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Nine EUROPROBE projects are now in operation in

Europe, spanning the subcontinent from Iberia to the

Urals; a tenth is located in Jakutia. As the research

base widens and funding improves, Europrobians feel

increasingly confident that they have established a

way of working that will carry them well into the 21st

century – partnerships integrating the solid earth sci-

ences, partnerships across the national borders and,

increasingly, partnerships with industry. EUROPROBE

is one of ESF´s most "pan-European" projects and we

are proud of it.

1996 has seen some organizational changes, with Her-

mann Zeyen now firmly in the saddle in Uppsala and

the ESSC strengthened by the return of Enric Banda

and newcomers Jörg Ansorge, Vitaly Starostenko and

Marjorie Wilson. A comprehensive documentation of

EUROPROBE science is in press and will reach you by

Christmas. It provides a full overview of our activities

– accomplished, on-going and planned, up to early

1996. As EUROPROBE has moved from the planning to

the operational mode, publications have multiplied

and we now have three Tectonophysics and a Geolo-

gical Magazine volume either in press or in the final

stages of preparation; others are on line. 1995´s high-

light, URSEIS, most of you will have read about in

“Science“ (Oct 1996).

EUROPROBE workshops in 1996 have ranged from the

Crimea to Finland and westwards via the Sudetes to

Iberia. These meetings provide the essential forum

for integration of the geology, geophysics and geo-

chemistry; the programmes are dominated by presen-

tations of research results, but with time reserved for

detailed planning of new operations. The importance

of the ESF workshops for keeping the science inte-

grated cannot be overemphasized. Research results

can be suitably (indeed better) presented at interna-

tional conferences and symposia; but all too seldom do

the latter provide the right forum for communicating

across the disciplines.

Most of the dozens of EUROPROBE research partner-

ships involve only a few key players and modest fund-

ing (including PhD or post-Doc programmes, lab.

expenses, travel money, etc). A few are major opera-

tions involving several institutes, and this is particu-

larly the case with our geophysical projects. URSEIS

1995 was the most ambitious so far. TOR (teleseismic

tomography across the TESZ) is now in operation.

INTRODUCTION

And a vast one (probably the largest wide angle seis-

mic experiment ever in Europe) is planned with Amer-

ican colleagues for 1997 in central Poland, covering

the Polish Trough, with four long-range DSS lines,

recording c. 50 shots on 600-700 stations. In addition,

we welcome DEKORP´s on-going commitment to the

TESZ, with deep reflection seismic profiling from the

southern Baltic, across the East German Basin to the

Harz Mountains.

Although national budgets dominate the financing of

EUROPROBE science, we have been increasingly suc-

cessful both in acquiring INTAS funding for CIS col-

leagues (note that there is a new INTAS call for propos-

als in December 1996) and obtaining EU-funding

(e.g. TMR Network for the URALIDES). Programmes

concerned with Natural Hazards and Resources also

provide opportunities for EUROPROBE. Take them!

EUROPROBE meetings for 1997 (see p 24) include a

range of project workshops and a few other important

venues – EUG symposia in Strasbourg, EGS in Vien-

na and IASPAE in Thessaloniki.

Looking further ahead, it is clear that, with EURO-

PROBE research activities expanding fast, many of the

PhD and post-Doc projects that are starting now will

carry on to end of the century. Major geophysical

experiments provide data for several years´ research.

As the ten projects grow and gain in strength, the

need for the ESF workshop programme increases,

these project meetings providing the interdisciplinary

cohesion that is essential for all major lithosphere

investigations. ESF´s present programme “EURO-

PROBE“ is scheduled to be supported through 1998.

The ESSC will apply to ESF for a five year continua-

tion of this programme in the knowledge that this

application is strongly supported by the Ministries

and Academies in the CIS. If you support the continu-

ation of the EUROPROBE workshop programme into

the next century, make this clear to your funding

agencies.

Christmas is approaching fast. 1996 has been a hard

year for CIS colleagues, but a good one for EUROPROBE

collaboration. The Secretariat in Uppsala sends greet-

ings to friends across Europe, wishing you all good

health and a prosperous 1997.

David G. Gee

Uppsala
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EUROPROBE PROJECTS
EUROPROBE today has a programme of ten projects. Those that started in the early 1990’s are in full swing,

with a wide range of new research activities; others started later and are still working with existing data and

designing new experiments. The numerous PhD and post-Doc projects, which are the heart of EUROPROBE

research, will continue at least to the end of the 1990’s.

The project presentations have been written by the project leaders in collaboration with the participants in

their various subprojects. Each presentation provides a project summary, a general background, identification

of outstanding features and, finally, concise descriptions of the subproject research, on-going or planned. All

subprojects are collaborative ventures between western, central and eastern European partners that have been

discussed and defined at EUROPROBE workshops.

The projects fall into three categories: "Key Projects", "Other Major Projects" and "Developing Projects". "Key

Projects" are major collaborative ventures where most of the subprojects are operational and some have

completed major experiments or will start them in the near future. Orogenic processes provide the focus for

most of the "Key Projects". They are presented below in order of "age" from on-going (PANCARDI), through

Palaeozoic (URALIDES and TESZ) to Palaeoproterozoic-Archaean (SVEKALAPKO). Intracratonic and craton-mar-

gin basin evolution is the concern of the fifth key project (GEORIFT). "Other Major Projects" include three

projects, EUROBRIDGE, SW-IBERIA and TIMPEBAR, in which the science plans are fully defined and research is

making substantial progress. "Developing Projects" include two (CAUCASUS and KIMBERLITE), the former

active, but suffering from the adverse political situation in this part of southern Europe; and the latter, with a

focus in Siberia, making modest progress.

EUROPROBE'S ten projects provide the basis for integrated, comparative analysis of the contrasted signatures of

the Continental Lithosphere and the processes that control its generation and modification.

Key Projects

PANCARDI Dynamics of On-going Orogeny

URALIDES A Key to Understanding Collisional Orogenesis

TESZ Phanerozoic Accretion and the Evolution of Contrasting Continental Lithosphere

SVEKALAPKO Evolution of Palaeoproterozoic and Archaean Lithosphere

GEORIFT Geodynamics of Intracratonic Rifting

Other Major Projects

EUROBRIDGE Palaeoproterozoic Accretion of Sarmatia and Fennoscandia

SW-IBERIA Transpressional Orogeny in the Variscides

TIMPEBAR Basement Control of Basin Evolution

Developing Projects

CAUCASUS Geodynamics of Collision-Related Basins

KIMBERLITE Structure and Evolution of Cratonic Lithospheric Roots
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The Pannonian Basin-Carpathian arc-Di-

naride (PANCARDI) system offers an out-

standing opportunity to study the interac-

tion of  asthenospheric and lithospheric proc-

esses and their mutual dependencies dur-

ing volcanic arc and related fore- and back-

arc basin development. The evolution of

the highly arcuate Carpathians is driven by

the inter-related processes of  subduction,

slab roll-back, plate boundary retreat into a

continental embayment, asthenospheric up-

welling, and lateral extrusion of  the east-

ern Alps and Dinarides-Balkan orogens. The

arc is unique in providing a snapshot of

still-active, soft collision between the Car-

patho-Pannonian and Eurasian plates. An-

other remarkable feature of  the region is

the interplay of  contraction, strike-slip and

extension which led to the formation of  the

Pannonian Basin, with the coeval radial

displacements of  nappes and the progres-

sion of  volcanism during formation of  the

Carpathian arc. This scenario and the seis-

micity in the Vrancea zone, apparently re-

lated to slab detachment, provide key con-

straints on the relative role of  lithospheric

and asthenospheric driving mechanisms

during orogeny.

