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General Information

Welcome

The Organising Commiittee of the 9th International Symposium on Deep Seismic Profiling of the
Continents welcomes you to the Brakanes Hotel Conference Centre, Ulvik, Norway. We thank
all participants for attending the meeting, and we wish you an enjoyable conference and stay in
scenic Norway.

Sponsors

We appreciate the support provided for this meeting from:
Norwegian Research Council
Danish Natural Science Research Council
University of Copenhagen
University of Bergen
International Lithosphere Programme (ILP)

Refraction Technology Inc. (REFTEK)

Scientific programme
Oral Presentations

All talks will be held in the Conference Centre. The time allotted to each presentation (15 min.,
30 min. for invited presentations) is intended for both the talk and discussion. Ideally, talks will
last for 12 min. to allow for questions and discussion. Chairmen are recommended to give a
warning after 10 min. and again after 12 min.



Meeting Information

Audio-visual equipment

The Conference Centre is equipped with two 35 mm slide projectors, two overhead projectors,
and two screens. PC slide equipment is also available.

Speaker ready room

Slide carousels are available in the Conference Centre. A room in the Conference Centre is
available for pre-projection. Please return the empty carousels to the projectionist promptly.

Poster Displays

All posters are allocated one side of a single 1.60m width x 1.20m height board, unless otherwise
requested. Posters will be on display in the Conference Centre. Authors are asked to indicate
when they will be in attendance at the poster.

Poster presenters may locate their poster board by their number in the programme. Posters
should be put up on Monday or Wednesday morning for the two poster periods, respectively. All
posters must be taken down before 16:00 on Friday 23th.

Poster sessions will be from 19:30 to 21:00 Monday to Thursday.
Evening meetings

To stimulate debate on key points that can influence our future research, two evening discussions
are planned:

Tuesday 20 June, 21:00-22:00: Global Committee On Interdisciplinary Lithospheric Surveys
(COILS), Larry Brown (Cornell).

Thursday 22 June, 21 :00-22:00: The EarthScope programme, Leonard Johnson (NSF).
Please see Page 5 for further details.
Meeting room

A meeting room is available for any sub-group to meet. Bookings should be made through the
conference office.

Proceedings Volume

The Organising Committee has made preliminary arrangements with the publishers of Elsevier
for a Special Symposium Proceedings issue of the journal Tectonophysics. This issue will
continue the series of special issues from previous symposia. In order to ensure the widest
dissemination of the results presented in this symposium we strongly encourage the participants
to publish their presentations. The volume will consist of a series of short papers combined with
some longer contributions, e.g. based on invited presentations. Please inform the organisers
during the meeting about your contribution (title, authors, and anticipated number of manuscript
pages, figures, and printed pages). The competition for pages in such volumes is usually strong,
and only submissions before the deadline can be expected to be included in the volume. All
manuscripts will undergo the usual rigorous review procedure for Tectonophysics. We expect the
volume to be ready for submission to approval by the editor-in-chief by 1 September 2001, about
one year after the conference. Final deadline for submission is 20 November 2000 to Hans
Thybo, Geological Institute, @ster Voldgade 10, DK-1350 Copenhagen K, Denmark, email
thybo@geol.ku.dk.
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Meeting Information

Social and sightseeing activities

Information on the programme for accompanying persons will be posted in the hall of the
Conference centre. Tourist brochures are available in the lounge of the hotel.

1) On Sunday evening (20:30) there will be an Icebreaker party at the Conference Centre.
2) Pre-symposium one-day excursion to Bergen Arcs, Holsnoy area.

The theme of the excursion is processes and petrophysical properties of crustal root zones in the
Caledonides of Western Norway. The excursion area is some 30 km north-west of Bergen (the
island of Holsnoy) and transport is by bus. The bus leaves at Sunday 18 June at 0830 hrs from
the Rica Travel Hotel in Bergen and returns to Bergen in the afternoon. At 1700 hrs the bus
proceeds to the Brakanes Hotel in Ulvik in time for dinner and icebreaker reception.

3) Symposium excursions - Ulvik - Vgringsfossen and Ulvik - Osa.
Time: 20 and 22 June in the afternoon; duration ca 4 hours by bus.

These trips allow you to visit local tourist favourite spots: the 160 metre Vgringfossen waterfall
in Eidsfjord and Osa close to Ulvik. In the latter case the buses will proceed up to the high
plateau at 1000 metres for spectacular views above the Hardangerfjord. These tours are free of
charge. Please, sign up for these excursions on the form at the registration desk upon arrival.

4) St. Hans bonfire at Brakanes Hotel shoreline.
Time: Friday 23 June (Sankt Hans Aften) after the Symposium banquet in the evening.

There is a centuries old tradition in the Nordic countries for celebrating Mid-Summer with a
bonfire, folklore entertainment, dancing and so forth. An unforgettable evening!

5) Accompanying guest’s program. Tours from Brakanes Hotel. Time: Daily; transport by
Symposium bus.

The Hardangerfjord has many places to explore. There are some interesting farms within
walking distance. We will try to arrange for a one-day painting course. We will provide free
transportation, but tickets for museums etc. will need to be paid for. We aim to have mostly half-
day trips. The program will be flexible to the wishes of participants and the weather. Obviously,
all participants will have access to hotel facilities. We ask accompanying persons who are
interested in attending this programme, to identify themselve at the Registration desk.

6) Scenic Fjord Country excursion by train and boat. Time: Saturday 24 June; please sign up at
the office.

You will go by the symposium bus from Ulvik to Voss and continue by train to Myrdal, from
where we will take the local "scenic" train to Flam at Sognefjord (ca. 2 hrs.). We proceed by ship
on the fjord to Gudvangen (2 hrs.). Here we board our bus to go directly to Bergen (arr. 14.45).
The bus proceeds directly to the airport for afternoon departures (15.30). The cost of this
excursion will be about NOK 300 because symposium transport is used. You can take this tour
independently on Sunday 18 June starting in Bergen at about 0830 hrs and ending in Voss in the
afternoon. However, without using the symposium transport this trip will cost you about NOK
500.



Meeting Information

Logistics
Meals
All mealé will be served at the restaurant of the Brakanes Centre. Meal hours are:

Breakfast: 07:00-08:45

Lunch: 12:15-14:00
Dinner: 18:00-19:30
Refreshment breaks

Coffee, tea and refreshments will be served at the Conference Centre during coffee breaks.
Conference Office

The Conference Office is at the Registration desk. It will be staffed by members of the
Organising Committee, normally from 10:30 to 11:00 and from 17:00 to 18:00. Internet access
will be available from 09:00 to 20:00

At the end of the conference

Return to Bergen Airport, Saturday 24 June in the morning, either direct or via the Fjord Cruise
(details above). Details on departure time will be announced during the conference.

Special announcements

Program changes and any other announcements will be posted in the hall of the Conference
Centre.

Participants wishing to display any notice may do so on poster boards and tables allocated for
this purpose at the entrance of the Conference Centre. A table will be also available in the
Reception Hall of the hotel.

Next and Future Meetings

Scientists who may wish to host the 10" International Symposium on Deep Seismic Reflection
Profiling in 2002 must communicate their interest to the Organising Committee before the end of
the 9™ symposium.

Organising Committee

Hans Thybo, Tanni Abramovitz, Lars Nielsen, Andrew Ross and Gabriela Fernandez Viejo
Geological Institute, University of Copenhagen

Eystein Husebye, Bjgrg Berg, Stig Hestholm, Norbjgrg Kaland, Dagfinn Snartemo and Yura V.
Federenko, Institute of Solid Earth Physics, University of Bergen

Email: seismix2000@geo.geol.ku.dk Web page: http://www.geol.ku.dk/seismix2000




Meeting Information

Special Forums

The discussion leaders for our two evening special forums (21.00 Tuesday and Thursday) have
provided us with a short summary of the main topics for discussion:

21.00 Tuesday 20'" June

COILS - COMMITTEE ON INTERDISCIPLINARY LITHOSPHERIC SURVEYS

Larry Brown, Onno Oncken and Barry Drummond

Co-ordinating Committee 8 of the ILP — the Committee On Interdisciplinary Lithospheric
Surveys (COILS) - was established to facilitate communication and collaboration amongst
scientists undertaking research into the deep lithosphere. In particular, its formation recognises
that major advances in our understanding of the structure and evolution of the lithosphere have
come from multidisciplinary studies based around deep geophysical imaging.

The need for COILS was recognized at the 7™ International Symposium on Deep Seismic
Profiling of the Continents and their Margins, held in California in 1996. Informal discussions
between interested scientists continued for another year, and the ILP agreed just prior to the 8"
International Symposium in Spain in 1998, that a Coordinating Committee would provide an
appropriate focus. Three people (Larry Brown, Cornell University, USA; Onno Oncken,
GeoForschungsZentrum Potsdam, Germany; and Barry Drummond, Australian Geological
Survey Organization) were asked to establish the committee. They have subsequently been
appointed as co-chairmen. '

Specific goals of COILS are to:
e promote international coordination of funding targeted for lithospheric surveys

o foster identification of global scientific priorities for future surveys (via focussed
international workshops, for example)

¢ facilitate participation of scientists from countries lacking the resources to mount a major
experiment independently

¢ identify and facilitate access to instrumentation, on an international basis, for carrying out
future surveys

e preserve and facilitate access to the valuable archives of data already collected, large portions
of which are in danger of evaporating due to neglect just when global syntheses are ripe for
development

e establish and maintain an up-to-date website reporting on the status of continental
lithospheric initiatives worldwide

Current status of activities related to COILS are reported on the COILS website:
http://www.gfz-potsdam.de/pb4/ilp/pro_cc coils.htm. A discussion of COILS initiatives related
to the goals outlined above will be held at the 9th International Symposium on Deep Seismic
Profiling in Ulvik, Norway.















































































































































































































































































Continental Accretion and Collision Posters ~ Monday 19" June to Tuesday 20" " June

CAC-21

ARCHEAN ARC-CONTINENT COLLISION IN THE SLAVE PROVINCE, NORTHERN
CANADA: A REINTERPRETATION OF LITHOPROBE SNORCLE LINE 1 ‘

Arie J. van der Velden and Frederick A. Cook
Dept. of Geology and Geophysics, University of Calgary, Calgary, Alberta, Canada.
arie@litho.ucalgary.ca

Lithoprobe SNORCLE seismic reflection line 1 crosses the southwestern tip of the Archean Slave
province in northern Canada. Reflections have been reinterpreted as products of lithospheric wedging
using a comparison of the reflection patterns to a Proterozoic analogue, and by correlation of reflection
patterns to the known geology. The results provide insights into the evolution of the Slave province at ca.
2.69-2.60 Ga. Reflection patterns in the Yellowknife area consist of (1) east-dipping reflections at 12-14 s
that project into the upper mantle, (2) a wedge-shaped body in the lower crust with an east dipping
reflection fabric that is truncated on the west by (3) a series of west-dipping reflections in the upper crust.
This reflection pattern is similar to that of the Fort Simpson - Hottah collision zone, imaged further to the
west on SNORCLE line 1. There, the western plate (Fort Simpson-Nahanni terrane) is interpreted to have
been delaminated as the eastern plate (Hottah-Coronation terrane) was inserted into it. This similarity
provides support for the interpretation that reflection patterns beneath the Slave province are aiso
products of collisional tectonics.

