6th International Symposium on

~ SEISMIC REFLECTION
PROBING OF THE CONTINENTS
AND THEIR MARGINS

Program & Abstracts

Budapest, Hungary
12-17 September 1994



-

Sponsors

The Local Organizing Committee would like to thank the following organiza-
tions for their generous support:

ACCORD: Assistance of the Community in Co-operation in R&D

ELGA.: E6tvds Lorand Geofizikai Alapitvany (E6tvos Lorand Geo-
physical Foundation)

IASPEI International Association of Seismology and Physics of
the Earth’s Interior

ILP: International Lithosphere Program o

ISF: International Science Foundation Travel Grant Progrém

Lithoprobe ‘ ‘

MOL Rt: Magyar Olaj- és Gadzipari Rt. (Hungarian Oil and Gas Co.)

OMFB: Orszgos Miiszaki Fejlesztési Bizottsig (National Com-
mittee for Technological Development)

PACE Foundation: Programme for Association on Co-operation in
Earth Sciences

INTRODUCTION AND WELCOME

The Symposium Organizing Committee extends a hearty welcome to all participants to the 6th
International Symposium on *Seismic Reflection Probing of the Continents and Their Margins’ being
held in Budapest. The choice of Budapest as the venue for this event meant both pleasure and
responsibility for Hungarian geophysicists and geologists. Through your contribution we hope the
symposium will be a soientific success and a rewarding experience.

The Symposium is held in the Agro Hotel which is located in one of the most delightful spots
of Budapest, high on 2 hill, witha glorious view. Budapest also offers many cultural opportunities
which are worth taking advantage of.

In conclusion let we thank you for coming, wish you a successful conference and a pleasant
stay in Budapest.

SPECIAL EVENTS PROGRAM

«

Sunday, 11 September
19.30 - 21.00 Welcoming Icebraker (Agro Hotel)

Tuesday, 13 September
19.00 - Organ Concert (Matthias Church)

Friday, 16 September
19.30 - Conference Banquet (Agro Hotel)
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: ADDITIONAL INFORMATION

Mounting of Posters

Poster presentations may be mounted after 9.00 on Monday, September 12 in the postet room.
Each poster presentation has been assigned a numeric identification. See the detailed Poster
Presentation Program’, to find the identification for your poster. For example, one poster 1S desxg_nated
3/2, indicating scientific Theme 3 and poster 2 within that theme. Poster boards are labelled in the
same way. Mount your poster on the board that has your poster identification from the detailed
program. Poster may remain on display throughout the Symposium. All posters must be removed no
later than 10.00 am Friday, 16 September.

Audio-Visual Equipment

The Auditorium is equipped with two 35 mm slide projectors, two overhead projectors and two
screens.

Carousels and Previewing of Slides

Carousels for your slides and projectors for previewing of oral presentations are ava.ilable ina
separate room. Please empty and return your carousel(s) to this room at the Lunch or Diner break

. following your presentation.
Languages

Papers will be presented in English and no simultaneous interpretation will be provided.

s

PROCEEDINGS VOLUME

The Organizing Committec has made preliminary amngcments.with the publishers of the
Elsevier journal Tectonophysics fora special issue in which the proceedings will be published. This
will be similar to the special issue in which the proceedings of the 5th International Symposium held
in Banff (1992) were published [Tectonophysics, Vol. 232, Nos. 1-4, 1994]. .

All those, who have ticked the ‘Yes’ box on the Conference Registration Form are kindly asked
to confirm their intention by leaving the title and the author(s) name in the "Tecgonop.hysmg,’ box on
the Registration desk. The Committee on publication, appointed by the Editor-in-chief, will decide

on the content of the special issue. Manuscripts will undergo the usual rigorous review process of

the journal. ) o ]
Tn order to avoid major delays between the meeting and the publication of the proceedings,

three copies of the manuscripts with all illustrations must be received by 31 December, 1994 on the’

following address:

Dr. Kiroly POSGAY

E5tvds Lorand Geophysical Institute of Hungary
POB 35

H-1440 Budapest

Papers arriving later will not be considered for publication in the proceedings of the conference.
A short Guide for Authors can be found at the end of each copy of Tgctoqophysxcs, a detailed
one is published in Vol. 227, Nos. 1-4. You are kindly asked to consult this guide.

OPENING EVENTS

Monday, 12 September

9.00 — 9.30 Welcoming Addresses:

K. POSGAY, Chairman of the Organizing Committec

1. KESMARKY, Vicepresident of the Association of Hungarian Geophysicists

T. BODOKY, Director of the Edtvds Lordnd Geophysical Institute of Hungary;
President of the European Association of Exploration Geophysicists

SCIENTIFIC PROGRAM
ORAL PRESENTATION PROGRAM

Monday, 12 September, Morning Session

Theme: Potential of deep seismic reflection profiling for hydrocarbon exploration

Chairman: T. BODOKY (9.30 — 12.00)

9.30 — 10.00 I BERCZI (invited speaker): Application of Deep Seismic surveys in Oil and Gas
exploration in the Hungarian Part of the Pannonian Basin
10.00 — 10.30 D. M. FINLAYSON (invited speaker), D. W. JOHNSTONE, A. J. OWEN, K.D.
} WAKE-DYSTER: Deep Seismic Images of Early Rifting Processes in the Otway
e Basin, Australian Southern Margin
10.30 — 11.00 COFFEE BREAK
11.00 — 11.20 K. BADDARI, M. DJEDDI, R BAOUCHE: Physico-Geological Statistical Model
of South-Eastern Constantinois Carbonated Reservoirs of Algeria
11.20 — 11.40 D. EATON, B. MILKEREIT, G. Ross, E. KANASEWICH: Seismic Evidence for
- Basement Controls on Sedimentation in the Western Canada Sedimentary Basin
11.40 — 12.00

Monday, 12 September, Afternoon Session

Theme: Deep seismic reflection profiling results and techniques

Chairman: R. MEISSNER (14.00 — 15.40)

14.00 — 14.20 L D. BROWN and Comell Deep Seismic Research Group: COCORP and Global
Deep Seismic Profiling
14.20 — 14.40 S.P.LARKIN, A. LEVANDER, D. OKAYA, K. HOLLIGER: Three-Component

Seismic Imaging of the Basin Range/Salton Trough Transition Zone in South-
eastern California, USA



E. S.WISSINGER, A. LEVANDER, J. S. OLbow, G. S. FUIS, w. J. LUTTER:
Seismic Images of the Brooks Range Fold and Thrust Belt, Alaska, from an

Integrated Seismic Reflection/Refraction Experiment

I KESMARKY, Z. HAINAL: LITHOPROBE, Vancouver Island Interval Velocity
Case Study — a Retrospective View

J. H. MCBRIDE, R. W. HOBBS, R. S. WHITE: Whole-Crustal Normal Faults? —
Oceanic Deep Reflection Evidence

COFFEE BREAK

Chairman: L. STEGENA (16.10 — 17.50)

Theme: Deep seismic reflection profiling results and techniques.

. d IAM Group: E. BANDA, R. LONG, L. MENDES-VICTOR, L.
ISWE.NTO‘?,%JIFCa.nSIBUEr, A. B? WATTS: A Seismic Image of the Ibetian Atlantic

Margins: The 1AM Project
J. ALVAREZ-MARRON, J. 1. DANOBEITIA, A. PEREZ.-ESTAUN., J. A. PULGAR:
Seismic Structure of the Northemn Continental Margin of Spain

. . P i
R. CARBONELL, M. TORNE, E. BANDA: Lateral Heterogeneous Velocity Mode
for the Beti;l.éordillera: Results from Migration Moveout Velocity Analysis

) S ) “de
. SIMON, H. GEBRANDE, M. BOPP: Pre-Stack Migration and True-Amplitu
‘IPWrocessing of DEKORP Steep- and Wide-Angle Reflection Measurements

& TOMEK, S. VRANA: Decp Seismic Transect Through West Bohemia and its
Significance for the Interpretation of Variscan Continental Collision

Tuesday, 13 September, Morning Session

Chairman: St. MUELLER (8.30 — 10.00)

L (invited s ker), B. REILKOFF, K. PosGAY, E. HEGEDU S, E.
%Agg—gg? L %Dﬂl,pesat N[)UELLH(, J. ANSORGE, R. DElACO: Crustal Scale
Extension in the Central Pannonian Basin
F. HORVATH, G. TAR], L. CSONTOS, P. SZAFIAN: Crustal Structure and Mecha-
nism of Extension in the Pannonian Basin

I
A. HIRN, F. AVEDIK, E. BANDA, D. BLUNDELL, M. LOUCOYANNAKIS, J.
DRAKOPOULOS, R. NICOLICH, J. MCBRIDE, L. A. MENDES-VICTOR, M.
SACHPAZL: Deep Structure of Ionian and Aegean Basins and Margins: Streamers
Multichannel and Wide Angle Seismics
. SACHPAZI, A- HIRN, A. NERCESSIAN, J. DRAKOPOULOS, 1. DIAZ, M.
t[OUéOYA:INAKIS and STREAMERS Group: Wide Angle Images of Aegean
Crusts

COFFEE BREAK

Chairman: T. ITO (10.30 — 12.10)

© 6
14.40 — 15.00
15.00 — 15.20
15.20 — 15.40
15.40 — 16.10
16.10 — 16.30
16.30 — 16.50
16.50 — 17.10
17.10 — 1730
17.30 — 17.50
8.30 — 9.00
9.00 — 9.20
920 — 9.40
9.40 — 10.00
10.00 — 10.30
10.30 — 10.50

P. BANKWITZ,H.-]. BEHR, H.-J. DORBAUM: The DEKORP MVE-90 Profile and
its Geological Consequences

10.50 — 11.10

11.10 — 11.30

A

11.30 — 11.50

1
i
} 11.50 — 12.10

P. SADOWIAK, G. HIRSCHMANN, H. WIEDERHOLD: Seismic Reflections from
the Crystalline Crust at the KTB Site (Germany)

S. V. SOBOLEV, A.Yu. BABEYKO, E. LOSCHEN, K. FUCHS: Nature of Seismic
Refleefions at KTB Borehole in Germany: Modeling Based on Rocks Compo-
sijion, Fabrics and Borehole Measurements )

M. KORBE, H. HORSTMEYER, Th. ROHL: Three-Dimensional Migration of the
3D Deep-Seismic Reflection Survey at the KTB Location, Oberpfalz, FRG

W. RABBEL, E. LUSCHEN: Shearwave Anisotropy of Laminated Lower Crust

Wednesday, 14 September, Morning Session

Theme: Deep seismic reflection profiling results and techniques

Chairman: Z. HAINAL (8.30 — 10.40)

8.30 — 8.50
850 — 9.10
9.10 — 9.30
9.30 — 9.50
9.50 — 10.10
10.10 — 10.40

MONA LISA WORKING GROUP (H. THYBO, L. B. PEDERSEN, E. R. FLUEH,
R. ENGLAND, N. BALLING): Mona Lisa — Deep Seismic Profiling in the
South-Eastern North Sea

S. KODAIRA, H. SHIMAMURA, H. B. HIRSCHLEBER, R. MJELDE: Crustal Struc-
ture of the Ocean-Continental Transition Zone of the Lofoten Margin, off N.
Norway by OBS Refraction and Wide-Angle Reflection Studies

R MUELDE,M. A. SELLEVOLL, S. KODAIRA: Crustal Structure of the Volcanic
Margin off Lofoten, N. Norway, from Multichannel Reflection and Wide-Angle
OBS-Data )

M. MCCAUGHEY, S. C. SINGH: A Simultaneous Inversion of Both Reflection
and Wide-Angle Seismic Data

S. C. SINGH and the BIRPS Core Group, P. 1. BARTON, T. A. OWEN, J. 1.
DOoODY: Wide-Angie and Broad-Band Seismic Investigation of the Continental
Crust

COFFEE BREAK

Chairman: R. CLOWES (10.40 — 12.00) -

10.40 — 11.00
11.00 — 11.20
11.20 — 11.40
11.40 — 12.00

R W. ENGLAND, N. 1. SOPER, P. D. RYAN and the BIRPS Core Group:
Identification of Terranes Using Decp Seismic Data from Offshore Britain and
Ireland

R Hosgs, BIRPS Core Group, A. ZIOLKOWSKI, R. JOHNSTON: Multiple
Suppression Techniques and their Application to Deep Seismic Reflection Data

V. S. DRUZHININ, S. N. KASHUBIN, T.V. KASHUBINA, V. A. KOLMOGOROVA,
G.V. PARYGIN, A.V. RYBALKA, A. M. TIUNOVA: The Main Featurtes of the
Intetface between the Crust and the Upper Mantle in the Middie Urals (in the
vicinity of the deep drilthole SG-4)

7. H. KNAPP,M. A. BADER, D. N. STEER, L. D. BROWN: COCORP and Seismic
Reflection Profiling of the Uralian Orogen, Russia :



Wednesday, 14 September, Afternoon Session
Theme: Seismic reflection studies of the Precambrian crust
Chairmgn: D. FINLAYSON (14.00 — 16.30) )
14.@;:— 14&7/ R M. CLOWES (in/vitcdrsmké?ﬁ.ﬁm;robe Reflection Studies of Archean and
_Proterozoie-€riis -~

G e hCams
14.3f— 14.5&5 J. HALL,R. WARDLE, C. GOWER, "KERR, K. COFLIN, C. KEEN, P. CARROLL:
- - Reflection Seismi€ Tmages of Proterozoic Orogens of the Northeastern Canadi-
Towesty Hall <

“ an Shield

14581516 S B. LUCAS, Z. HAINAL; . LEWEE‘;D/V(}ETE: Seismic Reflection Record of
¢ena Transition from- Collisional k& ost-Collisional Tectonies: Trans-Hudson

fans (W Orogen (Canada)
/ /7t

G
15.)8°— 153 i

DY PKHYI/TE. S. B-LUCAS:. Ancient Continental Co_ll/,lor}: Variations in Re-
7@'& Llge oo ﬁwﬂ ? the on}l’w&stem Sdperior C?;HD '{e/rm:ne {mpingement —

|53 1568  C.JuHkR;1. H. KNAPF, S. KASHUBINeM. BLIZNETSOV: New Deep Seismic
Lloes Jeudidin Reflection Data from thie Urals — the ES&ZEPtoﬁle./: [

15,56~ 16101 D. Syrbler, F BRASETYO: Decp Seismic Reflection Profiles of an Archean
/:'/fé,‘,‘. 5"1‘!7'4?;0 Crptfm Becoming-a Modern Mountain-Bélt, The-Banda Arg_-——"

\6.46'— 1630 , S BEZDAN, Z. HAINAL: Seismic Ivestigation along the Wester Flank of the
and [/(-/ ¥, »igr) Trans-Hudson Orogen Transect , S

1630 —17.00  COFFEE BREAK QN / K7
17.00— 19.00 Special Poster Session 1 '

Thursday, 15 September, Morning Session o
Theme: Long-range seismic profiles using nuclear sources. Earthquake (teleseismic) data

Chairman: A. ADAM (8.30 — 10.10)

8.30 — 9.00 St. MUELLER (invited speaker): The Lithosphere-Asthenosphere System in the
Mediterranean-Alpine Region '

9.00 — 9.30 A.V. EGORKIN (invited speaker): Features of the Mantle Structure Beneath
Northern Eurasia from Long-Range Recodings 7

9.30 — 9.50 E. S. HUSEBYE, B. O.RUUD, Y. GRUNDT: Finite Difference Modelling of Elastic

Wave Propagation in Perturbed Media: Seismic Processing and Interpretation

9.50 — 10.10 F. A. NEVES, S. C. SINGH, K. F. PRIESTLEY: Velocity Structure of the Upper
Mantle Transition Zones from Waveform Inversion of Seismic Refraction Data
Using Genetic Algorithm

iO.IO — 10.40 COFFEE BREAK
Chairman: €. TOMEK (10.40 — 12.20)

10.40 — 11.10 N. . PAVLENKOVA (invited speaker): Structure of Upper Mantle from
Long-Range Seismic Profiles in Eurasia

Theme: Seismic reflection studies of the sub-crustal lithosphere and the asthenosphere
11.10 — 11.40 J. ANSORGE (invited speaker): The Structure of the Lower Lithospere as Derived
from Seismic Reflection and Refraction Surveys

11.40 — 12.00 J. H MCBRIDE, D. B. SNYDER, R. W. ENGLAND: Upper-Mantle Reflector
Structure Beneath Scottish Caledonides

12.00 — 12.20 B. YANG, C. LIU, M. L1, H. ZHOU: Study of Moho Characters Using VRSM

Thurs&ay, 15 September, Afternoon Session e

Theme: Deep seismic reflection profiling results and techniques
Chairman: J. ANSORGE (14.00 — 15.40)
14.00 — 14.20 E. SHEIKH-ZADE: Results of Seismic Reflection Profiling in the Turanian

Platform

14.20 — 14.40 K. D. NELSON, W. ZHAO and Project Indepth Team: Indepth Deep Profiling of
the Himalayan Collision Zone

14.40 — 15.00 X. WU, G. WU, C. WU, J. LU: Structure of the Northern Boundary of Qinghai-
Tibetan Plateau: A View from Seismic Reflection Probing

15.00 — 15.20 G. WU: Golmud-Ejinaqi Geoscience Transect (GEGT) in China

15.20 — 15.40 T. ITo, T. IKAWA, S. YAMAKITA, T. MAEDA: Gently N-Dipping Median
Tectonic Line (MTL) Transformed into the Deep-Seated Subhorizontal Detach-
ment, Japan

15.40 — 16.10 COFFEE BREAK
16.10 — 19.00 Special Poster Session 2

Friday, 16 September, Morning Session

Theme: Modelling deep reflections, results of bore hole studies, laboratory results and
integrated models

Chairman: L. BROWN (8.30 — 10.00)

8.30 — 9.00 R MEISSNER (invited speaker): Faulting and Folding; Fact and Fiction
9.00 — 9.20 J. BRITTAN, M. WARNER: Seismic Velocities from Heterogeneous Crust
9.20 — 9.40 L LEVATO, R. OLIVIER, S. SELLAML, J.-J. WAGNER, J.-L. EPARD, H. MASSON:

Seismic Interpretation and Modelling in the Western Swiss Alps Using Velocity
and Density Laboratory Measurements

9.40 — 10.00 A. LAW, D. SNYDER: Velocity Extrapolations from Hand Sample to Deep
Seismic Reflection Profiles

10.00 — 10.30 COFFEE BREAK

Chairman: S. KLEMPERER (10.30 — 12.10)

10.30 — 10.50 C. A. HURICH: Extracting More Information from Deep Seismic Data



.

10

10.50 — 11.10
«+
- 11.10 — 11.30
11.30 — 11.50
11.50 — 12.10

E. S. HUSEBYE, S. O. HESTHOLM, B. O. RUUD: Synthesizing 2D FD Seismic
Wave Propagation in Heterogeneous Lithosphere

L. ENGELL-SORENSEN, G. RYZHIKOV, M. BIRYULINA: Global Optimizalion in
3D Reflection Seismics

B. MILKEREIT, M. SALISBURY, D. EATON: Crustal Reflectivity — The Density
Connection

P. MORGAN, P. BARTON, M. WARNER, K. JONES; J. MORGAN, C. PRICE:
Modelling the Crust and Upper Mantle Reflections of Northern Scotland

Friday, 16 September 16, Afternoon Session

N Chairman: I. KESMARKY (14.00 — 16.50)

14.00 — 14.20
14.20 — 14.40
14.40 — 15.00
15.00 — 15.20
15.20 — 15.50
15.50 — 16.10

7 16.10 — 16.30

\ 16.30 — 16.50

E. LUSCHEN, K. BRAM, W. SOLLNER, S. SOBOLEV: Nature of Seismic Reflec-
tions and Velocities from VSP-Experiments and Borehole Measurements at the
KTB-Deep Drilling Site in SE-Germany

G. HIRSCHMANN: KTB — The Crustal Structure of a Variscan Terrane Bound-
ary: Seismic Investigation — Drilling — Models

K. HOLLIGER, W. ALBERT, P. BIRKHAUSER, P. BLUMLING, B. MILKEREIT:
Detailed Structure of the Upper Crust from Borehole Data

B. J. CARR, S. B. SMITHSON, V. GARIPOV, N. KARAEV, Y. KRISTOFFERSON,
P. DIGRANES, D. SMYTHE, C. GILLEN: Vertical Seismic Profile Results from
the Kola Superdeep Borehole, Russia

COFFEE BREAK

K. BADDARI, M. DJEDDI, M. AKKOUCHE: Model of the Earth’® crust of the North
of Algeria Based on the Data of Complex Geophysical Investigation

K. BADDARI, A. D. FROLOV: Seismic Anisotropy Observed During the Process
of Deformation and Failure of Large Scale Rock Blocks

J. A. PULGAR, J. GALLASTEGUI A. PEREZ-ESTAUN, J. ALVAREZ-MARRON:
Interpretation and Seismic Modeling of the Variscan Foreland Thrust and Fold
Belt (NW Spain) from ESCIN-1 Deep Seismic Reflection Data

A .
"‘//'.’zdc"—f.,(,(/; c’(oe/h-r,f'/ 74{//“ p

/1.
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1/3.

1/4.

/5.

1/6.

1/7.

1/8.

1/9.

1/10.

i1

/12

1/13.

1/14.

1/15.

POSTER PRESENTATION PROGRAM

Theme: Deep seismic reflection profiling results and techniques

J. ANSORGE, R. DE JACO, St. MUELLER, K. PosGAay, E. HEGEDUS, E.
TAKACS, Z. HAINAL, B. REILKOFF, I. ASUDEH: High Density Crustal Wide-
Angle Reflections in the Pannonian Basin of Southern Hungary

S. SULE, E. TAKACS, E. HEGEDUS, K. POSGAY, J. Sipos, Z. TiMAR, G.
VARGA, Z. HAINAL, B. REILKOFF, I. ASUDEH, ST. MUELLER, J. ANSORGE,
R. DEIACO: Deep Structure of the Lithospere along the Hungarian Geotraversc
between two Subbasins of the Pannonian Basin

W. RABBEL, H. STEENTOFT: Conflicting Dips and the Transparency of the
Upper Crust — a DEKORP 25 Case History

V. RAILEANU, C. DIACONESCU, E. SUCIU: Deep Seismic Reflection Resulls
from the SW of the Moesian Platform Romania

R. NICOLICH, M. ROMANELLI, J. MCBRIDE, A. HIRN, B. DE VOOGD, E.
BaNDA, STREAMERS Group: Crustal Image of the lonian Basin and its
Calabrian Margins

M. LOUCOYANNAKIS, E.KAMBERIS, F. MALTEZOU, A. HIRN, M. SACHPAZI:
Ionian Basin Interaction with the Western Hellenides: A Normal Incidence and
Wide Angle Reflection Line

L. CERNOBORI, R. NICOLICH, M. ROMANELLI, A. HIRN., M. SACHPAZI. F.
AVEDIK, J. GALLART, ETNASEIS Group: The Sicilian Margin to the Jonian
Basin and Mt Etna

F. AVEDIK, R. NICOLICH, A. HIRN, F. MALTEZOU, J. MCBRIDE, STREAM-

ERS Group: Appraisal of a New Low Frequency Seismic Pulse Generating
Method on a Deep Seismic Reflection Profile in the Central Mediterranean Sez

P. FABRETTI, R. SARTOR], L. TORELLI, N. ZITELLINI: A Crustal Section
Across Sardinia Continental Margin, Southern Tyrhenian Sea

N. VIDAL, J. GALLART, J. I. DANOBEITIA: The Iberia—Western Mediterra-
nean Continent—Ocean Transition Revealed by Composite Steep and Wide-
Angle Reflection Seismic Sections

J. A. PULGAR, J. ALVAREZ-MARRON, J. GALLART, G. FERNANDEZ. A.
PEREZ-ESTAUN, D. CORDOBA, ESCI-N Group: Seismic Image of the Cantab-
rian Mountains Uplift in the Western Ending on the Pyrenean Belt from
Integrated ESCI-N Reflection and Refraction Data

J. H. MCBRIDE: Does the Great Glen Strike-Slip Fault Really Offset Lower
Crustal and Upper Mantle Structure? ‘

P. HAGUE, S. C. SINGH: Crustal Velocity Structure off the North East Coust
of England from Wide-Angle Multi-Channel Seismic Data

D. DYRELIUS, H. PALM: Seismic Reflection Images of Deep Basement Deior-
mation beneath the Caledonian Foreland in the Central Scandes

1. H. KNAPP, D. N. STEER, M. A. BADER, L. D. BROWN, A. V.RYBALKA. V.
B. SOKOLOV: A Seismic Reflection (CDP) Transect of the Middle Urals.
Central Russia



116,

/17

1/18.

1/19.

1/20.

1721

1/22.

