parts of the orogen towards its southeastern 
margin in Zone 2 . The anomalous situation of Zone 1 
Dalradian rocks of Connemara lying south of Zone 2 may 
have arisen by sinistral strike- s lip mov ement on the 
pre-Upper Llandovery fault forming the northern margin 
of the Connemara Dalradian. In Zone 2 there is a major 
angular unconformi ty followed by northern derived e l as 
tic sediments ranging in age from upper Caradoc to 
Wenlock. This marine transgression across the earlier 
orthotectonic Ca ledonides, reached the western part of 
Zone 2 in the Upper Llandovery. Si lurian sediments 
here show a complete transgressive-regressive cycle 
ending with probable Ludlovian red beds; there is also 
a transition from a northern sha llow-shelf facies to a 
deeper marine turbidite facies i n the south . This l at
eral facies change extends southwards over the Dalradian 
rocks of Connemara (Zone 1) and is probably continued 
by the deeper water facies of Zone 3 . Late Silurian 
early Devonian deformation produced upright NE -SW to 
E-W trending fo lds and cleavage. There is a mark ed 
increase in the intensity of this deformation towards 
the Leck Fault in the western part of Zone 2 (Dewey and 
McManus, 1964). Gently folded Lower Old Red Sandstone 
fluviatile sediments with some basaltic flows rest with 
angular unconformi ty on folded Silurian rocks in Zone 2. 
The small granitic intrusions in these Devonian rocks 
are probably of the same age as the larger post-tectonic 
granites of Connemara, dated in the range of 400-430 Ma 
(Leggo et al . , 1966). The late, post~Wenlock Cal edonian 
movements also generated sinistral s trike-slip movement 
on the Leck-Leannan Fault of Zone 1. The synclinal 
symmetry axis of the Dalradian appears to have been 
displ aced sinistrally by about 160 km. There i s evi
dence that thi s movement may have s tarted in the \'lenlock 
and cont i nued to late Devonian times (Phillips et al ., 
1969) . 

The oldest dated rocks of Zone 3 are l ate Llanvirn 
pelites lying within a northern belt of Caradocian tur
bidit es . These northern turbidites contain igneous and 
metamorphic detritus probably derived from the Lower 
Ordovician volcanic rocks and their metamorphic basement 
to the north in Zone 2 . To the southeast these Ordovi
cian turbidites pass i nto a black shale and chert facies . 
The late Llanv irn - early Caradoc (Nemagraptus gracilis 
zone) sediments of Zone 3 must be of the same age as 
the youngest sediment s in the orthotectonic Caledonides, 
yet the Zone 3 rocks have not been affected hy the 
Caledonian orogenesis seen but 40 km to the north in 
Tyrone. Thi s contrast enhances the case for an alloch
thonous origin for the Ordovician and Silurian rocks 
of Zone 3, argued below. The l argest part of Zone 3 
is composed of Llandovery-Wenlock turbidi tes 1vi th small 
inli ers of older dark pelite, chert and basic volcanic 
rock s . Faunas are predominantly grapto liti c (Weir, 
1973). The southeas t erly progression of the turbidite 
facies is continued, with a pelagic dark sha le facies 
continuing into the Upper Llandovery near the boundary 
with Zone 4. Extensive s lumping is typical of Zone 3, 
producing large unit s of structureless sediments and 
also slump folds and fault blocks in coherent hedded 
sediment on the sca l e of several kilometres. Prelim·· 
inary data suggest slumping was towards a southern 
quadrant. The sedimentary facies and distinctive struc
tura l style of strik e-fau lted strips of succession 
facing northwestwards hut with younger rocks to the 
southeast, is consistent with a model of northwestwards 
abduction of Iapetus ocean-floor sediment onto a base
ment of continental crust of the Northwestern Plate. 
Such a basement is inferred from the evidence of the 
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gneiss xenoliths, regional gravity and magnetic data, 
and analogy with the Southern Uplands of Scotland where 
more detailed geophysical data also indicates a conti
nental crustal basement. Northwesterly subduction of 
Iapetus oceanic crust could readily account for the 
Ordovician volcanic arc of Zone 2 and the Caledonian 
thermo-tectonic history of Zones 1 and 2. A further 
implication of an abduction model for Zone 3 is that 
thrusting of allochthonous sedimentary slices was a 
continuous process starting probably in the Arenig and 
continuing through the Silurian. It is possible there
fore that some of the tectonic deformation, which pro
duced the NE-SW to E-W trending cleavage and F1 folds, 
was diachronous as a result of cumulative abduction. 
Emplacement of the Galway Granite dated at 407 ± 6 Ma* 
(Leggo et al ., 1966) and of the Newry Granodiorite -
399 ± 21 Ma - post-dates the local D1 deformation. The 
age of later structures is uncertain, NE-SW trending 
F2monoclines produced a series of major steps of bedding 
and cleavage, which ascend northwestwards with flat 
lying limbs becoming dominant in that direction . NW -SE 
trending kink bands and F3 cross-folds with wavelengths 
up to 1 km are also important. Though some of the 
strike faults are probably pre-D 1 structures related 
to abduction, there is evidence for post-cleavage move
ments on many of these faults. 

Southeastern Plate 

A major angular unconformity is inferred on struc
tural grounds between the Cambrian of Zone 4 and the 
Precambrian of Zone 5 (Dhonau, 1972). The two deforma
tion phases and up to greenschist facies metamorphism 
of the Cullenstown Formation of Zone 5 is best corre
lated with the Monian orogenesis of Wales and the 
Cadomian of northwest France (Max, 1975). In compari
son to the Northwest Plate, the Caledonian cycle started 
much later, in early Cambrian times; and there is also 
a contrast in basement history. The Cambrian sediments 
of Zone 4 have been dated by acritarchs; the rocks con
sist of greywackes, siltstones and quartzites. The 
sediments appear to have been deposited in a basin 
(Leinster Basin) separated from the Welsh Basin by an 
Irish Sea Landmass lying within Zone 5. There is con
siderable evidence for derivation of turbidites and 
slumped quartzites from this landmass, with more distal 
basinal turbidites, suspension sediments and local basic 
volcanism lying further to the northwest (Crimes and 
Crossley, 1968; Brlick and Reeves, 1976) . In the Dublin 
region there is some evidence of derivation from conti
nental crust to the northwest (Brindley et al ., 1973; 
Bruck and Reeves, 1976). The Leinster basin may well 
have been an ensialic graben related to opening of the 
Iapetus Ocean to the northwest. In Zone 5, shallow
water Arenig conglomerates and siltstones, with a shelly 
Celtic Province fauna (Williams, 1969), rest unconform
ably upon the Precambrian basement and indicate the 
continued survival of the Irish Sea Landmass. To the 
northwest in Zone 4, the Cambrian passes conformably 
up into the Ordovician within a basinal siltstone facies, 
with local development of basic lavas and tuffs (Bruck 
et al . , 1974) and then conformably into the Silurian 
(Brlick, 1972). Atlantic Province Arenig graptolites 
have been found in the southeastern part of Zone 4, and 
Llanvirn graptolites of the same province have been 
found in the northern part of the Zone (Skevington, 
1974). The major feature of the Ordovician and Silurian 
rocks of Zone 4 is the development of a southeastern 
volcanic arc with a sedimentary arc to the northwest. 
There is a divergence of about 9° towards the west 
between the volcanic arc and the Iapetus Suture. In 

* (5.0 x 1010 half life is used throughout this paper) 

the northern part of Zone 4, Atlantic faunal province 
graptolites indicate that volcanism started locally in 
the Llanvirn; it became most widespread in the Caradoc 
when tholeiitic basic and intermediate eruptives formed 
islands associated with non-terrigenous sediment and 
local shelly faunas . There is no geochemical evidence 
for continental crust playing a role in the generation 
of these magmas. Volcanism is most extensively devel
oped further to the southeast in Zone 4 in a belt 
extending from Ark low to the Waterford coast (Stillman 
et al. , 1974). In Waterford pre-upper Llandeilo fault
controlled submarine basins developed probably on con
tinental crust of the type seen now immediately to the 
east. Volcanism produced large shield volcanoes with 
mixed tholeiitic and calc-alkaline basalts and andesites. 
After a hiatus marked by an unconformity further east 
and then by deposition of late Llandeilo limestones 
with shelly faunas, renewed fracturing and basin subsi
dence was accompanied by abundant calc-alkaline basaltic, 
andesitic and rhyolitic eruptions and intrusion of rhyo
litic sheets. Subseauently a series of more alkaline 
intrusions were emplaced. The late Silurian to early 
Devonian Leinster Granites were probably genetically 
related to the vo l canic arc . The arc appears to swing 
westwards and be represented by the acid and basic vol
canic rocks of Wenlock age in the Dingle Peninsula. 
The petrological and geochemical variations of the vol
canism as a whole, and the Kuroko-type mineralization 
associated with it at Avoca are consistent with a model 
of southeast directed subduction of Iapetus oceanic 
crust beneath an Andean-type arc built up on continental 
crust which was probahly thicker towards the southeast . 
The volcanic rocks of the main axis from Arklow to 
Dingle, pass into a basinal shale and turbidite sequence 
to the northwest (Cope, 1959; Doran, 1974) which extends 
up into the Lower Ludlow (Parkin, 1976). The turbidites 
show evidence of derivation from the volcanic arc; they 
also arrived at progressively later times towards the 
northwest, probably as a result of shallowing in this 
direction. In the Dingle Peninsula the Silurian passes 
up into a fluviatile facies within the Ludlow (Holland, 
1969) . Caledonian deformation in Zone 4 produced upright 
and asyinmetrical NE-SW trending folds with a steep axial 
planar cleavage. The intensity of deformation decreases 
towards the west where an E-W trend is seen. The Lein
ster Granites were emplaced after the first Caledonian 
deformation but are affected by later less intense 
Caledonian strain. These later Caledonian movements 
have produced some asymmetrical minor folds and crenu
lation cleavage. Faulting seems to be the most impor
tant form of Caledonian strain in the Arenig rocks of 
Zone 5. 
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APPENDIX 

Import ant gaps i n present research 

1. Seismic refraction line experiments to s tudy crustal 
structure and thickness . 

2. Drilling st r a tigraphic bore hol es in critica l areas 
e.g. Arenig of South Mayo, Cambrian of Dublin area. 

3. Detai l ed petrological studies to investigate Caledonian 
geotherma l gradients. 
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INTRODUCTION 

Th e Caledonian fold belt can be traced for more 
than 1300 km a long the east coast of Greenland between 
70° and 82°N (Fig. 17.3 ). At the partly exposed, 
west ern thrust boundary the fold belt comes into con
tact with unmetamorphosed Cambra -Si lurian foreland 
sediments in the north and with rocks of the Precambrian 
Greenland shi e ld further south. South of 70°N the fold 
belt is covered by Tertiary basa lts and in the east it 
i s bordered by a belt of l ate Pa l aeo zoic and Mesozoic 
sediments and the Greenland Sea . 

The fo ld belt is of a composite nature comprising 
pre-Caledonian as well as Caledonian e l ements. In the 
mo s t comprehens ive accounts of the fold be lt (Hal ler, 
1970, 1971) the main part of the metamorphic complexes 
are considered as being the deep - seated, mobile infra
structure of the Caledonian fold belt . The characteris
tics of the complexes are regarded as being essentially 

Ca l edonian in origin and the assoc i ated high-grade 
met asedimentary rocks are viewed as parts of the lat e 
Precambrian accumu lations, metamorphosed during the 
Caledonian orogeni c event. Recent work in the southern 
part of the fold belt (Henr i ksen and Higgins , 1976) and 
in particular the result s of radiometric dating suggest 
that ar eas of pre-Caledonian basement rocks are mor e 
widespread than earlier supposed. The new work from 
the southern part of the fold belt indicates that the 
metamorphic complexes retain characteris tics of severa l 
pre - Caledonian orogenic events and tha t some high-grade 
metasedi ments were metamorpho sed in pre-Caledonian time . 
North of 76°N the main part of the fo ld belt is formed 
by the Ca l edonian reactivated remnants of the presumed 
late Precambr ian Carolinidian fold be l t. 

In Figure 17.1 the apparent chronological succes
sion of events in the East Greenl and fold be lt is 
summarized according to the present knowledge. 
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Figure 17 .1. Provisiona l chronological scheme of depo s ition and orogeni c ev ent s 
represented i n the East Greenland fo l d belt. 

IGCP Projec t 27, Danish Contribution No. 1. 
Caledonian -Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978) . 105 



LATE PRECAMBRIAN-LOWER PALAEOZOIC GEOSYNCLINAL 
DEPOSI TS AND THEIR CALEDONIAN DEFORMATION 

~lajor developments of late Precambrian and early 
Palaeozoic non-metamorphic to slightly metamorphic 
sediment s are found in North-East Greenland and Central 
East Greenland . The two successions are developed in 
different ways, but both reflect accumu l at ions of geo 
syncl inal proportions which lat er became involved in 
Caledonian deformation. In the south between 71°30' -
76000'N a miogeosynclinal sequence outcrops which totals 
more than 17 000 m in thickness, and inc ludes presumed 
Upper Proterozoic, Eocambrian and Cambro-Ordovician 
sediments. In the north between 79°30 ' and 81°30 ' N an 
approximate l y 6000 m thick miogeosynclinal sequence is 
preserved in allochthonous Caledonian thrus t masses . 
The non- fossi liferous geosynclinal sequence in the nor th 
comprises presumed Upper Proterozoic to Eocambrian or 
Lower Cambrian rocks. A basal unconformity has not 
been found in connection with either of the geosynclinal 
sequences. The divi sion and the development of the 
deposits are shown in Figure 17.2. 

The main outcrops of the geosynclinal sediments in 
central East Greenland are found in two N-S trendi ng 
belts on both sides of a "Central Metamorphic Complex" 
between 72° and 74°N and in a NW-SE trending graben 
structure south of 76°N (see Fig. 17.3). In these 
areas the sediment s are only gently deformed in a 
seri es of open folds with usually vertical axial planes . 
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Figure 17. 2. Caledonian geosync l ina l deposits in the 
East Greenland fold belt (modified after 
Haller, 1971). 
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The deformation of the sedimentary sequence in the 
northernmost part of the fo ld belt (79°S0 '-81°30 ' N) is 
characterized by considerable l atera l shortening, with 
formation of thrust sheets and gliding nappes. The 
nappes partially overlap the autochthonous foreland 
sequence which l ocal l y is exposed in tectonic windows. 

METAMORPHIC COMPLEXES 

Major parts of the fold belt consist of comp l exes 
of infracrusta l gneisse s and migmatites, as well as. 
high- grade schistose and gneissose supracrusta l s. They 
include reworked units of pre-Caledonian basement 
gneisses and schists as we ll as metamorphosed equiva
l ents to the Caledonian geosynclinal deposits. 

"The Central Metamorphic Complex" occupies the 
inner fjord zone and part of the nunatak zone between 
70° and 74°N (Fig. 17.3). It comprises Archean infra
crustal complexes (e .g. the Flyverfjord complex) dated 
at c. 2500 - 3000 Ma, associated with and overlain by 
miogeosynclinal supracrus t a l sequences (e.g. the 
Krurnmedal sequence) which hav e yielded whole rock iso 
chron ages of c . 1000-1200 Ma. The pre -Cal edonian 
infracrusta ls and supracrusta l s were strongly fo l ded 
together during a middle Proterozoic orogeny at the 
same time as an extensive migmatization took place in 
some areas and syn- to post-kinematic acid intrusions 
were formed. During the Caledonian orogeny the complex 
was reactivated and partly superimposed by Caledonian 
mi gmatizat ion and p lutonism. In the south the compl ex 
is invo l ved in westwards directed, Ca l edonian thrust 
nappes. 

The region north of 76°N is a l so characterized by 
superimposed sets of folds, which are of infrastructural 
nature south of approximate l y 79°N and of a more super
fi cial nature further north. The older set of fo lds is 
by Haller (1961) referred to a pre-Caledonian event 
which was termed " the Carolinidian orogeny". The 
younger NNE-SSW trending pattern is described as formed 
during t he main phase of the Caledonian orogeny. The 
pre-Caledonian structures were refolded and the earlier 
rocks reactivated in the deep-seated infrastructural 
zone of the Cal edonian fold belt . 

Pre-Carolinidian geosync l inal sediments which are 
characterized by an ubiquitous distribution of basic 
si ll s and dykes are preserved in a low metamorphic 
form in parautochthonous thrust blocks in the northern
most part of the fo l d belt. Traced to the south the 
pre-Carolinidian metamorphic sediments r119rge into 
infracrusta l rocks. These infracrustal units inc lude 
not on l y migmat ized equiva lents of the pre-Carolinidian 
sediments, but a l so remnants of a pre -Carol inidian base
ment comp l ex yie l ding an age of c. 3000 Ma. The East 
Greenland fo ld belt north of 76°N thus contains element s 
from at least three orogenic events. The lat est of 
these, the Caledonian event, is generally reflected by 
the structural and plutonic r eactivation of t he older 
rocks units, and only in the region between 79°30 ' and 
81°30 ' N have l ate Precambrian geosync linal deposits 
been found. 

LATE OROGENIC PLUTONIC ROCKS 

South of 76°N the folded Caledonian geosynclina l 
sediments are cut by a number of granitic intrusions. 
Most of these are confined to the border zone between 
the metamorphic complexes and the fo lded non-metamorphic 
sediments. The granitic intrusions are mainly post
tectonic s tocks and batholiths, or thick sheet - formed 
bodies, which di scordantly cut the surround i ng formations. 
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Figure 17. 3. Main el ements of the Cal edonian fold belt i n Eas t Gr eenland. 
After A.K . Higgins, 1976 . 
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AGE OF CALEDONIAN OROGENESIS 
IN EAST GREENLAND 

The youngest preserved sediments in the Caledonian 
geosyncline in central East Greenland are of Middle 
Ordovician or perhaps lowermost Upper Ordovician age. 
After the Caledonian main orogeny the folded sediments 
were unconformably overlain by a thick sequence of 
Middle and Upper Devonian molasse deposits of Old Red 
Sandstone facies. The stratigraphical evidence for 
the age of the Caledonian main orogeny in central East 
Greenland thus places it in the interval between Middle 
Ordovician and Middle Devonian. A plausible assumption 
would be, that the main orogeny here occurred shortly 
after the deposition of the youngest preserved geosyn
clinal sediments, i.e. in latest Ordovician to Early 
Silurian time. 

In the northernmost part of the fold belt the 
structures are probably somewhat younger. Here Middle 
to (?) Upper Silurian sediments are found in the 
autochthonous foreland sequence, immediately capped by 
Caledonian thrust sheets. 

DEVONIAN-LOWER PERMIAN MOLASSE, 
AND DEFORMATION 

After the Caledonian main orogeny an intermontane 
molasse basin formed in East Greenland between 71° and 
74°N. More than 7000 m of coarse elastic red-coloured 
sediments of Middle and Upper Devonian age accumulated. 
A great deal of volcanic material in the form of lava
flows and tuffs is mixed with the sandstones in many 
places. Folding, thrusting and uplift disturbed the 
Devonian sedimentation in the northern part of the 
molasse basin. 

Following deposition of the youngest Devonian 
sediments a break in sedimentation in the Lower 
·carboniferous was caused by a deformational event, 
which affected mainly the Devonian molasse deposits. 
Continental deposition continued thereafter throughout 
Upper Carboniferous and into the Lower Permian. This 
succession totals 5000 to 6000 m of mainly elastic 
sediments which were deposited in intermontane basins. 
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MAPS 

Region 70°-72°N: Mapped (1968-72) for publication at 
scale 1:100 000 by the Geological 
Survey of Greenland (maps in prep.). 

" 

72°-76°N: Mapped by the Danish expeditions to 
East Greenland (Koch & Haller, 1971) 
and published at scale 1:250 000. 
Meddr. Gr¢nland, bd. 183. 

72°-82°N: Covered by a tectonic map at scale 
1:500 000 compiled by Haller (1970) 
from mapping by the Danish expedi
tions to East Greenland, Meddr. 
Gr¢nland, bd. 171, nr. 5. 

Whole fold belt: Covered by tectonic/geological map 
at scale 1:2 500 000 by the Geological 
Survey of Greenland (1970). 

APPENDIX 

Problems and topics/areas where research is needed. 

AREAS: The region 72°-74°N is accessible with charter 
plane to Mesters Vig airport. Internal transport in 
this region can be based on inflatable rubber boats. 
Fjords are ice free in August - mid September. All 
other regions are more difficult of access and work 
must mainly be based on helicopter support. 

PERMISSION TO WORK: All expeditions must formally 
apply to the Ministry for Greenland, Hausergade 3, 
1128 Copenhagen K. for permission to work in Greenland. 

TOPICS: 
Metamorphic and plutonic complexes. Detailed 
structural, stratigraphical, petrological and 
geochemical ~nve8tigations are needed in the 
area from 72 -76 N. 

Precambrian-Lower Palaeozoic geosynclinal deposits: 
Detailed sedimentological, stratigraphical and 
palaeontolog~cal 0 investigations are needed in the 
area from 72 -76 N. 

Carolinidian sector of the fold belt (76°-82°N). 
Very difficult accessibility. This part of the 
fold belt is almost unknown and remains to be 
mapped systematically. Therefore any investiga
tions in this part of NE Greenland are of general 
interest and important for confirming or rejecting 
the postulated existence of a special Carolinidian 
orogeny (1000 m.y. event ?) . 
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INTRODUCTION 

REGIONAL SETTING 

The Canadian segment (Figs. 18.1, 18.2) of the 
Appalachian Orogen encompasses an area of approximately 
106 km2, of which only one-third is presently above 
sea level. To the northwest, the Orogen is bounded by 
the crystalline Canadian Precambrian Shield with fring
ing, gent ly folded to flat-lying Paleozoic carbonates. 
To the southeast, the limit of the Orogen is covered 
by the Atlantic Ocean and submarine Cenozoic and Meso
zoic sediments of the continental shelves and slopes 
of Nova Scotia and Newfound l and. 

The Canadian Appalachians include six main rock 
assemblages: 

1. Older Precambrian rocks which underwent an 
orogenic event perhaps 1000 Ma ago, and which crop out 
today both in a median belt and al so as Grenvillian 
inliers along the western margin (Fig. 18.1). 

2 . Younger Precambrian, Cambrian, and Ordovician 
rocks that were deformed in some places during the 
Devonian Acadian Orogeny, and in other places also 
during the Ordovician Taconian Orogeny (Fig . 18.3). 

3. Silurian through Early Devonian rocks that are 
in some places post-orogenic continental sediments and 
volcanics, and in other places marine sediments deformed 
during the Acadian Orogeny (Fig. 18.4). 

4. Granitic batholiths of generally Devonian to 
Carboniferous age (Fig. 18.5). 

5. Carboniferous and Permian sedimentary and vol
canic rocks deposited generally in intermontane basins, 
usually fault -bound, and deformed during the Late 
Carboniferous Maritime Disturbance (Fig . 18.6). 

6. Late Triassic sedimentary and volcanic rocks 
preserved in a rift-zone developed after the Maritime 
Disturbance (Fig. 18.1). 

This paper is basically concerned with assemblages 
2 to 4, although both assemblages 1 and 5 are also 
discussed. 

TECTONO-STRATIGRAPHIC ZONES 

The Canadian Appalachians are divisible into a 
number of tectono-stratigraphic zones . Various schemes 
have been proposed (e.g. Poole, 1967; Belt, 1968; 
Williams, et aZ., 1972, 1974; Williams, 1976 and in 
press; Rast et aZ., 1976aandb; Church, 1977; Ruitenberg 
et aZ., 1977; and Keppie, 1977a). Whereas these zones 
may have provincial usefulness, extrapolation away 
from their area of definition has led to controversy 

IGCP Project 27, Canadi an Contribution No. 6. 
Ca ledonian-Appalachian Orogen of the North Atlantic Region; 
Geo l. Surv. Canada, Paper 78-13 ( 1978). 

(e .g. Rast et aZ., 1976a; Fyffe, 1977). In part, this 
is due to the varying widths of each zone . For example, 
the Dunnage Zone (see below) wedges out across Newfound
land because of the southwestward convergence of the 
Humber and Gander Zones (Fig. 18.3); the Avalon Zone 
is 550 km wide in Newfoundland but apparently only 25 km 
wide in southwestern New Brunswick; the Meguma Zone 
apparently terminates abruptly both to the northeast 
and to the southwest of Nova Scotia. In part the dif
ficulty in tracing laterally these zones arises from 
diachroneity of both deformation and metamorphism. The 
Taconian Orogeny, for example, was the major tectonic 
event in Quebec whereas in Nova Scotia its effect was 
minimal. Middle Paleozoic zones are very prominent in 
New Brunswick but absent in Newfoundland (Fig. 18.4). 
However, generalized tectono-stratigraphic zones at 
least of Early Paleozoic age may be traced considerable 
distances if the Orogen is taken as a whole (Fig. 18.1). 

The scheme of tectono-stratigraphic zones adopted 
in this paper on the Canadian Appal achians is an amalgam 
of Williams (1976) for the Early Paleozoic, Rast et aZ. 
(1976a and b modified) for the Middle Paleozoic (Siluro
Devonian), and Belt (1968) for the Late Paleozoic. In 
preview, distinct, continuous zones are most clearly 
defined by the Late Precambrian through Ordovician suc
cession (Fig . 18 .3). In Siluro-Devonian times the zonal 
pattern had changed (Fig. 18.4). Devonian deformation 
and plutonism (Fig. 18.5) obliterated this later pattern. 
During Carboniferous time a simple pattern of one com
plex, actively subsiding zone was created (Fig. 18.6). 
Brief descriptions follow of the Late Precambrian-Early 
Paleozoic (Fig . 18.3), Middle (Fig. 18.4), and Late 
Paleozoic (Fig. 18.6) frameworks. 

A. Late Precambrian-Early Paleozoic 
(Cambra-Ordovician) Zones 

Five Late Precambrian through Ordovician zones are 
distingui shed. They are listed below with, in paren
theses, the letters and names of the equivalent zones 
as distinguished in the earlier syntheses. The progres
sion is from the northwest to the southeast (Fig. 18.3). 

1. Hwnber Zone - The Western Margin of Early 
Paleozoic North America (=Lomond (A); Hampden (B); 
western part of the Fleur de Lys (C); Cloridorme). 

This zone records the Early Paleozoic construction 
and destruction of the eastern margin of North America. 
To the south, the Humber extends into the Valley and 
Ridge and a l so the Blue Ridge Provinces of the United 
States (Williams, 1976). To the northeast, the Humber 
Zone may continue as the Hebrides Zone of the British 
Caledonides (Williams, in press) where Lewisian base
ment of the Scottish Highlands is overlain by silici
clastics (the Torridonian) and then Cambro-Ordovician 
carbonates. The Moine/Dalradian area of the southeast
ern Highlands and equivalent rocks in Ireland are simi
lar in age, lithology, metamorphic grade, and structural 
style to the Fleur de Lys Supergroup of Newfoundland 
(Williams e t aZ., 1974). 
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r-:-1 Carboniferous cover rocks, LJ relatively undefonned. 
Triassic sedimentary and volcanic 
rocks with associ ated mafic 
intrusions . 

0 ~.eso2oic and younger cover rocks. 

r-:-1 Middle Ordovician to Devonian, mainly elastic sedimentary rocks deposited upon Ordovician LJ and older rocks (includes Carboniferous rocks in Southern Appalachians) . 

HUMBER ZONE DUNNAGE ZONE GANDER ZONE 
(HEBRIDES) (DUNDEE) (GREENORE) 

II Transported complexes, 
mainly ophiol itic. 

~ 
Ll 

laconic allochthons, mainly 
Cambrian to Middle Ordovician 
sedimentary rocks . 

Cambrian to Middle Ordovician 
carbonate sequence and 
overlying southeasterly-derived 
elastic sedimentary rocks. 

Late Precambrian to Cambrian 
mainly elastic sed imentary 
rocks and associated rift
fac1es volcan1c rocks, mostly 
in amphibol1te facies. 

Grenvi111an 1nl iers, corrrnonly 
retrograded and deformed by 
Paleozoic orogenesis. 

Cambrian to Middle Ordovtcfan 
marine fades volcanic rocks, 
slates, cherts, greywackes 
and melange. 

II Mainly ophtolite 
complexes. El 

Lower Ordovician and 
older elastic 
sedimentary rocks. 

Amp hi bo 1 i te faci es 
metamorphic rocks, 
mainly of unknown age 
and affinity. 

Figures 18. lA-D. Geologic map of the Appalachian Orogen through the 
Southern and Central Appalachians (lA), Northern and Canadian 
AppalacHians {lB, lC) with extension across Irish and British 
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Caledonides (lD). Map provided by Professor Harold 
modified from Williams and King (1977) and Williams (in 
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(, I... 

I+ I Mainly granitic intrusions 

AVALON ZONE 
(ANGLESEY) 

Cambrian to Ordovician 
shales with Atlantic 
tr1lob1te faunas 

Mainly Late Pre
cambrian sedimentary 
and Volcanic rocks . 

MEGUMA ZONE 

lower Ordovician 
and older grey
wackes and slates 

Figure 18. lA. 
Southern and Central 
U.S.A. Appalachians. 
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Figure 18.lC. 
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Figure 18. lD. Irish and British Caledonides. Legentj on page 112. 
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The Humber Zone i s characterized by a thick 
assemblage of geoclinal sediments with Grenville 
inliers (Figs. 18.1, 18.3) (Williams and King, 1977) . 
Tectono - strati graphic un its which may be followed 
from Newfoundland to Georgia are: 

1 . a miogeoclinal, Cambra-Ordovician carbonate 
succession (Rodgers, 1968); 

2 . crystalline inliers of Late Precambrian 
(Grenville) age; 

3. thick Late Precambrian and Ear ly Pa leozoic 
eugeoclina l siliciclastics; 

4. transported slices with associated melanges; 

5. ophio lite suites and smal l ultramafic plutons; and 

6 . a l ineament called the Baie Verte-Brompton Line of 
Newfoundl and and Quebec (Williams and St. Julien, 
1978), which may reappear as the Brevard Zone of 
the Southern Appalachians (Williams and King, 1977) . 

In Newfoundland, the Humber Zone (Figs. 18.1, 18.3) 
consists of continental bas ement f l anked to the south
east by eugeoc linal, and to the northwes t by miogeo
clina l sediments and transpor t ed units. The basement 
consists of approximately 1000 Ma Grenvillian rocks 
cut by northeasterly trendi ng mafic dykes. This com
plex is locally overlain by plateau basalts and a suc
cession of upwardly maturing s ilicicl as tic sediments . 
To the southeas t, the thick, eugeoclinal sediments 
(western part of the Fleur de Lys Supergroup) began to 
be deposited in the Late Precambrian. To the northwest 
of the basement complex, miogeoc lina l, Cambra-Ordovician 
carbonate-bank complexes are overlain by southeasterly 
derived siliciclastics, melange, and a variety of trans 
ported slices capped by ophiolite suites. The main 
s tructures of the zone are of Ear ly to Middle Ordovician 
age (Taconian) (Fig. 18 .8); however, eas terly parts 
were a l so involved in the Devonian (Acadian) (Fig. 18. 8) 
and Carboniferous (Alleghanian) deformations . Wil liams 
(1977) suggested that ocean-floor ophiolite complexes 
(e.g. the Bay of I s l ands Complex - Fig. 18.7) slid 
westwardly first over the initially undisturbed eugeo
clinal Fleur de Lys Supergroup, then the basement com
plex, and finally the miogeocline to the west. In turn, 
t ec tonic slices, conceivably from the eugeocline, were 
thrust westwardly as far as the miogeocline duri ng the 
Middle Ordovician (Fig. 18. 8) (Williams et al ., 1974). 
In general, the eugeocline experienced intense poly
phase deformation, granitic to ultramafi c intrus ion, 
and metamorphism to the amphibolite facies. These t ec 
tonic events were of Middle Ordovician age in the west, 
but possibly Siluro-Devonian i n the east (Williams, 
1977) . Bursnall and de Wit (1975) believed that final 
metamorphism and deforma tion did not occur until the 
Devonian. The -eastern margin of the Humber Zone in 
Newfoundland is drawn at the Baie Verte Lineament 
(Fig. 18 .1), a steep s truc tural belt marked by deformed 
ophiolites and mafic volcanic rocks, and interpreted 
as the ancient continental margin - ocean interface 
(Williams and King, 1977) . 

In Quebec, the autochthonous success ion of western 
Newfoundland (i.e. the Grenville basement and Cambro
Ordovician carbonates and sil icic l as tics) is hidden 
a lmost entirely under extensive structural cover of 
thrust s lices transported during the Taconian Orogeny 
(Fig . 18.9). The Lomond Zone equivalent (the Cloridorme 
Zone - Fig. 18.3) consists of autochthonous and parau
tochthonous shelf, flysch, and r egressive successions 
west of Quebec City. The Hampden Zone of Newfoundland 
may appear as imbricated thrusts of shelf and flysch 
units in the "external domain" of St. Julien and Hubert 
(1975). The Fleur de Lys equivalent may by Lower 
Cambrian e lastic carbonates, Cambrian s iliciclas t ics, 
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Upper Cambrian to Lower Ordovician sha le and carbonat e 
conglomerates, and Middle Ordovician shale and carbon
ate t hat now occur in nappe structures south of the 
St . Lawrence River from Gaspe to beyond Montreal . The 
emplacement of these nappes started in the early Middle 
Ordovician, and they were in turn fo lded by the end of 
the Middle Ordovician (St . Julien and Hubert, 1975) 
(Fig. 18.9). These transported sedimentary slices 
emp l aced during the Middle Ordovician Taconian Orogeny 
are the dominant structural feature of the Quebec 
Appalachians . The southeastern limi t of the Humber 
Zone in Quebec i s drawn at the Brampton Line - a con
tinua tion from Newfoundland of the Baie Verte Li neament 
(Williams and St. Julien, 1978) . 

2. Dunna.ge Zone - A scar of the Earl y Paleozoic 
Atl antic (= eastern part of the Fl eur de Lys (C); Notre 
Dame (D); Exploits (E); Botwood (F); Miramichi). 

The Dunnage Zone r ecords the development of the 
Early Pa l eozo i c (Cambrian through Middle Ordovician) 
oceanic crus t and island arcs . 

The zone is characterized by its assemblage of 
relative l y weakly deformed and metamorphosed remnants 
of oceanic plate, island arcs , and subduction-related 
melanges. Figure 18.1 shows that the zone can be traced 
in a discontinuous manner from the southern United 
St ates, through Atlantic Canada and Ireland to Britain 
as the Dundee Zone (Wi ll iams, 1976 and in press; Williams 
and King, 1977) . 

I n Newfoundland, the Dunnage Zone consists of 
Cambra-Ordovician, mainl y mafic, volcanics with cherts, 
s l ates, greywackes, and minor carbonat es . These are 
s t acked in a shoaling succession from lowermost mafic 
dykes, gabbros, and pillow lavas upward through marine 
cherts and turbidites i nto pyroclastic and volcaniclas 
t ics capped by carbonate and subaerial tuffs. The 
wes t ern margin (Notre Dame Zone) i s marked by ophiolite 
sui t es - e .g. the Betts Cove compl ex (Fig. 18.8) which 
presents a slice through the Early Paleozoic oceanic 
crust. Mattinson (1975) cl aimed that this ophiolite 
was formed perhaps 45 Ma (at 463 Ma - Late Ordovician) 
after the Bay of Islands ophiol ite (at 508 Ma - earliest 
Ordovician). The central area (Exploits Zone) includes 
the Dunnage Melange (Kay, 1976) which may r epresent an 
anc ient oceanic t rench- slope deposit to the east of an 
island arc . This mel ange contains Tremodocian matrix 
and Arenig clasts, which according to Hibbard et al . 
(1977), sugges ts slumping from a trench s lope. The 
eas t ern marg in (Botwood Zone) is marked by discontinu
ous mafic-ultramafic plutons. Ages of volcanic rocks 
in the Dunnage Zone are 440- 450 Ma (Ordovician-Silurian 
boundary) or older which is the same time limit as for 
the emplacement of the west Newfoundland allochthons . 
Although the overlying Silurian rocks are markedl y dif 
ferent in lithology (as described below), the Acadian 
Orogeny produced the so l e penetrative deformation 
(Williams et al ., 1974 ; Kennedy, 1976) . Th e Dunnage 
Zone pinches out i n southwestern Newfoundland where 
only a narrow belt of mylonite (Cape Ray Suture) sep
ara t es the Hurriber from the Gander Zone. 

In the Quebec Appalachians, the Dunnage Zone 
appears as an assemblage of ophiolite, shale melange, 
s l ate, sandstone , tuff, and ca l calkaline volcanics that 
crop out south of Qu ebec City . The ophiolite may rep
resent the old, pre-Midd l e Ordovician oceanic crust. 
Thi s assemblage was thrust wes tward to be imbricated 
a long major thrust faults i n one of the last spasms of 
the Taconian orogeny (St. Ju l ien and Hubert , 1975) 
(Fig. 18 .9). 

In northwester n New Brunswick, Botwood Zone equiv 
alents appear to be present (Rast et al ., 1976a). A 
similar lithologic but more comp licated succession 
includes a basal ophiolite sequ ence (Pajari et al., 
1975) overlain by a melange-turbidi te compl ex of presumed 



Early or Middle Ordovician age, then pillow l avas and 
more turbidites, capped by Silurian rocks (Fig. 18.10). 

3. The Gander Zone (= G) - The Continental Rise 
of the Avalon Microcontinent. 

The Gander Zone consists of Precambrian basement 
overlain by a eugeoclinal wedge whose sediments were 
derived from the Avalon Zone to the southeast. 

The zone is a polydeformed, pre-Middle Ordovician, 
eugeoclinal mass of sediments resting on Precambrian 
gneissic basement. The complex was deformed and intruded 
by distinctive garnetiferous granites at 570 Ma, during 
the Ganderian (formerly Avalonian) Orogeny (Kennedy, 
1976). To the southwest, the eugeoclinal sediments 
may reappear in the Miramichi Zone of New Brunswick 
(Fig. 18 . 3) and the gneissic basement complexes of 
Maine and possibly Virginia and North Carolina 
(Charlotte Belt) (Fig. 18.1); the distinctive garneti
ferous granites may be followed to Florida (Kennedy, 
1976). Transatlantic, the Gander Zone may continue as 
the Greenore Zone of southern Ire l and and England 
(Fig . 18.1) (Williams, in press). 

In Newfoundland, the Gander Zone consists predom
inantly of Late Precambrian siliceous turbidites, the 
Gander Lake Group, which is similar in many respects, 
except for time of deformation, to the Fleur de Lys 
Supergroup - its mirror-image in western Newfoundland. 
These eugeoclinal sediments of the Gander Zone are 
intruded by 570 Ma (Early Cambrian) granites which are 
important in establishing the Ganderian Orogeny (Kennedy, 
1976) . However, Bell et al. (1977) have established 
ages of 420-355 Ma (Acadian - Early Devonian through 
Early Carboniferous) for at least some of these granites. 
They find very little evidence for either Precambrian 
plutonism or for Precambrian deformation in the Gander 
Zone. Moreover, Strong et al. (1974) interpret defor
mation of the eugeoclinal succession to metamorphic 
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f - Frederic ton 
h - Halifax 
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activity at the plate margin of an easterly dipping 
subduction zone. To the southeast, the Gander Zone is 
separated from the Avalon Zone by the Dover-Hermitage 
fault (Figs. 18.1, 18.2), with movement indicated during 
the Hadrynian and again in the Devonian (Blackwood and 
O'Driscoll, 1976). A pluton that straddles the zone 
boundary sets a minimum age of 345 Ma (Visean) for 
both the juxtaposition of the two zones, as well as for 
the age of metamorphism (Bell et al., 1977). 

In northeastern Nova Scotia, the Gander Zone has 
been extended across northern Cape Breton Island (Neale 
and Kennedy, 1975). Here, these rocks (Fourchu? Group 
of Wiebe, 1972) rest on marble, gneiss, and schist of 
the George River Group (Milligan, 1970). The George 
River and equivalent in New Brunswick, the Greenhead 
Group, are the oldest rocks in the area, and are believed 
to be the base of the Avalon Zone in general. 

The Gander Zone may continue into north-central 
New Brunswick as the Miramichi Zone. Polydeformed, mod
erately metamorphosed, Ordovician turbidites and andesi
tic to rhyolitic volcanics overlie quartz arenites with 
Arenigian fossils (Neuman, 1972), which are above schists, 
and gneisses. Garnetiferous granites intrude the com
plex. Rast et al. (1976b) interpret the Miramichi to 
be an ensialic volcanic arc. However, Fyffe (1977) 
advises caution because the Miramichi Zone differs sig
nificantly from the Gander of Newfoundland. Most impor
tantly no certain Precambrian continental basement is 
exposed, the paragneiss being the re""1lt of a Paleo
zoic metamorphic event, and intruded granites are 
Early Ordovician. 

4. Avalon Zone (= H) - The Remnant of a Microcontinent 
This was a late Precambrian and Early Paleozoic 

microcontinent. The Avalon Zone is characterized by 
Late Precambrian volcanic and sedimentary rocks cut by 
granites and overlain unconformably by gently dipping 

~-
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bi - Bay of Islands 
be - Betts Cove 
gf - Glooscap Fault 

dhf - Dover-Hermitage Fault 
sj - St. John ' s 

Figure 18.2. Geographic map of the Canadian Appalachians showing localities mentioned in text. 
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Figure 18.3. Distribution (patterned) of Precambrian, Cambrian, .and Ordovician rocks in the Canadian 
Appalachians (modified from Figure l ·in Williams and King, 1976). Capital letters and 
thick lines designate the five major zones of Williams (1976). Lower-case letters and 
thin lines designate Cambre-Ordovician zones in Quebec and New Brunswick (after Rast 
et al., 1976b), and Newfoundland zones: a - Lomond; b - Hampden; c - Fleur de Lys; 
d - Notre Dame; e - Exploits, f - Botwood; g - Gander; and h - Avalon, (after Williams 
et al., 1974). i - Meguma Zone. 

Figure 18.4. Distribution (patterned) of Silurian and Devonian rocks and tectono-stratigraphic zones 
in the Canadian Appalachians. g - c = Gaspe-Connecticut Zone. The heavy, broken line 
along the top of the figure marks the northwestern limit of Appalachian deformation. 
Distribution of rocks is modified from Figure 18.1. 



Cambra-Ordovician shallow-water sediments containing 
Acado-Bal tic faunas. Figure 18 .1 shows that the zone 
can be traced southwestward to Massachusetts and even 
farther south to the Carolina Slate Belt of Virginia 
and the Carolinas, and northeastward to Wales as the 
Anglesey Zone (Williams, in press). The northern part 
of Bri tanny in northwestern France is a further 
extension. 

In Newfoundland, the Avalon Zone consists of Late 
Precambrian volcanic and sedimentary rocks overlain by 
shallow-water, Cambra-Ordovician sediments. The late 
Precambrian succession starts with Hadrynian subaerial 
volcanics and minor sediments, and continues with a 
flyschoid facies including minor volcanics, a tillite 
layer (Bruckner and Anderson, 1971), as well as oceanic 
tholeiite (Strong, in prep.). There is next an angular 
unconformity which indicates the Ganderian (formerly 
Avalonian) Orogeny. Above the unconformity are late 
Precambrian rocks of molasse-type facies, followed by 
shallow-water Cambrian shales and Lower Ordovician 
sandstones and shales with oolitic hematite (Rast et 
al., 1976a). The basement of the Avalon Zone is unknown 
in Newfoundland_ but it may be present in Nova Scotia 
and New Brunswick (Kennedy, 1976). 

The successions in the Avalon Zone of Cape Breton 
Island and southern New Brunswick are remarkably simi
lar. In both areas, the succession consists of marble, 
gneisses, and schists overlain by volcanic rocks. In 
New Brunswick, the marble (Green Head Group) has been 
dated as Neohelikian or older (Hoffman, 1974) and the 
overlying volcanics (the Coldbrook Group) at 750 ± 30 Ma 
(Cormier, 1969). These volcanics are mainly acidic and 
characterized by felsic flows and subaerial tuffs in 
the western two-thirds of the area, and intercalations 
of marine arkose, siltstone, and conglomerate in the 
eastern third (Giles and Ruitenberg, 1977). 

5. The Megwna Zone (=I) - Western Margin of Gondwana. 
The Meguma Zone (Fig. 18.3) is characterized by 

the Cambra-Ordovician Meguma Group - a eugeoclinal com
plex with no exposed basement. The group is overlain 
conformably by relatively thin Silurian and Lower 
Devonian paralic sediments, and intruded by large 
Devonian and Early Carboniferous granitic plutons. 

This zone is interpreted by the author as a con
tinental embankment, probably of Gondwana. The Meguma 
cannot be traced either southwestward or northeastward. 

B. Middle Paleozoic (Siluro-Devonian) Zones 

Tectono-stratigraphic zones evident during Silurian 
and Devonian times are six in number, two of which (the 
Avalon and Meguma Zones) continue from the earlier 
framework. The remaining four zones (the Gaspe-Connecticut, 
Matapedia, Chaleur, and Fredericton Zones) (Fig. 18.4) 
are smaller in size than the older ones. Perhaps as 
a consequence of this, as well as the complexities of 
the Devonian Acadian Orogeny, the Siluro-Devonian zones 
can be traced only in part to the southwest of New 
Brunswick and not at all to the northeast . 

C. Late Paleozoic (Carboniferous-Permian) Zones 

The Carboniferous-Permian tectonic framework is 
relatively simple (Fig. 18.6). The Fundy Basin con
tains a number of horsts that in part supplied large 
volumes of sediments to intervening, intermontanebasins. 
Relatively thin sedimentary units extended both to the 
northwest and southeast. As discussed below, the Fundy 
Basin has been interpreted by various workers as a 
rift-zone, a shear zone, and an aulacogen. Interest-. 
ingly, the southern border of the basin was reactivated 
during the Mesozoic to preserve a Late Triassic succes
sion (Fig. 18.1); today, much of this area is again 
flooded by the sea. 

RADIOMETRIC AGE DATES 

The geochronologic scale is being changed to con
form with the decay constants selected by the I.U.G.S. 
Subcommission on Geochronology (Steiger and Jaeger, 
1977). The chosen constants are 

f. (87 Rb) = 1.42 x 10-l\-l, A (40k -) = 4.962 x 10-lOY-l, 
p 

and f. ( 40K) + f. 1(40K) = 0.581 x 10-lOY-l. 
e e 

The resulting geochronologic scale sets beginning ages 
(in Ma) for the following units: H_adrynian 900; 
Cambrian 595; Early Ordovician (Tremadocian) 512; 
Middle Ordovician (Llanvirnian) 475; Late Ordovician 
(Caradocian) 465; Silurian (Llandoverian) 444; Early 
Devonian (Gedinnian) 420; Siegenian 415; Emsian 399; 
Middle Devonian (Eifelian) 395; Late Devonian (Frasnian) 
385; Early Carboniferous (Tournaisian) 370; Late Car
boniferous (Namurian) 340; Permian 290 (calculated by 
Dr. J.D. Keppie, Leader, Deformation Working Group, 
Canadian IGCP Caledonian Orogen Project). This scale 
will be used in this paper; however, most references 
do not give sufficient data to recalculate dates of 
individual samples. Such a recalculation would certainly 
be within the error range and well within five per cent 
of the given date (Dr. M. Zentili, pers. comm.). Cer
tainly dates cited in the older literature should be 
used with caution, as well as those in this paper which 
were calculated by constants different than those of 
Steiger and Jaeger (1977). Where an isotopic date is 
not given here, the age of the unit has been determined 
by biostratigraphy and/or field relations. 

GEOLOGICAL EVOLUTION 

LATE PRECAMBRIAN (>1200-595 Ma) 

Highly metamorphosed, presumably Helikian, miogeo
clinal assemblages are exposed in the Avalon Zone of 
eastern Newfoundland, Cape Breton Island, and southern 
New Brunswick. Deformation was during continental col
lision approximately 1000 Ma ago, and widespread magma
tism may be due to reactivation of an older basement 
(Dewey and Burke, 1973). At this time, a supercontinent 

may have been assembled, consisting of Africa, North 
America (with Grenville Orogen), Fennoscandia (with the 
Dalslandian Orogen), and Western Europe (with the 
Pentevrian Oro gen of Brittany) (Schenk, 1971, Stewart, 
1976). In general, Strong (in prep.) interprets the 
overlying Hadrynian succession of the North Atlantic 
region as representing a long-lived, continental exten
sion leading to eventual, large-scaled rupture and the 
development of the Paleozoic Atlantic. 

In both Nova Scotia and southern New Brunswick, 
Hadrynian rocks, dominantly subaerial volcanics with 
minor sediments, are lithologically similar and presum
ably broadly equivalent in age to Hadrynian units of 
the Avalon Peninsula of Newfoundland. Was the paleo
environment one of compression with subduction and vol
canic arcs, or one of tension with rifting, and ocean
floor spreading? Murphy (1977) interpreted the Nova 
Scotian equivalent (the Fourchu Group) as a Japan-type 
island arc, as did Dewey (1969), Helmstaedt and Tella 
(1973), and Rast et al. (1976a). Giles and Ruitenberg 
(1977) interpreted the New Brunswick equivalent (the 
Coldbrook Group) to deposition along the margin of an 
intracratonic basin (or possibly continental margin) 
over an intracratonic rift zone. Rast et al. (1976a) 
interpreted the Coldbrook and Fourchu, and other 
Hadrynian volcanics from Carolina to the British Isles, 
as an ensialic island arc succession along the flank 
of the Avalon microcontinent. Schenk (197i) considered 
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the Hadrynian volcanics of the Avalon to have formed 
in a rift zone produced by the initial separation of 
the microcontinent during post-Grenville rifting of 
North America and Africa - i.e. during the earliest 
stage of the development of the Paleozoic Atlantic. 
In Newfoundland, Papezik (1972) interpreted the vol
canics there as due to block faulting related to rift
ing, although Hughes and Bruckner (1971) interpreted 
the same rock as of island-arc origin. 

In southeastern Newfoundland, Hadrynian flyschoid 
units conformably above the volcanics may be equivalent 
to the bulk of the Gander Group to the west. The latter 
may be related to subduction before the proposed 
Ganderian (Avalonian) Orogeny (Kennedy, 1976). The 
flyschoid sediments include tillite (Bruckner and 
Anderson, 1971) which may also occur farther west in 
the Fleur de Lys Group (Church, 1969) . King (1977) 
interpreted the paleogeography of ·the Avalon as belong
ing to a partly marine, basin-and-range domain within 
a wide distentional belt. Marine sedimentation of the 
flyschoid deltaic units around a volcanic terrane led 

"to eventual infilling of the basin. Intermittent depo
sition of volcanic ash was followed by alluvial fans 
issuing from a rising mountain front to the north. The 
Late Hadrynian and Cambro-Ordovician environments were 
tidal to offshore. Strong (in prep.) notes the occur
rence of continental alkali basalts and oceanic 
tholeiites within flyschoid sediments of the Avalon 
Zone. He suggests that the long-lived, Hadrynian con
tinental extension led to local rupture and small sea
floor spreading of several presently separated areas 
of the North Atlantic area - e.g. Anglesey, Lizard 
Peninsula, southern Brittany, the Iberian Peninsula, 
and northwest Africa. These areas may have been parts 
of the late Precambrian supercontinent mentioned above. 