Rocks within the Slave province preserve evidence of a ca. 2.69-2.60 Ga pan-Slave orogenic
event, in which the Central Slave Basement Complex, a block of continental crust containing gneisses as
old as 4.0 Ga, collided with the ca. 2.7 Ga Hackett River juvenile island arc terrane. The suture between
the CSBC and the HR arc is interpreted to be at 4-5 s beneath Yellowknife and to project to the surface
east of the data. Beneath the suture, an accretionary wedge and a subduction zone are interpreted. Shear
zones at the base of the mafic volcanic sections were active prior to 2.687 Ga, indicating that intervening
basins containing greenstone belts collapsed prior to final collision with the HR arc. At the north end of
the Slave province, where the arc-continent collision appears narrower and less complicated, the
boundary between the arc and the continent has been mapped as a west-dipping suture. The proposed
collisional model is similar to that of Kusky, 1989, which also involves delamination of the Central Slave
Basement complex; however, in Kusky’s model, the accretionary wedge is exposed on the east and the
west of the Sleepy dragon complex, whereas in the present model, the accretionary wedge is located in
the lower crust. These results provide tantalizing evidence that processes similar to those of modern
convergent zones were operational at 2.69-2.60 Ga
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Continental Accretion and Collision Posters ~ Monday 19" June to Tuesday 20™ June

CAC-22

A COMBINED ONSHORE-OFFSHORE WIDE-ANGLE SEISMIC EXPERIMENT IN
LABRADOR — APPLICATION OF 2-D FORWARD MODELING 3-D TOMOGRAPHY AND
PRESTACK-DEPTH MIGRATION

T. Funck (1), K.E. Louden (1), J. Hall (2), L.D. Reid (3)

(1) Dept. of Oceanography, Dalhousie Univ., Halifax NS B3H 4J1, Canada, phone: +1-902-494 1897
fax: +1-902-494 3877, email: tfunck @is.dal.ca / klouden @is.dal.ca

(2) Dept. of Earth Sciences, Memorial Univ., St. John’s NF, Canada, email: jhall @ waves.esd.mun.ca

(3) Geol. Inst., Univ. of Copenhagen, Copenhagen, Denmark, email: idr @seis.geol ku.dk

In 1996 a wide-angle reflection and refraction seismic experiment was conducted in Labrador as part of
Lithoprobe’s Eastern Canadian Shield Onshore-Offshore Transect (ECSOOT). In total, 79 landstations
and 35 OBS were deployed to record airgun shots (6000 inch3) along the eight lines. Results from 2-D
forward modeling show the existence of a 20-km- thick high-velocity lower crust beneath the NE
Grenville Province with a total crustal thickness of 50 km. Farther north, the data revealed the structure of
the Mesoproterozoic anorogenic Nain Plutonic Suite, host to the Voisey’s Bay ore body. The base of the
anorthositic plutons is clearly defined by reflections at a depth of 8 to 11 km. Crustal thickness beneath
the plutons is some 5 km less than in the Archean Nain Province not affected by the plutonism. This
suggests anatexis of the lowermost crust during the plutonism. A detailed survey was conducted in the
Proterozoic Torngat Orogen with the 2-D model showing a 100-km-wide crustal root with a Moho depth
of 50 km. Prestack-depth migration of the wide-angle data images the Moho, a midcrustal reflector and
some eastward-dipping lower crustal reflectors in the western half of the line. Active seismic
tomography shows a correlation of the root with a set of major, late orogenic shear zones and suggests
that transpressional shearing focused strain in the region of the root and contributed to the crustal
thickening. Detailed information on the project can be found at
www.phys.ocean.dal.ca/~tfunck/ecsoot/ecsoot.html.

CAC-23

VERTICAL SEISMIC PROFILING TO 8550 M DEPTH - NEW RESULTS FROM THE
CONTINENTAL DEEP DRILLHOLE KTB (S GERMANY)

W. Rabbel (1), Th. Beilecke (1), E. Liischen (2), H. Gebrande (2), G. Borm (3), J. Kueck (3), K. Bram

(4), G. Druivenga (4), S. Smithson (5)

(1) Institute of Geosciences, Otto-Hahn-Platz 1, D-24098 Kiel, wrabbel @ geophysik.uni-kiel.de

(2) Institute of Appl. Geophysics, Munich, Germany, (3) GFZ, Potsdam, Germany, (4) GGA, Hannover,
Germany, (5) University of Wyoming, Laramie, USA

A comprehensive program of seismic borehole measurements comprising Vertical Seismic Profiling and
Moving Source Profiling is performed in the superdeep borehole of the Continental Deep Drilling
Program (KTB), Germany. The deepest part of this borehole (from 6000 m to 8500 m) has now been
sampled for the first time by Vertical Seismic Profiling applying a newly developed HP/HT-borehole-
geophone. The most important targets are: a major thrust-related fault intersecting the well at 7 km depth
(so-called SEI1 reflection), stacks of steeply inclined deformed felsic and mafic layers, fluid filled
fractures of varying spatial density and orientation, and the so-called Erbendorf body, a highly reflective
mid-crustal layer 2 km below the end of the borehole. The three-component records of the VSP show
compressional, shear and converted waves, both in transmission and reflection. The seismic arrivals carry
signal energy between 10 and 250 Hz imaging geological structure at scale lengths between some 100 m
and some 5 m, respectively. Amphibolite units show an average P-wave velocity of 6500 m/s with local
- variation of 10% caused by fractures and anisotropy. The influence of anisotropy is also observed in a
Gneiss sequence where changes in the dip of foliation create a low velocity layer of 5500 m/s between
8000 and 8500 m depth. Measurements will be completed in May 2000. The project is funded by DFG,
ICDP, and NSF. Further significant financial, personnel and technical support has been provided by the
GFZ Potsdam and GGA Hannover.
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Continental Accretion and Collision Posters ~ Monday 19" June to Tuesday 20' " June

CAC-24

THE CONFIGURATION CHARACTERISTICS OF MOHO INTERPRETED F ROM THE DEEP
SEISMIC DATA IN ANDA- ZHAOZHOU ZONE, NE CHINA

Bao-Jun Yang, Cai Liu, Gian-Rew Tang, Qin-Xue Li, Xuan Feng, and Hai-Shan Zheng
Department Of Geophysics, Cust, Changchun, China, Yangbj@Cust.JI1.Cn

The area of the Anda-Zhaodong-Zhaozhou (for short A-Z-Z) had been studied two times using vertical
seismic reflection and some records were achieved. Processing these records, we got five stack profiles.
Firstly, the Moho phase was identified in the five profiles. Secondly, t; was closed at crossing of section.
At last, we got top (tp) depth and (ty) thickness of the Moho every kilometer and drew isoline. The Moho
top shows “river bend shape” blowups between the Anda and the Zhaozhou, where the (to) depth changes
from 9.9 seconds to 10.25 seconds. The change of (tp) depth is complex along any direction. It is different
from traditional understand. In the district of the A-Z-Z, the change of the Moho thickness is simple in
middle part and complex in the south part and the north part. The thickest location is located at about 10
kilometers to the south of the Anda, where the (tp) depth value is 110 ms. The thinnest location is located
at the Zhaozhou segment and the east part of the Anda segment, where the (t;) depth value is about 30 ms.
In the Zhaozhou segment there is a wide range of (tp) depth, from 9.9 seconds to 10.75 seconds, but the
(to) thickness is thin. The axial direction of thickness isoline is primarily northwest direction. It is give
that formative factor and influential factor of the Moho includes mantle convection, phase transformation,
differentiation, rotation of the earth, tectonic action, etc. Through the complicated modality of the Moho
of the A-Z-Z region, we can infer that the effect and process of influential factor of Moho is complicated
and variable.

The Continental Mantle Wednesday 19'" to Thursday 20" June

TCM-1

CRUSTAL AND UPPER MANTLE STRUCTURE OF NORTH AMERICA AND RUSSIA

S. Kostyuchenko (1), L. N. Solodilov (1), A.V. Egorkin (1), Walter D. Mooney (2), Gary Chulick (2)

(1) GEON Centre, Christy Per. 4, Moscow, Russia, 119034 ph. 7(095) 2014468

(2) US Geological Survey, 345 Middlefield Rd. MS 977, Menlo Park, CA USA 94025 ph. (650)329-4764
Email: mooney @usgs.gov

We present new contour maps of the seismic structure of the crust and upper mantle of North America
and Russia. These maps incorporate nearly all information that is available from the regional seismic
reflection and refraction profiles that were recorded over the past forty years. Our depth-to-basement map
shows vast portions of the European and East Siberian platforms are covered by 2-10 km of Late
Proterozoic and younger sediments. The West Siberian platform is covered mainly by Mesozoic
sediments. Depth-to-basement in excess of 10 km is found in the Peri-Caspian Depression, in the north
section of the West Siberian platform (south of the Kara Sea) and in the north and east of the Siberian
platform. Crustal thickness has been mapped by more than 100,000 km of long-range seismic profiles,
including those that used powerful Peaceful Nuclear Explosions (PNEs) as seismic sources. The crust
within stable shields and platforms is 32-50 km thick and averages 42 km. The seismic velocity of the
upper-most mantle (Pn velocity) is 7.8 — 8.5 km/s with an average value of 8.15 km/s. Values of 7.8 — 8.0
km/s are evident beneath rifts in West Siberia and beneath regions that were tectonically active during the
Mesozoic and Cenozoic. Pn velocities in excess of 8.4 km/s are found on either side of the north-south
trending Urals and in several regions of Siberia, including areas where diamonds have been found. These
results are compared with those of North America. These two continental regions consist of ancient
cratons and stable younger platforms, and these seismic observations are an important constraint on the
evolution and stabilization of cratonic crust.

91



The Continental Mantle Posters Wednesday 21°* June to Thursday 22™ June

TCM-2

LOW VELOCITIES AND STRONG SCATTERING BELOW THE 8° DISCONTINUITY
ALONG PNE PROFILE KRATON IN SIBERIA ’

L. Nielsen (1), H. Thybo (1) and L.N. Soledilov (2)
(1) Geological Institute, University of Copenhagen, DK-1350 Copenhagen K, Denmark,
In@geo.geol.ku.dk, (2) GEON Centre, 119034 Moscow, Russia

Delayed and scattered first arrivals with a strong coda of ~5 s duration are observed in the 700-1400 km
offset range in the four Peaceful Nuclear Explosion (PNE) seismic sections of the 3500 km long profile
Kraton in Siberia. The traveltime delays constrain a ~100 km thick zone of reduced velocity below the 8°
discontinuity at ~100 km depth. This zone is clearly imaged by first arrival traveltime tomography. The
strong coda is consistent with scattering produced by bodies imbedded in a 75-100 km thick low-velocity
zone below the 8° discontinuity. Waveform modelling studies show that velocity contrasts of about 2% of
the background velocity are sufficient in order for the scattering bodies to produce the amplitude
characteristics of the observed ~5 s coda. Between ~100 and ~200 km depth a generalised shield
geotherm lies close to or above the solidus curve for peridotite containing small amounts of C-H-O. As
the temperature gets close to the solidus the seismic velocity of mantle peridotite drops significantly. A
gradual decrease in P-wave velocity of up to 6% is expected even at high sub-solidus temperatures. The
scattering bodies below the 8° discontinuity are interpreted as pockets of molten or almost molten
material.