122,

Ty

PR

S. L. KLEMPERER, Bering-Chukchi Working Group: Preliminary Results of

Decp Seismic Reflection Profiling between Alaska and Russia, Bering Shelf

— Chukechi Sea

INDEPTH Research Group (c/o L. BROWN): Reflection Imaging of Continen-
1l Underthrusting beneath the Himalayas, Tibet: Lessons from INDEPTH I

T. MIYAZAKI, T. YOKOKURA, N. KANO, K. YAMAGUCH], Y. KUWAHARA:
Experiments on Deep Seismic Profiling in Japan: Tohoku-I Section

T. MAEDA, T. ITO, T. IKAWA, S. YAMAKITA: Deep Structure of the Median
Tectonic Line (MTL) and Its Relate Microseismicity, Southwest Japan

D. M. FINLAYSON, H. M. J. STAGG, B. J. DRUMMOND, G. O’BRIEN, B. R.
GOLEBY: National Geoscience Programs in Australia — the Role of Deep
Seismic Profiling

C.D.N. COLLINS, P. A. SYMONDS: Reflection Data Recorded by Land Stations
during 2 Marine Seismic Survey on the Northwest shelf, Australia: Constraints
on the Interpretation of Deep Reflection Data

B. . DRUMMOND, B. R. GOLEBY, C. D. N. COLLINS: Minaral System Models
Based on Deep Seismic Reflection Data .

1 H. LEVEN, J. F. LINDSAY, T. J. BARTON, A.J. OWEN. C. D. N. COLLINS:
Crustal Structure beneath the Late Proterozoic Officer Basin, Central Austraiia
E. DAVEY. S. HENRYS, E. LODOLO: Crustal Seismic Measurements across a
Fore-Arc Basin ‘
J. WU, B. MILKEREIT: Pseudo-3D Processing of the Sudbury Seismic Reflec-
tion Data

S. BEZDAN. Z. HaINAL: Crustal Velocity Estimates Taking Advantage of Long
Offset Recording T

K. VASUDEVAN. F. A. Cook: Three Dimensional Seismic Crustal Structure
of a Hinterland Core Complex on the Lithoprobe Southem Canadian Cordillera
Transect

Q. LL. K. VASUDEVAN, E. A. COOK: Seismic Skelelonization and Even:
Classificatior: A New Approach for Crustal Seismic Interpretation

D. EATON: Is Proterozoic Crust Less Reflective than Phanerozoic Crust?

4. S. MELTZER and the Mendocino Working Group: Crustal Structure and
Triple Junction Migration: Seismic Images of the Mendocine Triple Junetion
5. C. BEAUDOIN, Mendocino"93 Working Group: Lithospheric Images of e
Mendocine Triple Junction Region

S. BANNISTER. U. TEN BRINK. T. STERN. B. BEAUDOIN: MOHO Transiiion
berween East and West Antarctica from Seris Reflection Profile Datu
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Theme: Seismic reflection studies of the Precambrian crust

T. ABRAMOVITZ. H. THYBO. A. BERTHELSEN: Proterozoic Terrane Sutures in
the Southern Baltic Shicld along Babel Lines B amd A ;

N. V. SHAROV, A. VINOGRADOV: The Mozaic-Inhemogencous Seismic Mo-
dels of the Baltic Shield Lithosphere: A Fractal Assumption

E. C. HAUSER: Project Craton: Exploration of the Structure and Evoiution ot
the Precambrian of the U.S. Continental Interior

D. J. BAIRD. J. H. KNaPP, D. N. STEER, K. D. NELSON. L. D. BROWN. 4.
CALVERT: COCORP Profiling of the Trans-Hudson Orogen, Montana and N.
Dakota

B. MILKEREIT. J. WU: Seismic Image of an Early Proterozoic Riit Basin

R. F. MEREU, S. WINARDHI, B. ROY: The Structure and Nature of the
Greenville Front under the Canadian Shield: Results from the 1892 LITHO-
PROBE Abitibi-Grenville Seismic Rerraction Experiment

B. NEMETH, Z. HAINAL: MOHO Signature from Wide Angle Retlections

3. WU, B. MILXEREIT. D. E. BOERNER: Seismic Cross-Section of the Enigma-
tic Sudbury Structure

Theme: Seismic reflection studies of the sub-crustal lithosphere and the asthenosphere

K. POsGAY, T. BODOKY, E. HEGEDUS. S. KOVACSVOLGYI, E. TAKACS. Z.
TIMAR, G. VARGA, F. HORVATH, L. LENKEY, P. SZAFLAN: Lithospheric-As-
thenospheric Structure beneath the Békés Basin

R. MARCHANT, G. STAMPELL: From Deéep Seismic Reflection Profiling 10
Tomografic Images in the Western Alps

K. A.JONES, M. R. WARNER, C.E. PRICE, J. V. MORGAN, R.P.LL. MORGAN,
P. A. BARTON: Crustal Anisotropy and Mantle Reflector Polarity from Deep
Seismic Normal Incidence and Wide Angle Reflections

I YU. KULAKOV, S. A. TYCHKOV, S. 1. KESELMAN: Three-Dimensional
Structure of Lateral Heterogeneities in P-Velocities in the Upper Mantle of the
Southern Margin of Siberian Plate

K. F. TYAPKIN: The Role of Faults in the Tectonosphere’s Seismogeological
model

Theme: Potential of deep scismic reflection profiling for hydrocarbon cxploration

S. HUGHES, P. J. BARTON, C. A. ZELT: Combined Seismic Reflection and
Refraction Data in the Faeroe Basin, offshore NW Scotland

V. TROFIMOV: Scismic Investigations of the Pre-Cambrian Basement in Ta-
tarstan (Eastern Part of Russian Platform)
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Theme: Modelling deep reflections, results of bore hole studies, laboratory results and

integrated models

T. S. LEBEDEV, V. A. KORCHIN, P. A. BURTNY: Seeting up Deep Regional
Petrovelocity Models of the Lithosphere Based on a System Analysis of
Experimental PT-Data and Geologic-Geophysical Information

P. DIGRANES, Y. KRISTOFFERSEN, V. GARIPOV, N. KARAEV, B. J. CARR, S.
SMITHSON, Kola Working Group: Offset VSP Data from the Kola Superdeep
Borehole, with Emphasis on Anisotropy

V. SOKOLOV: Deep Structure of the Crust and the Mineral Prognostication as
the Results of the Composite Geophysical Research of the Urals

N. PAPASIKAS, C. JUHLIN: Interpretation of Reflections from the Central Part
of the Siljan Ring Impact Structure Based on Results from the Stenberg-1
Borehole :

M. A. RiaHI, C. JUHLIN: Reflectivity Characteristics of the Crust from Model-

- ling Refraction/W ide-Angle Reflection and Normal-Incidence Reflection Data

on BABEL Line |

S. O. HESTHOLM, B. O. RUUD, J. PETERSEN, E. S. HUSEBYE: Visualizing
Seismic Wave Propagation in the Lithosphere

A.S.LONG, M. C. DENTITH: Deep Seismic Reflection Profiling of the Pinjarra
Orogen and Adjacent Yilgarn Craton. Western Australia
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application of Desp Beismic -Burveys in 0il and Gas
Exploration in the Bungarjan Part of the Pannonian Basin

L Bérczi MOLRL., Hungarian Oil and Gas Co. Ltd. H-1502, Budapest, Pf.22)

The Hungarian part of the Pannonian Basin is a matured petroleum province with
thousands of water, oil and wells. The approximately 60 years of oil and gas
exploration focussed predominantly on the Neogene sedimentary infill of the Basin.
Recently, the inner-structure of the pre-Neogene Basement has become the object of
pre-cminent geological ﬁpcculations as a possible new petroleum system cootaining
additional recoverable oil and gas reserves.

With their low frequency (2-35 Hz) method, the deep seismic reflection surveys
focussed originally on lithosphere studies, have significantly contributed 10
revealing the inner structure of the pre-Neogene Basement. The consistent and
integrated geophysical and geological interpretation of these regional profiles has
indicated that the ipner structurc of the Basement involved is more complicated than

bad anticipated earlier.

The decp reflection seismic profiles of regional extension (over 100 km) have

revealed, that: . . .
- the compressive tectonic elements are as important as the well known extensional

ones had been known earlier . ) . .
- the inner structure of the deep lying sedimentary rocks can be appropriately

interpreted with this method: .
_ the combination of this method with results of the basic research on the Earth-Crust

and the Upper Mantle provides a new 100! to describe the fundamentals of the
evolution of the Pannonian Basin.

DEEP SEISMIC IMAGES OF EARLY RIFTING PROCESSES IN THE OTWAY BASIN,
AUSTRALIAN SOUTHERN MARGIN -

D. M. Finiavson, D. W. Johnstone, A. J. Owen and K. D. Wake-Dysier
Australian Geological Survey Organisation, GPO Box 378, Canberra  A.C.T. 2601, Ausmiliz

The Otway Basia is one of a number of prospective basins formed along Auszalia's southern margin
during the Jurassic-Early Cretaceous rifting of Australia from Antarctica. It lies on what we have
termed the Orway-Sorell micropl 2 itional region t the margin 10 the west where
continental separation took place quite close to the Australian craton, and the region 1o the cast where
separation failed to develop in the Bass Strait ares bur instead switched 10 the south of Tasmania.

AGSO deep scismic profiling during 1992 across four targets in the onshore part of the Otway Basin
aimed 1o improve our knowledge of early basin rift geometry and crustal processes, and hence improve

our und. of hy rbon prosp y. Pre-Aptian rift segments with hall-graben geomeny
have & variety of wends. The bounding faults dip predominantly, but not exclusively, owerds the
The basin 3¢q in these half-graben are imaged at greater than 4 § two-way time in

places and the bounding faults sole along detachments with ramp and flat geomewy at mid-crustal
levels. The wend variations indi that jonal strain direction varied along the rift sysiem,
P lied by P isting Pal ic geology. B highs b some of the rift
segments are interpreted as accommodation zoncs. Multiple basin-bounding faults in some places mirror
within and probably indicate 8 p of strike-slip during early rifting. Various

play concepts are associated with all these rift fearures.

Crustal thickness is interpreted 10 be 31 km (10.3-10.5 s TWT) near Lake Bullen Merri, an area of
recent volcanism where prolific crustal and upper mantle xenoliths provide geological cono! on the
interpretadion of intra-crustal reflections. Towards the south, crustal thinning (to about 9 s TWT)
seaward of a major fault zone coincides with 8 sig ifi i in post-Albian deposition and is
interpreied o be the landward limit of rifting along a lower plate margin which ultimately separated
Austalia from Antarctica.

PHYS | CO-OEOLOGICAL STATISTICAL MODEL OF SOUTH-EASTERN
CONSTANT INOIS CARBONATED RESERVOIRS OF ALGERIA

K BADDAR! .. DUEDDI ..R_BAOUCHE.
CINH - BOUMERDES ALOERIAD.

sé¥smic studies carried  out 1n the south-eastern
constantinois (Algeria) have helped to demarcate the surface
containing oil which corresponds to the erea as a carbonic
barrier of Cenomano-Turonian.

The results obtained from ‘these studies have helped to
define the physical characteristics of the reservoirs as well as
the stratigraphy and the sequences of the rocks.Drilling results
carried out 1in the field of Ras-Toumb confira the seismic
studies and 1indicate that a tectonic synsedimentary  existed
during the superiocr cretaceous.

The physical characteristics of Cenopano-Turonian reservolrs
obtained aftar tbe geological and geophysical studies were not
able to define which are productive or not.

Resultz obtained after stuay of these resarvoirs have
demonstrated .that variations of facies are present mainly at the
formation level of Ras-Tounb.The variations don't create barriers
of permeability and don‘t seem to play a fundamental tole in the
migration and accumulation of hydrocarbons.

Therefore,a statistical study by the disriminating func=ion,
applied for all the lithological units of Cenomano-Turonian wnich
are in ths wells in the area of Cherguit-el-Xihal,has permitted ToO
put into evidence the petrophysical parameters of rwo groups of
layers :those which are productive and others that are dry.To thls
end,a discriminating equation has been established to approach the
type of the layers concerned so as to avoid tests of productivity
which are uselass.

SEISMIC EVIDENCE FOR BASEMENT CONTROLS ON SEDIMENTATION
IN THE WESTERN CANADA SEDIMENTARY BASIN

D. Eaton, B. Milkereit (Geological Survey of Canada, Ontawa, Canada, K1A 0Y3)
G. Ross (Geological Survey of Canada, Calgary, Canada) and E. Kanasewich (Depaniment of Physics.
University of Alberta, Edmonton, Canada)

Multich | seismic reflection data acquired by LITHOPROBE in the Western Canada Sedimentary
Basin (WCSB) provide d ic evid for a previously gnized thick-skinned fold-thrust belt in
the Precambrian crust undeslying the Ph ic cover in east-central Alberta. The orogen formed during
oblique convergence between the Archcan Heame craton and a collage of crustal domains, and is

interpreted to be coeval with the Early Proterozoic Trans-Hudson crogen to the cast. Structures developed

in the basement appear to have exerted a sublle, but significant, infl on p: of sed
in the sedimentary basin. Three styles of ¢ i ion arc gnized: drape of sedi
over paleotopographic highs, discrete faulting, and “tectonic inberi " (i.e. coincidence of sedi Y

facies transitions with an underlying Precambrian tectonic domain boundary). The latter style of
i jon, perhaps the most imp in terms of hydrocarbon exploration in the WCSB, is documented
using compressed scismic displays across an Upper Devonian reef trend in the basin. The reef trend
lics an Early F i gmatic arc (Rimbey Arc) and hosts very significant reserves of oil and
gas. The seismic data show that the intervening Cambrian to Middle Devonian stratigraphy undergoes an
abrupt lateral facies transition immediately above the Rimbey Arc, providing the first direct evidence for
Is on the inception of reef growth. We speculate that b may have
provided a conduit (or barrice) that influenced the circulation of crustal fluids during episodes of Palcozoic
subsidence.
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COCORP AND GLOBAL DEEP SEISMIC PROFILING ' e

L. D. Brown and Comell Deep Scismic R h Group (Dep Geological Sci and Institute

of
for the Study of the Continents, Comell University, Ithaca NY 14853)

The past several years have witnessed the transition of deep seismic profiling at Comell froma national
program of reconnaissance profiling in the US (COCORP) into a collage of multi-technique collaborations
addressing major features of the continental crust on a global basis. The term "COCORP™ itself has become
as much agencricu:rrnmpmemingnspeciﬁcsrylcorliﬂk pheric exploration as it is a particular prog|

of activity. Highlights of COCORP research over the past two years include::

Project CRATON: COCORP vibroseis and explosive source surveys have mapped new details of

Prolerozoic deformation at lower crustal and upper mantle depths associuted with the busied Trans-Hudson

orogen. Reprocessing of COCORP data from the Greaville Front reveal a complex splay zone of faulting
at h Pn bri di y seqf that may be Keweenawan in age.

thi aF

Project INDEPTH: A i ] initiative. organized in with the Ministry of Geology

and Mineral Resourcas of Chinz. (o profile the Himalayas and Tibetan Plateav. The results of this effort,

still in its early stages, have alrcady demonstrated the viability of reflection profiling through ultra-thick

crust, and provided new constrainis on the geometry of continent-continental collision.

Project URSEIS: This collsboration with EUROPRQBE to carry outa decp seismic profile across the

southern Urals will test models for orogenic collapse, Moho re equilibration, and the ongin of layering in

the lower crust. Reprocessing of existing Russion data has already revealed new aspects of upper crustal
in this Paleozoi i 'bclLAdeepwsumy(ESRU)dcmonsmwdthepm:nc:o!

in this P p
key marker reflections in the Jower crust
C6CORP Superdeep: A theme common fo all of COCORP's recent activities is the need to probe
deeper, w0 image mantle as well as crustal structures. This has led to new evaluations of vibroseis vs.
explosive sources and d P of new p i iques 10 cxtract very low S/N energy.
COCORP in Hyperspace: Easy sccess (o a vasiety of datasets is the key to quantitative synthesis.
COCORP has moved 1o exploit GIS and the to facilitate retrieval of COCORP data and
cxtablish a model for a global Deep Seismic Meta-Database.
COCORP In 3D: 3D modcling of deep reflection datasets und exposed lower crustal scctions is being
used to evaluate the viability of 3D acquisition to sddress issues of deep exploration.

THREE-COMPONENT SEISMIC IMAGING OF THE BASIN AND RANGE/SALTON TROUGH TRANSITION
ZONE IN SOUTHEASTERN CALIFORNIA, USA

b;smn_s_z. Levander. A. {Depanment of Geology and Geophysics. Rice University, Houston, Texas,
A)

Okaya, D. (Department of Geological Sciences, University of Southern California. Los Angeles.
Califomnia, USA)

Holliger, K (Instirut fiir Geophysik, ETH-Honggerberg, Ziirich, Switzerland)

The RISC (Rlce/uSC) deep crustal scismic reflection experiment, a piggyback on PACE92, was
located across the Chocolate M ins in the transition zone b the hern Basin and Range
Province and the Salton Trough in southeastem Califomia, USA. The geology of southcastern California
reflects a complicated juxtaposition of ic events over time. These events include Paleozoic passive
margin sedi ion, M ic arc magmatism and in building, and Teniary Basin and Range
exicnsion followed by the development of the San Andreas Transform/Salton Trough system. A single-
fold vertical component CMP cnergy display has been created which delincates the major structural
features of the mansition zone. This section shows two main levels of reflectivity, one betwezn Sand 65
and one between 8 and 9 s. The lanier zone is interpreted to be the Moho discontinuity, with crustal
thickness of 26-29 km. The midcrustal zone can be modeled as a change in fabric orientation from
predominantly vericaily ienced structures 10 P inantly hori Ity ori ] st with no
change in average velocity. Elastic finite-difference simulations of such a crustal fabric reproduce the
observed data remarkably weil. Connecting these iwo levels of reflectivity is a zone of reflections

Jipping to the north These reflections correspond to the north 7 laccral extent of 2 high velocity
body observed bencath the Salton Trough in PACE92 refraction data. In addition, wide-angle vertical
and horizonral shot gathers contain a high-amplitude diffraction event (P to P 2nd P 10 §) onginaung
from the point where these dipping reflectors intersect the Moho.

To remove cffects due to irregular topography and near-surface velocity heterogencity, we have
employed a quat i hnique to downward inue the ded ficld from the
recording surface to the basement interface using a velocity model obtained from a maveltime inversion
of Pg amvals. We then upward continue this extrapolated waveficld 1o a flat datum surface using the
basement velocity as the replacement velocity. The result is a properly datumed shot gather with surface
waves removed. Reflector inuity is § d. thus enhancing the 1 ded image.

SEISMIC IMAGES OF THE BROOKS RANGE FOLD AND THRUST BELT, ALASKA,
FROM AN INTEGRATED SEISMIC REFLECTION/REFRACTION EXPERIMENT

E.S. Wissinger, A. Levander, and 1.S. Oldow (Geology & Geophysics. Rice University, P.O. Box

1892, Houston, Texas, USA)

S.SS. Fuis, and W.J. Lutter (US Geological Survey, 345 Middleficld Road. Menlo Park, California.
A)

The Brooks Range, Arctic Alaska, is a north vergent, intact fold and thrust belt of the western
North American Cordillera, whose Mesozoic-Cenozoic development is roughly contemporancous
with that of the Rocky Mountains, In 1990 Rice University and the U.S. Geological Survey acquircd
an integrated reflection/refraction datasct across the Brooks Range and the flanking geologic
provinces. The data were collected with 2 700 channel seismograph system recording data from 0 10
250km offsets. The seismic data have been p d and i d using conventional and
unconventional methods. Low fold conventionally p d ion images show a remarkably
clear, but plicated upper and mid | section from the unmetamorphosed Endicott Mountains
allochthon at the front of the Brooks Range into the meramorphic belts in the southern Brooks Range.
Clear lower crustal and Moho reflections are visible i iently across the 300 km long profilc.
Single-fold CMP images made from signal enhanced data with offsecs as great as 30km show
pronounced reflectivity in lower crust, and at the Moho, and provide additional deil in the midde
Crust. The dat establish that an exposure of Paleozoic basement rocks, the Doonerak window, is
part of a crustal scale duplex, The reflection images also show a highly reflective north-dipping Moho
at 35-50km depth, and 2 ~190km long master decollement soling 1o Moho depths (~30km) at the
southern end of the range. A 50km thick root is present near the front of the range. In the southern
and cenaa! range the Moho is characterized by a 1s thick band of reflection which appear 1o thicken
and shallow abruptly from 15s to 13s twt ncar the range front.

A seismic velocity model for the Brooks Range has been developed from wide-angle reflecdons
and refractions at intermediate to long offsets, using wavel-time inversion methods. The scismic
velocity model is generally compatible with the seismic reflection images, and shows generally high
crustal velocitics throughout the Brooks Range. .

The Brooks Range scismic data have been used to constrain four possible bal i cross-section:
for development of the range. Estimates of crustal shoriening arc in excess of 250km.
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LITHOPROBE, VANCOUVER ISLAND INTERVAL VELOCITY
CASE STUDY - A RETROSPECTIVE VIEW

1. Késmarky” and Z. Hajnal*

* Geophysical Services Ltd '
1068 Budapest, Virosligeti fasor 42, Hungary

* University of Saskatchewan, Dept. of Geological Sci.
Saskatoon, SK, Canada STN OWO

Interval veloeity estimates were computed from seismic data sefs
collected along Line 1 of the Lithoprobe Vancouver Island experiment.
Indep 1y of dard hods, we d on a more accurate
estiration of the velocinye from high signal level segments of the subduction
zone.

The central scheme of our approach was to camry out high precision
stacking velocity analyses which included generalized "vertical stacking”
procedures. In all asp of our p i consideration was given to the
-dips ,and curvatures observable on the time scoton. The "interval veiocity
caleulations were based on a 2D model, containing plane and curved dipping
interfaces.

Besides the interval velocity calculation, the reliability (standard
Ceviation) of the estimates were also strictly controlled. Considering the
arrival time uncertainties of the individual traces, the reliability of the

i dp were calculated via the error propagation law. This
theoretical model showed that in spite of the relatively smeall normal
moveouts, consistent interval velocities couid be estimated if 50-150
neighbouring CDPs were considered simultancously. :

The velocity-depth function derived through this analysis appears to
enhance recent concepts derived from geologj_q_inuaigadons about the paturc
of the subducted rock mass.

WHOLE-CRUSTAL NORMAL FAULTS?-OCEANIC DEEP REFLECTION EVIDENCE

JH. ide, R. W. Hobbs, and R. S. White (BIRPS, Bullard Labs, Madingley Rd., Cambridge
CB30EZ, UK)
Observations of normal faults, associated with major extension, that penetrate the entire
thickness of continental qust remain incondlusive. In order to view this problem another way,
BIRPS acquired closely spaced (4000 m) deep reflection profiles along and across a portion of
the Early Cretaceous mid-Atlantic ridge off the coast of west Africa. Along profiles parallel to
the seafloor spreading direcion, we can observe the net effects of axial ridge extension of the
crust that developed as the two lithospheric plates moved apart. After applying time and depth
migrations, the profiles show west-dipping (towards the spreading ridge axis) apparently
planar normal fault reflectors in the upper igneous crust, continuing down in places to the
Moho where they are abruptly truncated. Studies of seismicity over the active mid-Atlantic
ridge and results from rheological modelling, which suggest that much or all of the oceanic
crust deforms brittly, are consistent with our interpretation of crustal-penetrating faults. That
the faults do not cut or extend beyond the Moho reflection implies that they pre-date the
formation of the Moho surface unless the Moho acted as a detachment. The “preservation” of
this relationship in Early Cretaceous crust implies that active faulting at the ridge crest rapidly
dies out as crust spreads away {rom the ridge. We suggest that the faults developed initially at
or near the spreading ridge before the process of igneous crustal accumulation was complete.

A SEISMIC IMAGE OF THE IBERIAN ATLANTIC MARGINS: THE IAM PROJECT

and IAM Group, Institute of Earth Sclences, Conssjo Superior de
Investigaciones Clentificas (CSIC), Martl | | q s/n, 08028 B 1 Spain
IAM Group: E. Bands (Inst. of Earth Sclences, CSIC, Spaln), R. Long (Unliversity of
Durham, UK), L. Mandes-Victor (University of Lisben, Portugal), L. Senos (L.M., Lisbon,
Z%"tugal), J.C. Sibust (IFREMER, Brest, France), and A.B. Watts (University of Oxford,

The Iberian Allantic Mamgins Project (LAM), i d by the Europ [o ity within iis
JOULE Prog was dasigned fo study the nature of the deep continental and oceanic
crust in selacted areas of the Atlantic Margins of iberia for a better understanding of the
P go ing the f lon of thase margins. A lotal of 20 near-vertical deep selsmic
reflaction profiles (about 3800 km) were recorded along the North Iberian Margin (Cantabrian
margin), Iberia and Tagus Abyssal Plain, Gortinge Bank ragion, and Gulf of Cadix. This

her with refraction/wide-angla reflection data recorded by land stations and Ocean Bottom

g

provides a large nt of dge in terms of crustal structure and velocity
information of the Iberian Atlantic Margins. Lines were shot at a shotpolnt intarval of 75 m with
a recording window of 25 s. The analog streamer used was 4.8 km long -with 192 channels
ganised into 25 m group towed at a dapth of 15 m. The girgun array (BOLT) consisted of
36 guns arranged in 6 identical sub-strings and towed at a depth of 10 m. The guns were fired
at a nominal pressure of 2000 psi. Comarcial procsssing started shontly after the end of the
cruisa. As a result the stacks for some lines ara now ilabla. Preliminary ding resuits
are: the imaging of deep jons in both ic and i | crust; promil
faults in the area of the Gulf of Cadiz; the presence of a multicycle-high amplitude-low
freq y refl in the part of the Horseshoe Abyssal Plain; and the presence of a
waakly reflactive lower crustal zone in some araas of the continantal shslf.

SEISMIC STRUCTURE OF THE NORTHERN CONTINENTAL MARGIN OF SPAIN

L Alvarz-Marrén (Geology Dep Qviedo University, 33005 Oriedo. Spain}

1.J. Dafobeitia (Insti of Earth Sci CSIC, 08028 Barcelona, Spain)

A. Pérez-Esuiin (Institute of Earth Sciences, CSIC, 08028 Barcelona, Spain)

J.A. Pulgar (Geology Department, Oviedo University, 33008 Oviedo, Spain) and ESCI-N Research Group.