In southeastern Newfoundland, evidence for an 
Early Cambrian orogeny is disputed . An angular uncon
formity above, and metamorphism of older units below, 
were interpreted by Kennedy (1976) as caused by the 
Ganderian Orogeny, whereas Strong attributes them either 
to activity related to a southeasterly dipping subduc
tion zone (Strong et al., 1974), mild compression, or 
to foundering and collapse of the thick basaltic pile 
of underlying units (Strong, in prep.). Foliated grani
tic plutons that cut the Gander Group are significant 
in this argument. On field evidence, Kennedy (1976) 
related them to 573 Ma granites which intruded the 
eugeoclinal Gander Group and were foliated by the 
Ganderian Orogeny. Bell et al. (1977) have dated some 
of these foliated granites at 420 to 345 Ma old (i.e. 
Devonian-Early Carboniferous) and concluded that there 
is very little evidence for either Precambrian deforma
tion or for Precambrian plutonism, and that the Ganderian 
Orogeny must be significantly younger than Hadrynian. 
Rast et al. (1972a) agreed that within the Avalon Zone 
there is little evidence of deformation, but that tec
toniG activity was intense both northwestward in a 
behind-the-arc basin, and also southeastward (the 
Cadomian event of Brittany, and possibly also Pan 
African, Rifian, and Demaran orogenies). Strong coun
ters that the irregular timings may not indicate any 
major continental collisions. Overlying redbeds with 
subaerial, acidic pyroclastics and basalt/rhyolite were 
attributed by Kennedy (1976) to post-orogenic molasse 
after the Ganderian Orogeny, and by Strong (in prep.) 
to continued Hadrynian tension. Diabase dyke swarms 
dated at 600 Ma (Stukas and Reynolds, 1974) with 
tholeiitic lavas signal ultimate rifting and the birth 
of the Paleozoic Atlantic. 

CAMBRIAN 

In the Quebec Appalachians, siliciclastics from 
the Canadian Shield were carried across a presumed 
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carbonate miogeocline to build a thick eugeocline of 
turbidites, conglomerate, and periodically, carbonate 
breccias (Fig. 18.9) (St. Julien and Hubert, 1975). 
Trilobites in carbonate clasts are of North American 
affinity. In the Humber Zone of northwestern Newfound
land, a somewhat similar geoclinal assemblage with the 
addition of the preserved carbonate miogeocline, again 
has North American trilobites. There, the succession 
passes southeasterly into a presumed island-arc complex 
of basic and acidic volcanics and oceanic crust (Strong, 
1978). In latest Cambrian or earliest Ordovician time, 
the Newfoundland section underwent orogenic deformation 
producing recumbent-fold complexes and moderate-grade 
metamorphism (Kennedy, 1976). Deformation and metamor
phism decrease southeasterly into the island-arc vol
canics (Poole, 1976). Small ultramafic bodies emplaced 
early in the orogeny may be related to subduction 
(Stevens et al., 1974). 

The Avalon Zone was platformal in character through 
the Cambrian, and contains Acado-Baltic faunas . Thin, 
diachronous, paralic quartz meta-arenites record flood
ing by the Cambrian sea. Overlying lithologies are 
shales and thin stromatolitic carbonates (Poole, 1976). 

CAMBRO-ORDOVICIAN: THE MEGUMA GROUP 

The Meguma Group (Fig. 18.10) forms the bedrock of 
almost all of Nova Scotia south of the Glooscap Fault, 
as well as the foundation of the offshore Scotian Shelf 
(King and MacLean, 1976) - a total area of approximately 
125 x 103 km2 . The thickness of the Group may exceed 
14 km, and if folding and strain are considered, the 
volume of the Meguma may exceed 4 x 106 km3 (Schenk, 
1976; Zentilli and Schenk, in prep.). The group con
sists of quartz metawacke turbidites interstratified 
with black slate - the basal half (Cambrian) being 
mainly thick turbidites, the upper half (Ordovician) 
mainly black slate; however, the two lithologies are 
complexly intercalated. 

Southeasterly derived quartz metawacke turbidites 
and slates of Cambrian age are overlain by thin turbi
di tes and Tremadocian slate of a shoaling succession 
from abyssal plain to continental rise to outer shelf 
origin (Schenk, 1976). In northwestern Nova Scotia, an 
abrupt, vertical change in lithology occurs. Slates of 
the upper Meguma Group are overlain conformably by quartz 
arenites, paraconglomerates, and thick volcanics, all 
of Caradocian age or younger. Schenk (1972) interpreted 
the paraconglomerate as possible tillite related to 
Saharan glaciation; Lane (1978) traced the paraconglom
erate for 230 km and attributed the paralic assemblage 
of quartz arenites and shales to glacio-eustatic changes 
in sea-level _. If these sediments are glaciogenetic, 
they indicate not only proximity to northwest Africa, 
but also that the underlying slates of the upper Meguma 
Group encompasses the Ordovician System. If the Taconian 
Orogeny did not affect the Meguma Zone, one explanation 
could be that during the Late Ordovician, this zone was 
not yet part of North America. However, the presence 
of dropstones do not necessarily mean close proximity 
to an ice sheet - the seafloor off Newfoundland, today 
1400 km from the nearest ice-sheet (Greenland), receives 
vast amounts of glacial erratics from floating icebergs. 

Preliminary strain-analysis indicates that rotation 
of primary sedimentary structures during folding was 
considerably less than the paleocurrent variability 
inherent in the sedimentologic model (Zentilli et al., 
1977). Slates of the Meguma Group were regionally meta
morphosed approximately 412-400 Ma ago (Early Devonian) 
Reynolds et al., 1973, Reynolds and Muecke, in press), 
and intruded, after upright folding, by granitic plutons 
with cooling dates culminating at approximately 370-
360 Ma. 



Schenk (1970b, 1975) has interpreted the Meguma 
Group as a eugeoclinal complex of a deep-sea fan and 
overlying continental rise. The source area was a 
deeply eroded, metasedimentary-metaigneous terrane 
located to the present southeast (Schenk, 1970b). This 
source area was continental in dimension if the great 
volume of sediment is considered. The environment of 
deposition is envisioned as a passive, Atlantic-margin 
type, not unlike that of the present Hatteras fan. 

During the Cambrian (?and latest Hadrynian), the 
Meguma Zone was a continental rise complex of deep-sea, 
coalescing fans (Schenk, 1975). The turbidites show 
large-scaled rhythms (Harris and Schenk, 1976). The 
source area to the southeast was presumably either the 
Saharan Shield (Schenk, 1972, 1975), Western Europe, 
or possibly the Guyanan Shield. That part of the Meguma 
Group not now against North America, as well as its 
shelf-equivalent, remains either in northwestern Morocco, 
in the southern or western Iberian Peninsula, in west
ern France, or in western Colombia, as discussed below. 
One of my models for the entire Cambrian through Lower 
Devonian stack in the Meguma Zone is a continental 
embankment as defined by Dickinson (1974). Such a fea
ture forms on a passive, Atlantic-type margin if elastic 
sediment from the rifted margin is so voluminous that 
progradation leads to a building-up of the continental 
rise, and a building-out of the continental slope. 
Three main depositional phases result (Burke, 1972): 
a basal phase of sandy turbidites (here, the Cambrian) 
deposited near the toe of the embankment; a middle phase 
of mainly shaly rocks (the Ordovician) deposited on the 
advancing frontal slope of the embankment; and an upper 
phase of mainly sandy, paralic strata (the Silurian
Lower Devonian) deposited along the prograding outer 
edge of the top of the embankment. The complex was 
affixed to the Avalon during the Acadian Orogeny. 
Oceanic volcanics and ultramafics are not known in the 
Meguma Zone. 

ORDOVICIAN 

(a) Humber Zone. This period saw the greatest 
plate activity in the Appalachians. In Quebec, flysch 
deposition continued through the Early Ordovician, but 
by late Early Ordovician time, subduction resulted in 
volcanic-arc melanges (Fig. 18.9). Allochthons 
were finally emplaced during the early Late Ordovician 
onto the Humber Zone. This, the Taconian Orogeny, is 
responsible for almost all of the deformation in Cambro
Ordovician rocks of the Quebec Appalachians (St. Julien 
and Hubert, 1975). 

In northwestern Newfoundland, a sub-Middle Ordovi
cian unconformity marks at least 100 metres of uplift 
of the carbonate bank. The Cambra-Ordovician platform 
and its karstic unconformity is associated with 
"Mississippi-Valley type" zinc deposits. These charac
teristics can be followed from Norway, through Greenland, 
Scotland, and Newfoundland, to Alabama (Swinden and 
Strong, 1976). After this upwarp, the miogeocline sank, 
perhaps to oceanic depths, and was covered by flysch 
wedges from the east. The advent of flysch is dia
chronous: Early Ordovician in the east and early Mid
Ordovician in the west of Newfoundland, and late Middle 
Ordovician in Gaspe and New York State (Williams and 
Stevens, 1974). In Newfoundland, the flysch was bor
dered to the southeast by in turn: an ophiolite belt, 
an island arc, and melange of a subduction zone (Poole, 
1976). Tectonic slices were driven from the southeast, 
beginning in the Early Ordovician and culminating in 
the mid-Ordovician so that a completed stack of slices 
was emplaced on the Humber Zone in the final stages of 
gravity sliding, in which the rocks on each higher 
slice are stratigraphically older and more easterly 

derived than those below (Williams, 1975) . Reefal car
bonates of Middle Ordovician age cap the succession. 

(b) Dunnage and Gander Zones. Middle Ordovician 
volcanics throughout these zones are mainly the result 
of island-arc activity (Poole, 1976). In northwestern 
Newfoundland, the 45 Ma difference in the ages of ophio
li te or ophiolite-related rocks suggested to Mattinson 
(1975) that the present exposures of ophiolite did not 
originally form one continuous ocean-plate. Instead, 
he pictured a Late Cambrian, narrow rift to form the 
Bay of Islands ophiolite (Fig. 18.2 and 18.3) which 
later abducted during ocean-floor closing in the Early 
Ordovician. The Betts Cove ophiolite (Figs. 18.2 and 
18.8) would have formed after Middle Ordovician rifting, 
and was in turn abducted during the Middle Devonian. 

In northwestern New Brunswick, subduction is evi
dent in a melange-turbidite complex of presumed Early 
or Middle Ordovician age which is overlain by Upper 
Ordovician pillow lavas and turbidites (Rast et al., 
1976a). During the Late Ordovician, the island-arc 
complex was deformed and eroded both in New Brunswick 
and adjacent Maine. A subduction zone may have existed 
southeast of this deforming belt, and continued north
easterly across Newfoundland. In central New Brunswick 
and adjacent Maine, thick quartz arenite with a shelly 
fauna of Early Ordovician age suggests that this area 
may have been underlain by crystalline basement (Poole, 
1967) . 

In general, by Middle Ordovician time, the Paleo
zoic Atlantic between the Humber and Avalon Zones was 
a narrow trough which from that time on became infilled 
with terrigenous detritus. Much of the deformation and 
magmatism now observed was the result of final closure 
which concluded by the end of the Carboniferous. 

(c) Avalon Zone. The Lower Ordovician of south
eastern Newfoundland is characterized by shallow-water 
siliciclastics. The northeastern part of mainland Nova 
Scotia exposes the enigmatic Browns Mountain Group. 
This unit is an Hadrynian pile of volcanic, pyroclastic, 
and sedimentary rock that is similar in succession to 
the Middle Cambrian Bourinot Group of southeastern Cape 
Breton Island and the Late Precambrian Harbour Main and 
Love Cove Groups of southeastern Newfoundland. The 
Browns Mountain was intruded by Hadrynian (.582 Ma) and 
younger plutons. Benson (.1973) interpreted the Browns 
Mountain as an Ordovician arc complex. 

SILURO-DEVONIAN 

In general, the Silurian rocks of Atlantic Canada 
are considerably different in lithology to those of the 
underlying Ordovician, and often the two systems are 
separated by an angular unconformity. 

This general change in regime in Atlantic Canada 
is usually attributed to the Middle to Late Ordovician 
Taconian Orogeny. In central Newfoundland, Silurian 
conglomerates and continental redbeds overlie marine 
Ordovician strata. In the Gaspe-Connecticut Zone of 
the Quebec Appalachians (Fig. 18.4), Siluro-Devonian 
volcanics and sediments unconformably overlie Ordovician 
and older rocks. The depositional and structural trend 
of this younger succession crosses earlier Ordovician 
structures, including the Brampton Line (Williams and 
St. Julien, 1978). In Gaspe and New Brunswick, the 
Matapedia Zone (Fig. 18.4) features oceanic floor over
lain by Ordovician and Silurian calcareous turbidites 
that remained undisturbed until Early Devonian time 
(Rast et al., 1976b). The Fredericton Zone (Fig. 18.4) 
has Siluro-Devonian mafic volcanics and turbidites 
unconformably overlying Ordovician black slates and 
pillow lavas which were severely deformed during Late 
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Figure 18.5. 

Figure 18.6. 
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Distribution (patterned) of Paleozoic (mainly Devonian) granitic 
plutons in the Canadian Appalachians. Lines are positions of 
sections (Figures 18.7 - 18.10). 

Dis tribution (patterned) of Carboniferous and Permian rocks 
in the Canadian Appalachians. The heavy broken line along 
the top of the figure marks the northwestern limi t of 
Appalachian deformation. Extent of the Fundy Basin modified 
from Belt (1968). 



Ordovician time (Helmstaedt and Tel la, 1973) . In the 
Avalon Zone of eastern mainland Nova Scotia, paralic 
sediments of the Arisaig Group, which includes almost 
the entire Silurian System, rest disconformably on Late 
Ordovician, in part subaerial, volcanics (Lane and 
Jensen, 1976). The Arisaig grades upward into Lower 
Devonian continental redbeds. Granting the existence 
of Taconian structural deformation, many of the strati
graphic, paleontologic, and sedimentologic changes dur
ing the Late Ordovician may be due to non-orogenic 
events. 

In the Meguma Zone structural effects of this oro
geny are obscure whereas stratigraphic changes are 
abrupt and profound (Fig. 18.10). In northwestern Nova 
Scotia, slates of the Cambra-Ordovician Meguma Group 
are overlain by latest Ordovician (?) and Silurian, 
paralic slate, quartz arenites, and paraconglomerates, 
and differentiated alkaline volcancis and volcaniclastic 
sediments (White Rock and Kentville Formations) (Lane, 
1976 and 1978; Sarkar, 1978). Lane (1978) has traced 
the polyrnictic paraconglomerate over a distance of 
230 km, usually within a 50 m-thick zone transitional 
into the underlying Meguma. Schenk (1972) has suggested 
that dropstone clasts in the paraconglomerate may indi
cate a glacial regime, possibly related to Saharan 
glaciation. Schenk (1972) and Lane (1978) have interpreted 
the uni ts of the \'/hi te Rock Formation and the overlying 
black Silurian slates (Kentville Formation) to glacio
eustatic changes in sea-level. The contact between the 
White Rock and the Meguma is conformable although west
ern Nova Scotia does exhibit a single locality with an 
apparently angular unconformity which may be an expres
sion of refracted cleavage. The basal paraconglomerate 
separating deep from shallow-water sediments could be 
evidence of the Taconian Orogeny; however, the clasts 
are in matrix-support, some are faceted and polished, 
and their lithologies are of metamorphosed sediments 
which would require very deep erosion. The finer-grained 
sediments in the base of the White Rock Formation are 
similar to the famous ''rnicroconglomerate" of Northwest 
Africa and Western Europe. In these areas, overlying 
Silurian black shales are usually attributed to degla
ciation. This Ashgillian glacial episode was a very 
major event and must have had world-wide effect in 
lowering sea- level. The response in the Meguma Zone 
was an abrupt change from deep-water graptolitic black 
slate of the upper part of the Meguma Group to paralic 
sediments of the White Rock Formation. The presence 
of dropped pebbles and boulders may indicate some prox
imity to the Saharan ice sheet. The absence of obvious 
effects of the North American Taconian Orogeny may indi
cate that the Meguma Zone was not yet part of North 
America during the Ordovician . 

Conformably above the black graptolitic shales of 
the Kentville Formation, the Lower Devonian Torbrook 
Formation consists of paralic sediments containing a 
very rich Acado-Baltic fauna (Jensen, 1976). The entire 
Cambrian through Lower Devonian succession was folded 
and then intruded by Early Devonian and Late Devonian 
to Early Carboniferous granites . The magma for these 
batholiths could have been produced either by partial 
fusion of an underlying crystalline basement (e.g. 
Avalon Zone), or through mixing of mantle and crystal 
melts (McKenzie and Clarke, 1975). Keppie (1977a) has 
noted some evidence for pre-Devonian, post- Tremadocian 
(probably Silurian) deformation in the Meguma Zone. 

Silurian marine siliciclastics with some volcanics 
onlap the uplifted and eroded Canadian Appalachians 
from the allochthon belt of Quebec and Newfoundland 
southeastward at least through the Avalon Zone of Nova 
Scotia. In the Newfoundland Dunnage Zone, sedimentation 
was continuous over most of the ·area and ranges from 
Ordovician flysch to Silurian shallow-marine to fluvial 
sediments with mainly subaerial calc-alkaline volcanism. 

Most of Newfoundland was probably land during Late 
Silurian and Devonian time (Poole, 1976). 

The Fredericton Zone of New Brunswick received 
thick turbidites and volcanics of Silurian through Early 
Devonian age (Poole, 1976). The Ordovician-Silurian 
unconformity, both here and in central and northern New 
Brunswick, indicates the profound effect of the Taconian 
Orogeny (Rast e t al., 1976a). McKerrow and Ziegler 
(1972b) suggested that the Fredericton Zone was a 
Silurian-Early Devonian oceanic trench with marginal 
subduction zones. Andesitic volcanics of this age both 
along its northern margin (central and southern Gaspe 
and northern New Brunswick) and southern margin (south
western New Brunswick, coastal Maine and Massachusetts) 
were related to subduction along the flanks of the 
trough. Poole (1976) suggested that the Fredericton 
is a relict of the proto-Atlantic; Rast et al. (1976b) 
suggested a graben-structure or behind-the-arc basin. 

In the Avalon Zone of northern Nova Scotia, almost 
the entire Silurian System here is represented by 2 km 
of shallow marine (depth of water less than 6 m) to 
brackish-water siliciclastics (the Arisaig Group) depos
ited in a tropical or subtropical setting (Boucot et al., 
1974; Bamback, 1969). The section rests on Ordovician 
subaerial (in part) volcanics and is capped by Lower 
Devonian redbeds (Lane and Jensen, 1976) . The richly 
fossiliferous, shallow-marine to paralic section on the 
Avalon contrasts strongly with the all-but unfossilifer
ous sediments of the same environment and age in the 
White Rock Formation of the Meguma Zone. A cold, hos
tile environment is suggested for the latter (Schenk, 
1975). 

Thick (at least one km), mainly subaerial, volcanic 
rocks centred in western Nova Scotia are of the alkaline
tholeiitic series (Sarker, 1977). Taylor (1967) inter
preted them as products of an island arc, whereas Sarkar 
concluded that the volcanics were associated with 
neither spreading-ridge nor subduction-margin regimes, 
and suggested rifting of a thick, sialic basement. I 
suggest that the alkaline basalts and associated shoal
ing are due to hot-spot activity, with additional shoal
ing due to glacio-eustasy. The Meguma Zone appears to 
be a continental embankment of Gondwanaland (whether 
Morocco, Western Europe, or Columbia, as discussed below). 
During the Mesozoic at least, Gondwana (specifically 
Africa) was stationary over the mantle, and so hot-spot 
volcanicity was also stationary. Today Africa is again 
stationary, and a third of the world's obvious hot-spots 
are in the Africa plate - mostly on land or adjacent to 
the coast (Burke and Wilson, 1977). In 1971, Schenk 
suggested that a modern analogue to the Early Paleozoic 
Meguma Zone and Avalon microcontinent could be the 
Moroccan rise-shelf and the sialic microcontinent of 
the eastern Canary Islands. Today this microcontinent 
is intimately connected with two stationary hot-spots, 
in a manner analogous to the White Rock alkaline basalts . 

In the Meguma Zone richly fossiliferous, paralic, 
Lower Devonian sediment accumulated conformably on 
Silurian graptolitic slate (Jensen, 1976). Intercalated 
redbeds both here and in the Avalon Zone of northern 
Nova Scotia may reflect uplift and orogeny immediately 
to the south. Basic sills of unknown age intrude the 
Lower Devonian of the Meguma Zone. The Cambra-Lower 
Devonian sediments were folded and then intruded by 
Devonian and Early Carboniferous granites. Curiously, 
neither allochthons or subduction zones have yet been 
recorded for the Acadian Orogeny, although Keppie (1977a) 
speculated that a subduction zone dipped southeasterly 
beneath the Meguma. Poole (1976) suggested that the 
crust beneath the Appalachian orogen thickened by short
ening, and as a result supracrustal rocks were thrown 
up into upright folds and intruded in the Mid-Devonian 
by Late Silurian-Early Devonian magmas which produced 
volcanism of that age. 
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The age given for the Acadian Orogeny varies in 
the Canadian Appalachians. This is due to several 
factors: conflicting evidence from different measures 
of orogenic climax; different sampling techniques and 
decay constants used in determining radiometric ages; 
the nature of collision between two irregular conti
nents; and the necessity of closing both the seaway 
occupied by the former Dunnage Zone, and also that of 
the Megurna Zone. 

In Newfoundland, stratigraphic and structural evi
dence indicates that the ocean which occupied the old 
Dunnage Zone was closed at least along its northwestern 
margin before Silurian time (Williams and St. Julien, 
1978). Poole (1976) agreed that this ocean was almost 
closed during the Late Ordovician, but that complete 
closure did not occur until Late Silurian time. On 
paleontological grounds McKerrow and Cocks (1977) sug
gested that the Late Ordovician ocean was still wide 
enough to inhibit faunal migration. Boucot et al. 
(1964) maintained that closure occurred in the late 
Early Devonian. Granitic plutonism continued in 
Newfoundland through the Early Carboniferous (Bell 
et al., 1977) . 

In New Brunswick, Rast and Stringer (1974) sug
gested a pre-Late Devonian age for the Acadian Orogeny, 
although the most intense deformation occurred in Early 
Devonian time (Rast et al., 1976a). Donohoe and Pajari 
(1973) showed that the orogeny occurred earlier in the 
southeast and later in the northwest of the province. 
The last phase of folding, metamorphism, and intrusion 
in southwestern New Brunswick occurred between Gedinnian 
and Frasnian time as determined stratigraphically; 402 
to 386 Ma (about Givetian) as determined radiometrically 
with /,:Rb = 1.42 x lo-lly-1 (Pajari et al., 1974). In 
general, Naylor (1971) argued that the entire Early 
Devonian cycle of sedimentation, subsequent folding, 
igneous intrusion, and regional metamorphism occurred 
during the interval of 30 Ma. 

Whereas closure of the old Dunnage Zone appears to 
have been during the Early Devonian in New Brunswick 
and somewhat before this time in Newfoundland, the age 
of the Acadian Orogeny in the Meguma and adjacent Avalon 
Zones can be set more precisely. The youngest pre
orogenic rock is the Torbrook Formation of Siegenian 
to possibly Ernsian age (Jensen, 1976) - thus the maxi
mum age of the orogeny in the Meguma Zone is approxi
mately 397 Ma. The oldest post-orogenic rock is the 
McAdam Lake Formation of earliest Eifelian age 
(M.S. Barss, pers. comm.). If the intercalibration 
given above (p. 119)is correct, this suggests that the 
orogeny took place before 395 Ma and that the Acadian 
Orogeny occurred during a 2 Ma interval of late Emsian 
time. However, the date of regional metamorphism in 
the Meguma Group has been set between 412 and 400 Ma 

40 -10 -1 with AS 4.963 x 10 y as recommended by Steiger 

and Jaeger (1977) (Reynolds and Muecke, in press). 
That is, radiometry indicates that the Acadian Orogeny 
began in Early Devonian time (Siegenian); granitic 
intrusion began at this time and culminated with post
deformational Late Devonian plutons (370 to 360 Ma) 
(Reynolds and Muecke, in press). Cormier and Smith 
(1973) argued for at least two episodes of post-orogenic 
granitic intrusions, the earlier at 408 ± 6 Ma (Visean) 
with ARb = 1 .42 x lo-lly-1 as recommended by Steiger 
and Jaeger (1977). These radiometric dates evidently 
conflict with the stratigraphic ages. Apparently both 
regional metamorphism and early, post-folding plutons 
are of Siegenian age despite the fact that (1) Siegenian 
to perhaps Emsian fossiliferous strata are folded and 
then intruded by these plutons, and that (2) the strati
graphic gap between pre- and post-orogenic strata is 
late Emsian. 

CARBONIFEROUS AND PERMIAN 

From the Middle Devonian until the Early Permian, 
locally very thick (up to 13 km), almost entirely sub
aerial, fluvial to lacustrine siliciclastics accumulated 
in successor basins across southeastern Canada (Fig. 18 .6). 
These generally unrnetamorphosed sediments, with fairly 
common basic alkaline lavas, rest with angular uncon
formity or nonconformity on underlying, generally meta
morphosed rock. Carbonates and sulphates of Carbonifer
ous age are exceptions to the usual fluvial to lacustrine 
lithologies. The Windsor Group (Visean) consists of at 
least a dozen, fill-in cyclothems which follow a model 
of carbonate, overlain by evaporites, and next, redbeds 
(Bell, 1958; Schenk, 1970a). The Upper Carboniferous 
is distinctive in containing important coal deposits 
with terrestrial cyclothems (Hacquebard, 1972). 

The fill of the Fundy Basin of northern Nova Scotia 
and southern New Brunswick is an exception to the usu
ally undisturbed nature of the strata. Here both the 
intensity of deformation and thickness of strata are at 
maxima. Intrabasinal horsts of basement rock are com
mon and were major, proximal sources of sediment during 
Carboniferous time. Tectonic deformation was severe 
in places, and is probably mainly Late Carboniferous. 
Fyson (1967) suggested that folding in the Carboniferous 
was due to gravity sliding related to normal and strike
slip faulting. Certainly the presence of Lower Carbon
iferous evaporites would assist such movements. Poole 
(1967) called this episode of deformation the Maritime 
Disturbance, which was broadly coeval with the Alleghanian 
Orogeny of the American Appalachians. 

The tectonic setting of the Fundy Basin has been 
called a rift-valley by Belt (1968), perhaps involving 
a right-lateral slip of 200 km (Webb, 1969). Schenk 
(1975) and Keppie (1977a) have suggested that it may 
be an aulacogen. Rast and Currie (1976) saw the north
ern border of the Fundy Basin in southern New Brunswick 
as the passage of the Variscan Front from Britain across 
northern Nova Scotia and southern New Brunswick. They 
concluded from two distinct cleavages in Lower and Upper 
Carboniferous rock that tectonic transport occurred 
first toward the northwest and then toward the south
east. Keppie (1977a) challenged the assumption that 
Nova Scotia would be part of the Variscan Orogenic Belt, 
despite the presence of Lower Carboniferous granites 
in the Megurna Zone. 

The sedimentary pattern through this interval of 
time in the Canadian Appalachians was one of alluvial 
fans grading laterally into fluvial plains spotted with 
lakes, all within a structurally complex, intermontane 
system. The sources for these very thick, siliciclas
tic deposits were mainly horsts of the Avalon Zone and 
to a lesser extent the Megurna and Fredericton Zones in 
the Maritime Provinces (Schenk, 1976). At this time 
Atlantic Canada must have been near the centre of a vast 
megacontinent, the newly created Pangea. The specific 
location must have been adjacent to northwest Africa, 
or possibly northwest South America and then northwest 
Africa. Pique (1975, 1977) compared the Devono
Carboniferous rift-valleys of Atlantic Canada with 
similar features of northwestern Morocco. There, the 
Bou-Regreg Formation (Cambrian ?) of the Rabat-Tiflet 
Zone (see discussion, "Plate-tectonic models", below) 
was folded and metamorphos(Od before the Hercynian 
Orogeny . This zone was the source area for thick, 
Devonian and Carboniferous (up to Namurian) pro-deltaic 
turbidite sands and shales deposited rythrnically in a 
basin to the south. Basaltic volcanics issued from the 
faulted basin margin. Volcanics associated with simi
lar basin faults are common in the Maritime Provinces. 
Lower Carboniferous carbonate-evaporite cyclothems 
record repeated floodings of generally hypersaline seas 
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into tortuously interconnected, graben basins. The 
resulting carbonates show progressiv e increase in salin
ity, culminating in intertidal, algal stromatolites and 
disruptive , diagenetic, supratida l sulfate (Schenk, 
1970, 1976) . The climate was hot and arid, the setting 
mid-continental and equatorial. The rift-valley se t
tine could be due to separation of northwestern South 
America from southeastern Atlantic Canada (McKerrow 
and Ziegler, 1972a) - possibly as an aulacogen. Alter
natively the block-fault topography could be due to 
alternating tension and compression due to shearing 
along a s inusoidal fracture zone - the Glooscap Fault 
(Schenk, 19 76) . 

In Newfoundland, granites of earliest Devonian 
(400 Ma) to Upper Carboniferous (300 Ma) age intrude 
rock of the old Avalon and Dunnage Zones (Bell et al., 
1977). Bell and Blenkinsop (1977) re lated the Carbon
iferous plutons to similar ones in Western Europe and 
Northwestern Africa. They extended the Hercynian 
(Variscan) Front westward from southwest England and 
Wales to Newfoundland a long the boundaries of the Hamp
den and Fleur de Lys Zc:nes in the northeas t and the Lomond 
and Exploits Zones in the southwest of Newfoundland 
(i.e. along the Old Baie Verte Lineament in Newfoundland). 
to continue through southern New Brunswick (Rast and 
Currie, 1976) (Fig. 18.1). Dewey and Burke (19730 con
sidered the widespread, Late Carboniferous plutonism 
to be due to basement reactivation following mid
Carboniferous collision between North America - north
ern Europe and Africa - southern Europe. As detai l ed 
below, the later Late Carboniferous (Mari time or 
Alleghanian) disturbance may be due to that part of 
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Africa south of the South Atlas Faul t colliding with 
North America. In the Atlantic Provinces, this Maritime 
Disturbance squeezed very thick (locally greater than 
13 km) Carboniferous successions. Both Milligan (1970) 
and Currie (1977) reported evidence for very l arge
scaled, low-angle thrusting in Cape Breton Island. 
Precambrian crystalline rocks (George River Group) and 
Lower Carboniferous sedimentary rocks have over-ridden 
Visean-Namurian but not Westphalian sediments. This 
klipp e (or klippen) may be very extensive in Cape Breton 
(Dr. G.C. Mi.lligan, pers. comm.). Currie (1977) a ttrib
uted the overthrusting to gravity s liding from a l arge 
basement block which rose in Tournaisian and Visean 
time. Emplacement was in post-Namurian time. 

The Permian is poorly developed and both Lower and 
Middle Triassic are absent on land. During the Triassic, 
the area was uplifted and gravity faulting coincided 
with old lines of weakness, mainly a long the Meguma
Avalon boundary. Rifting during the Jurass i c permitted 
flooding of the present Atlantic into the area. 

PLATE-TECTONIC MODELS 

The application of plate-tectonic theory to the 
northern part of the Appalachian Orogen has spawned a 
plethora of evolutionary models (see Wilson, 1966; Bird 
and Dewey, 1970; Schenk, 1971; Rodgers, 197 2; McKerrow 
and Zeigler, 197 2a; Rast and Grant, 1973; Dewey and 
Kidd, 1974; St. Julien and Hubert, 1975; Pool e, 1967, 
1976; Ruitenberg et al., 1977; and Keppie, 1977b). Most 
workers accept the Dunnage Zone as the scar of a 
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Carboniferous Cambra-Ordovician Devonian and 
? younger 
granite 

Figure 18.10. Section 5 across New Brunswick and Nova Scotia (modified from Rast 
et al., 1976b). See Figure 18.5 for locality of sections. 
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Paleozoic Atlantic, separating the continental margin 
of the Canadian Shield (the Humber Zone) to the north
west from the much smaller Avalon microcontinent to 
the southeast. The Meguma Zone would be a continental
margin complex stranded against North America (Schenk, 
1971, 1976). 

In the simplest proposed mechanism, a single 
"Wilsonian cycle" was employed to open the Paleozoic 
Atlantic Ocean in the Late Precambrian; start closure 
in the Ordovician with North America-island-arc colli
sion in the Late Ordovician (Taconian Orogeny); and 
impact Atlantic Canada against northwestern Africa 
during the Early Devonian Acadian Orogeny (Fig. 18.lla). 
In an even broader scale, diachronous orogenies might 
be caused by oblique collision, with Silurian impact 
in the north (Caledonian), Devonian (Acadian) in 
Atlantic Canada, and late Paleozoic (Alleghanian) in 
the United States (Schenk, 1976). The Late Devonian
Carboniferous rift-zone setting in Atlantic Canada 
(Belt, 1968) might be due to shearing motion as Africa 
rotated clockwise against North America to cl ose the 
Paleozoic Atlantic in the Late Carboniferous (Alleghanian 
Orogeny-Maritime Disturbance) (Schenk, 1975). 

Recent discoveries in Morocco as detailed by 
Michard (this volume, Article 24) lend further geologic 
support to the model that the Meguma Zone may be a rem
nant of an Early Paleozoic Moroccan continental margin 
(Schenk, 1971, 1975). Contrary to previous opinion, 
northwest Africa does show very widespread and clear 
evidence of an Early Devonian Acadian Orogeny (Hollard 
et al ., 1976; Michard, 1976; Michard e t al., 1977; 
J.P . Schaer, pers. comm.). In the Rehamna Massif of 
the Moroccan Mes eta, (Fig. 18. lla) Lower and Middle 
Devonian conglomerate redbed molasse of Old Red Sand
stone facies overlies with angular unconformity rock 
as old as Cambrian. This boulder to pebble conglomer
ate is 400 m thick in the west, and becomes both thinner 
and finer-grained towards the east. Farther southwest 
in the Western High Atlas (Fig. 18.lla), the Lower 
Devonian Talmakent Formation is a 200 m- thick, "Old 
Red Sandstone-facies", red sandstone and conglomerate 
unit which rests disconformably on rock as old as 
Cambrian. Farther north in the Rabat-Tiflet Zone of 
the Meseta (Fig. 18 . lla), calcalkaline granite dated 
at 414 ± 1 Ma (Early Devonian) has intruded marine meta
sediments presumably of Cambre-Ordovician age. Pebbles 
of this granite occur in Middle Devonian basal conglom
erate. The Rabat-Tiflet Zone also contains the Bou
Regreg Formation (of presumed Cambrian age) that is 
very similar to the basal part of the Meguma Group. 
The Bou-Regreg is a thick succession of feldspathic to 
quartzose, fine-grained greywacke (thick "proximal" 
turbidites) with slump structures and carbonate concre
tions, alternating with thinner, shaly strata containing 
"distal" turbidites. The formation has been folded with 
axial lines trending west, diverging toward the south 
(similar to folds in the Meguma Group), and metamor
phosed before the intrusion of the nearby 414 Ma gran
ite . The Rabat-Tiflet Zone is in right-lateral fault
contact with the generally shallow-water, cratonic, 
Cambro-Ordovician sediments of the Meseta to the south, 
and so paleogeographic relations are unknown (Pique; 
in Michard et al., 1977). To the southeast (south of 
Marrakech), the Lower Carboniferous consists of a basal 
conglomerate with quartzite blocks, overlain by neritic 
shales with Upper Visean fossils. This succession 
rests with angular discordance on Cambre-Ordovician (?) 
marine sandstones and shales (Huvelin, 1970). In south
eastern Morocco, late Early Devonian regression is fol
lowed by latest Early Devonian transgression. Middle 
Devonian siliciclastics thicken markedly towards the 
west. Throughout Morocco, Early and Middle Devonian 
sedimentary trends are very distinct from later patterns 
which are due to Hercynian phases . The above workers 
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concluded that an Acadian mountain range existed along 
western Morocco during the Early and Middle Devonian. 
Schenk argued on the grounds of gross stratigraphy, 
sedimentology, and some paleontology that a Moroccan 
Lower Paleozoic rise-slope-shelf prism was deformed by 
Devonian continental collision with North America. A 
segment of this prism remained against North America 
as the Meguma Zone after ragged rifting during the 

. Mesozoic. This preliminary model was criticized because 
of the absence of clear structural and magmatic evidence 
of the Acadian Orogeny in Morocco (Hollard and Schaer, 
1971; McKerrow and Ziegler, 1972a). Reconstructions 
of Late Ordovician and Early to Middle Devonian paleo
geography based on geological, paleomagnetic, and paleo
climatic data place the Meguma and Avalon Zones off 
northwestern Africa in a configuration similar to that 
of Figure 18.lla (Zonenshayn and Gorodnitskiy, 1977). 

However, more than one cycle of opening and closing 
has been proposed for the Paleozoic Atlantic. Dickinson 
(1974) cautioned that according to present rates of sea
floor spreading and consumption, ocean basins as large 
as the present North Atlantic could form, or once formed 
could disappear, within 50 to 100 Ma. Thus during the 
220 Ma time-span extending from Late Precambrian to the 
Carboniferous, several wide ocean basins could have 
evolved. Indeed McKerrow and Ziegler (1972a) suggested 
four continental collisions involving eastern North 
America. Paleomagnetic evidence (Smith et al., 1973) 
suggests that the Caledonian (Erian) Orogeny of Late 
Silurian-Early Devonian age (Ireland to Scandinavia) 
resulted from collision between North America-Greenland 
and the Baltic Shield. The Acadian Orogeny of Middle 
Devonian age (New York to Newfoundland) resulted from 
sandwiching of the Avalon Zone (a very long prong of 
the Baltic Shield) between colliding continents of North 
America (Atlantic Canada) and northwestern South America 
(Colombia) (Fig. 18.llb). Rifting of Colombia from 
Atlantic Canada would result in the Carboniferous rift
valley tectonics in the latter (Belt, 1968). Late 
Carboniferous impact between North America and north
western Africa south of the South Atlas Fault 
(Fig. 18.llb) created the Alleghanian Orogeny (south 
of New York) and the Maritime Disturbance to the north. 

This entire scenario is very attractive, especially 
for the Carboniferous (van Houten, 1976). Furthermore, 
Visean formainifera and a lgae of Atlantic Canada are 
almost entirely of the North American Realm, not the 
Tethyan, and so suggest that an oceanic seaway separated 
the North American and European-African blocks during 
Early Carboniferous time (.Jansa et al., in press). If 
this reconstruction of events is true, then the Meguma 
Zone would be a continental embankment of Colombia, not 
of Morocco. The Lower Paleozoic of Colombia is not 
well-known but the general stratigraphic section is 
similar to that of the Meguma Zone, with notable excep
tions (Krummenacher, 1973) - neither Nouvelle Ecosse, 
nor Nouveau Maroc, but Nuevo Colombia? The paleogeog
raphy of Colombia during Cambre-Ordovician time was one 
of three, nor-therly trending zones (Fig. 18.llb) - epi
continental to the east, miogeoclinal in the central 
area, and ensimatic ocean to the west (Irving, 1975). 
Sediment transport was towards th.e northwest or west
northwest (Shagam, 1975), dovetailing with that of the 
Meguma (Schenk, 1970b). Specifically, the Quetame Group 
(Crunbro-Ordovician?) appears to be very similar to the 
Meguma Group. The former is a structurally complex, 
low-grade, metamorphic succession at least 3 km in 
thickness. The lower part consists of quartzites with 
some conglomerate; the upper part of phyllites. The 
Quetame Group is overlain in angular unconformity with 
unmetamorphosed Middle Devonian sediments (.Campbell 
and Burg!, 1965) •. Silurian sediments are unknown. The 
Cambro-Ordovician rocks were deformed, metamorphosed, 
and intruded during the Silurian-Early Devonian interval. 



Although this orogeny has usually been called Caledo
nian, radiometric ages range from Late Ordovician 
through Early Devonian with a mode at Late Ordovician 
(Irving, 1975). The Early Devonian age of regional 
metamorphism in the Megurna Zone may be significant. 
The Venezuelan Andes has a Lower Paleozoic section of, 
from bottom to top, graptolitic black shales, fossil
iferous siliceous limestones, and thick, interbedded 
marine conglomerates and fossiliferous shales. Major 
episodes of deformation, regional metamorphism, and/or 
granitic plutonism occurred in the late Precambrian, 
Devonian-Mississippian, and Late Permian-Early Traissic 
(Shagam, 1975). Keppie (1977b) suggested that southern 
Mexico or northern Central America may offer even closer 
similarities to Nova Scotia. However, much of the Pre
cambrian and Early Paleozoic history of these areas is 
very poorly known because of scarcity of exposures and 
incomplete mapping (Dengo, 1975). The regional setting 
may have involved two northerly trending geosynclines -
the eastern related to the Cordilleran zone, the west
ern to the Ouachitan. Evidence does exist for both 
Late Ordovician as well as Devonian orogenies, but the 
data are still incomplete, conflicting, and confusing. 

Ruitenberg et al. (1977) have presented a clear 
and attractive model for the evolution of the New 
Brunswick Appalachians; unfortunately, their paper 
arrived too late to be incorporated entirely in this 
synthesis. They divided the province into five Cambro
Ordovician zones, and further divide these on the basis 
of characteristics of the overlying Siluro-Devonian 
rocks. In general, the zones and subzones are a com
bination of those shown in Figures 18.3 and 18.4 with 
two important exceptions: (l} the Miramichi Zone nar
rows towards the southwest to approximately the outcrop 
width of the Siluro-Devonian (Fig. 8.3); and (2) a small 
but major zone occurs directly to the north of the 
Miramichi Zone. They postulate that Hadrynian disten
sion caused initial intense volcanism on the Avalon 
Zone, and eventual rupture during the Cambrian which 
isolated this zone as a microcontinent. The Avalon was 
at least twice as wide as its present exposure because 
it underlies the Silurian Fredericton Zone (Fig. 18.4). 
This rifting created an open ocean to the south (to 
receive in part the Megurna Group conceivably from 
Africa) and a marginal basin to the north. This basin 
started to close during Early Ordovician time when a 
south-dipping subduction zone along its southern flank 
built an island-arc complex (the Miramichi Zone, 
restricted, Fig. 18.3). The Late Ordovician Taconian 
Orogeny marked closure of the marginal basin. The 
deformed Miramichi Zone, now acting as a geanticline, 
spread Silurian flysch both toward the north and south. 
To the south, the ensialic Fredericton Zone consisted 
of three belts: a northerndeep-water belt; a medial 
shallow-water belt (as a back-arc basin); and a south
ern volcanic belt (as an ensialic volcanic arc). Sub
duction beneath this arc caused contraction of the 
Fredericton seaway and complete closure during the 
Early Devonian Acadian Orogeny. This general scenario 
does not conflict seriously with earlier schemes and 
has the advantage of details collated by active field 
workers. 

Morris (1976) proposed an innovative model based 
on paleomagnetism for the relative paleogeographic 
positions of the Appalachian and Caledonian 0rogenic 
belts. He noted that Ordovician through Lower Devonian 
paleomagnetic poles of Britain are significantly dif
ferent to contemporaneous poles of North America, 
whereas those of the Upper Devonian in both regions 
are similar. Moreover, the Lower Paleozoic zones of 
Newfoundland and Nova Scotia (i.e. zones a-i - Fig. 18. 3) 
are usually bounded by major faults along which domi
nant strike-slip movement is at least suspected. The 
Early Paleozoic reconstruction of Morris places Britain 

near the latitude of northern Florida between the 
Ordovician and the Early Devonian; - i.e. the Appala
chian and Caledonian regions would have formed side-by
side, rather than end-to-end as conventionally thought. 
During the Middle Devonian, major sinistral transcurrent 
faulting at a rate of approximately 9 ± 4 cm/y would 
slip the Caledonian region to a position on-trend with 
the northern Appalachians by Late Devonian time. If 
true, the zones of the Canadian Appalachians would con
sist of a fortuitous collection of random fault slices 
of the Appalachian and Caledonian regions. 

Obviously the Early Paleozoic distribution of con
tinents as based on paleomagnetism is not yet dogma. 
The relative positions of North America and Europe
Africa during the Paleozoic may well have been similar 
to that of today. The Early Silurian map of Ziegler 
et al. (1977) shows the Avalon Zone as a microcontinent 
between North America to the northwest, and Western 
Europe, not northwestern South America (McKerrow and 
Ziegler,--i:972a), to the southeast (Fig. 18.llc). South 
America is in its accustomed location "below" North 
America (indeed South China, not Atlantic Canada is off
shore western South America~). Could northwestern 
France, or even western Iberia act as source areas for 
the Meguma Group? 

Recent work has revealed that the major tectono
metamorphic event in the southern Armorican Massif 
(Brittany) and in the western Massif Central of France 
occurred between Early and late Middle Devonian time -
i.e. at the time of the Acadian Orogeny (Autran, this 
volume, Article 21; Ters, 1976; Bernard-Griffiths et al ., 
1977). Recall that northern Brittany has striking 
similarities to the Avalon Zone (or Anglesey Zone of 
Williams, in press). Compare southern Brittany-Western 
Massif Central with the Meguma Zone: 

1. in France, the youngest, pre-orogenic strata 
are Early Devonian (Gedinnian); in the Meguma, youngest 
strata are Gedinnian to Siegenian, possibly Emsian; 

2. in France, the oldest, post-orogenic strata 
are late Middle Devonian (Givetian); in the Meguma, 
early Middle Devonian (Eifelian); 

3. in France, anatexic granites average 375 Ma 
(range 385 to 300 Ma); in the Megurna, post-folding, 
possibly anatexic granites average 375 Ma (range 385 
to 350 Ma); 

4. in France, the metamorphic event occurred 
between 360 and 420 Ma (A 87Rb = 1.47 x lo-lly-1); in 
the Megurna, between 400 and 412 Ma. 

Furthermore, Lefort (1977) has identified a pos
sible Late Proterozoic to Middle Paleozoic subduction 
zone that dips southeasterly beneath Brittany. His 
Early Paleozoic reconstruction involves three areas, 
from northwest to southeast: 1) a thick Paleozoic 
section in two parts - basal, possibly metamorphosed 
strata similar to Ordovician metagreywacke outcrops, 
overlain by Devonian and Carboniferous rock; 2) a mafic 
rock complex that dips southeasterly and is similar to 
nearby outcrops of ophiolite; and 3) a broad Precambrian 
terrane marked by grabens containing thin Paleozoic 
sediments. Lefort suggested that this eastern conti
nental margin was quite passive with very slow subduc
tion in order to explain the absences of both high 
pressure-low temperature metamorphics as well as large 
volumes of plutonic rocks.. Conceivably the associated 
trench would be a minor topographic feature and was 
buried beneath prograding deep-sea fans. Could the 
Megurna Group be the southwestward continuation of this 
Lower Paleozoic, presumably deep-water zone off either 
southwestern France or even Portugal? 
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A latest Devonian reconstruction by Cogne (1977) 
places the Meguma and Avalon Zones offshore southern 
Portugal. The Southern Portuguese Zone trends east
west across southern Portugal and southwestern Spain 
(Schermerhorn, 1971, 1975). The oldest rocks dated 
are latest Devonian (Middle to Upper Famennian), eugeo
clinal phyllites and quartzites first deformed during 
Late Carboniferous (Middle Westphalian) time. Older 
Paleozoic rocks are exposed farther north in the cen
tral part of the Iberian Massif of Spain (Capote et al., 
1977) and in central and northern Portugal (Vegas et al., 
1977). The general picture is that of an enormous, 
presumably very late Precambrian, eugeoclinal complex 
that extends towards the south, and that shoals upward 
from deep-water turbidites through thin, Lower Cambrian 
shelf-carbonates, Tremadocian shallow-water redbeds, 
to the widespread Arenig Armorican Quartzite. The 
eugeoclinal complex is interpreted as a volcanic ridge 
to the north, grading southward to deep-water sediments, 
including thick turbidi tes and. smaller quantities of 
pebbly mudstone, thin ferruginous carbonates, and olis
tostromes. The section was folded during three Hercynian 
events between Late Devonian and Late Carboniferous 
time. The credulous reader might accept the Meguma 
Zone in this framework if he/she considered that the 
age of most of the Meguma Group is unknown, and that 
both prograding sedimentation at a continental margin 
as well as orogeny may be very diachronous. 

In summary, the Acadian orogenic events in both 
western Morocco and France, coupled with recent paleo
magnetic analyses, strengthens the argument that the 
Acadian Orogeny resulted from a collision between North 
America (including the Avalon Zone) and Western Europe
Africa, and that the Meguma Group was a rise-complex 
built either off Morocco or Western Europe. 
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INTRODUCTION 

This synthesis covers the Appalachian Mountain 
belt between the Hudson River in New York and the i nter
national border between the Unit ed States and Canada. 
The broadest aspects of stratigraphy, structural geol 
ogy, plutonism, and metamorphism are described and an 
attempt is made to organize this material into a his
tory based on the plate tectonic model. For purposes 
of discussion it is convenient to divide the Appalachian 
belt into three parts: the western margin , the medial 
zone, and the eastern zone (Fig . 19.1). 

DISTRIBUTION OF ULTRAMAFIC ROCKS 

Ult ramafic rocks are represented by dunite, peri
dotite, pyroxenite, serpentinite, and talc-carbonate 
rock. Their distribution is shown in Figure 19.2. A 
continuous belt of ultramafic bodies is exposed in 
Connecticut, Massachusetts, Vermont, and Quebec. Most 
of these bodies are diapiric and are injected into 
rocks of Precambrian to Lower Ordovician age (Chidester, 
1968); some ultramafics, such as those at Thetford 
Mines, Quebec, are interpreted as ophiolites (Laurent, 
1973). A second, less well-known belt is exposed 
in northernmost New Hampshire and in western Maine 
(Fig. 19.2) . A single large body i n this segment is 
interpreted as an incomplete ophiolite section (Boudette, 
oral communication, 1970) . This belt is truncated both 
to the southwes t and northeast by Siluro-Devonian rocks 
(Boucot, 1961; Harwood, 1973). A few ultrarnafics are 
found as an extension of this belt in northwestern 
Maine where they are exposed in pre-Silurian rocks in 
cores of anticlines that fold the Siluro-Devonian sec
tion (Hall, oral communication, 1968; Rabbe, written 
communication, 1976). Ultrarnafic bodies are also 
exposed in coastal Maine (Smith, Bastin, and Brown, 
1907 ; Bickel, 1971) $ig. 19.2). 