TCM-3
CRUST-UPPER MANTLE COUPLING FROM PROFILE QUARTZ IN RUSSIA

E.A. Morozova (1), L.B. Morozov (1), S.B. Smithson (1), L.N. Solodilov (2)

(1) Dept. of Geology and Geophysics, University of Wyoming, Laramie, WY 82071 USA,
lena@uwyo.edu

(2) GEON Center, Chisti Prudi 4, Moscow, Russia

The long-range, PNE-sourced profile QUARTZ extends NW-SE from the Baltic shield across the
Pechora Basin, the Ural Mountains and the West Siberian Basin to the Altai Mountains. Three PNEs and
48 chemical explosions are shot into 400 3-component recorders giving continuous reversed coverage of
the crust and upper mantle. Such dense seismic coverage on long profiles reveals strong heterogeneity in
the upper mantle. Some of these features can be related to crustal structures, and other regional interfaces
seem to be unrelated to surface structures. High-velocity uppermost mantle on the east flank of the Urals
is ascribed to garnet peredotite brought up along the Main Uralian Fault imaged in a reflection profile. A
zone of low velocity and increased attenuation is found in the lower lithosphere. This zone may be
related to 3-dimensional convection flow during the propagation of the failed West Siberian Rift and
formation of the vast West Siberian Basin. The most dramatic example of the crust-mantle coupling
occurs in the thinning of the lithosphere, SE dip of 410-discontinuity, and increased attenuation in the
asthenosphere to the SE toward the Altai Mountains in the Himalayan hinterland. Modern seismic studies
of the upper mantle are showing great complexity and are in a stage of development similar to the
reflection studies of the crust 20 years ago.
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The Continental-Mantle Posters Wednesday 21° June to Thursday 22™ June

TCM-4

CRUST AND UPPER MANTLE STRUCTURE ALONG “RIFT” PROFILE (SIBERIAN
CRATON)

Pavlenkova G.A (1), Priestly K. (2), Cipar J. (3)

(1) GEON Center, Chlstly per. 10, Moscow, Russia, Tel: 7-095-3790633, Fax: 7(095)-01-46-37, e-mall
Nina@uipe-ras.scgis.ru

(2) University of Cambrige, Bullard Laboratory, Madingley Road, Cambrige CB3 OEZ, UK

(3) Philips Laboratory, 29 Randolph Road, Hanscon, AFB, USA, e-mail: cipar@doc.plh.al.mil

The long-range profile RIFT which was carried out with nuclear explosions, crosses several large
geostructures: the Siberian cratons, rifts of the West-Siberian young plate and the Baikal Rift Zone. A
combine interpretation of the record-sections, obtained from chemical and nuclear explosions allowed to
determined some new peculiarities in the lithosphere structure of these areas. In the rift zones the high
velocity intrusions in the middle and lower crust and lower mantle velocities are observed. In the
Siberian craton, which is one of the largest area of the continental plateau-basalts , two anomalous high

. velocity blocks (8.5-8.6 km/s) were outlined beneath the Moho. They penetrate down to the depth of 100
~ km. Deeper a near horizontal layering is more pronounced and an inversion zone is distinguished.
. Between these two lithosphere blocks several specific features are observed in the crust and upper mantle
- structure: decreasing of seismic velocities in the middle crust, inclined crustal and uppermost mantle

reflectors dipping to the north, a high velocity gradient zone at a depth of 100-150 km, a reflectivity zone
(bright spot) at depth of 300-350 km. These structural peculiarities suggest an old suture zone divided the
Siberian Carton into two microplates with subduction of the southern plate beneath the northern one.

TCM-5
THE MOHO AS A DETACHMENT SURFACE

B.J. Drummond, B.R. Goleby, T.J. Barton and R.J. Korsch

Australian Geodynamics Cooperative Research Centre; Australian Geological Survey Organisation, GPO
Box 378, Canberra, ACT, 2601, Australia. Tel: +61 2 6249 9381

Fax: +61 2 6249 9972, Barry.Drummond @agso.gov.au

In seismic reflection sections, the Moho is usually interpreted either as the base of a zone of reflectivity in
the lower crust or as a discrete zone of reflectivity, in both cases overlying the generally non-reflective
uppermost mantle. Reflectivity in the lower crust has been attributed to a number of causes, such as shear
zones and highly deformed, perhaps anisotropic rocks, fluid filled cracks, and sills, whereas the non-
reflective nature of the uppermost mantle is attributed to low impedance contrasts between the rock types
that constitute the mantle. Examples abound where the Moho has been affected by tectonics, for example
where it is offset by crustal faults. We have also identified examples where the Moho exerts a strong
control on tectonic processes. One example is a series of inverted extensional faults that extend from
upper crustal levels in eastern Tasmania to sole into the Moho, indicating that the Moho behaved as a
detachment surface. The fault geometry appears unaffected by compositional-based changes in crustal
rheology. In northwest Tasmania, the Moho has a similar reflection character, implying it may also have
been a detachment surface, but at least one other level of detachment exists a few kilometres above the
Moho. These structures were probably emplaced in the Neoproterozoic. Examples exist from provinces of
other ages, for example on the present day northwest continental margin off Western Australia. In the
Archaean Yilgarn Block, the detachment at the Moho formed across a much thicker ductile zone. The
rheological change at the Moho, from quartz-dominated above to olivine-dominated below, is greater than
others encountered in the crust and upper mantle. The Moho should therefore play a significant role in
controlling tectonic processes, rather than simply reacting to them. This is what deep seismic data are
showing.
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The Continental Mantle Posters Wednesday 21° June to Thursday 22™ June

TCM-6

UPPER MANTLE OF THE ALTAI-SAYAN FOLD AREA FROM DATA OF AREAL
SEISMOLOGICAL OBSERVATIONS

V.M. Soloviev, V.S. Seleznev, 1.V. Zhemchugova

Geophysical Survey of Siberian Branch of Russian Academy of Sciences, 3, Akademika Koptyuga
prospect, 630090, Novosibirsk, Russia

E-mail: sel @gs.uiggm.nsc.ru; Fax: + 7 (383-2) 333228

Results of interpretation of the Moho refractions (Pn) recorded from earthquakes and industrial
explosions by areal seismological network of stations within the Altai-Sayan region are represented. It is
shown, that the use of specific processing methods allows us to obtain the reliable information on the
Moho structure from the data of irregular and enough sparse network of stations (with average spacing of
about 100-200 km). Within the central part of the Altai-Sayan fold zone for the territory of 250 thousands
of square kilometers, the Moho surface was imaged and the distribution of compressional wave boundary
velocities was obtained in terms of isotropic and anisotropic models of media. The areas with relatively
decreased and increased values of P-wave boundary velocities were distinguished. The depths of Moho
surface, varying in this region between 40 km and 55 km, were determined. At the interpretation of data
in terms of anisitropic model of the upper mantle in Altai-Sayan region, the nearly isotropic areas were
distinguished (with anisotropy ratios lesser than 1-3%) along with zones of well-marked anisotropy of
elastic properties (to 10-12 %). For particular sections of upper mantle, the distinctions in principal
orientation of peak values of boundary velocity ellipses were established. Obtained results give new
constraints on the upper mantle structure of the Altai-Sayan seismically active zone and the mechanisms
of processes occurring there.
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CRB-1

P-WAVE MODELING OF WIDE ANGLE SEISMIC DATA FROM OCEAN BOTTOM
SEISMOMETERS SOUTHEAST OF SVALBARD

A. 1. Breivik (1), R. Mjelde (1), P. Grogan (2), H. Shimamura (3), Y. Murai (3), Y. Nishimura (3), A.
Kuwano (3) )

(1) Institute of Solid Earth Physics, University of Bergen, Bergen, Norway

(2) Norwegian Petroleum Directorate, Harstad, Norway

(3) Institute for Seismology and Volcanology, Hokkaido University, Sapporo, Japan

Several tectonic phases during the Late Paleozoic, Mesozoic, and early Tertiary resulted in deep
sedimentary basins in the southwestern Barents Sea, but did not greatly affect the platform areas. Here,
reliable mapping of Paleozoic structure and stratigraphy below the high seismic velocity Permian
sequence is problematic with conventional seismic reflection data, and the early post-Caledonian
development of the region is largely unknown. This led in 1998 to the acquisition of a survey of ten OBS
profiles southwest to southeast of Svalbard. The P-wave data from the four easternmost profiles are
presented here. The survey was acquired in a widely-spaced grid, allowing several ties between the
different profiles. Ray-tracing and inversion of the interpreted OBS data agree well with the shallow
‘stratigraphy mapped from reflection seismic data. Below the Permian section, the data permit mapping of
‘the depth to crystalline basement as well as crustal thickness. Large variations in the depth to top
basement show upper Paleozoic sedimentary basins and structural highs which are not always recognized
in the younger structuring of the area. The early basin formation may be analogous to the development of
the Devonian basin on the adjacent island of Spitsbergen through post-Caledonian orogenic collapse,
though a mid-Carboniferous rift event recognized to the south may have affected the area. However, the
depth to Moho shows a strong relief ranging from 32 to 38 km not corresponding to the early basins,
suggesting a complex geological development of the area. The thickest crust is also associated with high
top mantle velocities (8.1- 8.5 km/s). A number of reflected arrivals originate within the crystalline crust
and partly fit with an internal layering of the basement. Even if large acoustic impedance contrasts may
occur locally, combinations of PmP and Pn arrivals from the Moho constrain the basement velocity to be
low, close to 6.5 km/s on average. Some of the intra-basement structures may have governed the location
of Mesozoic faults.
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CRB-2

S-WAVE AND GRAVITY MODELING BASED ON P-WAVE MODELS OF WIDE ANGLE
SEISMIC DATA FROM OCEAN BOTTOM SEISMOMETERS SOUTHEAST OF SVALBARD

A. J. Breivik (1), R. Mjelde (1), P. Grogan (2), H. Shimamura (3), Y. Murai (3), Y. Nishimura (3), A.
Kuwano (3)

(1) Institute of Solid Earth Physics, University of Bergen, Bergen, Norway

(2) Norwegian Petroleum Directorate, Harstad, Norway

(3) Institute for Seismology and Volcanology, Hokkaido University, Sapporo, Japan

Southeast of Svalbard no reliable mapping below the Permian sequence from conventional seismic
reflection data exists, and the early post-Caledonian development is largely unknown. The modeling of
four OBS profiles acquired in 1998 southeast of Svalbard is presented here. Based on earlier P-wave
modeling of these profiles, S-wave and gravity modeling give new constraints on the structure and
lithology of the area. The S-wave recordings enable direct and indirect estimates of the S-wave velocity
of the sedimentary and crystalline units. The Vp/Vs ratios of the sedimentary units indicate a mixed
lithology of sand and clay, and possibly carbonates. An increase of the Vp/Vs ratio with depth agrees with
a reduction in porosity with increasing overburden. Very high values seen where sedimentary units gets
thin is likely due to the development of cracks as a response to erosional unloading. Top crystalline
basement uniformly shows a Vp of 6.3 km/s and a Vp/Vs ratio of 1.69, indicating a quartz rich igneous or
metamorphic lithology compatible with granite or felsic gneiss. S-waves converted at and reflected off the
Moho indicate that this value is representative for the bulk of the crystalline crust. There are indications
of a higher ratio at the southwestern part of the area, and bodies of intermediate to mafic composition may
be present here. There is little correlation between observed gravity and the depth to crystalline crust and
to Moho. The gravity modeling suggests that the observed field is dominated by density variations
between 2800 and 2990 kg/m”3 in the crystalline crust. High basement densities account for the two
major positive gravity anomalies in the area, augmented by high density in the upper mantle. This occurs
under the Olga Basin, imparting a positive gravity anomaly to the basin. Only one major anomaly
corresponds to a top basement feature; a low located between the Sentralbanken High and the Olga Basin.
The high density body in the southwest correlates with the area of possibly increased Vp/Vs ratios,
compatible with a more mafic composition here.