The PANCARDI region, with its subaerial

exposure and large existing data base, pro-

vides a ready opportunity for gathering new

information critical to our understanding

of  orogen dynamics.

Within the context of  a multidisciplinary

investigation of  the whole lithosphere, PAN-

PANCARDI
Dynamics of On-going Orogeny

by Cˇestmír Tomek (Salzburg) and PANCARDI colleagues

CARDI has a particular focus on the follow-

ing main goals:

1) Reconstructing the Neogene to Quater-

nary evolution of  the arc-basin system,

with kinematic and palaeomagnetic con-

straints contributing to the palinspastic

restoration of the orogen.

2) Relating the long-term processes of  sub-

duction, arc formation and basin devel-

opment to the neotectonics and the on-

going seismicity, providing a basis for

seismic hazard assessment and earth-

quake engineering in this densely popu-

lated area.

3) Understanding the origin of  the nearly

vertical Vrancea slab, as it is defined by

seismicity in the mantle below the foot-

hills of the eastern Carpathians.

4) Establishing the Miocene to Recent mag-

matic history of  the Carpathian arc; de-

fining the sources of  the calc-alkaline

and alkaline magmas that were coupled

in time and space to the west-to-east

progression of  deformation in the fore-

land fold and thrust belt.

5) Understanding the chemical evolution

of  the mantle lithosphere beneath the

Pannonian Basin and the relative im-

portance of  subduction and plume-relat-

ed processes.

6) Assessing the significance of collisional

thickening, extensional unroofing and

lateral extrusion in the eastern Alps and

Dinarides for Pannonian Basin develop-

ment.
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The Uralide orogen is one of  Earth’s great

structural discontinuities. It is the geograph-

ic and geological divide between Europe

and Asia. Together with the Appalachian,

Caledonian and Variscan orogens, it was

one of the major zones of continental con-

vergence that contributed to the assembly

of  the late Palaeozoic supercontinent Pan-

gaea. Wedged between the East-European

Craton to the west and the Angara Craton

to the east, the Uralides include a 2500-

km-long suture zone that juxtaposes a col-

lage of accreted oceanic, island arc and mi-

crocontinental terranes against a west-ver-

gent thrust stack of  foreland basin and con-

tinental margin rocks.

Although the Uralide orogen has many fea-

tures in common with other Palaeozoic oro-

gens, it has a number of  important distin-

guishing characteristics; not least, it remains

more or less intact, uninfluenced by Meso-

zoic or Tertiary sea-floor spreading. Some

of  these unique characteristics offer oppor-

tunities for significant advances in our gen-

eral understanding of orogenesis.

A major objective of  EUROPROBE’S URALI-

DES Project is a multidisciplinary investi-

gation into the structure and evolution of

the Uralide orogen. In addition to resolv-

ing key problems related to the general

architecture and formation of  the orogen

URALIDES
A Key to Understanding Collisional Orogeny

by Andrés Pérez-Estaún, Dennis Brown (Barcelona)
and URALIDES colleagues

itself  and to the assembly of  Pangaea, sev-

eral other world-class issues will be ad-

dressed, as follows:

1) Studies of  anomalously thick crust along

the axis of  the orogen may yield clues as

to how mountain roots are generated

and preserved.

2) Exceptionally well-preserved ophiolites

and volcanic-arc assemblages, which ex-

tend throughout the length of  the moun-

tain belt, allow processes associated with

Palaeozoic ocean crust formation and

subduction to be explored.

3) Mechanisms that control the exhuma-

tion of  crustal material from great depth

(50-80 km) will be examined through

investigations of  spectacular outcrops of

high pressure metamorphic rocks.

4) The well-documented peneplanation of

the mountain belt by the Jurassic and

the relatively recent anomalous uplift

history lend the Uralides to studies of

post-orogenic exhumation and uplift

mechanisms.

5) Comparison of  seismic reflection data

with very deep borehole information

(current depth of  the Uralian superdeep

drillhole is 5.3 km; target depth is 15

km) should provide new constraints on

the origin of  seismic reflections from

crystalline crust.
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The Trans-European Suture Zone (TESZ)

is the most prominent geological boundary

in Europe, separating mobile Phanerozoic

terranes in the south and  west from the

Precambrian East European Craton. This

complex fundamental structure crosses

northwest-southeast through central Eu-

rope, from the North Sea to the Black Sea,

a distance exceeding 2000 km. It is as clear-

ly defined in the deep lithosphere as in the

upper crust, Moho depths increasing across

the TESZ from c. 30 km beneath Phanero-

zoic Europe to c. 45 km beneath the craton.

Relatively high heat flow characterises Pal-

aeozoic western Europe, in marked con-

trast to the thick, relatively cold, Precam-

brian eastern craton.

EUROPROBE studies of  the crust and upper

mantle along the TESZ and its margins are

allowing new interpretations of  the ther-

mo-mechanical processes of  Phanerozoic

lithosphere accretion. The TESZ is a key

enigmatic element in the evolution of  the

Palaeozoic orogens; together with EURO-

PROBE’S URALIDES project, TESZ will pro-

vide new insights into pre-Mesozoic plate

tectonics and the assembly of Pangaea.

Understanding the contrasting signatures

of  European deep lithosphere requires de-

tailed analysis of  the Phanerozoic tectonic

history across the TESZ and correlation of

deep and shallow crustal structures. The

Palaeozoic structures are largely obscured

by Mesozoic and younger strata of  the North

Sea-Danish-North German-Polish Basin; a

detailed analysis of this basin complex and

its partial inversion is required to unravel

the enigmatic early Phanerozoic history of

this major suture zone. Reconstruction of

the Palaeozoic history is also being much

assisted by analysis of  the numerous deep

drillholes which penetrate the pre-Permi-

an basement.

Highlights of  EUROPROBE’S multidiscipli-

nary TESZ project include:

1) Teleseismic and regional earthquake to-

mography experiments defining the

complex suture in the mantle beneath

the TESZ that appears to extend through

the whole lithosphere into the astheno-

sphere.

2) Determination of  variation in Moho

depth and lithospheric velocity structure

across this fundamental suture zone by

seismic refraction – wide angle reflec-

tion experiments.

3) Correlation of  deep and shallow struc-

tures of  Proterozoic and Phanerozoic

lithosphere by deep seismic reflection

and magnetotelluric tomography exper-

iments.

4) Deciphering the tectonothermal history

of  Palaeozoic terrane accretion in cen-

tral Europe by multidisciplinary analy-

sis of drillcores and outcrops.

5) Integrating the tectonothermal history

of  the TESZ with that of  the better ex-

posed Palaeozoic orogens of  the Appala-

chians, Western Europe and the Urali-

des to better understand the assembly of

Pangaea.

6) Comparison of  Permian-Mesozoic sub-

sidence and Cenozoic inversion of  sedi-

mentary basins overlying the contrast-

ing lithospheres on each side of  the su-

ture.