The ultramafic rocks of the two western belts are 
clearly older than the Siluro-Devoni an section . In 
southern Quebec no rocks of Middle Ordovician age or 
younger are intruded, but elsewhere relationships are 
l ess c lear. The ultramafics of coastal Maine intrude 
rocks of various ages , and on the basis of somewhat 
tenuous evidence have been interpreted to cut Siluro
Devonian rocks (Smith, Bastin and Brown, 1907). 

BASEMENT DOMAINS 

Rocks that were originally metamorphosed to high 
grade and underlie stratigraphic sections of Paleozoic 
age are referred to as basement. Some of these rocks 
contain retrograde mineral assemblages. Although 
detailed stratigraphic relationships have not been 
worked out in basement rocks, they do contain distinc
tive lithologies and, where dated, they have consistent 
ranges of isotopic ages . On the basis of lithologic 

!GCP Project 27. U.S.A. Contribution No. l. 
Ca 1 edoni an-Appalachian Orogen of the North Atlantic Region; 
Geo l. Surv. Canada, Paper 78-13 ( 1978). 

distinctions and on the ranges of age, basement has 
been divided into domains as shown in Figure 19.3. 

Basement A is exposed primarily along the east 
side of the western margin (Fig. 19.3). To the west 
it under l ies the Craton, with extens ive exposures in, 
for examp le, the Adirondacks. It consists .of a complex 
of paragneiss, marble, schist, and orthogneisses 
(Harwood, 1975; Norton, 1976). Radiometric ages of 
1100 Ma (Ratcliffe and Zartman , 1971; Brookins and 
Norton, 1975) are common, although somewhat younger 
ages have been determined for certain orthogneisses 
(Norton, 1976). 

Basement B is exposed in western Maine (Fig. 19.3) 
an d consists of feldspathic schist and gne iss, quartz
ite, su lfidic schist, arnphibol ite, and quartzofeld ~ 
spathic gneiss containing di s tinctive c l as t-like nodules 
of quartz (Boudette and Boone, 1976) . Naylor et al . 
(1973) report a minimum isotopic age of 950 Ma for 
rocks i n this massif . These basement rocks are litho
logically different from the rock-types that character
ize basement A, but their ages may be similar. These 
rocks may represent a small crustal fragment or possibly 
a variant of hasement A. 

Basement C is exposed in small areas in west
central Massachusetts, along the west edge of the 
medial zone and in east-central Maine, southeastern 
New Hampshire and in central Massachusetts, along the 
east boundary of the medial zone (Fig. 19.3). These 
rocks consist primarily of a bimodal suite of interca
lated tonalites and arnphibolites; limesilicate gneisses, 
sulphidic gneisses, and orthogneisses are less common. 
Naylor (1973) reports an age of 575 Ma for these rocks 
in west-central Massachusetts, and Besancon et al. 
(1977) report an age of 600-620 Ma for orthogneisses 
along the east border of this basement complex. The 
stratified core rocks of the Oliverian gneisses, giving 
zircon ages of 450 Ma (Naylor, 1968; Brookins and 
Methot, 1971), are included in this basement domain. 

Basement D is exposed in r.oastal Maine and over 
much of the southern part of the eastern zone (Fig. 19.3). 
Feldspathic gneiss, sillimanite-bearing biotite gneiss, 
schists, marbles, amphibolite, granite gneisses, and 
granites characterize this domain (Emerson, 1917). 
Radiometric ages fall in the range 540-600 Ma (Fairbairn 
et al. , 1967; Zartman and Naylor, 1972). 

CAMERO-ORDOVICIAN STRATIGRAPHY 

The r eg ional stratigraphic rel at i onships for the 
Cambro-Ordovician are shown in Figure 19.4. 

Sections of the western margin 

Rocks of the western margin inc lude quartz arenite, 
dolostone, and limestone of Cambrian through Lower Ordo
vician age (Cady, 1945). These rocks intertongue to 
the east with a thick section of metashales and meta
greywackes (Osberg, 1967; Cady, 1969) . Both of these 
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Figure 19.1. Index map and tectonic division of 
the New England Appalachians. 

Figure 19.3. Basement domains in New England. 
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Stippled areas indicate areas of 
exposed basement. 
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Figure 19.2. Distribution of ultramafic rocks. 
0 indicates ophiolite sections. 

Figure 19 .4. Stratigraphic relationships for the 
Cambro-Ordovician. 
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Figur e 19.5. Stratigraphic r el a tionships for the 
Siluro-Devonian. 
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sections lie unconformably on basement (Brace, 1953; 
Thompson, 1967). Limestone melanges at the boundary 
between the miogeosynclinal and eugeosynclinal facies 
may represe~t continental slope slide deposits (Rodgers, 
1968) . 

Middle Ordovician shales, limestone and wacke of 
exogeosynclinal facies rest unconforrnably on the Cam
brian to Lower Ordovician section of the shelf facies 
and locally directly on basement (Thompson, 1967; Zen, 
1961; Osberg, 1967; Hall, 1966). These sediments had 
an eastern source and represent a precursor to the 
Taconic orogeny. 

An allochthonous section of Carnbro-Ordovician age 
rests on both the Cambra-Ordovician miogeosynclinal 
facies and the Middle Ordovician exogeosynclinal facies 
(Zen, 1967). Its sedimentary character is intermediate 
between miogeosynclinal and eugeosynclinal facies. The 
root zone of this section is interpreted to be to the 
east, but it has not been identified . 

Sections of the medial zone 

Ordovician rocks exposed along the west edge of 
the medial zone consist of quartz schists, metagrey
wacke, conglomerate, mafic volcanics that locally dis 
play pillow structure, fragmental volcanics, some felsic 
volcanics, black sulfidic schist/shale, and chert. This 
section contains Middle Ordovician fossils and locally 
rests unconformably on low-grade metamorphic phyllites 
(Ha ll, 1970), although in western Maine it is in prob
able thrust contact with basement B. 

Rocks along the east edge of the medial zone con
sists of quartz schist, thin greenstone, thin black 
carbonaceous phyllite, and grey and green schist 
(Hussey, 1971). Part of this section is intruded by 
pegmatites that yield a minimum Ordovician age (Wones, 
1974); the section rests directly on basement of uncer
tain age. 

Sections of the eastern zone 

Rocks exposed in the south part of the eastern 
zone belong to a common stratigraphy: shales, cherts, 
and interbedded shales and limestone. These sections 
contain Lower and Middle Cambrian fossils having Acado
Bal tic character . Locally, the section lies with uncon
formity on granites of Precambrian age (Emerson, 1917). 

Along coastal Maine the stratigraphic relations 
are confused by faults. Four different stratigraphic 
groupings have been established: (1) quartz schist, 
greywacke, mafic volcanics, minor felsic volcanics, 
and minor marble, (2) conglomeratic quartzite, mica 
schist, minor marble, and dark sulfidic mica schist, 
and quartzite, (3) mica schist, conglomeratic quartz
ite, marble, conglomeratic marble, polymictic conglom
erate, and minor limesilicate quartzite, and (4) biotite 
schist, greywacke, minor li.mey quartzite, and biotitic 
quartzite. Section 4 contains Middle Ordovician fos
sils. However, the four sections are separated by 
thrusts or high-angle faults so that correlations 
between them are difficult. 

SILURO-DEVONIAN SEQUENCES 

Silurian shelf facies 

A section containing basal quartzite/conglomeratic 
quartzite overlain by marble and limey shale makes up 
a consistent stratigraphy (Billings, 1956) widely dis
tributed over the western margin and the western part 
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of the medial zone (Fig. 19.5). This section rests 
with disconformity on older rocks (Harwood, 1973) and 
is itself overlain unconforrnably by a Devonian (?) 
section (Billings, 1956; Hall, 1966). This circumstance 
produce5 a patchy pattern of outcrop. 

Silurian turbidite sequence 

A Silurian sequence, thousands of metres thick, is 
exposed in northeastern Maine and central ~fassachusetts 
(Fig. 19.5). This sequence contains graded quartzwacke, 
shale, thin ribbon limestone , greywacke, conglomerate, 
and their metamorphosed equivalents . The facies is 
proximal toward the west (Osberg et al ., 1968) and pos
sibly grades to the east into a volcano-elastic section 
(Metzger, 1975). The relationship between this turbidite 
sequence and the Silurian shelf facies to the west is 
uncertain. It may be transitional (Harwood and Berry, 
1967), or it may be that the two facies were on opposite 
sides of a geanticline and have been positioned in close 
proximity by subsequent deformations. 

Devonian turbidite sequence 

A turbidite sequence of Devonian (?) and Devonian 
age is exposed in the western margin and in the western 
par t of the medial zone (Fig. 19.5) . This section con 
tains grey shales and wackes, commonly displaying graded 
beds. It is thousands of metres thick and proximal to 
the east (Hall, Pollock, and Dolan, 1976). A prominent 
limestone facies at its west margin is c0nsistent with 
an eas tern source. The Devonian turbidite basin is 
offset to the west with r espect to the Silurian turbi
dite basin. 

Siluro-Devonian volcanic facies 

A Siluro-Devonian volcanic facies is widely scat 
tered along two lines (Fig. 19.5): (1) coastal Maine 
and northeastern Massachusetts, and (2) north-central 
Maine, possibly extending southward a long the border 
between New Hampshire and Vermont (Rankin, 1968; Osberg, 
1974). The coastal volcanics are predominantly felsite, 
pyroclastics, and some basalts (Gates, 1961; Brookins, 
Berdan, and Stewart, 1973). In northern Maine the 
Siluro-Devonian section is mostly felsic, although some 
mafic volcanics have been included in the section in 
New Hampshire and Vermont. In northwestern Maine part 
of the Siluro-Devonian volcanic section is interbedded 
with the Devonian turbidit e sequence (Boucot, 1961). 

Post-orogenic Devonian formations 

Red and grey conglomerate and sandstone of Middle 
Devonian age have restricted outcrop in north-central 
Maine (Boucot et al. , 1964) and in eastern Maine (Smith 
and White, 1905). These formations are largely conti
nenta l and lie unconformably on older rocks. 

POST-DEVONIAN ROCKS 

Rocks of Carboniferous age occupy fault-bound ed 
blocks in eastern Rhode Island, eastern Massachusetts, 
and in east-central Maine. Representative rocks 
include red and grey conglomerate, red and grey sand
stone, shale and coal beds (Quinn, 1963; Grew, 1974). 
The rocks in east-central Maine are continuous with 
Mississippian rocks in New Brunswick. 

Red conglomerate, sandstone, shale, and mafic 
volcanics of Triassic age occupy a down-faulted· block 
in west-central Massachusetts and central Connecticut. 



STRUCTURAL GEOLOGY 

Features of Ordovician age 

Structural features of undoubted Ordovician age 
are expo sed only in the western margin (Fig. 19.6). 
The earliest of these is high-angle faulting, the 
extent and importance of which is uncertain (Zen, 1967; 
Osberg, 1967). Thrusts, nappes, and recumbent folds 
with wes tward direction of transport developed from 
Middle Ordovician through Upper Ordovician time (Zen, 
1967; Harwood, 1975) . Some allochthons, such as the 
earlier Taconic slices, contain only Paleozoic rocks 
(Zen, 1967), but others, higher in the nappe sequence, 
contain basement rocks (Ratcliffe, 1975); the Berkshire 
massif may itself be allochthonous. In northernmost 
Vermont, some overturned folds may have been produced 
in a l a t er Ordovician episode of deformation. 

Features of Devonian age 

Most of the structural features in New England 
were developed in Devonian time (Fig. 19.6). The 
earliest of these are recumbent folds and associated 
thrusts, which though poorly exposed are widely dis
tributed (Osberg, 1975). These recumbent folds face 
west along the west edge of the media l zone and may in 
part refold the earlier Ordovician folds in the western 
margin. The thrusts east of the Berkshire massif 
(Norton, 1976) may also be of Devonian age. In the 
media l zone recumbent folds also face west, but in cen
tral Massachusetts and in Connecticut they are refolded 
so as to produce younger recumbent folds that at least 
locally face east (Robinson, 1967; Thompson et al., 
1968). The recumbent folds are refolded by intensely 
developed upright folds. Folds defined by the bound
ary between pre-Silurian and Siluro-Devonian rocks have 
modest amplitude-wavelength ratios, and comprise most 
of the major fold features (Fig. 19.6), but within the 
Siluro-Devonian sedimentary prisms flattened upright 
isoclinal folds formed concomitantly (Hatch, 1968) . 
It is not clear whether the domes in the Bronson Hill 
anticline (Fig. 19.6) predate or postdate this episode 
of folding. At least two generations of minor struc
tural features are younger than the episode of upright 
folding (Osberg, 1968). Certain thrusts and high-angle 
faults throughout the region have been shown to be of 
Devonian age (Moench, 1970; Lundgren, 1972; Pavlides, 
1974; Stewart, 1974), but some can be shown to have 
had major displacements in Mesozoic time (Emerson, 
1917; Larrabee, 1963). 

Structure sections across the region are pre
sented in Figure 19.7; their locations are shown on 
Figure 19.6. 

PLUTONS 

Plutons of Ordovician age (Fig. 19.8) 

Igneous rocks of Ordovician age belong to the 
Highlandcroft plutonic series (Billings, 1956). Naylor 
(1968) has suggested that the nonstratified part of 
the Oliverian plutonic series should also be included 
in the Highlandcroft plutonic series, and that differ
ences between the two groups of rocks are due to defor
mational and later thermal effects. The Highlandcroft 
plutonic series includes quartz diorite, granodiori te, 
quartz monzonite, granite, and syenite, all showing a 
weak to strong tectonic fabric (Billings, 1956) . Rocks 
of this series are found principally along the Bronson 
Hill anticline (Billings, 1956) and its extensions 
into Maine (Moench and Zartman, 1976; Neuman, 1967; 

Ekren and Frischknecht, 1967). Similar rocks are 
found in pre-Siluro~Devonian sections at the east edge 
of the medial zone . 

A gabbroic pluton in north-central Maine (Griscom, 
1966) may represent an earlier intrusive phase associ
ated with pillowed mafic volcanics. 

Siluro-Devonian plutons 

Gabbroic plutons are found principally in Maine 
and eas tern Massachusetts. Many are layered (Gates, 
1961; Bickford, 1963), and some have associated granitic
granophyric phases (Chapman, 1968). Their distribution 
is shown in Figure 19.9 . 

Coarse to very-coarse grained granodiorite, quartz 
monzonite, and granite have been assigned to the New 
Hampshire magma series (Billings, 1956). These rocks 
have a marked igneous foliation, and those in the cen
tral part of the medial zone contain a strong tectonic 
fabric as well (Billings, 1956; Page, 1968). These 
plutons form large sheets (Billings, 1956) and block
like bodies (Sweeney, 1972). They are confined to 
the medial zone (Fig. 19.9). 

Peraluminous granites and quartz monzonites 
(Fig. 19.9) are younger than the foliated plutons and 
are also found in the medial zone as well as a l ong the 
west edge of the eastern zone. Biotite granite and 
biotite/amphibole granodiorite are associated with the 
peraluminous rocks in the medial zone. These plutons 
tend to be younger than the peraluminous rocks. 

Mildly alkalic granites (Fig. 18.9) are confined 
to the eastern zone. These include both supersolvus and 
subsolvus granites, some of which display Rapakivi 
texture. 

Post - Devonian plutons 

Plutons of Permian age occur in Rhode Island . 
They are fine-grained, grey, binary quartz monzonite. 
Other plutons in New England having similar character
istics could possibly be Permian, but their ages have 
not been demonstrated. Mesozoic plutons are present 
in New Hampshire, Vermont, and in Maine. 

METAMORPHISM 

Paleozoic metamorphism occurred in Ordovician, 
Devonian, and Permian time. Thompson and Norton (1968) 
have shown the distribution of isograds for New England 
and have delineated a hypothetical Al2Si05-triple point 
isobar . Their paper did not treat the age of metamor
phism and they combined data on metamorphism of differ
ent ages. The steep gradients on their map in eastern 
Massachusetts, New Hampshire, and Maine are at post
metamorphic faults . 

Metamorphism of Ordovician age 

Metamorphism of Ordovician age is best preserved 
in the western margin (Fig. 19 . 10). A Barrovian meta
morphic event which has produced staurolite-kyanite 
bearing assemblages is recorded in New York (Ratcliffe, 
1968), and in Vermont (Lanphere and Albee, 1974). This 
same event has produced biotite-chlorite assemblages 
in west-central Vermont (Laird, 1975), recording an 
earlier high-pressure metamorphism in that area 
(Fig. 19 . 10). Elsewhere, Stewart et al. (1974) have 
postulated an Ordovician metamorphism for parts of 
coastal Maine. 
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Metamorphism of Devonian age 

Both Barrovian and Buchan types of metamorphism 
have been produced in the medial zone and western part 
of the eastern zone (Fig. 19.10). These metamorphic 
types are separated by the Al2Si05-triple point isobar 
which must swing northward to include kyanite locali
ties not reported by Thompson and Norton (1968). The 
terrane of Barrovian metamorphism is terminated against 
post-metamorphic faults in the east (Fig. 19.10). 

Post-Devonian metamorphism 

Carboniferous rocks in Rhode Island and in eastern 
Massachusetts have been metamorphosed to staurolite 
grade (Quinn, 1963; Grew, 1974). Although this meta
morphic event is locally well documented, its areal 
extent and its relationship to older episodes of meta
morphism has not been thoroughly investigated. 

Zeolite assemblages have been described from Lower 
Paleozoic rocks (Zen, 1974; Richter and Roy, 1976); 
they a l so occur in Triassic rocks. Heretofore, these 
assemblages have been thought to have been produced in 
separate metamorphic events of Ordovician and Triassic 
age, but the widespread occurrence of prehnite-bearing 
veins through the Siluro-Devonian section of New England 
(including the high-grade terranes) suggests the possi
bility of a pervasive zeolite metamorphism of Triassic 
age. 

PLATE TECTONIC MODEL 

Continental plates 

Basements A, B and D (Fig. 19.3) are interpreted 
as continental material. These basement domains con
tain Precambrian rocks of different character and aver
age age and dissimilar Paleozoic sections. These 
relationships indicate that they have not been parts 
of the same plate throughout decipherable geologic 
time. The relative positions that they now have are 
thought to have been obtained in Ordovician to Devonian 
time. 

Island arc 

Basement C, for the most part, is thought to be 
the deeply eroded roots of an island arc, consisting 
of tonalite and amphibolite intruded by granodiorite 
and granite . Radiometric ages suggest. that its age is 
550-450 Ma. If the 600-620 Ma date (Besancon et al., 
1977) is validated by additional work, at least the 
eastern part of this basement domain must contain con
tinental material . 

Higher level deposits in this island arc are 
exposed both along its west margin and locally along 
its east edge. The western section is highly volcanic; 
mafic, pillowed basalts grade upward through agglomer
ates into more felsic volcanics. The thickness of 
these volcanics varies along strike as do the details . 
of the section . The relationship of the volcanic sec
tion to the underlying tonalite and amphibolite is to 
a large extent gradational (Lundgren, 1962; Robinson, 
1967; Naylor, 1968). 

The section exposed at the east edge of the island 
arc is relatively thin and contains little volcanic 
material. 

In this reconstruction the western volcanic sec
tion marks the active part of the arc and is taken as 
the leading edge of the arc. The eastern section, 
with its paucity of volcanics, is taken as its trailing 
edge . The western volcanic section can be traced north
ward from central Connecticut through eastern Vermont 

to northern Vermont where it bifurcates; one branch 
traces into southern Quebec where it is known as the 
Ascot-Weedon volcanics, and the other branch traverses 
northern New Hampshire into western and north-central 
Maine and possibly into the Tetagouche volcanics of 
New Brunswick. The southern section of volcanics and 
the eastern branch of volcanics are thought to be con
tinuous, and the branch containing the Ascot-Weedon 
volcanics is interpreted as a distinct and different 
volcanic section. 

Plate margins 

Consuming plate margins are thought to have aper~ 
ated in Ordovician time along the northern third of the 
east edge of basement A, and along the western borders 
of basements B and C. These re lationships are compli
cated and, therefore, they are schematical ly shown in 
Figure 19.11. Activity along these subduction zones 
was sequential with final closure occurring in Middle 
to Upper Ordovician time. Initial subduction occurred 
along the east margin of basement A from north-central 
Vermont northward into Quebec. .The descending plate 
is thought to have dipped westward beneath basement A, 
possibly accounting for some of the easterly movement 
on thrust faults in the Cambrian section of Quebec 
(Osberg, 1965). Subsequently, the oceanic plate was 
broken and abducted to the west (St. Julien, 1975). 
Displacement was of the order of tens of kilometres. 
The sections at Thetford Mines, Quebec (Laurent, 1973) 
are transported remnants of these abducted plates. 
Direct evidence of abduction has not been found to the 
south in Vermont, but the presence of high pressure 
ninerals (Laird, 1973), which commonly occur beneath 
abducted plates, suggests that abduction occurred at 
least as far south as north-central Vermont. 

With the welding of oceanic crust to basement A 
by abduction, a new subduction zone developed at the 
west edge of basement B. This subduction zone dipped 
eastward, building a small volcanic edifice (Ascot
Weedon volcanics) on the leading edge of basement B. 
Operation of this subduction zone closed the oceanic 
basin between basements A and B. 

A third subduction zone developed in oceanic crust 
east of basements A and B. Operation of this subduction 
zone was initiated in Late Cambrian time, was in part 
concurrent with that of the subduction system that jux
taposed basements A and B, and lasted longer, possibly 
into the Upper Ordovician. A large and mature volcanic 
arc, recognized as basement C, was built at this con
verging plate boundary. Since the leading edge of this 
arc lies toward the west, the subducted oceanic plate 
dipped eastward. The collision of this arc with base
ments A and B culminated the Taconic orogeny. 

A fourth converging plate margin is interpreted 
to have existed at the west edge of basement D in Late 
Silurian and Lower Devonian time. The abundant vol
canics along coastal Maine and in Massachusetts repre
sent a volcanic edifice constructed on the leading edge 
of basement D in a Cordilleran-type plate margin. The 
presence of these volcanics combined with the few ultra
mafic bodies that lie just to the west suggest that the 
subduction zone dipped east. Operation on this subduc
tion zone closed a narrow ocean between basements C 
and D. The collision of basement D with the accreted 
basements A, B, and C produced the Acadian Orogeny. 
The paucity of geologic features related to subduction 
at the junction between basements D and C suggest that 
this suture is cryptic. 

Turbidite sequences 

A turbidite sequence was. deposited over much of 
the medial zone in Silurian time from the erosion of a 
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mountain chain to the west formed in the Taconic oro
geny. In Upper Silurian time this turbidite section 
may also have been supplied by debris from the east as 
basement D approached basements A, B, and C. 

When basement D collided with basements A, B, and 
C a new mountain syst em was formed in the region of 
their junction, and a Devonian turbidite section was 
built to the west. This sedimentary prism was con
structed out over the medial zone and it extended i nto 
the western margin. 

Deformational effects 

Structural features identified as Ordovician indi
cate a transport direction towards the west. Recumbent 
folds and associated thrusts were formed as a conse
quence of the collision of basements A and B with the 
island arc (basement C). Presumably later adjustments 
to plate movements produced other structural effects, 
but these have not been sorted out except possibly in 
northern Vermont and southern Quebec (Rickard, 1965). 

The direction of tectonic transport in the Acadian 
orogeny was also directed towards the wes t. Early, 
major recumbent folds face west and associated thrust 
plates moved towards the west. 

Later compressive adjustments produced the ma jor 
anticlinoria and syncl i noria. The anticlinoria are 
particularly complicated because they involve older 
rocks having marked differences in rheological proper 
ties, which gave rise to spectacular superimposed folds 
and the localization of diapiric domes . Locally, such 
as in parts of the Bronson Hill anticlinorium, original 
west-facing recumbent folds have been back-folded pro
ducing a second generation of recumbent folds that f ace 
east (Robinson, 1967). The synclinoria, because they 
contain thick prisms of rocks with more -or-less uniform 
rheological character, are structurally simpler than 
the anticlinoria, even though these sedimentary sections 
are deformed by isoclinal upright folds . 

Continental volcanics 

Mostly felsic volcanics of Siluro-Devonian age in 
north-western Maine were generated by partial melting 
of the crust as a consequence of continental collision. 
Melting zones were located where continental crust was 
abnormally thickened . 

Plutonism and metamorphism 

The development of granitic and granodioritic 
magmas and regional metamorphism was synchronous and 
was consequent on collision of crustal blocks. Compo
sitional peculiarities of plutons may in part be due 
to compositional differences of the crustal blocks in 
~hich they were generated by partial fusion. Regional 
metamorphism was a Barrovian-type at deeper levels and 
of Buchan-type at higher levels . 

Both the Taconic and Acadian orogenies produced 
their own p l utonic-metamorphic associations. The 
absence of Buchan-type metamorphic associations of 
Taconic or Acadian age along the western margin of the 
orogen suggests that the tectonic transport to the west 
has carried Barrovian-type terrane completely over the 
Buchan - type metamorphic terrane. Toward the east the 
Devonian metamorphism overprints the Ordovician meta
morphism. A Buchan-type metamorphic series of Devonian 
age borders the Acadian metamorphic terrane to the 
north and east. 
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INTRODUCTION 

The segment of the Appalachians to be discussed 
herein is that from the lower reaches of the Hudson 
River in New York to the Coastal Plain overlap in 
Alabama (Figs . 20.1, 20.2). That portion from the 
Hudson River to central Virginia is commonly called 
the eentral Appalachians, while that from Virginia to 
Alabama is called the southern Appalachians. 

REGIONAL GEOLOGY 

The southern and central Appa lachians may be 
divided into four major physiographic-structural sub
divisions: the Cumberland-Allegheny Plateau, Valley 
and Ridge, Blue Ridge (and Reading prong) and Piedmont. 
Several structural-stratigraphic-petrologic subdivi
sions of the Blue Ridge and Piedmont will be discussed 
briefly. 

The dominant structures of the Cumberland-Allegheny 
Plateau and Valley and Ridge were form ed during the 
late Paleozoic Alleghanian (Hercynian) orogeny . There
fore little discussion of the structural styles of 
these zones will be made except to say that most recent 
workers conclude that the deformation was of a "thin
skinned" nature (Rodgers, 1949, 1964, 1970) and several 
have concluded that gravity is the driving mechanism 
by which deformation occurred (Gwinn, 1964, 1970; 
Dennison, 1974; Milici, 1975) . Earlier tectonic events 
are reflected in the sedimentary record, however. 

The eastern part of the Vall ey and Ridge in 
Pennsylvania, New Jersey and southeastern New York 
(Lebanon or Great Valley) consists of Cambrian and 
Ordovician rocks whose structural style is markedly 
different from that farther west, more like that in 
the Piedmont than the Valley and Ridge. Recumbent 
folds, folded thrusts and other polydeformationl fea
tures occur here. Yet the rocks hav e not been appre
ciably metamorphosed (Rodgers, 1970; Root, 1970; 
A.A. Drake, written commun., 1976). Much of this 
deformation is thought to be Taconic but Alleghanian 
structures are also present (Root, 1970). The Great 
Valley is also the site of emplacement of transported 
sedimentary sequences like those occurring farther 
north in the Taconic Mountains, Quebec and Newfoundland. 
None of these klippen are known to occur farther south 
than Harrisburg, Pennsylvania (A.A. Drake, written 
commun., 1976). 

The Blue Ridge is an anticlinorium in the central 
Appalachians and its anticlinal character continues 
southward but in the southern Appal achians it becomes 
a series of crystalline thrust sheets. The principal 
line of evidence for the allochthonous character of 
the Blue Ridge is the Grandfather Mountain window 
(Fig . 20.1, 3d) in North Carolina. 

The oldest rocks of the Blue Ridge belt are ortho
and paragneisses, hereafter called basement, that were 
metamorphosed 1100 Ma ago. These are overlain by 
upper Precambrian metasedimentary and metavolcanic 

IGCP Project 27, U.S.A. Contribution No . 2. 
Ca l edonian-A ppa lach1an Orogen of the North Atlantic Reaion; 
Geo l. Surv. Canada. Paper 78-13 ( 1978): · 

rocks which in a few plac es are overlain by lower 
Paleozoic sedimentary rocks. However, along the west
ern edge of the Blue Ridge in parts of Tenness ee .w1d 
Virginia, Cambrian sedimentary rocks rest upon basement. 
Lower Paleozoic metasedimentary rocks are probably 
represented in the sequences in the Murphy syncline 
(Fig. 20.1, 3b) and other smaller synclinal structures 
in the Blue Ridge. The Talladep.a belt along the western 
edge of the extension of the Blue Ridge in Alabama con
tains rocks that may be as young as Mississippian. 

Lower Paleozoic granitic plutons are concentrated 
in a belt along the eastern edge of the Blue Ridge. 
Ultramafic and mafic bodies empl aced prior to Taconic 
metamorphism, follow a similar trend i n the same area. 
A f ew plutons occur outside this eastern belt. 

Paleozoic metamorphism in the Blue Ridge has 
been recognized as classical Barrovian metamorphism 
(Carpenter, 1970). There was apparently only one meta
morphi c event affecting the southern Blue Ridge which 
occurred 450-480 Ma ago (Butler, 1972; Dallmeyer, 
1975). 

The southern Blue Ridge is divisible into three 
distinctive belts (Hatcher, in prep.): 1) a western 
belt of i mbricate thrusts, which invo lves upper Precam
brian and lower Paleozoic rocks and s ome basement rocks; 
2) a central belt where most basement rocks occur along 
with higher metamorphic grade upper Precambrian and 
possibly lower Paleozoic metasedimentary rocks, a south
ward ext ens ion of the core of the Blue Ridge anticli-· 
norium of the central Appalachians (BLUE-GREEN-LONG 
AX IS of Rankin (1976)); 3) an eas t ern belt of high 
grade upper Precambrian-early Paleozoic (?) metasedi
mentary and metavolcanic rocks. The eastern belt is 
characterized by the very restricted occurrence of 
basement rocks and contains the lower Paleozoic plutons 
and ultramafic rocks mentioned above . The ultramafic 
rocks could have been emplaced along the sole of a 
thrus t, or series of thrusts generated during closing 
of the Lat e Precambrian Ocoee basin (Hatcher, in prep.). 
Later deformation and metamorphi sm served to disperse 
them and destroy their original character. 

The Blue Ridge becomes a narrow northeast-plunging 
anticlinorium in Virginia (Fig . 20 .1 , 3e ). This trend 
continues into Mary l and and Pennsylvania where the 
basement rocks plunge beneath the surface and the South 
Mountain fold is the only remnant of the wide expansive 
Blue Ridge farther south (Cloos, 1947, 1971; Espenshade, 
1970). This structure disappear s beneath a Triassic 
basin in Pennsy lvania . The South Mountain fold and cen
tral Blue Ridge anticlinorium are thought to have form ed 
during the Acadian orogeny, but the cleavage there and 
major deformation are thought to be All eghanian (Root, 
1970) . 

Basement rocks reappear in northeast Pennsylvania 
in the Reading Prong (Fig. 20 .1, 5), which could be 
a continuation of the Blue Ridge. The basement rocks 
in the southwest portion of the Reading Prong have 
been proven allochthonous (Drake, 1970). Those at the 
northeas t end are thought by some to be autochthonous 
(Dallmeyer, 1974) but geophysical evidence supports 
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the idea of an allochthonous or para-autochthonous 
setting for this area as well (A.A. Drake, written 
comm., 1976). 

The recognition of pre- or synmetamorphic faults 
in the higher grade portions of the southern Blue 
Ridge is a recent development. The premetamorphic 
Greenbrier fault of the western Blue Ridge in Tennessee 
and western North Carolina has been known for some time 
(Hadley and Goldsmith, 1963; King, 1964). Others in 
the eastern Blue Ridge have now been recognized by the 
author. Several other faults, previously interpreted 
as Alleghanian features, are being reinterpreted as 
older structures (Hatcher, in prep.). 

The boundary between the southern Blue Ridge and 
Piedmont from Virginia southward is the Brevard fault 
(Fig. 20.1). Various interpretations have been offered 
for this structure. It has been interpreted as a 
strike-slip fault (Reed and Bryant, 1964), a strike
slip fault with a dip-slip component of movement (Reed, 
Bryant and Myers, 1970), an Alpine root zone (Burchfiel 
and Livingston, 1967), a thrust (Hatcher, 1971; Rankin 
and others, 1973), the sole of a large nappe (Clarke, 
1952; Bentley and Neathery, 1970), a zone of detachment 
(abscherung) (Griffin, 197la, 197lb), and a transported 
suture (Rankin, 1975) . It is a very linear feature 
and certainly a major fault having an early history of 
ductile deformation and a later history of brittle 
deformation. It is stratigraphically controlled in 
part and contains slices of what appear to be unmeta
morphosed platform type carbonate rocks derived from 
the footwall of the Blue Ridge thrust sheet. Structural 
sequences (including deformational styles and orienta
tions) northwest, within and southeast of the Brevard 
zone are identical, except for the epis'odes of faulting 
within the Brevard zone. 

A narrow belt - the Chauga belt (Fig. 20.1, 4a) -
extending from central North Carolina to central 
Georgia, lies southeast of the Brevard Zone. It is a 
belt of metasedimentary and metavolcanic rocks of lower 
metamorphic grade than the rocks of the Inner Piedmont 
and Blue Ridge. This feature is a synclinorium and 
flanks the higher grade Inner Piedmont along the north
west edge of the latter. The Brevard Zone occupies 
the western limb of the Chauga belt. The boundary 
between the Inner Piedmont (Fig, 20.1, 4b) and the 
Chauga belt is tectonic in a few places but is a meta
morphic gradient in others. Metasedimentary and meta
volcanic rocks of high grade intruded by granitic to 
gabbroic plutons of mainly Early Paleozoic age are 
found in the Inner Piedmont. Inner Piedmont structures 
consist of west vergent folds of several generations 
and several large allochthons have been recognized 
immediately southeast of the Brevard zone, probably 
derived from nappes farther southeast. 

The Kings Mountain belt (Fig. 20.l, 4c) lies 
southeast of the Inner Piedmont in the Carolinas. It 
is a belt of metasedimentary rocks of slightly lower 
grade compared with the Inner Piedmont, and may be syn
clinal, but its structure is complicated by faulting 
along one or both boundaries (Butler and Fullagar, 
1976). 

Southeast of the Inner Piedmont in Alabama and 
western Georgia is the anticlinal Pine Mountain belt 
(Fig. 20 .1, 4'f). It contains basement rocks overlain 
by moderate grade metasedimentary rocks. Both its 
northwest and southeast boundaries are faulted. 

East of the Kings Mountain belt in the Carolinas 
is the Charlotte belt (Fig. 20.1, 4d). This is another 
high grade zone and most of the plutons of the southern 
Appalachians occur here. Their compositions range from 
gabbroic to granitic. Their ages range from 415 to 
385 Ma (both pre- and post-metamorphic) with another 
group of granitic plutons whose ages cluster about 
300 Ma (Butler and Fullagar, 1976). 

The Carolina slate belt (Fig. 20.1, 4e) extends 
from Virginia to Georgia. It contains an assemblage of 
mafic to felsic volcanic rocks and some metasedimentary 
rocks ranging in age from late Precambrian to early 
Paleozoic. Metamorphic grade is low. These rocks have 
been intruded by gabbroic to granitic plutons ranging 
in age from 705 to 510 Ma and by 300 Ma old grani-
tic rocks (Butler and Fullagar, 1976). The boundary 
between the Carolina slate belt and Charlotte belt is 
probably metamorphic but may involve an antiformal
synformal relationship between the two belts in which 
the thermal surfaces have been folded (Hatcher, 1972a, 
Fig. 3). 

East of the Carolina Slate belt are the antiformal 
Uchee belt in Alabama and Georgia, the Kiokee belt in 
Georgia and South Carolina, and the Raleigh belt in 
North Carolina (Fig. 20.1, 4g, h, m). All contain 
higher grade rocks not unlike those of the Charlotte 
belt. Carolina slate belt rocks occur east of both 
the Raleigh and Kiokee belts. 

Several large faults exist within the Piedmont 
(Fig. 20 . 1). The Towaliga and Goat Rock faults flank 
the Pine Mountain belt (Fig. 20.1, 4f) in Alabama 
and Georgia and probably extend eastward into South 
Carolina and beyond. The Gold Hill-Silver Hill fault 
zone occurs along the Charlotte belt-Carolina slate 
belt boundary in North Carolina. The Raleigh belt is 
probably flanked on both sides by large faults. The 
precise movement sense of these faults is unknown; like 
the Brevard fault they possess an extended history of 
renewed movement. This group of faults may form a major 
system in the eastern Piedmont (Hatcher et al., 1977). 

The Piedmont of Virginia consists of the James 
River synclinorium on the southeast flank of the Blue 
Ridge anticlinorium; a broad belt, farther southeast, 
presumably anticlinal, of metagraywackes, schists and 
some metavolcanic rocks; then the Arvonia syncline of 
slates containing Ordovician fossils. To the southwest, 
in the western Piedmont along the Virginia-North Caro
lina line, there is an anticlinorium of basement rocks 
(Sauratown Mountains anticlinorium (Fig. 20 .1, 4j). 
This feature is separated from the Blue Ridge here by 
the Smith River allochthon. Its relationship to the 
James River synclinorium and other features to the 
northeast is presently unknown. 

The Piedmont of Maryland and Pennsylvania con~ists 
of an assemblage of pelitic and quartzofeldspathic rocks, 
metavolcanic rocks, carbonate rocks •and diamictite of 
upper Precambrian to lower Paleozoic age known as the 
Glenarm Series (Hopson, 1964; Higgins, 1972). Earlier 
Precambrian basement rocks occur in the eastern Piedmont 
as the Baltimore Gneiss domes (Fig. 20.1, 4n) and the 
Mine Ridge anticlinorium. The latter is west of the 
Martic Line, while the Baltimore Gneiss domes are east 
of it. Ultramafic, gabbroic and granitic rocks of 
Paleozoic age intrude these rocks. Their exact ages 
are at present unknown because zircon age determinations 
made previously are in error because of inherited lead 
(M.W. Higgins, oral commun., 1976). Most of the gabbros 
and ul tramafic rocks, along with the Baltimore Gneis.s 
bodies may be tectonically transported to their present 
positions (Rodgers, 1970; A.A. Drake, written commun., 
1976). 

The Martic Line of Maryland and Pennsylvania sep
arates the less intensely deformed platform assemblage 
of Cambrian and Ordovician carbonates and elastics to 
the west from the more extensively deformed and meta
morphosed elastic-volcanic assemblage to the east. A 
major facies change appears to be associated with this 
structure as well (Wise, ~970; Higgins, 1972). The 
Martic Line is another feature in the Appalachians that 
has experienced a long and complex deformational his
tory. Wise (1970) interpreted the line as a product 
of early imbricate thrusting followed by several events 
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Figures 20.2a, b. Representative cross-sections through the central and southern Appalachians. 

of later refolding. It may have played a more impor
tant role as a line along which smaller crustal blocks 
were rejoined to North America in the Early Paleozoic 
followed by the deformational history described by 
Wise (1970) and Higgins (1972). 

Metamorphism in the Piedmont is Barrovian and the 
major thermal peak is probably Taconic (Ordovician) . 
However, there is more than a suggestion of a less 
intense Acadian metamorphism in the central and south
ern Piedmont (Higgins, 1973; Butler and Fullagar, in 
press). An earlier, Precambrian metamorphism has also 
been clearly identified in basement rocks of the Pied
mont (Wagner and Crawford, 1975). A Paleozoic green
schist overprint is present over much of the Piedmont 
and a later event involving filling of hydrothermal 
veins by zeolites, prehnite and calcite is just becom
ing known. 

SUMMARY OF LATE PRECAMBRIAN THROUGH 
DEVONIAN EVOLUTION 

The eastern margin of North America was rifted 
during the late Precambrian (Rankin, 1975, 1976) and 
several trailing fragments of continental crust were 
left in the wake of separation and formation of Iapetus. 
Some of these fragments were isolated (Charlotte belt
Carolina slate belt block) while others were left con
nected in peninsular fashion to North America (Inner 
Piedmont block) . In the late Precambrian a subduction 
zone and island arc system formed adjacent to the east
ernmost of these fragments, which are now in Virginia 
and the Carolinas. Towards the continent there was at 
least one other fragment or peninsula of continental 
material but oceanic crust (small oceans, marginal 
seas, or back-arc basins) likely separated it from 
North America and the slate belt island-arc. 

The initial collapse of these basins probably took 
place in the Cambrian, and this produced the initial 
stages of the Taconic orogeny. Thrusts in the Blue 
Ridge may have begun to move and the ultramafic bodies 
now on the eastern side of the Blue Ridge would have 
been emplaced. Some larger mafic-untramafic complexes, 
like the Baltimore Gabbro and several others in the 
North Carolina Blue Ridge may be fragments of oceanic 
crust and mantle caught up in the deforming mass when 
the small oceans were collapsing. 

The Ordovician was a time of intense deformation, 
metamorphism and plutonism in the central and southern 
Appalachians. Tectonic lands rose from the deforming 
orogen to shed sediments to the west into the miogeo
cl ine. The island-arc system which had existed prior 
to this time may have been destroyed. However, plutons 
ranging in age from 425 and 385 Ma were probably formed 
above a west-dipping subduction zone. The earlier sub
duction zone beneath the island arc probably had an 
eastward dip (Glover and Sinha, 1973; Glover, 1976). 
The later west-dipping subduction zone is re-sponsible 
for the final closure of Iapetus and the collision of 
North America with Africa. This latter event probably 
occurred to the north in the Devonian (Bird and Dewey, 
1970), but may have happened later in the central and 
southern Appalachians (Hatcher, 1972a), producing the 
Alleghanian orogeny. 
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APPENDIX 

PROBLEMS AND TOPICS FOR RESEARCH 

1. Resolution of pre-Alleghanian structure in the 
Valley and Ridge. 

2. Delineation of the areas affected by one and more 
than one Paleozoic metamorphic event in the Piedmont. 

3. Resolution of pre- and synmetamorphic faults in the 
southern Blue Ridge and Piedmont. 

4. Stratigraphic studies in medium to high grade meta
morphic rocks to relate these rocks to lower grade 
equivalents in the southern Blue Ridge (more specif
ically, the relationships between the Ocoee Series, 
Ashe Formation, Tallulah Falls Formation, basement 
rocks and younger rocks). 

5. Continuation and expansion of age dating programs 
to date the plutons of the Piedmont and Blue Ridge 
and determine the extent of basement rocks. 

6. Detailed examination of critical boundaries, such 
as that between the Kings Mountain and Charlotte 
belts, to help solve questions related to the 
existence and locations of cryptic sutures. 

7. Investigate the possible reasons for the alloch
thonous character of the sou.thwestern portions of 
the Reading Prong and the autochthonous nature of 
the northeast portion. 

8. Determine if the Baltimore gabbro complex is an 
ophiolite and its relationships to the James Run 
gneiss. Also, the relationships of Glenarm Series 
stratigraphy to the plutonic rocks of Pennsylvania, 
Maryland and northern Virginia need to be better 
resolved. 

9. Chronology of deformation established in a few 
areas should be worked out in others and correlated 
throughout the Piedmont and Blue Ridge. 

10. Combined geologic-geophysical studies to determine 
whether the Baltimore Gneiss domes are allochthonous 
or are in place. 

11. Determine the nature of the southwest end of the 
Smith River allochthon. Its extent and relation
ships to the James River synclinorium and other 
features of the central Virginia Piedmont should 
also be determined. 

Most of the problems outlined above could be 
resolved by additional quality geologic mapping. This 
is particularly true of the southern Appalachian Blue 
Ridge and Piedmont where only a few small areas of 
quality detailed geologic mapping involving integrated 
structural-stratigraphic-petrologic-geochronologic 
studies exist. Although these areas are increasing in 
size, there are very large areas where no modern geo
logic mapping exists. 
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21. SYNTHESE PROVISOIRE DES EVENEMENTS OROGENIQUES CALEDONIENS EN FRANCE 
r:ROG£NE 

UN~, ~ALEDONIEN 
A. Autran 

Projet PIGG n°27 

Bureau de recherches geologiques et minie~es 
Service geologique national - B.P. 6009 

Orleans Cedex 45018, France 

!liNTRODUCTION 

En dehors de l'Ardenne, terminaison occidentale 
du ''Massif schisteux rhenan", oil .des deformations 
caledoniennes d'age ante-devonien sont connues et 
classiques depuis longtemps, differents geologues ont 
envisage l'existence d'une veritable orogenese cale
donienne clans le Massif Central fran~ais, mais 
toujours a titre d'hypothese et sur une argumentation 
fragile. Ce n'est que depuis 1973-1974 qu'un ensem
ble de faits nouveaux acquis en stratigraphie, carto
graphie et analyse structurale, petrologie des series 
metamorphiqu e s et magmatiques et en geochronologie 
isotopiquel 1 ) a permis l'identification indiscutable 
d'une zone orogenique majeure d'age Devonien inferieur 
a moyen clans le Sud du Massif Armoricain, l'ensemble 
du Massif Central et probablement les Vosges et les 
massifs de socle des Alpes occidentales. (fig. 21.l) 

On ne connait pas encore partout l'extension 
exacte du domaine aff ecte, ni le style des deforma
tions, leur niveau structural, l'age des formations 
metamorphisees. 

Aussi cette mise au point a pour seule ambition 
de rassembler et tenter d'ordonner les faits actuel
lement certains que l'on peut correler avec les evene
ments orogeniques caledoniens. 

REGION N-E DE LA FRANCE·;· ARDENNE ET VOSGES 

ARDENNE (figures 21.2, 21.3) 

L'Ardenne est sur la bordure Nord de la zone 
Saxo-Thuringienne elle-meme caracterisee par une serie 
paleozoique continue du Cambrien basal au Carbonif~re 
et des plissements uniquement carboniferes. 

En Ardenne on observe le deplacement de l'epoque 
des deformations caledoniennes du Sud vers le Nord 
depuis le Caradocien jusqu 'au Silurien superieur ·:' 

Ardenne meridionale: transgression du Devonien basal 
(Downtonien) sur le Cambrien 
(Revinien-Devillien) plisse pen
dant le Caradoc comme le montre 
la discordance d'un flysch Cara
docien typique sur le Llandelien 
clans la zone du Brabant au Nord 
(ride du Condroz). 

Ardenne septentrionale et Brabant: discordance du 
Siegenien inferieur sur le 
Silurien. 

(1) L ~ . . ~ 
es ages isotopiques obtenus par la methode Rb/Sr 

et donnes clans ce papier sont toujours des ages 
d'isochrone de roches totale calcules avec la 
constante de 1.47 .10-llan-i. 11 conviendrait de 
les vieillir de 3,5% pour tenir compte de la nouve
le valeur proposee pour la constante 1,42.lO~llan-~ 

PICG Projet 27, Contribution fran!;aise n° 3. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 

Cette phase de plissement d'age caradocienne a 
silurienne (accompagnee de volcanisme acide au Nord), 
n'a pas produit de schistosite au niveau d'erosion 
oil on peut l'observer. Les plis ont une tendance a 
etre deverses vers le Nord, mais leur reconstitution 
exacte n'est pas realisee car la tectonique hercy
nienne post-westphallienne accompagnee de schistosite 
et de metamorphisme leger (au maximum zone a stauro
tide) les a beaucoup modifie. (voir figures 21.2 et 
21.3) 

Domaine orogcinique caledonien d'dge Di!vonien 

prouve (a J 
/ , 

Ires probable (b) . ·o· 
0000000°

00 

limite nord 

limite sud 

vm Demaine plisse du Coradoc au Silurien en regime superficiel 

Les limites de la zone orogenique caledonienne du 
Devonien ont ete prolongees sur le socle cache sous 
les bassins mesozoiques grace aux cartes de gravime
trie, aeromagnetisme et aux forages profonds (Autran, 
Gerard et Weber, 1976 - Bull. Soc. Geol. Fr. no ,, 5)~ 

Figure 21.1 Orogene caledonien de la France. 
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10 20 30 40 SO Km 

Avesnes 

h. t errain houiller. - D. Dinantien. - d 2 . Devonien 
superieur et moyen. - d 1 . Devonien inferieur. -
s. Siluro-Ordovicien. - c. Cambrien. - 1. Limite de 

......... 
-x-x- 2 

3 

C .W 19TE.R I-OT 19~4 

l'epizone (a chlorite). - 2. Limite de la mesozone (a 
biotite). - 3. failles. - Plis caledoniens de la 
clinal de Rocroi: anticlinal + + 

synclinal -'k- -'k-

Figure 21.2 Carte schematique des principaux plis de l'Ardenne 

a) Au Caradocien, apres la phase ardennaise (a . rap
pr.ocher de la phase t aconique): surrection de la 
Haute-Ardenne. 

b) Au Ludlowien superieur, apres la phase condrusienne. 
Le Ludlowien superieur est represente par 

des hachures verticales en surimposit~on sur le 
figure du Silurien. 

c) Au Gedinnien inferieur (Downtonien), apres la 
phase braban~onne. 

d) Au Devonien inferieur. 
e) Au Devonien moyen et superieur. 
f) Au Dinantien final avec la phase sudete (niveau de 

la "Grande Breche7). 
g) Au cours du Westphalien (deformation du bassin de 

sedimentation lagunaire). 

h) A la fin du Westphalien, avec la phase asturienne 
(formation des synclinaux de Namur et de Dinant, 
de la Grande Faille du Midi: exondation generale 
du pays). 

w= Westphalien. - N = Namurien. - D = Dinantien. -
dsm = Devonien superieur et moyen. - di = Devonien 
inferieur. - S = Silurien. - 0 = Ordovicien. - C = 
Cambrien. - SC= Siluro-Cambrien indifferencie. -
M = zone metamorphique de l 'Ardenne. - fleches noires 
obliques = sens des poussees orogeriiques. - fleches 
noires horizon tales = sens des transgressions marines. 
- fleches noires verticales = zones de subsidence. -
F =Grande Faille du Midi. - EE' = surface d 'erosion 
actuelle. 

Figure 21.3 L'Ardenne lors des differentes phases orogeriiques des plissements caledoniens et hercyniens. 
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Les grands ensembles geologiques ont ete distingues : 
1. Terrains secondaires, tertiaires et quaternaires. 
2. Permien. 
3. Viseen des Vosges meridi.ona les . 
4 . Devonien du Belfortais et Devono-Dinantien de la 

Bruche. 
5. Siluro-Ordovicien. 
6. Serie de Ville et formations du Climont. (Prote

rozoique Sup2.-Eocambrien} . 

7 . 
8 . 
9. 

10 . 
11 . 
12. 