CRB-3
THE LAPTEV SEA RIFT

D. Franke (1), K. Hinz (1), S. Neben (1), M. Block (1) & H.A. Roeser (1)
Federal Institute for Geosciences and Natural Resources (BGR), Stilleweg 2, 30655 Hannover, Germany,
+49-511-643-3235, Dieter.Franke @bgr.de

The interaction of the active Arctic mid-oceanic ridge with the north-eastern Siberian continent since the
Late Cretaceous resulted in a complex horst and graben system on the Laptev Sea shelf. About 4000 km
of seismic (MCS) data and additional refraction seismic data made a conclusive interpretation of the main
structural elements possible. The basins, showing a Cenozoic sedimentary cover of up to 14 km
presumably have formed as linked half-grabens, accompanied by the development of a major fault which
is interpreted to represent a hinge zone. The mapped depth of the Cenozoic sediments and the Moho will
be discussed as well as models for the rift structure. It is likely that the Arctic mid-oceanic ridge
terminates at the shelf edge and a further development of the Laptev Sea rift as a future oceanic basin is
not expected.
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CRB-4

IMAGING THE THICKEST (?) SEDIMENTARY BASIN IN EARTH HISTORY: DEEP
SEISMIC REFLECTION PROFILING OF THE SOUTH CASPIAN BASIN

James H. Knapp (1,2), Camelia C. Diaconescu (1), John A. Connor (3), John H. McBride (4)
(1) Dept. Geological Sciences, University of South Carolina, Columbia, SC 29208 USA

- (2) Dept. Geological Sciences, Cornell University, Ithaca, NY 14850 USA

(3) Chevron Overseas Petrol. Azerbaijan Ltd., 17 Tagiev Kucesi, 370000, Baku, Azerbaijan
(4) Nlinois State Geological Survey, Champaign, IL 61820 USA '

New deep seismic reflection data provide the first normal-incidence image of the thickest (?) sedimentary
basin in Earth history, the South Caspian Basin. Significant features imaged with the seismic data are: (1)
a series of high-amplitude folds, developed within a thick Cenozoic sedimentary section, (2) a prominent
deep reflector at 26-28 km depth (12.8-13.0 s) with a gentle northward dip, (3) an underlying layered
interval with discernibly lower frequency reflections down to ~36-40 km (16.0-16.5 s), and (4) a
noticeable decrease in reflectivity below ~36 km. We interpret the bright reflection at ~26-28 km depth as
the basement/cover contact, making this the deepest-sedimentary basin in Earth history, to our knowledge.
This interpretation is consistent with previous velocity models from both seismic refraction and
teleseismic studies in the South Caspian region, which suggest a minimum sedimentary thickness of 20
km. The underlying, more highly reflective portion of the section below 28 km is interpreted as the
crystalline basement. Downward termination of reflectivity at ~36-40 km is thought to represent the
Moho, despite the absence of a clearly reflective horizon. The apparent ~10 km thickness of the South
Caspian crystalline crust suggests an oceanic affinity for this part of the basin.

CRB-5

FORMATION OF THE BALTIC SEA PALEORIFT - IMPLICATIONS OF THE BABEL
PROFILES :

Annakaisa Korja and Pekka Heikkinen
Institute of Seismology, P.O. Box 26, FIN-00014 University of Helsinki, Finland.
Tel; +358-9-191 44425, Fax: +358-9-191 44430, Annakaisa.Korja@seismo.helsinki.fi

The Baltic Sea has many characteristic features of failed rifts: topographic low (now under water), thinner
crust with large crustal gradients and the products of voluminous bimodal magmatism; the rapakivi
granites and associated gabbro-anorthosites and mafic dykes and sedimentary basins. The crustal columns
hosting the rapakivi granites are characterised by ovoid crustal thickness and Bouguer anomaly minima.

BABEL lines B,1, 6, 7, and C image well crustal structures associated with the large rapakivi
batholiths Landsortdjupet (B), Aland (C, 1,7) and Bothnian rapakivi (1, 6). The rapakivi granites are
imaged as unreflective blocks delineated by listric and normal faults. The crustal structure is characterised
by extensional listric shear zones that flatten out either at the lower to middle crustal boundary or at the
Moho boundary. The band of lower crustal reflectors is upward concave and is underlain by less
reflective crust and a well-defined reflective Moho (line 1, 7). High reflective structures within the
batholiths are related to contacts between mafic dykes or intrusions and rapakivi granites. The lower
crustal structures are interpreted to result from mafic under- and intraplating. The intraplating provided
energy source for partial melting that resulted in the rapakivi magmatism and the cooling underplated
material crystallised as mafic unreflective lowermost crust and produced a new Moho boundary.

The large granite laccoliths are not structurally connected to each other but seem to be separated
by thick and rigid crustal blocks (line 1, 6, B). The growing age zonation of the rapakivi granites in
Fennoscandia is interpreted to reflect a spreading plume-head underneath the lithosphere. The lack of
fertile lithologies and/or net strengthening and of thinned crust led to cessation of extension and spreading
of deformation to adjacent areas of weaker crust. Thin-skin sedimentary basins developed on and around
the rapakivi granites.
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CRB-6

SEISMIC REFLECTION AND REFRACTION EVIDENCE FOR CRUSTAL THINNING
BENEATH THE CENTRAL GRABEN, NORTH SEA

N. Balling (1), L. Nielsen (2) and MONA LISA Working Group

(1) Dept. of Earth Sciences, University of Aarhus, Finlandsgade 8, DK-8200 Aarhus N., Denmark.
Phone: +45 8942 4346, Fax: +45 8610 1003. email: geofnba@aau.dk

(2) Institute of Geology, University of Copenhagen, @. Voldgade 10, DK-1350 Copenhagen K. Denmark.
Phone: +45 3532 2464. email: In @seis.geol ku.dk

Coincident high resolution near-normal incidence and wide-angle seismic profiling have been carried out
across the Central Graben in the North Sea as part of the MONA LISA deep seismic experiment. High
quality seismic reflection and refraction data permit generation of well-defined reflectivity and P-wave
velocity models for the crust, including deep graben sediments, the crust-mantle boundary and the
uppermost mantle. Beneath the Central Graben, with up to about 10 km of sedimentary units, the Moho is
uplifted to about 25 km as compared to a depth of 32-36 km west and east of the Graben. Lateral variation
in lower crustal reflectivity and velocity structure is observed with Moho at the base of a zone of
increased reflectivity. Graben formation is found to be associated with crustal thinning by a factor of up
to 2-2.5. Spectacular reflectors dipping, generally, away from the Graben are observed in the mantle
lithosphere to a depth of about 70 km. Lithospheric extension is concluded to be the main mechanism for
graben formation. The sub-crustal dipping reflectors may represent zones of localized shear.

CRB-7

NEW IMAGES FROM THE MONALISA DEEP SEISMIC DATA: REPROCESSING AND PRE-
STACK DEPTH MIGRATION OF SELECTED AREAS.

G. Ferndndez Viejo, H. Thybo, and M. Laigle
Geological Institute, University of Copenhagen, @ster Voldgade, 10; 1350-DK Copenhagen, Denmark

The MONALISA collaborative project was designed to provide detailed structural information about the
thick sedimentary cover, crust and upper mantle, in the south eastern North Sea, related to Caledonian
collision and Late Paleozoic to Mesozoic rifting and basin formation. Seismic normal-incidence reflection
data were collected along four profiles together with coincident wide angle data for three of them.

Parts of the deep seismic lines were selected for reprocessing of the upper 6 s to better image the
sedimentary sequences and the basement, specially the areas close to the Caledonian front where the
transition between Caledonian and Precambrian basement is inferred based on available boreholes.

The processing sequence focused mainly on deconvolution, a very careful velocity analysis, f-k filtering
and pre-stack depth migration. The results are very successful and show images of the Paleozoic
sequences between the Mesozoic and the basement. Some sequences seem to be affected by Caledonian
deformation while others appear as a rift sequence without signs of compressional tectonics.
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CRB-8

THE ELBE FAULT SYSTEM IN THE NE-GERMAN BASIN - A BASEMENT-CONTROLLED
WEAKNESS ZONE?

M. Scheck (1), V. Otto (2a) , U. Bayer (2b), A. M. Marotta (3), M. Grad (4), H. Thybo (5),

(1) University of Copenhagen, @ster Voldgade 10, 1350 Copenhagen K, Denmark, email:
magdalenas@geo.geol.ku.dk; or GFZ Potsdam, Albert-Einstein Str. C, 14473 Potsdam, Germany, email:
leni @ gfz-potsdam.de :

(2) GFZ Potsdam, Albert-Einstein Str.C, 14473 Potsdam, Germany, email: a:otti@gfz-potsdam.de; b:
bayer @gfz-potsdam.de

(3) Univ. of Milan, Dep.of Earth Sciences, Geophysics, L.Cicognara, 7 1-20129 Milan, Italy, email:
anna.marotta@unimi.it

(4) Institute of Geophysics, University of Warsaw, 02-093 Warsaw, Pasteura 7,Poland, email
mgrad @mimuw.edu.pl

(5) University of Copenhagen, @ster Voldgade 10, 1350 Copenhagen K, Denmark, email:
ht@seis.geol.ku.dk

During the Permian-Cenozoic history of the North German Basin the Elbe Fault System (EFS) was
repeatedly reactivated as a zone of weakness along its southern margin. Starting with post-Variscan
wrenching and volcanic activity in Late Carboniferous this area was subject to differential subsidence and
inversion during Mesozoic times. In the present-day basin structure the EFS encloses an area of strong
salt-tectonic deformation and basement faulting. In contrast, the northern part of the basin has a shallow
slope and deformation intensity is small. The deep seismic data of DEKORP BASIN'96, results from
gravity modelling and thermo-mechanical models indicate the presence of a lower crustal block with
high seismic velocities, high density and a high integrated strength below the northern (rather stable) part
of the basin. The southern edge of this block bounds the EFS in the north in the area of the river Elbe.
South of this block, a crustal unit characterized by low seismic velocities, a lower average density and of
weaker rheology follows correlating spatially with the EFS in the sedimentary fill along the southern
basin margin. The comparison of major structural trends in the basin with the characteristics of crustal
structure suggests a causal relationship between a younger and weaker crust and strong Mesozoic-
Cenozoic deformation in the south of the basin, while an older and stronger crust correlates with minor
Mesozoic-Cenozoic deformation in the north. The presence of similar structures along the EGT and
MONALISA? lines farther west and along the POLONAISE P4 lines farther east imply a lateral
continuity of this crustal structure.