The ] I margin of Spain was rifted during Late Jurassic-Early Cretaceous times and
subsequenty reactivated during the north-south convergence of Eurasia and Iberia in the Terdary. A

jchanel seismic experi was designed 1o study the soructure of this margin. Two profiles, one
north-south in front of Asturias (ESCIN-4) and the other to the nontwest of Galicia (north of the Galicia
Bank; ESCIN-3) were adquired. The ESCIN-4 stacked scction images inveried stuctures in the upper
crust within Le Danois Basin. A thick sedi y package can be gnised from 610 9.5 s (TWT) 10
the north of the steep continental slope, and a 40 km long north tapered wedge of inclined, mainly south
dipping reflcctions is imaged within this package. In the northwestern part of the ESCIN-3 stacked line,
horizontal reflections from 6.5108.5 s pond 1o an undisturbed package of sedi lying abave an
oceanic-type basement. A few kilometers long smong horizonul reflection a1 11.2 5 within the basement
may represent a Moho reflection. Two bands of refl dip shallowly ds the h from the
base of the gently dipping continental slope. The pant of the line that runs parallel to the coast is

charactesised by bright, continuous lower crustal reflections from 8 to 10 s. It also images a band of
strong reflections that dip gendy towards the south-west from 1010 13.5 5.
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LATERAL HETEROGENEOUS VELOCITY MODEL FOR THE BETICS CORDILLERA:
RESULTS FROM MIGRATION MOVEOUT VELOCITY ANALYSIS

Torna, M., Banda, E., Institute of Earth Sclences, Consejo Superlor de
Investigaciones Clentificas, Martl | Franques s/n, 08028 Barcelons, Spaln

We dervied a laterally heterogeneous velocity model for the Betics with a high velocity layer at
the base of tha crust which might expiain diffe b rofraction and it
intarpretations. We use an iterative pre-stack Kirchol! depth migration algorithm coupled with 3
migration moveout velocity analysis to obtain & velocily modal for the Betics cordilera. The
pra-stack depth migration algorithm appropriataly migrates data recorded with significant
topographic raliaf and to which no datum stafic correction have been applled. We usé
synthatic seismic reflection data to demonstrate that areas characterized with high topography
and lateral velocity variations, can b8 properly Imaged with this algorithm. This algorithm Is
also able to racover the correct velocity models. The area of the Batics cordiliara with its
complex tectonic history is characterized by significant topographic rellat and strong fateral
velocity variations. The surface @xprassi of thesa velocity changes can be observed in the
geology of the area, for example the low velocitles of the sedimentary pasins contrast with the
high velocities of the Betics core complexes. The Pre-Stack depth migration algorithm consist
of two steps: 1) travel tme calculation; a 1ay tracing algorithm or a finite ditference scheme
used to evaluate the travel time trom the actual source and recelver positions 10 all the points
in the valocity grid, 2) Imaging; the amplitudes corresponding to & particular time aré posted at
the point of the image gnd from which they would have been reflected according to the
modeling (step 1). This migrati hi prod not only the migrated image but common
image gathers (CIG) or common reflection gathers, which can be interprated 8s migrated
CDP’s. A correction to the velocity model is darived from the event moveout in the CIG'S. 8y
successive or Herative migrations wé Improve the lmage as wall as obtaining an improved
velocity model, The fact that a ray tracing or 8 finite difference travel time simulator is used
assures the physical significance of the velocity model.

PRE-STACK MIGRATION AND TRUE-AMPLITUDE PROCESSING, OF DEKORP STEEP-
AND WIDE-ANGLE REFLECTION MEASUREMENTS

M. Siman. H. Gebrande and M. Bopp (Instirut fur Allgemeine und Angewandie Geophysik, Uni-
versity of Munich. Theresienstr. 41. D-80333 Munich. Germany)

An aiternative to the CMP-processing will be presented. which seems to be more appropriate 10
crustal scismics. It has been developed originally for wide-angle scismics but can also be applicd
to steep-angle seismic data.

The essential points of this processing sequence are:

- Single shot processing instcad of CMP-processing

- True amplitudes instead of automatic gain control (AGC)

_ Pre-stack migration instead of CMP-stacking and poststack migration

For the purpose of true amplitude processing a very accurate editing is needed. In addition. the
individua} coupling of sources and reccivers 10 the ground must be taken into acount by multiply-
ing each trace with two scalars, on¢ depending on the source and another on the receiver point
The subsequent process of prestack migration is the most time consuming. Although the isochrone
migration applicd is based on ki ic principles. the plitud distribution may be regarded
qualitatively as en image of the reflectivity. The method can resolve very steeply dipping reflectors
and works with physically meaningful migration velocities, not with dip-dependent processing
velocities like CMP-stacking. The migration velocities are computed prior to migration by ra)
tracing from 8 macro velocity models Robustaess of the method can be increased by formung
envelopes after single shot migration and stacking them up 10 2 final image.

Applied to DEKORP-Data from the surroundings of the German Continental Deep Drilling Project
(KTB) the Eranconion foult zone - dipping with about §5* - has been imaged very well. in addi-
\ion to many other reflectors througout the whole crust.

. TOMEK, S. VRANA: Deep Seismic Transect Through West Bohemia

and its Significance for the Interpretation of Variscan Continental Collision

23

12 September
17.30



24

13 September
8.30

9.00

CRUSTAL SCALE EXTENSION IN THE CENTRAL PANNONIAN BASIN

%. Hainal, B- Rellkoff (Department of Geological sciences, University
of Saskatchewan, saskatoon, SK S7N OWO, canada), K. posgay, E.
HegedQs, E. Takscs (EOtvOS Lorand: Geophysical Institute, pudapest,
Hungnry-nts), 1. Asudeh (Geological survey of canada, Ottawa, ON, KI1A
0Y3, Canada), St- Muellaer, J. Ansorge. R. Delaco (Institute of
Geophysics, ETH-HOnggerberg., zdrich CH-8093, switzerland)

The 1992 international crustal seismic progras of the Hungarian
Caotraverse collected lovw frequency vertical incidence and wide-angle
reflection data, using the ptopert.lcs of a variety of refraction
recording systems. The northeast trending 95 km long pultifold
reflection survey crosses &8 nurber of dominant Heogene structural
features of the Central pannonian Basin: the Maké-Hodnezbvasérhely
Trough (MHT) ., the Battonya-Pusztnfbldvér High (BPH) and the Békés
subbasin (BsB). The unconfornal basin-basenment contacts at variable
travel times of two to four seconds are marked by strong and distinct
seismic signatures. The upperanost segnent of the basesment, within the
region of the central high is marked by zones of locally subparallel,

. put regionally tragnented characteristic patterns of retlactlivity. The

western margin of the MHT is defined by 8 gently northeast dipping
normal fault extending throughout the entire crust. A distinct set of
subparallel reflections, beneath this fault, indicates crustal Ecale
nylonitizauon. The hanging wvall is associated with the tilted,
seismically transparent, crustal block of the BTH. A comparable low
angle extensional fault outlines the mortheastern limit of this
crustal block. within the footwall of this fault, seisnic reflections
imaged an additional similarly subparallel zone of reflectivity. Both
paster faults merge into the Moho which is characterized with a zone
of complex reflectivity. The lower 1ithosphere is illuminated by short
reflective segunents which may be related to large scale regional

tectonics.

CRUSTAL STRUCTURE AND MECHANISM OF EXTENSIONIN THE PANNONIAN
BASIN o

(Ebtvbs University, Budapest, Ludovika tér 2, H-1083), G. TARI (Amoco

Production Company. Houston). L. CSONTOS and P. SZAFIAN (Ebtvbs University,

Budapest)

Regional interpreted seismic scctions across the Pannonian basin will be presented to show
the structural style of the Neogene basin fill, and the underlying ~pasement” rocks of
Paleozoic. Mesozoic and locally of Palcogene age. Major tectonic phases include: (1) Middle
to Late Cretaceous compressions and n2ppe formation: (2) Late Oligocene/carliest Miocene
large-scale strike-slip faulting: (3} Middle Miocene cxtcnsion and differential block
movements: {4) Late Miocenc, and Late Pliocenc through Quaternary episodes of
compression and basin im(crsion. The different tectonic features are strongly inter-related:
older sTuctures influence younger structures.

Most obviously. Middle Miocene low-angle normal faults usually root in Cretaceous
compressional detachment planes. Interestingly enough normal displacement can occur
cither along dip or strike of the former detachment, and amount to a few tens of kms.
Detachment planes can be traced down to the lower crust, where the extensional deformation
appears to be ductile shear. A model is presented to explain occasional lower crustal
lamination and unflat Moho in the Panponian basin. 1t is derived from shallow and decp
crustal seismics. magnetotelluric data and compatible with gravity and geothermal

observations.

DEEP STRUCTURE OF JONIAN AND AEGEAN BASINS AND MARGINS
STREAMERS MULTICHANNEL AND WIDE ANGLE SEISMICS

i ie). F. Avedik (IFREMER, Brest), E. Banda, (CSIC Barcelona), D. Blundell
(Univ. London), M. Loucoyannakis (DEP-EKY, Athens), . Drakopoulos (Univ. Athens),
R. Nicolich, (DINMA, Univ. Trieste), J. McBride (Univ. Cambridge) L.A. Mendes-Victor
(Univ. Lisbon) and M. Sachpazi (Univ. Athens)

STREAMERS. sp d by the European Co prog! JOULE is a reconnaissance
survey with state of the art deep seismics of the relation berween sedimentary basin and decp
crusaal structure in pars of the Meditermancan.

Over 700 km of profiles were recorded in the lonian with 2 runed air gun areay of over 7000
cubic inches and about 1000 km in the Acgean with an army of less that 1500 cubic inches
operated in “single-bubble” array mode for low-frequency generation. Both scrups werc efficient
enough to penetrate © Moho depth, a vertical incidence with a 180 respecxively 96 channds
screamer and widc-angle with land stions.

In the lonian basin imaging reaches under Messinian salt and carb placform to the lower
crusc - upper mantle. Across i gins deep opogry hy is very diverse across the Mala
escarpment, Sicily and the Calabrian accredionary prism. Basins of the Western Hellenides zone
of convergence are well imaged bu che deeper crustal images are blurred, possibly in part due
exeme sediment thickness and tectonics.

Widc angle scimics image the lower crust across the margins of the Cretan extensional basin, for
which the normal incid ce is seill in processing $Tage.

Strong reflectivity at depth characrerises the Cydlades massif. Combining vertical and wide angle
shall result in 2 complete cruseal section across the North Acgean tough Wluscrating lower crustal
strucrure related to extensional sedimenaary basin formation.

WIDE ANGLE IMAGES OF AEGEAN CRUSTS

i A. Him, A. Nercessian (IPG Paris). J. Drakopoulos (Univ. Athens).
J. Diaz (CSIC. Barcelona). M. Loucoyannnkis (DEP-EKY Athens) and
STREAMERS Group.

An array of 8 GI air guns of 840 c. i. total generator volume was operated in the
Acgean at 2 20 s interval by O/V Le Nadir in the single-bubble mode (Avedik et
al..Geophysics 1993). This method gave this apparently small source 2 crustal scale
penetration for the 96 channels streamer at normal incidence and for land station-
based wide angle coverage. On Crete a relatively narrow band of strong suberitical
to wide angle reflections is observed from below 24 km depth under the southern
margin of the Sea of Crete supposed to be stretching towards a continental margin
structure. Recording on several of the Cyclades islands highlights an arca where a
strongly reflective unit occupies the large thickness of the whole Jower half of the
crust in the region of the metamorphic core complexes. The base of the upper crust
or the Moho itself are occasionally seen as 8 single thin reflection in addition or in
place of the lower crustal response. Moho reflcctions may be traced in the North
Acgean domain (o provide constraints on modes of crustal thinning.
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THE DEKORP MVE-% PROFILE AND ITS GEOLOGICAL CONSEQUENCES

. B;nkﬂiz.GeoFomhungsZ:mrum Potsdam {GFZ), Telegr fenberg A 3, 14473 Potsd Germany
H.J. Behr, institut {. Geol. & Dynamik d. Lithosph £ BT at Goldschmidtstr. 3, 37077 Gouingen
H.-J. Dtirbaum, Dekorp Rescarch Group, GFZ. Telegrafenberg A 3, 14473 Putsdam

The MVE 90 profile foliows about 200 km in NE-SW direction the Saxothuringian Zone, mostly without
platform cover scdiments, and reveals some characteristics, of the crust. These insights allow new models
on the development of this arca. It refiects (1) indications of a pre-Variscan ‘subduction zone at the
southern flank of the Mid German Crystalline Zone. and shows the up d Sct burg anticlinori

with its deep-rooting Proterozoic core: (2) the lower ‘Carboniferous flysch basin in Thuringia, where
reflector bands from D& jan li and diab mark the lower boundary; (3) the earthquake
swarm sources in the qucr crustal anomaly of the Vogtland area rep d as two refl 1l

beneath and above of 1 Yu depth; (4) antiforms of the Proterozoic crystalline in e Erzgebirge blocks
(5) the deep smucture of the Elbe Zone with fault extension down 10 the lower crust; (6) compressional
fold (7stack) features in the Lausitz block with a seismic panem different from the west-Elbisn area. (7)
The lower crust of the Erzgebirge is characterized by a layer with many inclined reflectors: either a shear
band originated by 118 Palacozoic exiension \ectoaics or a much older relic of the pre-Cadomian crust

zoic subduction

magnetic ano!
Ties) strikes oblique to the

zone. Furthermore, the intemal (gravimewic and mag! i«
boundaries of the A and other Variscan zones. This hints to 2 transpressive collision mecha-

nism. Taken this into account the Mid German 1alline Zone had originated in Lower Palacozoic and
has broadened in Upper P ic time along the flank of the closed suture.
The profile has initiated 2 new discussion on origin of granites which are common in the Erzgebirge re-
laged to the ncgative gravimetric anomaly of 50 mgal Erzgebirge, that means ore province + gramte pro-
ing this ination. Despite of the gmvime‘:ll-ic minimum
N e Bl s indi

vince. The profile should give :

sore gonism req i interpretaions. At severat | P res s a

rimary crustal thickness of more than 80 km (today less than 30 iom). Hence it follows that crustal thin-
tal pattern will be discussed.

ning took place. Consequences for the interpretation of the seismic ¢

SEISMIC REFLECTIONS FROM THE CRYSTALLINE CRUST AT THEKTB SITE (GERMANY)

wi (GeoFonschungsZcm.rum. Potsdam, Germany)

;
G. Hirschmann and H. Wiederhold (Nicders. Land ¢ for h Hannover, G )

In the urea of the German Continental Deep Drilling Program KTB several scismic data have beea collec-
ted by-the DEKORP group: A nerwork of 2D deep seismic reflection profiles and wide-angle measure-
ments arc available a3 pre-site i igati In 1989 prehensi seismic studics (ISO89) were

carried out at the KTB that started in 1987 in the Oberpfalz, NE Bavaria. Since the wm of the year
i i i and central Europe. At present the KTB-

Variscides at the westem edge of the Bohemian Massif at the Saxothuringian/Moldanubian suturc. The
Franconian Line, 2 NW-SE swiking post-Variscan fault system, separates the , uplifted crystalline
complexes of the Bohemian Massif in the cast from the Mesozoic scdiments of the South German
Platform in the west. The principal experiment of the ISO89 seismic survey (Integrated Seismics
Oberpfalz) was 8 3D seismic reflection smudy covering anarcaof 18 * 19 km® with a bin spacing of 50 m.
In the beginning 2 temporary envelope-stacked data sct was performed by the DEKORP Processing
Center at Clausthal due to processing problems. The data exhibit several strong reflection events. The
improved phase-stacked data show higher resolution and a more detailed image of the reflcctions than the
envelope-stacked data. Especially a group of steeply dipping reflections (SE) is striking. The prominent
SE! reflector dips with about 55 10 the NE representing the Franconian line. It was penetrated by KTB-
HB between 6865 and 7260 m depth. The swong slightly curved flat reflections between 11 and 13 km
depth can be correlated to the high-velocity Erbendorf Body. The object of special interest is the imme-
diate surroundings of the drillhole. In addition to the reflections mentioned sbove some other reflections
that might be significant for the drilling are observed: West of KTB-HB a strong bundle of SW dipping

i ith the SEI reflections is prescnt in the middle crust Further down reflection
litudes can be observed between 8 and 9 km depth (H, L1L2). The reflections

elements with less amp|
lations with drilling

have been mapped in 3D- Their location after migration will be shown and come
results will be discussed.

NATURE OF SEISMIC REFLECTIONS AT KT8 BOREHOLE IN GERMANY: MODEUNG
BASED ON ROCKS COMPOSITION, FARRICS AND BORFHOLE MEASUREMENTS

. A, YU. BABEYXO, E. LOSCHEN AND K FUCHS
1-Geophysical inatinits, Univenslty of Karlstuhe, Harzstrasse 18, 78187 Karlyruhe, Germany.
2-institute of Physics of the Earth, B. Gruzinskays 10, Moscow D-242, Russie.

Using the techniqus «of petrophiysical modsling we separate the effects of Iihology. fock matrix
tabric and fluld<tiled cracks mtlnﬁgmvobdlmﬂ denalty of the rocks from KT8 Pliot
?:)rmw‘ Oxlm:;elm;mumd4mn.

calculsts squiltbrium composltions and volume proporiions of minerals from bulk
aan‘:c:l mnl:nnl ; cuttings :;: f;:(-ﬁol IVIR;N. overy 2 m along borehote. For !;n

ossures perstures of Isst ibrfumn ermodyn

N g approach ‘ oqul and th amic
2 Woe caiculste density and isatropic sslsmic velocities from mineralogicul composition and
e data on elastic properties of single crystale. While calculated denalty fits density
(gsmma-gamm: \aboratory measirements aimost perfactly the isctroplc
selsmic vekcities significantly dffec from sonic log snd VBP observstions. Ths diffarenca
remarkably corelates with dip of follatian plane demonatrating cisar anisotropic effect
(%) Introduction of matrix anisotropy dus to ortentation of mica crystals paraliel to follation
p!nln only partially accounts for this diferance, the calculated vaiocitios belng up 10 8 "% 100

high.

4 The best fit Is achisved ¥ the bingtion of matrix tropy and the brine-filled cracks
s considered. The oclentation of cracks doss not carelsts with the orlentation of follatian piane
In rocks. s‘s_vml intervals of relatively high crack aspect mtio and porosity ars defined.

The 9 for salamic tefiections at KTB are most likely: () - tracture zones with
high ermck density and ralatively high cracks aspect ratio, (1) - zones of high &nisctropy due fo
slignment of mics crysials. The Iithological contrasts ars apparently less significant.

THREE-DIMENSIONAL MIGRATION OF THE 3D DEEP-SEISMIC REFLECI'ION'
SURVEY AT THE KTB LOCATION, OBERPFALZ, FRG

(DEKORP Processing Center, Inst. f. Geophysik, TU Clausthal,
Arpold-Sommerfeld-Str. 1, D-32678 Clausthal-Zellezfeld, FRG),
H.E yer (lnst. £.Ge physik, ETH Zbrich, Honggerberg, CH-8093 Zarich, Switzerland),
Th. Rithl (GEOMAR, ‘Wischhofstr. 1-3, D-24148 Kiel, FRG)

The 3D swcp-mg.l; d_cep-seismic survey had been measured as the main part of the project 150
89 (L cgT ted " berpfalz 1989) covering an area of about 17.85 x 19.1 km. The
processing of this data had been done at the DEKORP Processing Center (DPC) at the Institute
for Geophysics of the Technical University Clausthal. The three-di jonal post-stack migration
of this dataset has been faced with two major problems. Firstly, the survey includes areas with a
strong ateral velocity gradient (3000 m/s (sedimentary rocks) —~ 5500 m/s (crystalline rocks)).
Secondly, the data is sparsely sampled in spatial dircction (50 x S0 m binning) but includes
steeply dipping events with & true dip up to 60 degr It dtobe y to use different
kinds of migration algorithms 10 be aware of the problems and ad ges of the distinct method
and to select the best one. Therefore, other research institutes were asked to give support with the
3D-migrat pgoﬁzhms ilable at the institutes, The dataset had been rmigrated with a ane-pass
3D-FD-migration by GEOMAR, Kiel. At the ETH Zdrich an one-pass phase-shift algorithm was
used to migrate the data. Both institutes used ial soft packages. At the DPC,
Clausthal an algorithm has been developed for a 2 x 2D and an one-pass migration using the

;on- or Kirchhoff-technique. The results of the different approaches of three-dimensional
migration will be presented and discussed in this paper.
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SHEARWAVE ANISOTROPY OF LAMINATED LOWER CRUST

University of Kiel, Olshausenstr. 40-60, 24098 Kicl, Germany)

W, Rabbel (Institute of Geophysics,
grafenberg A6, 14473 Potsdam, Germany)

E. Lilschen (Geoforst um P T

Decp scismic reflection studies have shown that “lamellac” are a widespread r:flecﬁvily pattern of
the lower crust of the central European Variscan belt. It has been interpreted, inter alia, as altema-
ting subhorizontal Jayering of mafic and felsic rocks implying 2 tectonic process of structural and
textural ordering. Conseq 1y, lower crust Jlae should be scismically i pic. The sp ifi
type of anisotropy should provide some insight into their mineral composition, the prefered orienta-
tion of minerals, and the stress system causing the ordering of minerals. We inves_u'gazed this
problem in the area of the Urach geothermal anomaly (S Germany) known a3 2 “classical® example
of lower crust jamellae. A restricted range of subsurface points was probed in an expanding spread
experiment with two-orthogonal azimuths of observation until 50 km snum:-geophonc—offs:l.. Bc.nh
P- and S-waves were recorded with densely spaced 3-component geophones. Based on polarization
analysis and travellime interprezation the following results were obtained: (1) S-wave splin.ing is
observed only for §,S-arrivals implying that the |ower crust is anisotropic. (2) The type of anisotro-
pyisquasi—hczagonal( i pic). (3) The fficient of S-wave ani py is about 6-13 .
(4) The observed relation between direction and velocity of S-wave propagation is typical for
horizontlly ordered mafic mincrals (here: orthopyroxenc in a pure shear stress system).

14 September

MONA LISA - 8.30
DEEP SEISMIC PROFILING IN THE SOUTH-EASTERN NORTH SEA.

MONA LISA WORKING GROUP (Reporters: H. Thybo, Copenhagen; L. B. Pedersen.
Uppsala; E. R. Flueh, Kiel; R England, Cambridge; and N. Balling, Aarhus).

The MONA LISA (Marine and Onshore North Sea Acquisition for Lithospheric
Seismic Analysis) collaborative project has collected 1158 km of seismic near-
normal-incidence data, recorded to 26 5, and wide-angle data from 26 onshore
stations and 3 OBS stations along 4 profiles in the Danish and German sectors of
the North Sea. The profiles cross the ‘Caledonian Front and the SW border of the
Baltic Shield west of Denmark in the area where Avalonia, Laurentia and Baltica
meet. Two E-W profiles cross the Central Graben between the Ringkobing-Fyn
and the Mid-North Sea highs. The near-normal-incidence data clearly image
crustal and upper mantle structures that may be related to the above tectonic
features. The sections show strong similarities with the BABEL profile crossing
the Caledonian Front in the southern Baltic Sea, suggesting that structures may
be correlated beneath Denmark, but are remarkably different from the NEC and
MOBIL profiles which image a northward dipping lapetus suture in the western
North Sea. The wide-angle data are of high quality despite the thick sedimentary
sequence in the area and even show sub-critical Moho reflections to near-vertical
incidence. Preliminary interpretations show thick crust beneath the Ringkobing-
Fyn High and that the southern North Sea is underlain by thinner Avalonian
crust. The numerous reflections from the crust and upper mantle require careful
interpretation of their geometry which may give clues as to their age and origin.

CRUSTAL STRUCTURE OF THE OCEAN-CONTINENTAL TRANSITION ZONE OF 8.50
THE LOFOTEN MARGIN, OFF N. NORWAY BY OBS REFRACTION AND
WIDE-ANGLE REFLECTION STUDIES.

S. Kodaira, H. Shi (Hokkaido University, N-10, W-8, 060, Sapporo. Japan).
i B. Hirschicber (University of Hamburg, Bundesstrasse 55, D-2000, Hamburg 13. Germany) and
R. Mjelde (Univérsity of Bergen. Allegt. 41. 5007 Bergen. Norway)

During the past decade we have ed the crustal study of the Lofoten margin by means of
Ocean Bottom Seismographic refraction and wide-angle reflection studies. In this paper we present the
recent results of the crustal structure on the transition from Lhe ocean to the continent. i.c. from the Lofoten
basin to the area covered by the flood basalt. We divided this area into three segments: the scaward side of
the magnetic anomaly 21 (A), between magnetic snomaly 21 and seaward dipping reflectors (SDR) (B).
and from SDR to the escarpment bigh {(C). In the region A, we obtained s typical oceanic crust. which
consiats of sediments, the oceanic layer2 (4.9 - 5.5 km/s), layer 3A (63 - 6.8 km/s) and layer 3B (7.0 -
7.1 km/s). In the region B, the layers arc identical to those in the region A, however, the oceanic layer 38
becomes up to 5 km thick towards the contineat. We also (ound 2 high velocity layer (73 km/s) in the
lower crust, beneath the layer 38. We interpreted that the crust beneath SDR was originaily typical oceanic
erust, however the layer 3B was thickened. and the crust was uaderplated by the bigh velocity body. We
interpreted region C as the occan-continental transition crust. The velocity of the layer 3B gradually
decreases down to 6.8 knv's, which is identical 1o that of the lower crust bencath the Lofoten islands. We
identified several clear wide-angle reflection phases reflected from the lowes crust in the region C. We
believe that the phases are reflections from sills of the oceanic material intruded into the continental lower

crust. f
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- the lower crust.

CRUSTAL STRUCTURE OF THE VOLCANIC MARGIN OFF LOFOTEN, N.
NORWAY, FROM MULTICHANNEL REFLECTION AND WIDE-ANGLE OBS-

DATA

R. Mijelde, M.A. Sellevoll (Institute of Solid Earth Physics, Allégt. 41, 5007 Bergen. Norway) and
3. Kodaira (Laboratory for Ocean Bottom Seismology, Hokkaido University, Sapporo 060. Japan.)

f the volcanic passive margin off Lofoten, N. Norway, is at present celatively
well known, mainly as a result of extensive experiments using both the multichannel reflection
;echnique and 3-C Ocean Dottom Seismographs (widc-angle data). The crystalline crust beneath
.lie continental shelf is inferred to consist of Precambrian rocks ranging from granulite Lo amnphi-
volite facies, probably reflecting an uplift of the shelf and the Lofoten islands from lower crustal
levels. In this area 2 three-laycred crust is observed with velocities ranging from 6.0 - 6.8 km/s.
The thickness of the lower crust d es from 3 d thick: of about 12 km beneath the
shelf to almost zero thickness beneath the Loloten isiands, probably as a result of ductile properties
of the lower crust combined with large scale tectonism. Thestrong shallowing of the Moho beneath
the Lofoten islands, as well as a bright widc-angle upper mantle reflection might be expla.ine.d by
inferring a master-fault penetrating into the mantle. The area from the occan/continent Lransui.on
to the shelf edge about 100 km landwards is almost entircly covered with an up to 2.5 km thick
food-basalt extruded during the break-up between Norway and Greenland in easly Eocene. The
basalt is upaque with regard to the m Itich ] reflecti " ique, but s?b-Pu?ull structures
can be mapped from the OBS-data- Anup to 4 km thick sedimentary basin is inferred below
the basalt, and the low velocities in the crystalline crust (6.0 - 6.8 km/s) confirm that the crust
an the landward side of the Lofoten escarpment represents strongly binned continental crust. A
high-velocity body in the lower crust (7.3 km/s) that ds from the sea d dippi flectors
and almost to the Lofoten escarpment, is believed to represent 2 magmatic underplated body.