St rasbourg
0 

" c: <::: 
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~ VI 

0 Cl 

:u 
,.,, 
VI 

" 
------------

~ 
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-<: 0 ,.,, 

VI 
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Granites intrusifs tardi-hercyniens . )Viseen a 
Grani toides des Vosges du Nord. lwestphalien 
Granite des Ballons. ) 
Granites intrusifs des Vosges moyennes) 
Granite fondamental et granito-gneiss. ~ 400 Ma 
Gneiss et migmatites . 

Figure 21.4. Carte structurale du socle vosgien (d'apres J. - P. von Eller et coll . , 1972 reduite et completee 
par P. Fluck, 1973). On y distingue egalement les trois parties fondamentales du socle vosgien. 



VOSGES (figure 21.4) 

lei on n' a pas decrit de deformations ni de meta
morphismes au Cambrien, a l'Ordovicien ou au Devonien. 
Mais il est tres probable que certaines structurations 
tectono-metamorphiques maj eures attribuees au 
cycle Cadomien (Proterozoique Superieur) ou a un 
Hercynien precoce se sont produites lors d'une oroge
nese cal edonienne. Les indices pour cette hypothese 
sont les suivants: 

1) hiatus stratigraphiques : - Cambrien et Ordovi
cien inf erieur 

- Silurien moyen superieur et Devonien 
inferieur. 

2) transgression d 'un mesod evonien dans l es Vosges 
du Nord et du Sud auquel succede un important 
volcanisme a spilites e t keratophyre jusqu 'au 
Frasnien, dont les caracteres geochimiques de ce 
volcanisme indiquent un si te geodynamiqu e de 
type arc insulaire. 

3) ages isotopiques a 407-400 MA et 440 MA sur les 
granites et les roches anatecti_ques les plus 
anciens (Hameurt et Vidal, 1973; Bonhomme et 
Fluck, 1974). 

4) lithologie du socle et evo lution metamorphique 
des Vosges centrales et mer idionales, tres 
comparable a celles des autres massifs de la 
"zone moldanubienne" de l ' orogene varisque, oil 
depuis 4 ou 5 ans on decouvre !'importance de 
la structuration caledonienne (Massif de la 
Foret Noire en Allemagne). 

LE MASSIF ARMORICAIN (figure 21.5) 

Cette description est redigee essentiellement a 
partir de la mise au point de Cogne (1976). 

Il est constitue de deux grandes regions: 
(fig. 21.5) separees par un accident majeur la "zone 
broyee Sud armoricaine". 

Au Nord - "Le Massif armoricain" proprement <lit, 
constitue d'un soubassement Precambrien recent (cycle 
cadomien acheve par la mise en place de granites vers 
560 Ma), recouvert de depots paleozoiques epicontinen
t aux et de volcanites . Ce domaine a eu une paleogeo
graphie variee pendant le Pal eozoique. En relation 
avec l'orogenese caledonienne, on ne peut y deceler 
aucune phase de plissement ni de metamorphisme regio
nal depuis l e Cambrien inferieur jusqu'au Devonien 
superieur-viseen oil les premieres deformations hercy
niennes l'affecte (phase bretonne). Par contre des 
granites (trondjehmites - granites alcalins) s'y 
mettent en place a l'Ordovicien le long de l a bordure 
sud, apparemment dans un contexte cratonique stable 
et des volcanites y sont connues a la limite Cambrien
Tremadoc, a l'Ordovicien superieur, au Dev onien in
ferieur et a la limite Devonien-Viseen. 

Au Sud - les regions sud armoricaines sont formees 
d 1 epaisses series metamorphiques epizonales a cata
zonales oil aucune stratigraphie rigoureus e n'est 
encore connue au nord de la Loire. "Il reste diffi
cile d'y separer clairement ce qui releve d'une evo
lution cadomienne relique par rapport a une his toire 
tectono metamorphiqe polyphasee s'achevant avec les 
plissements hercyniens". C'est le domaine que 
J. Cogne propose d'appeler "orogene Ligerien", qui 
est auss i nomme " zone Vendeo-Sud Armoricaine". 

On reviendra plus en detail sur cette r egion car 
c'est elle qui montre des indices importants d'une 
orogertese caledonienne. 

Entre ces deux regions: 
armoricaine puissant complexe 
de metamorphites, jalonnee de 
sync inematiques et lobes . 

la zone broyee sud-
de blastomylonites et 
leucograni tes ._ ,en lames 

Cette zone es t l e lieu de cisaillements impor
tants d'abord tangentiels puis en faille transcurente, 
repartis sur plusieurs periodes au cours des temps 
hercyniens proprement <lits. 

LA STRUCTURATION CALEDONIENNE MAJEURE DE LA ZONE 
VENDEO-SUD ARMORICAINE 

Les preuves les plus convaincantes se trouvent 
en Vendee oil la stratigraphie et la structure tecto
nometamorphique montrent des relations remarquables 
elucidees par le travail car tographique de Ters (1976) 
(fig. 21.6). 

La serie est structuree en grands plis couches 
pluri-kilome triques, deverses vers le Sud, d 'axe 
EW.(1) L~ Paleozoique r epresente par un Cambrien 
may.en localement, et plus generalement par l 'Ordovicien 
et le Silurien tous deux associes a des volcanites 
surtout acides, occupe le coeur des synclinaux oil il 
est affecte des memes deformations que les terrains 
brioveriens (proterozoique superieur) plus profonds 
qui ont le meme facies lithologique que les schistes 
et micaschistes affleurant dans tout l'ouest de la 
zone Sud armoricaine. Le metamorphisme dont !'evo
lution est synchrone de ces deformations intense varie 
du facies schiste vert au facies amphibolite avec 
anatexie et est caracterise par une evolution precoce 
a . tres haute pression (facies "schiste bleu" a glau
cophane et facies eclogite). On ne peut tracer de 
discontinuite d'evolution entre les terrains anterieurs 
au Cambrien et le Silurien, seule l'intensite des 
recristallisations varie. 

Done ici la structuration tectono metamorphique 
tres intense est d'age post Ludlow. 

Un aff l eurement unique mais tres symptomatique, 
montre a Vi lle De, un calcaire recifal Givetien 
non metamorphise et simplement bascule par un plis
sement post Namurien, r eposant sur des schistes epi
metamorphiques cambriens affectes d'un plissement 
serre avec schistosite ardoisiere, elle-meme crenulee. 

On a done en Vendee un encadrement stratigraphique 
rigoureux pour une structuration orogenique majeure 
entre le Ludlow et le Gi>.retien. 

Par ailleurs , des granitoides d'anatexie cris
tallises apres ,. la phase II des plis couches EW (post
foliation), deverses vers le Sud, se trouvent tout 
au long de la zone Sud armoricaine; ils ont ete dates 
par Ph. Vidal par isochrone Rb/Se de ro che totale, 
a 365 Ma en Vendee e t de 370 a 380 Ma au milieu de la 
zone (region de Morbihan). 

La metamorphisme a glaucophane connu dans l'ile 
de Groix, en Vendee et en quelques points par 
dragages en mer entre ces 2 secteurs, pourrait etre 
aussi d' age siluro-devonien car il s ' associe aux memes 
types de deformation .. que le metamorphisme de HP-HT 
affleurant plus au nord et les datations realisees 
(Cogne et Peucat, 1977) suggerent une homogeneisation _ 
isotopique Rb-Sr vers 420 Ma pour l es roches totales 
(metavolcanites basiques .et metashales) et la fin 
du metamorphisme iLglaucophane vers 360 Ma. Il serait 
suivie a 320 Ma d'un rechauffement important (age 
plateau unique par 39A/40A sur les gl aucophanes) dont 
les nombreux massifs de 1eucogranite environnants, 
mis en place a cet age, rendent facilement compte. 

lees grands plis couches replissent la foliation et sont done conside11e-s comme formes pendant une phase de de
formation P2. Les plis de la phase P1, synfoliaux, sont plus rares et leur ampleur n'est pas connue . 
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Du Nord au Sud: 

(1) Le "massif" armoricain proprement di t, par tie 
intracratonique saxo-thuringienne de l'orogene 
hercynien: socle cadomien et couverture pale
zoique epicontinentale. 

(2) La Zone broyee sud-armoricaine, geosuture hercy
ienne chevauchante vers le Sud, dans le prolonge
ment et au Sud du Sillon de Saint-Georges-sur
Loire, jalonnee par les leucogranites. 

Figure 21.5 La structure armoricaine 
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((3) L'Orogene ligerien , d'age siluro-devonien, 
c6nstitue en marge meridionale .du socle cadomien. 
On y reconnait trois zones: (3a) dans les regions 
externes (Domaine ligerien): socle cadomien et 
magmatismes calco- alcalins ante- et pre-
hercyniens; (3b) le long du bourrelet sedimentaire: 
metamorphisme de haute temperature et migmatisation 
(Domaine de l'Anticlinal de Cornouaille); (3c) 
dans la zone la plus interne: metamorphisme de 
haute pression - basse temperature (Ile de Groix -
Vendee). 

(4) Granites ordoviciens et siluriens. 



Ainsi les . donnees actuellement recueillies, mais 
qui sont a renforcer, suggerent une organisation 

.structurale et metamorphique de cet orogene siluro
devonien, voire strictement devonien inferieur, appa
rentee au type "paired metamorphic belts" de Myiashiro, 
et plus particuli~rement aux modele impliquant une 
subduction au moins momentanee de croute continentale 
(fig. 21.7). 

Remarquons enfin la disposition, immediatement 
au Nord de ce dispositif orogenique, d'un sillon ou 
d'une fosse a sedimentation detritique tres epaisse, 
accompagnee d'un abondant volcanisme marin, qui a 
fonctionne pendant l'Ordovicien, le Silurien, au moins 

l. Granites varisques dates a .320 Ma, (generalement 
leucogranites a deux micas). 

2a. Granites calco-alcalins non dates pouvant etres 
devonien superieur. 2b: idem. de type alumi
neux leucocrate. 

3a. Volcani tes a .. la limi te Ordovicien-Cambrien. 3b: 
idem. au Wenlock. 

jusqu'au Ludlow. C'est le sillon de Saint Georges sur 
Loire qui pourrait etre considere comme une fosse de 
distension arriere d'un cordillere orogenique. Sa 
limite Nord est d'ailleurs jalonnee par une longue 
serie d' intrusions grani tiques d 'age Ordovicien a 
Silurien (450 a 520 Ma): Massif des landes de Lanvaux
Angers (fig. 21.5 et 21.7). 

Ce sillon tres intensement plisse au Carbonifere, 
peut-etre deja au Devonien et cisaille par la dislo
cation Sud Armoricaine devait representer une barriere 
faunistique importante a l'Ordovicien, Silurien et 
Devonien car les terrains de cet age deposes au Sud 
(synclinal d'Ancenis, Vendee) ont des faunes stricte-

vvvv'l/v 
v v.,, v" 

vvvvvv 
~-~~~~~~~~~~ b 

I . 

+ 
+ . 

• b . 

bI I b 

• • 
I I 

C2d 10 

6. Bassins de Namurien et Westphalien pinces le 
long des branches de la zone de cisaillement sud 
armoricaine. 

7. Axes des megaplis anticlinaux et synclinaux couches 
de la phase II ante givetienne en Vendee occidentale. 

8. Idem pour les plis droits ou simplement deverses 
au Sud de la Vendee centrale. 

9. Failles: le grand cisaillement sud armoricain 
traverse la carte en diagonale du NW ou SE. 

4. Formations epimetamorphiques d'age brioverien 
superieur (B) ou paleozoique: c - cambrien moyen, 
o = ordovicien, s = silurien, d = devonien infe~ 
rieur, hl = famenien a viseen (facies culm). 

10. Transgression mesozoique ou tertia:iire-, 

5. Formations tres metamorphiques d'age probablement 
brioverien: a = facies amphibolite, b = zones 
anatectique, c = orthogneiss dates a 450 Ma et 
a 550 Ma; d = amphibolites et eclogites. 

Figure 21.6. Structuration d'age devonien en Vendee. 

S.G.L.: sillon de Saint Georges sur Loire 

S : Saumur A: Angers AN: Ancenis N: Nantes. 

(A. Autran sur les indications de M. Ters). 
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ment _apparentees a celles de Boheme centrale (zone 
Moldanubienne) qui ne se retrouvent pas dans la zone 
Centre et Nord armoricaine. 

Le Massif armoricain montre done la bordure Nord 
de la zone orogenique d'age Caledonien tardif qui 
pourrait etre !'equivalent des phases "erian" OU 

plutot "acadian orogeny" des Appalaches du Nord. 

Vers l'Est une centaine de kilometres de depots 
mesozoiques cache la liaison avec le Massif Central. 
La limite Nord (sillon de Saint Georges sur Loire) 
peut se suivre en g~ophysique, (gravimetrie et magne
tisme) jusqu'a la grande anornalie magnetique du Bassin 
de Paris (Weber, 1973). 

C'est dans le Sud du Massif Central que se trouve 
la limite sud de cette meme zone orogenique dont la 
largeur d'affleurement atteint environ 300 km. 

Quant aux relations avec le cycle hercynien, la 
zone Sud armoricaine montre la continuite des 2 cycles : 

- L'analyse precise de la succession des defor
mations et de !'evolution des conditions metamorphiques 
par rapport a celles-ci conduit en effet a considerer 
que la zone Sud armoricaine, du mains la partie Nord 
affectee par le metamorphisme de H.T., est restee 
dans des conditions thermiques intenses depuis le 
Devonien (anatexie autochtone datee vers 370 Ma) 
jusqu 'au Carbonifere, oil se placerait la 3.e phase de 
deformation caracterisee par un plan axial raide oil 
deverse vers le Sud, dent l'encadrement d'age est 
def ini a present de fa~on peu precise entre 360 et 
290 Ma. 

Cette evolution metamorphique, apparemment con
tinue du Devonien au Carbonifere, est aussi enregis
tree dans !'importance de la "phase Bretonne" a la 
limite Devonien/Viseen dans le Bassin de Chateaulin 

tle de Groix 
Demaine migmatltique 
de l'Anticlinal de Comouallle 

370- 360 MA 

D'age Siluro-Devonien, cet orog~ne sud-amoricain 
presente des caracteres cordillerains: du Sud vers 
le Nord: 

- une zone en subduction responsable du metamor
phisme de haute pression - basse temperature de l'Ile 
Groix (420 - 415 Ma). 

- un bourrelet sedimentaire en marge du socle 
cadomien avec metamorph~sme de haute temperature et 
migmatisation (diapirisme infrastructural et granites 
anatectiques du Domaine de l'Anticlinal de Cornouaille 
(370 - 360 Ma). 

et le Leon (NW. de la zone centrale armoricaine) oil 2 
phases de deformations intenses post Strunien, avec 
metamorphisme faible a moyen, precedent le depot 
du Viseen Superieur et du Namurien, eux-memes aff ectes 
par le plissement ante-Westphalien D. 

Dans toute cette region on ne peut done pas se
parer clairement les cycles caledoniens et varisques 
surtout dans les domaines profonds de l'orogene. 

LE CYCLE CALEDONIEN DANS LE MASSIF CENTRAL 

INTRODUCTION 

Le socle du Massif Central (fig. 21.8 a 21.10) 
est constitue de terrains metarnorphiqes dont l'age 
stratigraphiqe est inconnu presque partout. Seule la 
region Sud (massif de la Montagne-Noire) montre une 
serie Paleozoique assez complete du Cambrien inferieur 
au Viseen. Elle permet d'assurer que dans cette zone 
il n'y a eu que des deformations caledoniennes tres 
moderees, l'essentiel de la tectonique et du metamor
phisme s'etant developpes apres le depot du Viseen. 
Il semble y exister une lacune (ou une sedimentation 
tres condensee) au niveau du Cambrien superieur; on 
y constate aussi la transgression du Silurien supe
rieur ou du Devonien inferieur sur differents termes 
du Cambrien au Caradoc, mais contrairement a la region 
Ardennaise la serie infra-devonienne n'etait pas 
plissee avant (Arthaud, 1970; Harnet et Allegre, 1976). 

Au Nord de la Montagne Noire on connait 3 types 
de depots de Paleozoique occupant des surf aces tres 
reduites (fig. 20.10): 

- a .la bordure Ouest: une serie mince oil l'Ordovicien 
et le Silurien superieur sont caracterises est impli
quee comme en Vendee dans les memes deformations que 
les terrains azoiques metamorphises sur lesquels elle 
repose en discordance cartographique. 

Sillon de St Georges sur Loire 
Dom a inc 
ccntrc·armoricain. 

- les traces d'un arc magmatique calco-alcalin 
en Vendee interieure. 

- un sillon marginal externe, lieu d'intrusions 
volcaniques basiques lors des periodes de distension 
et horde d'intrusions alcalines (Sillon de Saint
George-sur-Loire et Ride de Lanvaux). 

Figure 21.7. Coupe schematique de I'orogene Sud~Armoricain avant !es serrages et cisaillements varisques. 
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Figure 21.8. Massif Central - Carte schematique des facies lithologiques. 

(1) Cette carte extraite de M. Chenevoy et J. Ravier, 
1972 (24th I.G.C. section 2, p. 126) represente 
les principaux facies lithologiques du Massif 
Central. La distinction entre l es metamorphites 
sedimentaires d'origine schisteuse (shales) et 
schisto-greseuse, ne parait plus justifiee. Il 
s ' agit clans les deux cas de series "grauwackes
shales-gres " avec tufs basiques et acides associes 
et coulees ou sills volcaniques, d'age Brioverien 
Superieur et/ou Cambrien. 

(2) On y a ajoute les principaux plans de chevaucheme.nts 
de nappes profondes synmetamorphisme devonien. 

L£GENDE 

1 { t§~ FocoO• """""' 

LJ Fac1es sch1sto-greseux 

r-::o:o1 Facies quartzo
~ feldspath1que 

Facies basique 
dominant ou exclusif 

G Facies carbonate 

[±]Granites 0 50 100 km 

167 



.....
. °' 00 

'l2
:,

. 

~
 

3
8

0
-

3
6

5
 m

.o
. 

E~
::
::
:;
:j
 R

e
g

io
n

s
 

a
n

o
te

c
ti

q
u

e
 

ou
 

O
ev

o
n

ie
n

 

r6
0
.~3

5
0
.".

'T 
G

ra
n

it
e

• 
e

t 
g

ro
n

o
d

io
ri

te
s 

p
ro

 p
a

rt
e

 
::

::
::

::
::

: 
a

n
a

te
c

t/
q

u
e

s
,t

y
p

e
 G

u.
~r
et
-r
ep
rJ
s 

d
o

n
s 

le
 

V
e

lo
y,

 p
a

r 
I" 

a
h

a
te

x1
e

 
C

or
bo

n1
f&

re
 

3
4

5
-3

4
0

 m
.o

. 

I ••
••

••
 , 

• 
• 

• 
• 

• 
• 

G
ra

n
it

e
s

 
p

o
st

 -
te

c
to

n
iq

u
e

s
 
V
i
s
~
e
n
 

In
f.

 

3
3

 0
 -

2
8

0
 m

.o
. 

-
L

eu
co

c;
ir

an
it

es
 

o
lu

m
in

eu
x 

3
3

0
-2

8
0

 m
.o

. 

~
 G

ra
n

o
d

io
rl

te
s

 
G

ra
n

it
e

s
 

{++
++

++
I G

ro
n

it
o

id
e

s
 

d
'd

g
e

 
in

co
n

n
u

 
±

 
±

 
+

 

d
' a

g
e

 
C

o
rb

o
n

iM
re

 
p

o
st

 
V

is
ee

n
 i

n
f.

 

L
es

 
zo

n
es

 
a

n
a

te
c

ti
q

u
e

s
 

c
o

rb
o

n
if

t}
re

s
 

n
e 

s
o

n
! 

p
a

s
 

fi
g

u
re

e
s
 

s
a

u
f 

d
o

n
s
 

le
 

V
e

la
y
 

/:
l 

~~
 

r 
IY

 
(:

' 

F
ig

u
re

 
2

1
.9

. 

A
. 

A
U

T
R

A
N

 -
1

9
7

7
 

~
 

s 

B
A

S
S

IN
 

r,
 

\+
\ 

\+
\ 

L 
+

 \ 
\.+

 
~
 

\+
 \

 
'+

• 
'
I
 

,, 

,.f
i?

 
'+

I 
e 

'
~
,
 

B
A

S
S

IN
 

A
Q

U
IT

A
IN

 D
 

P
A

R
IS

 

-_
_,

,,.
..-

-- .. ~-
~-
-'
-I
>,
 

l .
...

.. -t-
+ +

 +
 +] 

.....
. _

,' 

-

,'+
', 

(+
 + 
·~
 (

+
':,

., 
-

..
 --

"'
 ...
 .1

 
...

...
...

 .
) 

'4' ~ -" 

,-;.
--:.

:---
.....

. 
t
+
+
,
~
 

+
 

+
 

I 
'.!

--
+

' 
__ 
, 

\~
 .....

. 
o

 P
e.

rp
l9

n
a

n
 

,,
 .... +

-'•
 

{~
;f

J 

!fl 
£ 

D
I 

f 

~
 " «> ,, "" 

A
 N

 £
 f

: 
£ 

fl 
fl 



z w
 

z ~
 

w
 

0 w
 

z w
 "' 0 "' 0 :.,
 

w
 

0 w
 

z ~
 

::;
; 

0 0 

~
 - . 

~
 

M
E

T
A

G
R

A
N

IT
E

S
 

M
is

e 
en

 
pl

ac
e 

5
5

0
 -

5
0

0
 m

.a
. 

M
is

e 
en

 
pl

ac
e 

4
5

0
 -

4
6

0
 m

.a
. 

M
is

e 
en

 p
la

ce
 

4
2

0
 -

4
3

0
m

.a
. 

~
 

P
a 

1e
oz

o'
iq

ue
 

an
te

 
D

ev
on

ia
n 

ce
rt

ai
n

 

[[I
]\\

\\\
\\]

\\ I 
D

ev
an

ie
n 

su
pe

ri
eu

r 

11
 D

 I rr
11

 Vise
en

 
m

oy
en

 
e

t 
su

p
er

ie
u

r 

~
 
~
 

~
 O

ev
on

ie
n 

· 
D

in
o

n
ti

en
 

du
 

so
cl

e 
ca

ch
e 

o
q

u
it

o
in

 

( 
av

an
t-

pa
ys

 
d

e
 I

 '
or

og
en

e 
d

e
vo

n
ie

n
)?

 

C
a

m
b

ri
e

n
. 

O
rd

o
vl

ci
en

. 
S

ilu
ri

en
 

oe
..,

.o
ni

en
 

-
C

or
bo

ni
fe

re
 

du
 

D
em

ai
ne

 
P

Y
R

E
N

E
E

S
 -

M
O

N
T

A
G

N
E

 
N

O
IR

E
 

p
li

ss
e 

au
 

C
o

rb
o

n
if

9
re

 

-
-

L
im

ir
es

 
n

er
d

 
et

 
su

d 
d

e
 l

a 
zo

n
e 

or
o9

en
iq

ue
 

oe
vo

n
ie

nn
e 

A
. 

A
U

T
R

A
N

 
1

9
7

7
 

>
-'

 
a-

. 
<.

O 
F

ig
u

re
 

2
1

.1
0

. 

B
A

Y
O

N
N

E
 

T
O

U
R

S
 

---
--

----
-

,/
.~
!!

~\
 

_.
.._

 

-'
, -_ 
'~

 ',
 

-
-

' 
,;_

 -
-'
, 

-
-

' 
-

-
',

 
-
-
~
-
-
-
',

 
-

-
\
 

-
"\

 

~
 

~~.-~
.···

··· 
-..

. 
. ..

.. :
· ..

... 
····

··· 
.~ 

?--
--

H
£

R
c
y
N

l£
N

N
£

 

P
y
R

£
N

£
£

5
 

~
 o

P
E

R
P

IG
N

A
N

 

~
" 

. - - ~
 

ff_
; .....

... ,.
·· 



- au N.E. une serie marine d'age Givetien-Frasnien
Famenien avec des volcanites a spilite keratophyre 
associees, repose sur le socle me tamorphise erode. 
Cette serie est generalement peu deformee sauf pres 
de Lyon ou elle est affectee d'un plissement tres 
intense avec metamorphisme modere, avant la trans
gression du Viseen moyen (phase br e tonne de l'oroge
nese varisque). 

- le Viseen moyen et superieur recouvre d'un epandage 
clas tique molassique (Culm) puis d'un manteau d'ignim
brites rhyodacitiques tout l e N. e t N.E. du massif ou 
ces depots sont preserves clans d es gouttieres syncli
nales frequemment bordees de f ailles de cisaillement 
t ardihercyniennes, de meme que l es bassins lacustres 
de Stephanien a charbon. 

Tous ces depots du Devon:i.en s uper Leur au Stephanien sont en 
discordance structurale tres ne tt e sur l e socle meta
morphiques erode auparavant par endroit, jusqu'au 
niveau d es roches anatectiques (.Lyonnais). 

On trouvera le detail des series metamorphiques 
du socle e t l'historique des i nt erpretations struc
turales dans la description de Chenevoy (.1974} (l). 
Nous presentons sur les figures 21. 9 a 21.10 des 
faits qui nous paraissent significatifs de l'evolution 
du massif . Le fond geographique des figures 21.9 e t 
21.10 a ete restitue par coulissage des accidents 
stephaniens, clans l'etat approximatif au Carbonifere). 

Les principales etudes r egionales et les syntheses 
successives publiees sur ce massif ont de ja envisage 
une structuration tectono-metamorphique caledonienne 
pour une grande partie en basant cette interpretation, 
essentiellement sur deux types d'arguments: 

1) La transgression du socle me tamorphique central 
et Nord oriental par du Devonien superieur (Givetien
Frasnien) ou du Dinantien. 

2) L'accumulation d'ages isotopiques par le labo
ratoire de geochronologie de Clermont-Ferrand (M. Roques) 
clans l'intervalle 550-360 Ma. 

(travaux de Roques (1971); Che nevoy (.1974); Cantagrel 
(1973); Collomb (1969). 

Depuis 1970, 4 equipes ont recommence les recher
c hes geologiques et une cartographie precise du socle 
N.O. du Massif Central: equipe du Service geologique 
national (Autran, Chantra ine, Boissonnas); equipes des 
Universi tes d'Orleans (Grolier, Guillot); de Limoges 
(Floc'h, Santallier) et de Lyon (Chenevoy, Piboule e t 
leurs e tudiants), enfin des r echerches tres poussees 
en geochronologie K/A et Rb/Sr eta i ent menees simul
tanement en partie en cooperation, par Cantagrel, 
Duthou e t Bernard-Griffiths, du centr e de geochro
nologie de Cl ermont-Ferrand. 

On dispos e a present de suf f i samment de donnees 
nouvelles en stratigraphie, geochimie, petrographie, 
evolution metamorphique, a na lyse structurale, data
tions isotopiques et cartographie pour apporter l a 
preuve que la structuration t ectonique et metamorphi
que majeure du N.O. du Massif Central s ' est realisee 
au Devonien. 

Apres.;avoir montre la coherence de 1' ensemble 
des donnees obtenues par l es diverses methodes d'etu
des des zones profondes clans c e t ·t e par tie du massif, 
nous exposerons plus brievement l es arguments qui 
permettent de retrouver ailleurs des s ignes de la meme 
evo lution et la limite meridionale de cette zone oro
genique du Devonien. 

EVOLUTION TECTONO-METAMORPHIQUE DU N.Q. DU MASSIF 
( Autran e t Guillot 1974, 1975) (figure 21.11). 

Tec tonique: On a reconnu 4 a 5 phases de deformation 
superposees qui affec t ent toutes l e 
Silurien da t e . 
Aucune phase plus ancienne que le Silurien 
n'a put etre caracterisee. Les phases Pl 
et P2 accompagnees de me tamorphisme r egi
onal sont les plus intense.s. Elles se 
sont produites entre le sommet du Silurian 
(- 400 Ma) e t 362 Ma, age obtenu par Rb/Sr 
sur des gr anites de fusion anatectique 
post P2. Par ailleurs les amphiboles 
donnent par K/A un age de fermetur e a 
350 Ma. Pl a donne partout des plis 
couches avec foliation ou schis to s ite de 
pla n axial . C'est la phase la plus defor
mante. Une seule megas tructure Pl parait 
indiquer un deversement vers l e Sud. La 
phase P2 pl isse l a foliation en direction 
- EW, en plis ouverts clans la region Sud 
devenant serres e t deverses vers l e Nord 
clans l' ensemble du Limousin. Les phases 
3 et 4 accompagnent la mise en place des 
massifs de granite d ' age Namuro-westphalien 
(320-300 Ma). Ce sont des plis droits 
post-metamor phisme, clans un niveau struc
tural eleve , eventuellement accompagnes 
d'une me t amor phisme de contact OU hydro
thermal. Leurs directions mal r egl ees 
( - 50 e t - 150 a NS) interferent avec les 
grandes s truc tures anterieures Pl e t P2 
qui etaient generalement en direction EW 
a NW-SE, cela donne l es arcs, domes et 
synclinoriaux pinces caracteristiques de 
la carte du Limous in. 
Une cinquieme phase P2 correspond a des 
antiformes e t synformes, a plan axial 
vertical, contemporaines de la fin du 
me tamorphisme au Devonien Superieur - Vi seen . 

Le metamorphisme regional: i l montre de spectaculaires 
variations de ses conditions plysiques 
dans l' espace e t le temps - Il est moins 
intense e t se t ermine avant P2 clans la 
zone Sud, ou de ja lors de Pl, l es plis 
n'etaient pas couches. Ailleurs il debute 
partout, sauf peut e tr e clans l'extreme 
N.O., par des condi tions de HP-HT acquises 
de fac;1m tres pre.coce pendant l es mouve
ments Pl (eclogitisa tion, localement 
facies [d isthene-orthose ] (saxonien) et 
granulites de haute pression), puis par
tout au cours de P2 et apres P2 la 
pression diminue et clans certaines mega
struc tures P2 les isogrades ante P2 sont 
entraines clans l e plis P2 et dessinent 
de vastes secteur s ~ polarite metamor
phique renversee par la phase 2 sur 
lesquels s ' etablit une r ecri s tallisation 
statique hetero zonale post P2 . La remon
tee du bati e n surface es t bien datee 
par le K/A sur l es amphiboles des amphi
bolites v ers 360-350 Ma (Cantragrel, 
1973). 

1 Les donnees lithostratigraphiqes sur l es regions me tamorphiques couvrant l'ensembl e du Massif Central sont 
encore tres contradictoires . Elles sont evoquees da ns cette note , mais feront l'obj e t d'une mise au point 
ulterieur e du groupe de travail fr anc;a is PIGG no. 27. 
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Les granites: On connai t par e tude petrologique e t 
geochimiqu e e t on a date par Rb/Sr (iso
chrones de R.T.) Duthou (1977) e t Bernard
Griffi ths (1976) trois generations de 
me tagranites or thogneissifies par Pl : 
(figure 21. 10) 

- grani tes cambriens dates a 520 e t 500 Ma 
- granites ordoviciens dates a 450 Ma 

grani t es siluriens dates a 420 Ma 

Les granites syn a post P2, mais anterieurs au 
Viseen moyen sont tres nombreux (figure 21 .9) de puis 
des granites profonds lies aux zones a natect iques, 
j usqu'a des grani t es assez s uperficiels. Leurs ages 
par isochrone Rb /Sr vont de <: 360 Ma a 340 Ma. Ces 
granites ont une origine essentieli"ement anatec t i que. 
Il est tres possible que l eur eno rme volume soit le 
resultat d'une fusion intense du socle, par s uite de 
sa r emo ntee quasi adiabatiqu e tardi-orogenique, apres 
son e nfouissement a plus de 30 km de profo ndeur lors 
des phases precoces a H.P. de l'orogenese . Ensuite 
comme dans l e centre et le Nord du Massif Central on 
a des gr ani t es viseens vers 335 Ma, peut-etre con
t emporains des epanchements d'ignimbrit es si caracte
ristiques du Viseen superieur e t surtout l' abondant 
cortege des granites a 320-300 Ma comprenant des 
t onalites, des granodiorites et des monzogranites 
d'une part, des massifs de l eucogranites per-alumi
neux allochtones d'autre par t. 

Au niveau d'erosion accessible c ' es t ce pluto
nisme granitique carbonif e re et les phenomenes 
thermiques qui lui sont lies, qui sont les attributs 
significatifs de l'orogenese hercyni enne par r apport 
a celle qui l'a precedee au Devonien et qui est 
responsable de la s tructuration t ec tono-me tamorphique 
essentielle du socle. 

INDiaES D'UNE EXTENSION DE STRUCTURATION D~VONIENNE 
A LA MAJEUR PARTIE DU MASSIF-CENTRAL (fig. 21.9 et 
21.10) 

On retrouve les caracteres du metamorphisme e t 
des deformations associees qui viennent d'etre da t es 
en Limousin dans toute l a zone qui avai t ete appelee 
"noyau arverno - vosgien" ou zone "Lemovico-arverne " 
(Roques, 1971). Contrairement aux interpretations de 
Chenevey (1974) il ne nous est jamais appa ru indiscu
table qu'un metamorphisme plus ancien de forte 
intensite, dont l'age pourrait etre cadomien, ait 
precede l e metamorphisme Devonien. Ce point demande 
des etudes approfondies pour distinguer un metamor
phisme plurifacial mono-orogenique (tel celui qui est 
mis en evidence en Limousin), d'une superposition de 
2 metamorphismes polyorogeniques. De telles etudes 
sont en cours dans l e Rouergue, l e centr e et l'Est 
du massif , de meme que les etudes structurales pre
cises necessaires pour relier de proche l es regions. 

Schema de L'evolution tectonique, metamorphique et 
magmatique du Limousin au Paleozo·ique Leucogra
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Figure 21.11. (in Autran-Guillot (1974) cornpletee) 

171 



Dans le Rouergue, le Centre et l!Est du Massif, 
on dispose d'un encadrement des evenements tectono
metamorphiques, comparable a celui du Limousin: 

- metagranites orthogneissifies dates par isochrone 
Rb/Sr de 520-500 Ma et de 420-460 Ma. (fig. 21.10). 

- anatexie datee par 4 isochrones de granites d'ana
texie homogeneises vers: 380-400 Ma en 4 localites 
eloignees. (fig. 21.9). 

- constance de la granitisation tardi orogenique de 
type Gueret (granitoides alumineux subautochtone 
differenties depuis des granodiorites alumineuses 
jusqu'a des leucogranites potassiques) qui prend 
en echarpe tout le nord et le centre du Massif 
jusqu' au Rhone. Ces granitoides sont constamment 
disposes au dessus des domaines anatectiques qui 
apparaissent dans des domes ou aires anticlinales. 
Ils sont dates, encore en peu de points, de la 
limite Devonien-Viseen (360 Ma.) e t transgresses 
par le Viseen moyen. 

Au Sud du Rouergue et dans les Cevennes s'etend 
une epaisse serie de micaschistes et schistes apime
tamorphiques d'age inconnu, dont les deformations ne 
sont pas encore clairement situees, d'une part par 
rapport aux trois a quatre phases de deformation, 
toutes carboniferes post Viseen qui af'fectent la zone 
de la Montagne-Noire au Sud et d'autre part aux phases 
devoniennes exprimees dans le Rouergue au Nord. 

C'est dans cette region que devait passer la 
limite Sud de la zone orogenique caledonienne d'age 
Devonien. Les leves gravimetriques individualisent 
tres bien cette zone et suggerent de placer une limite 
majeure crustale allant du Sud du Rouergue au Sud des 
Cevennes (figs. 21.1, 21.9). 

MASSIFS CRISTALLINS EXTERNES DES ALPES ET MAURES 

Les travaux de Carme (1970-1975) ont montre que 
la structuration maj eure de !'ensemble Aiguilles 
Rouges-Belledonne-Haut Dauphine avait une ressemblance 
complete dans son evolution, avec celle du Massif 
Central oriental et qu'elle etait aussi anterieure 
au Viseen. Aucune datation stratigraphique ou isoto
pique indiscutable n'existe encore ici. On peut 
seulement montrer que la structuration majeure est 
anterieure a des depots dont l'age est presume Viseen 
par analogie de f acies avec le Viseen des Vosges et 
du Massif Central. 

De toute fa~on dans la mesure ou l'age Devonien 
de la structuration maj eure aura ete confirme dans 
l'Est du Massif Central, il en sera de meme dans les 
Massifs cristallins externes. Ils constituent des 
jalons typiques de la "zone Moldanubienne" qui en 
Boheme et Baviere est actuellement reinterpretee 
comme une zone de materiel Proterozoique qui a acquis 
sa structuration tectono-metamorphique au Caledonien 
(Fuchs, 1976). 

Dans les Maures (Provence) il semble bien aussi 
que les deformations et le metamorphfsme Barrowien 
typiques soient d'age Devonien a Carbonifere, car le 
Silurien date est pris dans les plissements et les 
orthogneiss ne peuvent avoir un age ~ a 560 Ma. Les 
datations par Rb/Sr des granitoides tardi metamorphes 
ne sont pas encore concluantes. Seuls des granites 
post tectoniques sont bien dates du Carbonifere. 
(Voir article de P. Tempier, cet tome, no . 22, sur la 
region Maures, Corse, Sardaigne pour plus de details.) 

PYRENEES 

Dans les Pyrenees on peut affitmer qu'il n'y a 
pas d'orogenese caledonienne, mais il ya des evene
ments epirogeniques nets entre le Caradocien et le 

Devonien inferieur: 

- lacune localement de l'Ordovicien Superieur; 

- volcanisme acide et basique sur des rides etroites 
emergees au Caradocien-Ashgillien. 

La serie stratigraphique de l'Ordovicien infe
rieur et du Cambrien est trop mal datee pour savoir 
s'il y existe des lacunes . 

CONCLUSIONS GENERALES 

Recapitulons les arguments fondamentaux qui 
prouvent !'existence d'evenements t ec tono-metamorphi
ques majeurs au Devonien inferieur a moyen: 

a) Serie stratigraphique preorogenique = Dernier 
etage represente: passage Silurien/Devonien en 
Vendee et Limousin. 

b) Pruniers depots post orogeniques: 
- Givetien recifal en Vendee; 

Frasnien (et peut etre Givetien) puis Famenien 
au N.E. du Massif Central; 
Viseen moyen dans tout le Massif Central Nord. 

c) Arguments de geochronologie isotopique: 
- Derniers granites preorogeniques 

418 Ma metagranite d'Aubazines (Limousin) 
et de Tauves (Auvergne) 

430 Ma metagranite du Pinet (Rouergue) 
450 Ma metagranite du Moellan (Bretagne) 

- Anatexie tardi phase 2 datee par isochrone de 
RbfSr de neogranites anatectiques 

380 Ma en Forez-Velay 
362 Ma en Limousin 
390 Ma en Haut-Allier (Centre Massif Central) 
375 Ma en Vendee 
370 Ma dans le Morbihan 

- Refroidissement post-metamorphique date a 
350 Ma ou entre 350 et 300 Ma par K-Ar sur 
amphiboles 

- Premiers granites supracrustaux, post phase 2 
360 a 340 Ma - granites du Gueret, Vaulry -

Aureil dans le Massif Central. 

A l'interieur de cet encadrement entre Silurien et 
Devonien Superieur, les phenomenes geologiques 
observes sont surtout en rapport avec une evolution 
de zones profondes orogeniques . Partout ils se 
caracterisent par une phase precoce de metamorphi:sme 
a tres forte pression suivie d'une diminution de la 
pression solide qui accompagne de grandes structures 
couchees pouvant renverser la disposition precoce 
des isogrades metamorphiques. L'etat actuel des 
connaissances sur la structure ne permet pas encore 
de la decrire dans son ensemble. 

Il apparait deja une coherence d'ensemble dans son 
evolution polyphasee antecarbonifere. Ainsi de 
grand es nappes-e~ailles de soc le, de m:hS.ec.en place 
synmetamorphe, paraissent bien caracteriser toute la 
moitie Nord du Massif Central (Grolier, 1971; Demay 
1948; Burg et Matte, 1977). Leur heterochronisme 
apparait probable (nappes syn P1 , nappes P~) mais 
leur signification reste la meme: c'est un resser
rement en direction NS a NE-SW d'une large zone de 
croute continentale etiree en distension au Paleo
zoique inferieur, avec peut etre quelques etroites 
bandes franchement oceanisees. 

Il est tres probable que le metamorphisme precoce 
de type HP se soit installe lors d'episodes de sub
duction sialique qui ont pris naissance dans cette 
zone de croute amincie. L'absence apparente de vol
canites ou magmatites typiquement alcoaltalines, du 
Cambrien au ·Viseen, sauf dans les Vosges du Nord, 
suggere que ces amerces de subduction sont probablement 
restees de peu d'ampleur. 



Les quelques remarques qui suivent sur la nature 
et l'age du materiel sedimentaire et magmatique, 
deforme et metamorphise au cours du Devonien, consti
tuent un debut d'argumentation du schema orogenique 
qui vient d'etre evoque. Ce sont des sujets a 
approfondir OU meme a elucider clans l'avenir. 

Le socle cree au Cadomien (orogenese de la fin 
du Proterozoique.·superieur) que l 'on connait au Nord 
et au Sud de la zone orogenique devonienne, a tres 
probablement ete l'objet d'une importante distension 
des le Cambrien, separant les domaines a Cambrien 
neritique du Nord et du Sud de la France. En effet 
clans la zone intermediaire, lieu de cette distension 
crustale, une epaisse serie de grauwackes et volca
nites basiques et acides s'est deposee. Les premiers 
resultats de geochimie (elements majeurs "inertes", 
traces, terres rares) suggerent qu'il s'agirait bien 
d'un magmatisme tholeitique a caracteres "abyssal" 
ou de zones de distension (Piboule, 1977; Guillot, 
Tegyey, et al., 1977; Leyreloup et al., 1977) 

Ce groupe lithologique particulierement signifi
catif est generalement tres metamorphique, aussi est
il appele "groupe leptyno-amphibolite" et il fut 
attribue jusqu'a present au Brioverien inferieur ou 
superieur. 

Son equivalent tres probable en Europe varisque 
centrale est a rechercher clans les "gneiss de Gfohl" 
ou le "varieted group" du Moldanubien. Il semble 
bien qu'il soit en fait du meme age clans tout le 
Massif Central et les premiers resultats de geochro
nologie au Pb, sur les zircons des amphibolites et 
metagabbros, indiquent plutot un age de mise en 
place de ces roches au Cambrien et non au Protero
zoique supen.eur. L 1 analyse li thostra.t;igraphique 
realisee en Limousin et Cevennes conduit a ce meme 
age. 

On constate, toujours clans la meme region et 
parallelement a la future zone orogenique, un mag
matisme important a l'Ordovicien et au Silurien, 
avec des termes superficiels marins ou aeriens et 
des termes plutoniques. On ne connait pas de defor
mations ni de metamorphismes contemporains. Il doit 
correspondre lui aussi en partie a un magmatisme 
de distension sialique (tholeites "abyssales" 
identifiees en Vendee et Limousin, granitoides 
Trondjehmitiques). Mais on ne connait pas encore 
assez ses caracteristiques geochimiques. Le sillon 
de Saint Georges sur Loire, relativement preserve 
des transformations metamorphiques, permet d'observer 
effectivement l'association de ce magmatisme avec 
une sedimentation de zone tres subsidente. 

Les roches basiques et ultrabasiques sont tres 
peu abondantes et aucune n'evoque des ophiolites. 
Les plus gros massifs ont un volume de l'ordre du 
km 3 . Leur composit±on chimique a ete precisee clans 
quelques cas (Coffrant et Piboule, 1975; Piboule, 
1977) et les apparente aux magmas tholeitique oce
aniques. Si leur age par geochronol0gie aux zircons 
confirmait leur formation au Paleoz0.ique, ils 
pourraient representer des reliques metamorphises de 
zones d'oceanisation commen~ante, de meme que le 
volcanisme basaltique mele aux grauwackes qui etait 
evoque ci- dessus. Cette oceanisation est probable
ment restee moderee en largeur, car aucune des 
roches sedimentogenes associees n'evoque des sedi
ments oceaniques. Ce sont plutot des depots de 
marges. 

Enfin, l'absence ou la tres faible proportion 
de croute continentale d'un age precambrien ancien, 
clans toute cette zone orogenique est probablement 
la cause des faibles rapports isotopiques initiaux 

du Sr des nombreux granitoides d'age Cambrien a 
Carbonifere, meme parmi eux, ceux qui, par ieurs 
caracteres hyperalumineux leucocrate, derivent certai
nement d'une fusion anatectique crustale (Duthou, 
1977; Vidal, 1976). 

Un dernier point sera evoque, c'est la relation 
entre la phase orogenique devonienne tres intense 
qui semble avoir ete un orogene fondamental, clans le 
sens ou il a cree une croute sialique nouvelle aux 
depends d'une zone de distension, et les phases 
orogeniques du Carbonifere, classiquement classee s 
clans l'orogenese hercynienne. Ces relations ne 
sont pas l'objet de cet article. 

Constatons seulement qu'il semble y avoir eu clans 
la bordure Sud de la zone centrale armoricaine et clans 
certaines parties du Massif Central (Lyonnais), un 
enchainement rapide des phases de deformation devoni
ennes et carboniferes. C'est clans ces regions que 
la phase bretonne Centre l e Devonien superieur et le 
Viseen inf erieur ou moyen) succede ainsi presque 
immediatement a la phase devonienne. Comme nous le 
signalions pour le centre de la zone Sud armoricaine 
certaines parties profondes de la zone orogenique 
devonienne sont probablement restees des zones meta
morphiques actives, (tout en changeant de conditions 
de metamorphisme) entre le Devonien et le Viseen. On 
ne sait pas encore delimiter de telles zones. 

On voit done qu'en France les evenements oroge
niques du cycle caledonien sont d'age tardifs clans 
ce cycle: 

- non deceles au Cambrien (a moins que le mag
ma tisme dates vers 520-500 Ma soit bien de 
cette epoque et qu'on puisse lui associer des 
phenomenes tectoniques et metamorphiques); 

inexistants pendant l'Ordovicien inferieur, 
sauf probablement en Corse et en Sardaigne; 

- tres moderes en Ardennes entre l'Ordovicien 
superieur et le Silurien superieur, ailleurs 
ils ne sont marques a la meme periode que 
par des lacunes ou de larges discordances 
cartographiques; 

- majeurs et avec tous les attributs d'une 
orogenese au Devonien. 

On est done tres tente de les integrer clans un 
megacycle orogenique caledono-varisque, analogue 
au cycle appalachien. 
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22. LES EVENEMENTS CALEDONIENS DANS LES MASSIFS VARISQUES 
DU SUD-ES~ DE LA FRANCE, CORSE ET SARDAIGNE 

T:ROGi:NE 

UlllJ' ~AL£DONIEN 
Projet PICG no27 

Claude Tempier 

Laboratoire Associe au CNRS "Etudes geologiques ouest-africaines" 
et Laboratoire de Geologie dynamique, 

Faculte des Sciences St. Jerome , 13397 Marseille Cedex 4, 
France. 

INTRODUCTION 

Les massifs varisques, formes de terrains paleo
zo1ques sedimentaires et de formations crystallophyl
l i ennes, qui se situent sur l e pourtour septentrional 
du bassin mediterraneen occidental, sont moins connus 
que les autres massifs frapgais. Les etudes recentes 
(structurales et geochronologiques) y sont rares et ne 
concernent que des secteurs limites . Cette note, 
fondee sur les travaux cites en reference, ainsi que 
sur les et udes en cours dans le massif des Maures et 
en Sardai gne, est destinee essentiellement a poser les 
les problemes et a degager les indices d'evenements 
tectono-metamorphiques pouvant etre rapportes au cycle 
caledonien. 

A) MASSIFS DES MAURES ET DU TANNERON 
(FIGURE 22 .1) 

Les travaux recents portant sur ces massifs, 
situes ent r e Toulon et Cannes, ne concernent que des 
secteurs limites et ne permettent pas d'etablir une 
synthese; classiquement (Gueirard, 1957) ils sont 
formes par une success ion continue de terrains meta
morphiques, epizonaux a l' Ouest, catazonaux a l'Est, 
que l' on peut decouper en quatre ensembles . 

1°) Une ensemble de puissantes formations meta
sedimentai res, surtout gresoschisteuses, forme la partie 
occidentale des Maures, ainsi que la presqu'fle de 
Giens, les iles de Porquerolles et Port Cros, l e Cap 
Sicie et les petits lambeaux des envi r ons de Toulon. 
A la partie superieure (chapelle du Fenouillet au Nord 
de Hyeres) un minuscule a f fleur ement de shales siliceux 
noirs a ete date du Silurien inferieur (Schoeller, 1938; 
Gueirar d et aZ., 1970). Dans ce secteur, de meme qu'au 
cap Sic i e, a l'Ouest de Toulon, des formations litho
logiquement differenciees (quartzites, schistes noirs, 
gres feldspathiques, rares lentilles de calcaires a 
crino1des) representent probabl ement l'Ordovician 
superi eur . On notera l'absence de formations carbona
tees pouvant etre rapprochees des niveaux calcaires 
cambriens. On ne connait pas non plus dans l es Maures 
de termes attribuables au Devoni en qui est le plus sou
vent cal caire dans le pourtour medi terraneen occidental. 

2°) Au-dessous de ce premier groupe dont la base 
est const i tuee par des amphibolites a lits de calcite 
(Collobrieres ) se situent des formations gneissiques 
(gneiss de Bormes). Des etudes en cours, quoique 
locales , ont montre la complexite structurale de ces 
gneiss et soulig~e l'importanc e des facies "ortho" sou
vent blastomylonitiques derivant d'anciens granites. 
Des indices de reliques catazonales ont ete observes, 
dont l'affleurement de Barral au Nord de Bromes 
(Gueirard, 1976). Les etudes structurales et geochro
nologiques de H. Maluski (1968, 1971, 1972) revelent 

PICG Projet 27, Contribution franc;aise n° 5. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78·13 (1978). 

l' existence de granites anterieurs au metamorphisme 
varisque (300 - 270 Ma) et mis en place a une date 
encor e mal precisee, situee entre 600 et 400 Ma . 

3° ) A l'Est des gneiss de Bormes se developpe un 
ensemble comprenant des micaschi stes a grenat, stauro
tide et plus rarement di sthene , des gneiss fins (ori gine 
"par a " probable) et des amphibolites avec localement 
des rel iques catazonales telles que des boudins d'eclo
gites et des gabbros coronitiques (Lasnier, 1970), plus 
OU moins retromorphosees. Les fac ies blastomylonitiques 
sont probablement tres frequents. Les conglomerats et 
sha l es du Plan-de-la-Tour, d'age :stephanien, non meta
morphiques mais plisses suivant une direction meri
dienne , reposent en discordance maj eure sur ces forma
tions qui sont recoupees a l'Est par une zone myloni
tique (faille de Grimaud), posterieure aux plissements 
et aux metamorphismes. 