CRB-9

“DOBRE” — DONBAS FOLDBELT (SE UKRAINE) DEEP SEISMIC REFRACTION AND
REFLECTION PROFILING

R.A. Stephenson (1) and the DOBRE Working Group
(1) ISES, Vrije Universiteit, De Boelelaan 1085, 1081 HV Amsterdam, Netherlands, phone +31-20-444-
7347, fax +31-20-646-2457, e-mail “ster @geo.vu.nl” , ,

The Donbas Foldbelt (DF) is the uplifted and deformed part of the Dniepr-Donets Basin that formed as
the result of rifting of the East European Craton in the Late Devonian. The thickness of syn-rift and
younger strata is in excess of 20 km; coal-bearing Carboniferous rocks are exposed at the surface. A
seismic refraction/wide-angle reflection survey was carried out in 1999 to complement existing Deep
Seismic Sounding data from the area that, because of their design, did not record significant Pn phase
arrivals. The 1999 survey comprised some 245 recording stations along a line of 360 km length, with 11
in-line shotpoints, from the shores of the Asov Sea north to the Ukraine-Russia border. An off-line (fan)
profile with some 75 recording stations, including 18 three component stations, was acquired across the
rift zone about 100 km north-west of the main profile. Data quality is excellent and preliminary velocity
models are presented. Deep CDP profiling — at least 120 km of coincident, 30 s Vibroseis® and 180 s
explosive — is planned for the summer of 2000. The seismic data are expected to reveal basin architecture
and structural relationships controlling the kinematics of its deformation — as well as other features of the
lower crust and upper mantle related to basin formation and inversion.
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CRB-10
A NEW PRECAMBRIAN GEOLOGIC PROVINCE BENEATH THE ILLINOIS BASIN, USA

J. H. McBride and D. R. Kolata
Illinois State Geological Survey/Dept. of Geology, University of Illinois, 615 E. Peabody Dr.,
Champaign, IL 61820, mcbride @isgs.uiuc.edu, kolata@isgs.uiuc.edu :

Surprisingly little is known of the deeply buried Precambrian rocks of the Illinois Basin, despite the fact
that it is one of the world’s most intensively studied intracratonic basins. Since the initial discovery of
petroleum here in 1886, the Illinois Basin has produced over 4 billion barrels of oil and an estimated 4
trillion cubic feet of associated dissolved natural gas. Production shot up rapidly beginning in 1937 as a
result of the application of a new technique called seismic reflection shooting. Until now, almost none of
the resulting reflection data have been available to academic researchers. A spectacular first-order result
from newly released and reprocessed seismic profiles is that the reflectivity of Precambrian upper crust is
richly coherent and widespread. Long regional profiles reveal vertically stacked, broad basinal “seismic
stratigraphic” sequences beneath the Paleozoic basin. The internal structure of the sequences is marked by
dipping and offset reflectors, and by extensive apparent angular unconformities, all of which give the
impression of a sedimentary (or volcani-clastic) succession. The regional structure of the sequences is
well developed with discrete boundaries along which the sequences “pinch out” beneath the base of the
basin’s Paleozoic sediments. For many years we have known that an areally extensive granite-rhyolite
terrane (~ 1.5 Ga) lies beneath much of the Paleozoic strata of the basin based on a few scattered drill
holes that just penetrate the top of the Precambrian. This terrane, however, is thought to only represent a
thin veneer (a “few kilometers thick™) or isolated igneous intrusions—what lies beneath, or within, the
granite-rhyolite rocks has remained a mystery but might correspond, at least in part, to the sub-basin
reflection sequences. The newly mapped “basement” reflectivity could represent extensive remnants of
Proterozoic continental rifting that have not yet been drilled. This reflectivity therefore indicates a new
geologic province beneath the Illinois Basin whose economic potential remains to be tested. Perhaps we
are seeing an older analogy of the Keweenawan rift-related volcanic and sedimentary rocks deposited
during Proterozoic rifting elsewhere in the central USA.

CRB-11
CRUSTAL STRUCTURE OF MORAY FIRTH BASIN, NORTH SEA, FROM DEEP SEISMIC
REFLECTION, SUBSIDENCE MODELING, AND GRAVITY

J. H. McBride (1), N. J. White (2)

(1) Illinois State Geological Survey/Dept. of Geology, University of Illinois, 615 E. Peabody Dr.,
Champaign, IL 61820, mcbride@isgs.uiuc.edu (2) Dept. of Earth Sciences, Bullard Laboratories,
University of Cambridge, Madingley Rd., Cambridge, CB3 OEZ, nwhite @esc.cam.ac.uk

The Moray Firth basin (MFB), offshore northeastern Scotland, is the shortest and least understood of the
three arms of the North Sea Mesozoic-Tertiary rift system. The interpretation of three regional 2-D deep
(15-s) reflection profiles across the MFB is integrated with the results of subsidence analysis of the
sedimentary section and gravity modeling. Our results reveal a strongly asymmetric basin developed over
a crust where the depth to the Moho usually varies locally by no more than a few kilometers along a
profile. No dramatic shallowing of the Moho is observed below the axis of the MFB as seen in other parts
of the North Sea rift. The structural asymmetry of the crust beneath the MFB is accentuated by the
configuration of the parallel ENE-striking margins of the basin, which consists of a shallow-dipping
normal fault on the north, in contrast to a steeply dipping fault to the south. Along the north margin, the
border fault produces a fault-plane reflection in the upper crust that is in places collinear with S-dipping
reflections in the lower crust; however, these reflections do not appear to penetrate the Moho. Elsewhere
below the basin interior, the prominent Moho reflector passes smoothly beneath intrabasin faults and
depocenters with no obvious structural correlation. A "layered" lower crust is generally not observed as
described for other North Sea rifts and often attributed to rifting processes. Our observations provide the
first deep reflection constraints that Permo-Triassic and late Jurassic stretching was less advanced in the
MFB than in the other two arms of the North Sea rift. Strain rate inversion of subsidence data show that
stretching factors are in the range 1.2-1.5. These data demonstrate that two phases of rifting occurred. The
first phase was in the Permo-Triassic and is poorly constrained. The second phase is centered on 150
million years. A period of anomalous subsidence is evident during the Early Cenozoic and is probably
associated with movement way from the Iceland plume.
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CRB-12
MUST MAGMATIC ADDITION TO THE LOWER CRUST PRODUCE REFLECTIVITY?

1. H. McBride (1), R. S. White (2), J. R. Smallwood (3)

(1) Illinois State Geological Survey/Dept. of Geology, University of Illinois, 615 E. Peabody Dr.,
Champaign, IL 61820, mcbride @isgs.uiuc.edu

(2) Dept. of Earth Sciences, Bullard Laboratories, University of Cambridge, Madingley Rd., Cambridge,
CB3 OEZ, rwhite @esc.cam.ac.uk

(3) Amerada Hess Ltd., 33 Grosvenor Pl., London, SW1 7HY, John.Smallwood @Hess.com

The Faroe-Iceland Ridge (FIR) is an ideal laboratory to investigate the reflectivity and velocity structure
of a thick crust generated above a mantle plume in order to constrain models of underplating and the
origins of lower crustal layering in an environment dominated by young igneous processes. Over 600 km
of common depth-point (CDP) data were collected using a 153-1 airgun array with a 6-km streamer (240
channels) and a 75-m shot spacing. The interpretation of these data has been integrated with a detailed
velocity model of the crust and upper mantle along the FIR. Due to the intermediate water depths and the
presence of basalt near the water bottom, specialized processing steps were required for the CDP data. A
wave equation-based muitiple attenuation scheme was applied to the pre-stack data, which used a forward
model of the multiple series to predict the actual multiple energy at greater traveltimes. Array simulations
were applied in the shot and receiver domains in order to minimize spatial aliasing and attenuate low
apparent-velocity noise. Most of the sections over the oceanic portion of the FIR show no pronounced
reflectivity, although occasional Moho and/or lower crustal reflections are observed. We believe the poor
reflectivity implies a lack of physical properties contrast rather than an effect of acquisition or processing.
Amplitude decay and reflection strength vary along the FIR, but generally persist to traveltimes of at least
9 s (i.e., into the lower crust), indicating that the reduced reflectivity is not an artifact. The principal result
from the CDP data is that the addition of melt to the lower crust along the trace of the plume apparently
did not produce strong physical property contrasts in the lower crust. Perhaps this was because the entire
crust was hot at the time of formation. In contrast, igneous intrusion into pre-existing continental crust is
capable of producing significant reflectivity such as that seen near the Feroe Islands at the eastern end of
the FIR, and elsewhere beneath the northwestern European continental margins.

CRB-13

UPPERMOST MANTLE BENEATH THE EASTERN PART OF SIBERIAN CRATON AND
ADJACENT FOLD AREAS

V.D. Suvorov, Z.R. Mishenkina, LF. Sheludko, G.V. Petrick, E.A. Melnik
Institute of Geophysics SB RAS 3, Academician Koptyug pr., 630090, Novosibirsk, Russia
E-mail: suvorov@uiggm.nsc.ru; Fax: + 7 (383-2) 333432

Seismic data about the Moho topography and velocity distribution are considered. The area of about 2,5
million sq. km has been studied with different density of observations: the most detailed DSS data are
obtained in the Yakutian kimberlite province (YKP) and the Baikal-Vitim fold system; there are available
only local earthquake data in the Aldan shield and Verkcho-Jansk orogenic belt (VJOB). Composite
travel time curves of the seismic phases observed in the first arrivals up to offsets of 300-400 km and the
PmP phase are shown from DSS data. Those from seismological data were used up to offsets of 800 km.
Crustal thickness over this area changes from 30-35 km (beneath the VIOB, Vilyui basin and the Baikal
Lake) up to 50-60 km (beneath Aldan shield, south-western part of the Baikal rift zone and central part of
the YKP). Pn-wave velocity changes over a wide range of values. The least values of 7,7-7,8 km/s are
observed beneath the Baikal rift zone and Vilyui basin. The highest of them are found under diamond-
bearing regions of the YKP. The velocity at the Moho is characterized by values 8,0-8,2 km/s beneath the
VIOB that has a decreased crustal thickness and elevated relief level. So we may assume that the crust
can be not in isostatic equilibrium. As we can see the crust and uppermost mantle in areas of location of
different geological structures can exhibit the similar seismic properties. So it’s very important to find
integrated multidisciplinary geophysical features of the crust and mantle to explain the origin and
evolution of geological structures.
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STE-11

ANISOTROPY OF SCHISTS: CONTRIBUTION OF CRUSTAL ANISOTROPY TO ACTIVE-
SOURCE SEISMIC EXPERIMENTS AND SHEAR-WAVE SPLITTING OBSERVATIONS

Nicola J. Godfrey (1), Nikolas I. Christensen (2) and David A. Okaya (1)

(1) Earth Science Dept., Univ. of Southern California, Los Angeles, CA

90089; 213-740-6112; 213-740-0011; nicola@usc.edu

(2) Dept. of Geology and Geophysics, University of Wisconsin, Madison, WI 53706

We have made five, independent compressional and shear wave velocity measurements to completely
characterize transverse isotropy for samples from four metamorphic belts; the Haast schist terrane (South
Island, New Zealand), Poultney slate, Chugach phyllite, Coldfoot schist and Pelonaschist (USA). These
measurements include compressional wave velocities for propagation parallel, perpendicular and at 45° to
the symmetry axis (perpendicular to foliation), shear wave velocity for propagation and particle motion
perpendicular to the symmetry axis and shear wave velocity for propagation parallel to the symmetry
axis. Along with density, these five velocities characterize the transverse isotropy exhibited by these
rocks. Velocity measurements were made up to pressures of 1 GPa (about 30-km depth) where
microcracks are closed and anisotropy is due to preferred mineral orientation. Our samples exhibit
compressional wave anisotropy of 6 - 20 % as well as significant shear-wave splitting. Metamorphic
terranes that are anisotropic to ultrasonic waves may also be anisotropic at the scale of active and passive
seismic experiments. If the magnitude of crustal anisotropy is significant and if the anisotropy is
appropriately oriented, it may contribute to observed shear-wave splitting values. Our dataset can also be
used to model the effects of crustal anisotropy for active-source seismic experiments in order to determine
if the anisotropy of the terrane is significant and needs to be taken into account during processing and
modeling of the data. We generate synthetic seismic data for isotropic and anisotropic models
representing South Island New Zealand to investigate the kinds of errors introduced when anisotropic
seismic data is modeled assuming an isotropic medium.