TRANS-EUROPEAN SUTURE ZONE
Phanerozoic Accretion and the Evolution of Contrasting Continental
Lithospheres

by Tim Pharaoh (British Geol. Survey, Keyworth) and TESZ colleagues
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One of  the best places on Earth for study-
ing the thermal and mechanical processes
controlling the evolution of  ancient lithos-
phere is the Fennoscandian Shield. This
well-exposed, composite craton, cored by
the Late Archaean granite-greenstone
Karelian belt, and flanked to the northeast
and southwest by Palaeoproterozoic oro-
gens, is ideal terrain for testing plate tec-
tonic theory and seeking to understand the
contrasted signatures of  Archaean and Pro-
terozoic lithosphere. Ophiolites, magmatic
arcs, fore- and back-arc basins and accre-
tionary wedges are identified with confi-
dence in the Proterozoic; their presence in
the Archaean is conjectural. The Svecofen-
nian Orogen, dominating much of Finland
and Sweden, resulted in the accretion of
vast volumes of  thick juvenile crust; by
contrast, in Russia north of  Karelia, the
Lapland-Kola Orogen is predominantly
composed of  Archaean crust, reworked dur-
ing the Palaeoproterozoic.
A considerable geological, geochemical and
geophysical data base provides the founda-
tion for focused new EUROPROBE investiga-
tions. Deep seismic refraction profiles have
defined the velocity structure of  the shield;
shallow CMP reflection profiles in Russia
give unique insight into upper crustal struc-
ture. Deep and superdeep drillholes (in-
cluding Kola) provide exceptional opportu-
nities for calibrating further geophysical
data.
EUROPROBE’S multidisciplinary investigation
of  the Fennoscandian Shield SVEKALAPKO:
(SVEcofennian-KArelia-LAPland-KOla)
focuses on the following key issues:
1) Establishing the character of  the deep

lithosphere (lower crust and upper man-
tle) and its relationship to the astheno-
sphere below the different parts (Lap-
land-Kola, Karelia and Svecofennia) of

the Fennoscandian Shield. The latter pro-
vides unusually favourable bedrock con-
ditions for major geophysical experi-
ments aimed at defining lithosphere-as-
thenosphere relationships, particularly
electromagnetic probing and deep tomo-
graphy studies. An important target is
the deep structure of the highly anoma-
lous (c. 60 km thick) juvenile Svecofen-
nian crust, where correlation with grav-
ity data and topographic relief  are lack-
ing.

2) Defining the crustal evolution across the
Shield to establish the timing of  forma-
tion of  the different major structures
and their relationship to the underlying
deeper lithosphere; this will provide in-
sight into ore genesis and contribute to
further exploration efforts. Particular in-
terest concerns:
a) The Archaean evolution of  the Kare-

lian terrane and the extent to which
it has been reworked in post-Archae-
an time.

b) The Proterozoic suturing, with the lo-
cal preservation of  ophiolites and pro-
minent boundaries between reworked
Archaean and juvenile Proterozoic
rocks.

c) The evidence for subduction-related
magmatism and development of  Pro-
terozoic fore- and back-arc basins.

d) The analysis of  crustal and upper man-
tle xenoliths.

e) The effects of  Palaeozoic (Devonian),
potentially plume-related magmatism
on lithospheric structure of  the Kola-
White Sea areas.

The Fennoscandian Shield is a key ele-
ment in the reconstruction of  the Laurus-
sian mega-continent. EUROPROBE studies
will promote integration with Canadian
Lithoprobe geoscience.

SVEKALAPKO
Evolution of Palaeoproterozoic and Archaean Lithosphere

by Sven-Erik Hjelt (Oulu), Stephen Daly (Dublin)
and SVEKALAPKO colleagues
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Precambrian cratons form the oldest and

most stable parts of  the Earth’s lithosphere.

Their sedimentary cover preserves a long

and detailed record of  intraplate deforma-

tions, ranging from rifting, hot-spot mag-

matism and the uplift of  broad arches, to

thermal subsidence of  intracratonic basins,

compressional reactivation with basin in-

version, and crustal and lithospheric buck-

ling. These deformations reflect changes in

the intraplate stress regime and must be

related to plate boundary and mantle proc-

esses. The East-European Craton (EEC),

largely covered by Phanerozoic sedimenta-

ry successions, forms the core of  Europe

and consists of a collage of continental and

arc-related terranes that were welded to-

gether during Proterozoic times. The over-

lying East-European Platform (EEP) sedi-

mentary succession represents one of  the

globe’s best natural laboratories for study-

ing the response of  craton lithosphere to

changing tectonic stress regimes. In partic-

ular, Devonian and Early Carboniferous rift-

ing of  EEC lithosphere reflects a funda-

mentally different tectonic setting to that

of  the North American part of  what was

then one contiguous continental plate; this

has important implications for understand-

ing the driving mechanisms of intracraton-

ic rifting.

GEORIFT addresses the mechanisms of rift-

ing by means of  regional studies of  the

Late Proterozoic-Palaeozoic sedimentary

basins of  the EEP as well as by detailed

analysis of  the exceptionally well document-

ed Pripyat-Dniepr-Donets (PDD) Basin, the

largest and deepest Late Palaeozoic rift in

Europe. Highlights of  GEORIFT include:

1) Availability of  a vast geological and geo-

physical data base, permitting develop-

ment and quantitative testing of  tecton-

ic and tectono-sedimentary models and

their comparison with neotectonic ana-

logues.

2) Analysis of  the entire geodynamic record

of  the EEC from the Riphean to the

Present concentrating on the Late Pal-

aeozoic, a period of  exceptionally intense

rifting, causing the development of  ma-

jor sedimentary basins, some of  which

host important hydrocarbon provinces.

3) Integrated geological-geophysical study

of  the PDD basin with its exceptionally

well documented structural and strati-

graphic record, to better understand the

interplay of  tectonic, magmatic, climat-

ic, eustatic, and other processes during

the evolution of  rifted intracratonic sed-

imentary basins.

4) Potential to resolve fundamental ques-

tions about the dynamics of  rifting and

basin inversion and tectonic controls on

post-rift subsidence and sedimentation.

5) Comparison of  the evolution of  the EEC,

in a plate tectonic framework, with that

of  the North American and other cra-

tons in order to distinguish relative sea-

level changes induced by intraplate de-

formations from those related to eustatic

fluctuations.

6) Development of  proposals for acquisi-

tion of  new deep seismic near-vertical

and wide-angle reflection surveys across

the PDD basin and other sedimentary

basins of the EEC.

GEORIFT
Geodynamics of Intracratonic Rifting

by Randell Stephenson (Amsterdam) and GEORIFT colleagues
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EUROBRIDGE research of  the East-Europe-

an Craton (EEC) is providing surprising

new insights into Palaeoproterozoic proc-

esses of  continental collision and crustal

accretion. The EEC is composed by three

major segments Fennoscandia, Sarmatia

and Volgo-Uralia, each with complex Ar-

chaean and Palaeoproterozoic histories, that

were assembled as part of  a megacontinent

in the late Palaeoproterozoic (c. 1.85-1.80

Ga). EUROBRIDGE studies are concentrated

on a broad transect in the southwestern

part of the craton, extending from the Pal-

aeoproterozoic crust of  the Fennoscandian

Shield to the Archaean of the Ukraine, span-

ning the boundary between Sarmatia and

Fennoscandia. Based on geophysical and

geochemical studies, particularly of  isotop-

ic-age and provenance, it has been shown

that this part of  the craton is a remarkable

assemblage of  Palaeoproterozoic terranes,

with arcuate belts of  lower crustal rocks

thrust together with upper crustal units.

Archaean components, thought previously

to dominate this part of  the EEC, are ap-

parently absent. The suture zone between

Fennoscandia and Sarmatia separates ter-

ranes with fundamentally different Archae-

an and Palaeoproterozoic histories.

The EEC in the Baltic States, the Republic

of  Belarus and the Ukraine is largely cov-

ered by Neoproterozoic and Phanerozoic

rift-related and platform successions.

Knowledge of  the underlying crystalline

basement is primarily derived from analy-

ses of drillcores and geophysical data. Over

6000 drillholes in the research transect pro-

vide both the unique opportunity and the

challenge to decipher the Proterozoic and

earlier history. New seismic experiments,

complementary to the existing potential

field data, are providing insight into the

deeper lithosphere.