4°) Au-dela de ce grand acc ident t ardif se devel
oppe un ens emble gneissique etudie dans les collines de 
St e-Maxime (Le Marrec, 1976) et dans le Tanneron occi
dental (Orsini, 1968). Cet ensemble, ou il serait pre
mature de tenter des correlations parmi les formations 
qui y ont ete definies, comportent des orthogneiss con
servant l a trace d'une histoire complexe (Les Issambres), 
des met avulcanites acides (Les Adrets au Nord de Frejus) 
et de s lentilles d'eclogites localement a disthene, 
plus OU moins completement retromorpbosees en ampbibo·
lites a gr enats (La Nartelle , Le Cavalieres, Foret 
Royale). Les facies blastomylonitiques sont frequents 
dans ces formations qui sont, de plus, recoupees par 
des zones mylonitiques tardives orientees Nord-Sud, 
anal ogues a celle de Grimaud. Les conglomerats steph
aniens non metamorphiques du Reyran reposent en discor
dance sur les gneiss. 

La migmatisation, qui s'est effectuee en deux 
episodes, devient localement important·e , surtout dans 
la presqu'ile de St-Tropez. Il existe aussi quelques 
massifs. intrusifs: diorite orientees syntectonique de 
Prignonet (Tanneron occidental), granite post-tectonique 
du Plan-De-La-Tour (Maures) et du Rouet (Tanneron). 

Les mesures geochronologiques effectuees par plus
ieurs auteurs (Maluski, 1972; Roubault et al.,*- 1970) 
par la methode Rb/Sr permcttent d'attribuer un gge 
varisque (320-340 Ma) au granite du Plan-De-La-Tour. 
L'age des gneiss du Tanneron serait plus ancien: une 
isochrone sur roches totales de plusieurs faci~s donne 
410 ± 25 Ma* (Devonien inferieur - Silurien), age inter
prete par Roubault et al. (1970) comme etant celui du 
metamorphisme. 

Dans les massifs des Maures et du Tanneron, les 
etudes structurales en cours OU publiees (Arthaud et 
Matte, 1966; Maluski, 1968; Le Marrec, 1976) ont mis 

* ages corriges avec la constante 

A~~= 1,39 l0-11 · an-l 
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Figure 22 .1. Schema geologique des massifs des Maures et du Tanneron. 

en evidence quatre phases de deformation dont les deux 
premieres, isoclinales, sont liees a la schistosite 
regionale et au metamorphisme. Ce dernier, plurifacial 
OU peut-etre polyphase, semble debuter par Uil episode 
a haute pression (qui demanderait de nouvelles investi
gations) suivi de la phase principale de type inter
mediaire liee a la schistosite regionale. Il se ter
mine localement par un episode de basse pression et 
haute temperature qui pourrait etre lie, a 1 1Est, a 
la migmatisation (Maquil et al., 1976). Les reliques 
catazonales n'existent pas dans le groupe 1 (metasedi
ments paleozo1ques). L'abondance des facies blasto
mylonitiques indique que la tectonique des premieres 
phases est probablement de style tangentiel. 

En conclusion, dans l'ensemble Maures - Tanneron, 
deformations et metamorphisme majeurs sont post
siluriens et ante-stephaniens. Les quelques donnees 
geochronologiques disponibles suggerent qu'apres des 
phenomenes magmatiques cambro-ordoviciens (mise en 
place de granites), la phase principale de metamor
phisme, de type intermediaire, localement suivie 
d'episodes a basse pression, serait d'age devonien 
inferieur. : ceci s ' appuie sur la presence de gneiss 
offrant des ages de 410-380 Ma. Or dans le Bas Limousin 
(Massif Central frangais) ou l'on observe des facies 
comparables a ceux des Maures, ainsi que deux phases 
de deformations synschisteuses suivies de plis post
schisteux et une evolution petrogenetique identique, 
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tectonique et metamorphisme majeurs sont d'age cale
donien tardif : phase acadienne (Autran et Guillot, 
1975; Bernar~-Griffiths et al., 1977). Cependant des 
etudes de detail accompagnees de mesures d'ages radio
metriques sont absolument necessaires pour verifier 
cette hypothese. 

B) MASSIF DE L'ARGENTERA - MERCANTOUR 
(FIGURE 22.2) 

L'Argentera - Mercantour, le plus meridional des 
massifs cristallins externes des Alpes occidentales, 
est forme de gneiss catazonaux le plus souvent migma
tises (Faure-Muret, 1955) et probablement affectes par 
deux orogeneses dont l'une serait ante- varisque. Les 
facies rappellent ceux des Maures orientales (groupe 4). 
Bogdanof et Prunac (1976) ont decrit quatre phases de 
deformation mais aucune mesure geochronologique ne 
semble avoir ete publiee. 

C) CORSE (FIGURE 22.2) 

Les formations ante-stephaniennes ne constituent 
en Corse que de petits lambeaux isoles dans l es .plutons 
granitiques varisques. Il s'agit surtout de gneiss 
(Belgodere) a lentilles basiques rappelant certains 



facies de l 'Argentera ou du Tanneron ;' ou de facies 
particuliers (roches brunes) myloni tiques ?· transformes 
par metamorphisme de contact . Toutefois, a l 'Argentella 
(Sud de Calvi, Corse du Nord- Ouest), il existe des ter
rains paleozo1ques, a peine schistoses et non metamor
phiques: calcaires et grauwackes ( "Culm") devono
dinantiens de la Tour Maraghiu et shales silur i ens du 
Monte-Martinu, decrits et dates par Baudelot et al. 
(1976 ).. Les shales reposent sur des conglomerats qui 
sont legerement discordants sur des siltstones argileux 
attribues par ces auteurs a l'Ordovicien. Ces silt
stones reposent en discordance majeure sur une forma
tion quartzo-feldspathique metamorphique ayant subi 
plusieurs phases de deformations intenses . Cet affleure 
ment, malheureusement tres peu etendu, permet cependant 
de pressentir l'existence d'une importante phase tectono
metamorphique ante-silurienne OU plut6t ante-Ordovicien 
superieur, done caledonienne ancienne a precambrienne, 
qui pourrait etre a l'origine des gneiss du socle corse. 

D) SARDAIGNE (FIGURE 22 . 2) 

Les terrains paleozo1ques affleurent largement en 
Sardaigne dans quatre secteurs principaux separes par 
des granites Varisques OU par des fosses a remplissage 
sedimentaire OU VOlcanique cenozo1que. 

1°) Au Sud-Ouest, dans l'Iglesiente et le Sulcis, 
les formations paleozo1ques plissees sont peu ou pas 
metamorphiques. Des conglomerats a galets de cal caires 
cambriens, des gres, schistes et pelites rouges souvent 
puissants, supportant un niveau fossilifere, sont attri
bues a l'Ordovicien superieur. Ils reposent en di scor
dance angulaire pouvant atteindre 80° sur un Cambrien 
puissant et bien caracterise. Les plissements anciens 
qui ont affecte ce Cambrien, classiquement rapportes 
a la phase sarde (limite Cambrien Ordovicien) seraient 
en fait seulement connus comme ante-ordovicien super
i eur. Le Silurien est schisteux et calcaire; il est 
surmonte (contact complexe) par des gres azo1ques 
attribues au Devonien . 

2°) Au Sud-Est (Gerrei, Quirra) , les format i ons 
paleozo1ques epimetamorphiques, affectees par au mains 
deux phases de pli ssement dont la premiere d ' axe E-W 
isoclinale, est liee a la schistosite regionale, se 
developpent largement ~ntre les massifs granit iques 
varisques du Sarrabus au Sud et de la Barbagia au Nord. 
Des travaux en cours dan·s ces terrains assez monotones 
(Naud et Tempier, 1977) mettent en evidence un groupe 
de base complexe sur lequel repose en discordance 
(Majeure?) l 'Ordovicien superieur debutant par des 
arkoses grossieres et comportant associes a un horizon 
schisto-calcaire fossilifere, des schistes et silt
stones, des gres et des formations volcaniques. Le 
Silurien, qui debute par des banes tres siliceux noirs, 
est forme par des schistes et calcaires a orthoceres . 
L'existence du Devonien calcaire est .tres probable. 

Le groupe de base, non date, est forme de schistes 
et quartzites verdatres, marbres, conglomerats et 
"porphyro1des ". Ces derniers comportent des termes 
intrusifs a grands cristaux de feldspath pouvant corres
pondre a d'anciens granites ulterieurement deformes. 
L'importance et les caracteres de cette tectonigue 
ante-ordovi cien superieur, comparable du point de vue 
age avec celle decrite dans l' Iglesiente, sont encore 
mal connues. Il est toutefois tres probable que les 
terrains situes sous la discordance sont affectes par 
une phase de deformation plus anc i enne, intense, absente 
dans l es arkoses de l'Ordovicien superieure et les 
formations sus-jacentes. 
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Figure 22 . 2. Schema geologique de la Corse et de la 
Sardaigne. 

3°) Au Nord-Est (Altiplano, Gallura) se develop
pent des terrains non dates, affectes par un metamor
phisme mesozonal de type intermediaire, a staurotide et 
disthene, avec apparition de migmatites vers le Nord. 
Dans cet ensemble essentiellement schisteux existent 
localement (Ouest de Siniscola) des orthogneiss grano 
dioritiques sur lesquels une isochrone Rb/Sr a donne 
un age* de 470 ± 30 Ma avec rapport initial 0,709 
(Di Simplicio et al ., 1975). On peut done penser qu'un 
massif granodioritique mis en place a l ' Ordovicien 
inferieur aurait ensuite ete transforme en orthogneiss 
au cours du metamorphisme. Ce granite pourrai t etre 
rapproche de ceux qui, au Sud, dans le Gerrei, sont a 
l'origine des 11porphyro1des " a grands cristaux de feld
spath . Les ages K/Ar sur des amphiboles de la serie 
metamorphique (300 - 290 Ma), interpretes comme l'age 
du metamorphisme par Di Simplicio et al . (1975) et 

* ages corriges avec l a constante 

A~~= 1,39 10-ll · an-l 

179 



legerement plus recents que celui trouve pour les batho~ 
lites varisques, peuvent correspondre au refroidisse
ment de ces derniers . 

4°) Au Nord-Ouest, dans la Nurra, existent des 
terrains metamorphiques (schistes a chlorito1des, 
quartzites, micaschistes) presentant des analogies 
avec l es format ions des Maures occidentales (groupe 1). 

Les etudes structurales portant sur les terrains 
paleozo1ques sardes sont rares. Elles ne concernent 
que des secteurs limites comme l'Iglesiente (Arthaud, 
1970) . Anterieurement aux phases principales, de 
deformation et de metamorphisme, l'existence d ' une 
tectonique ante- ordovicien sup~rieur (sarde?, taconique 
precoce?) est sure dans le Sud de l'ile . Elle est 
accompagnee d ' un magmatisme acide intrusif et effusif, 
ce derni er se poursuivant au cours de l'Ordovicien 
super1eur. Dans le Nord-Est, en Gallura, l 'intrusion 
de granodiorite (ayant donne les orthogneiss) peut cor
respondre a cet episode mais on ne connait pas pour le 
moment, de discordance . Les deformations majeures, 
post-siluriennes et ante-stephaniennes, comme dans les 
Maures, sont polyphasees (Matte et Arthaud, .1975): dans. 
le Nord de l'ile, la premiere phase, d'axes orientes 
Nord-Sud, serait associee au metamorphi sme de type 
intermediaire a staurotide - disthene avec apparition, 
vers l e Nord, de sillimanite et migmatisation; une 
deuxieme phase affecterai t surtout l e Sud, peu deforme 
precedemment ou la presence du Devonien plisse est 
probable; elle serait associee a un metamorphisme epi
zonal. Les ages K/Ar varisques (Di Simplicio et al., 
1975) ne datent que la fi n du deuxieme metamorphisme 
ou meme le refroidissement des grands plutons 
granitiques. 

CONCLUSION 

Dans les massifs consideres (Maures, Tanneron, 
Argentera - Mercantour, Corse occidentale, socle sarde) 
generalement consideres comme formes lors de l'orogenese 
varisque, l'existence d'evenements caledoniens est 
probable et meme localement demontree. 

En Sardaigne meridionale , une phase caledonienne 
precoce, anterieure a l'Ordovicien superieur, est 
certaine. Dans l'Igles i ente, au Sud-Quest, elle est 
caracterisee par des plis de ni veau structural super
ieur et au Sud-Est dans le Gerrei par des deformations 
plus intenses. Elle s ' accompagne de magmatisme acide, 
intrusif et effusif. 

Ailleurs, il ya partout des indices de phases 
ante-varisques et d'evenements attribuables au cycle 
caledonien, mais dans l'etat actuel des connaissances, 
on ne peut formuler que des hypotheses de travail qui 
devront etre etayees par les etudes structurales en 
cours et par de nombreuses mesures d'ages radiometriques . 

La phase anterieure a l ' Ordovicien superieur 
affecte aussi probablement les regions plus metamor~ 
phiques du Nord de la Sardaigne telle la Gallura ou 
existent egalement d'anciennes roches intrusives acides 
mises en place a l'Ordovicien inferieur . 

Une phase orogenique ante-silurienne (ordovicienne 
OU plus ancienne) pourait etre a l 1origine des gnei ss 
du socle de Corse et peut-etre aussi du massif de 
l'Argentera-Mercantour; cet ensemble devant alors etre 
rapproche de la zone moldanubienne. Mais cette hypo
these, fondee sur l'age et la situation structurale du 
seul affleurement paleozo1que de l'Argentella (dont il 
faut souligner les analogies avec les schistes de Steige 
dans les Vosge s ) a encore besoin d'etre verifiee . 

Dans l e massif des Maures, le Tanneron et peut
etre dans le Nord de la Sardaigne, il semble gue ce 
soit une phase acadienne (intra-devonienne) qui domine 
avec une histoire structurale et petrogenetique offrant 
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de grandes analogies avec celle du Limousin dans le 
Massif Central fran~ais. Cette analogie d'evolution 
suggere que la zone orogenique Sud Bretagne - Limousin, 
structuree au cours du Devonien (phase acadienne), pour
rait se prolonger vers le Sud-Est dans les Maures et 
eventuellement le Nord de la Sardaigne. Par contre , 
dans le Sud de cette Ile, ce sont l es phases varisques , 
affectant l e Silurien et le Devonien , qui semblent 
maj eures bien que reprenant du materiel structure avant 
l'Ordovicien superieur . 

Il apparaft ainsi que presque partout dan s la 
region consideree , les phenomenes varisques sont pre
cedes par des phases plus anciennes pouvant etre tres 
intenses. Ils affectent de ce fait du materi el pouvant 
etre deja structure et metamorphise et aboutissent 
alors a la formation de plis post - schisteux, de nouv
elles migmatites, de zones mylonitiques ainsi qu'a la 
mise en place de grands plutons granitiques post
tectoniques . 
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I. INTRODUCTION 

Les Hesperides (= Massif hesperique, = Meseta iberique) 
constituent la partie meridionale de !'arc ibero-armoricain, a 
l'extremite occidentale des chafnes cadomienne et varisque 
d'Europe dont elles sont, avec leurs 200.000 km 2 de superfi
cie et au niveau d'erosion actuel, l'un des elements les plus 
vastes et Jes plus continus. 

Elles ont vue en effet, apres une longue periode de 
preparation protovarisque (= "caledonienne"), le segment 
varisque se mouler, en le reprenant parfois tres energique
ment et en se surimposant etroitement a Jui par endroits, sur 
le segment cadomien. 

Leur histoire s'etend pratiquemment sur un milliard 
d'annees, au moins. 

Elles correspondent aujourd'hui a la moiti e occidentale 
de l'Espagne et a la plus grande partie du Portugal (fig. 23. 1). 

Toutefois, l'etat de notre connaissance des Hesperides 
varie encore tres sensiblement d'une zone a l'autre, certaines 
regions - generalement, Jes mieux mineralisees - ayant attire 
tres tot le prospecteur et le geologue, d'autres etant restees 
comme a l'ecart. 

II. GEOLOGIE REGIONALE 

C'est a partir de !'architecture varisque que !'on subdivise 
Jes Hesperides en six zones paleogeographiques et litho
structurales (fig. 23.2), pouvant etre d'ailleurs regroupees en 
trois grands domaines separes par deux lineaments megatec 
toniques. 

1. LE DOMAINE SEPTENTRIONAL 

Limite au Sud par le grand accident du Tage, il 
comprend, du NE au SW, Jes trois zones: cantabrique, leono -
ouest-asturienne, et galaico-castillane (Lotze, l 945). 

1.1. La Zone cantabrigue 

Elle est si tuee dans la concavite de !'arc ibero
armoricain et presente Jes caracteres suivants (Julivert et al., 
1974). 

A. Stratigraphie 

-Paleozoique inferieur, tres inegalement developpe et 
frequemment incomplet: 

-Cambrien et Ordovicien p.p. (a volcanites: Cabo Penas), 
Ordovicien moyen et superieur souvent absents; 

-Silurien manqt:Jant localement (Ponga); 

-Devonien bien exprime a l'Ouest: 

-de facies asturo-leonais (sedimentation principale-
ment calcaire, dans mer chaude peu profonde, a faune 
benthonique) au SW et W; 

PICG Projet 27, Contribution fran~aise n° 13. 
Caledonian-Appalachian Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-10 (1978). 

-de facies palencien (en mer plus profonde, avec faune 
pelagique ) au SE. 

-Paleozoique superieur: 

-Devonien superieur de facies asturo-leonais et palencien 
(a Goniatites); 

-transgression famennienne generalisee; 

-notamment au Sud du bloc cantabrique: Tournaisien et 
Yiseen (a lydiennes) extremement condenses, Namuri en 
epais (a flysch calcaire); 

-Bassin Houiller Central: Westphalien tres bien exprime 
(B, C e t D inferieur-moyen, paralique, molassique, 
puissant de 5000 m); 

-NE du Leon et N de Palencia: Westphalien D -
Cantabrien - Stephanien A, marin, molassique, discordant 
et scellant la Nappe d'Esla deja replissee ; 

-au SE: Westphalien B, molassique et discordant; 

-Stephanien B-C continental, discordant, et relativement 
etendu; 

-Autunien, localis e - greseux avec tufs volcaniques, ou 
bien a schistes bitumineux. 

1 

B 
..122..km 

l?td a 

a : Proterozoique et Paleozoique. B : domaine alpin 
du Betique. M : Manche. MC : Mer Cantabrique. 
P Fosse du Portugal. D : Duero. E : Ebre. 
G : Guadalqui vir. T : Tage. 

Figure 23 .1. LES HESPERIDES 

183 



B. . Tectogenese 

-Tectogenese varisque polyphasee (de Sitter, 1965; Julivert, 
1971a et b; Julivert et Truyols, 1973): 

-premiere phase, dite palencienne (= de Curavacas, 
connue dans le SE a la lim ite du Westphalien A et B ou 
bien intra - Westphalien B), donnant un style tecton ique 
superficiel d'ecailles et de nappes de c harriage (d'ampli
tude hectometrique a decakilometrique) replissees par la 
suite , avec formation d'un premier systeme argue de plis 
(a plan axial vertical); 

-phase leonienne (intra - Westphalien D) generatrice d'un 
deuxieme systeme rayonnant de plis (a plan axial 
egalement vertical) croisant le precedent; 

-phase asturienne (entre le Stephanien A et B), voyant le 
serrage des structures plissees anterieures; 

-phase saalienne. 

C. Metamorphisme 

-M etamorphisme regional varisque: absent ou, exception
nellement, present (et tres discret). 

D. Plutonisme 

-Plutonisme tardi-varisque, posterieur a la grande tectoni
que, tres peu developpe: 

-en stocks granitiques calco-alcalins ; 

-ultimes porphyres acides, fini- a post-stephaniens. 

1.2. La Zone leono - ouest-asturienne 

Elle comprend la zone initiale ment definie par Lotze 
(1945) ainsi que le Dome de Lugo (en Galice orientale) e t 
l'Anticlinal de l' "ollo de sapo" a sa limite occidentale. 

Elle apparaft ainsi caracterisee (Matte, 1968; Capdevila, 
1969; Marcos, 1971 et 1973; Julivert et al., 1974): 

A. Stratigraphie 

-Proteroique superieur p.p. : "formation porphyroide de 
I' "ollo de sapo", "serie de Villalba" et "serie du Narcea". 

-Paleozoique inferieur: a series cambriennes et ordovicien
nes en continuite, detritiques et tres puissantes; Silurien 
schisteux a Graptoli tes et volcanites; Wenlockien discor
dant, en Galice orientale; Devonien inferieur reduit. 

-Pa!eozoique superieur: Carbonifere pre-stephanien tres 
peu developpe, et Stephanien B-C discordant (dans l'Ouest 
des Asturies). 

B. Tectogenese 

-Tec togenese cadomienne restant a definir; 

-Tec togenese varisque polyphasee: 
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-premiere phase, majeure, generatrice de grands plis 
deverses a couches vers !'Est (Mondoi\edo), et accompa
gnee de metamorphisme; 

-deuxieme phase, dans !'ensemble post-metamorphique, 
cisaillant et faisant chevaucher vers !'Est Jes structures 
plissees precedentes (Marcos, 1971); 

-troisieme phase responsable de plis a plan axial subver
tical (reprenant Jes structures anterieurs, avec effet de 
retrocharriage), post-metamorphique, ante - Stephanien 
B-C et probablement meso-westphalienne (vers la limite 
du Westphalien Bet C); 

-phases ulterieures, mineures. 

C. Metamorphisme 

-Metamorphisme regional varisque de basse pression, c rois
sant d'Est (facies epizonal) e n Ouest (facies meso- et 
catazonaux) (Capdevilla, 1967), syn- a post-phase I et 
vraisemblablement anterieur a 312 Ma (cf. infra). 

D. Plutonisme 

-Plutonisme varisque polyphase, croissant d'Est en Ouest 
(Capdevila et Vialette, 1965 et 1970; Capdevila et Floor, 
1970): 

-vieux granites et granodiorites calco-alcalins a biotite, 
post-phase I et ante-phase 3, tardi- a post-metamorphi
que - Santa Eulalia de Pena (318 ± 22 Ma) et Puebla de 
Parga (312 ± 10 Ma); 

-leucogranites alcalins a 2 micas, syn-phase 3 et post
metamorphiques - Friol (304 ± 10 Ma); 

-granites alcalins a 2 micas, post-phase 3, en intrusions 
discordantes - Forgoselo (303 ± 6 Ma); 

-ultimes granodiorites, en massifs c irconscrits - Castro
verde (276 ± 10 Ma). 

1.3. La Zone galaico - cas tillane 

Elle a jadis ete interpretee (Staub, 1926) comme consti
tuant le coeur "archeen" des Hesperides, autour duquel se 
seraient successi vement moulees Jes ceint ures "caledonienne" 
puis varisque. 

Ses caracteres principaux sont Jes suivants (Parga 
Pondal, 1960; Oen Ing Soen, 1970; den Tex et Floor, 1971): 

A. Stratigraphie 

-Proterozoique moyen: 

-la datationradiometrique d'une eclogite (900 ± 30 Ma), 
associee a certain facies granuli te de la Galice moyenne 
(Vogel, 1970, i_Q_ den Tex et Floor, 1971) t emoigne en 
faveur de !'existence d'un authentique materiel metamor
phique pentevrien (fig. 23.3 B) comparable a certaines 
roches amphiboliques de meme age du Nord du Massif 
ar moricain (Leutwein, 1968) OU bien, eventuellement 
rajeuni, correlable avec certaines metabasites du Molda-
nubien bohemien (Svoboda, et al., 1966; Zoubek, 1972) 
(voir aussi: Cogne, 1959 et 1974; Roach et al., 1972; 
Leutwein et al., 1973; pour le Pentevrien armoricain). 

-Proterozoique superieur: avec notamment, 

-un groupe comprenant trois complexes, l'un magmatique 
precoce de type ophioli tique (hyperbasi tes a Cr-Pt et 
basites de Vinhais - Braganc;a, Morais, Lalin, Santiago de 
Compostela, Cabo Ortega!), le second a amas sulfures 
(Santiago de Compostela, Cabo Ortega!), le dernier a 
niveaux siliceux et phtanites (avec occurrences de Mn
Fe: Sobra!hal) (fig. 23.3 C, D, E); 

-un groupe sus-jacent, schisto-grauwackeux (fig. 23.3 F). 

-Paleozoique inferieur: Ordovicien inferieur transgressif e t 
discordant, Silurien (a Graptoli tes), et Devonien inferieur 
au SW; 

-Paleozoique superieur tres localise: Westphalien D (basi n 
de Porto), et Stephani en superieur. 

B. Tectogenese 

-Tectogenese pentevrienne: 

-restant a detinir dans le NW; 

-donnee (Llopis Llado et Sanchez de la Torre, 1962, 1963 
et 1965) com me alpinotype (a plis couches NE-SW, 
donnant un style de meso-nappes) et dont les traces 
seraient conservees dans Jes migmatites de Tolede. 



-Tectogenese cadomienne polyphasee: a plis submeridiens 
en Galice occidentale, et a structure E-W en Gali ce 
moyenne. 

- Tec togenese var isque polyphasee: 

-premiere phase, majeure, responsable des virgations de 
Galice et de Gredos - Guardarrama, avec formation de 
plis couches de grande amplitude remobilisant le socle 
c ristallin precambrien (en Galice moyenne), et d'anticli
naux et syncli naux etroits (a plan axial subvertical) a 
Ordovicien et Silurien pinces (NW du Portugal); 

-phases f ini- a post-stephaniennes , mineures. 

c. Metamorphisme 

-Me t a morphisme regional pentevrien: rest a nt a definir; 

-Me tamorphis me cado mien: plurifacial (epi-, meso- et 
catazonal) , variable selon la region consideree : de haute 
pression . du type barrovien a tteigna nt le facies granulite 
(p. ex. en Gali ce moyenne) (den Tex et Floor, 1971); 

-blastomylonitisation importa nte (den Tex et Floor, 
197 1); 

-Me t amorphis me varisque: de basse pression du type 
Abukum a ou intermediaire de basse pression, voire du type 
barrovien dans Jes niveaux profonds, et accompagnant la 
phase plicative majeure. 
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I : Zone cantabrique. II :· Z. leono - oues t-asturienne, 
III : Z. galaico-castillane. IV : Z. luso-oretane. 
V : Ossa Morena. VI : Z. sud-portugaise. 

Figure 23.2. LES GRANDES ZONES LITHOSTRUCTURALES 
VARISQUES DES HESPERIDES 

D. Magmatisme et Plutonisme 

-Magma tis me initial ophioli tique du Prote rozoique superi
eur; 

-Plutonis me et migmatisation cadomi ens encore ma! 
conn us ; 

-granites gneissiques et tres t ec tonises de Galice, dont 
!'age radiometrique (349 ± JO Ma ) (Priem et al., 1970) e n 
fait une manifestation reussienne t a rdive a posthume; 

-Plutonisme varisque plurifac ia l e t polyphase (Capdevila et 
Via lett e , 1965, 1970; Prie m et al., 1967 et 1970; Mendes, 
1968; Floor et al., 1970; Oen Ing Soen, 1970; Capdevila et 
al., 1973): 

-granites palingenetiques, syn- a tardi-tectoniques, syn
metamorphiques, concordants, alcalins a 2 micas, dates 
de 298-297 ± 12 Ma, mis e n place dans des domaines 
metamorphiques de basse pression du type Abukuma, tr es 
redui t s dans Jes Sierras Centrales, et bien deve loppes 
dans le NW hesperique; 

-granodiorites et granites t a rdi- a post-tectoniques , 
discordants, calco-alcalins a biotite , tres bien exprimes 
dans Jes Sierras Centrales (ou ils sont post-tectoniques), 
ils comprennent dans le NW: une premiere serie, syn
metamorphique et tardi-tectonique ; une deuxieme serie , 
post-metamorphique et post-tec tonique - Castro Dair e 
(28 2 ± 7 Ma). 

2. LE DOM AINE MERIDION AL 

II comprend, du NNE au SSW, la Zone luso-or e tane 
(=luso-alcudienne) et l'Ossa Mor ena que separe le Lineament 
de Cordoue. 

2.1. La Zone luso-oretane 

Elle s'e tend - depuis la vallee moyenne du Tage jusqu'au 
batholite de Los Pedroches - en une suite d'e troits domaines 
litho-struc turaux, allonges WNW- ESE a NW-SE, particuliere
ment bien definis dans le SE hesperique (Ovtracht et Tamain, 
1970a ; Tamain et Ovtracht, 197 1; Tama in, 1972 et 1975): 

A. Stratigraphie 

-Alcudie n (=Proteroique supe rieur , = Precambrien le plus 
recent) (Tamain, 1970, 1971, 1972, 1973 et 1977; Ovtrac ht 
e t Tamain, l 970a et b; C respo Lara et Tamain, 197 1; 
Tamain et Ovtracht, l 971a et b) moyen p.p. et superieur (a 
reliques microscopiques d'un vieux socle metamorphique 
a nt e-alcudi en (fig. 23.3 E, F). 

-Paleozoique inferieur: Cambrien infe rieur (au NNE: dans 
le bras de mer toledan), Ordovicien transgressif complet 
(2200 m dans les Hautes Sierras meridionales) (Tamain, 
1967, 1971et1972; Tamain et al., 1969; Tamain e t 
Ovtracht, 1971a) et en general directement discordant sur 
le Proterozoique superieur (Mallada, 1896 ; Bouyx, 1969 et 
1970), Silurien transgressif e t discordant (Tamain , 1964; 
Arbey e t Tamain, 1971), et Devonien inferieur. 

-Paleozoique superieur: 

-Frasnien, Famennien (a Strunien) et Dinantien tr es 
pu"issant (a flysch de fad es Culm, au Vis een cf. superi
eur) au SE; 

Stephanien B-C et Autunien, avec volcanisme acide 
aerien (bassin de Puertollano) (Wagne r et Utting, 1967). 

B. Tectogenese 

-T ectogenese cadomienne: 

-phase majeure generatrice de plis isoclinaux NNW-SSE 
(a plan axial subverticall; 
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A. -- LES AFFLEUREMENTS. 

t : Lisbonne ; -- M : Madrid. 

B. -- LES AIRES A PROTEROZO'!QUE MOYEN (VRAI, EVENTUEL, OU HYPO'fHETIQUE). 

1 : Ga lice moyenne ; -- 2 : Tole de. 

c. - G, -- LA MOBILISATION CADOMIENNE. 

1 0 Etape preliminaire 8 precoce. 

C. -- Masnatisme initia l ophiolitigue (a chrome-platine) de 1 1Alcudien moyen, 

1 : .Gabo Ortega! ; - - 2 : Lalin et pertphC.rie du Bassin d 10rdenes ; --

3 : Bragan<sa - Vinha is ; -- 4 : Hora is, 

D. -- Amas sulfuds (Cu-Fe) de l'Alcudien moyen, 

1 : Cabo Ortega! ; -- 2 : Bassin d 1 0rdenes ; -- 3 : Cerro Huriano. 

SC : Santiago de Compostela ; -- C : Cordoue, 

E, -- Niveaux siliceux et phtan-ites de l'Alcudien moyen, 

Hn : occurrences manganC.stferes, 

B : Bragan1i3, 

2, Etape moyenne, 

F. -- Aires 8 flxsch schisto-grC.so-grauwackeux de l'Alcudien supC. rieur. 

Peu OU pas tnetamorphique, a : affleurant ; -- b : suppose existant. 
en profondeur ; 

Metamorphique, c : de la Zone gala!.co-castillane. 

3. Fin de tietape moyenne e t etape tardive. 

G. -- Quelques metamorphites et sranito!.des cadomiens bu consideres com:ne 

tels) remarquables. 

a : metamorPhisme de facih meso- a catazonal des Internides de Galice -

Tras-os-Montes (affectant notan:ment le cortege ophiolitique, et compre

nant aussi les orthogneiss [l]) ; -- b : porphyro!.des de Galice orienta

le et du Guadarrama oriental, du facies "ollo de sapo" ; - - c : linea 

ments et couloirs mylon~tiques lt blastomylonitiques de Pontevedra (P) 

et de Coimbra (C), a metamorphites cadoroiennes reprises au Caledonien 

et 8 l'Hercynien. 

LE PROTEROZOIQUE DES HESPERIDES (partie) 

l : orthogneiss de la partie orientale du :iassin d 1 0rdenes ; -- 2 : or

thogneiss de Granja - Torrehermosa ; -- 3 : granito!.de du N de Villahar

ta ~ (?) ; -- 4 : granite de Valverde de Llerena - Ahillones ; -- 5 : gxa

nite de las Minas "Gloria" (?). 
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-deformations ulterieures, restant a preciser; 

-phases epirogeniques proto-varisques: sarde, taconique, et 
reussienne; 

-absence de toute phase plicative bretonne s. str. k-a-d. a 
la limite du Devonien - Carbonifere). 

-Tectogenese varisque polyphasee: 

-phase majeure post-viseenne (a post - Namurien basal), 
responsable des grandes structures plissees WNW-ESE (a 
NW-SE) deversees au SSW, puis cisaillees par un ecaillage 
d'amplitude hectometrique, avec interference possible 
d'un plissement mineur ENE-WSW; 

-phases plicatives ulterieures, mineures - NNE-SSW et 
N NW-SSE; phase tangentielle avec chevauchements du 
SSW au NNE, d'amplitude kilometrique, et ante
Stephanien B; 

-role important de la fracturation profonde et de la 
tectonique de blocs. 

C. Metamorphisme 

-Metamorphisme cadomien: anchizonal; 

-Metamorphisme varisque: 

-selon Jes regions, inexistant, anchi- et epizonal: de basse 
pression, accompagnant la phase majeure de plissement. 

D. Plutonisme 

-Plutonisme granodioritique et granitique calco-alcalin 
tar di-var isque: 

-tres reduit dans le SE hesperique - stocks de la Garlitos 
et de Fontanosas (date de 302-301 ± 7 Ma) et corteges 
de filons basiques d'Almaden (305-301-298 ± 15 Ma) 
(Leu1:wein et al., 1970) et de filons rhyolitiques de 
Chillon (302 ± 15 Ma) (Bellon et Rides, 1977); 

-bien developpe en haute Estremadure - massifs de 
Montanchez (313 % 10 Ma) (Penha et Arribas, 1974), 
Miajadas, Plasenzuela, Trujillo, Caceres, Ceclavin -
Zarza la Mayor, et stock de Logrosan (325 ± 16 Ma) 
(Bellon et Rides, 1977). 

E. Mineralisation 

-Mineralisations filoniennes mesothermales plombo
argentiferes d'El Centenillo et de "Diogenes" (270 ± 30 Ma) 
(Tamain, 1968, et 1972). 

2.2. Le Lineament de Cordoue 

Cette bande · lineamentaire, large de 60 km, est bien 
detinie sur 300 km (du Guadalquivir a Badajoz) tout au long 
desquels elle est parallele auz megastructures varisques 
(Tamain, 1972 et 1975; Blachere et al., 1977). 

Apparu a l'aube du Cambrien et ayant joue en barriere 
paleogeographique au Paleozoique inferieur, ce lineament a 
vu ainsi, pendant la mobilisation varisque, se mettre successi
vement en place: 
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-la ligne ophiolitique du Varas - Guadalbarbo (Crousilles 
et al., 1976) - avec hyperbasites (a Cr) et basites (348 ± 
18 et 334 ± 16 Ma) (Bellon et Rides, 1977); 

-le complexe basique de Los Ojuelos (Delgado Quesada et 
Fontbote, 1970; Delgado Quesada, l 971), suppose 
precoce; 

-le sillon a flysch de Los Pedroches; 

-Jes hauts-fonds viseo-serpoukhoviens d'Adamuz, Villa-
harta; 

-le couloir blastomylonitique de Badajoz - Cordoue 
(Bladier et Laurent, 1974); 

-le bassin houiller a Westphalien B superieur - C inferieur 
de Pef\arroya -Belm ez (precede, d'ailleurs, par une 
premiere sedimentation houillere au Namurien) (Ortuno, 
1970); 

-le batholite granitique polyfacial tardif de Los 
Pedroches, avec ses facies granodioritiques localement 
uraniferes (305 ± 10 Ma et 291 ± 15 Ma), ses corteges 
de filons rhyoli tiques (3 l 5 ± l 6 Ma) et rhyodaci tiques 
297 ± 15 Ma), et qui se continue par le massif 
d'Albuquerque - Valencia de Alcantara (287-281 ± JO Ma) 
- Nisa (301-290 ± 9 Ma) (Mendes, 1968; Penha et Arri
bas, l 974; Bellon et Rides, l 977); 

-une authentique ligne Plomb-Cuivre (au sens de 
Laznicka et Wilson, 1972), juste sur le bord nord-du dit 
batholite. 

On y trouve egalement de tres etroites bandes de 
metamorphites precambriennes: l'une d'elles est constituee 
de gneiss fins envahis, au Nord de Villaharta (N de Cordoue), 
par un granitoide date de 452 ± 22 Ma (Bellon et Rides, 
1977). 

Au NW de Badajoz, deja au Portugal, le Lineament de 
Cordoue est moiris bien connu. 

En fait aussi partie, selon toute vraisemblance, le massif 
granitique alcalin de Portalegre, qui - avec un premier age 
absolu de 358 ± 44 Ma (Mendes, 1968) puis un second (moyen) 
de 466 ± 12 Ma (Priem et al., 1970), et malgre une cataclase 
ulterieure - pourrait etre considere, dans une approche 
directe et sous reserve, comme une manifestation soit tardi
reussienne, soit taconique. 

2.3. L'Ossa Morena 

Comme la Zone luso-oretane, elle est decoupee en 
etroits domaines allonges selon la direction varisque majeure. 
Elle voit la reactivation, pendant la mobilisation varisque, 
d'un socle precambrien metamorphique. Ses caracteres sont 
Jes suivants (Bard, 1969; Delgado Quesada et Fontbote, 1970; 
Delgado Quesada, 1971; Julivert et al., 1974): 

A. Stratigraphie 

-Proterozoique moyen, ante-alcudien: ? 

-Proterozoique super ieur (Alcudien): 

-inferieur: restant a detinir' mais peut-etre (?) repre-
sente en partie par Jes "quartzites de la Albarrana", 
blancs, tres purs, en banes puissants, de plus en plus 
feldspathiques vers le haut, et recouverts successivement 
par des paragneiss, des amphibolites, et de l'Alcudien 
superieur ("schistes d'Azuaga"); 

-moyen: notamment a basites et petits amas sulfures du 
Cerro Muriano (N de Cordoue), phtanites de basse 
Estremadure, (fig. 23.3, D et E); 

-superieur: schisto-grauwackeux (Azuaga) (fig. 23.3, F); 

-posthume: avec magmatisme andesitique (Cordoue) 
comparable a celui du "Precambrien III" du Maroc 
(Capdevila et al., 1971), p.ex. de la "Serie de 
Ouarzazate". 

-Paleozoique inferieur: Cambrien inferieur et moyen p.p. 
bien developpe (avec basi tes, spili tes et dolerites, dans le 

s et SW), Ordovicien redui t OU manquant, Silurien irregulie
rement exprime (puissant au SW; a volcanites et lydiennes 
dans l'Alentejo), et Devonien inferieur epicontinental, 
schisteux (Robardet, 1976). 



-Paleozoique superieu r: 

-Dinant ien: houiller continental de Val-de-Infierno 
(Wagner, 1976) au Tournaisien superieur (a Viseen 
inferieur ?); Tournaisien - Viseen inferieur, Viseen 
superieur (flysch schisto-grauwackeux), Viseen superieur 
a terminal - Namurien (calcaires et houiller) (Armengot 
et Martinez Diaz, 1972; Crousilles et al ., 1976; Ortuno, 
1970) du NW de Cordoue; flysch schisto-gra uwackeux du 
Viseen inferieu r (?) d'Estremoz - Terena - Barrancos; 

-W estphalien B superieur - C inferieur, paralique e t 
discordant, du NW de Cordoue (Ortuno, 1970); Westpha
li en B cf. inferieur de Villanueva de! Rio y Minas 
(Ortuno, 1970); Westphalien D de Santa Susana; Westpha
li en D - Stephanien A et B des petits bassins du Nord de 
Cazalla de la Sierra (Mingarro Martin, 1962); 

-Stephano-Autunien du bassin de Guadalcanal: avec 
Stephanien C - D (a Autunien) a la Cantera de Ladrillos, 
et Autunien (inferieur, et passage au supe rieur) a u 
Charco de la Sal (Broutin, 1974; Doubinger et Broutin, 
1976); Stephanien superieur - Autunien du bassin d'EI 
Viar. 

B. Tectogenese 

-Tectogenese cadomienne: avec une phase maj eure 
generatrice des struc tures NNW-SSE; 

-absence apparente de toute phase orogenique bretonne s. 
str., ou post-emsienne et ante-viseenne (Schermerhorn, 
1971). 

-Tectogenese var isque polyphasee: 

-phase maje ure post-Namurien basal et ante-Westphalien 
B (du NW de Cordoue), responsabl e des plis WNW/NW
ESE/SE; 

-reprises ulterieures, l'une post-Westphalien C inferieur 
et ante-Westpha lien D, une autre post-Stephanien A-Bet 
ant e-Stephanien superieur (=Stephano-Autunien). 

C. Metamorphisme 

-Metamorphism e regional cadomien plurifacial (epi-, meso , 
voir e catazonal, (variables dans l'espace et encore mal 
connu; 

-Metamorphisme varisque de basse pression (Aracena -
Lora de! Rio) a intermediaire de basse pression (Azuaga -
Villavic iosa de Cordoba) (Bar.d, 1969); avec blastomyloni
tisa tion syn-me tamorphique a la limite des domaines, 
unites et blocs. 

D. Magmatisme 

-Magmatismes varies (Bard, 1969 et 1971; Bard et Fabries, 
1970; Barros e Carvalhosa, 1970; Fabries, 1963; Mendes, 
1968): 

-plutonisme tardi-cadomien, granitique stock de 
Valverde de Llerena - Ahillones (Delgado Quesada et 
Fontbote, 1970; Delgado Quesada, 1971); 

-complexes granitoiaiques varisques, syn-tectoniques -
gneiss de Montemoro-Novo (323 Ma); 

-gran ites et granodiorites, posterieurs a. la phase 
ma jeure , d'age meso-westphalien - diorite quartzique 
d'Evora (304 ± 4 Ma), granite calco-alcalin a biotite de 
Pedrogao (308 ± 4 Ma); 

-ensemble post-tec tonique, tardif - granite alcalin a 
biotite de Monforte - Santa Eulalia, d'age moyen 
stephanien (30 3 et 281 ± 12 Ma). 

3. LE DOMAINE SUD-PORTUGAIS 

Separe de l'Ossa Morena par le grand accident de Beja -
Aracena, ce domaine, qui comprend aussi toute la partie 
espagnole de la Ceinture pyriteuse, presente !es caracteres 
suivants (Schermerhorn, 1971): 

A. Stratigraphie 

-Paleozoique superieur, tres bien exprime: 

-a la lisiere NW: Westphalien D discordant (bassin de 
Santa Susana ); 

-dans la Ceinture pyriteuse: Famennien schisto-greso
quartzitique, Tournaisien - Viseen inferieur volcano
siliceux (a basites, spili tes et albitophyres, keratophyres 
et tufs, amas sulfures, jaspes et Jydiennes, occurrences 
de Mn-Fe), Viseen superieur (a puissant flysch de facies 
Culm: Mertola); 

-dans le SW: Dinantien et Namurien schisteux (a 
Goniatites), Namuro-Westphalien fa flysch de plus en plus 
t ardif vers le SW - AJjustreJ). 

B. Tectonique et Tectogenese 

-Tec tonique de blocs et fracturation profonde a la Jisiere 
nord : des le Cambrien (sur la marge meme de la geosuture 
de Beja - Aracena); 

-absence de toute phase orogenique bretonne s.str., ou post
emsienne et ante-viseenne; 

-T ectogenese var isque pol yphasee: 

-phase majeure post-namurienne (a post-Westphalien A ? 
dans le SW) et ante-Westphalien D (au NW), responsable 
des grandes structures E-W a WNW-ESE, deversees au 
SSW /SW et dessinant une Jegere virgation (a concavite au 
NE), puis cisai!Jees, ecaiJJees et chevauchantes du NNE 
au SSW (a !'amplitude croissante de Ficalho a 
Carrapateira, ou la translation est d'ordre decakilom
etrique) (Feio et Ribeiro, 1971); 

-reprises ulterieures, mineures, phase NW-SE post
Westphali en D (Santa Susana) replissant Jes structures 
anterieures de fai;on homoaxiale, puis phase NNW-SSE 
(Feio et Ribeiro, J 971). 

C. Metamorphisme 

-Metamorphisme regional varisque: 

-absent, anchi- a epizonaJ, dans la Ceinture pyriteuse, ii 
est polyphase et atteint son de~re maximal (sous-facies 
epizonal des schistes verts) des la phase majeure de 
plissement (Leco!Je, 1977). 

D. Magmatisme et Plutonisme 

-Magmatisme initial, basique puis acide, specifique de 
11E.tape preliminaire a precoce de la mobilisation varisque. 

-Plutonisme tardi-varisque, posterieur a la grande tecto
nique , au chimisme varie, avec des facies subvolcaniques, 
et loca lis e~ la bordure NE du domaine. 
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III. STRUCTUR A TION DES HESPE RIDES 
ET MOBILISATION PROTO-V ARISQUE (= CA LEDONIENN E). 

Pour a voir une meille ur idee de cett e mobilisation 
proto-varisque , ii n'est pas inutil e de la replacer dans le cadre 
plus vast e de la struc tura t ion progressive des Hesper ides. 

J. INTRODUCTION 

Les geologues du XIX 0 s1ecle d1strnguerent deux grands 
e nse mbles structuraux: un socle "a rc heen" , e t une couverture 
pa leozoique plissee a l'Herc yni en. 

Par contre, Stille (1 927), Lot ze (1 945) et leurs disciples 
considerere nt Jes Hesperi des comme un bati essenti elle ment 
e t fonda menta le ment varisque , issu d'une tres longue 
prepara t ion quasi ininterrompue depuis I' "Algonkien": e t on
nante singularite pa r rapport au rest ant de la vieille Europe, 
qui transparut d'ailleurs dans la Carte Tec tonique de !'Europe 
a u l /2 .500.000 ° (Moscou, l 962). 

Ce n'est que rece mm ent - a pa rtir d'e tudes locales OU 

r egiona les detaillees et de !eves car tographiques tr es precis , 
puis d'essais d'integra tion des Hespe rides aux chafnes cado
mi enne et va risque de !'Europe mo ye nn e - qu'a pu etre mise 
e n evide nce l'individualite de Cadomides hesperiques sur 
lesque lles et a partir desque lles s'est deve loppee ul ter ieure 
ment la partie SW du segment varisque europee n. 

2. LE "VIEUX" SOCLE PRECA MBRIEN 

Bien que le nombre, !'importance e t la distribution des 
noyaux pente vriens ou, d'une fa<;on plus generale, ante
alcudiens ne nous soient pas encore connus , on pe ut nean
moins distingue r aujourd'hui, dans Jes Hespe rides , un voire 
deux domaines a Ante- Alcudien (f ig. 23.3, B): - la Galice , a 
coeur pentevrien; - et l'e vent uel noyau migmatique de Tolede . 

Rappelons aussi que , dans l' Alcudi en superieur schisto
gra uwacke ux de la Zone luso-oret ane , ont ete observes au 
microsco pe (Bouyx, 1969 et 1970) d'exceptionnels microga let s 
de micaschiste, de tres rares fragm ents de micropegm atite , 
e t que lques esquilles de qua rtz filonien , vestiges qui t emoi
gnent bi en de la presence, a u loin, d'un vieux socle me t amor
phise e t granitise, alors exonde (Ta main et Ovtracht , 197 la et 
b). 

3. LA MOBILISATION CADOMIENNE 

Elle s'est developpee tout au long de l'Alcudien 
(=Proterozoique superieu r hesperique ), dans un vaste t erri
t oire qui comprendra plL•s t a rd Jes zones varisques Jeono -
ouest-asturienne, galaico-cast illane , luso-oretane et ossa-ma
rianique. 

Notre connaissance, a son suj et, reste eminemment 
perfec tible . En voici, neanmoins , Jes gra ndes lignes (fig. 23.3 
e t 23.4). 

3. J. L'Etape prelimina ire a precoce 

On ne sait encore rien du debut de cette mobilisation, ni 
des pre mi ces d'organisation des futurs dom aines lithi:J
struc tura ux. 

La pre miere phase identifi a ble se manifeste a l'aube de 
l'A lcudien moyen en Galice e t dans le Nord du Portuga l (Tras
os-Montes), puis en Ossa More na . 

S'individualise en effet , dans le NW hesperique, un 
dom aine de type eugeosynclinal, a vec apparition d'un magma
tisme initial ophiolitique (a peridotites , dunites, saxonite s) 
accompagne d'une premiere met a lloge nese a chrome - pla tine 
(Ann. 1): Bragan<;a - Vinha is , e tc . (fig. 23.3, C) e t se 
poursuivant par un volcanisme bimodal basique puis ac ide, 
accompagne d'une meta llogenese spec if ique, sous la forme 
d'a mas sulfures du t ype c upro-pyriteux: Cabo Ortega! (Ann. 
2), bassin d'Ordenes (Ann. 3), e t c . (fig. 23.3 , D). 
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Pres que au meme moment, un magmatism e basique se 
developpe evoluant en un volcanisme cf. bimoda l (or t ho-am
phiboli tes et complexe lept yno-amphibolitique ) (De loche et 
al. , 1977), puis de pe tits a mas sulf ures se constituent 
(Ta main, 1977 ) au Cerro Muriano , e n Ossa Morena orienta le 
(f ig. 23 .3, D). 

En suite , la serie volcano-sedim enta ire evolue e t voit le 
depot de niveaux siliceux (phtanites): da ns la Zone luso
oretane , en Ossa More na , t andis que se developpe locale ment 
une troisieme metalJogenese , a mangan ese OU fer-m anganese 
cett e fo is-ci: Sobra lha l (Edrosa , pr es de Bragan <;a ), etc . (f ig. 
23 .2, E). 

Pa r contre , on ne connaft pas encore la de limitati on 
exact e du domaine de t ype miogeosynclinal. 

3.2. L'Etape moyenne 

Elle voit !'inst alla tion e t le developpement, pe ndant 
l'Alcudien superieur, d'une sedimenta tion terrigene carac t eri 
see par le depot d'un f lysch schist o-gr eso-grau wackeux qui 
s 'e t end , en outre , a la future Zone leono - ouest-as tur ienne 
(fi g. 23.3, F). Ce flysch ad met, da ns sa pa rtie supe rieure , des 
conglom era ts intra form a tionne ls (Ann. 4) et des passees 
carbonatees egalement lent icul aires (Ann. 5). 