The crustal structure o

A SIMULTANEOUS INVERSION OF BOTH REFLECTION AND WIDE-
ANGLE SEISMIC DATA :

y (Bullard Laboratories, University of Cambridge, Madingley Road,

Cambridge, CB3 0EZ, UK) .
$.C.Singh (BIRPS, Madingiey Road, Cambridge, CB3 0EZ, UK)

One of the problems with standard seismic reflection data is that it provides very poor
constraints on seismic velocity at depth, since at depth the rays are all vertical.
Combining the normal-incidence data with wide-angle data, wlzich confains rays at all
angles, provides 2 dataset which can constrain crustal velocities and |;;Ecrfaces very
effectively. We have developed a travel-time tomographic technique to invert such a
combined dataset. We invert for a model of the crust which consists of layers of 2-
dimensional, smoothly varying velocity separated by interfaces. To obtain 2 high
resolution but stable solution from noisy data sthe model is over-parameterised and a
smoothing regularisation is imposed on the resulting set of equations. Synthetic
studies demonstrate the efficiency and stability of this approach and show the
desirability of combining the two experimental geometries. This technique has been
applied to the SWABS dataset which was collected off the n.onl?-east coast of
England by BIRPS in 1992, with the aim of characterising the seismic properties of
Travel-times from the reflection profile, and from 7 digital ocean
bottom seismometers, were simultaneously inverted to provide a well constrained

velocity and interface model of the crust.

WIDE-ANGLE AND BROAD-BAND SEISMIC INVESTIGATION OF THE CON-
TINENTAL CRUST

$. C. Singh and the BIRPS Core Group {British Institutions Reflecction Profiling Syndicate.
Bullard Laboratories, Madingley Rond. Cinbridge CB3 0EZ. England)

P. J. Barton and T. A, Owen (Bullard Laboratories, Deparunent of Earth Sciences. Madingley
Road, Cambridge CB3 0EZ, England)

7. J. Doody (Depactment of Geology and Applied Geology, University of Glasgow. Glasgow.
Scotland)

In August 1992, the British Institutions Reflection Profiling Syndicate (BIRPS) conducted an
integrated deep seismic experiment around the northemat coast of England. It consisted of
a series of various seismi (isition techaiq all f d on the same target, lower crust.
allowing the estimation of different length scale of velocity and reflectivity structures. A 100 km
long expanding spread profile (ESP) allowed the estimation of 1-D average velocity structurc of
the whale crystalline crust using a non-linear global waveform inversion scheme. This velocity
was used to obtain 2-D velocity structure from travel-times inversion of reflection/reiraction
arrivals of seven ocenn bottom seismometers along the profile. The 2.0 velocity information
was then used to obtain medium scale reflectivity structure of the lower crust from a critical
angle profile (CAP) in which the receiving ship was placed at the critical distance for the lower
crust from the shooting ship. The conventional reflection survey provided 2-D seismic image of
the crust along the profile which shows that lower crust is strongly reflective. This seismic image
was further enhanced using a dual streames (over/under) configuration where energy up to 13
Hz were recorded from the lower erust indicating thas the refl have sharp boundaries and
could be very thin. order of 10s of metres. The {requency v amplitude analysis of the broad-
band data, 5-75 Hz, gives an improved estimate over previous determination of attenuation of
seismic waves, @ = 1000 for the lower crust. The simultaneous recording of the airgun shots by
a 192-channel 3 km innd array shows strong reflected shear energy from the lower crust.

IDENTIFICATION OF TERRANES USING DEEP SEISMIC DATA FROM QFFSHORE
BRITAIN AND IRELAND
(BIRPS, Bullard Lab ies, Madingl ad, Cambridge, CB3 0EZ, UK)

R, ENGLAND Road,

N. 1. SOPER (Deparument of Earth Sciences, The Univcrsi:;'. Leeds, LS2 97T, UK) P. D. RYAN
(Depantment of Geology. University College, Galway, Ireland) & BIRPS CORE GROUP (BIRPS, Builard
Lab ies, Madingley Road, C idge, CB3 0EZ, U

If terranes have different geologi 1 histories from their dings difT in their

should be discernible on deep seismic profiles, providing the structures in question have length scales
(100's to 1000°s m) which can be resolved by the seismic method. A review of deep seismic profiles
crossing Caledonian terranes in \he UK and Ireland reveals that this approach is not always possible. The
fapetus Suture can be clearly delineated on this basis beneath northem En land but locating terrane
boundarics west of Ireland is more difficuit. Terranes west of Ircland are significantly namower and it is
probable that otherwise ct istic reflection p are overprinted by the deformation suffered
during collision, or by post collision structural reactivation. In such areas the location of terranc
boundaries relics on, and is driven by, integration of surface geology and poteatial field dara with seismic
interpretation. The identification of reflectors beneath the Moho also provide an insight into the origin and
extent of Caledonian terranes. The Flannan reflcctor appears (o be displaced by the Great Glen Fault
system. The Moho parallel W reficctor, first seen north of Scotland on the DRUM and GRID data can be
traced on the LISB-B refraction profile and the WIRELINES and recently acquired WESTLINE near
normal Incidence profiles, as far south as the surface trace of the Highland Boundary fault, where it
2ppears (o terminate abruptly. It is disrupted beneath the surface traces of terrane boundarics in western
Ireland. These obscrvations Suggest that terranes north of the Highland Boundary Fault consist of both
crust and 1 keel of lithospheric mantle and were derived from the same source of continenual (Laurentian)
crust. The Midland Vallcy and termancs 10 the south do not show significant sub-Moho reflectivity. This

indi a different derivation for these or destruction of mantle features during subduction

of lapetus oceanic crust
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MULTIPLE SUPPRESSION TECHNIQUES AND THEIR APPLICATION TO DEEP SEISMIC
REFLECTION DATA.

R_Hobbs and the BIRPS Core Group (BIRPS/Bullard Laboratories, Madingley Road, Cambridge.

CB3 0EZ. UK)
A Ziolkowski and R Johnston (Dept of Geology and Geophysics, The University of Edinburgh,

West Mains Road. Edinburgh, EH9 35W, UK)

Marine deep seismic reflection dat is being used ly to map the | margins, in
particular to &ry to image the stuctures rlated 1o the rifting and { onset of ic spreading. All
these data have one thing in common: the lower crustal image is degraded by the presence of multiple
energy. Eree-surface reflections at the sea surface, coupled with the increasing water depth, as the profile
moves actoss the conti I shelf edge ds the continent ocean boundary, prod a complex long-
period multiple. This multiple is not a simple mimic of the sea-bed reflection serics but grows in
complexity at each period by repeated convolution so the energy becomes delayed into the peg-leg
muldiples. Hence, the appearance of severe multipl ination is highly dependent on the p
of strong impedance contrasts within the near-surface sediments
The talk will present a review of the current techniq and their appli 10 seismic data. Examples
will be taken from the BIRPS WESTLINE profile that crosses the Rockal trough to the west of Ireland.
The profile crosses two conjugate margins and a section of highly soreched continental crust. Sute-of-
the-art ppressi e.g. pre-siack F/K, Radon transform, and methods based on the
el will be compared to novel methods being developed that usc & far-field source wavelet
recorded on a shot-to-shot basis during the acquisition of the reflection data. The of the
source wavelet should enable the exact “removal” of the free-surface from the data along with all die
multiple energy, thus allowing confident interpretation of the lower crustal reflection data.

THE MAIN FEATURES OF THE INTERFACE BETWEEN THE -CRUST AND THE
UPPER MANTLE IN THE MIDDLE URALS (in the vicinity of the deep drillhcle SG-4)

V.SDruzhinin®, $.N.Kashubig*®, T.V.Kashubina®®, V.A.Kolmogorava*, G.V.Parygia®,
A.V.Rybalka**, AM.Tiunova® (*lnstitute of Geophysics, Urals Deparument of Russian
Academy of Sciences, Ekaterinburg, **Bazheaov Geophysical Expedition, Scheelite, Russia)

Reflection and refraction as well as DSS data obtained in the Middle Urals are represeated.
Particular attcntion was paid to the scismic image of the lower crust and the upper mantle.
Both boundaries g Y lies in the lower crust and P- and S-waves velocity and
polarisation lies obtained with 3 p geoph are idered. Anpalysis of
available seismic matedials indi iderable deepening of the main interface between
the crust and the upper mante beneath the central part of the Urals and preseace of the
peculiar complicated tansitional complex above it. Thickness of the crust reaches 55-60 km
in the vicinity of super deep drilling SG4. In the area of SG-4 location Moho boundary
wrough widens from Tagil zone far to the west to Central Urals uplift and Western Urals
folding zome. Velocity along the main interface within this tough is about 85 kmis.
Transitional complex consists of the relatively thin layers (thickness 3-5 km) with increased
or decreased velocities. Average velocity for the whole trapsition zoae changes from 7.3 to
7.8 kn/s and depends on the prevalemce of the complexes. Thus the complex was
determined in the lower crust bepeath the Urals using seismic data. There arc some
p ides in ils that allow to consider it as an original structural and tectonic
crust stage. There are upper maotle complexes with relatively high velocity parameters
beaneath it

COCORP AND SEISMIC REFLECTION PROFTLING OF THE URALIAN OROGEN, RUSSIA

LH. Knapp, M.A. Bader, D.N. Steer, L.D. Brown (Institute for the Study of the Comin:nls; Comell
University, Ithaca, N.Y., USA 14853; knapp@geology.comell.cdu)

The Uralian orogen of central Russia forms the principal ic and geographic boundary between
Europe and Asin, and unlike the other major P gens (App hi. Vv ides. Caledonides)
is ch ized b d crustal root (based on Sovict DSS data) and an apparent lack of syn- or

ap
post-orogenic wlf;pse. In this respect, the Urals provide a special opportunity to test modem hypotheses
concermning nanure of the lower crust, mobility of the Moho, and the role of orogenic collapse in evolution
of the i I lithosph As partof 2 inational effort to study the crustal structure and tectonic
evolution of the Uralian orogen, COCORP bas joined with Europ lleagues within the fi rk of
EUROPROBE in (1) reprocessing of existing Russian scismic reflection data, (2) acquisition of the
ESRU (EUROPROBE Scismic Reflection Profiling in the Urals) profile in the Middle Urals, and 3
P o

planning for a 500-km decp f the Urals (Project URSEIS) in 1995.

Rep ing (with CDP techniques) and interpretation of isting shallow (< 8 scc. TWTT) reflection

d A hevskii, Alapacvskii, and Ch istochinskii) has provided an imp calibration for
d ding of p Russi ing and i ion. The CDP p ing reprod; the

general distribution of reflectivity seen on earlier versions, but provides greuter detail in the geometric

ionships of ic fe including the traj y of the Main Uralian fault (suture zone), and the
p of a mid tal h within the Uralian hintesland. Collaboration with Swedish,
Russian, and German scientists on the ESRU Project in the summer of 1993 led to acquisition of the first
deep CMP reflection data in the Urals (Juhlin et al 1994). Combined with the rep ing work, these
data provide an -190 km transect through the Middle Urals. Decp structure of the Urals imaged on the
ESRU data can be interpreted as evidence for cither large-scale imbrication of the Moho and lower crust
beneath the axis of the orogen, or intercalation of East European crust with exotic (oceanic and icland-
arc) terranes (o the east. Preparations are now under way for Project URSEIS (Urals Reflection Seismic
i i cored by 2 hybrid-source, decp

Experiment and Integrated Studies), 2 multinati | seismic exp . :
seismic reflection profile, tasgeted for 1995. These new data should provide the first complete seismic
hil of an intact Pal ic orogen, and contribute

image of the crustal and upper mantle : ore )
potentially fundamental new insight into the processes of continental collision and subsequent orogenic

evolution.

LITHOPROBE REFLECTION STUDIES OF ARCHEAN AND PROTEROZOIC
CRUST IN CANADA

RON M. CLOWES (LITHOPROBE and Dep of Geophysics & A y, University of British
Cotumbia, Vancouver, BC, Canada V6T 124)
LITHOPROBE’s mulidisciplinary easth science h p is headed by seismic refl

studies. Funding agencies recently approved ows 10-year plan to continue existing studies, carry out
significant new ones and bring the full project to a planned conclusion. Most of the recent and new studies
are focusing on Precambrian regions. In 1992, 520 km of 18 5 data were acquired across central Alberta
to investigate the series of Archean and Pall ic domains below the sedi of the W, Canada
di y basin, Seismi jons show thrust stacking at crustal scale and dramatic imbrication of the
Archean Hearne craton. Images of similar collisional features to the east were obtained from earlier work
in the Trans-Hudson Orogen Transect. Available g logi ints indicate P ity of
tectonic activity between the two regions at 1.8 Ga. These results suggest that collisional tectonic acivity
was coeval over a broad crustal region, ca. 1000 km across strike. Also in 1992, 1280 km of marine data
were ded across the Paleop ic D ik & Labrador and Mesop ic Greaville orog
off S.E. Labrador, and across the Proterozoic Tomgat orogen and bounding Archean Nain and Rac
cratons off N.E. Labrador. ‘Images in the south show characteristic crustal features associated with the
different Proterozoic tectonic domains. Images in the north are of lesser quality but indicate differences
between the two Archean cratons with some distinctive features for the Tomgat, Studies of the Grenville
continued on land in 1993 with lines of 250 and 410 km actoss the castern and central parts showing
ive reflectivity ghout the crust. In the Archean Superior craton, a 250 km line extending north
from earlier work in the Abitibi greenstone belt actoss the Opatica plutonic belt shows sp lar crustal
flectivity, perhaps indicati i inent collision. and a mantle reflector that may extend to 21 s.
During 1994, n additional 600 km of data in the Alberta Basement Transect will extend previous
coverage northwest across a series of Paleoproterozoic domains and a further 1000 km of data in the
Trans-Hudson Orogen Transect will help determine the 3-dimensional structure of the region.
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REFLECTION SEISMIC IMAGES OF PROTEROZOIC OROGENS OF TIIE NORTIHEASTERN
CANADIAN SHIELD ;

L._Hall (Dept. of Earth Sciences, Memorial University, St. John's, Nfid., Canada AlB 3X5), R.
wardle, C. Gower, A. Kerr (Geological Survey Branch, Newfoundland Dept. of Mines and Energy,
P.0. Box 8700, St. John's, Nfid., Canada A1B 4J6), K. Coflin, C. Keen (Atantic Geoscience Centre,
Geological Survey of Canada, P.O. Box 1006, Dartmouth, N.S., Canada B2Y 4A2) and P. Casroll
(LITHOPROBE jat, Geological Sci Centre, 6339 Stores Road, University of British

Columbia, Vancouver, B.C., Canada V6T 2B4)

As part of LITHOPROBE's Eastern Canadian Onshore-Offshore Transect (ECSOOT), 1270 km of
rmarine reflection profile were coltected in 1992 along the Labrador coast and across Ungava bay lo
image the crustal structures iated with scveral P ic events of crustal accretion onto Archean
cratons. The resultant images show varying styles of crustal structure, The crust is generally dominated
by whole-crustal dipping reflection fabrics which, in some cases, extend from the sediment/basement
unconformity down 10 the base of the crust. In these cases, there is no sign of a tendency for the
dipping reflectors to flatien in the desp crust. The lower crust has various styles: while oiten

ised by low reflectivity, it jonally shows quite strong reflectivity, with some instances of
a strong (?Moho) reflector 2t its base. Reflection times to the base of the crust arc estimated to lie in
the range 10-14 s. The mantle shows several zones of dipping reflectivity, with dip direction often
opposite to that in the overlying crust. Combining the crustal fabrics with surface geology and
information from isotope studies is underway, but not completed. In at least onc instance, an extemal
thin-skinned fold thrust belt appears to be associated with an interior, thick-skinned fabric, which itself
may root into the mantle. “The range of Proterozoic STUCures observed appears similar (o that observed
in younger collisional orogens.

SEISMIC REFLECTION RECORD OF A TRANSITION FROM COLLISIONAL TO POST-
COLLISONAL TECTONICS: TRANS-HUDSON OROGEN (CANADA)

B, Lucas, (Geological Survey of Canada (GSC), 601 Booth, Ottawa, Canada), Z Hajnal (U. of
Saskatchewan, Saskatoon, Sask.), J. Lewry (U. of Regina, Regina, Sask.), D. White (GSC)

Seismic reflection data from 2 LITHOPROBE transect of the Trans-Hudson Orogen (THO)
suggest that the crustal architecture was largely shaped during collisional deformation and
post-collisional (intracc D pression. The 1.9-1.7 Ga tectonic history records the
interaction of three Archean continents (Superior, Hearne and an 'exotic’, largely buried
micr inent} and Prof ic arcs/acaeti y coll developed outboard of these
€o! . Three fund tal stages in orogenic € lution are captured in the seismic
images: (1) crustal-scale overthrusting associated with progressive westward agcretion of
arcs/accretionary collages against the Hearne margin (>1.85-1.83 Ga), (2) terminal collision
involving crustal-scale (northward) underthrusting of the Archean microcontinent and
southward translation of the allochthonous Proterozoic acaetionary stack (1 .83-1.80 Ga), and

(3) intracontinental transpression involving a shift to less oblique relative motion between .

Superior craton and the rest of THO to the west (1.80-1.70 Ga). Imaged post-collisional
features include a crustal-scale culmination cored by the microcontinent (to 15 s), regional-
scale domes and basins and steep faults in the upper qrust (<85), and low-angle reflections that
appear to truncate dipping reflections in the lower crust (to 12-14 5). These features indicate
decoupling between an upper qustal domain of strike-slip faulting and folding and a deep
crustal domain of ductile flow beneath major low-angle detachments, which may include the
Moho. The transition from collisional to post-collisional tectonics thus records a change from
arogen-parallel thrusting in response to {mpingement of the Archean microcontinent to
transpression and longi dinal ‘escape’ of THO crust away from the converging Superior
craton. Most reflectors are probably associated with peak metamorphic collisional
deformation, whereas the overall geometry of reflectors is principally controlled by the
boundary conditions (Archean qust/lithosphere) and post-collisional deformation.

ANCIENT CONTINENTAL COLLISION: VARIAYIONSEN RESPONSE OF THE
NORTHWESTERN SUPERIOR CRUST TO TERRAN JMPINGEMENT

D.J. White and S.B. Lucas (Geological Survey of Canada, Ottﬁwx, Canada)

The Archean Superior craton was juxtaposed against & collage of juvenile arc and oceanic Pro-
terozoic terranes during the ca- 1.8-1.9 Ga Hudsonian orogeny. Comparison of seismic reflection
and geological data sets from different corridors across the 'suture zone' separating the Superior
craton from the accreted juvenile terranes indicates that the mechanical response of the craton
to collision varied significantly along the margin. In the northern corridor (Cape Smith Beit,
Ungava orogen), g gical mapping clearly d tes that the Superior craton formed the
underthrust plate during collisional tectonics. However, scismic results from two LITHOPROBE
corridors in the Trans-Hudson Orogen (THO) to the southwest indicate that juvenile Proterozoic
rocks project beneath the craton margin. We propose & tectonic model that accommodates both
the surface geology and the seismic results. The collisional history of the margin initiated with
Superior craton forming the lower plate, eventually colliding with juvenile terrane(s) to form
craton-verging fold and thrust belts. High-resolution seismic profiles in the THO scgment image
carly thrust-nappe structures related to this early deformation. Further evolution within the
THO segment appears Lo have resulted in 2 major vergence reversal, with Protcrozoic terranes
wedging into the Superior craton. Wedging is observed at both mid-crustal levels and at deeper
Jevels where Superior crust may have delaminated ot or near the Mobo. Wedging and back-
thrusting are related to post-collisional, intracontinental deformation in THO, and were coeval
with strike-slip faultiog elong the suture zooe. In contrast, post-collisional deformation in the
Ungava Orogen is characterized by folding of Superior basement and the allochthonous terranes.

NEW DEEP SEISMIC REFLECTION DATA FROM THE URALS - THE ESRU PROFILE

C. Jublip (Section for Solid Earth Physics, Uppsala University, 73326 Uppsala. Sweden)
J.H. Knapp (Institute for the Study of the Continents, Comnell University, Ithaca, NY. U.S.A. 14853)
5. Kashubin and M. Bliznetsov (Bazhenov Geophysical Expedition, Scheelit, Russia)

tred
n

Recent cooperation between western and Russian scicntists has q
CDP reflection data from the Ural orogen, as well as rcp ing of existing seismic
The ESRU (EUROPROBE Seismic Reflection Profiling in the Urals) profile. collected near the SG-4
Superdeep borebole in the Middle Urals. is a 56-km long CDP line recorded to 35 sec. TWTT over the
Main Uralian fault (MUF) in the summer of 1993. These data provide the basis for a more detailed
interpretation of crustal structure in this part of the orogen than has previously been possibie.
particularly with respeet 10 the deep crust. The main fesiures imaged on the ESRU profile are (1) a
steeply-dipping (45°E) ~S5-km thick package of high reflectivity in the cast. the base of which
corresponds to the surface trace of the MUF, (2) a thick (~4 km) package of sub-horizontal reflectivity
in the west which appears to dip below a major structural ramp in the Uralian foreland. and (3} a thick
zone of relatively sirong reflectivity which characterizes the jower crust along the entire profile, but is
considerably shallower to the east (8-12 sec.) than in the west (10-14 scc.). The apparent offset in this
2one of reflectivity (directly below the east-dipping MUF) suggests cither (1) imbrication of the Moho
and lower crust on a steep west-vergent fault or (2) intercalation of Asian and East European lower crust
during Uralian orogeny. Reprocessing of 20 sec. records from Profile R-17 in the West Siberian basin.
-300 km to the NNE of the ESRU profile, reveals pronounced lower-crustal reflectivity between 11-14
sec., supgesting that the ~shallow® zone of lower crustal reflectivity in the Middie Urals (coincident with
a crustal root inferred from refraction data) may be anomalous. Future decp reflection profiling will be

of the first deep
4

critical to address this question.
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DEEP SEISMIC REFLECTION PROFILES OF AN ARCHEAN CRATON BECOMING A MODERN
MOUNTAIN BELT, THE BANDA ARC

(BIRPS, Bullard Laboratories, Madingley Road, Cambridge CB3 0EZ, UK)
Hardi Prasetyo (Marine Geological Institute, P.O. Box 215, Bandung 40174, Indonesia)

Mountain building is widely considered to result from the collision of a volcanic island arc
with a continental margin and the convergence of the Banda Arc with Australia is often cited
as an example of this process. Eastern Timor represents the most advanced stage of arc-
continent convergence along the Banda Arcand thus can also be regarded as a first stage of
collisional orogenesis. Based on observations within the topmost few kilometres of the crust,
Timor has previously been interpreted geologically as a subduction zone melange or
accretionary prismv the overthrusting margin of the Australian continental shelf- rifted
Australian basement, and a young fold and thrust belt. The first deep seismic reflection
profiles from this type convergence zone have revealed both N- and S-dipping structures
throughout most of the uppermost 50 km of the 200 kilometre-wide arc. These structures
havea g Ty thatis ¢ with orogenic pri uplifting the arc on large deep-
seated shear zones and smaller-scale thrust and fold structures, a geometry both predicted by
numerical models and observed in mature continental collision zones. Pronounced
reflectivity in the lower crust of the Australian shelf, probably dating to Jurassic extension, is
apparently destroyed by deformation and possibly metamorphism at 40 km depths beneath
the Timor Trough. Evidence of horizontal shortening is observed at all levels of the crust in
the vicinity of the trough. The continental crust of Australia appears to have thickened
beneath the Banda Arc whereas the oceanic lithosphere of the Banda Sea has remained
relatively rigid and deformed largely by brittle failure and earthquakes.

SEISMIC INVESTIGATION ALONG THE WESTERN FLANK OF THE
TRANS-HUDSON OROGEN TRANSECT

S. Bezdan and Z Hajnal (Depanment of Geological Sciences, University of Saskatchewan,
Saskatoon, SK S7N 0W0, Canada)

Coincidencal dynamite and vibroseis reflection surveys, along a 200 km segment of the Trans-

Hudson Orogen Transect, g d parable scismic signals from different sources. The

amplitudes of the explosive generated signals are a1 least 60 dB higher than the analogous

vibroseis events. The equivalcnt final stacks exhibit only comparable signal to noise ratios due

to the difference in data acquisidon folds of the two surveys. Detailed velocity analysis was

acc dated by the expanding spread surveys. On the western end of the profile the dominant
westerly dipping horizons and a 3-sec offset of the Moho are clearly visible on both sections. The
advanuages of the dynamite source include deeper penczation and mapping of zones of subcrustal

reflectivity. M . the dy itc data indi that the diffraction panterns gencrated at lower

crustal and Moho depths can extend 1o 17-19 sec TWT. Thus, proper migration at lower crustal

depth ranges requires observation of greater wravel times than followed by the presently accepted

standard data acquisition procedures.

THE LITHOSPHERE-ASTHENOSPHERE SYSTEM IN THE MEDITERRANEAN-
ALPINE REGION

St MUELLER (lnstituiz of Geophysics, ETH-Hoenggerberg, CH-8093 Zurich, Switzeriand)

Py

In plate-tctonic terms the Mediterrancan-Alpine region can be chanacterized as & broad and complex
transition zonc between the African and Burasian Lithospheric plates. The preseat crust-mantle structure is

the result of a dramatic evolution since the exrly G with dy P mainly g d by the
counterclockwise romtion of Africa versus Europe which bas led to an i ing lithospheric sb ing
from west 10 cast. Superimposed oa this large-scale dominant motion are regioaa! ic deformas
which arc associated with compressive, swrike-slip and jonal Tbe observational dara
availsble indicate that most of these features reach deeply inw mantle and can only be understood as
manifestations of p involving the entire Ethosph theoosphere sysem.