STE-12

ELASTIC WAVE PROPAGATION IN ANISOTROPIC MATERIAL POSSESSING
ARBITRARY INTERNAL TILT: HAAST SCHIST TERRANE, SOUTH ISLAND, NEW
ZEALAND

D.A. Okaya (1), N. Christensen (2), N.J. Godfrey (1)

(1) Univ. Southern California, Los Angeles, CA, 90089 USA; (1)213-740-
7452, (1)213-740-0011; okaya@usc.edu

(2) Univ. Wisconsin, Madison, WI 53706 USA; (1)608-265-4469; fax(1)608-
262-0693; chris@geology.wisc.edu

Laboratory petrophysical measurements of field samples representative of the Southern Alps orogen
of the South Island, New Zealand, reveal geological terranes of isotropic to severely anisotropic
compositional and textural fabrics. Within the Southern Alps (Indo-Australian/Pacific transpressional
plate boundary), the originally deep-seated Haast schist terrane is upturned and exposed by uplift along
the Alpine (plate boundary) fault. This terrane has measured P-wave anisotropy of up to 17% at
confining pressures of up to 10 kbars. Overlying the schist terrane is the isotropic Torlesse greywacke
terrane (6.0-6.1 km/s). Active- and passive-source seismic experiments were conducted in 1996 and 1998
producing 3-component data imaging or propagating through the anisotropic schist terrane.

In order to analyze the seismological data sets, we have developed 3D full wavefield finite difference
code to create three-component synthetic seismograms incorporating anisotropic wave propagation. We
allow each node point to have its own geological dip (tilt of anisotropy symmetry axes) in addition to its
own values of velocities and density. We present calibration models of flat layers with internally dipping
fabrics plus the effects of hetergeneous earth structure whose internally dipping fabrics are not necessarily
parallel to layer boundaries. We then present synthetic seismograms simulating the seismological field
experiments across the Southern Alps orogen.
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STE-13

WIDE-ANGLE SEISMIC TRAVELTIME INVERSION USING A FRESNEL ZONE BASED
PROCEDURE :

C. Schigtt (1), B.H.Jacobsen (1) and N. Balling (1)
(1) Dept. of Earth Sciences, Geophysical Laboratory, Finlandsgade 6-8, 8200 Aarhus N.,
Denmark, phone +45 8942 4334, fax +45 8610 1003, email hcs@geo.aau.dk

Wide-angle seismic travel time inversion is commonly performed using ray theory for the

computation of arrival times and their sensitivities to the slowness distribution. However,

since sound travels as a wavefield, the seismic velocities on the ray are not solely

determining the travel time.

A good compromise between computation speed and accuracy in the calculation of forward

response as well as inversion estimates is achieved by smoothing the sensitivity kernels as

defined by the width of the first Fresnel zone along rays. We define Fresnel zones from

travel time residuals efficiently computed by an eikonal equation solver.

Synthetic tests demonstrate that ray tracing methods may provide models of an unnecessarily high
geological complexity. Furthermore, ray tracers are not always capable of calculating arrivals to all
receivers. Using the eikonal solver, we make sure that arrivals are calculated at all receiver positions. For
interpretation purposes, Fresnel zone based forward and inverse calculations assure that the obtained
models contain only the level of detail warranted by the measurement geometry and the wave equation.
The significance and application potential of this approach is demonstrated through realistic synthetic
tests and modelling of observed data.

STE-14

PROCESSING OF HEAD WAVES FOR SYSTEM OF OBSERVATIONS WITH MULTIPLE
OVERLAPPINGS.

A. Emanov (1), V. Seleznev (2), N. Korshik (3)
(1) ASEMSE, chief, doctor of geol.-min.sci.
(2) GS, director, professor of geol.-min.sci.

(3) ASEMSE, post-graduate

The construction of time (stack) sections of head waves is carried out on the basis dynamic conversion in
traces of a time section. For deriving time sections two variants of algorithms with use of one-channel and
multichannel filters of the Wiener are considered on the basis dynamic conversions. The conversions of
head waves was applied to the data of seismic exploration by a method CDS (common depth site),
obtained on the Siberian platform and to deep materials CDP (common depth point)-DSS (deep seismic
sounding). By results of processing the series of refracting horizons is investigated. It is shown that the
given method of processing realizes suppression of all types of waves except for head and improves
signal-to-noise ratio, automizes the process.
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STE-15

ON TECHNIQUE FOR OCEAN-BOTTOM SEISMIC DATA PROCESSING: INVESIGATIONS
ON BARENTS SEA SHELF

T. Sakoulina, Yu Roslov, A. Vinnick, A. Kopylova

SEVMORGEO State Geophysical Co., 36 Rosenstein St, 198095, St Petersburg. Russia.

seismic @sevmorgeo.com

The report is devoted to OBS 4C data processing for investigations on the base profile in the Barentz Sea
performed in 1995 and 1998. We consider kinematic data processing, i.e. study of the seismic wave
arrivals, which is crucial for OBS data analysis. The task comprises two stages: kinematic data acquisition
and interpretation. The profile Kinematic Data Bank (KDB) was formed by picking first and later wave
arrival times from complicated multi-wave field with low signal/noise ratio at large offsets. Special
processing of KDB data resulted in delineation of the first arrivals, refraction and reflection traveltime
curves. The approach to kinematic interpretation was based on two interpretation models: thick-layered
model and continuous 2D velocity distribution. The first one was used for plotting the continuously traced
refracting and reflecting horizons and rough velocity estimation; the second — for detailed study of V(x,z).
Each model suggested the relevant methods of getting solution to kinematic inverse problem. Both
approaches were applied concurrently, implementing the two independent ways of imaging the same
media section. That allowed, through several iteration, to minimize discrepancy in results of both methods
and get the optimal seismic section. The branching of the interpretation process occurs when crude
velocity estimates at OBS points produced by refraction traveltime inversion is used as initial
approximation to V(x, z) for first arrivals tomography. The original software was applied for all
processing phases, from interactive arrival picking to plotting boundaries and tomography computations.
It provided for technological level permitting simultaneous processing of large amounts of field data
acquired in different seismic investigations. The resulting seismic section images the crust structure along
the 1400 km profile down to depth of 40 km. The report presents the details of the interpretation
technique, intermediate and final results.

STE-16

3D SEISMIC TOMOGRAPHY BY USING TRAVELTIME AND WAVEFORM OF
MULTIPHASE AND APPLICATION TO CRUSTAL STRUCTURE IN THE NORTHERN
MARGIN OF QINGHAI-TIBET PLATEAU

Li Qinghe, Zhang Yuansheng
Lanzhou Institute of Seismology,410, Donggangxilu Ave, Lanzhou, Gansu, 730000, P. R. China Tel:

+86-931-8862458, Fax: +86-931-8410560, e-mail: ligh@lzu.edu.cn

A new technique of simultaneous inversion for 3D seismic velocity structure by using directed, reflected
and refracted waves was applied to the Northern margin of Qinghai-Tibet Platean. The inversion results
were improved with five practical new methods. (1) The Pg, Sg, Pm, Sm, Pn and Sn are applied; (2) The
velocity inverted by DSS was applied to constrained to improve the accuracy; (3) The model was
modified by waveform inversion; (4) The genetic algorithm applied to location, traveltime inversion and
waveform inversion was adopted to optimized; (5) The velocity sections for any depth and velocity-
distance-depth profiles from surface to Moho were got to analyze the crustal characteristics.

The general crustal structure for research area was got, the deep structure difference including basin and
folding area for different geological province can be found, the deep structure features in earthquake areas
of Gulang M8.0, Shandan M7.3, Menyuan M6.4, Jingtai M6.8 were got.
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STE-17
DEEP VIBROSEISMIC SOUNDING IN SIBERIA

V.S. Seleznev, V.M. Soloviev, A.F. Emanov
Geophysical Survey SB RAS, Novosibirsk, Russia

Results of long-term researches conducted by scientists of the Siberian Branch of the Russian Academy
of Sciences on the development of powerful and ecologically safe vibroseismic sources are represented.
The vibrators are designated for deep seismic sounding and provide high-stability seismic wave
generation (regarding amplitude, phase, frequency and orientation). As a result of experimental and
methodical works, executed in various regions, the monochromatic signals from powerful vibrators were
recorded at distances up to 1500 km, and good-quality vibroseismic records comparable in quality with
records from explosions in water basins and boreholes were obtained at distances out to 350 km. Direct
experiments show that a forty-minute work of 100-ton powerful vibrator is equal in seismic energy to
explosion of 4-5 tons of trotyl, and the 40-minute operating of a 40-ton collapsible vibrator is 3-4 times
weaker than the explosion of a 1.5 ton trotyl charge distributed in 1.5-2.5-m-deep water basin. With
researches at the Baikal and Bystrovka vibroseismic test sites, the high stability and recurrence of
vibration effects being equal to a decimal fraction of a millisecond was shown. The carried out
experimental research with powerful vibrators of various design convincingly prove their effective use in
deep seismic sounding and vibroseismic monitoring of a medium. The results of vibroseismic studying
the earth’s crust and upper mantle in Altai-Sayan region and Baikal rift zone and the detailed analysis of -
wave field from powerful vibrator at various distances are presented in the paper. Vibroseismic
observations substantially supplement the data of previous deep seismic investigations in these regions
and make justified setting up of seismological observations and active vibroseismic monitoring of
seismically dangerous sites of these regions. '

STE-18
IMAGING BASEMENT FAULT BLOCKS WITH WIDE-ANGLE MULTI-CHANNEL DATA

M.E. Carpenter (1), S.C. Singh (1), P. Barton (1), H. Jakubowicz (2).

(1) LITHOS, University of Cambridge, Department of Earth Sciences, Bullard Laboratories, Madingley
Road, Cambridge, CB3 0EZ, UK.

(2) Veritas DGC, Crompton Way, Manor Royal Estate, Crawley, RH10 2QR, UK.

We present a new method to image basement structure from long-offset data acquired by Veritas DGC in
1998 in the Faroes-Shetland Basin. Over 200 km of data was collected by using a single streamer of 12
km and a second streamer of 5km, giving a maximum offset of 18km. The survey has produced a densely
sampled dataset of very high quality which has allowed us to view the data in the common-offset domain
and to trace weak events across individual shot records at the full range of offsets. These events, seen in
common-offset sections, represent wide-angle reflections returning from beneath a high velocity basalt
layer and show basement topography to consist of fault blocks on a 5-10 km scale, while also showing
deeper structure below this. A 2D tau-p mapping technique has been used to determine a large scale
velocity model suitable for use with travel-time inversion and pre-stack depth
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STE-19

DEPTH FOCUSING AND PRE-STACK MIGRATION OF WIDE-ANGLE CRUSTAL AND
SHALLOW SEISMIC RECORDS

1.B. Morozov, A. R. Levander .
Dept. of Geology and Geophysics, Rice University, MS-126, 6100 S. Main, Houston, TX 77005, USA,
morozov @ geophysics.rice.edu

At large offsets typical for both crustal-scale and near-surface seismic exploration, the performance of prestack
migration algorithms critically depends on depth focusing which is their ability to determine an accurate
background velocity model. In our new prestack migration package, detailed wide-angle depth focusing is
achieved (1) by interactive analysis of common-image gathers and (2) by estimating coherency attributes of the
wavefield in the pre-stack domain. Both of these methods are used for refining the velocity model for a family
of travel-time map-based pre-stack depth migration algorithms, such as diffraction-stack, Kirchhoff, Kirchhoff-
reciprocal- Kirchhoff (KRK), and asymptotic inversion.