Elle se termine pa r la phase ma jeure de l'orogenese 
cadomienne, au cours de laque ll e la totalite du territoire (f ig. 
23.3, A) est plissee (Ann. 6), mais dont seuls Jes domaines Jes 
plus inte rnes (Ga lice - Tras-os-Montes - Sierra Centra les 
castillanes, et Ossa More na p .p. ) sont metamorphises et plus 
ou moins granitises (fig. 23.3, G). 

3.3. L'Etape tardive 

Ses caracteris tiques rest ent encore ma! detinies , mis a 
part certain plutonisme acide t ardi- a post-tectonique (fig. 
23.3, G) (Ann. 7). 

3.4. Alcudien, Algonki en, Briove rien 

Les tableaux 23.1, 23. 2, e t 23.3 donnent !'equiva lence 
des differents term es cons ti tuant respectivement chacun de 
ces trois systemes. 

De leur confronta tion, ii ressort une identite quasi 
t e rm e a terme et, si !'on ve ut t enir compte du sche ma 
c lassique de !'evolution des zones mobiles (selon U. A. Bilibine, 
ou P.M. Tatarinov e t coll., p.ex.), on a en l'Algonkien 
bohe mien une reference ideale , surtout si !'on considere que 
la base, ou la pa rtie inf erieure , de l'Alcudien ne nous es t pas 
e ncore connue ou n'a pas encore et e differenciee. 

3. 5. Conclusion 

Au Proterozoi"que superie ur, une grande parti e des 
hesperides est ainsi interve nue ac tivement dans la struc tura
tion de la chafne cadomienne d'Europe, avec, notamme nt: la 
re mobilisation de vieux noya ux pe nt evriens ou ante-alcudiens ; 
l'indi vidualisation, des le debut de l' Alcudien mo yen, d'un 
domaine eugeosynclinal au cortege ophiolitique bien exprime ; 
e t, tous Jes caracteres d'une evolution "classique" complet e 
de zone mobile en plateforme. 

II y a done eu une continuite certaine de cette c hafne 
cadomienne - et des struc tures l'ayant pretiguree - depuis , a u 
moins , Jes confins orientaux du Massif bohemien jusqu'au 
Guadalquivir actuel, et ce n'est qu'integree a !'Europe que sa 
partie hesperique doit etre desormais envisagee, bien qu'il ne 
soit pas, non plus , sans int eret d'en rechercher l'eventue l 
de venir nord-africain. 
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A. PROTEROZOIQUE MOYEN. a: de reference (M : Moldanubien; P: Pentevrien); 

superieur 

3° etape 

b: hesperique . (Est aussi po s ee l a question -- compte tenu de 1' age radiome
trique de 900 Ma . trouve en Galice, de la symetrie des ensembles hesperique e t 
armoric i an de part et d' autre de l a Mer cantabrique, de certaines analogies avec 
le Massif bohemien, ainsi que de nouvelles hypotheses de recherche (B~illanceau 
et Nicolas, 1971) -- de l'existence du socle pentevrien dans le domaine vendeo -
sud-breton). 

B. PROTEROZOIQUE SUPERIEUR: Etape preliminaire a precoce . a: magmatisme 
initial ophiolotique (hyperbasites et basites); b: id. (basites); Cr: chrome; 
pyr. e t Cu: amas sulfures du type pyriteux et du type cupro-pyriteux; Mn : Man
ganese(+ Fer). 

C. PROTEROZOIQUE SUPERIEUR: Etape moyenne. a: f lysch schis to-greso-grauwackeux, 
peu OU pas metamorphise ulterieuremen t; b: flysch for tement metamorphise au Cado
mien, puis a l 'Hercynien. (N' est pas pris en consider.ation le flysch, de meme 
nature, des domaines normano - nord-breton, d'Ossa Morena et de l a Zone l eono -
ouest-asturienne) . 

D. PROTEROZOIQUE SUPERIEUR: Etape tardive . a: plutonisme granitique t a rdi-cadomien. 

Figures 23.4 A-D. CORRELATIONS DU -PROTEROZOIQUE D'EUROPE CENTRALE (MASSIF 
BOHEMIEN) ET OCCIDENTALE (ARC IBERO-ARMORICAIN) . 



4. LA PREPARATION PROTO-VARISQUE, OU 
CALEDONIENNE 

Elle commence avec Jes pre mieres incursions, des l'aube 
du Cambrien, des mers paleozoi"ques sur la peneplaine cado
mienne . 

Elle se poursuit avec !'individualisation progressive de 
grandes aires, qui vont evoJuer d'une fa<;:on plus OU mains 
autonome: 

-au Nord, !'ensemble des futures zones cantabrique et leono -
ouest- asturienne, OU la sedimentation est continue pratique
ment du Cambrien a la fin de l'Ordovicien ; 

- au centre, la Galice occidentale et la Zone luso-oretane, 
ou, d'une fa<;:on generale, la preparation proto-varisque 
comporte trois cycles sedimentaires: cambrien p.p., ordovici
en et siluro-eodevonien, separes par Jes crises epirogeniques 
sarde et taconique ; 

- au Sud, la moitie meridionale de l'Ossa Morena, OU 

l'Ordovicien se presente sous des facies particuliers. 

Elle se termine: dans !'ensemble centro-meridional, au 
Devonien moyen, avec la phase reussienne (de caractere 
egalement epirogenique); dans !'ensemble septentrional, a la 
limite Frasnien - Famennien. 

Jusqu'a ces tout derniers temps, elle etait unanimement 
consideree comme la premiere etape de la mobilisation 
varisque. Elle correspond, en realite, a !'evolution d'une aire 
de plate forme soumise aux contrecoups de la mobilisation 
caledonienne qui, elle, se developpe de la Scandinavie a la 
Mauritanie, 'sur la marge occidentale des Hesper ides. 

4. 1. L'Etape cambrienne 

Trois aires sont envahies par la mer cambrienne, 
transgressive : le bassin cantabrique , au Nord; le bassin 
toledan, ou toledano-salmantin, au centre; et, le bassin 
andalou, au Sud. 

A. Le bassin cantabrique 

II apparalt des le debut du Cambrien - base des 
"Couches de Barrios" detritiques, a Lunolenus lotzei Sdzuy -
sur !'emplacement des futures zones varisques Jeono - ouest
asturienne et cantabrique (franges W et S) (Llopis Llado, 
1962 ; Lotze, 1970) et fonctionne apparemment pendant la 
plus grande partie du Cambrien, alimente par une sedimen
tation - dans ses grandes lignes - d'abord detritique, puis 
carbonatee, et de nouveau detritique. 

L'existence du Cambrien superieur est attestee en 
Asturie par la presence de l'ichnite Cruziana semiplicata Sal
ter (Lotze, 1970; Marcos, 1973) dans des facies detritiques 
greso-quartzitiques passant au sommet, en apparente 
continuite, a l'Ordovicien inferieur de memes caracteristiques 
lithofaciales et a Cruziana rugosa d'Orbigny, Cr. furcifera 
d'Orb. 

11 se poursuit au SE dans la Sierra de la Demanda et la 
Cha!ne celtiberique, hors des Hesperides. Element de la sous
province hispano-sarde , il offre une certaine parente faunique 
avec la Montagne Noire (S. France) pendant le Cambrien 
inferieur et une partie du Cambrien moyen (H. et G. Termier, 
1964). 

Il a une forme dissymetrique marquee et presente un 
maximum de subsidence (avec pres de 6000 m de sediments) 
dans l'axe du rio Navia, ainsi qu'une pente tres redressee 
presque a !'aplomb de l'actuel Anticlinorium du Narcea (a 
Proterozoi"que superieur), a la limite des deux futures zones 
varisques: cette limite est done tectoniquement active tout 
au long du Cambrien et voit le lent enfoncement des Asturies 
occidentales au pied de la Zone cantabrique formant alors un 
relief sous-marin. Autre element tectonique important a 

cette epoque: la "Ligne du Leon", deja active (de Sitter, l 965) 
et qui relaie en quelque sorte, avec sa direc tion E- W, 
!'accident precedent. 

B. Le bassin toledan, ou toledano-salmantin 

Apparu egalement au Cambr ien infer ieur, il voi t une 
sedimentation detritique a carbonatee - avec, selon des 
niveaux, Algues, Archeocyathides (Martin Escorza et Perejon, 
1972), Meduses, Brachiopodes , Lamellibranches et Trilobi
tes: Eodiscus (Serrodiscus) speciosus Ford (Aparico Yague et 
Gil Cid, 1972) du Cambrien inferieur, ou encore: Realaspis stre
noides Sdzuy, Pseudolenus weggeni Sd., Ps. glaber Sd., Kin
gaspis cf. velatus Sd., d'un Cambrien inferieur eleve (Lotze, 
1970; Gil Cid et al., 1976) - se developper selon deux bras de 
mer orientes E-W (Martin Escorza, 1976). 

Le premier de ceux-ci est le plus meridional , et aussi le 
mieux defini; son axe passerait juste au Nord de Tolede . Le 
second a son axe passant par Salamanque; ii presente un 
Cambrien inferieur assez bas, a Pararedlichia sp. (Gar cia de 
Figuerola et Martinez Garcia, 1972). 

C. Le bassin andalou 

C'est dans sa par tie or ientale, a Cordoue, que s' installe 
la sedimentation marine au tout debut du Cambrien . 

Et durant le Cambrien basal puis infe rieur, vont 
alterner les episodes detritiques et Jes episodes carbonates, 
dans des eaux peu profondes et agitees, parfois en ambiance 
paralique (avec decharges de materiel alluvial ou deltaique) 
(Lif\an Guijarro et Dabrio, 1974). 

Y proliferent, selon les facies et Jes horizons, Algues, 
Archeocyathides (Zamareno et Debrenne , 1977), Meduses (An
thoichnites cabanasi Melendez: Cabanas et Melendez y 
Melendez, 1960), et Trilobites: Anadoxides richterorum Sd
zuy, Lunolenus lotzei Sd.,Dolerolenus formosus Sd., Dolero
lenus sp. (Linan Guijarro, 1972 et 1974). 

Dans sa partie centrale et au Portugal , il est caracte
rise par une sedimentation detrituque a carbonatee . 

Les facies detritiques , d'eaux peu profondes, ont livre 
des faunes neritiques a Brachiopodes, Lamellibranches, Ptero
podes et Trilobites : 

p.ex. Delgadella souzai caudata Delgado , Hicksia elvensis 
Delg., Callavia choffati , de Vila Boim; 

Delgadella souzai caudata Delg., Protolenus schneideri 
Richter ,Gigantopygus cf. bondoni Hupe, etc. du niveau 
inferieur de Cala; 

Eodiscus (Serrodiscus) serratus Richter , E. (Serrodiscus) 
cf. speciosus Ford, Strenuaeva cf. vigilans Matthew, 
etc. du niveau superieur de Cala; 

Saukianda andalusiae Richter, Ellipsostrenua alanisi 
ana Sdzuy, Perrector perrectus Richter ,Alanisia guil
lermoi Richter, etc. d' Alanis. 

Les faunes de Cala et de Vila Boim sont identiques a 
celles qui, au Maroc, sont caracterisees par !'association Mic
macca - Serrodiscus. 

Par contre, la faune plus recente d'Alanis, qui comprend 
a la fois des Redlichiacea et des Ellipsocephalacea, montre 
que le bassin andalou, a cette epoque-la, correspond - comme 
le Maroc et la Sardaigne - a une aire de transition entre la 
province a Olenellus nord-atlantique et la province a Redlichia 
"tethysienne" (Henningsmoen , 1957). 
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A, AU CAMBRIEN. a: air es a Cambrien ; b: front de la mer cambrienne, 8. son 
maximum d ' extension; c: axes des bass ins a Cambrien; LL : "Ligne du LE!on"; 
? : hypothetique axe d 'Aracena - Cordoue. 
A: Avila; B: Burgos; C: Co r doue; CR: Ciudad Real; L: L€on; P: Portalegre; 
S : Salamanque; T : Tolede . 
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C. PENDANT LA PHASE TACONIQUE , A LA LIMITE OROOVICI EN - SILURIEN. a: aires 8. 
Ordovicien; b: eventuels d€p0ts glac.io - marins; c : surface de ravi nement glaciaire 
(El Centenillo); d: eventuelles surfaces de ravinement glaciaire; e: magma
tisme anorog€nique (granites, granites hyperalcalins, sy€nites); f: granitoide 
du N de Villaharta , date de 452 t 22 Ma. 
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b [I]] ' d 

[§] a 0 c 

B. A L ' ORDOVICIEN. a : emplacement de l ' ancien sill on cambrien de Navia; 
b : aires a Ordovicien (+a, c, d); c: principales occurrences de fer oolithi
que meso-ordovicien: 1, Serra de Mar§o; 2 , Moncorvo; 3, Miranda do Douro; 4, 
Guadrami l ; d : aire 3 volcanisme basique du Caho Pefias . 
A : Am€ndoa; AP: synclinal d ' Almaden - Puertollano; B: Serra de Bur;aco; C: 
El Centenillo; GG: synclinaux de Guadalupe - Guadarranque; HSM: Hautes Sierras 
m€ridionales; S : grande plaine de la Serena; V: Valongo. 

So 

D. AU SILURIEN ET AU DEVONIEN INF'ERIEUR. a: aires a Silurien; b: aires a 
nevonien inferieur des Hespe.rides centro-meridionales; c: bassin ieono-asturien; 
d: bass in palencien. 
S . A.: seuil asturien, limite au Sud par la "Ligne du L€on" (LL). 
A: Almaden; E: Evora; HS : Hautes Sierras m€ridionales; PA: Portalegre - Albu
querque; P : Peiiarroya; S: Serra de Bu~aco; V: Valongo. 

Figures 23,5 A-D LA PREPARATI ON PROTO-VARISQUE OU CALEDONIENNE 
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D. Remarques 

En Sierra Morena, il existe deux niveaux stratigraphi
quement differents de biohermes a Archeocyathides (Zamar
reno et Debrenne, 1977): celui de Las Ermitas (Cordoue), qui 
appartient a la moitie superieure de l'Atdabanien; celui de 
Zafra, sous-jacent a la faune a Smikianda et qui appartien
drait au debut du Lenien. 

Ceci semblerait se retrouver dans le bras de mer 
toledan. 

Enfin, il reste a detinir en termes de petrologie 
moderne le volcanisme cambrien. 

C'est le cas du complexe volcano-sedimentaire, a 
rhyolites, pyroclastites et cinerites recemment mis en 
evidence au-dessus du Cambrien inferieur et en-dessous de 
l'Ordovicien des Monts de Tolede (Martin Escorza, 1976). 

C'est aussi le cas du volcanisme du bassin andalou, au 
chimisme moyennement acide a basique (spilitique), et qui est 
actuellement a l'etude. 

E. Conclusion 

La transgression cambrienne se propage sur la plate
forme cadomienne a la faveur d'aires en voie de lent 
affaissement et que semble controler une tectonique cassante 
de direction E-W qui se manifeste notamment: au Nord, avec 
la "Ligne du Leon" a laquelle serait conjuge, dans Jes Asturies 
occidentales, un accident de direction apparemment sub
meridienne a NNE-SSW; dans le centre, avec Jes axes memes 
de bassins toledan et salmantin; en Ossa Morena, eventuelle
ment avec l'alignement d'Aracena - Cordoue. 

Si l'on considere que la tectogenese cadomienne a bien 
ete controlee par une direction principale NNW-SSE et sa 
conjuguee E-W, on aurait alors un bel exemple de reactivation 
de celle-ci au Cambrien. 

D'autre part, c'est seulement dans la partie septentrio
nale des Hesperides qu'est connu le Cambrien superieur (date 
par des ichnites en Asturie) alors qu'il faut aller jusque dans 
la Sierra de la Demanda pour le trouver date par une faune 
tr il obi ti que. 

Or, c'est pendant la plus grande partie du Cambrien 
moyen et la totalite du Cambrien superieur que les Hesperi
des meridionales, de Tolede au Guadalquivir, sont affectees 
par l'epirogenese sarde. 

4.2. L'Etape ordovicienne 

Elle revet une importance toute particuliere (fig. 23.5, 
B). 

Tout d'abord, elle voit la premiere transgression marine 
paleozoique generalisee se developper sur !'ensemble des 
Hesperides, c'est-a-dire principalement dans Jes zones canta
brique, leono - ouest-asturienne, luso-oretane et en partie 
ossa-marianique, alors que la Galice moyenne et la region 
transmontane p.p. restent apparemment emergees. 

Cette transgression est bien plus etendue que celle du 
Cambrien inferieur. 

Neanmoins, en Ossa Morena, son existence dans la 
frange NE est beaucoup plus discrete qu'on ne l'a cru, tandis 
que son extension dans la partie S et SW est notablement 
reduite par rapport a l'aire cambrienne et que Jes caracteres, 
qu'elle y presente, sont nettement differents de ceux des 
autres zones. 

Peut-etre voit-elle aussi se preciser Jes premiers grands 
traits paleogeographiques et structuraux qui, ulterieurement, 
vont guider et controler la mobilisation varisque? 

Elle se termine enfin sur des evenements d'importance 
planetaire. 

A. Le cycle ordovicien 

D'une fa<;:on tres generale, son evolution est assez 
uniforme et homogene sur !'ensemble des zones cantabrique, 
leono - ouest-asturienne, galaico-castillane p .p. et luso-oreta
ne: 

- l'Ordovicien inferieur est notamm•ent caracterise par une 
sedimentation detritique specifique des aires eurafricaines -
celle des gres et quartzites "armoricains"; 

- l'Ordovicien moyen voit !'expansion des mers epicontinen
tales et le depot des fameux "schistes a Calymenes"; 

- l'Ordovicien superieur, detritique (avec, localement, un 
episode carbonate eoashgillien), est le temoin d'une lente 
regression, au deroulement irregulier et oscillant, qu'accom
pagne une activite volcanique (Ann. 8) parfois intense, le long 
des fractures profondes d'un systeme OU d'un reseau restant a 
detinir. 

Chacune de ces .quatre regions presente, certes, ses 
particular is mes regionaux. 

Les deux premieres forment une grande aire, dans la 
partie leono - ouest-asturienne de laquelle le sillon, nette
ment dissymetrique et largement ouvert a !'Est, apparu au 
Cambrien inferieur, evolue: sont flanc oriental (region de 
Luarca) voit !'accumulation de puissants depots detritiques a 
l'Ordovicien inferieur, ce qui aboutit a un retrecissement du 
sillon dont le nouveau flanc oriental (region du Navia, a 
!'emplacement de l'ancien sillon a subsidence cambrienne 
optimale) devient a sont tour le lieu de depot privilegie des 
schistes meso-ordoviciens; puis, le sillon lui-meme est comble 
par des turbidites, et avorte a la fin de l'Ordovicien (Julivert 
et al., 1972; Marcos, 1973). · 

En Galice et dans le Nord du Portugal, des occurrences 
de fer ooli thique meso-ordoviciennes jalonnent le pied des 
terres emergees (fig. 23.5, B). 

La Zone luso-oretane presente un Ordovicien complet et 
bien fossilifere, discordant ici sur l'Alcudien et la sur le 
Cambrien (quand celui-ci existe): serie-type d'El Centenillo 
(2000-2200 m) (Tamain, 1967, 1971 et 1972; Tamain et al., 
1969; Tamain et al., 1971), serie d'Almaden - Puertollano, 
series toledano -nord~estremegnes, dans le Sud-Est hesperi
que; serie-type de la Serra de Bu<;:aco (1360 m/min.) (Teixeira, 
1955; Henry et al., 1974) dont le conglomerat basal a grands 
elements temoigne bien de la proximite des terres emergees, 
serie d'Amendoa (800 m), au Portugal. 

La partie meridionale de l'Ossa Morena est caracterisee 
par un Ordovicien qui ne rapelle en rien celui des regions 
precedentes (Robardet, 1976): 

- absence des gres "armoricains" et des "schistes a Calyme
nes"; 

- Ordovicien superieur avec pole carbonate, dont la faune 
trilobitique tres particuliere a des affinites avec des popula
tions de Pologne et du Kazakhstan. 

B. Correlations 

Depuis la seconde moitie du siecle dernier, il etait usuel 
de comparer l'Ordovicien iberique et armoricain, soit globa
lement, soit formation a formation, membre a membre (p. ex. 
Henry et al., 1968; Chauvel et al., 1969; Carre et al., 1970; 
Henry et al., 1971) (Ann . 9). 

Recemment, des essais de correlations ont envisage la 
comparaison de series. entieres et en ont montre l'identite 
rigoureuse, parfois terme a terme (Tamain et al., 1969; Ta
main et Ovtracht, 197 la et b; Tamain, 1971 et 1972; Henry et 
al., 1974): principalement entre la Zone luso-oretane (series
types d'El Centenillo et de Bu<;:aco) et le Synclinorium median 
(serie-type de Crozon - Cap de la Chevre), et aussi entre la 
frange SW de la Galice (Valongo) (Ann. 10) et Jes Synclinaux 
du Sud de Rennes (Martigne-Ferchaud) (Ann. 9). 
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Par contre, l'Ordovicien de l'Ossa Morena meridionale 
semble bien ne pas avoir d'equivalent dans le dom aine 
norm ano - nord-breton . 

c. Paleogeographie 

On est ainsi amene a reconnaftre l'appar tenance de la 
Zone luso-oretane et du Sync linorium median, de la Gali ce 
s ud-occidentale et du Synclinor ium de Martigne-Ferchaud, 
etc. a autant d'unites paleogeographiques et st ructurales de 
!'Arc ibero-a rmorica in, a l'Ordovicien . 

Reste toutefois pose le probleme du prolongement de 
l'Ossa Morena meridionale dans la moitie nord dudit arc . 

D'autre part, !'examen de la carte de repartition des 
aff leure ments ordoviciens (fig. 23.5, b) suggere quelques 
remarques. 

En Ossa Morena, l'a ire ordovicienne meridional e s'est 
inst a llee presque dans !'axe de l'a ire cambrienne. 

La structuration varisque de la Zone luso-oretane, da ns 
sa moitie o rientale, revele une disposition en bandes alterna
ti vement anticlinales et sync linales qui, si !'on tient com pte 
d'une variation latera le progressive des bio-lithofac ies et des 
puissances du SSW au NNE, pourrait et re heritee d'une 
configuration paleogeographique ordovicienne avivee par le 
jeu de frac tures plus ou moins profondes (dont certaines 
auraient pu guider la moitiee d'e missions volcaniques). Da ns 
le me me ordre d'idees, d'autres a rgum ents suggereraient une 
variation laterale comparable de !'ESE a !'WNW, la grande 
plaine de la Serena (Estremadure ) et son prolongement WNW 
ayant pu a lors constituer comme un seuil. 

4.3. La glaciation et l'epirogenese taconigues 

A . Le glaciaire continenta l d'El Centenillo 

A El Centenillo , en Sierra Morena orientale , le Siluri en 
transgressif (Ta main, 1964) sous son facies typ ique de schistes 
fins noirs, a Monograptides du Llandoverien moyen-superie ur, 
repose sur l'Ordovicien selon une surface de rav ine ment 
glaciaire, moutonnee et bosselee, localem ent cannelee, st riee 
e t montrant des figures de broutage ("crescentic gouges" , 
"chatter marks", "crescentic fract ures") qui indique nt un sens 
general du mouvement des glaces du Nord vers le Sud (Arbey 
et Tamain, 1971 ). 

Cet episode contine ntal , temoin de la presence d'une 
masse glacee ayant vi&oureuse ment burine son subst ra tum 
rocheux, est posterieur a l'Ashgillien infer ieur et ante rieur a 
la zone graptoli tique 20 de Elles - Wood . 

B. Les comparaisons et correlations 

La signi f ication e t !'importance de cette decouverte se 
voient encore souli gnees pa r !'existence , a des niveaux 
stra tigraphiques identiques OU proches et dans des regions 
plus ou moins eJoignees: d'autres surfaces de ravinement 
glac ia ire (Ann . 11); de de pots glaciaires, ou glacio-marins 
(Ann . 12); de discordances (de ravinement) vers la limite 
Ordovicien - Silurien (Ann . 13); de la tra nsgressivite du 
Silurien. 

On peut formuler un certain nom bre d'hypotheses, de 
plusieurs ordres e t inte ressant des formations et des anoma
lies observees dans une grande partie des Hespe rides. 

Dans la Zone canta brique (bassins supe rieurs des rios 
Bernesga, Torio, Esla : N. Leon), Jes schist es ampeliteux e t 
plus ou moins riches en py rite du Llandoverien moyen
superieur reposent sur un Ordovicien qua rtz itique assez 
inferieur selon une surface de "pseudo- transgression" (Comte, 
l 959), assimilable aux surfaces de ravinement d'El Centenillo. 
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Dans la Zone leono - ouest-asturienne (cluse du Sil , 
Anticlinal de Vegadeo - Fonsagrada , Mondof\edo, Anticlinal de 
Tele f\o, Sierra de Caurel), Jes schistes noirs a nodules , 
ampeli tes et Monograptides siluriens re posent sur differents 
t ermes de la serie ordov icienne, voi re sur le Cam brien 
(Matte, 1968). Dans la Sier ra de Caurel en particulie r (Matte, 
1968; Guillou , 1969), la transgressivite du Siluri en est 
sou lignee par une a uthe ntique surface de ravinement t rac;:able 
sur que lque JOO km . 

Dans la partie occide ntale de la Zone luso-oretane, le 
Silurien a Monograptides reposera it e n discordance soit sur 
Jes "Quartzites culminants", soit sur Jes "Schistes culminants" 
(sous- jacents ), d'age valentien, de la Sie rra de Buc;:aco 
(Delgado , l 908; Teixeira, l 955). 

Entin, dans la frange SW de la Gali ce, dans le Synclina l 
de Valongo, Jes "grauwackes de la Sierra de Murta " reposent 
en discordance direc t ement sur Jes "schistes a Uralichas ri
beiroi" du Llandei lien . 

Dans la Zone leono - ouest-asturienne, toujours dans la 
Sierra de Caure l, Jes "schis tes intermediaires" , sous-jacents 
au gres valent iens et sus- jacents aux calcaires ashgilliens, 
conti ennent des passees si liceuses, g reseuses et conglomerati
ques (a &alets calcaires ). Dans la Sierra de la Pena Redonda , 
a pe u pres au mem e niveau, des schistes mauves et des pelites 
jaunes e mballent des lentilles conglomeratiques a micro
conglomeratiques (a grains de quart z subanguleux a a rrondis, 
gale t s quartzeux) (Guillou , 1969) . 

En Sierra More na occidentale, des cong lomerats 
sera ient associes a des qua rt zites blancs, des schistes noirs et 
des a rgiles vertes, en-dessous des ampelites siluriennes (Ba rd , 
j 969). 

Ent in, a !'Est des Hespe rides, dans Jes Chafnes ibe riques, 
Jes "schistes d'Orea" cont iennent des galets de quartzite e t de 
calcaire (ashgillien) e t seraient comparables aux niveaux 
glac io-marins a galets et blocaux des "Lede rschiefer" de 
Thuringe (Gre iling, l 967). 

C. Conclusion 

Ces hypotheses permett ent d'avoi r une idee pr eliminaire 
sur la repart ition des differents temoins, connus ou supposes, 
de cette glaciation f ini-ordovici enne dans Jes Hesperides et 
alentour (fig. 23.5, D; fig. 23.7) . 

En raison des grandes analogi es Ii thofaciales existant 
e nt re l'Ordovicien superieur - fina l du Sud-Est hesperique et 
celui de la Meseta marocaine (Anticlinorium occidental, 
Rehamna orientaux, e t Jbilete or ientales), ii n'est pas 
im possible que des occurrences argi lo-peli tiques mi cro
conglomeratiques soient un jour trouv ees dans la Zone Juso
oretane. 

La question se pose aussi de savoir si Jes "Quar t zi tes 
s upe rieurs " d'El Centeni llo, qui ter minent le cycle ordovic ien 
est- marianique, ne seraient pas, dans leur partie inferieure, 
d'anc iens sables englaces? 

II y a peut-etre, e n effet, deux episodes glaciaires: l'un, 
da t ant de l'Ashgilli en superieur, et voyant se depose r des 
sediments glacio-ma rins; l'autre, plus recent, voyant des 
glaces contine ntal es buriner, sculpter e t polir leur substra tum 
rocheux. 

Quoi qu'il en soi t, ce dernier episode temoigne bien de 
la realite de l'epiroge nese taconique dans Jes Hespe rides, avec 
emersion de terres tant au Nord qu'au Sud-Est (Tamain, l 964 
et l 972). 

Et c'est precisement sur ces t erres que s'etendra la mer 
si lurienne tra nsgressive. 



4.4. Le magmatisme taconique 

D'apres Jes seules observations de terrain, on ne peut 
jusqu'a present attribuer un age taconique indiscutable a 
aucune metamorphite ni plutonite. On ne dispose pour ce 
faire que de datations d'ages absolus. 

Un premier groupe de mesures radiometriques (Ann. 14) 
a ete realise sur des roches de la Galice occidentale et 
moyenne. 

Une datation preliminaire, pourtant sur 2 gneiss grani ti
ques envahissant des metasediments precambriens de la 
region de Vigo, a fourni un age de 500-47 5 Ma (Priem et at., 
1966). 

Une nouvelle serie de datations systematiques porta 
ensuite sur 9 gneiss granitiques du graben blastomylonitique 
(Malpica - Noya - Vigo), sur 6 du complexe orthogneissique 
precambrien de la bordure orientale du bassin d'Ordenes, et 
sur 2 autres du complexe de Lalin: !'age moyen, d'ailleurs 
assez homogene, fut de 429 ± 8 Ma (Priem et al., 1970). 

Un deuxieme groupe de mesures (Ann. 14) a ete 
effectue sur un ensemble de roches plutoniques acides 
gneissifiees de la region d'Elvas - Portalegre (Haut Alentejo, 
Portugal). 

Cette serie porta sur une demi-douzaine de granites 
alcalin et hyperalcalin a aegyrine, et de syenites a biotite et 
a nepheline - socialite; !'age moyen fut de 466 ± 12 Ma (Priem 
et al., 1970) (Ann. 15). 

Doit-on considerer que tous ces gneiss granitiques de 
Galice, dont certains semblent bien appartenir a des 
complexes precambriens, sont d'age taconique? 

D'autre part, !'existence meme du magmatisme hyperal
calin anorogenique du Haut Alentejo ne trahirait-elle pas 
!'existence d'une aire continentale proche et de fractures 
profondes? (Ann. 16). 

Enfin, dans le cas du granitoide du Nord de Villaharta 
(Cordoue) qui scelle des metamorphites cadomiennes et qui 
est date de 452 ± 22 Ma (Bellon et Rides, 1977), doit-on le 
considerer comme une manifestation effectivement taconique 
et anorogenique? Ou bien, plutot, n'y voir que la reactivation 
d'un magma plus ancien (cadomien) et dont ]'age aurait ete 
rajeuni !ors des processus epirogeniques taconiques, en une 
zone tectoniquement sensible du Sud-Est hesperique? 

4.5 L'Etape siluro-eodevonienne 

A. L'evotution paleogeographique 

La transgression de la mer silurienne a Graptolites, aux 
eaux calmes, sans courant, peu aerees et en voie de 
rechauffement, progresse lentement sur Jes reliefs ordovi
ciens anterieurement sculptes par Jes glaces. 

Elle debute au Llandoverien inferieur en Ossa Morena 
sud-orientale (Robardet, 1976), au Llandoverien inferieur -
moyen dans la Zone Jeono - ouest-asturienne (au mains, en 
partie) (Matte, 1968), au Llandoverien moyen-superieur dans 
Jes zones luso-oretane (Haberfelner, l 931; Tamain, 1972) et 
cantabrique p.p.(Comte, 1959) (fig. 23.5, D). 

Puis, se developpe un episode volcano-sedimentaire (a 
cinerites, lydiennes et schistes siliceux) assez generalise: en 
Ossa Morena meridionale, dans la Zone luso-oretane, en 
Galice (Valongo, Serra de Marao, NE. Trans-os-Montes). 

Pendant la deuxieme moitie du Silurien, la sedimenta
tion schisteuse fine est progressi vement remplacee par des 
depots de plus en plus greseux, avec developpement localise 
d'occurrences carbonatees. 

La limite Silurien - Devonien est caracterisee, a 
l'echelle des Hesperides, par la continuite de la sedimentation 
marine. 

Le debut du Devonien voit la division des Hesperides en 
deux grands ensembles (Llopis Llado et al., 1967): l'un septen
trional, regroupant Jes zones leono -ouest-asturienne et 
cantabrique, et se poursuivant jusqu'aux Pyrenees et la 
Catalogne; l'autre centro-meridional, et s'etendant de la 
frange SW de la Galice jusqu'au Guadalquivir actuel (fig. 23.5, 
D). 

Le premier ensemble est caracterise par une sedimenta
tion de facies bohemien (= hercynien), se developpant sur une 
aire affectee seulement par quelques pulsations tardi
caledoniennes epirogeniques (Ann. l 7) (Brouwer, l 967b). 

II comprend (Brouwer, l 967a): 

-le bassin leono-asturien, ou alternent Jes depots clasti
ques et carbonates d'une mer peu profonde, chaude et bien 
oxygenee, a la riche faune benthonique; 

-le "Seuil asturien" (fig. 23.5, D: SA), aire de plateforme 
relativement stable, caracterisee soit par le non-depot de la 
quasi-totalite du Devonien, soit par une sedimentation reduite 
suivie d'une denudation sous-marine; limite au Sud par la 
"Ligne de Leon" (E-W) (fig. 23.5, D: LL); 

-le bassin palencien, ou alternent Jes depots carbonates 
fins et schisteux d'une mer fermee, aux eaux tranquilles et a 
la faune rare, peu diversifiee et principalement pelagique; 
limite au Sud par la "Ride de Santibanez" (= de Riaf\o -
Cervera de Pisuerga: WNW-ESE). 

Le second ensemble est caracterise par une sedimenta
tion terrigene clastique, de facies rhenan, interessant des 
domaines extremement etroits frequemment situes dans !'axe 
des domaines siluriens anterieurs: synclinaux de Valongo, 
Almaden, Hautes Sierras meridionales (Guadalmez), Porta
legre - Albuquerque, Nord de Pef\arroya - Pueblo Nuevo, 
Barrancos (Ann.18), (Llopis Llado et al., 1967; Teixeira et 
Thadeu, l 96 7). Des particular is mes. regionaux apparaftront 
sans doute, quand le Devonien en sera connu plus en detail. 

B. L'evolution structurale 

L'etape siluro-eodevonienne voit ainsi se developper un 
premier mouvement transgressif generalise pendant tout le 
Llandoverien, puis, apres inversion, un second mouvement 
generalise, regressif. 

Ce dernier mouvement s'acheve par une phase epiroge
nique importante: d'age reussien (pendant le Devonien 
moyen, en totalite ou en partie) (Ann.19), dans !'ensemble 
Centro-meridional; et d'age neodevonien (vers ]a Jimite 
Frasnien - Famennien) dans !'ensemble septentrional. 

Ces deux grandes aires presentent done, des le debut du 
Devonien, une evolution differente de part et d'autre du bloc 
galaico-carpetan (fig .. 23.5, D): une aire relativement stable 
au Nord, avec deja un certain retard dans la mobilisation qui 
se prepare par rapport a une aire deja plus mobile au Sud, ou 
Jes bassins de sedimentation sont de plus en plus reduits 
depuis l'Ordovicien - coinces qu'ils semblent etre entre Jes 
terres emergees: massif d'Evora (fig. 23.5, D), etc. - et OU 
sont deja inscrites Jes grandes lignes directionnelles de la 
structuration varisque. 

Entin, la fracturation profonde, de direction E-W, est, 
comme deja au Cambrien, bien . representee dans l'aire 
septentrionale, avec la toujours active "Ligne du Leon". 
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B. - C 0 -- AU TOURNAISIEN 0 

B : Les hxperbasites. 

vg : du Varas - Guadalbarbo ; -- CV : de Cabezo de Vide. 

E : Elvas. 

C : Les basites. 

vg : du Varas - Guadalbarbo ; -- CM : de Campo Mlior ; -- CV : de Cabezo 

de Vide. 

B : Badajoz ; -- E : Elvas. 

D. -- AU TOURNAISIEN. 

a : amas sulfure.s de la Ceinture pyriteuse (GP) du Sud-Quest hesper1que ; 

b : flare continentale du bassin houiller de Val-de-Infierno (V). 

E0 -- AU TOURNAISIEN - VISEEN INFERIEUR. 

a : aires de sedimentation volcano-siliceuse a siliceuse ; -- Mn : occurren

ces de Mn 8 Mn-Fe ; -- b : calcaires. 

EC : bassin cantabrique ; -- CP : Ceinture pyriteuse ; -- SMO : Sierra Morena 

orientale. 

F • -- AU VISEEN SUPERIEUR. 

a : a ires a sedimentation flysch (schisto-greso-grauwackeux), de type Culm ; 

b : marge a sedimentation flysch (a) tardive ; -- c : aires a sedimentation 

carbonatee. 

OMO : Ossa Morena orientale ; -- EA : bassin est-asturien ; - - NL : bassin 

nord- leona is. 

G.--~. 

a : aire 3 sedimentation flysch, de type Culm ; -- b : marge a sedimentation 

flysch (a) tardive ; -- c : aires a sedimentation carbonatee. 

Les fli!ches indiquent le sens de la mobilisation dans le SW. 

CP : Ceinture pyriteuse ; -- PB : bassin de Peilarroya - Belroez (3 ca lcaires 

du Namurien basal) ; -- G : Guadalmez ; -- EA : domaine est-asturien ; -- NL : 

doma ine nord- leona is. 

Figures 23.6 A-C LA MOBILISATION VARISQUE (partie) 
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C. Les manifestations magmatiques eventuellement 
tardives a posthumes 

Des mesures radiometriques effectuees sur des granites 
gneissiques a deux micas, tr es deformes, de la Galice 
occidentale (Lage, Carril et Cabo Silleiro) ont donne des ages 
absolus de 369, 352, 343 et 330 Ma, soit un age moyen de 349 
± JO Ma (Priem et al., 1970): ce qui, dans une interpretation 
litterale, correspondrait - pour la premiere citee au moins - a 
une manifestation tardi-reussienne (Ann. 20) plutot que 
varisque precoce. 

5. LA MOBILISATION VARISQUE 

Elle se developpe d'une fa<;:on tres differente selon que 
!'on se trouve au Nord ou au Sud du bloc galaico-carpe tan. 

5.1. Dans Jes domaines meridional et sud-portugais 

A. L'Etape preliminaire a precoce (fig. 23.6 , A-E) 

Elle s'etend du Frasnien au Viseen inferieur inclus, et se 
manifeste essentiellement dans la partie sud de la Zone luso
oretane, la frange nord de l'Ossa Morena, la Ceinture 
pyriteuse et le SW hesperique. 

Au Devonien superieur (fig. 23 .6, A) 

Une premiere sedimentation, detritique et parfois assez 
grossiere, s'installe dans le Sud-Est (Sierra Morena extreme
orientale a orientale), au Frasnien. 

Elle evolue pendant le Famennien, toujours dans le SE 
et aussi dans la Ceinture pyriteuse. 

Elle passe localement, au Famennien superieur 
terminal, a une sedimentation calme, peu oxygenee et 
apparemment d'une relative profondeur de depot, ainsi que le 
reveJe !'apparition de facies lutitiques a Ostracodes, Lamelli
branches a test fin et Orthoceres a !'Est de Los Pedroches 
(Charpentier et al., 1976); puis, elle se charge en nouveaux 
apports detritiques grossiers. 

Nous avons fa, avec l'enfoncement progressif du fond 
sous-marin, !'apparition de depressions ephemeres et une 
instabilite tectonique croissante, Jes premiers temoins de 
!'organisation de la partie hesperique de la Zone mobile 
varisque. 

Au Tournaisien et Viseen inferieur (fig. 23.6, B-E) 

Le premier evenement notable est la mise en place du 
"complexe ophiolitique du Varas - Guadalbarbo" (Crousilles et 
al., 1976) selon un train de fractures profondes de direction 
generale deja varisque, a l'interieur du "Lineament de 
Cordoue", juste a la limite des zones luso-oretane et ossa
marianique. On le retrouve au Portugal, a Cabezo de Vide 
(fig. 23.6, Bet C). 

II s'agit d'une association ophioli tique incomplete, a 
harzburgites completement serpentinisees (a lizardite et 
orthoserpentine a 6 feuillets, kotschubeite et kammererite, et 
inclusions de chromite, magnetite, pentlandite), gabbros 
rodingitises et gabbro noritique pegmatoiaique (Ann. 21) che
velu filonien doleritique, et cortege a spilites, pillow-lavas. 

Des basites de ce dernier cortege ont ete datees de: 348 
± 18 Ma et 334 ± 16 Ma (Bellon et Rides, 1977). 

Dans la Ceinture pyriteuse, au meme moment, se met 
en place un magmatisme bimodal, basique (a spili tes, pillow
lavas) (fig. 23.6 , C) a acide (a keratophyres et quartz
keratophyres, tufs) qui donne lieu a un complexe volcano
siliceux particulierement bien developpe: a amas sulfures (fig. 
23.6, D), puis occurrences de Mn ou Mn-Fe associees a des 
jaspes, radiolarites et lydiennes (fig. 23.6, E), au Viseen 
inferieur. 

Un episode carbonate se developpe momentanement: 
calcaire, a fragments de Radiolaires, de Campillo de Llerena 
et du N de Villanueva de! Rey (Ortuno, 1970), a !'emplace
ment du futur bassin houiller de Pef\arroya - Be lmez, au 
Tournaisien et/ou Viseen inferieur (fig. 23.6, E); calcaire de 
Sotiel, a Conodontes du Viseen inferieur de la Ceinture 
pyriteuse . 

En outre, on sai t de fa<;:on indiscutable - avec la fl ore 
houillere du petit bassin de Val-de-Infierno (fig. 23.6, D: V), 
datee du Tournaisien superieur (plutot que du Viseen 
inferieur) (Wagner, 1976) - que la frange NE de l'Ossa Morena 
etait, au moins partiellement, emergee a cette epoque. 

B. L'Etape moyenne (fig. 23.6, F et G) 

Elle s'etend du Viseen superieur au Namurien basal 
inclus, dans le Sud-Est, et perdure jusqu'a un Namurien assez 
eleve (voire au Westphalien inferieur ?) dans le Sud-Ouest. 

Elle voit !'installation, dans ces regions, d'une sedimen
tation schisto -greso - grauwackeuse: flysch, de type Culm . 

Une episode carbonate se developpe momentanement et 
tres localement, dans le Sud-Est, au Viseen superieur puis 
terminal et au Namurien basal (fig. 23.6, G), et revele une 
surrection des bordures des sillons a flysch, ainsi retrecis. 

Elle se termine par la phase majeure du plissement 
varisque, qui se produit done apres le Namurien basal -
inferieur et avant le Westphalien B (Villanueva de! Rio y 
Minas, Pef\arroya - Belmez), dans la plus grande partie de la 
moitie meridionale des Hesperides. 

5.2. Dans le domaine septentrional 

II s'agit essentiellement de la Zone cantabrique (fig. 
23.6). 

S'y developpe par endroits, a la suite de la transgression 
generalisee du Famennien superieur, une premiere sedimenta
tion greso-calcaire famenno-strunienne a struno-eotournaisi
enne. 

Une lacune plus ou moins importante traduit, ensuite, la 
realite de mouvements precoces, notamment dans Jes confins 
orientaux et selon la "Ligne du Leon". 

La sedimentation reprend, ici au Tournaisien superieur 
et d'abord schisteuse, la seulement au Viseen avec une nette 
dominante carbonatee et se poursuivant pendant le Namurien 
(en totalite, ou quasi) voire au-dela (jusqu'au Westphalien A: 
San Emiliano): cette sedimentation, interpretee localement 
comme un flysch calcaire, s'oppose ainsi a Celle du Sud 
hesperique, schisto-greso-grauwackeuse en aire tectonique
ment tres instable. 

Ce cycle sedimentaire se termine avec la phase 
palencienne, premiere grande phase plicative varisque connue 
ici: anterieure au Westphalien B inferieur dans le Nord et 
Nord-Est du Leon, elle est rapportee au Westphalien B 
superieur au Nord de P<l.lencia. 

5.3. Dans le bloc galaiC:o - carpetan 

Dans ce bloc, qui correspond a la Zone galaico-castillane 
et a la plus grande partie de la Zone leono - ouest-asturienne, 
on ne connait aujourd'hui aucun depot meso- a neodevonien, 
dinantien et namurien; seuls y sont connus quelques depots de 
Westphalien D et de Stephanien C. 

Par contre, c'est dans cette grande aire geanticlinale 
sur socle precambrien cristallin que le metamorphisme, la 
migmatisation et le plutonisme varisques seront Jes plus 
intenses. 
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Figure 23.7. AGES RADIOMETRIQUES "TACONIQUES" ET 
"TARDI-REUSSIENS" 

IV. CONCLUSION 

Les Hesperides ont ete le siege, a plus de 300 Ma 
d'intervalle, de deux mobilisations importantes: l'une cadomi
enne et l'autre varisque, dont Jes evolutions sont fort 
com parables. 

La mobilisation varisque, sur Jes caracteres tectoroge
niques de laquelle nous n'insisterons pas ici, a ete precedee 
d'une longue preparation qui, dans le segment mauritano
scandinave, a abouti a l'orogenese caledonienne . 

lei, cette preparation proto-varisque a avorte bien 
qu'elle portat deja inscrites certaines grandes caracteristi
ques structurales varisques. D'autre part, le premier cycle la 
constituant voit sa paleogeographie et sa sedimentation 
partiellement guidees par le jeu - ou mieux, le rejeu - d'une 
fracturation E-W de carctere profond, apparemment heritee 
de la structuration cadomienne. On ne connaft encore rien 
des implications morphologiques et structurales des mouve
ments epirogeniques sardes. Par contre, Jes bassins de 
sedimentation ordoviciens et siluro-eodevoniens sont, eux, 
deja orientes - semble-t-il - selon ce qui sera la direction 
varisque majeure. 
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Les temps taconiques sont marques a la fois par une 
nouvelle crise epirogenique et une glaciation, peut-etre 
polyphasee, bien connue par ailleurs dans le Sud et tout le 
Nord-Ouest africain et dont on commence a trouver des 
temoins de plus en plus nombreux en Europe. 

En outre, la fracturation profonde joue un role prepon
derant dans ces diverses struc turations: cambrienne (avec Jes 
axes E-W des bassins de Tolede, de Salamanque); cambrienne 
et ordovicienne (avec Jes axes argues du Navia, puis du 
Narcea qui, Jui, deviendra la limite des zones cantabrique et 
leono - ouest-asturienne, la precisement ou s'enrac ineront Jes 
nappes cantabriques varisques); etc. La permanence de cette 
fracturation est bien illustree par la "Ligne du Leon", 
extraordinairement mobile pendant le Pa!eozoique. 

En conclusion, cette preparation proto-varisque, ou 
caledonienne, constitue l'originali tenon seulement des Hespe
r ides mais aussi du restant des Variscides ouest-europeennes 
(Massif armoricain). 
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VI. AN NOT A TIO NS 

(1): chromitites contenant jusqu'a 12 g Pt/t. (Cotelo Neiva, 1948). 

(2): chalcopyrite (dominante) et pyrite dans des amphibolites (a anthophyllite et grenat): gfte de 
Cerdido Moeche. 

(3): chalcopyrite - pyrite - pyrrhotite dans des micaschistes (a amphibole et grenat) associes a 
des amphibolites correspondant a un volcanisme basaltique (tholeitique et hyperalumineux) 
d'origine cf. circum-oceanique: gftes de Fuente Rosas (Chabod et al., 1976), Arinteiro, 
Fornas, pres de Santiago de Compostela. 

(4): cf. tillitiques (Lotze, 1956 et 1961; Bouyx, 1969 et 1970; Arbey et al., 1975), remaniant des 
galets notamment de phtanite; par endroits, auriferes (jusqu'a 16 g Au/t. de preconcentre) 
dans la Zone luso-oretane (Crespo Lara, 1972), comme le "Poudingue de Gour in" faiblement 
aurifere a Roudouallec (domaine normano - nord-breton, France) (Chauris et Guiges, 1969). 

(5): calcaires dolomitiques, generalement ferrugineux, quelquefois brechiques et souvent 
oolithiques: SW de l'Ossa Morena, Zone luso-oretane (Cabezarrubias, Hinojosas de 
Calatrava, vallee du rio Tirteafuera, et en haute Estemadure: vallee de l'lbor, environs de 
Guadalupe). 

(6): les grandes et moyennes structures s'allongeant NNW-SSE dans la moitie orientale de la 
Zone luso-oretane, apparemment aussi de l'Ossa Morena, et selon une direction sub
meridienne dans le Nord-Ouest hesperique. 

(7): Dans le Massif armoricain (France), Cogne (1974) considere que le stade molassique 
terminant !'evolution cadomienne est represente par Jes depots du Cambrien inferieur et 
moyen p.p. 

(8): volcanisme moyennement acide de la Sierra Morena orientale (SE hesperique), basique (a 
diabases et spili tes) de la Sierra de Bu<;aco (E de Coimbra, Portugal), et basique du Cabo 
Penas (bordure W de la Zone cantabrique), a l'Ashgillien inferieur. 

(9): ... comparaisons parfois aussi, d'ordre purement lithofacial: telles les occurrences de fer 
oolithique de Galice (fig. 23.5, B) et d'Anjou (\V France), de l'Ordovicien respectivement 
mo yen ·et inferieur. 

(10): dont le prolongement SE ideal passerait par Tolede, ou legerement plus au Nord. 

(11): -surface de ravinement tourmentee, constituee par des collines de psammite et des falaises 
de gres, avec des profondes vallees entaillees dans le substratum localement cannele, ... 
dans le Zemmour (Mauritanie) (Sougy, 1956 et 1969; Sougy et al., 1963); 

-paleovallees (lo km x 2 km x 400 m) en forme d'auge, a verrou glaciaire et a flancs tres 
redresses, aux surfaces striees et polies, avec alignements de roches moutonnees et .striees, 
figures d'arrachement en croissant, ... sur tout le pourtour du Hoggar (Sahara) (Gabriel et al., 
1965; Debyser et al., 1965; Rognon et al., 1968); 

-planchers glaciaires a stries et figures d'arrachement en croissant, orientees N-S a NN\V
SSE,. .. de !'Anti-Atlas (S Maroc), OU !'episode glaciaire est date avec precision: posterieur a 
un certain Ashgillien superieur, et anterieur a un certain Llandoverien inferieur 
(Destombes, l 968a et b); etc. 