EUROBRIDGE is carrying out a wide range of

interdisciplinary studies to better under-

stand the Palaeoproterozoic and Archaean

crustal evolution, in particular, the process-

es involved in the accretion of  vast volumes

of  juvenile Palaeoproterozoic crust. The re-

search centers on:

1) The deep structure of  the southwestern

EEC. This is being investigated by a DSS

(refraction and wide angle reflection)

transect extending for over 1500 km from

the exposed crust of  southwestern Fen-

noscandia to the Ukrainian Shield. Com-

plementary potential field data are be-

ing acquired.

2) Investigations of  the structure and P-T

conditions of  the various terranes, in

combination with isotope dating of  crust-

forming processes, with a focus on the

Palaeoproterozoic terranes and the colli-

sion zone between Fennoscandia and Sar-

matia.

3) Analysis of  the Riphean and Phanerozo-

ic structural histories, particularly of  the

Volhyn-Orsha depression and the Prip-

yat Trough, to better understand the in-

fluence of Palaeoproterozoic rheology on

the younger structural evolution.

4) Studies of lower crustal and upper man-

tle xenoliths, some diamondiferous.

5) Comparison with other parts of  the EEC

and other cratons, particularly with those

in North America, Greenland, South

America and Siberia.

EUROBRIDGE
Palaeoproterozoic Accretion of Sarmatia and Fennoscandia

by Svetlana Bogdanova (Lund) and EUROBRIDGE colleagues



10

The Variscan orogen in southwestern Ibe-

ria offers a unique opportunity to image

and study a transpressional orogen and to

examine the partitioning of  deformation

in 3-dimensional space and time. The re-

gion consists of  a series of  zones represent-

ing different tectonostratigraphic units ex-

posed at a variety of  structural levels. Vary-

ing components of shortening and left-lat-

eral strike-slip deformation have been rec-

ognised from field studies and from geody-

namic models, such as the indentor model

of  the Ibero-Armorican arc. Studies of  the

structure, stratigraphy, metamorphism,

magmatism and palaeogeography will al-

low a reconstruction of  the geometry and

history of  this important class of  orogens

produced by oblique collision of lithospheric

plates.

The principal aim of  this multidisciplinary

project is to better understand orogeny re-

sulting from oblique collision. This will be

achieved by imaging the crust at different

structural levels through collaborative work

on existing data, geological and geophysi-

cal investigations of  critical areas and ac-

quisition of  new seismic reflection profiles

through the orogen. The seismic profiles

will be fully integrated with the surface

geology and provide images deep into the

mantle, thus, providing a critical 'missing

link' in the imaging of  the Variscan orogen

in Europe.

Within the Variscan of SW-IBERIA are some

of  Europe’s most important Volcanic Mas-

sive Sulphide ore deposits (Rio Tinto, Neves-

Corvo, etc.). The tectonic setting and re-

construction of  the ore bodies requires de-

tailed stratigraphical and structural stud-

ies; this project will provide new concepts

for further exploration.

The SW-IBERIA project will focus on the

following main goals:

1) Imaging of  the lithosphere using deep

seismic reflection profiling, wide-angle

studies, magnetotelluric and other geo-

physical experiments.

2) Testing of  transpressional models

through mapping of  strain variation

through the different structural zones.

This, together with the geophysical

imaging will allow testing of  thick-

skinned versus thin-skinned models of

deformation, and constrain estimates of

shortening and displacement at crustal

and lithospheric scales.

3) Reconstruction of  the pre-collisional

(North Gondwanan) and syn-collisional

palaeogeography of the crustal units us-

ing sedimentary, faunal and palaeomag-

netic studies to constrain the timing and

position of orogenic processes.

4) Examination of the boundaries (sutures)

and associated rocks (high grade meta-

morphics and ophiolites), in order to con-

strain the processes of  continental colli-

sion.

5) Examination of  the origin, setting and

timing of  magmatism and metallogene-

sis to constrain emplacement mecha-

nisms and crustal evolution.

SW-IBERIA
Transpressional Orogeny in the Variscides

by Antonio Ribeiro (Lisbon), David Sanderson (Southampton)
and SW-Iberia colleagues
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TIMPEBAR
Basement Control on Basin Evolution

by David G. Gee (Uppsala), Peter A. Ziegler (Basel)
and TIMPEBAR colleagues

TIMPEBAR focuses on the evolution of  Eu-
rope’s northeastern Arctic shelf, compris-
ing the Pechora, Eastern Barents Sea and
North Kara Sea basins and their fringing
terranes, which outcrop in the Timan Range
(northeastern margin of  the East-Europe-
an Craton), Polar Urals, Novaya Zemlya,
Taimyr and Severnaya Zemlya. Research
on these areas is being integrated with on-
going studies of  the Western Barents Sea
and the Svalbard archipelago.
The shallower Pechora Basin and the ul-
tradeep Southeastern Barents Sea Basin host
two of  Europe’s most important hydrocar-
bon provinces. These basins, together with
the still little explored Northeast Barents
Sea Basin, are located in the foreland of  the
northern parts of  the Uralide Orogen. Their
evolution and the age of  their underlying
crust differs significantly from that of  the
central and southern Urals foreland basins.
The TIMPEBAR project will contribute to
the resource assessment of  this vast fron-
tier area.
In the Pechora Basin, many drillholes pene-
trate its entire sedimentary fill and bottom
in basement; Neoproterozoic and Baikal-
ian-age rift-related igneous rocks and is-
land-arc volcanics have been reported.
Available geophysical and well data pro-
vide a substantial base for analysing the
age, composition and structure of  the base-
ment. In the Barents Sea, no wells have
reached basement and its age has to be
inferred from outcrops on the mainland
and high Arctic islands. Deep seismic pro-
files crossing the Pechora and Eastern Bar-
ents Sea basins provide evidence of  a crus-
tal and upper mantle structure that differs
greatly from that of  the Uralide foreland to
the south. A vast amount of  industrial re-
flection-seismic profiles, in combination
with results of  deep wells, provide an es-

sential data base for analysing and model-
ling the architecture and evolution of  the
Pechora and Eastern Barents Sea basins.
Analysis of  existing data provides the foun-
dation for multidisciplinary investigations,
including:
1) Determination of  the age and composi-

tion of  the Pechora basement by geo-
chronological and geochemical analyses
of  drill-cores from folded Baikalian age
(?) pre-Ordovician successions and their
associated igneous and metamorphic
rocks.

2) Complementary studies of  the Polar
Urals, Novaya Zemlya and Taimyr, where
Baikalian-age terranes occur, locally with
ophiolites and high P/T metamorphic
rocks.

3) Interpretation of  the crustal structure of
the Pechora and Eastern Barents Sea
basins from wide angle and near vertical
seismic profiles, integrated with poten-
tial field data.

4) Analysis of  the structure, stratigraphy,
sedimentology, metamorphism and ig-
neous activity of the Timan Range, pro-
viding control on the southwestern mar-
gin of the Pechora Basin.

5) Integrated analysis of  Barentsia, under-
lying the northwestern parts of the Bar-
ents shelf.

6) Quantitative modelling of  the evolution
and thermal regime of  the Pechora and
Eastern Barents Sea basins; comparison
with the central and southern Uralide
foredeep basins.

7) Acquisition of  selected new regional deep
seismic profiles both on- and off-shore
(CMP and wide-angle, comparable to
URSEIS), to obtain an image of  the crust
and upper mantle, permitting analysis
of  their response to a sequence of  con-
tractional and extensional events.
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The Caucasus forms a linear collisional

mountain belt, along the southern border

of  the East-European Platform, separating

the latter from the Arabian/Turkish plates.

In contrast to the mostly arcuate Alpine

belts, this Cenozoic orogen allows the study

of  a simple relationship between collision-

al kinematics and the geodynamic process-

es leading to the formation of  a foreland

basin. Since this relationship is relatively

well controlled, observed lateral variations

in the style of  the North Caucasus Fore-

deep Basin (NCFB) can be mainly related

to pre-existing (Mesozoic) crustal inhomo-

geneities, which determined the develop-

ment of the basins in different crustal con-

figurations. As such, this example of  sim-

ple kinematics offers a unique opportunity

to understand the birth and early evolu-

tionary stages of  foredeep basins and forms

the basis for comparison with different,

more evolved collisional belts and their fore-

lands.

