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Preface 

This technical report has been initiated, compiled and edited until March 1994. Its 
objective was to collect the existing geoscientific database and state of the art on the Uralides. 
It serves as a platform for financial and operational decisions by national and international 
funding agencies on the URSEIS95-project (Urals Reflection Seismic Experiment and 
Integrated Studies) under the EUROPROBE umbrella. 

The German DEKORP2000 (GFZ Potsdam), funded by BMBF, decided to operate this 
project in June 1994. Until November 1994, the COCORP project (Cornell University, 
U.S.A), funded by NSF, and CICYT (Barcelona, Spain) got funding to join a western 
consortium on the operation ofURSEIS in 1995. Until the end of 1994, a Russian consortium, 
funded by ROSGEOLCOM, was built under the leadership of SPETSGEOFISIKA (Moscow), 
integrating the BAZHENOV Geophysical Expedition (Sheelite, Ekaterinburg), 
BASHNEFTEGEOFISIKA (Ufa) and the GEON institute (Moscow). 

All partners in the project join forces in financing, acquisition, processing, interpretation 
and publishing the results of the seismic experiment. The field parameters of the experiment 
(chapter VI) have been slightly modified in the meantime and include the Vibroseis source 
technique. The field campaign is scheduled for May-September 1995. The interdisciplinary 
studies (chapter Vll) have been approved by the E.C. in the frame of the INTAS-programme 
(International Association for the Promotion of Cooperation with Scientists from the 
Independent States of the Former Soviet Union). in October 1994 and started their operational 
phase. 
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Glossary 

Bazhenov Geophysical Expedition, Sheelite (Department of 
UralGeolCom, Ekaterinburg) 
Bundesanstalt fur Geowissenschaften und Rohstoffe (German 
Geological Survey, Hannover) 
British Geological Survey 
Bundesministerium fur Forschung und Technologie (Federal 
Ministery for Research and Technology, Germany) 
Common Depth Point 
Centre Nationale de Recherche Scientifique (France) 
Continental Consortium of Reflection Profiling (U.S.A) 
Deutsches Kontinentales Retlexionsseismisches Programm (Germany) 
Deutsche Forschungsgemeinschaft (German Science Foundation) 
Deep Seismic Sounding 
Etude Continentale par Reflection Sismique 
European Geotraverse 
European Science Foundation 
Swedish-Russian reflection profile in the Urals 
Centre of Regional Geophysical and Geoecological Research 
Institute of Studies of the Continents, Cornell University 
Institut Nationale des Sciences de l'Univers 
GeoForschungsZentrum Potsdam, Germany 
Global Positioning System 
Kontinentales Tiefbohrprogramm (German Continental Deep Drilling 
Program) 
Main Uralian Fault 
Nationales Forschungsprogramm 20 (Swiss Special Research Programm 
20) 
New Independent States 
National Research Council of Sweden 
National Science Foundation (U.S.A.) 
Peacefull Nuclear Explosions 
Russian Academy of Sciences 
Russian Geological Committee 
Two-Way Traveltime 
Uralian Geological Committee 
United Kingdom 
Ural Wide-Angle Reflection Seismics, 1992 
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Executive Summary 

Objectives 

The study of the Urals forms a key project ofEUROPROBE, an ESF scientific 
programme, designed to unravel the tectonic evolution of Europe. EURO PROBE is building 
on the co-operation between geoscientists from eastern and western countries, it is a 
multidisciplinary program to address the crustal structure and orogenic evolution of the Uralide 
orogen. A key element is the acquisition of a modern, multichannel deep seismic reflection 
profile across the orogen, complemented by seismic wide-angle and other special 
measurements. The geophysical and geological problems to be studied by EUROPROBE in the 
Urals include: structure of the Urals at crustal and lithospheric scale and tectonic evolution, 
drift history of the continents involved in the collision, evolution of the root, neotectonics. 

The'Uralide orogen was formed at the eastern margin of the East-European craton 
between Cambrian and Permo-Triassic times with a complex accretionary history including 
ocean formation, oceanic subduction and volcanic arc building, obduction of oceanic crust and 
final collision of arcs and micro-continents. The Urals are central to our understanding of 
Paleozoic lithospheric dynamics and provide an exceptional opportunity to test alternative 
concepts of orogenic evolution. In spite of the striking similarities with the Appalachians, 
Caledonides and the V ariscides, the Urals are distinct from other Paleozoic orogenic belts in a 
number of important aspects. Uralian features of special interest are: ( 1) the existence of a 
crustal root that reaches down to 60 km; (2) the extremely low terrestrial heat flow which 
represents a unique feature in the world (3) the preservation of ophiolites and volcanic-arc 
assemblages, and their associated ore deposits; ( 4) the preservation of high P - low T 
(glaucophane schist facies) and high P - high T ( eclogite facies) metamorphic rocks along a 
suture zone some 2000 km long; (5) the existence offoreland and hinterland basins (including 
the Timan-Pechora and West Siberian) that contain some of the world's largest hydrocarbon 
reserves; ( 6) the apparent subordinate role of syn- or -post-collisional collapse. Along with 
these pecularities, the Urals also contain the largest variety of metallic and non metallic ore 
bodies of the world. 