(12): a. - "Serie de Garat-el-Hamoueid": gres-quartzites a grains ronds mats, galets (polyedri
ques, a aretes emoussees, angles rentrants et faces concaves) stries et impressionnes (a 
cannelures, cupules et cassures parfois bipolaires), et blocs erratiques, ... du Zemmour 
(Sougy, 1956; Sougy et al., 1963); - gr es tendres non stratifies, micro-conglomeratiques, et 
"gres moutarde conglomeratiques" mal classes, a blocs de gres tordus et "plisses", a galets 
(avec traces en coup de gouge), ... de Mejeria (Dia et al., 1969), dans le Taganet; - gres 
argileux jaunes, a argiles micro-con.glomeratiques et a conglomerats (avec galets eolises, 
stries, et a faces d'usure),. .. d'Aoucert (Bronner et al., 1969); 

-conglomerats a blocs, avec slumpings et varves,. .. de la Gara Sayad? (Gevin, 1966 et 1968), 
tillite a blocs allogenes enormes (jusqu'a 150 m 3

), varves, ... de la Gara Assaba (Gevin et al., 
1968) ... dans !'Est du bassin de Taoudeni; 

-congJomerats polygeniques, gres plus OU moins micro-conglomeratiques, bre_ches a bJOCS 
remanies, avec slumpings, stratifications anarchiques, argile rouge a gravillons 
quartzeux, ... et depots de deglaciation, varves,. .. du Mouydir (Chanut et al., 1958; Borocco 
et al., 1959; Rognon et al., 1968), argiles jaunes a grains de quartz, ... du bassin de Fort

Polignac (Carriger et al., 1963), argiles a gros grains de quartz arrondis, blocs anguleux,. .. 
du secteur de Fort-Garde! (Borocco et al., 1959), ... dans le Tassili N'Ajjer; - gres fins et 
gres argileux a gros grains de quartz epars de l'Afr (Joulia, 1959); 

-argiles finement greseuses a micro-conglomeratiques de Ben-Zireg, du Teniet Ghenia, ... 
dans Jes confins algero-marocains meridionaux (Massa et al., 1965); 
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-"gres du Ksar d'Ougarta", argileux et micro-conglomeratiques, "argiles jaunes d'EI Kseib" a 
graviers epars, et serie quartzitique a conglomeratique sous-jacente, ... de l'Ougarta (NW 
Sahara): correspondant en partie a des sediments glaciaires, proglaciaires et periglaciaires 
ayant subi des deformations glacio-tectoniques, avec gradins, slumpings, fentes en coin, ... 
(Arbey, 1968 et 1970); 

-"gres du 2° Bani" a niveaux detritiques grossiers, heterogranulaires, conglomeratiques a 
galets souvent polyedriques exotiques, et a gres argileux micro-conglomeratiques, .•. de 
J'Anti -Atlas (S Maroc) (Destombe, 1968a et b); 

-argiles greseuses et micro-conglomeratiques, a grains de quartz, surmontant des schistes 
ashgiJJiens et surmontees par des quartzites (sous-jacents a un Llandoverien non basal 
schisteux), du NW du Jbel Mouchchene (An.ticlinorium de Khouribga - Oulmes, Meseta 
marocaine septentrionale); - argiles micro-conglomeratiques et quartzites sous-jacents aux 
ampelites a Monograptides d'El Mesrane (Rehamna orientaux); - argiles micro- et macro
conglomeratiques, et quartzites bleutes (a bleu noir) riches en pyrite de Piton + 725 m, 
Koudiat Bou Marhara (Jbilete orientales); 

-sediments d'origine glaciaire transportes en partie par icebergs, en partie par glissements 
sous-marins, ... au Fezzan; etc. 

b. - pelites a fragments polyedriques (et galets a facettes striees, a cannelures, a 
cupules, •.. ), situees entre des schistes cf. ashgiJJiens et des schistes greseux a fucoi'des cf. 
valentiens, •.. du Synclinal d'Urville \Normandie, France) (Dangeard et Dore, 1971), et 
passant a des argilites feuiJJetees noires, micro-conglomeratiques, a Saint-Germain-sur-Ay 
(Cotentin); - "Ledersdiiefer" ashgiJJiens: schistes argileux, avec conglomerats, peli tes a 
blocaux et galets (parfois enormes) stries, ... avec slumpings, glissements sous-aquatiques et 
traces d'uh transport par icebergs ... du flanc SE de J'Anticlinal de Schwarzburg (Thuringe, 
R.D.A.) (Katzung, 1961); - serie glacio-marine, au materiau non classe, a petits galets 
(anguleux et arrondis) de quartz, ... de la NouveJJe Zemble (U.R.S.S.) (Miloradowic, J 935); -
etc. 

(13): discordance (de ravinement glaciaire) dans J'Ougarta, le Mouydir, dans la region d'OuaJJene 
(NW Hoggar) (Dourthe, 1959), au SW de Fort-Flatters (Adrar Tan Elak) (Claracq et al., 1958), 
dans la region d'ln Azaoua (Air , SSE Hoggar) (Joulia, l 959a et b), dans J'Est du bassin de 
Taoudeni (W Sahara), dans J'Anti-Atlas (S Maroc), dans le Zemmour, l'Adrar maure et le 
Taganet, en Mauritanie, ... dans la region de Kayes (Soudan) (Dars et a(., 1957), ... au Fez
zan, etc. 

(14): Rb/Sr sur roche totale; Rb/Sr et K/Ar sur micas. 

(15): Une premiere analyse (Rb/Sr) (Mendes, J 968) du granite alcalin gneissique, tectonise et 
cataclase, de Portalegre avait donne un age de: 358 ± 44 Ma. 

(16): jalonnant habitueJJement, dans de tels contextes, la Jimite aire continentale - domaine 
mar in. 

(17): a J'origine de decharges clastiques (facies bohemien "impur"). 

(18): a Psilophytales, Protolycopodiales, .•. CoraJJiaires, Crinol'des, (Teixeira et Thadeu, 1967). 

(19): comme c'est le cas dans le SE hesperique (Puschmann, 1967), par exemple. 

(20): Rappelons !'age (Rb/Sr) de la diorite quartzique - dans un cortege de granodiorites a biotite 
ou a biotite-hornblende - de Reguengos de Monsaraz, dans le massif d'Evora (fig. 23.7: RM): 
359 ± 76 Ma (Mendes, 1968). 

(21): toutes roches volumetriquement tres peu exprimees. 
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AVERTISSEMENT 

La courte synthese qui suit a ete preparee sur l a base du memoire que le 
Service Geologique du Maro c vient de ·publier (Michard, 1976); son texte reprend 
a peu pres celui d'une communication a un colloque, en cours de publication (in 
Michard et Sougy, 1975). Notre but est simplement, et sant pretendre faire oeuvre 
nouvelle, de fournir au lecteur du fascicule special prepare par le Projet "Cale
donian Orogen" une introduc tion pratique a la geologie du Primaire maro«ain, lar
gement documentee dans les publications du Service geologique de ce pays. 

I-INTRODUCTION: L'EXTENSION DE LA CHA!NE 
ET DE SES AFFLEUREMENTS 

LES HERCYNIDES EN AFRIQUE DU NORD 

Au nord de la plate-forme saharienne, le sous
sol nord-africain porte les marques superposees des 
orogeneses her cynienne et alpine (fig. 24.1). Cette 
derniere, qui a erige les Atlas et les chaines rifo
telliennes, est la mieux connue. Le bati hercynien, 
au mieux: caledono-hercynien, se laisse mains bien 
decrire parce qu'il n'affleure que discontinuement et 
parce qu'il a ete disloque par les mouvements tardi
et post-hercyniens. 

Les affleurements nord-africains de terrains pri
maires sont essentiellement concentres au Maroc et a 
ses confins algeriens. Vers l'est, les seuls massifs 
anciens visibles sont les noyaux kabyles, inclus dans 
l'orogene rifo-tellien; le reste du socle est cache 
sous la couverture secondaire et tertiaire. On a ce
pendant des raisons de penser que les affleurements 
occidentaux fournissent une "coupe" a peu pres repre
sentative de !'ensemble des Hercynides nord-africaines. 

LES AFFLEUREMENTS CALEDONO-HERCYNIENS DU MAROC 

On peut les grouper en trois ensembles, suivant 
les domaines structuraux d'age alpin dont ils rele
vent (rig. 24.1 et Saadi, 1976). 
1. Dans le Sud algero-marocain, plate-forme stable 
depuis le Trias, les terrains anciens constituent de 
vastes unites structurales tres continues. Ce sont 
d'abord les chaineshercyniennes de !'Anti-Atlas et 
de l'Ougarta, ou le socle precambrien affleure en 
larges "boutonnieres" (fig. 24.2). Outre ces chaines, 
ceo:sont des bassins (syneclises) a couches generale
ment sub-tabulaires: bassins de Tindouf et Reggane a 
l'ouest, de Bechar (le plus deforme) et Timimoun a 
l'est, qui font passage a la dalle saharienne, a socle 
precambrien rigide. 
2. Au nord de la ligne sud~atlasique (limite sud 
approximative des mouvements germanotypes secondaires 
et tertiaires), le socle ancien n'affleure qu'en 
massifs discontinue. On trouvera les noms des princi
paux sur la figure 24.2. Les plus vastes appartien
nent a la Meseta marocaine, peu disloquee depuis le 
Permien: ils constituent les pieces maitresses pour 
1' etude des Hercynides maghrebines. Les a.utres sont 
inclus dans les chaines atlasiques: ils sont mains 
etendus et plus OU mains disloques par des failles 
post-hercyniennes. 

PICG Projet 27, Contribution marocaine n° 1. 
caledonian-Appalachian Orogen of the North Atlantic Region t 
Geol. Surv. Canada, Paper 78-13 (1978). 

3. Enfin, tout au nord du Maghreb,des affleurements 
de socle primaire et probablement precambrien s'egre
nent de Ceuta a Annaba. Ce sont les nappes paleozoi
ques et cris tallophylliennes du Rif (Ghomarides et 
Sebtides) e t les noyaux kabyles, ressortissant des 
zones internes rifo-telliennes. En outre, des temoins 
du socle des zones externes sont egalement connus 
en nappes (S enhadja). 

PROBLEME DES DEPLACEMENTS POST-HERCYNIENS 

Des deplacements post-hercyniens d'ampleur consi
derable et inconnue ant evidemment affecte les der
niers elements cites.: les raccorder aux ensembles 
plus meridionaux est actuellement impossible. De fait, 
les raccords semblent plus plausibles avec les zones 
betiques internes et !'ensemble aurait initialement 
constitue un bloc continental unique, l e bloc d'Alboran 

· des auteurs (Andrieux et al ., 1971; Didon et al., 1973). 
Les massifs du dornaine atlaso-mesetien ant ete, 

certes, mains bouscules depuis la fin de la tectoge
nese hercynienne. Ils appartiennent, avec le Sud 
anti-atlasique, ace que l'on peut appeler le "Maroc 
africain", relativement stable par rapport au "Maroc 
mediterraneen" durant le cycle alpin. Il ne faudrait 
pas croire pour autant qu'ils sont reste s immobiles 
les uns par rapport aux autres, ni chacun par rapport 
a la plate-forme saharienne. C'est ainsi que le con
traste struc tural entre !'Anti-Atlas occidental et 
les massifs anciens situes juste au nord (bloc occi
dental >du massif haut-atlasique, Jbilete, etc)), ainsi 
que d.' autres considerations (Vair III) c.onduisant a 
localiser un decrochement tardi-hercynien d'au mains 
100 km de rejet dextre au niveau. de !'accident du Tizi 
n'Test (Matta uer et al ., 1972). Cet accident a neces
sairement un prolongement OU des equivalents orientaux 
et isole le bati Anti-Atlas - Ougarta des segments 
orogeniques situes plus au nord. De plus, des argu~ 
ments structuraux (caracteres tectoniques des Atlas) 
et paleomagnetiques (divergence entre les paleo-decli
naisons triasiques atlaso-mesetiennes et meridionales) 
conduisent a envisager des mouvements de rotation et 
translation durant le Secondaire et le Tertiaire au 
nord de la ligne sud-atlasique (Michard et al., 1975). 
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Tableau 24.1 

LES PR/NC/PALES FORMATIONS PRECAMBRIENNES ET INFRACAMBRIENNES DISTINGUEES AU MAROC 

ANTI-ATLAS 

inf6rieur (c G6orgien ~) Calcaires Arcllaeocya- lld. mince, 
date paleontologiquement supC1 ieurs thw,, ou lacune, 

de I' Anti- D 1 I ou facies 

A T L A S 

Schistes pyroclastiques et 
Calcaires a ArchaeocyatlllM 
8erie schisto-calcaire A Tri
lobites (Ounein). 

ME SETA 

Calcaires et dolomies (El
Jadida, J. Irhoud des Jbi
let, Rehamna occ:d., 

R I F 

Nap~s cristallophyl/ien
nes du S•btidu. mal da
tecs : 

Base du Carnbrien Secteur w :I Cale. a IE : 

- - ----- ---- Atlas 0 omies ,·detritiques 
Infracambrien ·-----------------------------!----------- ~------------ ? ----- -------

Pays Zaian) 
micaschistes, amphibolilcl 
et gneiss du Filali 
(ante.Jlanvirn : Otled<>
nien ? Eocambrien ?) 

supCrieur ( 1) SCrie lie de vin r Gri:s de Ti· 
! ktrt, ou la- Schistes lie de vin, 
1cune OU (Adoud. sup.) 

< Adoudou-
nien , 

(Adoud. inf.) 

(Eocambrien ?) 

----------------------=---------:-------------
Calcaires (dolomies) I Lacune ou f, 
inffaieurs de l'Anti-Atlas ! detritiques 

I 
Jntercal. pyroclastiques 
Volcan andes. d'Alougoum 
Dolomies de Tamjout 
Si.!.rie de base 

dolomies, intercalations 
volcano-dCtritiques1 andi!si
tiques (Agoundis) 

dolomies (Tamlcll) 

---------------------------· ------------.------------------------------· ---------------------------- -------------------------

Infracambrien inferieur 
(Eocambrien ? Pr6cam
brien terminal ?) 

PrCcambrien 

sup6rieur 

(ct moyen ?) 

PrCcambrien 
ancien 
(et Archeen ?) 

Precambrien III : 5erie de Ouarzazate, 
couches rouges de Tiouine; niveau a 
Cotlenia d'Amane-n'Tourhat, etc. (sirie 
volcano-ctetritique a ignimbrites, andCsites, 
granites annulaires sub-volcaniques ... ) 

Precambrien Iii-III : 5eries de Tidiline, 
d'Anezi (volcano-ctetritiques) 

Prlcambrien II s.s. (I et 2 ?) 
- Granite de Tafraoute (Pr. II-III ?) 
- strie des quartzites (Lkest) et des 

calcaires a Oncholites (Tachdamt) 
Ophiolites de Bou-Azzer-El-Graara; 
diorites quartziques. 

Prt!cambrien I : Micaschistes et gneiss des 
Zenaga, du Tizi-n'Tara.tine; granites d'Az
guCmerzi et de Tazcnakht. Micasch=stes, 
amph1bolites ct granite de Tasserhirt, 
schistes du Kerdous1 granite de Tazeroualt 

Precambrien III du • pro
montoire de l'Ouzellarh > 
(Bou-Ourhioul, 0. Rdat ... ), 
du pays de Skoura, de 
Tamie!! et Talzaza (Bou
Kais) 

Granites, Schistes ct quart
zites du Massif ancien du 
Haut Atlas (Bloc E : Ou
zellarh, J Toubkal, 0. Ou
rika), du Pays de Skoura, 
de Tamlelt (Aln-Chalr) 

Gneiss migmatitiqucs du 
Massif ancien haut-atlasi
que (Ouzellarh) 

Rhyolites d'El-Jadida 
Couches volcaoo-detritiques 
du Pays Zaian (J. Hadid, 
Bou-Acila, Goaida) 

en pays Zaian ? 
( voir aussi formation des 
granites hercyniens par pa
li ngenese du Precambrien) 

gneiss (kinzigites) et 
ultrabasites 
(peridotites, pyroxenolites) 
des Beni-Bow:hra 
(Precambrien ?) 

N.B. Selon A. Boudda & G. Choubert (1972), la base du Cambrien est situee en (I) 

Les nombreuses etudes sur les Hercynides marocai
nes realisees depuis les travaux fondamentaux de 
H. Terrnier (1936) sont consignees pour la plupart clans 
les Notes et Memoires du Service Geologique du Maroc. 
On en trouvera un expose dans Michaud (1976). Les 
lignes qui suivent sont presentees comme un bref essai 
de synthese des donnees disponibles, accompagne de 
quelques hypotheses de travail. L'essentiel portera 
sur le "Maroc africain1

'. 

II - STRATIGRAPHIE: LE MATERIEL, LES PHASES CALEDONIENNES 

On se limitera ici a quelques indications sur le 
materiel constituant la chaine primaire du Maroc, en 
complement aux tableaux 24.1, 24.2 et 24.3. 

LE SOCLE PRECAMBRIEN 

C'est clans le Sud marocain qu'il est le plus de
veloppe a l' affleurement .De nombreuses etudes recent es 1.ui 
sont consacrees (Choubert et Faure-Muret, 1970; 
Choubert et al,., 1974; Hassenforder et Jeannette, 
1974; Benziane, 1974; Charlot, 1976; Jeannette et 
Tisserant, 1976; Yazidi, 1976). 

Le materiel le plus ancien, et en general aussi 
le plus metamorphique, parait bien proceder d'une 
croute continentale archeenne, vieille de quelque 
3 milliards d'annees, totalement reprise (ou quasi) 
dans des evenements tectoniques et metamorphiques 
plus "jeunes",c'est-a-dire relevant seulement d'un 

Precambrien ancien: 2 milliards d'annees environ. On 
interprete ainsi le "Precambtien I" et l'ex- "Precam
brien O" comme des fragments du Craton de l'Ouest 
africain, qui affleure largement plus au Sud dans le 
Bouclier R' guibate ( .. Reguibat). 

La, ainsi que sous le bassin de Tindouf qui 
s'etale a son bord nord, cette croute ancienne est 
restee stable, rigide, jusqu'a nos jours. Par contre, 
clans !'Anti-Atlas et notamment dans ses parties sep
tentrionales et centrales, cette croute a ete engagee 
clans une "zone mobile" dont l'orogenese (mono- ou 
polyphasee) s'est essentiellement deroulee,semble-t-il, 
a la fin du Precambrien superieur et au tout debut du 
Cambrien. C'est !'interpretation du "Precambrien II" 
s.s. et du "Precambrien II-'III" (Anti-Atlasides) comme 
segments de la chaine pan-africaine, edifiee vers 
650-550 Ma et contemporaine (voisine aussi) des chaines 
avalonienne, brioverienne, etc . 

Les molasses rouges discordantes et le volcanisme 
subsequent acide constituent le "Pr. III" ou Infracambrien 
inferieur, mais des facies analogues existent deja 
clans le "Pr. II-III" plisse. 

Cette periode du Precambrien terminal-Eocambrien 
est enfin caracterisee par un climat tres froid et 
humide. Des glaciations repetees ont ete bien iden
tifiees sinon au Maroc, du moins plus au Sud, dans les 
series sahariennes et voltaiques de cet age, ainsi que, 
chose remarquable, dans le Precambrien superieur de 
Terre-Neuve. 
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Tab l eau 24.2 

LES PR/NC/PALES FORMATIONS DU PA.LEOZOIQUE ANCIEN DISTINGUEES AU MAROC 

~ °' 
ANTI·ATLAS ATL A s M E s ETA R I F 

Ludlow Schist cs ampclitiques a Grapto- Cf. Anti-Atlas Nappes paleozoi·ques = 
Silurieo Wenlock lithes des Plaines du Dra, a (mCmes coupes que l'Ordovicien Gliomarides : griottes a 

Llandovery nodu les et banes calcaires el en general) vers la base : Sch is· Orthoceres, phtaoites, sehis· 
gr es !es de Mokattam !es du Llandovery sup. 
Lacune a la base 

--- ? - - - ? - - -
Gres du Dcuxieme Bani : gr Cs Quartzites grossiers, gr es ruba· Cf. Anti-Atlas et Atlas: Jbi· Schist es et greywacke!>, 
grossiers et argiles microconglo- nes et argiles microconglo. let. Rehamna (Kharrou), Smaala Conglom. a galets ftirCs 
meratiques (Adrar n'Dgout, J. Bou-Dahar, (Chaaf), MCseta cOtiCre 

Ashgill 
Tazzeka, Mts d'Oujda) 

? --- ? ----
Schistes du Ktaoua sup6rieurs a Schistes et gres flyscho"ides d'El-
lcntilles carbonatCes Kr ad (nappes de Ziar) et du 

Gou libel (Rehamna) 

;z: Gres et quartzites de Rould- Schi•tcs et gres (H. Atlas cen· Gres et quartz. d'Allahia sup. 

Lil oup. Ai'ssa tral) et du Kharrou; de Feddan·Tabba; 
Quartzites a Scolithes (Tam· de Sidi-Said et du Tirmah-- Caradoc - '' -----------------··---------- lelt) Beddouz. Sch. ct gres des Ouled 

u inf. moyen Schistcs (ct gres) du Ktaoua Schistes psammitiques p.p. Ferr.nane, d'Asfar (p.p. ?) de - infer!eurs (Oujda) Khenifra (?} - Schist es cOBK> ... 
> ------------------------- --------- - - - ----- ---
0 Gres et quartzites (coupes : 

.. . d'Ouljet-Bou-Khemis. Gres el 
Gres et quartzites du Premier qz. d"lmfout (sup.}, d'Allahia 

Cl Llandeilo Bani (avec lumachelles; fer ooli- cf. Ordov. inf.) inf.; schistes en dalles des Smaa-
0:: thique a la base) la; gres des Ouled-Bahloul. 
0 

Llanvirn Schistcs du Tachilla '11!/l 
Grauwackes d'El-Harcha; argi les 

n n grCseuses de Demja; psamm'tes 
.:::::r de Sidi-Khriali 

Gres et quartzites du Zini~ ~- Schistes et gres verts et rouges 
Arenig <• l'Ouest) .. ~ a p:stes (Idarou-,l.al, Adrar Schist es et gr es micaces biotur· 

Sch. du Fezouata sup. 
,. 

n'Dgout, Skoura, Foum-Zabel, bes (Jbilet, Rehamna, lmfout); n' 0. 
~ n Mougueur, Sebbab-Kebir. .. ) sch. du Tcrgou; de Cha bet-cl- Nappes cristallophylliennes 
"~ 

Sch. du Fezouata inf. Li Oukaref; Sch. et qz. des Za'ian Sebtidu: ante-Llanvirn 
Tremadoc Gres OU lacune bas ale (part ie sup. ?) (voir tableau precedent) 

Lncune du Lumachclles a Brachiopodes Gres et qz. d'El-Hank, du Zguit, 
Cambrien suptrieur 1 (loca'.ement) des Zafan (partie inf. ?) Psam-

Gres a. Con<>coryphe et Lingu- cf. Anti-Atlas: Massif ancien mites a arenicoles 
Cambrien moyen les = du Tabanit du Haut Atlas occid. (blocs E Sch. a Paradoxides, sch. de 
(Acadien Schist es a Paradoxides = des et W) Bouzn ika, de Ouardanc. Sch. et 

;z: moyen et infericur) Feijas intcrncs, avec greywackes Pays de Skoura, Tamlelt ... ) greywackes inf. Rehamna 

Lil pyroclastiques S6ricitosch. et Qz. des Schou! ? 
-------------------------------- ---- ? --- ? ----- Breche a Micmacca, schist es a Haut Atlas occid. (Ma,.if ·du trachyandCsitcs de l'O. Rhebar 

0:: 
Protolenides J. Tichka) : Complexe volca-

"" Gres terminaux, tu faces, a Ti- no-sedimentaire and6sitiquc a 
::; Cambrien gillitcs (etage d'Asrhir) banes de calc. 3. Archaeocya- Schistes trom~s des Rcharnna cc--

infCrieur S&ie schisteuse (et. d'lssafene) thus; calc. . scoriaces > des cidentaux (Lalla Mouchaa) 

< et caka ires • scoriaces • Ida-ou-Zal. Serie du Bou Gadcr (p.P. 1) 
(.) (c Gforg'cn >) serie schisto-calcaire 

date (et. d' Amouslek) passant ver! Cale., calc•chistM ct dolomics 
le Sud-Quest au facies c Cal. (Adoudounien ?) 
sup. • 
Calcaires sup. a .A.rchaeocyathuJ (voir tableau precedent) 

Dans le Maroc atlasique et mesetien s ' etendait 
probablement, a l ' aube du Paleozoique, un croute con
tinentale de nature analogue a celle de l ' An t i-Atlas. 
Les seuls affleurements de ce socle sont ceux du Haut 
Atlas occidental (Ouzellarh, etc.) et orient a l (Tamlelt) 
et ceux, tres exigus, de Meseta (El-Jadida, J. Hadid • . ), 
mais les indices indirects sont nombteux. 

LE MATERIEL PROPRE 

Le ma t eriel propre des Hercynides moracaines est 
une serie tres puissante: 6000 a 8000 m en moyenne, 
10 OOOmdanslesud-ouest . C'est qu' ell e e nglobe le 
plus souvent tout le Primaire, de l'Infracambrien au 
Carboriifere superieur: aucune discor dance g_eneral i
see n'interrompt cette accumulation j usqu ' au Viseen 
superieur (domaine atlaso-mesetien, socl e rifain 
iriterne) et au Houiller (ensemble du Maroc), et les 
domaines sont restes pour l'essentiel en dehors de 
l' aire caledonienne. 

Vers le fu t ur domaine rifain, ce meme socle se 
prol ongeait probablement sous une partie de l'~ctuel 
sill on externe. Mais au-dela? On ne retrouve de 
Precambrien probabl e que dans les nappes septentrio
nales des Sebtides (et dans leurs homologues des 
Cordilleres bet i ques). L ' importance des peridot i t es 
et le metamorphisme catazonal l ui conferent un carac
tere particulier : peut-etre s'agit-il de fragments du 
manteau, deformes l ors d ' une orogenese du Precambrien 
superieur, mais l' idee de diapirs ultrabasiques terti
aires est aussi defendue. 
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On se f era une idee des series "cal edonO.-hercy
niennes " d' apres quelques-unes des figures suivantes 
e t l es tableaux 24.1, 24.2 et 24.3. On notera un "air 
de famil l e " prononce ent re les series atl aso-mesetien
nes et les ser ies anti-atlasiques. Les unes et l es 
autres mon tren t des variations de facies d ' ouest en 
est, qui sont anal ogues au nord et au sud. Citons 
notamment la reduction du Cambrien i nfer i eur ca l caire 
vers l ' est e t l e maintien des facies mar i ns au 



Tableau 24.3 

LES PRINCIPALES FORMATIONS DU PALEOZOIQUE RECENT DISTINGUEES AU MAROC 

~I ANTl·ATLAS ATLAS MES ETA R I F 

~ ll'eci=-Trias 

... 
" ·~ 
~ 
.5 .. 
! 

Stipba110-Autunien 

West,\)ohalien 

Nzmurien sup. 

Namurien inf. 

Viseen sup. 

SCrie argilo-grCseuse rouge 
(l.'ierkala = Betana sup.; Bechar) 

Houiller paralique du Bassin de Kena· 
dza-Bechar 
S.:rie de la Betana inf. (Bassin de Tin
douf) avec Jes Gres fluviatiles du J. 
Rerouina 

Calcaires Flysch d·' 
de l'Ouarkziz Ben-Zireg, 

et de la Zousfana a olistoslromes 

~-V-is-ee_n_i~-f-. _m_o_y_e_n_,,_Sc_h_._e_t_gr_e_s_d_e_l_a_B_e_ta-ln-a----~ 

Gres Conglom. rouges de 
l'Ourika, de la Tessaout, du 
T azekka, serie limnique (des 
Ida-ou-Zal) 

Houiller paralique du Bassin 
de Jerada 

Gres a plantes 

Flysch andesitique (Oujda) 
conglom., flysch a breche 
intraform. de !'Atlas de Mar
rakech 
Sch de Debdou et du Mek
kam (?) 

Couches de Bou-Achouch, 
conglo. de Kbenifra el des 
Chougrane 

Conglomerats de Mechra-ben
Abbou. et de Sidi-Kassem 
sem 

Glwmar:des et Seblides 
sup. (Federfco) : conglo
merats polychrome•, sch. 
et gres rouees ou noir 
de fumee 

Nappes paleozoi'ques = 
? ___ ? ___ Ghomarides : 

Sch. a roches verles du SarhleJ Flysch, conglom. a galets 
et des Rehamna. GrCs a plan· de roches meta.re: .; calc . 
tes d'Ennta. Flysch du Pou· recifaux transgressifs (Be-I 
rhal, de Kassem-Rahal. Flysch ni-Hozmar, Alrnlli) I 
a olistostromes de K.arrouba, 
de Ziar-Mrirt 
Cale. et conglomerats de base 

Conglom. du Jbel Bakach 
Flysch du Khorifla (p. sup. ?) 

a---------1-----------------Gres du ------------ ---S;h:f;~~-;;i~~;;~;~-fl;;~h------ • Culm. > a Calizas 

·"T.-;,-;;-~;----------------------- ------------------ a~~~-~~-~;~-<l~-slli:~.--i1;s-;;-b I Tournaisien 

Strunien 

---------- ··----------------------------------· -------------- --~~-Khatouat (?) __ I 
.~ 

Famennien 

1 
OI 

.!! 
8 
> 

~ 

Frasnien 

" Givetien 

f ' 

" .!! 

" Eifelien 0 .. 
Q 

Argiles et gres du Dra et du Zemoul; 
flysch du Ma'idere; calc. pelagiques el 
couches a Arthrodires du Tafilalt 

Schistes et calc. en miches du Dra; 
calc. pt\lagiques et griottes du Tafilalt 

Facies construits du Maldere 

Schistes marnes et calcaires greseux 

Calcaires a Goniatites 

Calcaires 
de 

Talmakent 

Cale. a Ten
taculitcs des 
Ait· 
Mdioulal 

c Flyschs • du bassin de Si. , 
Bettache a conglomCrats ± I 
chaotiques (Biar-Setla, T•flel) 
et arkoses; des Ouled-Abbou; I 
de Moulay-Hassane.. • beadas (calc. contournes) 
~umachelles . et brcches pela- Sch. et phtanites • 
g1ques de 1 ouchchenl; Grau· (Beni-Hozmar) 
wackes transgr. de Mechra
ben-Abbou 

Argilo-pelites des Ouled-Abbou; 
marbres de Skhirat; griottes de 
Moulay-Hassane 

Marbres recifaux de l'O. Ykem, 
de Tiliouine, du Bou-Khemis 

(D. AH-Abdallah) 
Gres, et calc. a flore terrestre 

- ·----------

(Bou-Nebdou). Cale. zoogenes Cale. recifaux (Al-Hocel
(Ouled · Abbou, Mechra • ben- ma, Talembot) 
Abbou) 
Conglomerats rouges et calcai
res dolomitiques des Rehamna 
(Skhirat -

-------1------------1---------1----------------------------- ---------------------... 
" " ~ 
.!S 

" .. 
"8 

W: (Dra)I: El-Ansar 

1

1 E: (Tafilalt): Es-Slimane) d:scordants et de. 
Trilogies Recifs d'Hamar formes (Kef-el-Mouneb) 
des Rich Mersak- Laghdod; calc. Schistes Cale. et Doi. de l'O. Akrech, 

(gres/ hsal I crinoldiques et Calcaires de Safsaf, d'Aln-Targa. Gres 
argiles/ 1' ou calc. pelagi- calc. de Moulay-Hassane 

I ) As Cale. du · Bou-Regreg, du Gron, 

~--------l---c_•_c_. ___ •_a __ 

1

,_q_u_es _____ ,_~-----------• -d_e_G_h_t_ir_•_ •. _. R_ec_h_o_u_a_, _T_i_fl_e_t.~ 

E.Q11ien 

Pr28<Jien 

Sch. et calc. a Tentacu
lites (Koudiat-Tizian, Bok
koya) 

~ 

Sch. et cal. de Hossei; calc. 
.... 
Q 

(avec grcs vers l'W) I Volcanisme Ccnglom. rouges de de Mograne; Sch. du Zem· 
A g"lo sch t c le 1 Talmakent mour (Rabat), de Touchchent. 

Lochkovien 

r 
1 

• e a · 11 Sch. et calc. des Ouled Ab
bou, de Mechra-ben-Abbou. 

Wes tphalien clans le no_rd-es t. Les lignes isopiques ne 
sont pas connues precisement partout; elles paraissent 
discontinues entre 1e nord et le sud des Atlas; nean
moins, la constatation precedente doit conduire a 
minimiser les decrochements le long de la ligne sud
atlasique. 

Les depots indiquent generalement des mers ep1con
tinentales de profondeur faible a moyenne, OU domi
nent les apports terrigenes metidionaux; font excep
tion la mer cambrienne, ou les apports pyroclastiques 
sont importants, surtout au nord-ouest; et les mers 

devono-dinantiennes, a bathymetrie et subsidence con
trastees, OU apparaissent des rides a depots pelagi
ques condenses, des bassins a flyschs, des talus 
failles a breches chaotiques (voir III et IV). 

Les faunes indiquent que ces mers, transgressives 
au sud sur le craton saharien, dependaient au nord de 
la Tethys (faunes ardennaises et bohemiennes, notam
ment); elles presentent aussi des correspondances avec 
l •es faunes "atlantiques" de l' est des Appalaches; les 
faunes americaines penetrent soudain au Maroc a la fin 
du Devonien inferieur. 
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Sur la stratigraphie des divers systemes paleo
zoiques, on consultera notamment Destombes (1971), 
Hollard (1967, 1974), Boudda et al. (1974), Bensaid 
(1974), Kelling et al (1975), Cavaroc et al. (1976), 
Willefert (1963 et en prep.). 

LES PHASES CALEDONIENNES 

Avant les "phases" hercyniennes proprement <lites 
(voir IV), des terres emergees se sont edifiees sur la 
marge ouest du Maroc, a l'Ordovicien superieur et au 
Devonien inferieur, a la faveur des mouvements "taco
niques" et "acadiens 11

• 

Dans le Nord-Ouest de l'Anti-Atlas, le Llanvirn 
repose en discordance sur l'Acadien. Les depots post
glaciaires de l'Ashgill sont discordants sur le sud
ouest de l'Anti-Atlas. Une lacune plus ou moins lon
gue existe vers la base de la serie silurienne en 
Meseta (Willefert, 1963; Destombes et Jeannette, 1966) .· 

Mais les manifestations orogeniques les plus nettes 
sont celles de l'orogenie acadienne. Hollard et al. 
(1976) notent "qu'il s'agit: 

- dans le Sud marocain (domaine de l'Anti-Atlas), 
de divers indices d'instabilite de l'ecorce: trans
gression puis regression du Lochkovien, avec emersions 
locales et avec volcanisme basaltique dans l'Est; 
transgression au Praguien, puis apports terrigenes 
particulierement epais dans l'Ouest (Rich) jusqu'a 
l'Eifelien inclus; discordances intra-givetiennes dans 
l'Est (Maidere); apports sableux venant du Nord dans 
le Frasnien inferieur-moyen oriental. 

- sur la frange occidentale des domaines de 
l'Atlas et de la Meseta, de la presence de conglome
rats souvent tres grossiers et de gres rouges a plan
tes, localement discordants jusque sur le Cambrien et 
dates du Lochkovien (Talmakent) ou du Devonien moyen 
(Rehamna). Ces depots "molassiques" sont le plus sou
vent suivis de recifs. l'Eifelien est souvent trans
gressif. 

- dans l'anticlinorium Rabat-Tiflet, tout au nord
ouest de la Meseta et au-dela d'un decrochement E-W 
dextre, d'un granite date de 415 Ma, intrusif dans des 
schistes et quartzites (Cambro-Ordovicien ?) et rema
nie dans le Devonien moyen transgressif. 

Divers ages analogues pourraient lui correspondre 
dans le Sud marocain, egalement comparables a l'"eve
nement thermique" posterieur a 450 Ma. decrit au Hoggar 
occidental. 

La paleogeographie du Devonien inferieur et moyen 
marocain est dirigee par cette orogenie acadienne, qui 
dut eriger une chaine a la bordure occidentale du pays. 
Elle doit etre distinguee des phases hercyniennes qui, 
des le Devonien superieur puis au Dinantien, etablis
sent une paleogeographie nettement differente (rota
tion des lignes isopiques dans le Sud marocain)." 

L'interet de ces observations pour les correla
tions avec les Appalaches canadiennes est evident. 

Notons qu'une orogenese ante-Llanvirn est decrite 
dans le socle rifo-kabyle; il pourrait s'agir d'une 
phase caledonienne precoce (?), mais un age precam
brien superieur est plausible; elle succederait a une 
orogenese d'un age precambrien plus ancien (Kornprobst, 
1971; Bossiere et :d.l., 1972). Au-dessus de ce socle 
metamorphique poly-orogenique se presente une serie 
primaire qui n'est pas sans evoquer celles du nord-
est atlasique (voir IV). 

LA COUVERTURE 

Mis a part des couches permiennes localisees (ta
bleau 24.3), elle debute generalement (Meseta, Atlas, 
Rif externe) par une serie rouge greso-argileuse et 
salifere du Trias superieur - Infralias, oil des basal
tes abondants indiquent l'effet des distensions atlasi
ques. Cependant, la mer ne gagnera le Sud marocain 
qu'au Cretace. 

Figure 21+. 2. Carte struc turale sche'matique des -Hercynides du "Maroc africain". - En dehors des 
zones d'affleurements, en trames serrees et delimitees par un pointille, les pro
longations des unites structurales sont plus ou moins hypothetiques suivant les 
secteurs. 

Dalle saharienne: 1. Bassins tabulaires (ouest) a sub-tabulaires (est). 

Marge pericratonique non deformee apres le Trias: 2. Chaine d'Ougarta et zone de 
jonction avec 3 et 4. -3. Anti-Atlas s·. str; croix: "boutonnieres" de Precambrien 
ancien et moyen (?) - superieur plisse - 4. Massifs anti-atlasiques nord-orientaux, 
sauf Ougnat et Talzaza (rattaches a 5 ?) 

Hercynides atlaso-mesetiennes: 5. Marge sud F massifs haut-atlasiques a l'est de 
Marrackech et £range anti-atlasique NE (caracteres pericratoniques). - 6. Marge 
ouest =mole cotier de Meseta occidentale. - 7 a 9. Unites oroge.riiques s. s.tr.: 
7. Zones synclinoriales devono-dinantiennes, supportant des nappes en Meseta 
orientale; 8. Zones anticlinoriales et zone de Rabat-Tiflet; 9. X: Couloir de 
metamorphisme de la marge ouest; noir: granite; points: molasses continentales 
post-orogeniques. -10. Blocs . . metamorphiques de la marge sud. -11. Sandage ayant 
atteint un socle granitise. 

Limites de ~onesstructurales: 12. dans la marge pericratonique (decrochements p.p.); 
-13. dans les Hercynides atlaso-mesetiennes (decrochements p.p.); -14.chevauche
ments: a: hercynien; b: rifain. 

Abreviations: A.T. = Ait-Tamelilt; B. F Bechar; B.Sl. = Ben-Slimane; (Bloc occ. et 
or.= Blocs occidental et oriental du Haut-Atlas de Marrakech; J.S. = Jbel Sarhlef; 
J. Ti. " Jbel Tichka; K = Kenadza; M.b.A. "' Mechraben-Abbou; O. Ch. "' Oued Cherat; 
Ouz. = Ouzellarh; S.B. = Sidi-Bettache; S.K. " Sidi-Kassem; TnT. " Tizi n'Test. 
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A 

NW 

N 

Boutonni t?re 
du Ker do us 

T A T L A s 
Boutonniere occidentole 

z 0 N E p A L E 

Jbel Bani (AH- Bou - Nouh) 

~ "colcoires de 
t'Anti-Atlos 

de lo Tograro d
1

Akko ... (Sidi bou Addi) Fe i j as 
{NE d'lcht) L e s R i c h 

.... ' .. ··. {Est de Foum-111-Ho n on) 

Adi 

10 20 30 40 

PI: Archeen (?) ou Precambrien ancien, granito-gneissique, a roches vertes, non 
subdivisie . 

PII-III: Precambrien superieur 
gres ~t conglomerats. 

serie d'Anezi a rhyolites et andesites puis pelites, 

Ad: Adoudounien (Infracambrien superieur) 
Adla: Serie de base de l'Adoudounien, conglomeratique. 
Adl: Adoudounien inferieur : "Calcaires (dolomies) inferieurs de !'Anti-Atlas". 
Ad2: Adoudounien moyen: "Serie lie-de-vin". 
Ad3: "Calcaires (dolomies) superieurs" pro pa,rte . 
ki: Cambitien inferieur = "Georgien", date paleontologiquement. 
kilA: Calcaires a Archaeocyatha dolomies et schistes. 

B: "Serie schisto-calcaire" a Trilobites, avec predominance greso-pelitique. 
C: Idem avec predominance de calcaires a Archaeocyatha . 

ki2: Biohermes a Archaeocyatha et "Calcaires scoriaces II' puis "Schist es superieurs II . 

ki3: "Gres termina ux" Gres pyroclas tiques puis gres grossiers a Scolites (Tigillites). 
Le sommet du Cambrien inferieur est un peu au-dessus, a la base de ksl (niveau d'Ouriken 

n'Ourmast). 
ks: Cambrie n moyen (partie moyenne) 
ksl: Schistes a Pa,radoxides , greywackeux, verts. 
ks2: Gres a Conocoryphe et Lingules. 
or: Ordovicien 
orl: Gres blanc Tremadoc? 
or2: Schistes de Fezouata et Gres du Zini a intercalations argileuses, Tremadoc 

superieur? - Arenig inferieur et moyen. 

Figure 24.3 (p.p.) Coupe schematique du domaine anti-at lasique occidental, extrait de Michard (1976}, 
d'apres la carte geologique au 1/200 000 Foum-el-Hassane-Akka. 

50km 



Figure 24.3 (p.p.) 

0 z 0 Q u E p L s s E E 

J. Tazout 

Dra 

B A s s 

J.Ouarkziz 
Betafoa 

(Piste Foum ·el:.H_~s·: T~n~ouf) ... er: hT 
dst ds2 - - -

SE 

N DE 

TINDOUF 

Betana 

nsa 

CorteFoum·el-Hosson-Au o 1/200000,Serv. Gfol Moroc 19G3-1969 Coupe AM . 1971 

or3: Schistes du Tachilla, Llanvirn. 
or4: Gres et quartzites du ler Bani, Llandeilo. 
orS: Formations du Ktaoua inferieur et de Rouid-Aissa, schisto-greseuses, Caradoc . 
or6 : Ktaoua superieur, Ashgill (pro parte) . 
or-S: Gres terminaux du 2e Bani, Ashgill (pro pa:r>te ). 
s: Silurien 
sl: Argilo-pelites a Graptolites: Llandovery, Tarannon, Wenlock p .p. 
s2,3: Idem avec, vers le haut, lits calcaires a nautiloides orthocones, Cardiola, crinoides.Ludlow,p.p. 
s-d: Argilo-pelites et gres a pistes, couches de passage Ludlow-Devonien inferieur. 
di: Devonien inferieur 
dil: Schistes et calcaires greseux, ferrugineux, Gedinnien-Siegenien p.p. (Lochkovien). 
di2,3:ler et Zeme Rich (Assa et Mersakhsai), chacun fait d'une trilogie calcaire -

argiles pelitiques - gres et lumachelles; Siegenien superieur (?) - Emsien 
inferieur (Praguien). 

di4: 3eme Rich (El-Ansar), Emsien superieur. 
dm: Devonien moyen 
dml,2:Scmistes, marnes, calcaires greseux ou non: Eifelian puis Givetien. 
ds: Devonien superieur 
dsl: Schistes et calcaires du Frasnien. 
ds2: Argiles a intercalations calcaires OU greseuses: Famennien. 
d-h: Gres inferieurs du Tazout, Strunien. 
h: Carbonifere 
hT: Gres superieurs du Tazout et schistes de base de la Betaina, Tournaisien. 
hT-Vi:Schistes et gres de la Betaina: sommet du Tournaisien et Viseen inferieur. 
hVs: Ouarkziz greseux, Viseen superieur p.p . 
hV-N: Ouarkziz calcaire1 "suite du Viseen superieur et Namurien inferieur; dans la 

par tie sommitale, -: couches marno-gypseuses. 
hsa: Base de la Serie de. la Betaina: gres continentaux du Namurien superieur. La 

serie se poursuit par des molasses continentales du Westphalien Stephanien. 
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Figure 24. 5. Coupe interpretative dans. les Rehamna centraux, d ' apres Michard (196 7 
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a 1969), Pique (1972), Hoepffner (1974), Jenny (1974). N.B.: Les 
schistes des Ouled-Hassine (D-H) , formation flyschoide avec roches 
vertes (amphibolites) et keratophyres (porphyroides) dans sa partie 
superieure, est attribuee au Devono.-Dinantien. 
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A: Coupe composite dans les structures meridionales: la nappe pli couche
cisaille de Khenifra et l'autochtone du J.Bou Guergour (equivalent du J .Hadid), 
d'apres Allary (1972). 

B: Coupe generale dans le nord du secteur : les nappes de Ziar-Mrirt et le 
bassin molassique permien de Khenifra, d' apres Ribeyrolles (1972). 
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III TECTONIQUE: LES UNITES STRUCTURALES DU 
"MAROC AFRICAIN" 

LE SUD ALGERO-MAROCAIN, UNE MARGE PERICRATONIQUE 

Au s ud de la ligne sud-atlasique , la tectonique 
hercynienne reste moderee e t de caractere germanotyp e ; 
l a couver ture epaisse, avec local ement (ouest) une 
schistosite sub-verticale dans les niveaux inferieur, 
s 'adapte a un socle de coupe e n blocs plus ou moins 
deplaces : 

On peut distinguer tro is segments deformes, agen
ces en une sorte d ' arc (fig . 24.2). 

1. A l 'Ouest, l 'Anti- Atla.s s . str. presente des 
pl is de direc tion SW-NE -"atlantique ", au-dessus du 
socle precambrien decoup e en blocs . Les plis, de 
style concentrique a concentrique-aplati, sont dis
harmoniques d'un nivaau a l' autre, l es principaux 
niveaux de disharmonie correspondant au Cambrien moyen, 
au Siluro-ilochkovien e t au Devonien superieur (fig . 
24.3). Au plissement es t associe un epimetamorphisme 
dont Chennaux et al . (1970) ont montre. l' extension 
da ns l e nord du Sahara. La schistosite, sub-verticale, 
est particulierement marques a l'oues t (au moins 
jusqu ' au Silurien). Tout au sud-ouest, on observe 
des plis deverses et chevauchants vers l'ESE (J. 
Khannfra, au sud du Zini: Des tombes et Hollard, in 
li t t .). On connait peu de plis dans le Carbonifere 
(Ta zomt a l ' est d'Assa), mais on peut supposer que 
l es couches de cet age ne s ont co ns erves qu'en dehors 
de l a chaine anticlinoriale. La limite entre l'anti
clinorium ·e t le bass in de Tindouf es t progressive a 
l ' es t e t tout au sud-ouest, dans l es chainons qui 
s'etirent en direction des Mauritanides. Elle est 
brusque et oblique aux structures entres ces secteurs, 
ou l'on peut envisager un decrochement dextre est
ouest dans le Bas Dra (fig. 24.2). Cette hypothese, 
formulee aussi par Fabre (1971), n' exclut pas celle 
de plis en partie neodevoniens (voirIII~). Dans le 
sondage de l'Adrar-Zougar (situation: Fig. 24.3), 
l'epimetamorphisme de la frac tion argileuse a ete 
date de la phase saalienne (269 ±14 Ma ) par Esquevin 
e t Menende z (1974), mais une premiere phase de cris
tallisation des micas serai t i ntervenue des 400 Ma 
Ce tte "phase ardennaise" n' es t cependant pas enre~ 

gistree par une dis cordance dans la sedimentation (cf. 
fig. 24.3), contrairement a ux phases du Devonien 
superieur. 

2. A l 'est, l 'Ougarta est oriente a environ 120° 
de l'anticlinorium precedent. Son style est analogue , 
avec des plis majeurs l a rges, voire coffres, souvent 
cr ois es, parfois des plis mineurs plus serres, une 
schilstosite vers la base, pouvant passer dans le 
socle. Ce plissement de coul erait du coincement de 
l'aulacogene ougartien entre le c11aton ouest-africain 
e t l e prolongement nord du bouclier touareg (Fabre, 
1969; Donzeau, 1974), cec i a une epoque relativement 
t ardive , permienne a triasique (plis du bassin de 
Kenadza-Bechar qui seraient localement accompagnes de 
chevauchements, selon Fabre, comm. orale). 

3. Entre les deux branches de "l 'arc" Anti-Atlas 
- Ougarta, une region centrale montre l'interference 
des directions qui les caracterisent. Au sud du 
mole precambrien du J.Sarhro, s~etend une region de 
domes et cuvettes peu accentues. Une zone de t ec to
nique complexe la parcourt, "l'accident majeur de 
l'Anti-Atlas", qui aurait fonctionne des le Precam
brien (Choubert, 1963), puis a r e joue verticalement 
au Famennien (Hollard) et au Neogene. Son fonction
nement en decrochement senestre durant l'orogenese 
h er cynienne est admis par Leblanc (1972) dans la re
gion de Bou-Azzer, ou il provoque des plis et chevau
chements dans la couverture. Au sud-est du J. Sarhro 
(Maidere, Tafilalt), l es deformations precoces d'age 
frasnien et famennien sont bien marquees dans la serie 
sedimentaire; variations de facies et discordances 
angulaires traduisent des mouvements verticaux et des 
plis amples (Hollard 1967, 1974); une inversion du 
r elie f s e produit alors au nord de la plate-forme sa
harie-nne, le bass.in de Tindouf se creusent, alors que 
l'Anti-Atlas se souleve. 

D',une maniere generale, on peut admettre avec 
Donzeau (1974) que la structure de l'"arc'Anti-Atlas -
Ougarta, avec plis SW-NE et NW-SE, resulte de l'adap
tation de la couverture au mouvement de blocs de 
socle, plutot qu'a des phas es superposees d'orienta
tion differente. Mais l'inventaire de ces blocs et 
l a description systematique de leurs coulissements 
r es te a faire. 