E les of regional are briefly discussed starting from the Eastern through the Central to
the Wi Medil Latera] variasi o{ﬂleuwu-mhmnmdgivudﬁun&:dispuﬁm
analysis of scismic surface-waves, the tomographic inversion of P- and S-wave traveltimes, loog-range
fsmic refracti i and decp-reaching near-vertical reflection surveys. Beneath 8 highly

b 24

diffe isted crustal P d lazeral of scismic wave velocities are indicative of

rapidly changing beterogencities in the upper mantle. Finally, it will be shown that decoupling and wedging

pb diffcrential rotations and gly variable def jon rates have shaped the present tectonic
of the Medite Alpine realm. ‘

FEATURES OF THE MANTLE STRUCTURE BENEATH
NORTHERN EURASIA FROM LONG-RANGE RECODINGS

A.V.EGORKIN (Centre for Regional Geophysical and Geclogical R
(GEON) ,Moscow, Russia. ¢ Py logical Research

Deep seismic studies with a network of long-range profiles transecting
ancient Precambrian platforms,young Palec2oic plates and Caledonian
and Hercynian orogenic belts were carried out across former Soviet
Union during the last 20 years. These DSS have included recordings
from 60 Peacerul Nuclear Explosions (FNE) aleng various geotraverses
out to distances in excess of 3500 km. Combine interpretaticn of
kinematic and dynamic parametrs of different types of waves
(P,S,reflected, refracted) was undertaken to _determine two-dimensional
velocity variations in the upper mantle. Seismic Sounding of the
mantle in northern Eurasia using PNE reveal vertical and lateral
mantle inhomogeneities. In contrast to standard sefismological earth
models such as PREM and [ASF91 three,rather than two,mantle
discontinuities are round between 400 and 700 iam. depth.They are
located at about 400-420,510-550 and 880-680 km.depth.In the upper
mantle the ggpemost layer through which Pn Ymesazatas extends down to
100 km.depth and is divided into bloc

7.0 to 8.8 km.s .The mantle below this depth,but above 400 km.
discontinuity,is characterized by alternating high and low body-wave
velocities.  fhe velooity fluotuates between 8.1 and 8.8 kms .Average
veloocities are higher than standard selsmological reference models.
The most pronounced low-velocity zone 1S between about 200 and 270
im.depth. This channel displays substantial lateral variation in
thickness and velocity. The quality factor (Qp) in high-velocit. upper
mantle layers changes from 200 (depth 40-70 km) to 47D (depth giO-&?O
km). In low-velocity layers Qp is much less and fluotuates tween 40
an

with velocities from
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FINITE DIFFERENCE MODELLING OF
ELASTIC WAVE PROPAGATION IN PERTURBED MEDIA:
SEISMIC PROCESSING AND INTERPRETATION

E.S. Husebye (Institute of Solid Earth Physics, Allégaten 41, Bergen, Norway)
B.O. Ruud (lnstitute of Solid Earth Physics, Allégaten 41, Bergen, Norway)
Y. Grundt (lnstitute of Sclid Earth Physics, Allégaten 41, Bergen. Norway)

A principal tool in interpretation of crustal refraction and wide-angle reflection profiles
is forward modelling using dynamic ray-tracing. A potential flaw of this approach is
that a dominant observational feature, namely the P-coda waves are not accounted for.
Also. in many cases it is not obvious that the phase identifications, as presented by the
analyst, is valid. Often stringent criteria like apparent phase velocities. signal correlation
and so forth are ot used as guide for identifying signals embedded in P-coda waves and
subsequently objectively recognizing specific phase arrivals. Our approach to this problem
is to compute 2D finite difference synthetics for crustal models derived from ray-tracing.
but allowing for random, small.scale velocity and density perturbations within the crust.
Such inhomogeneous media with RMS perturbations of the order of 2 to 4 per cent is
a basic requirement for P-coda excitation. The synthetic records are then subject 10
commercial processing techaiques like i-k filtering, p-tau mapping and inversion using the
ProMAX software package. The main outcome of our synthetic exercise so far is that
very simple crustal models overlaying a halfspace, but subject to randomized small-scale
velocity perturbations, produce synthetic records which are surprisingly similar to the
observational ones. Also, the crustal velocity distribution is oot well constrained as for
‘perturbed’ models we could not recover accurately the ariginal velocity model.

VELOCITY STRUCTURE OF THE UPPER MANTLE TRANSITION
ZONES FROM WAVEFORM INVERSION OF SEISMIC REFRACTION
DATA USING GENETIC ALGORITHM

S.C.Singh (BIRPS, Bullard Laboratorles, University of Cambridge,
England, UK, CB3 0EZ) and K.F.Priestley (Bullard Laboratories, University of
Cambridge, England, UK, CB3 0EZ)

We present new velocity models for the 410 and 670 km transition zones
beneath central Siberia based upon observations of the 1982 "RIFT" Deep
Seismic Sounding (DSS) profile. A Peaceful Nuclear Explosion (PNE) was
detonated to provide energy for the 2600-km long profile exteading from the
Yamal Peninsula to the Mongolian bordér SE of Lake Baikal. The
unambiguous arrivals from thesc upper mantle transition zones were jnverted.
We use a hybrid inversion scheme which combines the Maslov synthetic
seismogram theory for 2-D forward modelling and an 1-D inversion using a
genetic algorithm for optimization. The inversion result shows that the 410 km
transition zone has a two-step velocity gradient structure. This model would
satisfy and explain both seismological (sharper, less than 4km thick) and
mineral physics (more than 20 km thick) estimates for the sharpness of this
upper mantle discontinuity.

STRUCTURE OF UPPER MANTLE FROM LONG-RANGE SEISMIC PROFILESIN
EURASLIA

N.LPAVLENKOVA (Insutute of Phystcs of the Earth, B.Grusinskaja 10,
Moscow 123810, Russia)

Long-range seismic profiles carried out in Russia with nuclear explosions show
regular stratification of the upper mantle. Several boundarics were traced from
refractions and wide-angle reflections which were correlated at the samc time-
distance intervals in different tectonic arcas. The first boundary (N) with velocity 8.4-
3.5 km/s is located at a depth of 90-110 km inside the thermal lithosphere. it
underlines horizontally inhomogeneous and anisotropic uppermost mantle and in many
cases is covered by a zone of velocity inversion. In West Europe and :n the
Mediterrancan the N-boundary was traced by intensive reflections inside the thermal
asthenosphere. Another boundary is located ata depth of 180-220 km (L-boundary?).
It generates strong but unstable reflections and looks like a high velocity (8.5
km/s) lamellar zone located between two lower (or normal) velocity layers.
Sometimes the boundary shows distinct inclination, for instance, it dips fromthe Barkal
Rift to the Siberian Craton and from the Urals to the West-Siberian platform. Three
boundaries are observedin the transition zone between the upper and lower mantie at
depths 410, 520 and 680 km.

THE STRUCTURE OF THE LOWER LITHOSPHERE AS DERIVED FROM SEISMIC
REFLECTION AND REFRACTION SURVEYS

1. ANSORGE (lastitute of Geophysics, ETH Hoenggerberg , (H-8093 Zuerich, Switzerland)

Most of our ledge about the of the Lithosphs b bere system pertains 1o the intemal
structure of the crust. This allows © d the tectonic evolution and I changes with dme and
10 make quantitati azparisons b crustal from different arcas. However, we are siill far

&ompmpa‘lynndumndlnllhemleohhc b | lithosphere in p ¢s leading to mountaia
building, basin ation e1¢. § | informadon about the lower lithosphere is inferred from near-
vertical and long-range wide-angle refl jon and refraction profiles. A ingly i panemn of
i Itime t hes leads w mostly borizoatal alternating bigh- and low-velocity layers.
Diﬂ'ampainbe&wm'hcmoddld:ivd&undnun:dlﬂbydiﬂ'mumhtnwilhmpeumlhc
mmbudhyuxvdoddu.wlodwpdinumdvdodxymmuweuumunasofhmmn
diﬂ'amnuniseﬁmheinmﬁdeuquﬁxyddm.diﬂm_,, hes of the interp and ambigui
cmwdbyhudhham;wdduAﬂhnumbao{hi;hqmﬂtyquﬂ:lmﬂccdonmmhm
Europe shows coasl ctions from the subcrusta] lithosph In moet cases these signals are stecply
dippln;mmhdmrheauﬂ-mﬂe‘ dary and can be i d as relics of old iectonic processes.
The few subhorizontal seflectors do not prove the reality of the mostly 1-D velocity-depth distributons
whichamd:ﬂvadﬁvmIon;-nngesdmi:dlumdimmuohcvcnl‘ dred kil Theref
befmmpaﬁngsmmuﬁmdiﬁmxmicmlmmdqc;dmnd Interpretations ia one single
uushmldbcimpmvciModekhavcmbevaiﬁndﬁgumﬂywﬁhuh:rwchniqncsi

15 September

10.40

11.10



40
15 September
11.40
12.00

UPPER-MANTLE REFLECTOR STRUCTURE BENEATH SCOTTISH CALEDONIDES
L_H._McBride, D. B. Sayder, and R. W. England (BIRPS, Bullard Labs, Madingley Rd.,
Cambridge, CB3 0EZ, UK)

The Flannan reflector beneath the Scottish and Irish Caledonides is perhaps the most widely
studied discrete structure in the uppermost mantle beneath the continents. Previous
posed differing interpretations for the reflector as a thrust related to the
Caledonian orogeny (Silurian-Early Devonian) or as a normal fault or shear zone reactivated
during post-Caledonian (e.g., Devonian of Permo-Triassic) extension. Our study uses all of the
presently available deep seismic reflection data (including proprietary data) to further map
mantle reflector structure along the Caledonian orogen and to better constrain the geometrical
and tectonic relation of this structure to regional upper crustal geology- The regional
f the rnantle reflector shows that it Is not spatially related to either Caledonian

investigations have pro

distribution of N

compressional or subsequent basin ex | structures in a simple way- A structural

contour map dearly shows two distinet discontinuous surfaces co isting of a steeply Pl d),‘ ¢
inland) an

antiform-synform pair beneath the West Orkney basin (north of the Scottish main

beneath the Feroe Shetland basin west of Shetland, respectively. We suggest that these two
surfaces wese once part of 2 continuous, more or jess planar surface that has been offset and
deformed by either (or perhaps 2 combination) of two processes: (1) by differential extension of
the crust that was at least partially coupled to the uppermost mantle beneath the West Orkney
and Froe-Shetland basins: (2) by a broad, approximately east-west trending zone of sinistral
simple shear that was largely confined to the upper mantle but later reactivated to deform the

crust. This study implies 2 linkage between upper crust and upper mantle deformation. The
results of this study

also suggest that the Flannan mantle structure may be a feature inherited
from a ca. 1.9-Ga old subduction event that affected the southern margin of the Laurentia-
Baltica supercontinent.

STUDY OF MOHO CHARACTERS USING VRSM

Yang Baojun ( Geophysical Department, Changchun University of Earth Sciences,
Changchun, China, 130026)
Liu Cai, Li Min and Zhou Hui (ditto)

Study of VRSM ( Vertical Reflection Seismic Method ) has been done successfully in north-
cast Asia and Tibet plateau. The study has an important function for the study of pacific

plate subduction effect on continent margin of nonhea'st Asia since Mesazoic era and the

rise mechanism of Tibet plateau since Neozoic era. The papet studies emphatically Moho's

characters and the study methods are special processing techniques, including instantaneous

data, time—{requency analysis and modeling ,etc, besides some normal techniques such as

stack.miindon and filtering  etc. After studying we discover that the Moho of northeast A-
sia and Tibet plateau keep obvious common characters, ¢. g » Moho appears the model of

transition zone, change in both directions is complex, Moho contains Interior structures

and faults,etc. The paper also discusses the mechanism of the characters. Under the back-
ground of T, P,the mantle convection and the earth rotation togather cause Moho's stratifi-
cation. We can see that the subduction of India plate into beneath Tibet plateau produced

MHT . the oblique subduction of Kula plate led to the development of a series of NNE or NE

trending structures and partly rise of Moho in northeast Asia. The §0¢'s records of north-
east Asia prove clearly that the asthenosphere has stratification structure. The heat convec-
tion is the main reason of the phenomenon.

RESULTS OF SEISMIC REFLECTION PROFILING IN THE TURANIAN PLATFORM

- (Institute of Physics of the Earth. B. Gruzinskaya 10, Moscow.
123810, Russia)

The Turanian platform. including the Kazakhstan fold belt, is one of the most
studyed young inner-continental platforms using seismic reflection methods. For
more than 15 years numerous scismic profiles, including deep CDP profiles,
single-fold near-vertical reflection data, and also wide-angle reflected data have
been collected, and reveal 2 good qualitive similarity of the results of these
different seismic methods. Thesc data have led to the following conclusions. The
depressions, or basins. of the Turanian platform are characterized by substantial
changes of crustal reflection character. and complex structure of the Moho
surface, which primary is marked by subhorizontal reflectors. Clear reflections
are scen in the upper crust on the seismic section in the Amu-Darya basin. but
beneath the Usturt and Aral Sea basins the majority of reflectivity is
concentrated in the lower crust. This predominance of subhorizontal reflections is
the most general symptom of the crust bencath basins. However, this sharply
differs from that of the Kazakhstan shield, where the main part of the entire
crustal section is highly reflective with abundant inclined reflections. but
containing local *transparent” zones likely representing intrusive bodies. These
differences are the comsequence of important tectonic and geological processes. in
contrast with the Kazakhstan fold belt, which formed as 2 result of Paleozoic
overthrusting of thin-skinned nappes. the crust of the basins consist of monolithic
massifs of ancient cratonic fragments (micro-continents) dJivided by narrow

suture zones.

INDEPTH DEEP PROFILING OF THE HIMALAYAN COLLISION ZONE

KD, NELSQN (Departm of Earth Sci Sy Untversicy, Sy NY 13244, and Institute
for the Smdg of the C Cormell U , Ithsca NY 14853), W. ZHAO (Chinese Academy of

Geological Scicaces, Beijing China), snd PROJECT INDEPTHTEAM. .

ijecllN'DE’ﬂl(le&iomlDEcmemingofﬂbnmdxheﬂi_l_, ) is a cooperative gensci
pmplmbdngundn'uk:na'i;heainua.‘ of Geological Sci of the Ministy of Geology
and Mineral Resources of a (MGMR) and sevenal Nocth American and pean insttuti The
gwdmbmbmmpmwmmofmembmaﬂz the Himalsya/Tibet Pluteau and
thereby contribute to the undersanding of the mechanics of continent/coatinent collision.
Data acquisition for the pilot phase of INDEPTH took gllou during the summer of 1992 south of
Kangmar, .lhhlheTct.hy‘lnHlmlhy.nln hern Tibet. App i ly 100 km of explosi
common 'midpoint (CMP) decp 1 prol with pli y widc--n;fe and off-linc
seflection data were acquired. Addidonally, MGMR § ig llected gravity and magnetic data
along the suxvey Toute.
The top of the Indian 1 crust st ,meTuhylaHimlhpisclarlyimlgedonbom
u:_CMPpmﬁlnndwicb-m;lcdlnbaweGnlboutihndll kom depth, dipping gent) w the north. The
h:dmeohoisinumin:nﬂyi.mlgedu-75hndcpﬂ|-medcepﬂtMohoyumed¥7y i
Numerous geacrally north-dipping reflections sbove the main thrust decollement are consisient with thrust
{mbrication of the cmswuhmtheTakylnH!mhymOneofdnx:eﬂecﬁomisdm:undidncfor
mwmwummaumwmmhy;
The new INDEPTH results substantially extend the "known” northward extent of underthrust Indian
1 crust b h Tibet and demor that crustl doubling bencath at least the southcrnmost
t::ofﬂw'l‘ibul’lmunhubem plished by the holesal derth ing of Indian d 1 crust
cath a syructurally imbei upper crust.
Data acquisition for INDEPTH I will take place during May-October, 94, with preliminary results 10
be reported at the Budap field program will include CMP deep pmﬁlin;, wide-angle and
'on‘-ru_u:" mwrdm: with portable REFTEKS, ficld geological invesigarion, and broadband teleseismi
recording, Principal geologic goals are to track the 1op of underthrust Indian crust northward beneath the
Tibet Platcsu or waward ino the mantle. inc crustal structure in the vicinity of the Tsangpo suture,
and d the hi the South Tibetan Detachment and deeper compressional spuctures
within the crust.

i
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STRUCTURE OF THE NORTHERN BOUNDARY OF QINGB.AI-TLBETAN PLATEAU:
A VIEW FROM SEISMIC REFLECTION PROBING

Kuanzhi Wi Gongjian Wu. Cunling Wu, and Jie Lu (Lithosphere Research Center, Chincse Academy
of Geological Sciences, Beijing 100037, China)

The Qinghai-Tibetan platess, constituting earth's largest region of clevated topography and
anomalously thick crust, is considerd a good field laboratory of the continent-continent collision. 94
km CMP deep reflecti data was collected in l”B,MonglNNEmdingpmﬁle:mme
North Qilisn Front Thrust, which is widely thought © be the northern boundary of the Qinghai-Tibet
plateau. The goal of this program was 1o image \he fine crustal structure of this arca. The source
consisted of six 18-ton vibrators gencrating a & 10 40-Hz lincar sweep lasting 20 seconds. The spread
was 9.5 km long with a 100 m trace spacing and 200 to 1000 m nearest source-receiver offsets. In spite
of the strong noisc and the highly variable and difficult near-surface geology of (mountainous region
and gobi, the stacked section still provided new crustl-scale information on Moho, the lower crust
and the decp extension of the known North Qilian Front Thrust. In the sortherm portion of the section,
a band of south-dipping continuous reficctions was traced to at Jcast 8s twt and clearly demonstrated
the extention of the Chijinpu-Jinta fault zone which was maped by the dritlings and surface geology.
The great decp extention of this fault zone SUPpOIts the idea that Chijiopu-Jinta fault zone is the
eastern extzation of the well known Altun fault belt, 2 major strike-slip fault belt in Asia, which mark
the boundary between the Qinling-Qilian fold system and Tarim-Beishan continental block.

GOLMUD-EJINAQI GEOSCIENCE TRANSECT (GEGT) IN CHINA

Gongiian Wy (Lithosphere Research Center, CAGS, Beijing 100037, China) -

GEGT is the cxtensiony northward to the Sino-Mongt-)lim boundary, of Yadong-Golmud Geou.:imoe
Trapsect (YGGT) in Qinghai-Tibetan platesu, GGT-No.3 cditted by ICL and AGU. Together with l.hc
YGGT, it forms a nearly 2400 km long interior continental transect in China and in connection with
Indian Geoscicnce Transect in the south, Mongoli Siberian Geosci Transect in the north. From

south to north it goes through three orogenic belts: Kulun orogenic belt, Qilian belt and Beishan belt,
two basins: Qaidam basin and Corridor basin. . : )

Using reflecti and y ismi hquake, g ic, gravity, heat flow , remote sensing
mdminvstipn'ons,md bining geologi 1 and pel . information, we devided GEGT

into 7 terances bounded by 6 fault zones. Seismic investigation shows that depth of Moho in GEGT i.s
40-60km, dipping southward. the Moho of the basins along the two sides of the Qilian orogenic belt is
shallower. A low-velocity layer exists generally in the crust, 16-22km deep, 10-14 km thick. MT dan
osphere is 145-160 km thick, and the heat flow data also show in Qilian

suggest that the clectrical lith ' .
*thick crust - thin lithospheric mantlc” and "hot crust - hot lithospheric

orogenic beit the structure of :
mnmle".‘l'hcmnhpnnot'Qilim genic belt drrusts north -":ndlsgujuedwbcafa:mf
*bottle neck”. Thickening and uplift of the crust have been caused by P due to

movement of the Indian plat and southward movement of the Siberian plate. Qilisn orogenic beit is
probably ins "front” position betweea the two plates. The work of GEGT is continucd.

GENTLY N-DIPPING MEDIAN TECTONIC LINE (MTL) TRANSFORMED INTO
THE DEEP-SEATED SUBHORIZONTAL DETACHMENT, JAPAN

T. Ito (Dept. Earth Sci., Chiba Univ., Inage-ku, Chiba 263, Japan), T. lkawa (Japex
Geosci. Inst., 2-17-22 Akasaka, Minato-ku, Tokyo 107, Japan), S. Yamakita (Fac.
Edu., Miyazaki Univ. Miyazaki 880, Japan), and T. Maeda (ERI, Univ. Tokyo, Bunkyo-
ku, Tokyo 113, Japan)

MTL is the most striking tault in Japan, which is running from southwest to
central Japan. The total length of its trace exceeds 1,000km. It is world-widely
famous. because (1} it jaxtaposed the high-P/T Sambagawa with the low-P/T
Ryoke metamorphic belts in Late Cretaceous (Palecgene?), and (2)its western
segment is still active in a right-latéral motion. In spite of its significance, its
deep-seated structure was not clear. The attitude of MTL fault plane had been
believed to be vertical for a long time. only based on its nearly straight trace.
This vague. but traditional thought on MTL has been completely defsated by the
recent saismic refiection studies of MTL (Yoshikawa et al., 1987; Yusa et al.,
1992; lto et al., 1993, 1994). The. studies have revealed that (1)MTL fault plane
is not vertical, but gently (at about 30-40 degrees) dips northward. (2) It must
transform into the deep-seated subhorizontal detachment. (3)The active MTL
which is almost vertical is a near-surface short-cut tault branching off frcm
the N-dipping MTL associated with a present right-lateral strike-slip motion.
The slab, the hanging wall of MTL, which was originally formed by the low-
angle thrusting along MTL, is now moving nearly parallel to the strike of MTLin
a fauit-reactivation process.
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FAULTING AND FOLDING; FAGT AND FICTION

_ ¥ twissacr, Institut fur Geophysik, Kicl-University, Germany

1, or local stresses. Rheological

Faulting and folding in the lithosphere are jons 10 global, regi
and mechanical conditions, cither Jocally along faults or more regionally along lithospheric struc-
i and stress release. Temperature, Crocp rate,
e most important boundary conditions for produ-

tures, d the hanism of stress

porT presure, lithospheric and grain size, arc th
cing the many features of observable faults and folds. Most sediments show bristle behaviour with
strongly reduced viscosity and impedance along faults; but also ductile behaviour of young and weak
sediments is observed. The upper crysalline crust is the home of britle behaviour and wiqcspmd
seismicity, mostly along faults, observable by reilection seismics down to the lower continental crust.
icity domi i folding can be reognized. Based

Here, ductile behaviour without
on rheological arguients shear faults are not possible in the ductile jower crust and so far have

never been ocbserved. Thrust with oceanic or strain-hardened material however, ase rheologically

possible and are observed in suture zones. The uppermost mantle may occasionally act again in a
brile way, ing faults and . Various suggestions for mapping faults have been made,

many of them violati 1 Y logical diti none of them matwching the direct

confirmation of faults by seismic reflections.

SEISMIC VELOCITIES FROM HETEROGENEOUS CRUST

-

John Brittan and Mike Warner, Depariment of Geology. Imperial College: London. England, SW7 2BP.

Deep n l-incid seismic data ded during the past decade suggest 2 widely-varying and
highly-complex patern of Jower-crustal heterogencity. -Many wide-angle scismic experiments pen‘ormed
over such crust have aucropted to constrain lower-crustal seismic velocity and thus composition. It is
thercfore imporant to investigate the effect of crustal heterogeneity upon the scismic velocitics racasured
from such experiments. Lower crusts with similar compositions but arranged in different structures have
been modelled. Our results suggest that the velocitics measured by a surfacc observer may depend
significantly upon the g ical 14 of the b geneit

g to both high and low values. For example: 2 lower crust composed of
thick (i.e.. width > seismic wavelength) layers with random high and low velocity matcrials will appear
1o have a significantly faster seismic velocity than one comprised of a homog! i of the two
materials: wh a lower crust poscd of thin layers can lead to significantly lower, measured scismic
velocities. The effects of layered sequences on seismic velocities may be pasticularly relevant in areas
where crust has been formed by the underplating and inurusion of melts. The presence of heterogencity
andan pilation of mineral clastici data can be used to ile seismic velociti d
on volcanic continental margins with petrological models of melting in the mantle.

H ity can bias

3]

16 September

SEISMIC INTERPRETATION AND AMODELLING IN it WESTERN SWISS 9.20
'S USING VELOCITY AND DENSITY LABORATORY MEASURRMENTS.

L_Leyar, R. Olivier (GRANSIR. Institut de Géophysique, Université de Lausannc.
Switzeriand CH-1013)

S. Sellami, J.-J. Wagner (L ire de physique, Dpt. de Minéralogic, Université de
Gendve, Gendve 4, Switzzriand CH-1211)

J.-L. Epard and H. Masson (lmd_xul de Géologie, Université dc Lausanne, Lausanne,
Switzertand CH-1015)

We have used of P-wave vel “ties and densitics on rock samples o help the
interpresation of NFP/PNR20 line W1 located in & spuetural depression in the western Swiss
Alps. The samples were collected up-dip from the different geologic units crossed by the scismic
profile. Three mutually perpendicular cores were drilled in each block of rocks and the velocities

were sred in the three direct The were done al foom temperature and, for
the velocities, under ing P up 10 400 MPa, which corresponds approximately 10
lithossatic pressure 2t 12 km depth. We performed a reflecti ity analysis by ing the normal
incid i (lici for the lithologi darics expected 10 be imaged bencath the

seizmic profile, using averige velocitics at 300 MPa. where the velocities 1end 10 asymptotic
values. This “quick” cvaluation was sufficicnt io provide 3 scale for the analysis of most of the
reflections observed. However the interpretat of a promil flection at the southern end of
the scction was ial due 10 ive projections of surface geology. We therefore
applicd a “preserved amplitude™ processing sequence 10 analyse the serength of the reflcctions in
this arcs and we performed 2 morc detailed refiecuvily analysis which ook into account velocity
anisotopy and varistions with pressurs. The corrclation of the reflectivity analysis with the

strength of the obsesved i allowed the i of the probable stratigraphic

o ponsible for the promi ion, Massive li dded in shaly layers
can be the source of vesy strong f pending on the ock ion of the shales which are
highly anisooopi The i (Ticiern of the shaleAli boundary, can be a3 high as
0.2

We propose 8 2-D model whose scismic response shows reflection patiems very similar (o the
observed ones.