In the first of these techniques, we generate a series of Common-Image gathers and use an interactive program
to identify and pick the residual reflection moveouts due to errors in the background velocity model. The
resulting picks are directly projected back into the velocity model making our wide-angle depth focusing
similar to conventional CMP stacking velocity analysis.

Our second method utilizes the entire midpoint-offset-depth data volume to measure the coherency within the
migrated common-image gathers. In a single pass through the processing tool, seismic records are migrated
into each imaging point for a range of background velocities, and the regions of the maximum coherency are
identified. The coherency can be estimated using traditional semblance methods or by a high-resolution
measure based on phase statistics. The resulting coherency panels are then picked and used in tomographic
velocity updating. ,

We apply these techniques to 2-D shallow seismic data acquired by Rice University team at Hill Air
Force base, Utah. The results show that our approach is capable of resolving overburden velocity
variations above the target horizon at 6 - 15 m depths thus providing the necessary focusing for a reliable
high-resolution reflection depth image of the target horizon.

STE-20

ASSESSMENT OF 2D AND 3D VELOCITY MODELS DERIVED FROM WIDE-ANGLE
TRAVELTIME DATA

C. Zelt (1), K. Sain (2), J. Naumenko (1), D. Sawyer (1), P.R Reddy

(1) Rice University, Department of Geology & Geophysics, Houston, TX, USA, 77005-1892, 713-348-
4757 (phone), 713-348-5214 (fax), czelt@rice.edu (2) National Geophysical Research Institute,
Hyderabad, India

Nonlinear methods for assessing the reliability of 2D and 3D velocity models derived from wide-angle
traveltime data are presented. Deriving alternate models that satisfactorily fit the real data is the best
means of estimating the bounds on single model parameters and specific model features, in the case of
minimum-parameter and finely-gridded models, respectively. Using a tomographic approach with
roughness and perturbation constraints is the most effective way to establish whether particular model
features are required by the data or merely consistent with the data. A shortcoming of modeling some
datasets is the subjective aspects of identifying and including later phases, assigning specific layers to
refracted arrivals, and positioning model nodes when using a minimum-parameter-type approach. The
effect of these more subjective choices can be addressed using first-arrival traveltime tomography that
seeks a minimum-structure model. Model resolution can be estimated using a tomographic approach and
a series of checkerboard tests with a range of anomaly sizes. These techniques are illustrated using real
data from central India, southwest British Columbia, the Faeroe Basin, and the Chilean and Iberia
margins.
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PCM-1

SIMULTANEOUS WIDE-ANGLE AND ZERO-OFFSET TRAVELTIME INVERSION FOR 2D
VELOCITY STRUCTURE OF THE IBERIA MARGIN

Colin A. Zelt (1), Dale S. Sawyer (1)
(1) Rice University, Department of Geology & Geophysics, Houston, TX, USA, 77005-1892, 713-348-
4757 (phone), 713-348-5214 (fax), czelt@rice.edu

We present an analysis of wide-angle and MCS data from the Iberia margin along a 335 km dip profile
over the Galicia Interior Basin (GIB), Galicia Bank (GB), S reflector, and Peridotite Ridge. The MCS
data provide a detailed image of the margin sediments and basement. The wide-angle data constrain the
sub-sedimentary velocity structure. Zero-offset reflection times from the sediments, basement and S
reflector were inverted simultaneously with the deeper refraction/wide-angle phases to account for the
complex shallow structure on the deeper raypaths. A model satisfying all the data was obtained which
includes subjective features considered geologically reasonable. To objectively assess this model, the first
arrival data were inverted using a tomographic approach. The isovelocity contours representing the Moho
in the final tomographic model agree well with the Moho derived from the inversion of the complete set
of traveltimes using the subjective approach. The S reflector appears to be the Moho just 3-5 km beneath
the seafloor and its seaward dip suggests it is a detachment fault. Landward of the S reflector, the
correlation between crustal thickness, water depth and sediment thickness is typical for a rifted margin.
Crustal thickness variations suggest the margin extended in two phases spatially separated by about 100
km, with stretching factors of 2.5-3 and nearly infinite implied for the early and late (preceding seafloor
spreading) stages of rifting beneath the GIB and GB basin.

PCM-2

CRUSTAL IMAGES OF MESOZOIC EXTENSION AND ALPINE COMPRESSION AT THE
NORTH IBERIAN MARGIN

1. Gallastegui (1), J.A. Pulgar (1) and J. Gallart (2)

¢)) Department de Geology, Universidad Oviedo, ¢/ Jesiis Arias de Velasco s/n, 33005-Oviedo,
Spain, (34) 985103111, jorge@asturias.geol.uniovi.es, pulgar@asturias.geol.uniovi.es. .
2) Instituto de Ciencias de la Tierra-CSIC, ¢/ Lluis Solé y Sabaris s/n, 08028-Barcelona, Spain, (34)
933302716, jgallart@ija.csic.es.

The North Iberian Margin (NIM) at the southern part of the Bay of Biscay, separated from the Armorican
conjugate margin since the Mesozoic opening of the Atlantic Ocean, has been affected by successive
tectonic episodes of rifting, passive margin and shortening from Permo-Triassic to Later-Tertiary times. A
crustal cross section of the NIM, from the abyssal plain to the coastline has been established by
combining commercial seismic reflection profiling at the platform, the deep profile ESCIN-4 and gravity
modelling. The detailed cross section of the Iberian continental shelf reveals structures from all three
tectonic events: a) normal faults and asymmetric basins from the Permian to lower Cretaceous extensional
stage. b) Upper Cretaceous sediments deposited under stable conditions during the passive margin period.
c) Inverted faults, thrusts and folds related to the Tertiary compression that led to a remarkably steep
(17°) continental slope. Tertiary deformation is particularly intense at the foot of the continental slope
where uppermost Cretaceous to Lower Miocene sediments are deformed and thrusted northwards. The
deep structure was constrained from the ESCIN-4 vertical and wide-angle seismic data. A conspicuous
reflective lower crust and Moho deepening landwards are imaged together with reflections from a second
deeper Moho that suggest a duplicated lower crust forming a crustal root under the Cantabrian Mountains
and subducting to the North. Features interpreted as crustal scale Mesozoic detachments could be the
weakness zones that allowed the Margin’s lower crust to “slide” southwards and split the Iberian crust,
forcing the subduction of the Iberian lower crust northwards.
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PCM-3
THE STRUCTURE OF THE IBERIAN MARGIN AT 41 DEGREE 2': MCS AND OBH RESULTS
Thomas Leythaeuser (1), Ernst R. Flueh (1), Tim Reston (1)

(1) Geomar, Wischhofstr.1-3, 24148 Kiel, Germany, ph +49-431-600-2324, fax +49-431-6002922,
tleythacuser @ geoimnar.de

West off Iberia, the nonvolcanic rifted continental margin is made up of three main structural segments:
the Galicia Bank to the north, the south Iberia Abyssal Plain in the center, and the Tagus Abyssal Plain in
the south. The Iberian margin was formed during rifing between Iberia and New Foundland, the breakup
propagating northwards, occurring at about 137 Ma, 130 Ma and 114 Ma in the Tagus Abyssal Plain,
Iberia Abyssal Plain and Galicia Bank area, respectivley.

During a joint US-German seismic experiment a huge data set of combined multichannel and wide-angle
lines were surveyed at the northern Iberian margin (Ewing cruise July to August 1997). Here we present
the results of a 300 km long combined MCS/OBH transect across the margin (41 degree 2'N) at the
transform zone between the Galicia Bank segment and the Iberia Abyssal Plain segment.

PCM-4

THE INITIAL PHASE OF THE SOUTH ATLANTIC RIFT -- NEW SEISMIC DATA OF THE
ARGENTINE PASSIVE CONTINENTAL MARGIN

T. Schiimann (1), N. Ellouz (2), K. Hinz (1), P. Gerling (1), H. Keppler (1), H. Meyer (1) and H. Roeser
(1

(1) Federal Institute for Geosciences and Natural Resources, Hannover, Germany; (2) Institut Frangais du
Pétrole, Rueil-Malmaison, France.

The study area of the BGR98-cruise is located offshore Argentina. It comprises the outermost shelf, the
slope, the rise and even the abyssal plain, and includes the seaward extension of the Colorado Basin.
Approximately 12.000 km of multichannel deep seismic lines, mostly traversing across the Argentine
continental margin, were acquired by the BGR. In the Late Jurassic / Early Cretaceous times, continental
break up of Gondwana led to the opening and northward propagating of the South Atlantic. Since 135Ma,
the Parana-Etendeka continental flood basalt provinces were emplaced, associated with multiple series of
seaward-dipping reflectors (SDRS), possibly related to the Tristan da Cunha hot spot. Up to five distinct
zones of SDRS reaching down to more than 13s TWT could be mapped trending parallel to the Argentine
continental margin. Transform faults were interpreted on strike lines and across some of them the SDRS
show lateral displacement or even disappear. The angles of dipping of the individual SDRS vary
reflecting different phases of their emplacement for which a model is proposed. Very few extensional
tectonic features could be found affecting the continental crust within the study area. Normal faulting is
concentrated on one zone parallel to the margin wherein small grabens were formed, west of an outer
margin high. Prior to the break-up, sedimentation has started most probably with a lacustrine facies
interfingering with the SDRS (most likely to consist of basalt and volcanoclastic sediments). Below the
break-up unconformity, synrift sediments are found within the marginal basins and time equivalent
deposits overly the SDRS and the associated interbedded lacustrine sediments. After break-up, the
continental margin was affected by thermal subsidence, especially along the elongated SDRS zones. A
thick sedimentary column (up to 6000 m in the southern pqrt) was deposited onto the transition zone
between the continental and the oceanic crust during the period of thermal sag. On top of the break-up
unconformity 4 progradational phases were deposited during the cretaceous followed by an erosion (End
Cretaceous / Early Tertiary). This has formed a widespread erosional surface on which a thick
aggradational sedimentary wedge was then deposited and strongly affected by gravity faulting related to
detachment layers formed by the underlying erosional surface. The most recent sedimentation started with
a prominent onlap horizon (Paleogene) and drift structures were deposited forming giant dunes. Based on
the seismic interpretation, IFP softwares GENEX / DIONISOS were used, to model the subsidence of and
the sedimentary processes within the transition zone, in order to establish the thermal history, the tectonic
evolution as well as the sedimentary distribution taking into account decompaction and erosion processes.
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PCM-5

EARLY OPENING--INFERENCES FROM U.S. EAST COAST MARGIN AND SOUTH
ATLANTIC CONJUGATE MARGINS

Manik Talwani (1), Vitor Abreu ( 2)

Rice University, 6100 Main Street, Houston, TX 77251, USA; Phone: 713 348 6067; Fax: 713 348
5214; email: manik @rice.edu ’

Unocal Corporation, 14141 Southwest Freeway, Sugarland, TX, USA; Fax: 281 287 5603

Highly reflecting continental crust off the U.S. east coast terminates abruptly against an interface that dips
steeply landwards. We believe that Initial Oceanic Crust lies seaward of this boundary. This crust consists
of intrusives overlain by extrusives ; the latter appear in seismic reflection records as characteristic
seaward dipping reflectors. The continental crust undergoes only moderate thinning prior to an apparently
abrupt breakup.