The NCFB represents one of  the best natu-

ral laboratories for studying sedimentary

evolution in response to crustal and upper

mantle deformation. The EUROPROBE CAU-

CASUS Project focuses mainly on compara-

tive studies of  the evolution of  the basins

developing on the northern slope of  the

Great Caucasus, the analysis of  basin fill,

the relationships between deep and super-

ficial structures, the distribution of  palaeo-

and present-day stress fields and geody-

namic modelling. The application of  space

geodetic techniques will give rates of  hori-

zontal and vertical deformation in order to

provide boundary conditions for geodynam-

ic models.

The main goals of  the CAUCASUS Project

include:

1) Deciphering the tectonic history of  the

northern Caucasus by multidisciplinary

analysis of  the geological record of Ceno-

zoic sedimentary basins and their un-

derlying (and partly overthrust) crust.

2) Reconstruction of  the palaeostress and

strain regimes (kinematics and dynam-

ics).

3) Linking the present-day stress regime to

observed (geodetic) and palaeotectonic

vertical and horizontal movements

through geodynamic modelling.

4) Exploiting existing geological and geo-

physical data sets for quantitative mod-

elling of tectonic and tectono-sedimen-

tary processes.

5) Construction of  palaeogeographic maps

for the period of development of  the fore-

deep.

6) Redefinition of the crustal structure and

basement controls on sedimentary basin

development and deformation from ex-

isting geophysical data and definition of

targets for new deep seismic near-verti-

cal and wide-angle reflection surveys

across the western foredeep (Indola-Ku-

ban).

7) Comparative studies of  the evolution of

the NCFB and other foredeeps of  the

peri-Mediterranean region.

CAUCASUS
Geodynamics of Collision-Related Basins

by Riccardo Polino (Torino), Randell Stephenson (Amsterdam)
and CAUCASUS colleagues
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The Precambrian cratons are character-

ized by deep lithospheric roots; the latter

are apparent as geoid highs and as positive

velocity anomalies in global seismic tomo-

graphic images down to a depth of  200-300

km.  These roots are explained by a variety

of  hypotheses, ranging from cooling of  an

old lithosphere to chemical differentiation.

EUROPROBE’S KIMBERLITE project aims at

clarifying the origin and evolution of  the

deep cratonic lithosphere, combining geo-

chemical and petrological investigation of

xenoliths from kimberlites and basalts with

geophysical studies for definition and char-

acterization of deep structures.

Kimberlites and lamproites seem to be al-

ways related to thick Archaean and Palaeo-

proterozoic cratonic lithosphere. Their ages

are mainly Phanerozoic, but range back to

the Mesoproterozoic, eruptions occurring

often in relatively small areas over a long

time span. The magmatic rocks as well as

the xenoliths shed light on the mineralogi-

cal composition, fluid content and thermal

evolution of  the lithosphere and astheno-

sphere at depths down to at least 250 km.

Geophysical, especially different seismic

methods, are able to define structures in

the deep lithosphere, such as shear zones or

chemical layering, which may give clues to

the origin of  the lithospheric roots and kim-

berlite magmatism.

The Yakutian province in Siberia and the

KIMBERLITE
Structure and Evolution of Cratonic Lithospheric Roots

by Stephan Sobolev (Moscow, Strasbourg), Karl Fuchs (Karlsruhe)
and KIMBERLITE colleagues

Arkhangelsk province in northern Europe

are major kimberlite areas. The former of-

fers an outstanding data base of  xenoliths

and exceptionally detailed crustal and up-

permost mantle seismic data. The KIMBER-

LITE project therefore focuses on studies in

this area, exploiting existing and contrib-

uting new data. Highlights of  KIMBERLITE

studies include:

1) Reinvestigation of  the detailed seismic

images of  the crust and upper mantle,

showing azimuth-independent very high

velocities (8.8-9.0 km/s).

2) Exploitation of  very long-range seismic

profiles sourced by peaceful nuclear ex-

plosions (PNE), giving high resolution

information about upper mantle struc-

tures, including  the transition zone down

to c. 670 km depth, and characterization

of small scale heterogeneities in the scat-

tered wave fields.

3) Search for anisotropy (both structural

and mineralogical) in the upper mantle,

as an indicator of  processes in the lithos-

phere, asthenosphere and deeper levels,

by observation of  birefringence of  seis-

mic S-waves in broad band recordings.

4) Study of a large number of  diamondifer-

ous kimberlite and lamproite pipes,

which are commercially exploited, rang-

ing in age from 450 to 150 Ma, with

numerous crustal and mantle xenoliths,

derived from depths of  down to 250 km.
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Understanding the evolution of  the conti-

nental lithosphere through geologic time

is one of  the prime goals of  the Earth Sci-

ences. The joint efforts of  geoscientists dur-

ing the recent decades have revealed the

complexity of  the processes that have caused

the present structure and state of  the litho-

sphere-asthenosphere system. Precise

knowledge of structure and understanding

of  tectonic processes, however, are to a large

degree still limited to the crust. Plate tec-

tonic and global geodynamic models un-

derline the relevance of  upper mantle struc-

ture and dynamics for the evolution of  the

overlying structure.

The study of  the evolution of  the continen-

tal lithosphere-asthenosphere system in-

volves such intriguing questions as:

CONTRASTING SIGNATURES OF THE

LITHOSPHERE
Structure, composition and evolution of the continental lithosphere-
asthenosphere system

by Jörg Ansorge (Zürich), Hermann Zeyen (Uppsala)
and Deep Europe colleagues

1) How do mountain ranges form and lose

their roots?

2) Can a “normal cooling” history of  crust,

lithospheric mantle and possibly tectos-

phere be defined and if  so, what are its

characteristics?

3) What are the sources of  thermo-mechan-

ical events such as the rise of  mantle

plumes or the initiation of  rifting, sub-

duction and back-arc spreading, and what

are their effects on continental lithos-

phere in different evolutionary stages?

4) Are the geodynamic processes acting to-

day similar to those that have acted dur-

ing the Archaean and Early Proterozoic?

5) How does the continental lithosphere

grow and change its characteristics

through time?

INTAS
INTERNATIONAL ASSOCIATION FOR THE PROMOTION OF COOPERATION WITH SCIEN-

TISTS FROM THE INDEPENDENT STATES OF THE FORMER SOVIET UNION

The new call for proposals will be announced in mid December '96 (closing date

early April '97). EUROPROBE lithosphere partnerships are tailor-made for the

INTAS programme. So far, the GEORIFT, URALIDES, CAUCASUS and SVEKALAPKO

projects have been successful. Good luck in the new round!
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TIMING AND TECTONIC SETTING OF NEO-
GENE MAGMATISM IN THE PANNONIAN

BASIN AND CARPATHIAN ARC

Downes, H. (Dept of Geology, Birkbeck College, Malet St., London, UK)
Pecskay, Z. (Institute of Nuclear Research, Hungarian Academy of

Sciences, Ben tér 18/C, Debrecen, Hungary).

Introduction

Neogene magmatism in the PANCARDI region can

be broadly classified into two types (Szabó et al, 1992):

(a) an earlier phase of volcanism of calc-alkaline af-

finity, identical in its petrography and geochemistry

to subduction-related magmatic rocks from all over

the world; (b) a generally later phase of alkaline vol-

canism, which is extremely similar to the late Terti-

ary/Quaternary intraplate activity found elsewhere

in Europe (Wilson and Downes, 1990). In this report,

we will discuss the timing of this magmatism and

attempt to relate it to different stages in the tectonic

evolution of the PANCARDI region. For a more de-

tailed review of all aspects of PANCARDI magma-

tism, a Special Issue of the journal of the Italian

Volcanological Association "Acta Vulcanologica" (vol-

ume 7) has recently been published on this topic.