VELOCITY EXTRAPOLATIONS FROM HAND SAMPLE TO DEEP SEISMIC REFLECTION PROFILES 9.40

Adam Law and Dave Spyder (BIRPS, Bullard Laboratories, Madingley Road, Cambridge
CB3 0EZ, UK)

Traditionally velocity models used to create sy hetic seismograms are compiled from
laboratory measurements of the propagation of high frequency seismic energy through rock
core samples at large confining pressures. The high pressures are required to avoid the
effects of weathering or rock fracture near the surface, but the change in scale and
interogating frequendes between these laboratory measurements and regional seismic
profiling makes extrapolations tenuous. This problem has been addressed in a field area
along the coast of central Sweden containing a well-studied mylonite zone, the Singd shear
zone. Hand samples were collected across the zone, high-pressure velocities were
determined in the laboratory, and point counts were made of the rock mineralogy with
which to estimate velocities by averaging individual grain velocities. The resulting velocities
showed similar trends acoss the the shear zone and agreed to within 10%. In situ velocity
measurements were made on two scales using field ultrasonic and shallow refraction
equipment, the former using 54 KHz frequency, the latter 300-350 Hz frequencies. Although
the ultrasonic field measurements apparently recorded S-wave arrivals, these can be
correlated with S-wave measurements made in the lab to provide a study of velodity on
scales ranging from 1 an cores to 2 m outcrops to 50 m refraction spreads to tens of
kilometres of cqust pled by tha main BABEL experiment using offsets of 100-600,000 m.
At all scales, velocities were observed to increase within the shear zone and correlated with
an increase in mafic mineral content. The composite thickness of the mylonitized zone is
~300 m and could successfully modelled to produce reflections observed on the BABEL
seismic sections.
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EXTRACTING MORE INFORMATION FROM DEEP SEDMIC DATA

C. A. Hurich (Earth Science Dept. Memorial Univesrity, St.John’s, Newfoundland, Canada,

AlB 3X5)

1a have provided a wealth of information on the tectonic architecture of the

Seismic reflection dal
continents but much of the potential information conteat of the data is yet to be exploited

because of our lack of understanding of the physics of the complex reflection wavefields and the
lack of a methodology to analyse the waveficld. Several workers have recently demonstrated
fien be dominated by scattering rather than specular

that the reflection wavefield may o
media suggests that the sca d wavefield is

reflection. Scattering theory for b 4
best understood in the form of a statistical description. On the other hand, it is imperative to

¢ information from the waveficld in a form that can be directly related to the geology.

Our approach to investigating the propertics of complex reflection wavefileds is presently
focused on generation of large numbers of seismic models and statistical d}escripliun of the the
tive of the modeling is o identify and calibrate parameters of
odel and provide uscful geologic information.
field can be decomposed into

deriv

synthetic scismograms. The objec
the wavefield that correlate with the original m

Initial results of our cxperiments suggest that the reflection wave!
lar components that may carry

subsets dominated by either d components or Sp

and compli y geologic infor

SYNTHESIZING 2D FD SEISMIC WAVE PROPAGATION:
IN HETEROGENEOUS LITHOSPHERE

E.S. Husebye (Institute of Solid Earth Physics, Allégaten 41, Bergen, Norway)
5.0, Hestholm (lnstitute of Selid Earth Physics, Allégaten 41, Bergen, Norway)
B.0. Ruud (Institute of Solid Earth Physics, Allégaten 41, Bergen, Norway)

A description is given of the numerical finite difference (FD) scheme used to solve the elas-
todynamic wave equation, including a few remarks on the source functions used. Our FD
method has been used for computing synthetic seismograms for 2-D crust/upper mantle
models of size 150x400 km?, with options for free-surface topography. The strategy was
to introduce successively more complex litbosphere models for generating the syothetics:
the reference model was a laterally homogeneous lithosphere. The interface scattering
was visualized through displays of synthetic waveforms and snapshots for models with a
cotrugated Moho only and free surface topography only. Near the free surface the latter
seems to dominate, in the form of P-to-Rg and S-to-Rg conversions. Lithosphere ran-
domizations were introduced through von Karmao functions of order v = 0.3, with rms
velocity fluctuations of 3-4 per ceat and correlation distances (horizontal and vertical)
at 2.5 and/for 10 km. In case of a medium of only sub-Moko heterogencities, those with
horizontal anisotropy (as = 10 km; ar = 2.5 km) produced relatively strong Pn and Sn
phases. For full scale lithosphere models, characteristic features of the synthetics were
qualitative similar to observational records of local events. Dominant attributes were 2
pronounced P coda consisting mainly of P- and Rg-scattered wavelets. and a relatively
strong S coda consisting raainly of P-to-S and S-to-S scattered wavelets. The P and §
waveforms are severely distorted pointing to the futility of reliably picking secondary ar-
rivals in profiling and local event recordings. The above schemes are now being adapted
to mimic reflection profiling surveys with an option for ProMax data processing.

GLOBAL OPTIMIZATION IN 3D REFLECTION
SEISMICS

L. Enge{l-Soren_sen. G. Ryzhikov and M. Biryulina (Institute of Solid
Earth Physics, University of Bergen, Bergen N-5007, Norway)

. In order to recover the velocity in nonhomogeneous media Global Opti-
mization (GO) of the seismogram agreement is applied. Compared to the
wavelength low and high spatial frequencies are repr d by the back-
g.round model and the laterally slowly varying reflecting boundary, respec-
tively. The purpose of this work is ‘to solve the high and low frequency
problem simuitaneously.

The GO algorithms used for inverting the reflection scismic data in 3D do
oot need other information thaa the ic data (e.g. a priori). The algo-
rithms allow localization of the problem, and hence to use data corresponding
to this location only.

The main purpose of this work is to apply the object functioa: Entrophy
of Image Contrast (EaIC) and analyse GO by the use of GA and Simulated

~ Anzealing (SA). EnlC that the reflection resp is ted by
objects which arc located in space. ;

The image is obtained by a 3D-linear inversion algorithm, which corre-
sponds to full-waveform i For global optimization is was Y
to use GA and SA applied on simplified models. This first approach gives
the oppottunity to deal witk 3D velocity anelysis and gives the first step of
the reconstruction of a real image by comparing the sharp boundaries in a
recovered difference object (a 2D manyfold in a 3D medium).

Future approaches would be to include a priori information about the
geometric structure or lithology, angle depend of the resp both
Kirchoff-type and Born formalism in the linear inversion, and the second
time-derivative in the Born inversion. Also the problem of a subsurface and
not a subreflector must be treated in the future.

CRUSTAL REFLECTIVITY - THE DENSITY CONNECTION
B. Milkereit, M. Salisbury and D. Eaton (Geological Survey of Canada, Canada K1A 0Y3)
Groundtruth or phyvical testing of seismic images is an important clemeat of the validation of

results ﬁ'c.am "canh science investigations. Such tests can be achieved through deep "boreholes of
opportunity” and comprehensive physical rock property studies. During the past decades, the

acquisition of crustal seismic reflection data has led to copsiderable speculation and contraversy
about the origin of crustal reflectivity. Seismic reflections occur at } in ional and
.ahu: wave ' ity, velocity ani py and/or density. Documented sources of such changes
include intrusive and positional layering, detachment surfaces of various types, magmas,

mylonites, cataclastic zones, fluid-flled fractures, and porosity changes. The moast important
factor controlling the magnitude of seismic reflections is imp d the product of density and

pressional wave velocity. In the past, very little attention has been paid to the presence of
high density mineralization in the crystaline crust. High denasity Is, such 2s ite,
exhibit high seismic impedance values and in contact with most crustal rocks could yidd:ormn.l
incidence reflection coefficients of 0.15 to 0.2. We will review the resulta from laboratory physical
rock property studies, int d scismic and borehole geophysical surveys, and 3D forward

modeling. The physical rock property studics are importaat for the devel ¢ and appli

of , proﬁli.ng tech '. tes for 1 exploration. On & larger acale, the abundance of high
denslty,. goet u ptibility ls in the crystalline crust may hold the key for a better
correlation of fl aind prominent magnetic and gravity anomalics.

16 September
11.10

11.30



48

16 September

11.50

14.00

Modelling the Crust and Upper Maantle
Reflections of Northern Scotland

Peter Morgan and Penny Bactou (Bullard Labs, Canbridge. U.K.)
Mike Warner and Kevin Joues (Imperial College, London, U.K.)
Jo Morgan. and Claire Drice {Kingston University, U.K.)

The cruat of olf-shore northern Scotland is well-kuowu [rom miny BIRES deep vee
Nlection supveys such i DIRUM and SLAVE Pl L also shiow sellectars in the
mantle, known as the Fhannan and Werellectors. War present 1esuils (ot w Niarine
refeaction cxperiment, shot oll northern Seotland in June 1992, in which data from
zero olfsel Lo wideeangle were collected with a itk puint about the Werellector, &
Lright sub-horizontal nantle reflector. This is the lirst experiment to collect coins
cident normal incidence reflectiony, wide-angle reflections and refractions from this
feature.

A crustal madel, including Moho Lopography, has haen derived for the repgion.
Detuilerd mordalling of wide-nngle reflection amplitwdes show that Ui Werellector is a
posilive imnpedance feature in the mantle at 45 km depth. Knowing the polarity and
ligh impedance contrast of this rellector indicates a Jayer of high velocity tnaterial,

probably eclogite, in peridotite mantle.

NATURE OF SEISMIC REFLECTIONS AND VELOCITIES FROM VSP-EXPERIMENTS
AND BOREHOLE MEASUREMENTS AT THE KTB-DEEP DRILLING SITE IN SE-
GERMANY ’

MEHW(GwFomhmpm Potsdam, D-14473 Potsdam, Germany), K. BRAM
('bﬁederslchﬁschﬂ Landesamt fiir B d ] D-30655 Han , G ), W. SOLLNER,
5. SOBOLEYV (Geophysik Yisches [nstitut, Universitit Karlsruhe, D-76187 Karisruhe, Germany)

The 1989 VSP program at the KTB Pilot Hole (0-3600 m, KTB-1S089) was complemented in 1992 by
a standard VSP (zero-offset, vibrator source, 8-123 Hz, 12.5 m J<omponent receiver spacing) in the
Main Hole from 3600 to 6000 m, P-wave velocities oscillate around 6 kmvs in the uppet 3200 m in
aceordance with sonic log velocitics and correlste with paragnicisses which prevail in this depth range.
At about 3200 m depth jes i 10 6.4 ks {ating with basites which dominate in
the depth range 3200 to 7500 m (below 7500 m ; parags jsges). P d P-wave i
accompanied by P- to S-wave conversions and & lack of S-wave reflections, occur in the lower depth
range only (3000-6000 m) and comelate with Auid-filled fracture systems, rather than with lithological
contrasts (@dsl-lmphibolite). Subvertical dip (50-70°) in str and t prevails dovn to the
maximum depth of 8730 m, causing about 10 % S-wave anisotropy a3 an average, indicated by direct
observations of S-wave splisting. Lithol ;cal and depth predicti ahead of the drillbit (P-wave
refiections and missing S-wave flections at 8.3 km, zone, ani y or composi ion effects 7)
are being tested by recent borchole measurements.

KTB - THE CRUSTAL STRUCTURE OF A VARISCAN TERRANE BOUNDARY:
SEISMIC INVESTIGATION - DRILLING - MODELS

G. HIRSCHMANN (Geological Su.rve& of Lower Saxony, Stilleweg 2. D-30655 Hannover
Germany) -

One of the principal scientific targets of the German Continental Deep Drilling Program (KTB)
is to investigate the architecture of a Variscan collision zone. The location at the westem cdge
of the Bohemian Massif is ch jzed by the juxtaposit of three terranes involved in the
Variscan collision (Saxothuringicum. Moldanubicum, Bohemicum). According to the
geological and seismic pre-site investigation it had been expested 10 drill through 2
MP-metamorphic nappe unit (Zone Erbendorf-Vohenstrauss - ZEV) into the cryptic suture
characterized by large-scale underthrusting of the Saxothuringian under the Moldanubian units.
The geological results of the KTB Hauptbohrung are contradictory to this initial soructural
model. The improved processing of 2D-seismic data, and the results of 2 3D-seismic survey
and of a wide-angle experiment (Integrated Seismics Oberpfalz 1989) supplied further valuable
structural information. The following conclusions may be drawn: (1) The ZEV is a deep
reaching and stecply inclined MP: phic unit impl d into the boundary zone berween
the LP: >rphic Mol tanubian und Saxothuringian units. Probably it is in connecton with
the highly reflective. high velocity “Esbendorf Body™ in the middle crust. (2) The ZEV is
derived from subducted parts of the Bohemicum. (3) The emplaccment of the ZEV in the upper
crust can be explained rather by upthrusting of subducted Bohemi in a transpressional
sysiem (parautochthonous model) than by intracrustal nappe transport and stacking (modified
allochthonous model). (4) A steeply dipping lower crustal reflector may represent the actua)
terrane boundary. (5) Major seismic reflections of the upper crust arc caused by late- and
post-Variscan fault zones at the western boundary of the Bohemian Massif.

DETAILED STRUCTURE OF THE UPPER CRUST FROM BOREHOLE DATA
Klaus Holliger (Institute of Geophysics, ETH-Honggerberg, 8093 Ziicich, Switzesiand)
Wiltiiod Albert, Philip Birkhiduser, Peter Blamiing (NAGRA, 5430 Wettingen, Switzerland)
Bernd Milkereit (Geological Survey of Canads, Ontario K1A 0Y3, Canada)

l-ﬁgh-ruolution seismic probing of the upper crystlline crust has shown considerable potential for
Ailhansaet " o

gin and mining appl For the interpretation of deterministic features
od, such as lithological boundari and fault zones, some a priori Knowledge of the small-scale
hastic h geneity, which is p imarily responsible for the scattered seismic background noise”, is
critical. Borchole dats provide detailed 1 Jimensional in sifu inft ion on the elastic propertics of the

upper crysalling crust at a scale ranging from less than one meter up 10 several kilometres. This
information, combined with site-specific seismic and geological data and existing generic models of
crustal b geneity, is val ble for the planning and interpretation of high-resolution scismic surveys
of the upper crystalline crust. We present results from the stochastic analysis of sonic and deasity
borehole measurements from northern Switzertand, from the German deep drill site (KTB) in south-
eastern Germany, and from the north range of the Sudbury impact structure in Cansda. The boreholes in
northemn Switzesiand and south-castem G p te Variscan basement isting of granites
and gneisses of variabl position, the Canadian data sample laycred mafic intrusion and
impact iag of early F jic age. Lithological control within the borehole and surface seismic

ts are available for all Preliminary results suggest that despite significant
differences in age and geological setting there are some notable similarities between the datasets: after
semoving the deterministic large-scale trend, the stochastic small-scale scismic heterogeneity of all
datascts can be ct ised by au jance functions/power spectra corresponding Lo bandlimited
fractal (von Karman) media with quasi-Gaussian probability density functions. The purpose of this
paper is to discuss these new results in light of existing models of the seismic structure of the upper

continental crust, and to eval p for seismic exp! n.
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VERTICAL SEISMIC PROFILE RESULTS FROM THE KOLA SUPERDEEP
BOREHOLE, RUSSIA

8.J.Carr and S.B. Smithson (Dept. of Geology and Geophysics, University of Wyoming,
Laramie, WY 82070, U.S.A.

v, Garipov (Russian State Committee on Geology, 46 B Gruzinskaya. Moscow. 123242, Russia)

N. Karaev (V.ILR.G., 20 Fajansovaja. SL Petersburg, 193019, Russia)

V. Kristo{ferson and P. Digranes (Inst. of Solid Earth Physics, Univ. of Bergen. Allegt 41 5007,
Bergen, Norway)

D. Smythe (Geology and Applied Geology, Univ. of Glasglow, Glasgow G 128QQ, UK)

C. Gillen (Univ. of Edinburgh. 11 Buccleuch Place, Edinburgh EH8 SLW. UK)

During the spring of 1992, Vertical Seismic Profiles (VSP's) were {lected in the Kola Superdeeg
Borehole as part of 2 larger seismic study of the Kola region. The VSP data provides insight into the
seismic wavefield, calibration for the surface scismic swudies, and a more reliable basis for interpreting
anisotropic cffects. The multicomponent VSP's were recorded (rom 2.1 km t0 6.0 kom and the surface 10
500 m in the Superdecp Borehole and a nearby satellite borehole respectively. The 1992 VSP's are
nmplingﬂme?mmvwic. heng pl e Pecheng pl ists of all |
metasedimentary and metavolcanic layers that range from greenschist 10 amphibolite grade facies. dip20-
50 degrees 1o the southwest, and contain a shear zone al 4.5 km. The strucwre and lithology provide 3
complex seismic cld response that is recorded on the VSPs. The Kola VSP's display: 1. abundant
\ransmitted and reflected mode converied energy, 2. P and S-wave reflections from lithologic and
structural boundaries, 3. fracture and mineral fabric induced seismic anisoyopy at the near surface
decper in the Superdeep b hole. Scismic boundasi ar:dd'medbynﬂeaedprimryphua.mﬂeund
converted phases, and ransmitted conversions. The maode coaversions are secn at vertical incidence due
10 the dip of the Pechenga seqt deling and P-S separation filtering were implemented 10
1id in phase identification due 1o the interference of all these phases. Near sutface (< S00 m) velocity
anisotropy is detected by the disect P and S-waves with the fast direction roughly N30 E which is
constrained by surface strike measurements of mafic dikes. Notable polarization changes, in the verucally
incident direct shear wave, correspond to ‘mapped shear zones in the borehole indicative of mineral fabnc
anisotropy. Duc o 15 nds of «ding, deeper reflection cvents are d. This includes an evenl
from Moho depths. The Kola VSP data gives a view inio the nature of scismic wave propagation in
Precambrian crust that can be used with both past and present seismic investigations in crystalline terrains.

MODEL OF THE EARTH'S CRUST OF THE NORTH OF ALGERIA
BASED ON THE DATA OF COMPLEX GEOPHYSICAL INVESTIGATION.

X BADDARI-and M DJEDDI {laboratory

of Physics of the garth INH-Boumerdes Algeria).

M AKKOUCHE {IAP Boumerdes Algeria).

The North of Algeria,like other sectors of the western
smediterranean region nhas significant ° quaternary tectonic
aouvement.Several desctructive earthquakes take place in this
erea.This selsmic activity in due to collision zovement of the
african plate with the europlan plate. )

We have established 2 model of this seismoactive block earth
layers of the north of Algeria by the complex interpretation of
geismic and the potentiel methods data.

This model has pernmitted to define different blocks of the
crust earth layers,the repartition of geismogenic faults
delimiting the blocks and participinq in the seismic process.

The most active fault is that of E1 Asnam which has happened
on october 10,1980 (4,=7,3) the powertull earthquake never
recorded in the westell mediterranean region.

rnis model , allow describle the geismogenic process and
evaiuate the seismic rigsk and better understand the physical

process 2f selsmic 3ources.

SEISMIC ANISOTROPY OBSERVED DURING THE PROCESS OF DEFORMATION
AND FAILURE OF LARGE SCALE ROCK BLOCKS.

K.BADDARL ( Lab. of Physics of the Earth INH , Boumerdes , Algeria }
A.D FROLOV ( RGGU , Moscov )

Selsmic anisotropy in deformed rock magsif reflects ope of
principal properties of the medium - the existence of some order 1in
it . This order is differently reflected in seismic vave field -

We have studied the evolution of seismiv anisotropy during the
daformation’ and destruction of large rock samples under various
therwodynamic copditions. It has peen found that the average velocity
increases in a ponlipear ®manoer from the load of about 0.45 — 0.5 to
that of failure . The velocity then decrosed is being
developing dilatancy . At the time , dispersion of the velocitics has

ugnincantl.y increscad begining from about 0.8 - 0.85 load to

 that of failure .

To evaluate the evolution of velocity in homogeneities in the bloc
, it vas pu-t.lt.toned into elemenyary volumes . An analysis showvn
that seismic anisotropy increases before the main rTupture - The
peak of the increase coinciding with the dynamic propagation of
rupture . 0m the character of the seisalc anisotropy
the rock block 1is divided in the rones of the incrased apd decreased
danger of the brittle failure .

The seismic anisotropy provide information about the physical
process in the stress straiped rock and may help in solution of
reveling the early g of fracturing and predicting catastropbic

phencwena { sarthquake . rock burst , carry collapses etc ... }

INTERPRETATION AND SEISMIC MODELING OF THE YARISCAN FORELAND THRUST AND
FOLD BELT (NW SPAIN) FROM ESCIN-1 DEEP SEISMIC REFLECTION DATA

J.A. Pulgar, J. G i (Geology Dep Oviedo University, 33005 Oviedo, Spain)
A. Pérez-Estauin (Instirate of Earth Sciences, CSIC, 08028 Barcclona, Spain)

and I. Alvarez- Marrén (Geology Department, Oviedo University, 33005 Oviedo, Spain)

The ESCIN-1 decp scismic reflection profile has provided a good seismic image of the foreland thrust
and fold belt (Cantabrian Zonc) of the Variscan Belt in NW Spain and the transition 1o the hintcrland
(Westasturian-leonese Zone). This area has been the focus of much geological study for a long ime and 2
high degree of knowledge has been achieved about its susface geology, compl d by dsua
from ESCIN-1 and various high-density wide angle data sets. Two different zones can be seen in the first
12 seconds (TWT) of the jgrated line. A
sazerials deformed during the Variscan Orogeny and a lower, almost p
Both areas are bounded by a slightly west-dipping, higly reflective band of discontinuous reflectors which
lies at § sec. (TWT) in the easternmon part and 6 scconds in the transition to the hintertand. This band
increases its dip and reaches 9 see. (TWT) in the westernmost part of the linc. It has been interpreted a3
the basal decollement susface of the Variscan Foreland Trust and Fold Belt in this area. The interpreution
and seismic modeling of the reflective interface between the cover and the bascment was made

4

ly reflective to highly reflective upper zonc of

d h

ilable geological and geophysical data; velocity data from refraction and wide angle,

reflection seismic daia from ESCIN-1 and the surface geology. All this dau allowed us 10 propose 2
geological pwdcl of the crust which was tested baining synthetic sci
with surface geology.

and can be correlated
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HIGH DENSITY CRUSTAL WIDB-ANGLE REFLECTIONS IN THE PANNONIAN
BASIN OF SOUTHERN HUNGARY

3. ANSORGE. R. DE LACO, ST. MUELLER (Institute of Geophysics. ETH Hoenggerberg,
CH-8093 Zuerich. Switzerland), K- POSGAY.E. HEGEDUES, E. TAKACS (Ebtvds Lorand
icat i Budapest, Hungary - 1145), Z. HAJNAL. B. REILKOFF

G
(Department of Geolbglcnl Sciences, University of Saskatchewan, Saskatoon, SK STNOWO,
Canada), I. ASUDEH (Geological Survey of Canada, Ottawa, ON,K1A 0Y'3.Canada)

ic reflection and ref {on data were recorded

High denslty vertical and wide-angle
along a 120 km long profile ina Hungardan-Cl dian-Swiss P ive project in 1992.
The SW-NE oricoted profile traverses the -2 i y Mako h and Békés
‘basin. In additiontoa moving array of 195 2Hz recording instruments along the reflection
profile. 14 fixed three-component 2Hz recorders were deployed at the SW and 3 at the NE
end of the line at 100 m interval. 288 shots were fired in 70 m decp boreholes at 300 m
interval. The shot size was 50 kg of explosives. The wide-angle data werc despiked.
bandpass flltered with 4 to 30 Hz. sorted according to distance from the individual station,
and stacked. The stacking of traces with equal distances provided dense record sections of
excelient quality with 2 clear difference berween the compilations from twelve southwestern
stations and those from three northeastern stations. Flrst arrival phascs propagating through
the sediments arc followed by a clear Pg phase. Nearvertical incidence reflections from the
Moho are clearly visible from the shortest offset distance at 23 km and continue as wide-
angle reflections to the end of the profile. Prominent secondary phascs stand out at larger
traveltimes as free surface multiples refracted in the high-velf:ciry gradient zone of the

sediments.

DEEP STRUCTURE OF LITHOSPHERE ALONG " THE HUNGARIAN
GEOTRAVERSE BETWEEN TWO SUBBASINS OF THE PANNONIAN BASIN

S, Stile, E. Takics, E. Hegediis, K. Posgsy. 1. Sipos, Z. Timér, G. Varga (EStvds Lorand
Geophysical Institute of Hungary, POB 35. H-1440 Budapest, Hungany);

Z. Hajnal, B. Reilkoff (Department of Geological S U y of
Saskatoon, Saskatchewan, Canada, STN OWO); .

L Asudeh (Geological Survey of Canada, Ottawa, Ontsrio, Canada KIA OY3),

St Mueller, J. Ansorge, R Delaco (lastitute of Geophysics, ETH Honggerberg, Zirich CH-8093,

Switzerland).

Larch

In the framework of the Hungarian Geotraverse Project performed in Hungu'ian—Cnmdia.p-Swiss
cooperation, a deep seismic profile about 100 km long was nun along a trace connecting two
bbasins of the P: ian basin. The thich of Neog d in these subbasins
reaches 6000 to 7000 meters. Data is being Knmemd in panallel at the University of
Saskatchewan, the Swiss Federal Institute of Tec ology and the Eotvds Lorind Geophysical

Institute of Hungary. To render more relisble interp of deep str <. magnetoteliuric
measurements were aiso carried out along the scismic profile. o o )

Presented in our paper, 31¢ the results of deep sei . ic p 5 which inc de sign ratio
improvement (f-k filtering, f-x de lution, weighted med " }nce.mnu.ng). as well as the use
of various migration algorithms (Stolt f-k meth 4. stable explicit finite-difft and steep-dip

Licit finite-diffe time migration and Gnzdag's phase shift method). )
In the course of the geological interpretation of decp structures q-uy dipping surfaces reﬂ:ct:mg
the covering structure of the Battonya-Pusziafsldvir line, which
as well as a deep fault penemating the whole Earth's crust under the Maké graben were dgtcclcd.
Magnctotelluric investigations support our assumptions that the Earth's crust is thinning out

beneath the Békés basin.