Seaward dipping reflectors (SDR's) also characterize the Pelotas Basin in the western South Atlantic and
the conjugate Walvis basin in the eastern South Atlantic. Under the feather edge of the SDR's rifted
continental crust is seen in the reflection records; while the crust underlying the major part of the SDR's is
devoid of reflectors and presumably represents Initial Oceanic Crust. A number of adjacent lines in both
margins show the along strike variations in the SDR's. Also notable in these sections is the presence of
antithetic faults.

PCM-6

IMAGING CRUSTAL STRUCTURE ON THE EUROPEAN CONTINENTAL MARGIN IN THE
PRESENCE OF SIGNIFICANT BASALT FLOWS AND SILLS

M. M. Fliedner (1), R. S. White (1), P. A. F. Christie (2), R. Hoare (2)

(1) Bullard Laboratories, Univ. of Cambridge, Madingley Rd., Cambridge CB3 0EZ, United Kingdom,
+44 1223 337188, fax +44 1223 360779, moritz@esc.cam.ac.uk

(2) Geco-Prakla (UK) Ltd., Schiumberger House, Buckingham Gate, Gatwick, West Sussex RH6 ONZ,
United Kingdom, christie @ gatwick.geco-prakla.slb.com

Thick basalt flows and multiple sill injections are endemic on the northwest European continental margin.
The strong impedance contrasts generated by these basalt layers severely hinder imaging of the
underlying crustal structure, both by reflecting much of the seismic energy and by generating many strong
inter-bed multiples. We discuss a variety of techniques which can help overcome some of these
problems, using as examples seismic data acquired in the Faeroe-Shetland Trough. Four-component, sea-
bed data acquired using a cable-mounted array of three-component geophones plus hydrophones allow
direct recording of S-waves at the seabed. Even with airgun sources, locally strong P-to-S conversions
create prominent S-wave phases and allow us to determine the S-wave velocity structure of the lava
flows. Two-ship synthetic aperture seismic profiles with offsets of up to 38 km acquired in the same
location as the 4C data allow the deeper sedimentary and basement structure to be determined. Finally,
even larger offsets of up to 110 km have been recorded by deploying three-component seismometers on
land on the island of Suduroy, Faeroe Islands, at one end of the offshore synthetic aperture profiles.
These recorded clear Moho reflections, thus constraining the crustal structure to a depth of 25 km.
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PCM-7

CRUSTAL STRUCTURE OF AN EXTENDED CONTINENTAL MARGIN NORTHEAST OF
NEWFOUNDLAND

LD. Reid (1), D.Chian (2), H.R. Jackson (2)
Geological Institute, University of Copenhagen, Denmark, idr@seis.geol.ku.dk
Geological Survey of Canada (Atlantic), Dartmouth, NS, Canada, jacksonr@agc.bio.ns.ca

The Orphan Basin is a wide (400 km) zone of thinned and extended continental crust on the rifted
continental margin northeast of Newfoundland. It is bounded to seaward by the continental fragment of
Orphan Knoll, and to the south by the shelf and basins of the Grand Banks. A wide-angle seismic
experiment was run across the basin and the adjacent margin, along an existing deep reflection profile.
Data from fifteen ocean bottom seismometers, in combination with a large airgun array, allow the
determination of crustal velocity structure over much of the extended continenental crust and the adjacent
oceanic region. Prerift metasedimentary rocks, with up to 5 km relief produced by block faulting during
extension, are present beneath the synrift and postrift sediments. Crystalline upper and lower crust have a
total thickness of typically 10-15 km. Most significant, there is no indication of a high-velocity lower
crustal layer (>7 km/s), which might be due to magmatic underplating. The extension of the basin
therefore appears to have taken place amagmatically. The continental crust ends abruptly seaward of
Orphan Knoll, and the adjacent continent-ocean transition zone shows many of the characteristics of the
serpentinized peridotite zones that are seen on some other nonvolcanic margins, suggesting that there may
be no actual crust here, and that true igneous oceanic crust may not have been produced until significant
continental separation had occurred.

PCM-8

COMBINED NEAR-VERTICAL AND WIDE-ANGLE REFLECTION AND REFRACTION
STUDIES OF THE AUSTRALIAN NORTH WEST SHELF e

A. Goncharov (1), T. Fomin (1), A.Kritski (2), P. Petkovic (1), V. Pylypenko (3) & J.Sayers (1)
AGSO, GPO Box 378, Canberra, ACT, 2601, Australia, e-mail: Alexey.Goncharov@agso.gov.au
Institute of Geophysics National Academy of Sciences, Ukraine

School of Geosciences, University of Sydney

Wide-angle reflection and refraction data were used in this study to supplement conventional CDP (near-
vertical reflection) data. The wide-angle data were recorded by ocean-bottom (OBS) seismographs on the
Australian North West Shelf during a survey undertaken by AGSO along 5 profiles of total length 2764
km. Velocity information can now be derived from two independent data sets: CDP and OBS data.
Residual (difference between these two velocity data sets) velocity images can be produced and analysed.
Even within the top 5 km of the section, residuals between the OBS- and CDP-derived interval velocities
vary from —0.5 to +3.5 km/s and increase further with depth. Consequently, the depth equivalent of 4 s
two-way time will vary by up to 1.2 km or 10%. OBS-derived velocity model enables depth migration of
refraction/wide-angle seismic data thus presenting them in the same style as the conventional reflection
data and extending seismic image into the lower crust where the CDP data lacks detail.
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PCM-9

DEEP SEISMIC REFECTION PROFILING OF THE PROTEROZOIC HAMERSLEY
PROVINCE, WESTERN AUSTRALIA

S. Kleffmann (1), R. Hackney (2), D. Hollingsworth (3), B. Goleby (4), M. Dentith (5), C. Powell (6)

(1) Tectonic Special Research Centre, University of Western Australia, Nedlands, WA 6025, Australia,
+61 8 93807847,+61 8 93807848, skleffma@tsrc.uwa.edu.au_(2) Tectonic Special Research Centre,
University of Western Australia, Nedlands, WA 6025, Australia, +61 8 93807839, +61 8 93807848,
rhackney @tsrc.uwa.edu.au (3) Tectonic Special Research Centre, Curtin University of Technology, GPO
Box U1987, Perth, Australia, 61 8 92667263, hollingd @lithos.curtin.edu.au (4) AGSO, PO Box 378,
Canberra, ACT, 2601, Australia, Bruce.Goleby@agso.gov.au (5) Department of Geology and
Geophysics, University of Western Australia, Nedlands, WA 6025, Australia, +61 93807322,
mdentith @geol.uwa.edu.au (6) Tectonic Special Research Centre, University of Western Australia,
Nedlands, WA 6025, Australia, +61 8 93803422, rpowell @tsrc.uwa.edu.au

Images from two seismic reflection profiles of the Hamersley Province foreland fold-and-thrust belt in the

Pilbara region of Western Australia reveal a complex Archaean/Proterozoic tectonic history. The

Ophthalmian (~2.3 Ga) and Ashburton orogenies (~1.7 Ga) are recognised tectonic events, which

resulted in significant crustal shortening and formed the regional EW-trending fold belts in the Hamersley
Basin. The seismic data provide some clear evidence for thrusting in the upper crust that formed during

the Ophthalmian orogeny. However, prominent shallow reflections, which define the Archaean mafic

volcanic and volcaniclastic rocks of the Fortescue group that overlie the granitic basement, show

surprisingly little collisional deformation characteristics. The basal contact is mainly subhorizontal with a
slight increase in thickness to the south and has probably served as a decollement surface for at least one

of the main orogenic events. The upper crust is about 10 km thick (1.5 - 5 s twt) and consists of Archaean

granite and greenstones. This part of the crust exhibits significant lateral variations in reflectivity that are
probably manifestations of remnant Archaean deformations. A transition from upper to mid and lower
crust is marked by strong reflections at about 5 s twt. A generally highly reflective imbricated mid and

lower crust consists presumably of higher grade metamorphic laminae. Discontinuous reflections with
dips of up to 20 degrees in opposite directions exists in this part of the crust. Reflectivity tapers off at 11

to 11.5 s twt indicating that the Moho is not a first-order discontinuity, Estimates of crustal thickness,

using velocity information from earlier refraction studies, indicate a depth to Moho from 34 in the north
to 37 km in the south, which is in agreement with prediction based on the regional Bouguer gravity
anomaly. It is anticipated that the seismic images help address questions regarding the diagenesis of the
economically significant iron-ore deposits in the Hamersley Basin.
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S-WAVE AND GRAVITY MODELING BASED ON P-WAVE MODELS OF WIDE ANGLE
SEISMIC DATA FROM OCEAN BOTTOM SEISMOMETERS SOUTHEAST OF SVALBARD

A. J. Breivik (1), R. Mjelde (1), P. Grogan (2), H. Shimamura (3), Y. Murai (3), Y. Nishimura (3), A.
Kuwano (3)

(1) Institute of Solid Earth Physics, University of Bergen, Bergen, Norway

(2) Norwegian Petroleum Directorate, Harstad, Norway

(3) Institute for Seismology and Volcanology, Hokkaido University, Sapporo, Japan

Southeast of Svalbard no reliable mapping below the Permian sequence from conventional seismic
reflection data exists, and the early post-Caledonian development is largely unknown. The modeling of
four OBS profiles acquired in 1998 southeast of Svalbard is presented here. Based on earlier P-wave
modeling of these profiles, S-wave and gravity modeling give new constraints on the structure and
lithology of the area. The S-wave recordings enable direct and indirect estimates of the S-wave velocity
of the sedimentary and crystalline units. The Vp/Vs ratios of the sedimentary units indicate a mixed
lithology of sand and clay, and possibly carbonates. An increase of the Vp/Vs ratio with depth agrees with
a reduction in porosity with increasing overburden. Very high values seen where sedimentary units gets

thin is likely due to the development of cracks as a response to erosional unloading. Top crystalline”

basement uniformly shows a Vp of 6.3 km/s and a Vp/Vs ratio of 1.69, indicating a quartz rich igneous or
metamorphic lithology compatible with granite or felsic gneiss. S-waves converted at and reflected off the
Moho indicate that this value is representative for the bulk of the crystalline crust. There are indications
of a higher ratio at the southwestern part of the area, and bodies of intermediate to mafic composition may
be present here.

There is little correlation between observed gravity and the depth to crystalline crust and to
Moho. The gravity modeling suggests that the observed field is dominated by density variations between
2800 and 2990 kg/m”3 in the crystalline crust. High basement densities account for the two major
positive gravity anomalies in the area, augmented by high density in the upper mantle. This occurs under
the Olga Basin, imparting a positive gravity anomaly to the basin. Only one major anomaly corresponds
to a top basement feature; a low located between the Sentralbanken High and the Olga Basin. The high
density body in the southwest correlates with the area of possibly increased Vp/Vs ratios, compatible with
a more mafic composition here.
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