The proposed deep seismic profile will image the structure of the orogen, help to 
unravel the tectonic evolution and discriminate between different tectonic models. The 
geometry of the crustal architecture is the primary input to quantify orogenic processes and to 
restore the crustal pathways. The objectives of the proposed project is to unravel the structural 
geology and tectonic models by imaging of(l) the crustal root, (2) the Main Uralian Fault and 
crustal shear zones, (3) magmatic bodies in the Hinterland, (4) the East-Uralian/Trans-Uralian 
Fault, (5) the East-European craton and Foreland basins, (6) Mantle structures, (7) Recent 
Tectonics and seismicity and (9) the gravity, geomagnetic and geoelectric anomalies of the 
crust. 

Initial Studies 

The existing geological and' geophysical data relevant to the Urals and adjacent areas 
were reviewed at two EURO PROBE workshops jointly by groups of western and eastern 
experts: Sheelite/Zarechny (near Ekaterinburg), May 6-12th, 1992 and Oviedo (Spain), March 
7-l 6th, 1993. Massive data exchange evolved from these workshops, in particular with respect 
to geological mapping and existing seismic datasets. 
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The Urals were the site of extensive deep refraction profiling by the N.I.S. institutions 
in the past. The Urals were also selected for one site (SG-4) of the Superdeep Drilling Program 
of the N.I.S. 

A teleseismic experiment (UW ARS92) including controlled off-line source shotpoints 
on a 600 km long line across the middle Urals was performed in 1992 by the University of 
Grenoble, the GEON centre Moscow and the Bazhenov Geophysical Expedition (BGE) 
Sheelite. The data confirmed the existence of the crustal root beneath the Urals. 

Reprocessing of selected seismic reflection lines has already been performed by the 
universities ofUppsala and Cornell with positive results. 

The Bazhenov Geophysical Expedition in Sheelite and the GEON centre in Moscow 
were equipped in 1993 with modem seismic processing facilities by the University ofKarlsruhe 
and the GeoF orschungsZentrum Potsdam for future field quality control and data exchange, 
and for digitization, processing and archiving of superlong-range profiles (PNE), respectively. 

A 60-km-long reflection line (ESRU93) was acquired close to the Superdeep Drilling 
Site SG-4 in 1993 by the Uppsala University and by the Bazhenov Geophysical Expedition. 
The Main Uralian Fault and the foreland thrust belt were clearly imaged down to 10 km depth. 

Joint geological investigations are in progress by the GeoForschungsZentrum Potsdam 
and other European partners, UralGeolCom and the Urals branch of the Russian Academy of 
Science. Petrologists from Oviedo and Granada have been involved in collaborative research 
with petrologists from Ekaterinburg since 1987. Others, involving West-European and Russian 
institutions are in the planning phase. 

Organization 

Discussions between eastern and western scientists concentrated on two transects 
crossing the Ural Mountains in E-W direction. The present program is concentrated towards 
the Southern Urals at latitude 53° (referred to as the Southern Transect), near Magnitogorsk. 
The framework of this EUROPROBE venture will consist of a number of nationally and 
internationally operated an4 financed projects, in close partnership with corresponding N.l.S. 
institutions. EUROPROBE, represented by the URAL working group, will coordinate these 
contributions. 

The DEKORP and the COCORP programmes are suggested to be the major 
contributors, which will focus on the southern transect. It is expected that DEKORP
COCORP will be responsible for field acquisition and data processing of the 500-km-long 
near-vertical reflection profile. Field acquisition will be performed by a commercial contractor, 
preferrably by a joint East-West venture using state-of-the-art techniques, selected after 
calling for tenders. 

Complementary measurements (piggy-back experiments, e.g. wide-angle profiling for 
velocity control, crossline measurements for 3D control, three-component measurements for 
shear-wave studies, geological studies) will be conducted by different research groups, e.g. the 
Universities ofUppsala, Cornell, Karlsruhe, Glasgow, Grenoble, Oviedo, the GFZ Potsdam, 
the GEON centre Moscow, the BGE Sheelite. It is suggested that these research groups apply 
for at their corresponding national funding agencies. Furthermore, in order to continue the 
survey initiated by the Uppsala and Sheelite groups in 1993, individual contributions also 
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include seismic measurements and other activities on the Northern Transect (58°) across the 
superdeep drillsite SG-4. 