CONFLICTING DIPS AND THE TRANSPARENCY OF THE UPPER CRUST - A DEKORP
2§ CASE HISTORY

W, Rabbel and H. Stecntoft (Institute of Geophysics, University of Kiel, Olshauscnstr. 40-60,
D-24098 Kiel, Germany)

The DEKORP 2S decp reflection profile crosses the Saxthurigian and Moldanubian units of the
central European Variscides in southern Genmany. It has been regarded as a classical example of
highly reflective lower crust overlain by a transparent upper crust. A closer inspection of single shot
records, however, showed that a lot of reflected and/or diffracted arrivals are found also at travel-
times corresponding o upper crustl levels. They display a complex pattem of conflicting dips and
were formerly suppressed as 2 q of Common Midpoint (CMP) stacking f ing on
subhorizontal arrivals. We applied the following data processing techniques in order to enhance
dipping arrivals as well: CMP-stacking with high RMS-velocities, Dip Moveout (DMO), and the
Common Reflecting Element (CRE) meth d. All these approaches were ful in creating more
or less coherent reflection/diffraction images of the upper crust although the corresponding sections
differ remariably in detail. These differences are caused by different dip sensitivitics of the applicd
methods. Even with the help of a single covered near-offset-section, a final decision on the most
appropriate processing algorithm cannot be found. Nevertheless, the basic conclusion of our in-
vestigation is that the upper crust along the DEKORP 1S profile is not as transparent as it appeared
10 be so far. The tectonic implications of this finding are sl under discussion.

DEEP SBISMIC REFLECTION RESULTS FROM THE SW OF THE MOESIAN PLATFORM
ROMANIA

v.Raileanu and C.Diaconescu (National Institute for Earth Physics,MG-2

Bucharest, Romania),
g.Suciu (Prospectiuni s.a.,20 Coraliler st.,Bucharest, Romania).

A 38 km seismic reflection line and 17 3 TWT was recorded im the SW
extremity of Cthe Moesian Platform . It crosses the Vidin-Strehaia
uplift and the Lom-Craiova Depression on 2 NW-SE direction.A
reflective sedimentary cover sinks from -3 5 at NW to -4 s ac SE. The
upper crust and the top of the lower crust are poorly reflective and
show some shorr and subhorizontal eventsd as well as diffractions
suggesting a brictle medium.More many reflection groups extended over
3-4 km length and 1.5- 2.5 g depth intervals appear ac che base of
erust, between about 8-12 s, as a cruste-mantle transition zone. This
transition zome could be an effect either of a possible palaeozeic
extention whom relicts was partly conserved as reflective layers or of
a magmatic underplating. The whole crust shows a slighely thickening
from 10.5 3 (NW) to 11.5 8 (SB). A few subcrustal reflections can be
gseen in the central part of the seismic sectionm, maybe as a
consequence of a isoscatic balancing.
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CRUSTAL IMAGE OF THE IONIAN BASIN AND ITS CALABRIAN
MARGINS

M. Romanelli (DINMA, Univ. Tdeste) J. Mc Bride (BIRPS.

Cambridge).'A. Him. B. de Voogd (ECORS, Paris). E. Banda (CSIC Barcelona) and

STREAMERS Group.

From the Spartivento bassin off the SE coast of Calabria, two 200 km long M{ZS lines
were recorded towards S and SE. into the Tonian basin with a large. 7200 ¢. i.. tuncd
array and a 180 channels. 4.5 km long streamer. Good penetration indicates at p}accs a
thick layered sequence of sediments beneath !l'gc M ) salt. Bencata that.
existence of only 2 reduced thickness of crust. as inferred previously from DSS anfl
ESP is confirmed. The crust-mantle transition is marked by 2 0.5 w0 over 1 s TWT (.
e. up to 4 km) thick stack of monochromatic low-t’rcq.uency. rcﬂecuogxs. i

The long lasting comparative discussion of the [onian with oceanic and conunen.ml
crusts may now take into account not only depths an.cl yclo.cmcs but also the peculiar
reflection image of the lower crust-mante and its \fannuon in topography sugges.tcd as
a result of profiling long traverses. With the addition of wndf angle land-rcs:ordmg of
these lines and of other surveys onshore, the prolongaton of Calabria can be
recognized in the soructures of the basement and the base of the crust above the flexed

{onian crust.

JONIAN BASIN INTERACTION WITH THE WESTERN HELLENIDES : A’
NORMAL INCIDENCE AND WIDE ANGLE REFLECT JON FINE

’

uwnm. (DEP-EKY. Athens) - E. Kamberis. F. Maltezou.
A. Hirn. (IPG paris). M. Sachpazi (Univ. Athens)

A linc from the deep lonian basin, through the channel between Kefallinia an‘d
Zakyntos islands and to near Missolonghi was shot with 3 l.arge tuned array of 36 air
guns with 7200 c. i total source volume. It was recorded with 2 180_ch:mnels. 4.5. km
fong streamer. s well as at variable offset by land smio;xs on poth "stl;ndtsll m}? ??ln:i
i 3 Tonian thrust as well as deformation within the EX c!

side of the Gulf of Patras. The lonian n i e acing

Hellenides are imaged into the basement by normal incidence

through this heterogeneous Upper crust allows to use wide angle daa 0 validate the

section to Jower crustal depth. Structural elzments may be rel
the Hellenides on Ionian crust.

THE SICILIAN MARGIN TO THE JONIAN BASIN AND MT ETNA

i, R. Nicolich, M. Romanelli (DINMA Univ. Tricsie), A. Him. M. Sachpazi
(IPG Paris). F. Avedik (IFREMER, Brest) , J. Gallart (CSIC , Barcelona) and
ETNASEIS Group

An amay of 8 GI air guns totalling only 840 c. i. volume was directed to 2 rather low
frequency band useful for decp penetration by using the "single bubble” method. A 96
channels streamer was used with 2 24 fold coverage. Two profiles werc recorded near ©
M! Etna, onc along the coast an other from the Ionian deep basin to Catania.

With respect to the oceanic-like crust of the Ionizn basin. the E coast of Sicily is
traditionally considered as its extensional continental margin. A reference profile we
recorded across the Malta escarpment south of Siracusa is in keeping with such belief
but such an image does not show up on the profile reaching the vicinity of Mt Etna,off
Catania. In the shallower part of the section. tilted basement blocks can be seen. but
their faults appear to be active more recently than the supposed formation of the lonian
basin. Also, at variance with the structure of continental margin formed by pure shear
the crust-mantle boundary decpens seawards under the tilted blocks, in the time-section.
Migration and water layer replacement will quantify the degree of crustal upwarp and

advection of magmatic or mantle material.

APPRAISAL OF A NEW LOW FREQUENCY SEISMIC PULSE GENERATING
METHOD ON A DEEP SEISMIC REFLECTION PROFILE IN THE CENTRAL
MEDITERRANEAN SEA

E. Avedik (Institut Frangais de Recherche pour J'Exploitation de ia Mer. Brest-Plouzané), R.
Nicolich, (DINMA, Univ. Trieste), A. Him (IPG Paris), F. Maliezou (DEP-EKY, Athens), 1
McBride (Univ. Cambridge) and STREAMERS Group.

The large tuned air gun amays used in off-shore petroleum exploration are also the most
frequently employed seismi for cxecuting deep crust-mantle surveys. However, the
signal output of these amays is reduced to about 15 of its original valuc on the 0-256 Hz
frequency band when we consider only the 10-40 Hz frequency band which is relevant to deep
seismic surveys. To try improve on this, a low frequency seismic pulse generating method was
developed within the Ifremer Earth Science Group-

The standard tuned air gun aray output produces 2 bubble-pulse-free signal centred on the
primary pulse. Considering that the first bubble pulsc contains the major portion of the low-
frequency acoustic energy present in the gun's pressure signature, the new method concentrates
the array's output on the first bubble pulse instead of on the primary pulse and in addition
cancels the following bubble pulses

In 1993, part of the STREAMERS international deep seismic profiling programme sponsored by
the pean C ity was d in the Aegean sea using an academic research vessel and
a "single bubble" air gun aray. The array, composed of 8 Gl air guns had a total, generator plus
injector, volume of 23.3 i (1425 cubic inches). The air pressure for the guns was 1.5 MPa ( 2100
p.s.i.). The tow depth of the streamer and that of the gun amay were kept closely identical at
approximately 20 meters.

In order to evaluate the performance of the new method, we re-shot 2 profile previously run in
1992 during an earlier part of the STREAMERS programme, in the Western lonian sea by 2
commercial seismic vessel equipped with a large, 36 guns, 1171 (71 18 cubic inches) tuned air
gun array. Results of the comparison will be presented
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A CRUSTAL SECTION ACROSS SARDINIA CONTINENTAL MARGIN,
SOUTHERN TYRRHENIAN SEA.

P Fabretti, R.Sartori {Department of Geological Sciences, University of Bologna.
Bologna, ltaly 40128) : )

L.Torelli (Institute of Geology, University of Parma, Parma, ltaly 43100)

N Zitellini (Institwte of Marine Geology, CNR, Bologna, ltaly 40129)

We present 2 crustal section derived from a multichannel seismic reflection line shot
offshore castern Sardinia. This line was acquired during 1989 by RV OGS Explora using
1 sound source produced by 32 air guns (total 80 1) and a 120 channels, 3.0 km leng,
receiving streamer with 25m group interval and record length of 1ds. The section is
oriented NW-SE across the Western Tyrrhenian passive margin developed, since
Miocene time, as an exiensional area back of Appennine and Calabrian arc. The seismic
jine shows evidence of an intracrustal detachment  horizon above which brittle
deformation accommodated streiching during rifting of the Tyrrhenian pasin. This
deformation is expressed by a major \istric normal fault which produced an asymmetric
graben; cvidences of normal and reverse faults are detected at the hangingwall roliover
anticline. Moving SE. toward more thinned and streiched crust, a deeper reflector that
rise from 8 to 6s, marks an abrupt change in the amount of extension of the continental

crust.

THE {BERIA-WESTERN MEDITERRANEAN CONTlNENT—OCEAN TRANSITION
REVEALED BY COMPOSITE STEEP AND WIDE-ANGLE REFLECTION SEISMIC

SECTIONS

N. Vidal, J. Gallart and J.J. Dafiobeitia (Institute of Earth Sciences-CSIC, Barcelona, Spain)

Seismic reflection profilings of the ESCI experiment at the Iberia-Western Mediterranean
transition were designed 1o image the structural features at depth in an area affected by
successive compressional and extensional tectonics since Cenozoic times. The ECORS a.nd
ESCT profiles altogether provide a 700 km-long crustal transect mapping the lateral evolution
between a thickened conti I qust Py ), thinned continental crust (Valendia trough)
and an oceanic-type cust (South Balearic basin)- Strong crustal depth variations associated
with the onshore/offshore ition could not be resolved from the near-vertical land and
marine sections but from dense-spaced wide-angle data, due to more favourable Moho-energy
returns and sampling offsets involved. A thorough processing of the wide-angle data in terms
of conventional reflection seismics leads to composite steep and large aperhure stacked and
migrated sections revealing a strong but continuous thinning of the crust. In the Catalan and
Balearic flanks of the Valenda trough, a thinning of at least 10 km in the lower qust takes
placein around 30 km horizontal distances. A significant change in the reflectivity pattern is

observed in the South Balearic basin.

SEISMIC IMAGE OF THE CANTABRIAN MOUNTAINS UPLIFT IN THE WESTERN
ENDING OF THE PYRENEAN BELT FROM INTEGRATED ESCI-N REFLECTION AND
REFRACTION DATA

J.A. Pulgar and ]. Alvarez-Marrén (Dep. Geologia, Universidad de Oviedo, Spain),
] Gallast, G. Fernindez and A. Pérez-Estatn (Inst Earth Scjences-CSIC, Barcelona, Spain),
D. Cérdoba (Dep. Geofisica, Universidad Complutense, Madrid, Spain) and ESCI-N Group.

The seismic signature and lateral variations of the crust aczoss the Cantabrian Mountains 0N
Spain) are examined on a N-S crustal transect lying around the highest topographic elevations.
The Cantabrian M i titute the western jon ofmepyreneuandareformedby
Paleozoic basement uplifted during the Alpine orogeny over the Cenozoic Duero basin. An
Alpine reworking and thickening of the Variscan crust is supported from different seismic data
sets. The 65 km-long ESCIN-2 steep reflection profile, between the Duero basin and the
Cantabrian zone (foreland of the Varisan chain), displays- a northward-dipping crustal
reflectlvity pattern. The Moho is clearly identified at the bottom of the reflective lower aust,
and deepens from 11 to 15 s TWT at the northem end of the profile, about 30 km inland.
Crustal velocities are constrained by a 200 kan-long reversed refraction profile from explosive
sources at both ends, which confirms the thickening of the crust beneath the Picos de Europa
unit, where the Moho depth reaches almost 50 km. The thick crust is characterized, on average,
by velodities lower than those on the Variscan domain westwards. The Moho at the continent-
ocean transition is revealed on a stacked section after multichannel processing of the piggy-back
wide-angle recordings on land of the marine ESCIN-4 profile. The section covers 15 km inland
and 60 km seawards, and shows a c@ i , moderate thinning of the qust northward, along
the Cantabrian platform.

DOES THE GREAT GLEN STRIKE-SLIP FAULT REALLY OFFSET LOWER CRUSTAL
AND UPPER MANTLE STRUCTURE?

1.H. McBride (BIRFS, Bullard Labs, Madingley Rd., Cambridge CB3 0EZ, UK}

Pr interp of deep sei flection profiles aoss the Great Glen fault system
have postulated that the fault penetrates the qust and upper mantlé as a vertical plane that
offsets the Moho discontinuity. This interpretation has become 2 general feature of regional
syntheses of the deep geology of the British Isles. Reprocessing of portions of several profiles
across the fault improves the resolution of lower crustal and upper ‘mantle structure and calls
into question the “Moho step” interpretation. Diffraction analysis and experimentation with
‘migration applied to reflection data north of Shetland across the northward continuation of the
Great Glen fault (Walls Boundary fault) indicate a narrow synform or eel’ developed on the
Moho directly beneath the fault. North and west of Ireland, analyses of amplitudes,
frequencies, and the geometrical behavior of reflections upon migration show that structures
previously interpreted as Moho steps may be better explained as distinct packages of
reflectivity that are uppermost mantle in origin. Inone loation north of Ireland where three-
dimensional control edsts, the vertical downward projection of the Great Glen fault intersects,
without disrupting, dipping structure in the upper mantle. This observation leads to a model
for displacement on the fault system in which motion is laterally transferred along a dipping
ramp (or blind thrust) in the uppermost mantle, analogous to models developed for the San
Andreas fault that indicate displacement along the fault to be laterally offset within the middle
crust. One of the principal conclusions of this study—that maijor vertical steps on the Moho
beneath the Great Glen fault is difficult to support from the available seismic data—is
consistent with rheologi ally based studies which predict that Moho ‘topography’ such as

&

vertical steps is unlikely tobe preserved over long periods of geologic time.

/11

1/12



60

A SEISMIC REFLECTION (CDP) TRANSECT OF THE MIDDLE URALS, CENTRAL RUSSIA

Y ST H EAST COAST OF
VLW SEISMIC DATA

n (Institue for the Study of the Continents, Cornell

: Bazhenov Geophys it. Zs . istri
(Bullard Laboratories. nt of Earth Sciences, v (Bazhenov Geophys! heclit, Zarcchny, Sverdlovsk district:

Department of Earth Sciences, Universit ninskii, Alapacvskii, and Aramashevskii P

y a steep frontal ramp

Results of the inversi modelling of an ©

The ESP data were co
Broadband Survey.

es of l:rge-sca-.lc antifo
1d information on hinterland that appear

d on the first arri

MUF with both the forel!
hesc data. The MUF may

ppears to penctrate to mid-¢
t (i.c. non-listric) dipon

| waveform inve
dataset, turning @

ncicar on the basis of t
of the ESRU profile,

East P
of the MUF, and probably

pacc. This allows 2 which makes up the p \he Urals bencath the

detachment surfaces

down to the 10p O

The velocity structure ontinental crust is re

3.D conuol on the g

zone, which narrows

reflection profile. for either (1) W-vergent

the Moho and lower € European and island-

IMINARY RESULTS OF DEEP SEIS!

KA AND RUSSIA,

MIC REFLECTION
BERING SHELF-

» " PROFILING BETWEEN
P BASEMENT DEFORMATION BENEA

ENTRAL SCANDES

[MAGES OF DEE
THE CALEDONIAN LAND IN THE €
(Department of Geoph

S_imgn_l_,_]g:mmm Stanford University,
94305-2215, USA) and the Bering-Cl

H. Palm (Uppsala Univ., Dept of Geophysics. vyillav. 16. $-75236 Uppsala. Sweden)

Norway and Sweden CS reflection pro 8400 c.i. airgun aray

‘here Caledoman nappe
letely crossing the e

Cordilleran orogen
tinental connection
1t its fundamenta

different types of
g and Chukchi sheives, and the boundaries
sedimentary basi
Norton, Hope an!
mountain range 0
Bering Straits. po:
the Seward peninsula.

laska which disappe:
to the appearance

ars into the low t0po!

Mok 27 7 ; of low-angle normal faults onshore in
well recorded 3t wider an| far offsel experiments.

conpection o the seismic reflection ficld campaign-

to display preliminary brute stacks from this new survey.



7

1/18

REFLECTION IMAGING OF CONTINENTAL UNDERTHRUSTING BENEATH THE
HIMALAYAS, TIBET: LESSONS FROM INDEPTH 1

Project INDEPTH Rescarch Group (c/o Larry Brown (brown@gwlogy.comcll.edu). Dept. of
Geological Sciences and INSTOC, Comell University, Ithaca, New York, USA, 14850)

Project INDEPTH, 2 colleborative effort of U.S. and Chinese {nstitutions. collecied 100 km of decp
i files in the Tethyan Hirmalays of the Tibet region during the summer of 1992. The
remote operating environment and ultra-deep targets of Project INDEPTH prescated & special
chellenge for decp seismic profiling. The most serious tech ical probl d with
INDEPTH I were wind noise, variation in shot-energy coupling. cross-feed from radio “pursts™, STONE
ground roll from the explosive 8 y ined shot satics. Wind noise in pasticular
may mask lower crusual and mantle reflections on the north end of the survey. The difficulty in
consistently drilling © the nominal shot dcpth of 50 m Was & mBjor yeriable in signal penetration. FX-
deconvolut lati fhicient filtering proved effective in mitigating this noisc to a centain
degree; however, whether the Moho's reflectvity varies Iaterally or is merely lost beneath the noisc on

rofile arc: (1) A mid-crustal reflection that marks the

Main Himalayan Thrust (MHT), the active fault along which the Indian plate is underthrusting
the Indian crust. (2) Lower crustal and Moho reflections (with surprisingly broad bandwidth) at 75 km
depth beneath the southern end of the survey. (3) A “bright spot” at sub-Moho travel times that is
demonstrated by 8 cross-line to be a stecp castward dipping structure in the lower crust or Moho west
of the survey. (4) A pervasive north-dipping reflection “fabric” at mante mavel times. Although
noise levels at mantie travel times are high, freq pendent Iation coefficicnt filicring helps
reveal this fabric. Although side-swipe has not been ruled out, this reflectivity may result from
shearing of the mantle “lid” during underthrusting. Ctherwise, there appears to be little evidence of
massive deformation of the Indian crust as it passes ‘bencath the Tethyan thrust belts. Analysis of
these results emphasizes the importance in ulra-deep reflection profiling of adequate drilling supplies
for consistent shot placement, rigorous radio P P hooting 10 & wind-minimal sched ie, and field
processing capabilitics.

EXPERIMENTS ON DEEP SEISMIC PROFILING IN JAPAN: TOHOKU-I SECT 10N

;
T. Miyazaii, T. Yokokura, N, Kano, K. Yamaguchi and Y. Kuwahara (Geophysics Dept., Geological
Survey of Japan, Tsukuba, 305 Japan) :

We arc conducting a program ~Study on Deep Crust” funded by Science and Technology Agancy of
10 clucidate deep crustal sTuctures under the Tohoku Arc, a northeast pant of the Japancse
Islands. By the end of 1993, thuee segments of seismic reflecion profiling were acquired in the
wesmmost part of the Tohoku Arc. Two of those segments cOVETs 16 km length in the Shonai Plsin
using explosive SOUTTES. and the other docs 11 ¥m length in the Shinjo Basin using vibrator Sources.
Another reflection profile, about 18 km long, was reproduced from a8 refraction record in the Ou
backbone ranges. Those segments show shallow o middle crustal swuctures of the backase margin side
and the volcanic zonc of the Tohoku Arc, although a poor §/N ratio of records somedmes makes
interpretation difficult especially in the deeper pant of the records.
The profile in the Shonai Plain shows gently waved reflections in shallow, which correspond 10 middle
d lcani mSmum:xmisfounduummiddhofm:

Miocene to Plei iments and
profilc and can be traced downward 1o the east. The Sakam thrust zone and decp reflectiors subparallel to

it seem to0 have conpolied the uplifting of the Dewa Hills originated by E-W shortening of the Arc.

Continuation of those suctures in the Shonai profile is not clear ROW.
file st the actve volcanic arca shows 2 mid-crustal refiector. which is just above where low

‘The pro
frequency carthquakes OCCuT in the lower crust. “This implics that the reflector represents 2 thermal

structure under the active 8IC.

Deep structure of the Median Tectonlc Line T
microselsmlcity, southwest Japan ' (MTL) end s relate

T.Maeda(ERI, Univ.Tokyo, Bunkyo-ku, Tokyo, 113 Japan: E-mail:damae@eri.u-lokyo.ac.]p)
1.1to(Depl.Earth Sci., Chiba Univ., Chiba. 263 Japan: E-mail.‘lito@scianca.s.d-ﬁba-u.ac.jp)
T.lkawa(JGl., 2-17-22 Akasaka, Minato-ku, Tokyo, 107 Japan)

§.Yamakita(Dept.Edu., Miyazaki Univ., Miyazaki, 889-21 Japan; E-mail:e04404u@muipc.cc.
miyazaki-u.ac.Jp) :

MTL Is the most significant fault In Japan and has been playing an important role in the
structrural development of Japanesd island arc  since Late Cretaceous {Paleagena?). According
to the traditional model on MTL, MTL fault plane must be vertical to the deeper part. The
modal, however, was basad on no evidence of deep structures of MTL. We made the first
exploration of deep caismic reflection across MTL in eastemn Shikoku in 1992. The tentative
processing has shown that MTL fault plane is not vertical but N dipping at 30 degrees o at
Jeast 5 km depth (to et al., 1993). This is also supported by both the gravity and MT surveys.
As the lentative procassing was done within TWT 3.0sec, the deaper structure was nol ravealed.
Therefore, we have tried to reprocess full data(TWT=5.0sec) of the 1992 exploration performing
Jower-fraquency filtering, prestack migrations atc. Here we reach a clearer imaging of deeper
structure of N-dipping MTL. Our result has defeated the traditional{vertical MTL} model. The
northam boundary of microselsmicity associated with active MTL right-lateral motion is dipping
northward. The boundary corrasponds to the N-dipping MTL fauit plane revealed by our
studies. The traditional model could not explain the N-dipping boundary. and gave a difficulty
to us. The resulto! the deep seismic reflection studies must solve the difficulty.

NATIONAL GEOSCIENCE PROGRAMS IN AUSTRALIA - THE ROLE OF DEEP SEISMIC
PROFILING

) I:I.MJ. Stagg, BJ. Drummond, G. O'Brien, B.R. Goleby (Australian Geological
Survey Organisation, Canberra, ACT, Australia)

Regional deep seismic profiling by the A Jian Geological Survey Organisati (AGSO) now
plays s major role in three national geoscience programs in Australiz.

Management of Australia's offshore resources is underpinned by rescarch carried out through the
Continental Margins Program. In recent years the emphasis has been on the acquisition of
approximately 25,000 km of regional decp seismic reflection data (16 s record length) on @ regional
grid, primarily on the 2000 km long North West Shelf, but also including the southeast margin.

R J _of jon data will t a major priority in 1995. The acquisition of deep reflection
dat? is mk:'ng placc at ‘he. ratc of :bout 10,000 per year. Interpretation of these data are yiclding 2 new
ding of the regional fr rk, the basin-forming p of these margins, and

the origins of the structures that undespin many of the hydrocarbon fields.

Onshore, AGSO has entered into 8 ional Geosci Mapping Accord (NGMA) with each of
the State and Territory Govemnments to re-map Australia’s geology. Carefully placed regional decp
seismic profiles arc used to provide 3 dimensional control of the areas being mapped. Australia now has

over 5,600 km of 20 s reflecti data available to its g with several
hundred kilometres planned for cach of the next few years.
The A lian Geodynamics C jive R h Centre (AGCRC) was recently established by

AGSO and several other Australian research bodics 0 study the role of geodynamie processes on the
formation of large ore bodies and petroleum provinces. The seven year research program will include
scveral regional scismic profiles. The first to be undertaken was a 250 km tanscet of the Proterozoic
Mount Isa Inlicr, presently onc of the most intensively explored mincral provinces in the world, in

mid 1994.
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REFRACTION DATA RECORDED BY LAND STATIONS DURING A MARINE SEISMIC
SURVEY ON THE NORTHWEST SHELF, AUSTRALIA: CONSTRAINTS ON THE
INTERPRETATION OF DEEP REFLECTION DATA.

b ACT,

C.DN_ Collins and P.A. Symonds (Ausiralian Geological Survey Organisation. C
Australia)

Seismic recording stations were deployed on the mainland and on islands off northwest Australia
duﬁngnmarineuismjcmveyoflthrowseBlsinbythe.‘ lian Geological Survey Organisati
(AGSO). The stations recorded long-offsct wide-angle reflection and refraction data from the routine
air-gun shots. The purpose of recording the data was to obtain deep velacities and regional structure, 1
iations of crustal thick andlopmvidellinkbetwemonshommdoﬂ'slwmmxstaldau.
Because of the relatively low power of the source and noisy site conditions, it was necessary 10 enhance
the data at large offsets by filtering and stacking. Occan wave noisc was 8 major problem, but stations

deployed on islands adj o the jand ded arrivals out to offscts of approximately 250 km.