Viseen superieur :Namurieii 
S8rie sub·st&ri le~ SGrie producttvei 

N s 
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(Wostp. s> ' (Wostp.c-ov10 I (Wostp.A-B)j (Wostp. B)' 

9 0 0,5 

1: Tufs et breches andesitiques, cinerites; 2: Flysch argilo-calcaire et pyroclas
tique (pelites a Goniatites; turbid~tes bioclastiques plus OU mains pyroclastiques; 
blocks exotiques calcaires ou dolomitiques. 3: Flysch pelitique a Goniatites; 4: ler 
conglomerat a galets de phtanites siluriens; 5: Gres plus OU mains pyroclastiques et 
argilopelites a Goniatites; 6: leres veines de houille et niveaux a Fougenes; 7: 
Niveau marin (calcaire crinoidique + Goniatites); 8: id, (calcaire a Productus ); 
9: id. (a Gonia tites); 10: Assise de Jerada: c inq veines d'anthracite dans sterile 
paralique (que lques niveaux a Goniatites, pelites a Plantes, a faune limnique, etc.). 

Figure 24.7 Coupe dans un massif du nord-est atlasique: Le Carbonifere de Jerada 
d' apres Horan (1952) et Owodenko (1952), avec quelques additions. 
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LE SOCLE ATLASO-MESETIEN, DOMAINE 
OROGENIQUE HETEROGENE 

Les echantillons caledono-hercyniens offerts par 
les massifs anciens au nord de la ligne sud-atlasique 
sont tres heterogene s (fig. 24.2). Certains corres
pondent a. des segments profondement deformes' d' autres 
a des zones faiblement plissees. Parmi celles-ci, 
leS segments OU moles marginaux, que l'on decrira 
d'abord. 

1. Les marges du domaine orogenique 

a) Marge sud -11 s'agit des divers massifs haut-atla
siques, exception faite du "bloc occidental" de l'Atlas 
de Marrakech. Celui-ci mis a part, les autres se pre
sentent comme des dependances de l'Anti-Atlas, une 
frange accidentee mais de structure comparable.· 

Dans le "bloc . oriental" de l'Atlas de Marrakech, 
le Precambrien de l'Ouzellarh semble prolonger celui 
du Siroua et sa couverture est analogue. Cependant, 
comme plus au nord, une discordance existe a la base 
du Viseen superieur, represente par un flysch. On 
remarque que vers le sud, cette discordance ne depas
se que legerement la ligne sud- atlasique (marge NE de 
l'Anti-Atlas oriental). 

Ces caracteres se retrouvent clans l'Atlas de 
Demnate. L'ouest de la "boutonniere" de Skoura est 
sub- tabulaire; vers l'est s'observent des plis E-W; 
clans celles de Ait- Tmelilt plus au nord, deux plisse
ments post- viseens se superposent (Laville et aL . , 
1973). 

Beaucoup plus a l'est, des couches cambro-ordo
vico-siluriennes constituent les petits massifs de 
Mo.ugueur, oil elles montrent un leger metamorphisme 
sericiteux (Caia, 1969), et du Sebbab - Bou Dahar, oil 
elles sont fossiliferes (Agard et Du Dresnay, 1965). 
Ces memes couches montrent leur soubassement infra
cambrien et precambrien clans le Tamlelt, mole qui 
semble avoir joue le role de haut-fond mobile durant 
le Viseen superieur (Pareyn, 1961; Du Dresnay, 1965; 
Pareyn et al., 1975). 

b) Ma11ge ouest -Le deuxieme ensemble de massifs oil les 
deformations hercyniennes sont restees moderees se 
presente clans une position plus inattendue que le pre
mier: il s'agit du mole cotier mesetien (Michard, 1969) 
affleurant en Meseta cotiere et clans les parties ouest 
des Rehamna et des Jbilete, done entierement separe 
de 1 'Anti- Atlas. . 

Sa structure ne laisse pas, pourtant, de res
sembler a celle de certains secteurs anti-atlasiques 
(Bani, Dra), comme permet d'en juger la figure 24.4 
Sur sa bordure orientale, la seule observable, on 
voit apparaitre progressivement une schistosite quasi 
verticale pendant que s'accentue le plissement sub
meridien (Michard, 1967), puis un faisceau de failles 
bordieres N 20° fait passer aux zones orogeniques de 
Meseta moyenne. Etudiees· clans les Rhamna, ces failles 
hercyniennes se presentent comme des decrochements 
dextres importants, s'accompagnant de deversements et 
de chevauchements ver l'Ouest, (Michard, 1969; 
Hoepffner et al., 1975b). 

Ce !Hoc etait probablement individualise des le 
Devonien inferieur: des conglomerats rouges discor
dants eo- et meso-devoniens sont connus sur sa bordure 
sud-orientale (Talmakent clans le Haut-Atlas; Jbilete 
occidentales; Rehamna) indices de mouvements "cale
doniens" et "acadiens ;, . La question de ses prolonge
ments occidentaux meriterait d'etre etudiee. 

2. Les zones orogeniques proprement <lites 

Les zones de tectogenese et de petrogenese pro
fonde hercyniennes actives s'etendent clans le "trian-

gle" menage entre les moles precedents (fig. 24.2). 
Les directions tectoniques y sont, en moyenne, orien
tees SW- NE, mais dessinent souvent des virgations 
entre la direction sub-meridienne et la direction E-W: 
virgation de Rabat et des Zaer, virgation des Rehamna 
et Jbilete orientaux. Les lignes isopiques, dont on 
ne connait que l'allure generale, sont egalement ori
entees en moyenne SW-NE, au moins depuis le Devonien: 
les unites structurales paraissent bien le fruit d'une 
longue evolution caledono-hercynienne, meme si l'es
senuiel de la structuration est devono-dinanti enne. 

a) Le centre du dispositif -L'inventaire de ces unites 
sera fait en partant de la plus centrale et plus large 
bande transversale d'affleurements, celle du Massif 
Central et de la Meseta cotiere. D'ouest en est on 
distingue: 

- la zone synclinoriale ouest, a flyschs devono~ 
dinantiens, comportant un fosse occidental (Ben 
Slimane) oil le Viseen superieur est transgr,essif et 
un fosse oriental (Sidi Bettache) oil le Dinantien 
parait complet; entre les deux, le faisceau siluro 
devonien du Cherrat (fig. 24.4). Au nord, cette zone 
est limiete par les accidents E-W de Rabat-Tiflet 
(virgation de Rabat), qui ramenet des schistes proba
blement cambro- ordoviciens, avec un granite caledonien 
et des conglomerats devoniens. Vers le sud, on peut 
1 reconnaitre clans le nord des Rehamna (Mechra-ben
Abbou), puis elle se pince entre le mole cotier et 
l'uni e anticlinoriale suivante (fig. 24.2 et 24.5). 

- l'unite anticlfnoriale ouest Khouribga-Oulmes, 
a armature cambro-ordovicienne ne qui parait s'ennoyer 
regulierement, au nord, sous les flyschs neoviseens 
discordants, a l'ouest sous ceux, concordants (?), 
du Devonien superieur - Dinantien. A l'est, une zone 
d 'accidents, avec chevauchement des fly:Schs orientaux 
sur l'anticlinorium et decrochements dextres (Cailleux, 
1974). Au sud- ouest enfin, cette zone parait sere
trouver clans les Rehamna orientaux et centraux (massif 
du Kharrou) oil elle se biseaute a son tour contre les 
accidents de bordure du mole cotier, clans une zone de 
cisaillement et de metamorphisme intenses (staurotide 
et disthene syn- a tarditect<!miques · (Michard, 1968; 
Hoepffner et a'l.., 1975a). Des mouvements tardifs 
determinent l'accentuation des virgations deja ebau
chees et des renversements et chevauchements locaux 
vers le sud-ouest. 

- la zone synclinoriale axiale (Fourhal-Telt), a 
flyschs viseo-namuriens epais, qui semble pouvoir etre 
prolongee clans les Rehamna meridionaux (micaschistes 
a amphibolites: fig. 24. 5) et les Jbilete centrales 
(schistes du Sarhlef). On ne prejuge pas ici de l'au
tochtonie de ces flyschs, ni au nord (Cailleux, 1974) 
ni au sud (Hoepffner et al., 1975a; Huvelin, 1975). 

- l'anticlinorium oriental (Cambro-Ordovicien des 
Zain); il est entierement enveloppe de flyschs neo
viseens discordants et parait une simple culmination 
du socle de la zone des flyschs or{entaux. Les defor
mations ante-Viseen superieur sont particulierement 
intenses clans ce secteur (fig . 24.6b); elles peuvent 
dater du Famennien ou du Dinantien. 

- les nappes orientales, qui chevauchent les 
flyschs precede~ts; elles semblent provenir de l'E, 
du SE ou du SSE. Dans les Jbilets orientales, elles sont 
interpretees comme des nappes de glissement sous-marin 
precedees d'un wildflysch (Huvelin, 1967); leur mate
riel va de l'Ordovicien au Devonien. Des nappes 
analogues, a l'est du Massif Central, sont celles de 
Ziar-Mrirt (fig. 24.6b), cependant que celle de Kheni
fra (Ordovicien et Viseen superieur) parait resulter 
du cisaillement d'un pli couche (fig. 24.6a) (Allary 
et al., 1972; Allary, 1972; Ribeyrolles, 1972), mais 
ces descriptions sont contestees par Mullin et al . 
(1976). 
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b) Lenord-est Il semble que l'on puisse retrouve r 
l a prolongation approximative des deux dernieres zones 
citees dans l e massif du Tazekka e t dans ceux du Nord
Est a tlasique (Debdou, chaine des Horsts, Bni-Snassene); 
l'accident de Bsabis-Tazekka (Morin, 1973) y introduit 
une division majeure (Hoepffner, trav. en cours). Une 
particulari t e de ces zones tres oriental es est la per
sis tance de la sedimentation marine durant le West
phalien (Houiller paralique de Jerada, fig. 24. 7). Au 
contraire , dans les secteurs occidentaux, le Westpha
lien es t inconnu, sauf localement sous un facies de 
poudingues continentaux discordants (Sidi Kass em), 
peu distincts de ceux du Stephano-Autunien (Khenifra, 
etc.) . On r emarque done que, dans le domaine atlaso
mesetien comme dans celui de l' Ant i-Atlas Ougarta, 
l es plissements post-viseens sont plus precoces a 
l' ouest qu'a l'est. Des gres a brachiopodes du West
phalien i nferieur pr0bable jalonneraient, dans le 
nord-es t du Mass if Central (W d'Ito), la limite entre 
l es deux sec teurs ·(Holla rd, in litt.). 

c) La limite sud - Il reste a considerer la limite sud 
de ce domaine orogenique hercynien, vers l'Anti-Atlas. 

On ne peut l'observer que dans l e Haut-Atlas de 
Marrakech. La, un "bloc occidental" fait de Cambro
Ordovicien profondement deforme (S chaer , 1964) et 
metamorphise (Termie r , 197l):Jbel Ti chka, facies am
phibolite a grenat et staurotide affronte, par un 
faisceau de decrochements, en partie tardi- et post
hercyniens (voir I), un bloc orienta l de type anti
a tlasique. De deux choses l'une: 

- ou l'on considere que le massif metamorphique 
haut-at l as ique occidental represente la prolonga tion 
sud de l a zone metamorphique des Rehamna e t Jbilete 
centraux, 

- ou bien on l e considere comme un "copeau" du 
domaine anti-atlasique, separe, e t de celui-ci, e t 
des zones orogeniques mese tiennes, par des decroche
ments orientes WSW-ENE (N 70°). 

L'existence de flyschs viseens, au nord du bloc 
ancien a tlasique (zone de Guemassa ) es t en faveur de 
cet t e deuxieme hypothes e. On serait a lors fonde a 
vo ir dans l e massif de Haute-Moulouya (Midelt, Aouli
Mibladen), ou Vauchez (1976) vient de montrer l ' exis
t ence de deversements a u SE, l'equivalent du "!Hoc 
occident a l" haut-atlas ique: ses schistes me tamorphi
ques (a amphibolites) e t ses granites ont fourni des 
ages isotopiques hercyniens (Ti.sserant, 1968). Dans 
cette hypothese, les culminations metamorphiques du 
Haut-Atlas et de Haute Moulouya seraient a la l i siere 
des zones peur deformees pericratoniques , en r e la)zion 
avec des accidents tectoniques ma j eurs (decrochements), 
comme l a culmination des Rehamna a la lisiere du mole 
co tier. La tectonique de ces massi fs merite de nou
velles descriptions, en particulier celle du massif 
haut-atlasique ou sont signales des decrochements 
(Schaer, 1964) et des chevauchements ( id:. et De Koning, 
1957) hercyniens. 

IV CONCLUSIONS: CARACTERES GENERAUX DES 
HERCYNI DES MAROCAINES 

LES STRUCTURES DANS LE MAROC "AFRICAIN" 

Leur style est celui de struc tures edifiees a 
partir d ' une epaisse serie sedimentaire reposant sur 
un socle de nature continental~,faiblement remobili
see. 

La presence d'un tel socle precambrien poly
orogenique est direc tement observable a la marge sud 
de l a chaine (domaine pericratonique de l'Anti-Atlas). 
Dans l e domai ne orogenique lui-meme, la presence de 
ce soc l e se deduit: 

- de la sedimentologie du Cambro-Ordovicien {de 
type anti-atlasique) ; 
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- de la rarete des r oches ver t es dinantiennes 
ante-tec toniques (seulement r e presentees par des sills 
ophitiques, des filons doleritiques e t quelques cou
l ees de basaltes en coussins localisees: Rehamna e t 
Jbilete centra ux, Mese t a cotiere au SE de Rabat) , 

- de l'importa nce des granites, a mise en place 
en partie syntectonique, en partie post-tectonique 
(intrusions supracrustales jusque dans l e Dinantien, 
a partir des anticlinoriums camb riens ), 

- du style t ec t onique, marque par un decoupage en 
blocs et lanieres separ es par de longs couloirs de de
crochements, sieges privilegies des phenomenes me t a
morphiques; au-dessus des blocs de socle, les niveaux 
s uperieurs de la couverture, notamment les flys chs 
dinantiens, sont susceptibles de s e "decoller" e t de 
fournir des nappes de charriage; l'affrontement des 
blocs peut s ' accompagner de deversements et ecaillages 
plus ou moins importants; 

- enf in de l' existence d' en1Jl aves de gneiss gra
ni toides remonte es par l es "microdiorites" post-tecto
niques des Jbilete (Huvelin, 1975). 

Les unites orogeniques atlaso-mesetiennes sont 
faiblement obliques a la marge pericratonique saha
rienne, tendant a se dispos e r "en echelon" le long de 
sa limite nord (fig. 24.2). Vers l'ouest, elles sont 
prises en echarpe par un "mol e cotier" peu deforme . 
Dans l'hypothese de rotations e t translations post
triasiques exposee par Michard et al . (1975), la dis
position des unites a la fin du Primaire serai repous
see d'environ 100 km vers l'WNW. 

Les structures de ces unites orogeniques montrent 
en general un deversement vers l e nord-ouest (plis, 
nappes), de sorte que si l ' on voulait rechercher l a 
polarite t ectonique, on la trouverait curieusement di
rigee de '1'.l' avant-pays " vers l es "zones internes": 
en fait cette nomenclature de chaine geosynclinale ne 
convient pas ici . Par contre, tout au s ud-ouest de 
l'Anti-Atlas, on remarque des structures deversees a 
l'est-sud-est: elles pourraient representer deja 
l'avant-pays des Mauritan i des (voir III). 

L'AGE DES DEFORMATIONS 

Les Hercynides du "Maroc africa in" se caracteri
sent par une evolution tres longue , englobant l es 
"cyc l es " caledonien et h ercynien s. str . (voir II). 

L'orogenese hercynienne proprement <lite presente 
une success ion de "phases" du Devonien superieur au 
Trias, inegalement marquees suivant les regions, et 
qui sont sans doute des enr egistrements discontinus 
d'une evolution continue: 

- "phase bretonne 11 precoce (cf. "phase reussien
ne"), determinent la discordance du Famennien superi
eur jusque sur l'O~dovic ien (Tafilalt) et l' appa rition 
de flyschs chaotiques. Les mouvements sont deja im
p0rtants au Givetien et surtout au Frasnien (enchai
nement avec les phases "acadiennes"). 

- "phase bretonne" tardive, determinant des depots 
grossiers transgressifs du Viseen inferieur et, semble
t-il, une discorda nce du Viseen s uperieur sur le De
vonien superieur dans le nord du Maroc central. 

Il es t difficile de preciser, en general, l' age 
des mouvements ante-viseen superieur, qui ont edifie 
de veritables chaines plissees a l'ouest et surtout 
dans l'est (fig. 24.6). 

- ''phase sudete" precoce, marquee par des discor
dances internes dans les f lyschs neo- viseens et surtout 
par l e glissement des napp es orientales, nappes "humi
des" intra-vise en superieur ou nappes ou plis cisail
les, sub-contemporaines (fig. 24.6). Le Viseen supe
rieur est egalement l'epoque ou se manifeste un dis
cret magmatisme bas ique dans l es flyschs occidentaux 
et un important volcanisme andesitique tout au nord-



est (cf. fig. 24.7), ou le Viseen superieur est dis
cordant sur des schistes attribues au Viseen inferieur 
OU meme a la base du Viseen superieur. 

- "phase astu:rierme", manifeste des le Namurien 
(qui est regressif clans l'ouest et le centre), paro
xysmale durant le Namuro-Westphalien clans les memes 
secteurs (plissement des flyschs viseo-namuriens, me
tamorphisme), gagnant durant le Westphalo-Stephanien 
les regions orientales tandis que les granites intru
sifs se mettent en place a l'ouest. Dans les memes 
zones occidentales s'accumulent localement des con
glomerats rouges discordants, parfois volcanises 
(trachy-andesites). 

- "phase saalienne" de formant ces molasses conti
nentales westphalo-autuniennes, avant le Trias. L'e
rosion de la chaine hercynienne, entames des le 
Houiller, est parachevee avant le Trias superieur. 

LES PROLONGEMENTS EN AFRIQUE DU NORD 

Les premiers a envisager sont les prolongements 
vers les zones internes rifo-kabyles (voir I). 

En fait, clans ces elements de socle disjoints et 
charries, on ne retrouve plus les grandes structures 
ante-triasiques. Par contre, les caracteres de l'evo
lution paleozoiquede ces zones internes sont assez 
analogues a ceux des zones atlaso-mesetiennes les plus 
orientales. On remarque en effet (Kornprobst, 1974, 
Bourrouilh et al., 1976): 

la reduction apparente du Cambrien; l'opposition 
entre facies pelagiques (calcaires) et detritique 
(flyschs) au Devonien, et l'existence de lacunes, re
velant une activite orogenique acadienne; 

l'importance de la "phase bretonne" (flyschs neo
devoniens, Viseo-Namurien discordant); 

l'age probablement tardif des phases finales 
(Permo-Trias discordant). 

La chaine hercynienne devait aussi se prolonger 
longuement ver l'est de l'Afrique du Nord, ses unites 
tendant a se mouler sur la plate-forme saharienne (ce 
qui n'exclut pas des relais en echelon). Les donnees 
de sondage s'accordent avec l'idee d'une limite sud 
des zones orogeniques grossierement parallele a la 
ligne sud-atlasique. On none aussi le maintien pro
longe de la Tethys permo-carbonifere (voir en ·parti
culier le ·Permien a fusulines du J.Tebaga, clans le 
Sud tunisien: Domergeu et al., 1952)-~ la migration 
progressive (?) de l'orogenese fini-paleozoique, deja 
sensible entre l'ouest et l'est du Maroc, semb1e done 
se verifier au-dela, ce qui offrirait un premier ele
ment de correlation avec la Meseta iberique (cf. Bard 
et al., 1971). 
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25. LES MAURITANIDES, AFRIQUE OCCIDENTALE - ESSAI DE SYNTHESE 
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UM!' ~AL!:DONIEN 

J.-P. Lecorche et J. Sougy 
Projet PICG no27 

Laboratoire de Geologie dynamique 
Faculte des Sciences St. Jerome, 13397 Marseille Cedex 4, France 

INTRODUCTION 

La chaine des Mauritanides (Sougy, 1962b) s'etend 
sur 1800 km depuis le Sud-marocain au Nord jusqu'a la 
Sierra Leone au Sud. Elle est deversee a l'Est sur le 
craton ouest-africain soit decouvert (dorsale reguibat 
au Nord, dorsale de Leo au Sud), soit revetu de sa 
couverture, proterozolque superieur a devonienne 
(bassin de Tindouf au Nord, bassin de Taoudeni au 
centre et au Sud, bassin bove au SW). Elle s'ennoie 
a l'Ouest sous le bassin cotier senegalo-mauritanien, 
jurassique a quaternaire. Entre ses limites orien
tales et occidentales, la partie visible de la chaine 
ne depasse pas· 200 km de large, meme au Sud ou elle 
se dedouble en deux branches (fig. 25.1). 

GEOLOGIE REGIONALE 

Du Nord au Sud, la chaine se repartit longitudi
nalement en cinq tron~ons dont les rapports ne sont 
pas toujours faciles a etablir. 

1. Le tron~on nord, au N de la dorsale reguibat, 
comprend les bordures plissees du bassin de Tindouf 
(Zemmour: Sougy, 1964) et la region des nappes du 
Sahara occidental ex-espagnol (Sougy, 1962a; Sougy 
et Bronner, 1969). Il est oriente NNE-SSW. Peut~ 
etre les chevauchements de meme orientation de 
l'extreme-Ouest de l'Anti-Atlas (Mazeas et Pouit, 
1968) en font-ils egalement partie. 

2. Le tron~on centre nord, oriente NW-SE, entre la 
dorsale reguibat et le complexe dunaire de l'Aouker, 
est le domaine de la serie d'Akjoujt" (Blanchot, 1955), 
OU ont ete mis en evidence les charriages (Tessier 
et al., 1961) et dont la moitie orientale est etudiee 
par Lecorche (these en cours). 

3. Le tron~on central, sub-meridien, s'etend avec 
une belle continuite de L'Aouker au fleuve Senegal. 
C'est "l'arc Bakel-Moudjeria" etudie par Lille (1968), 
Chiron (1973) et Dia (these en cours). 

4. Le tron~on sud est caracterise par la bifurcation 
de la chaine entre le fleuve Senegal et le bassin 
bove. Une branche se place dans le prolongement sud 
du tron~on central N-S, tandis que l'autre marque une 
nette inflexion vers l'WSW, en direction de l'ocean. 
L'essentiel de ce tron~on, situe au Senegal oriental, 
a ete etudie par Bassot (1966). Ses relations avec 
le tron~on central font actuellement l'objet de 
travaux de A. Le Page. 

5. Le tron~on extreme-sud correspond a la reappari
tion de la branche sud-meridienne au S du bassin bove, 
en Sierra Leone (Allen, 1965, 1968, 1969). Les au
teurs du present article n'en ant, pour le moment, 
qu'une connaissance bibliographique. 

D'Est en Quest, on peut distinguer transversale
ment quatre grandes regions: 

1, L'AVANT-PAYS; 
2, LA ZONE EXTERNE; 
3, LA ZONE DES FENETRES, SITUEE EN POSITION SENSIBLE

MENT MEDIANE; 
4, LA ZONE INTERNE. 

LI AVANT-PAYS 

L'avant-pays est constitue, du Nord au Sud, par: 

- l'Anti-Atlas occidental, 

- l'extremite occidentale du bassin de Tindouf et le 
Zemmour noir, 

- la bordure occidentale de la dorsale Reguibat, reve
tue localement au voisinage de la chaine d'une mince 
couverture paleozolque ne debutant qu'a l'Ordovicien 
superieur et pou•rant all er jusqu' au Devonien, 

- les massifs tabulaires occidentaux du bassin de 
Taoudeni: Adrar, Taganet, Assaba, Tambaoura, 

- le bassin bove, par rapport a la branche occiden
tale de la chaine, 

- la bordure ouest de la dorsale de Leo ·en Sierra 
Leone, par rapport a sa branche orientale. 

Le socle plisse, metamorphise, largement migma
tise et granitise, est definitivement cratonise depuis 
1600 Ma1, age des granitisations ultimes (Vachette 
et al., 1975). Ses elements stratigraphiques les plus 
anciens (Amsaga, Rhallaman) ant ete dates de pres de 
3000 Ma (Vachette et Bronner, 1975), d'autres assimiles 
au Birrimien, sont anterieurs a 2000 Ma. Ce socle 
supporte en discordance f ondamentale des formations 
s·edimentaires greso-schisto-caicaire. Les plus an
cien'nes, qui sont datees d 'environ 1000 MA (Bassot 
et al., 1963), constituent la base de la serie 1 de 
Trompette (1973), restee extraordinairement sub
horizontale, sauf en bordure de la chaine. 11 faut 
aller loin a l'Est pour retrouver cette serie impli
quee dans les plissements pan-africain du Haggar 
occidental. 

La serie 1, essentiellement detritique dans 
l'Affole (Ayme et al., 1962; Bense; 1964) et la 
Tambaoura (Bense, 1964; Bassot, 1966), est caracte-
risee, au Nord, par des episodes dolomitiques a 
Stromatolites, rares dans le Zemmour (serie d'El 
Thlethyate, Sougy, 1964), nombreux en Adrar (Monad, 
1952; Trompette, 1973) et dans le Hank (Marchand 
et al., 1972) et, au Sud, par une base calcaire a 
Stromatolites dans le sec.teur de Segou-Madinakouta 
(Bassot, 1966). Une ahrono-stratigraphie, fondee sur 
ces Stromatolites, a eee tentee (Bertrand-Sarfati, 
1972; Bertrand-Sarfati et Trompette, 1976) et s'est 
averee comparable a ce],le du Ripheen superieur de l' Oural.· 

Taus les ages sont donnes avec A87Rb 1,47, 80~11. y-l (roches totales au mineraux) 
2 Age recalcule pour A87Rb 1,47. lo-lly- 1 

PICG Projet 27, Contribution frarn;aise n° 4. 
Cal edoni an-Appal a chi an Orogen of the North Atlantic Region; 
Geol. Surv. Canada, Paper 78-13 (1978). 231 



Figure 25.1 Les Mauritanides 
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La serie 2, presque totalement azoique, debute 
par une tillite (Zimmermann, 1960), observee en plusi
eurs points sur plancher glaci<tiire strie, temoin de la 
glaciation "eocambrienne". Cette tillite constitue 
generalement le terme inferieur d'une "triade" 
(Trompe tt e , 1973) comprenant de bas en haut: formations 
a caracteres glaciaires, calcaire a barytine et si
lexites , souvent un peu phosphatees. La discordance 
de la serie 2 sur la serie 1 n'est pas encore datee 
avec precision. Plus ancienne, en Adrar, que 580 Ma2 

(Clauer, 1975), age mesure au-dessus des formations 
glaciaires, on la situe generalement a utour de 650 Ma. 
Vers le Sud de la chaine, des formations volcaniques 
ou volcano-sedimentaires acides et basiques sont asso
ciees aux niveaus de base ou les precedent. 

Au-dessus de cette triade, la sedimentation, 
d'abord constituee de shales verts, passe progressi
vement a des formations rouges, shales et gres fins, 
de na tur e continentale. Ensuit e viennent des facies 
greseux marins transgressifs, soulignes par des 
niveaux a Scolites. Dans l'Adrar, ils contiennent 
des Brachiopodes inarticules attribues par Legrand 
(1969) a la limite Cambrien-Ordovicien; c'est un 
premier repere paleontologique. Les series rouges 
se situent done vers la fin du Precambrien ou pen
dant l e Cambrien. 

La serie 3 (Ordovicien superieur et Silurien) 
debute-elle aussi par des formations tillitiques 
greso-argileuses qui soulignent une discordance de 
ravinement (Sougy, 1955, 1964) d'origine glaciaire 
(Sougy et Lecorche, 1963) bien decrite dans le Sahara 
algerien (Beuf et al ., 1972) et occidental (Deynoux 
et al ., 1972 ; Trompette , 1973), done certainement due 
a une calotte glaciaire de grande extension. Un dis
cordance de ravinement assimilee au meme episode gla
ciaire a e te datee de l'Ashgillien superieur dans le 
Sud-marocain (Destombes, 1968a et b). 

C'est cet age fini-ordovicien (environ 440 Ma) 
qui es t generalement admis pour les autres regions, 
en l' absence de reperes chronostratigraphiques. 
Mais on ne peut, par exemple, critiquer J.-P. Bassot, 
au Senegal oriental, de situer s es "gres blancs" a la 
base du Silurien en raison des ages radiometriques 
fini-ordovic ien obtenus pour leur substratum. Cette 
coupure se complique d'une discordance angulaire dis
crete dans le Taganet (Dia et al. , 1969), plus nette 
vers l e Sud, dans l'Assaba (Le Page, 1976) et surtout 
au Senegal oriental et en Sierra Leone (Allen, 1965). 
Cet "Ordovic len superieur" a materiel detritique com
plexe comporte des surfaces de ravinement internes. 
Il est surmonte par les sediments greseux, argileux 
et calcaires, fossiliferes, du Silurien et du Devonien, 
ce dernier connu jusqu'au Fraanien compris. Des se
diments carboni feres, marins puis continentaux sont 
egalement pres ents a l'interieur des deux bassins de 
Tindouf e t de Taoudeni mais ne sont pas connus au 
contact OU a l'interieur de la chaine. Il est done 
impossible de preciser la position chronologique de 
ces depo ts par rapport a l'orogenese. 

Du point de vue structural, le bassin de Tindouf 
est oriente E-W; la dorsale reguiba t est allongee NE
sw, de meme que le vaste pli de fond (bassin devonien) 
du bassin de Taoudeni; le bassin hove est oriente 
NNW-SSE. Ces differents ensembles sedimentaires ta
bulaires sont interceptes a leur actuelle bordure oc
cidentale par des plis de couverture dont l'orienta
tion est sensiblement parallele a celle de la chaine: 

NNE-SSW dans le Zemmour (bassin de Tindouf) et le 
Sahara occidental (NW de la dorsale reguibat), et 
peut~etre faut-t-il y lier les plis ecailles, de meme 
direc tion, de l'extreme-Ouest de l'Anti-Atlas, 

NW-SE submeridienne de l'Adrar a l'Assaba (bassin 
de Taoudeni), 

au S du fleuve Senegal, NE-SW a l'E de la branche 
est, qui passe sous le bassin bove,a,insi qu1en bordure 

. occidental!O' de celui-ci, que semble bien intercepter la 
branche sud-ouest. 

Cette zone plissee de !'avant-pays est de largeur 
variable (1 a 30 km). Les plis qui, a l'Ouest, sont 
parfois chevauchants vers l'Est (chaine de Dhlou au 
Zemmour) s'amortissent a l'Est. Ils affectent gene
ralement des terrains appartenant aux series 2, 3 et 
devonienne, au mains jusqu'au Frasnien inclus. Le 
Devonien plisse qui n'etait connu qu'au Zemmour, au 
Sahara occidental ex-espagnol, en bordure de l'Adrar 
et dans le Taganet, a recemment ete trouve au S de 
l'Assaba, a Godiovol, au N du fleuve Senegal (Crevola 
et al. , 1974). 

LA ZONE EXTERNE 

La zone externe ne s'individualise nettement 
qu'au S de la dorsale reguibat et forme alors une 
bande quasi continue jusqu'au S de la chaine. Elle 
est occupee par des terrains d'origines diverses: se
dimentaires, volcano-sedimentaires ou volcaniques, 
acides et basiques, voire ultra-basiques. Ces terrains 
sont plisses et plus ou mains metamorphises; des facies 
de la mesozone sont connus au S de l'Aouker, dans les 
formations volcano-sedimentaires, alors que les for
mations sedimentaires ne depassent pas un stage epizo
nal leger qui a d'ailleurs permis d'y reconnaitre des 
niveaux reperes comme celui de la mixtite "eocambri
enne". Du Devonien fossilifere plisse ya egalement 
ete observe au S de l'Aouker (Dia, 1974) en position 
normale sur des gres ordovico-siluriens probables. 
Le materiel sedimentaire comporte done de la couver
ture Pa leozoique. 

Au N de l'Aouker, la zone externe repose en con
tact anormal peu pente sur la bordure occidentale 
plissee et morphologiquement en relief de !'avant-pays 
(Lecorche et Sougy, 1969). Au S de l'Aouker, le 
contact est mal visible. Pour certains geologues la 
couverture, meme metamorphique, appartient a l'avant
pays (Chiron, 1973; Lille, 1968; Bassot, 1966) et 
repose en discordance sur le materiel volcano-sedi
mentaire qui caracterise une "zone axiale" plissee et 
metamorphisee precambrienne (Chiron, 1973), temoin 
d'un sillon intracratonique autochtone precambrien. 
Il nous semble plutot que cette "zone ax;iale" et la 
partie metamorphique de la couverture ant une origine 
allochtone par rapport aux formations non metamorphi
ques de !'avant-pays qu'ils cotoient. 

LA ZONE DES FENETRES 

En position sensiblement mediane dans la partie 
visible de la chaine, apparait, depuis le N de l'Aouker 
jusqu'au fleuve Senegal, un chapelet d'affleurements 
en fenetres, souvent allonges suivant une direction 
sub-meridienne, de materiel cristallin et crystallo
phyllien comparable, au Nord, au socle de la dorsale 
reguibat (Amsaga, Tasiast), et au Sud, au socle bir
rimien (2 000 Ma), comme il en existe par exemple, 
a proximite, dans la region de Kayes. 

Certaines de ces fenetres conservent parfois des 
temoins de leur couverture sedimentaire sous forme 
d'un tegument greseux plisse, a peine decolle, et le
gerement metamorphique (fenetre de Bou Naga au N de 
l'Aouker). Bien que cette association confere a 
priori a ces socles un caractere autochtone, des ar
guments souvent d'ordre geometrique amenent a envisa
ger des deplacements differentiels de blocs vers !'Est. 
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11 s'agirait done plus de la remontee de panneaux du 
substratum, revetus OU non de leur COUVerture, que de 
veritables "culminations". 

Dans d'autres cas, notamment a la latitude de 
Mejeria, l'ecrasement du materiel suggere un ecail
lage et des deplacements plus importants du socle. 
Les deux fenetres situees au S de M'Bout, dont seule 
l'enveloppe presente un tres fort ecrasement, consti
tuent un cas intermediaire. 

LA ZONE INTERNE 

C'est essentiellement la zone des grandes nappes. 
On y distingue le plus souvent tres schematiquement: 

- une unite de base ou nappe inferieure formee uni
quement de quartzites divers grossiers a tres fins, 
souvent mylonitiques, mais parfois peu deformes et 
conservant des structures sedimentaires (Lecorche, 
1969). Ces quartzites sont, dans l'ensemble, peu 
metamorphiques et fortement etires vers l'Est. 

- des nappes moyennes de materiel epizonal a mesozonal 
retromorphose, plisse, comprenant des quartzites a 
sericite et sericitoschistes, des carbonates et des 
quartziteS ferrugineUX a hematite OU a magnetite gene
ralement rubanes, des prasinites et amphibolites chlo
ritisees, des chloritoschistes, des calc-chloritoschi
tes, des epidotites et des diorites quartziques. 

- des nappes superieures constituees de lames de socle 
cratonise de nature tres comparable a celui de l'Amsaga 
dans la dorsale reguibat (Giraudon et Sougy, 1~63), 
mais tres mylonitique. Ces unites de socle sont 
coif fees par des nappes de gabbro a hypersthene et 
charnockites (Sougy et Bronner, 1969), uniquement 
visibles au Sahara occidental et qui constituent le 
terme le plus eleve actuellement connu dans l'edifice. 

Les quartzites de l'unite de base ont une exten
sion quasi generale. A l'E d'Akjoujt, ils reposent en 
troncature basale sur les terrains sous-jacents 
(Lecorche, 1973). Cette disposition qui n'est pas 
partout admise, est notamment reconnue au S de l'Aouker 
par Dia (1977). Ces quartzites forment une veritable 
semelle, parfois replissee, pour les nappes qui les 
recouvrent. On en retrouve des temoins reposant aussi 
bien directement sur les fenetres de socle que sur la 
zone externe, parfois jusqu'au contact de l'avant-pays 
plisse. 

Les nappes moyennes ne sont actuellement recon
nues que dans la partie nord de la chaine, dans la 
region d'Akjoujt essentiellement et aussi au Sahara 
occidental ex-espagnol ou, en l'absence de zone ex
terne, elles reposent, par l'intermediaire de la nappe 
de quartzite, directement sur le Devonien ou le Siluro
Ordovicien plisses de l' avant-pays ' ; (W d 'Aouker) . Leur 
temoin le plus oriental se situe a l'E d'Akjoujt, 
conserve dans une petite klippe synclinale (massif 
d'ljibiten) (fi:g. 25.2, coupe 1). 

Les nappes superieures ont la meme repartition 
mais une extension encore plus reduite du fait de 
l' erosion e.t de la couverture mesozolque a l 'Quest. 
Elles ont tout de meme un developpement probablement 
assez important dans l'ex-Sahara espagnol. 

Signalons enfin au SW du tron~on d'Akjoujt une 
bande tres redressee de formations volcano-sedimen
taires, d'orientation NW-SE, comprenant quartzites a 
epidote et epidotites, carbonates, calcschistes, roches 
vertes, plagioclasites. C'est la serie d'Agoualilet 
de Marcelin (1967). Ces terrains ne semblent pas af
fectes par la tectonique tangentielle, malgre les 
analogies de facies qu'ils presentent tant avec les 

formations volcano-sedimentaires de la zone externe 
qu'avec le materiel de certaines nappes plus internes. 
Mais le probleme n'est pas resolu, l'hypothese d'un 
materiel de nappe redresse ne pouvant etre ecartee. 

HlSTOlRE DE LA CHA!NE 

La difficulte majeure pour aborder l'histoire de 
cette region reside dans l'absence de reperes chrono
logiques precis, qu'il s'agisse de l'avant-pays ou 
des formations de la chaine proprement dite. On est 
done generalement reduit a des estimations. 

AGE DES MATERlELS DE LA CHA!NE 

Dans la zone externe, une "triade" qui debute par 
des formations tres comparables aux formations glaci
aires de la base de la serie 2 du bassin de Taoudeni, 
permet de "correler", au moins en partie, la serie 
plissee avec cette serie 2 et d'assimiler a la serie 
1, notamment dans le tron~on central, les gres sous
jacents. On reste neanmoins dans l'indetermination 
au point de vue age, puisque la serie 2 se serait de
posee dans un vaste intervalle de temps entre environ 
650 et 440 Ma, periode qui couvre l'Eocambrien, le 
Cambrien et l'Ordovicien. L'indetermination est en
core plus grande en ce qui concerne le "substratum" 
volcano-sedimentaire de cette serie, puisqu'o~ ignore 
s'il s'agit d'un terme de la serie 2 plus ancien que 
la tillite, d'un equivalent lateral de la serie 1 OU 
d'un ensemble plus ancien. La fourchette s'etablit 
dans ce cas entre 1600 Ma, date de stabilisation du 
craton ouest-africain et 650 Ma, date approximative 
attribuee a la "tillite". 

Le materiel des fenetres est constitue du craton 
sous-jacent, done offre la meme fourchette d'age que 
celui-ci. On ignore cependant l'age exact des intru
sions alcalines qui l'affectent au N de l'Aouker. Or 
on connait des trachytes tres analogues dans le 
volcano-sedimentaire de la zone externe. 

La zone interne fournit deux types de reperes: 

- a sa base, l'unite des quartzites dont on peut, a 
titre d'hypothese, faire un equivalent des gres de 
base de la serie 3 (Lecorche, en cours) ce qui impli
querait un age ashgillien. 

- a son sommet, des lames de materiel cratonise, plus 
vieux que 1600, OU meme 2700 Ma. 

Entre les deux, les nappes moyennes; dont la patrie 
reste inconnue, ont fait l'objet d'hypothese diverses: 
equivalents lateraux et autochtones du Cambro-Ordovi
cien du bassin de Taoudeni (Bassot et Delpy, 1960), 
equivalents du volcano-sedimentaire "enracine" 
d'Agoualilet pro~parte et de series reliques du cra
ton ouest-africain (Marcelin, 1967), par exemple. 
On con~oit qu'il sera diffic ile de lever de telles 
indeterminations. Aussi, pour l'instant, est-il plus 
raisonnable de dire que l'age du materiel de ces 
nappes est probablement situe dans une fourchette 
1600-350 Ma, puisqu'elles ne sont pas granitisees . 

Un programme de datations radiometriques est 
envisage depuis plusieurs annees. 11 attend pour le 
moment une detente du climat politique pour etre mis 
en oeuvre. 

AGE DES PLlSSEMENTS 

L'age fini ou post-devonien de la tectonique 
qui a definitivement structure la chaine des Maurita
nides est suggere par uncertain nombre d'arguments: 

- presence de Frasnien plisse dans la zone de bordure 
de l'avant-pays, au contact de la chaine et paralle
lement a elle; 
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- presence de Devonien plisse dans la zone externe; 

- age radiometriques Rb/Sr mesures sur des biotites 
des nappes superieures de la region d'Akjoujt -
327 Ma, 243 Ma (M. Bonhomme, 1962); sur des muscovites 
de quartzites et de micaschistes au S du fleuve Sene
gal - 357 et 358 Ma (Bassot et at., 1963), ainsi que 
sur des biotites - 209 Ma. Mais il s'agit plutot 
d'ages de refroidissement qui peuvent varier d'une 
region a l'autre, que d'ages de recristallisation de 
ces mineraux. 

Toutefois, en allant du Nord au Sud, il appara1t 
des le Taganet une tectonique anterieure soulignee, 
dans l'avant-pays, par l a discordance angulaire au 
moins locale des formations glaciaires fini-ordovici
ennes sur les series cambro-ordoviciennes sous
jacentes legerement plissees. Mais cette tectonique 
est nettement mieux marquee dans la chaine, dont l a 
branche sub-meridienne plissee passe sous les forma
tions tabulaires fini-ordoviciennes, siluriennes e t 
devoniennes du bassin bove, elles meme cependant 
plissees au contact de la branche occidentale. Des 
ages radiome triques Rb/Sr (Bassot et al., 1963) de 
430, 435, 440 Ma ayant ete mesures dans ces forma
tions, il semble done logique d'en deduire !'exis
tence d'une phase caledonienne, situee plus precise
ment vers la fin de l'Ordovicien, mais avant la gla
ciation fini-ordovici enne dont les depots apparaissent 
discordants. Ce serait ainsi une phase taconique . 
Mais la mise en evidence, .dans le prolongement de 
cette branche meridienne "taconique". du tron<;on des 
Rokelides (Allen, 1965, 1968, 1969) date de 550 Ma 
pose neanmoins le probleme de la superposition de 
cette tectonique caledonienne sur une tectonique plus 
ancienne, pan-africaine. 

Ainsi, le materiel de la chaine a subi des phases 
tectoniques superposees dont seules les dernieres 
peuvent etre rapporteeS aux charriages fini OU post
devoniens. Une partie de ce materiel peut done avoir 
ete precedemment implique dans des tectoniques pan
africaine (tron9on central, Chiron, 1973) ou caledo
nienne (tron9on d'Akjoujt, Marcelin, 1964). 

Un certain nombre d'evenements ont ete enregis
tres soit directement par la chaine, soit indirecte
ment par son avant-pays. On peut tenter de reconsti
tuer leur succession, mais en sachant que toute 
datation precise parait pour le moment prematuree. 

L'evenement le plus ancien semble etre lie a 
la presence en differents points de la chaine de ma
teriel volcanique ou volcano-sedimentaire acide, ba
sique et ultra-basique formant le substratum des 
formations glaciaires eocambriennes. Pour Chiron 
(1973), au Sud de l'Aouker, ce materiel correspondrait 
aux vestiges d'une chaine intracratonique precambri
enne autochtone. Mais on peut aussi penser que ce 
materiel, polyphase, est allochtone, la chaine precam
brienne t erminale s'etant plissee plus a l'Ouest, 
probablement sous la bordure actuelle du bassin cotier. 
Cette bordure est marquee en gravimetrie (Blot et at., 
1962; Crenn e t Rechenmann, 1965) par un axe lourd 
encore inexplique. Un temoin marginal pourrait en 
etre, au N de l'Aouker, la serie d'Agoualilet, proba
blement en fenetre, dans la zone interne. 

Le materiel de cette chaine contient des reliques 
de materiel affecte par une premiere phase metamor
phique synschisteuse. Une deuxieme phase synchisteu
se liee a des plis deverses vers le Nord-Est, a 
schistosite de flux plan-axial, affecte !'ensemble. 

La premiere phase, (<!>l) pourrait etre precam
brienne comme le propose J.-C. Chiron, mais la deuxi
eme, (<!>2) qui interesse du materiel encore mal date 
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mais probablement eocambrien e t cambrien, serait peut
etre contemporaine de la tectonique pan-africaine de 
Kennedy (1964) et affec terait vers le Nord. Le pro
longement, ensuite deplace vers l' Est, de la chaine 
des Rokelides d'Allen (1969). 

Le plissement des termes inferieurs marins de la 
serie 2 et de leur substratum volcano-sedimentaire 
deja plisse et metamorphise, aurait done debute lors 
du deuxieme episode metamorphique et aurait e te suivi 
d'une periode de demantelement dont t emoignent, d'apres 
Allen (1969), le gres de Taban, au S du bassin bove et, 
pour Bassot (1966), l es gres roug es du Senegal orien
tal. Ces gres sont observes dans les Rokelides en 
discordance angulaire sur la formation de Marampa, en 
bordure de l'Assaba (Le Page, 1976) sur les termes 
inferieurs de la serie 2 et au Senegal oriental en 
discordance cartographique sur ces memes termes (Bassot, 
1966). Des formations rouges detritiques (cambrien
nes?) appar tenant a la serie 2 du bassin de Taoudeni, 
existent dans l'avant-pays, mais leur caractere beau
coup plus evolue et l e ur provenance tres differente (SE) 
semblent exclure qu'elles puissent etre liees a cet 
orogene. 

Au Sud (Sierra Leone, Guinee e t Senegal oriental), 
ces gres rouges sont, a leur tour plisses avec l eur 
substratum avant le depot des gres blancs f ini-ordovi
ciens, done avant la nouvelle glaciation qui a marque 
cette periode. Cette phase coincide avec un troisieme 
phase de plissement, <!>3, accompagnee, au moins au SE 
du tron9on d'Akjoujt, de charriages vers le NE. 

Apr es :ces deux dernieres phases,<!> 2 e.t <!>3, qui 
seraient done a rapporter a un cycle pan-africain -
caledonien, la glaciation fini-ordovicienne, generale 
dans l'Ouest africain, s'est etendue a la zone de la 
chaine, .au mo ins dans sa par tie sud. La, les "gres 
blancs" qui lui correspondent n'ont pratiquement plus 
ete affectes sauf au Nord-Quest du bassin bove ou ils 
ont ete quelque peu plisses. Il sont signales plus 
au Nord, a u Sud de l'Aouker (Dia et al ., 1974), as 
socies localement a du Devonien, plisses et, semble
t-il, en contact chevauchant sur les formations de la 
zone externe ou de l'avant-pays plisse (Dia, 1977). 
Au N de l'Aouker un ensemble de quartzites epimeta
morphiques et fortement mylonitises sont situes a 
la base des nappes internes et en discordance tecto
nique sub-horizontale sur toutes l es formations ante
rieures (Lecorche, 1973). On est a lors tente d'eten
dre a ces deux regions, le schema du Sud et a envisa
ger !' extension de la glaciation et de ses depots au 
domaine precedemment plisse. Dans ce tte hypothese et 
compte tenu du metamorphisme qui l es aff ecte, ces 
depots · clastiques ont du s'etendre fort loin vers 
l'Ouest et etre eventuellement recouverts par les 
transgressions silurienne et devonienne. 

Les nappes de l a zone interne marquent un nouvel 
episode, nouveau par le style e t probablement aussi 
par l'origine. 11 semble en effet logique de recher
cher leur patrie au-dela des regions qu'elles r ecou
vrent, ce qui implique l'existence d'un domaine de 
sedimentation encore plus occidental, probablement en 
bordure de 1' actuel continent. Le materiel, d.~ age 
inconnu, tres comparable a celui du substratum de ' la 
serie 2 rencontre dans les unites precedentes peut
etre lui me111.e en partie repris a subi un premier 
plissement de type isoclinal accompagne d'un metamor
phisme synschisteux (Marcelin, 1964), puis a ete plis
se et charrie en nappes du deuxieme genre a troncatures 
basales sur un avant-pays ordovico-devonien, probable
ment aplani, qu'il a lamine, etire, parfois plisse, 
remodelant et entrainant les structures anterieures 
sous-jacentes jusqu'a chevaucher leur couverture devo
nienne. L'extension du phenomene serait alors- mesu-



rable au degre de mylonitisation et de recristallisa
tion de la semelle quartzitique, seule conservee dans 
l a plupart des regions . Ceci implique que, de la dor
sale reguibat a l'Assaba, ces nappes ont sensiblement 
atteint l'actuelle limite des plateaux primaires, alors 
qu'a partir du fleuve Senegal, ou leur front s 'infle
chit nettement vers l'Ouest, elles laissent a decou
vert les zones anterieurement structurees. 

CONCLUSION 

La chaine des Mauritanides n'est etudiee que 
depuis une quinzaine d'annees et par un petit nombre 
de geologues qui s'attachent en meme temps a l ' etude 
du craton voisin et de sa couverture. On ne s'eton
nera done pas si les interpretations,encore bien hesi
tantes, evoluent d'un essai de synthese au suivant. 
Celle que nous proposons ici repose encore sur beau
coup d'hypotheses insuffisamment etayees, mais permet 
d'envisager une articulation entre les differents 
tron~ons d'une chaine dont on postule du meme coup 
l'unite. Schematiquement et sous toutes reserves 
concernant l'age exact des plissements, il semble que 
l'on puisse considerer cette bande plissee comme issue 
de la superposition de plusieurs evenements tectonique 
successifs : pan-africain, caledonien et hercynien 
precoce. 

Les premiers marquent l'evolution d'une zone mo
bile qui se serait individualisee lors du cycle pan
africain directement a l'W du domaine actuellement 
visible occupe par la chaine, suivant l'axe des ano
malies positives indiquees par la gravimetrie. Le 
dernier evenement serait du a l'apparition encore plus 
a l'Ouest, peut-etre en bordure de l ' actuel continent, 
d'une nouvelle zone mobile dont l'evolution aurait 
abouti a la mise en place des nappes post-frasniennes. 
Dans les deux cas, l'absence dans les formations etu
diees, malgre l'ampleur des charriages, de materiel 
oceanique caracterise, incite a penser que ces zones 
mobiles se seraient individualisees dans le . craton. 
Par contre, l'absence de granitisations contemporai
nes des evenements tectoniques pourrait souligner 
le caractere marginal de la bande actuellement visible 
de la chaine. Enfin la question de l ' origine du socle 
ancien des nappes les plus elevees de l'edifice, pose, 
comme pour les Caledonides de Scandivanie, le proble
me de la presence d'un socle a l'Ouest. Mais l'exis
tence d'un tel socle serait ici compatible avec les 
hypotheses ci-dessus formulees. 
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