Summary 

The Ural Mountains of central Russia separate the ancient core of Europe, the East 
European Craton, from the more easterly terranes of Siberia and Kazahkstan. Together with 
the Caledonian, Appalachian and V ariscian orogenic belts, the Urals compose the Paleozoic 
framework of the old craton. Todays Mountains are largely a Tertiary feature. The Uralide 
orogen extends far eastwards, forming the basement of the Mesozoic hydrocarbon bearing 
formations of the West Siberian Basin. 

The 3000 km long mountain belt is a unique natural laboratory with many key features 
that are important for our understanding of Paleozoic collisional orogeny. Comparison of the 
Uralides with the other related Paleozoic orogens will provide new insight into the processes 
of pre-Mesozoic plate tectonics. The existing database indicates the Urals are remarkable for 
their preservation of a continental root, the orogen having apparently suffered less post
orogenic collapse than most other Paleozoic mountain belts. Nevertheless, extension must have 
contributed significantly to the preservation throughout the belt of some of the world's most 
complete ophiolites and island-arc volcanic suites (along with associated mineralizations), 
juxtaposed over very high-P blueschists and eclogites. 

Other Paleozoic orogens have been re-equilibrated to normal crustal thicknesses during 
late- to post-orogenic processes. Such mechanisms of uplift and extension are also 
demonstrated in young orogens (e.g. Himalaya, Alps). The existence or appearant preservation 
of a thickened crust beneath the Uralides represents a fundamental problem in the 
understanding of orogenic processes. 

The young history of the Urals, following extensive Mesozoic transgression and 
erosion, is of particular interest in view of the reportedly high (2mm/yr) uplift rates and 
widespread evidence of Tertiary (Recent?) tectonism. Historical seismicity is reported to be 
concentrated to the Middle Urals, apparently related to a compressional stress regime. 
Establishing the relationship of the crustal roots to deep structures in the subcrustal lithosphere 
and asthenosphere and understanding the development of these major structures in time is 
fundamental for full interpretations of the dynamic evolution of the Urals. 

A wide range of new interdisciplinary investigations of the Uralide orogen are proposed 
here in the form of a collaborative European-American initiative, the scope of which has never 
been previously attempted for the continental lithosphere. Geoscientists from institutions all 
over Europe will work together with N.I.S. colleagues on key aspects of the mountain belt. 
COCORP-DEKORP type deep seismic reflection (CDP) profiles across the Southern Urals are 
a key experiment for relating shallow to deep structures. 
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I Introduction 

The Uralide Orogen at the border between Europe from Asia, separating the ancient 
Archean and Proterozoic crystalline basement of the East European craton from the Paleozoic 
terranes of Western Siberia and Kazakhstan. It stretches from the high Arctic ofNovaya 
Zemlya, 3000 km southwards to near the Arai Sea and then swings eastwards into the 
mountains of Tien Shan and western China. The long linear physical expression of the Ural 
Mountains results from Tertiary and Recent Uplift. This apparent simplicity masks a period of 
extensive peneplanation in the Mesozoic, including Cretaceous marine transgression; much of 
the previous complexity of Mid-Late Paleozoic collisional orogeny is hidden beneath the latter. 
The hinterland of the Uralides extends far eastwards into Asia, forming the basement to the 
vast hydrocarbon-bearing successions of the west Siberian Basin. 

The Urals play an important role for our understanding oflithosphere dym,Jnics in the 
Paleozoic. Together with the Caledonides in the northwest and the Variscides in the southwest, 
the Uralides frame the East European craton (Fig. 1 ). Paleozoic orogeny welded together the 
main structrual elements of the European lithosphere. The tectonic analyses of the Uralides, 
proposed here, will allow comparison with the Caledonian-Appalachian-Variscan system, 
throwing new light on processes of early-mid Phanerozoic plate tectonics. 

The Urals are undoubtedly one of the best preserved Paleozoic orogens in the world. 
Whereas most others have been disrupted by Mesozoic extension and fragmented by the 
opening of younger ocean basins (e.g. in case of the Appalachians and Caledonides ), the 
Uralides have remained intact. Various features are of particular interest. The orogen is 
remarkable for the ·preservation of ophiolites and volcanic island arc assemblages and their 
associated mineralization. The suture zone separating these eugeoclinal rocks from the margin 
of the East European craton is characterized by a belt some 2000 km in length where very high 
PIT (glaucophane schist - eclogite) metamorphic rocks are preserved. The foreland and 
hinterland basins contain some of the world's largest hydrocarbon reserves. 