Areal distribution of PANCARDI magmatism

Fig. 1 shows the areal distribution of the volcanics as

compiled by Pecskay et al. (1995). A large volume of

the earliest volcanics is buried in the Pannonian and

Transylvanian Basins, although some outcrops also

occur around the edges of the basins. Much of this

material is highly siliceous acidic pyroclastic tuffs and

ignimbrites, which may have travelled far from their

source areas, and in general the precise source areas of

these deposits is unknown.

The main outcropping calc-alkaline volcanoes are

dominantly intermediate (andesitic) in composition

and form a generally arcuate chain in the Western

Carpathians, trending W-E from central Slovakia and

northern Hungary into eastern Slovakia (localities

11-21 on Fig. 1). In the Ukrainian Carpathians, the

trend of the chain becomes NW-SE and in the East-

ern Carpathians of Romania, NNW-SSE (localities

26-30). An exception to this geographic trend is the

calc-alkaline volcanism of the Apuseni Mts. situated

between the Transylvanian and Pannonian Basins.

The alkaline magmatism is equally widespread, oc-

curring sporadically across the whole of the region

from the Graz Basin to the Persanyi Mts. of the Tran-

sylvanian Basin.

The main regions of alkaline activity are on the north-

ern margin of Lake Balaton (locality 2) and in the

region of southern Slovakia/northern Hungary near

Nograd-Novohrad (locality 13).  However, alkaline

volcanics are absent in eastern Slovakia, Ukraine and

most of the Eastern Carpathians of Romania.  Alka-

line magmatism consists mostly of small basaltic cin-

der-cones and lava flows. Many of these primitive

basalts carry mantle-derived xenoliths (Downes et al.,

1992; Vaselli et al., 1995) which give us an insight

into the composition of the lithospheric mantle be-

neath the region.

Timing and tectonic setting of magmatism

Detailed and accurate geochronology is crucial to ena-

ble us to understand the relationship between mag-

matism and tectonic events. A first-order observation

is that the alkaline magmatism post-dates the calc-

alkaline eruptions throughout the area. Only at the

very southern part of the Eastern Carpathians are the

two types of magmatism contemporaneous. This clear-

ly indicates a strong relationship between magma-

tism and tectonic activity, i.e. calc-alkaline magma-

tism is related to collisional events, whereas the alka-

line type relates to extensional events.

Previous work had indicated that the age of the calc-

alkaline volcanism became progressively younger from

west to east around the Inner Carpathian arc. Recent-

ly, Pecskay et al. (1995) compiled and reviewed all of

the available geochronological data, based largely on

K-Ar age determinations (Fig. 2). Their remarkable

conclusion was that much of the age-trend was not

valid and, instead, acid magmatism began in several

regions 19 Ma ago, followed by the formation of an-

desitic stratovolcanoes along the Western Carapthian

arc at ca. 16 Ma. The majority of these calc-alkaline

volcanoes were extinct by 10 Ma, an age which coin-

cides with a major E-W compressional event in the

region, which Decker and Peresson (1995) suggest

was related to the entry of continental crust into the

subduction zone (i.e. cessation of subduction of ocean-

ic crust). Only in the Eastern Carpathians (from the

Gutii volcanic area to the south Harghita volcanoes)

do we see a significant age-progression along the chain
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Figure 1. Location and distribution of the Neogene-Quaternary igneous rocks in the Carpatho-Pannonian region showing the
volcanic areas.  1 = Inner Carpathian units; 2 = External Carpathian units; 3 = Acidic calc-alkaline volcanism: (a) outcropping,

(b) buried;  4 = Intermediate calc-alkaline magmatism: (a) intrusive outcropping, (b) stratovolcanic outcropping, (c) buried; 5 =
Shoshonitic magmatism; 6 = Alkali-basaltic volcanism; 7 = Ultrapotassic volcanism; 8 = Potassic trachytic magmatism; 9 =
Number of areas and regions corresponding to number in Fig. 2.

from 10 Ma in the north to 0.2 Ma at the southern end

of the chain. The age-progression along the Calima-

ni-Gurghiu-Harghita segment of the East Carpathian

chain is very striking.

The tectonic significance of this result is that, if sub-

duction is responsible for the calc-alkaline magma-

tism, then the subducted slab first reached the re-

quired depth for magma generation of 100-120 km

(the "magma generation window") simultaneously

beneath the whole of the Western Carpathians be-

tween 19 and 16 Ma ago, and ceased to generate calc-

alkaline magma after only 6-9 Ma had passed. In

contrast, the slab which subducted beneath the East-

ern Carpathians must have reached the magma gen-

eration window at a progressively later and later time.

Another striking feature revealed by Fig. 2 is that the

oldest extension-related alkaline magmas (black shad-

ing on Fig. 2) are about 9-11 Ma old and were erupted

just as the calc-alkaline magmatism was waning. From

this we can conclude that we have a "switch" from a

tectonic regime dominated by collision to one domi-

nated by extension at this time. After this, alkali

basalts occurred sporadically both in time and place,

until the eruption of the youngest flow (Nova Banya

in central Slovakia) which overlies a post-glacial river

terrace. These magmas may be related to a wide-

spread upwelling of the asthenospheric mantle be-

neath Europe (Hoernle et al., 1995). If this is the case,

then they could not be erupted from the upwelling

asthenosphere until after the subducting slab had be-

come detached and had sunk into the asthenosphere.

Such "slab window" alkali basalts have been observed

in other regions of the world when a subducting slab

has been detached.
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Figure 2. Distribution of volcanic activity in space and time in the Carpatho-Pannonian region. Symbols for different rock-types
are the same as in Fig. 1. The thick line at 10Ma represents the Late Miocene compressional event (Decker and Peresson, 1995).

b = calc-alkaline basalts; ba = calc-alkaline basaltic andesites; A-D = palaeomagnetic marker horizons which signify short
intervals of drastic changes in orientation (rotation) with respect to north in those areas where such horizons are indicated. A
represents a clockwise rotation; B-D represent anticlockwise rotations.
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Current debates and unanswered questions

The general features outlined above are largely ac-

cepted by the volcanological and petrological commu-

nity working in the region. However, some disagree-

ments still exist. For example, Ukrainian and Roma-

nian colleagues have pointed out that tectonic events

such as nappe emplacement and thrust faulting had

ceased in the Eastern Carpathians long before the

onset of magmatism. Thus, they argue, the calc-alka-

line magmatism of the Eastern Carpathians cannot

easily be related to subduction. Our response is that it

will take a finite time for a subducted slab of oceanic

crust to reach the temperature and depth of the mag-

ma-generation window; this could account for the gap

between the cessation of tectonism and the onset of

magmatism. The time interval between the begin-

ning of subduction and the arrival of the subducting

slab in the magma generation window will be a func-

tion of the angle of subduction and the rate of subduc-

tion. In fact, if subduction is very shallow, as occurs in

some parts of the Andes, magma generation may not

occur at all. In the Eastern Carpathians we see a

remarkably narrow volcanic zone and fast progressive

movement of volcanism, indicating that the period of

time which the slab spent in the magma generation

window was short. This in turn suggests that the piece

of oceanic crust which was subducted was of small

dimensions. Slab detachment in the Eastern Carpathi-

ans may have followed the arrival of unsubductible

continental crust of the Tornquist zone or East-Euro-

pean Platform at the trench around 10 Ma ago (Deck-

er and Peresson, 1995).

Another unsolved problem is the origin of the wide-

spread acidic magmatism which is the earliest mag-

matic feature of the region. Although most workers

suggest that the source volcanoes were situated to the

N and NE of these basins, in the Western Carpathian

arc, the precise relationship between the stratovolca-

noes and the pyroclastic deposits is unknown, par-

ticuarly as the pyroclastics appear to pre-date most of

the stratovolcanoes. It has also been suggested by

Slovak colleagues that many of the widespread inter-

mediate and acidic volcanics of the Western Car-

pathians are not directly related to subduction, but

may be more closely linked with some other major

tectonic process such as lithosphere delamination, in

which hot asthenosphere is brought into direct con-

tact with the base of the crust, heating it and causing

melting. Such hypotheses can be tested using isotopic

and other geochemical methods on the earliest prod-

ucts of the acidic magmatism.

Conclusions

In the past few years, before and since EUROPROBE

became interested in the PANCARDI region, research-

ers from all of the PANCARDI countries have been

engaged in joint collaboration both among themselves

and with colleagues from the UK, Italy and the USA.

Numerous projects on individual volcanic regions have

been undertaken and many publications have result-

ed. Now, however, we are at a point where we have a

large amount of geochronological, geochemical and

volcanological data which must be synthesised into a

tectonomagmatic framework. We should be asking

ourselves "what is the tectonic significance of our

results?" and "how do our results fit into the larger-

scale picture of tectonomagmatic processes in the PAN-

CARDI region?" Only in this way will we be able to

move forward to achieve a greater understanding of

the relationship between magmatism and tectonics in

this region.
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Figure 1.- Granite batholiths and large-scale shear zones in

the Central Urals. Crosses: continental-type batholiths. Dot-
ted: subduction-related batholiths. Horizontal lines: the
Verkhisetsk batholith.
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 Introduction

The Uralian orogen has abundant Hercynian granitic

rocks, organized in medium-sized batholiths with a

section either roughly circular or, more commonly, N-

S elongated. Urals granitoids show strong W-E polar-

ity, from subduction-related batholiths in the accret-

ed terrains in the West, to continental-type batholiths

in the East (Fershtater et al., 1994; Fershtater et al.,

1997). Subduction-related batholiths are formed by a

wide variety of granitoid facies which have extraordi-

narily complex field relationships due to repeated

episodes of melting and intrusion. The existence of

multiple intrusion pulses clearly separated in time,

together with the close spatial relationship with the

Main Uralian and Serov-Mauk faults (sutures) as well

as with other large-scale shear zones (Fig. 1) make

these batholiths potentially useful markers for unrav-

elling the tectono-magmatic evolution of the Urals. A

presentation (Bea et al., 1997) at the EUROPROBE URAL-

IDES-VARISCIDES meeting in Granada (April 1996) de-

scribed the petrogenesis of Verkhisetsk, the largest

and one of the most complex subduction-related batho-

liths in the Central Urals, as a tool to obtain insight

into the tectono-magmatic evolution of the Urals col-

lisional orogen. The most important conclusions are

summarized here.

The Verkhisetsk batholith

The Verkhisetsk batholith, c. 100 km long and c. 25

km wide, is elongated N-S ( Fig. 2), and located be-

tween the Serov-Mauk (in the west) and Ekaterin-

burg (in the east) shear zones; it intrudes middle

Palaeozoic metavolcanic rocks. In general, the

Verkhisetsk batholith comprises an outer envelope -

composed of older, coarse-grained, strongly deformed

tonalites, trondhjemites and granodiorites with Rb-Sr

ages of 315-320 Ma - intruded by an inner core com-

posed of younger (Rb-Sr ages of 285-275 Ma), fine-

grained, undeformed granodiorites, adamellites and

granites. The younger intrusions frequently contain

rounded and partially assimilated enclaves of older

rocks and usually have sharp intrusive contacts with

the latter, although gradational contacts and migma-

tite-like relationships are also common.

Older intrusions crystallized at c. 6 kb and have a

chemical composition similar to that of high-Al TTG/

adakite, with positive εt
chur

(Nd) and initial 87Sr/86Sr

GENERATION AND EVOLUTION OF SUB-
DUCTION-RELATED BATHOLITHS FROM THE

CENTRAL URALS: CONSTRAINTS ON THE

P-T HISTORY OF THE URALIAN OROGEN

Bea, F. 1, Fershtater, G. 2, Montero, P. 1, Smirnoff, V. 2, Zin'kova, E. 2

1: Department of Mineralogy and Petrology. Campus Fuentenueva. Univ.
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Figure 2.- Geological sketch of the Verkhisetsk batholith.
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less silicic younger intrusions is indistinguishable from

that of older suite with similar silica content, proba-

bly due to insignificant melt-restite segregation. The

composition of the more silicic younger intrusions,

however, becomes increasingly potassic and peralu-

minous as silica increases. This effect could be due

either to low-pressure magmatic differentiation of

anatectic melts, involving amphibole fractionation, or

by the segregation of low melt-fraction magmas with

Q-Or-Ab compositions near the "ternary minimum",

these being enriched in alumina by the effect of

reequilibration of restitic amphibole at lower pres-

sure. The great abundance of dykes and the homoge-

neous undeformed fabric of the younger intrusions

indicate that they were generated during an exten-

sional episode.

Regional implications

1.- Elevated thermal regime in the subducted slab
The thermal regime, inferred above for the genera-

tion of the older magmatic suite, implies a tempera-

ture of c. 1000 ºC at c. 50 km depth, corresponding to a

"warm" geotherm of c. 20 ºC/km. Several authors

have shown that the temperature/depth trajectory in

a subduction zone depends mainly on the age of the

incoming lithosphere, the amount of previously sub-

ducted lithosphere, the vigour of convection in the

mantle wedge induced by the subduction slab, the

convergence rate and, to a lesser extent, the existence

of high rates of shear stress (Peacock, 1990; Cloos,

1993; Peacock et al., 1994). According to these au-

thors, such a "warm" thermal regime may be caused

ratios c. 0.7043; these characteristics suggest that they

crystallized from magmas produced by partial melt-

ing of metabasalts at a depth of c. 50 km. They show a

marked west to east magmatic polarity, with an in-

crease of Mg number, Cr and Ni contents (Fig. 3) and

LREE/HREE fractionation (Fig. 4). This asymme-

tric zoning, as well as the close spatial relationship to

the Serov-Mauk suture, clearly favours the idea that

they were derived from a subducted slab of oceanic

lithosphere.

The pronounced lateral zoning of the Verkhisetsk

batholith gives further information about melting

conditions. The low LREE/HREE fractionation of

western magmas suggest that they did not leave gar-

net as a residual phase, whereas eastern magmas did;

therefore, the garnet-in univariant marked the bound-

ary between their respective generation loci within

the subducted slab. Recent experimental work on de-

hydration melting of metabasalt (Rapp and Watson,

1995; Wyllie and Wolf, 1993) (Fig. 5) indicates that at

1000 ºC the garnet-in univariant is placed at 13 kb

approx., and that just below this univariant and inside

the amphibole stability field, the melt fraction at

1000-1050 ºC is as high as 25-30%, sufficient to per-

mit melt segregation (Rushmer, 1995; Wolf and Wyl-

lie, 1995). We therefore suggest that the melting con-

ditions for the "Western" intrusions were near 1000-

1050 ºC and 12-13 kb, at slightly lower pressure than

the garnet-in univariant (Fig. 5). Given the close

spatial relationships and similar age, the "Eastern"

magmas were obviously generated on the same geo-

therm, but at slightly higher pressure than the gar-

net-in univariant, near 1050-1100 ºC and 13-14 kb

(Fig. 5). The differences in Cr,

Ni, and Mg contents suggest

that the intensity of the mag-

ma-mantle interaction in-

creased eastwards (see Drum-

mond et al., 1996), thus indi-

cating that the temperature of

the asthenospheric wedge

above the melting slab also in-

creased, which is consistent

with the hypothesis that the

depth of magma generation in-

creases towards the east.