The deep structure of the Urals is of particular interest. Several deep seismic sounding 
(DSS) profiles, crossing the orogen, provide evidence for the existence of a Moho depression 
down to 60 km (Fig.2). Its relative position with regard to the morphologic expression of the 
Urals is a key for further understanding. Heat flow is reported to be unusually low (<30 
mW/m2), supporting the concept of a thick, non-radiogenic anomalous Uralide lithosphere. 
The Moho root may be related to Paleozoic collision or Tertiary and Recent uplift or both. 
Neotectonic features are numerous: present uplift rates are estimated at 2 mm/year, with a 
concentration of historical seismicity in the Middle Urals (Ekaterinburg- Chelyabinsk areas). 

Understanding of the orogen - its collisional history, Mesozoic erosion and Tertiary 
inversion depends fundamentally on our ability to relate upper crust to deep lithosphere 
structure, to analyze geological relationships at the surface and relate them to processes at 
depth. 

This research proposal presents a variety of research targets that are central to our 
understanding of the Uralides. The structural analysis requires the application of deep 
reflection seismic profiling, using state-of-the-art technologies; this experiment provides the 
core of the Uralide program. Interpretation of lithosphere structure and its evolution in time 
will rest on a variety of other geological and geophysical investigations, complementary to the 
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reflection seismic profiling. These are identified in this proposal as individual research 
objectives. 

II Background 

The evolution of orogenic processes is a key problem in geosciences. Combining 
geological studies of surface structures and deep reflection seismic profiling is essential for 
quantifying lithospheric processes by investigation of structures, physical properties and 
composition. 

Developments within the former Soviet Union over the past five years have led to a 
new openness and enthusiasm on the part ofN.I.S. scientists for collaboration with western 
colleagues. At the same time, we are faced with an unprecedented opportunity to integrate an 
entire continent, amounting for one sixth of the global continental landmass, into a modern 
plate tectonic context. Many geologic and tectonic features of the former Soviet Union are 
obvious targets for investigation, but the Ural Mountains, defining the boundary between the 
two main continental masses of the East European and the Siberian cratons, stand out as one 
of the most impressive tectonic elements of the continental interior. 

The Uralide science plan, presented here, is a collaborative European-American 
initiative, on a scale never previously attempted for the continental lithosphere. The program 
has been defined at workshops and other meetings where N.I.S. scientists, american and 
european scientists have examined the existing Uralide database and planned the new work. 
Agreements on collaboration between EUROPROBE, INSTOC (Institute for the Study of the 
Continents), ROSGEOLCOM (Russian State Committee for Geology) and RAS (Russian 
Academy of Sciences) have provided the foundation for this new initiative. 

Designing the new work involved analysis and reprocessing of specific sets of existing 
data, both geological and geophysical, and several bilateral and multinational programmes are 
underway, financed by national and international agencies (ESF, NSF,DFG, BMFT, COCORP, 
GFZ, INSU, NRCS). Geological field investigations, teleseismic measurements for studies on 
a lithospheric scale and a short seismic reflection profile in the Middle Urals, as well as 
reprocessing of previously acquired data have shown promising results (confirmation of the 
root, existence oflarge scale shear zones) and the need for a new large experiment. 

. Two EUROPROBE workshops, one in Sheelite (near Ekaterinburg, Russia) and the 
other m Perlora (near Oviedo, Spain) have been of particular importance, both sponsored by 
the E?ropean Science Foundation, through the EUROPROBE program. The meeting at 
Sheelite (May 1992) provided an extraordinary opportunity to examine and discuss the latest 
~ork on.the orogen with experts in Geophysics, Geology and Petrology from the N.I.S. The 
information base today is broad and accessible. For instance, no orogen in the world is covered 
by potential field data (magnetic and gravity) in such detail as the Uralides: these data are 
essential for regional structural analysis. The collaborative program presented here is 
dependent for its success on the open exchange of existing data; this is now accomplished in 
the area of the experiment. 

During the months following the Sheelite workshop Uralide experts augmented the 
gen~ral information base by preparing summaries ofUralide geology (Appendix A,B,C) and 
detailed compilations of southern and middle Urals transects. The second EUROPROBE 
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workshop in Perlora (March 1993) analyzed this database in detail; the in-depth discussion that 
followed provided the basis for the formulation of the plans presented here. 

Fig. 1: Sketch tectonic map of the continents in late Paleozoic time, showing the spatial 
relationship of Paleozoic orogens during formation of the Pangean supercontinent, and the 
location of the Ural Mountains in particular. Of these orogens, only the Urals have remained 
relatively intact, without subsequent rifting and development of an ocean basin (Matte, 1986). 

Fig. 2: Crustal velocity section through the northern Urals as part of the QUARZ profile (T. 
Ryberg after Yegorkin and Mikhaltsev, 1990) using peaceful nuclear explosions and chemical 
explosions. Length of section is 1 OOO km. 
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