The younger intrusions of the

Verkhisetsk batholit were

equilibrated at c. 4 kb. The ex-

istence of migmatite-like struc-

tures as well as the abundance

of enclaves of older rocks with

different stages of assimilation

indicate that these intrusions

were produced by anatexis of

older rocks. Major-, trace-ele-

ment, and isotope geochemis-

try also support this interpre-

tation. The composition of the
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by two mechanisms that are not mutually exclusive:

the subduction of young lithosphere, or highly ob-

lique convergence involving slow subduction and high

shear stresses. The geometry of large-scale shear zones

in the central Urals (Fig. 1) suggests that oblique

convergence existed but, according to available nu-

merical modelling of shear heating (Peacock et al.,

1994), it is unlikely to have produced temperatures of

c. 1000 ºC at 12 kb by itself. We therefore suggest that

the inferred thermal regime for the Verkhisetsk mas-

sif also required the subduction of a young lithos-

phere, which might have been generated by back-arc

spreading during the early Carboniferous stages of

the Urals collision (Fershtater and Bea, 1996).

2.- The significance of the melting event at 275-
290 Ma
Granites with an age of 275-290 Ma are extraordinary

abundant throughout the Urals. In the hinterland,

most major batholiths appear to be of this age. 207Pb/
206Pb single zircon grain dating of the Dzyabyk mas-

sif, for example, gives an age of 292 Ma (unpub-
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lished). Reported Rb-Sr ages for Mochagui, Murcin-

ka, etc. are in this range (see compilation in Fershtat-

er et al., 1994). In the western part of the massif,

where subduction-related batholiths predominate, the

melting event at 275-290 Ma is represented by the

partial melting of older batholiths and the appear-

ance of younger rocks as described above for Verkhiset-

sk.

The interpretation of this melting event is not clear.

On the one hand, the small pressure variation record-

ed by Verkhisetsk rocks (from 6 kb to 4 kb) precludes

decompressional melting. On the other hand, the low

amount of heat-producing elements in the Urals crust

(Fershtater et al., 1997, and unpublished data) also

precludes melting related to the accumulation of ra-

diogenic heat in an overthickened crust. It seems there-

fore that the melting event at 275-290 Ma required an

input of energy from below. One key point for under-

standing in what way the heat for melting was sup-

plied to the lower crust could come from the fact that

the depth of the Moho beneath the Urals is currently

placed at c. 50 km (Thouvenot et al., 1995). Since we

cannot expect the Urals island-arc crust to be signifi-

cantly thicker than recent island-arcs (20-30 km, Tan-

imoto, 1995), it is logical to suppose that the Urals

crust grew from the Moho downwards, with the most

feasible mechanism being repeated underplating by

mafic magmas. Once heat was available, the fertile

nature of the eastern crust - with a significant quartzo-

feldspathic component - produced abundant conti-

nental-type granite batholiths. In the west, the low

fertility of the western crust - mostly formed by meta-

basalts - restricted the generation of younger granites

to the reactivation of former batholiths.
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EUROPROBE SUMMARY REPORT TO ESF 1996

EUROPROBE is a Lithosphere Dynamics programme, concerned with the origin and evolution of the Conti-

nents. It was conceived and has grown within the International Lithosphere Programme and, since 1992, has

been supported by the European Science Foundation. This major venture of European geoscientists is focused

on, but not confined to Europe. It is dedicated to carrying out a new generation of major projects that will
improve our understanding of the tectonic evolution of the Earth´s crust and mantle, and the dynamic
processes that controlled this evolution through time.
The character of the crust is very different in eastern and western Europe, with a stable ancient platform

dominating the east and younger mobile belts in the west. Geophysical probing has shown that these

differences extend through the lower crust and deep into the mantle. These contrasted signatures of the

lithosphere have set the scene for many new ventures in the solid earth sciences.

Ambitious projects to investigate the whole lithosphere require close collaboration of geologists, geophysicists

and geochemists and multinational cooperation. The interplay of modelling and theory in partnership with

field studies is central to EUROPROBE. The application of state-of-the-art technology is vital. To meet this

challenge, EUROPROBE receives support from the European Science Foundation for a workshop programme to

define, develop and implement a wide range of major interdisciplinary projects; these reach in space across

Europe from the Ural Mountains to the Iberian Peninsula and in time from the Archaean to the Present.

EUROPROBE is driven by a combination of two priorities - scientific excellence and East-Central-West European

collaboration. This recipe has been anchored in partnerships, first and foremost between individual scientists,

but also between geoscience institutions. The EUROPROBE programme has been promoted by a growing spirit of

cooperation in Europe; without this, it would have been impossible to overcome the barriers of language and

tradition that have hindered communication in past decades. For geoscientists, direct access to the tectonic

phenomena is essential; the political changes of the last decade in Europe have greatly expanded the range of

possible targets.

Although EUROPROBE research focuses on fundamental geodynamic processes and appeals to our fascination for

planet Earth and its origin and place in the universe, the programme has considerable practical application.

The tools we develop and use are the same as those required for seismic hazard mitigation, natural resource

exploration, toxic waste disposal and many other practical things essential for management of a sustainable

environment. Several of the EUROPROBE projects have direct relevance to societal needs, ranging from earth-

quake prediction in the Vrancea Zone in Romania to mineral exploration in the Urals and Kola Peninsula and

hydrocarbons in the Donets and Pechora Basins.

EUROPROBE´s ESF programme has now been running for nearly five years. Thirty-six workshops in eighteen

countries have generated a wide range of collaborative research. During 1996, EUROPROBE has held six

workshops for communicating the results of the interdisciplinary research:-

URALIDES and IBERIA Granada, Spain March 23rd-29th

TESZ Ksiaz, Poland April 10-17th

EUROBRIDGE Oskarshamn, Sweden June 8-15th

PANCARDI Lindabrunn, Austria September 23rd-29th

GEORIFT/CAUCASUS Gurzuv (Yalta), Ukraine November 1st-5th

SVEKALAPKO Lammi, Finland November 28-30th

1995 witnessed the first of EUROPROBE´s major coordinated ventures, the URALIDES project´s seismic transect

through the southern Urals (URSEIS), with Russian, German, American and Spanish partners. Several of

EUROPROBE´s projects have support from INTAS (the International Association for the Promotion of Coopera-

tion with Scientists of the former Soviet Union) and other EU related programmes. Many PhD and Post-Doc

projects are involving the younger generation, laying the foundation for East-West collaboration in the years to

come.

A presentation of EUROPROBE research is in press, providing a comprehensive overview of on-going activities. It

has been prepared at the Europrobe Secretariat in Uppsala, based on presentations by leaders of the projects and

other associated scientists. EUROPROBE science now involves many hundreds of geoscientists from twenty-six

European countries; the programme is promoting research that will last well into the next century.

D. G. Gee

Chairman, Europrobe Scientific Steering Committee



EUROPROBE workshops and meetings in 1997

TIMPEBAR St. Petersburg February 12-16th

EUG Strasbourg March 23rd-27th

DEEP EUROPE (KIMBERLITE) Moscow April 17th-20th

(with NATO workshop on Upper Mantle Heterogeneities) April 13th-16th

EUROBRIDGE Vilnius June

IASPEI Thessaloniki August 18-29th

URALIDES Moscow Autumn

TESZ Potsdam end October

GEORIFT Zürich Autumn

PANCARDI Krakow October 19-24th

SVEKALAPKO Finland end November