The velocities interpreted from the long-offsct data in the interpretation of deep refl and

allow dep! ion of the reflection profiles. They also provide some constraints on the
logical i jon of reflection f¢ An ual zone of promi £] within the

lrowcr crust md; the eastern mergin of the Browse Basin appears to disrupt the Moho, 2and is
inted with high refraction velocities- Thesc reflectors may represent mafic intrusives injected into

the lower crust during crustal th g isted with basin f jon. The deep & g y
andmmalsmuenlongs:veralmvusuwueimu-prewdﬁ-omthconshomdan.inwnjunmionwixh
the vertical incid flection data. Considerable thinning of the origi I crust occurs bencath the

basin sediments. The velocity data allow this to be quantificd, and stretching factors of 3.0 - 3.5 have
been deduced. The velocity dats also permit an estimate o be made of the relative thinning that has

occurred between the upper and lower crust during extension.

MINERAL SYSTEM MODELS BASED ON DEEP SEISMIC REFLECTION DATA

-

BJ. Drummond, B.R. Goleby and C.DN. Collins (A lian Geological Survey Org!
Canberra, ACT, Australia)

Mineral systems are defined as the combination of fluid source, migration pathway and host rock
that led 10 the fc ion of a mineral deposit. Mineral system models pizy a fundamental role in the

gics of mineral explorati ics by ining the way they usc information about the
regional geology and known orc jeposits to form a predictive app h 1o their exploration. Two recent
studies by the Australian Geological Survey Organisation (AGSO) directly constrained mineral systems
models by mapping the distributi of crust-p ing fault sy

A network of profiles in the Devonian Cobar Basin in central New South Wales mapped in 3
dimensions a mid-crustal detachment over which the upper crustal plate slid to create the basin. The net
displacement vector was 24 ¥m to the northeast, Fault sysiems within the basin are either transfer faults
parallel to or normal extensiona! faults orthogonal to the upper plate vector. Faults bounding the basin
margin paralie! the top or bottom of a ramp in the mid crustal-detachment. Gold mineralisation lies
along the basin margin, and is therefore controlled by mid-crustal structures, whereas the largest silver-
lead-zinc ore body in the basin lieson g transfer fault that probably penetrates only to the bottom of the
basin, at about 6 km. ) .

Gold mineralisation in the Eastem Goldficlds in Western Australia occurs in greenstone
supracrustals in second and higher order splays ofl major shear zones. The largest deposits are in the
hanging wall of the Bardoc Shear. Reflection data mapped the Bardoc Shear from its surface outcrop to
its interscction at 15 km depth with the Ida Fault. The Ida Fault can in tum be followed to depths of 25-

i irect fluid migration pathway from the Jower crust into
the supracrustals. The Bardoc Shear cuts a regional detachment at the base of the greenstones at 6-7 km
depth. Other shear zones in the region arc also mineralised, but they sole onto the detachment. The fluid
migration pathway into thesc shears is therefore less direct than into the Bardoc Shear.

P

CRUSTAL STRUCTURE BENEATH THE LATE PROTEROZOIC OFFICER
BASIN, CENTRAL AUSTRALIA

J.H. Leven, 1.F. Lindsay, T.J. Barton, AJ. Owen, & C.DN, Collins (Australian Geological
Survey Organisation, GPO Box 378 Canberra Australia)

The Officer Basin is one of the least explored of a series of related broad intracratonic
basins which formed on the Australian craton during the Neoproterozoic and early
Palseozoic (800 - 360 Ma). In 1993 the Australian Geological Survey Organisation
(AGSO) and South Australian Department of Mines & Energy (MESA) undertook a major
seismic survey in the central Officer Basin, recording 550 km of 10 fold 20 s data using
explosive sources,

The basin sediments in the central Officer Basin shallow from up to 7 km in the sub-basins
near the northern edge to around 3 km on the southern platform area, and are for the most
part remarkably undeformed except at the northern margin. The deeper scismic data show
that a series of prominent north dipping structures pervade the crust beneath the central
Officer Basin extending to around 12 s two-way-time. Most of these Proterozoic basement
structures are truncated at the base of the Officer Basin sequence by an crosional event
which pencplaned basement before the Willouran deposition of the regionally extensive
basal units (Pindyin Sandstone and Alinya Formation).

During the last major orogeny to affect the basin (the Carboniferous Alice Springs
Orogeny) some of these structures were reactivated, forming a thrust-controlled homoclinal
upturn of the basin sediments at the northern basin margin. At approximately 17 km from
the basin margin a set of these faults bifurcate. The upper branch steepen at depths less the
9 km, and are directed towards the surface to the north of the basin margin. The lower
branch of these thrusts soles into the base of the sedimentary sequence - most probably into
the cvaporitic Alinya Formation.

CRUSTAL SEISMIC MEASUREMENTS ACROSS A FORE-ARC BASIN
F.DavcymdS.Hmys([nsﬁmoﬁ' logicat and Nucl Sci Wellington, New
E_ Lodolo (Osscrvatorio Geofisico Sperimentale, Triestz, Italy)

The fore-arc basin re| son of the Pacific-Australian convergent plate boundary off
nmhu_mnNewZ_:ahndismuhdbylepnqimbulmgﬁvegnvitymcmﬂy
cxceedmgwmg:lu!ampﬁmdcouqlmsmcdbcdmdanmmdcdmlﬁsm
.ommkfunn'nndmgcdndwmmxyhdnmxmkmwﬂemuhﬁngn
thick well stratified, sequence (at 7 s TWT). The basin is down on its western
fiank and apparently fanlt controlicd along its eastern margin. Flanking the edges of the basin
mwbeoldzwqumoﬁmuuvqlamcchm.'l‘heuriginot‘thescunitsnnd

themechmiﬂnfm‘thcfmﬂonofﬂusdeepcnedfuc-ucbasinisunmm.ne
lower crust- 'mnﬂeisnotwelllmnzedon:hedzn.prumblydmwlossofm:rgyi.n
the shallow refl lgyu's.bnnhedm 1o indicate Iitle or no crustal thinning under
the basin, contistent with the gravity data. urther south, along easten New Zealand, a
crustal downwarp of the back-arc re| is ascribed 1o the locking of the subductiny Pacific
pla:ugninstmeAusnhmphm mdpqlhngndown.mexuunelocalnmof e gravity
anomllyoﬁnmﬂ:easmnNewZalmdmdiwesthnﬂisisunﬁkdymnTheproﬁlcruns
alongmebo_undnrybetwemocganicgnmﬂl_)u:depnﬁnenml (south) crust on the Australian
plarcanddnsboundlry.mc_ma]onmkcsh faulting through eastern New Zealand with
offsets of several hundred kilometres over past 5 Ma and the subduction of & thick
oct'.amf ca ;:sl.umu (the Hikurangi plateau) have probably had a major influcnce on the formation
[} c 10.
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PSEUDO-3D PROCESSING OF THE SUDBURY SEISMIC REFLECTION DATA

Jianjyn Wy and Bemd Milkereit
Geological Survey of Canada,l Obscrvatory Cr., Ouawa, Canada K1A 0Y3

Innovative reprocessing of Lithoprobe broad-band seismic reflection data (30-140 Hz sweep) has
been ducted to optimize the ismic image of the gmatic Sudbury of the
Canadian Shield. In responsc 0 the challenge of crooked survey lines, we have developed
straight-line CMP binning strategy. This approach has several ad ges over the con ional
slalom-line CMP bi ing: (1) sub jally reduci Xed-line effects; (2) improving the Jateral
continuity of scismic reflections; (3) producing 2 Jess distorted seismic image; (4) cnabling 2
better correlation with the surface map pattern. With the straight-linc binning, cross-dip analysis
and corrections become more meaningful and more effective. Together, they reveal the Jateral
dips of refi ion cvents, valuable inf ion for geologi 1 interpretati 3D CMP binning has
also been applicd o highly crooked portions of the survey lines to pinpoi ismic reflecti
These pscudo-3D sei ic p i hniques, in conj _tion with refraction statics, surface-
consistent residual statics, and specwal b ing, have imitati iated with
1 2D seismic data p ing and produced 2 remarkably clear seismic image across

the Sudbury Structure, warranting a new, more iled | interp

CRUSTAL VELOCITY ESTIMATES TAKING ADVANTAGE OF LONG OFFSET
RECORDING .

-,

S. Bezdan and Z Hajnal (Deparument of Geological Sciences, University of Saskarchewan,
Saskatoon, SK STN OWO, Canada)

Four expanding spread profiles with a maximum offsct of 20.4 ki were collected along the
Trans-Hudson Orogen Transect. The small stepout distance (100 m) provides high fold (>30)
data. Velocity analysis is carried out both in the CMP and in the super shot gzﬂm domains. It

is well known that the second order hypesbolic time-distance relationship has limited validity as
1 : higher order moveout equations

a function of the offset As syntheti 7
exhibit less departure from the actual traveltimes than the standard second order approximation.

Both col based and lincar of velocity analysis were tested on the dan taking

ding. The coh y-based methods have higher velocity

advantage of the loni offset
resolution and high noise suppression, while the lincar techniques are superior in time the

resolution.

THREE DIMENSIONAL SEISMIC CRUSTAL STRUCTURE OF A HINTERLAND
CORE COMPLEX ON THE LITHOPROBE SOUTHERN CANADIAN CORDILLERA

TRANSECT

Kris Vasudevan and Frederick A. Cook (LTTHOPROBE Seismic Processing
Pacility, Department of Geology and Geophysics, The University of Calgary,
Calgary, Albenta, T2N 1N4, CANADA)

The Monashee complex is an clongate porth-south exposure of high grade rocks in
the south-central Canadian Cordillera that is flanked by middle Eocene extensional
faults, and that is cored by Cretaceous to Paleocene contractional faults. Structurcs
wrap around its southem flank to give the appearance of & crustal-scalc lateral ramp
that is analogous to Iateral ramps in foreland thrust belts. LITHOPROBE regional
reflection profiles were fortuitously recorded with 2 north-south profile (line 6)
oriented along the strike of the complex, and an cast-west profile (lines 7-8-9)
crossing its strike. The intersection of the two profiles afforded an opportunity o
acquire an areal (3-D) survey in the region of southwestward plunge of the
complex, and thus to delineate its three dimensional subsurface structure in the
vicinity of the lateral ramp. Vibroseis data were obtained with 50 m receiver point
spacing, and 100.m source point spacing over an area of about 12 x 12 km for 2
total of about 115,200 traces with 2 correlated listening time of 18.0 s. We have
processed the data to optimize signal in 100 m x 100 m bins for a nominal 6-fold
coverage. Initial results allow us to map structures in the hangingwall of the
contractional Palcocene Monashee decollement and to delineate the relative strikes
of layers in the subsurface beneath the coverage arca.

SEISMIC SKELETONIZATION AND EVENT CLASSIFICATION: A NEW
APPROACH FOR CRUSTAL SEISMIC INTERPRETATION

Qing Li, Kris Vasudevan and Frederick A. Cook (LITHOPROBE Seismic Processing
Facility, Department of Geology and Geophysics, The University of Calgary,
Calgary, Alberta T2N IN4, CANADA)

Seismic skeletonization is 8 syntactic pattem recognition technigue to automatically
identify coherent arrivals on a seismic reflection profile. If arrivals can be
automatically recognized. & variety of descriptive attributes can be incorporated into 2
relational database to provide new approaches to interpretation. The skeletonization
method we use retains the main feamures of an approach previously'dcscribcd by Lu
and Cheng (Geophysics, Vol. 55. No. 10 1990), with the introduction of 1wo
‘modifications to reduce misconnections BMONE seismic cycles from three neighbouring
traces (triplets) and to improve the efficiency of the jterative procedure in the
jdentification of seismic events. In the first we modify the cost function for non-
neighbour trace-cycle correlations, and in the second we alier the triplet-configuration
optimization procedure to include singlets, doublets and triplets. Application of the
modificd pattem recognition method to skeletonize deep crustal reflection profiles
from the LITHOPROBE Southern Canadian Cordillera transect faithfully rcproduces
the geometry of reflection events and represents @ major first step in this new
approach to interpretation of crustal reflection data.
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" In 1992, LITHOPROBE 2cq

1S PROTEROZOIC CRUST LESS REFLECTIVE THAN PHANEROZOIC CRUST?

D. Eaton (Geological Survey of Canada, Ottawa, Canada, K1A 0Y3)

ired 500 km of ichannel scismic reflection dala across the Westera
Canada Sedimentary Basin and its underlying Archean to Early P b Co jonal
(AGC) processing of the data yielded migrated stacks that featured 3 reficctive lower crust, similar in
appearance 0 “typical” lower crust observed in Phancrozoic regions worldwide. However, subscquent
processing, using relative-amplitude preserving techniques, provides evidcneé that Jower crustal reflectors
are characterized by reflection coefficients that are about an order of magnitude smpaller than those present
in the overdying scdimentary basin, and considerably smaller than r.c.'s reported for the lower crust in
other regions. The processing scheme consists of surface-consistent trace amplitude analysis, NMO and

static corT gression stack, Q imation and p h y filtering and geometrical
spreading correction. Each step in the procedure is full itored 1o ensure that relative ampliwde
inforroation is preserved, thus permitting amplitude anaysis to be performed using stacked data. Our
results imply possibl i ints on P! ponsible for leading to cnhanced

lower crustal reflectivity; cither the processes were fundamentally different in the Precambrian, of the
intrinsic reflectivity must decay with time.

CRUSTAL STRUCTURE AND TRIPLE JUNCTION MIGRATION: SEISMIC IMAGES OF THE
MENDOCINO TRIPLE JUNCTION ’

(DCPLO(Eanh& i I Sci Lehigh Uni Bethlehem, PA 18015)
‘and the Mendocino Working Grovp? : S

The Mendoci Triple ismmi ,'_'isn.....!"

U mantle of the westen ‘margin of North Amenca where the Gorda, North Amenicas. and Pacific plaes
come in conuct forming a triple junction. Over 3 tw0 year tme period we have collected an integrawed
seismic dataset includi decp marine schannel seismic (MCS) and ocean bottom seismometer (OBS)
profiles, opshore wide-ap flect fraction d ite profiles, and combined offshore-onshore
wide-apernire profiles. The Mendocino Teiple Junction a3 been migrating along the westem margin
of North America through time. Qur study e‘xlgloiu the well defined iplc junction region as an in-situ
1at y o study A son and crustal deformation before and after it is modified by thermal and
magmzﬁcpms:;sochwdwimpuugeofutu;gl:; ion, and to eval implications of these
processes for contnental growth and evolution. scismic dauset consists of two main east-west
transects, ooe to the north of e wiple junction (—40°45'N) where the Gorda Plaie is subducting bencath

North America and one 10 the south {(=39°30N) where the Pacific and North Americsn Plae are in serike-

slip contact providing da that sample the crust and upper mande, before and after the passage of the MT]
respectively. 'Additional north-south fransecis, provide an image of the. it the subduct
margin north of the 'MTJ and the strike-slip margin to the south. In this poster, we discuss initialsx_uu

1113
xieen

CS
by large-apermrc recording of airgun shots oo ‘occan-bottom and onshore ‘seismographs. The CS data
provide structural irmages while the large aperture datasets provide velocity control on deep crustal
refiections and in addidon, because of the dense shot spacing will allow ‘for wide-apermre imaging.

1The Mendocino Waorking Group includes rci:rcsenu!ivcs from : Lehigh University, Oregon State
Univcxsiz.w ford University, Rice Uni ity, Penn State University, Humboldt State University and
the U.S. Geological Survey.

LITHOSPHERIC IMAGES OF THE MENDOCINO TRIPLE JUNCTION REGION

Bruce, C Beaudein (Deparmment of Geophysics, Stanford University, Sanford,
CA 94305) and ‘Mendocino 93 Working Groupt

The toctonics of porthern California arc governed by the interactions of the Pacific, Juan de Fuca, and
North can plascs and their junction, the Mendocino Triple juncion (MTD). The prescnt day sysm
formed 25-30 my 280, when a Pacific spreading center collided with the North Amcrica csublishing two
) the 'vmmndndocim,duldivu'pddmgde ) margin. One o

uu:nﬁpidm.inlrigidplu:nndCLilMﬂ:thAnuicln umnudesorrofmcmplm\ming

bgupwcllin; henosply lh:;tlbl:n indow s first pr d by
Dickinson and Snyder in 1979. Supponing evidence for 8 slabless window exists from heat flow, gravity.
telescismic P-wave delay studics, and geochemical consideragons.

The Mendocino Triplc J jon Scismc Experiment i:lnmlli-yw.xmxlﬁ-insdmrimllcﬁmw
swdy thecrunlnduppermdeofﬂ:NonhAmaiunmuzinhdu_tmdduixiSnndiﬁed by passage of
the Mendocino Triple ‘Junction. The first phase of this stady was during August, 1993 when we collected
650 ki of onshore scismic jonfwide-angle reflect h the subduction and

1 i them. The sccond of this smdy was during Junc. 1994

when we collected over 900 km of offshore MCS data and the airgun shots along linear extensions
of the offshore lincs onshore, along offshore OBS profiles, and with a 3-D armay designed © focus on the

wiple junction. :

‘An unexpected result from our 1993 onshore snudy are single-fold reflection scctions that show
mﬁm&hgudﬁemqu‘;wphnm ition from subduction zonc jcs 10 wansform
margin ecionics, and the region of the slab window. Within the region of the proposed siab window

Ily high amplitud: pesr-vertical S d:ﬁn:n:uscn(mhmﬁnu%amdsnmc
goaslwmmldsﬂhninbwd-mmispoimd\csm; flect i and is replaced by a series
of bright refleciors in the lower crust/upper mante that are suggestive of partial melt. These images and
preliminary sections from the 1994 offshore work will be presented.

(The Mendocino 93 rki ﬁwy' ludes Fep ives from ford Univ., Oregon Saue Univ.,
Rice Univ- Lehigh Univ., the US. G logical Survey,-the Geoll gical Survey of Canada, Penn State
Univ.. Humboldt State Univ.. the University of Texas Instirute for Geophysics. and the Dublin Insttuie for
Advanced Studies.)

MOHO TRANSITION BETWEEN EAST AND WEST ANTARCTICA FROM SERIS
REFLECTION PROFILE DATA

S. Bannister (Institute of Geological and Nuclear Sciences, Wellington, New Zealand)

Usi ten Brink (United States of Geological Survey, Woods Hole, USA)

Tim Stern (Research School of Earth Sciences, Victoria University of Wellington, New
Zealand) ’

Bruce Beaudoin (Stanford University, USA)

Data from a wide angle seismic reflection profile, SERIS, over the eastem fromt of the Trans-
Antarctic mountaing has revealed @ stong clear dipping band of reflections which is
interpreted as the Moho ramp between the (~ 22 km thick) crust of Ross Embayment (West
Antarctica) and the (~34-40 km thick) crust of the East Antarctic craton. The refiection band
beneath the mountains appears 10 be remarkably continuous on individual shot gathers and
appears unfaulted while, in contrast, Moho refiections beneath the Ross Embayment appear
1o be weaker and less | - ted. The nature of the Moho ramp, and its lateral position, east
of the Trans-Antarctic mountain front, have important implications for models of the uplift

of the 5000m high mountain range.

1/31

1/32



70

22

PROTEROQZOIC TERRANE SUTURES IN THE SOUTHERN BALTIC SHIELD ALOXNG
BABEL LINES B AND A

vitz. H. Thybo and A. Benthelsen
Geological Instituie, University of Copenhagen
@ster Voldgade 10, 'DK-1350 Copenhagen K, Denmark

In the southem Baltic Shield along BABEL profiles B and A, crustal reflectivity is dominated bya
fabric of NE-dipping refl jons and the smantle boundary is in genesal non-reflective. A
prominent almost continuous refiection €an be \ated from 3.5 5 TWT in the upper crust below
the southemmost part of the island of Oland 10 14 s TWT, wrr;spondin to the base of the lower
crustal reflectivity, north of Oland. It may extend north of the island of otland st 23.4 s TWT where
a rclatively stwong. NE-dipping seflection is observed in the otherwise transparent upper mantle..
Moho depths determincd from wide-angle data de with the ter of crustal reflectivity,
except in an almost transparent zonc where the upper rn_znlle velocity changes over short disiance
from 8.210 7.8 kmvs (+/-0.2) and a2 promineat NE-dipping reflection guncates the Moho and
continues into the vpper mantle, separating & wedge of low velocity upper mantle (7.8 ths) 10 the
northeast from high velocity upper ‘mantle to the southwest (8..2_km/s). We interpret the NE-dipping
reflection as a relict Proterozoic sulure originating from 8 collision between two Svecofennian
juvenile arc terranes. the Svealand Temmane 10 the northeast above the sugure and 2 supdqud and
‘more reflective Svecofennian suspect arc terrane to the southwest. The Trans-Scandinavian lgneous
Belt developed as an I-type granitic batholith above the collision zone in the crust of the §vcaland
Terrane between 1.84-1.76 Ga. The pervasive N-dipping reflections within the crust are interpreted as
shear zones developed during collision, subsequently n:acpva_xed by Gothian qolhsxon and later post-
orogenic extensional events. Further south, 2 strong SW-dipping reficction 1s interpreted as a suture,

the Gothian D: i

oformation Front. along which the relatively seismically transparent Gothian terrane of
the Blckinge-Bomholm Block was overthrust o the northeast concealing the more reflectve
Svecofennian suspect arc terranc. Since the arc temant was also subducied northward bencath the

present-day Svealand Terrane, it is not exposed in the basement surface in the southern pan of the

Baltic Shicld and its presence ‘can only be infered by its geophysical expression.

THE MOZAIC-INHOMOGENEOUS SEISMIC MODELS OF THE BALTIC
SHIELD LITHOSPHERE: A FRACTAL ASSUMPTION ’

and A.Vinogradov (Geological Institute, Kola Science Centre, Apatity
184200, Russia)

The integration both DSS and CDP data together with seismological records of local
and remote earthquakes for the last 30 years was made and main parameters of lateral
and vertical inhomonetics in the Baltic Shield lithosphere were evaluated. 3D
seismogeological models and seismic ones for different terrains were desighned.

As a result it was proven that any persistent seismic surfaces penetrated through the
entire shield body are absent. The crystallinicum is 2 mozaic-inhomogencous medium
with discrete boundaries between domains. Eagh of them has an own pattern of a low
and high velocity blocks distribution in 3 crust-mantle space, moreover an
incosistency of structural plans at the different deep levels of single crust megablo;k
could be often recognized. The scismography is operating as usual with
inhomonetcics of some hundreds meters whereas DSS can detect items of several
kilometers. Integrated approach brought clear evidences on 2 fractal structure of the
shield crystallinicum. As assumed a fractal assumption and appropriative mozaic-
inhomoneneous models of crystalline bodies in lithospheric plates provide more
suitable base for 2 correlation and co-ordination of seismologic/seismic, petrologic

and geodynamic daia in contrary to conventional gmdual-laycred conception.

PROJECT CRATON: EXPLORATION OF THE STRUCTURE AND EVOLUTION OF THE
PRECAMBRIAN OF THE U.S. CONTINENTAL INTERIOR

Emest C. Hauset (Institute for the Study of the Continents, Snee Hall, Comell University, Ithaca, NY
14853 USA e-mail: hauser@geology.comeil.edu)

The majority of deep scismic profiles in the U.S. have focused on the crustal structure of the
Phanerozoic orogens (i.c., Appllachian-Ounchim. Cordilieria and Rocky Mts.). and despite increased
efforts in recent yeass to swdy the erust of the U.S. contincntal interior, large parts of this region remain
unexplored. To a large extent this is due to the masking veneer of Ph ic platform strata across
this region that belies the dynamic evolution of the underlying crust during middle Proterozoic time.
Originati gh the ion of several (and as yet poorly delincated) terrenes (-1.7-1.5 Ga) and
significantly modified during subscquent widespread lower ‘crustal anatexis and silicic magmatism
(~1.45-1.35 Ga), the crust of the U.S. contincntal interior has been explored by deep reflection profiles
across only a few of its salient features (i.c.. pans of the ~1.1 Ga Midcontinent Rift, the Grenville Front,
and the Trans-Hudson Orogen). However, other deep and industrial scismic profiles reveal that
significant, but still poorly uaderstood, structures are present beneath this covered region. For example.
aP ic stratified seq ppears 10 underlie large parts of the easter U.S. continental interiors
however, the age, origin, and distribution of these strata are still poorly constrained. Also, despite
< 1erable seismic reflection profiling over many years (COCORP and GLIMPCE) to delincate the
major features of the 1.1 Ga Keweenawan or Midcontinent Rift, the structure of the easterm arm of this
1ift and its relationship or intcraction with the Grenville Orogen, and a potential correlation with newly
discovered F brian basins h south Ohio and | Kentucky, i b
Major convergent SEUCIUIES in the Precambrian basement have been imaged by deep seismic profiles
across the Grenville Front in Canads (GLIMPCE and Lithoprobe) and beneath Qhio (COCORP), 25 well
as across the Trans-Hudson Orogen in the U.S. (COCORP) and Canada (Lithoprobe), but similar
features that fikely deli the P i jonary evolution of the U.S. continental interior
remain concealed. Through a series of multidisciplinary transects, Project CRATON endeavors to
identify and explore the and evolution of the P brian of the U.S. i 1 interior.

COCORP PROFILING OF THE TRANS-HUDSON OROGEN, MONTANA AND N. DAKOTA

D.J. Baird, LH. Knapp. D.N. Steer, K.D. Nelson®, L.D. Brown and A. Calvent (Institute for the Swdy of
the Continents, Comnell University, Ithaca, NY, U.S.A. 14853 * also at Dept. of Geology. Syracusc
University, Syracuse, N.Y. 13224)

Deep seismic refl ion data collected across the Williston basin using Vibroseis and dynamite sources
reveal the architecture of the underlying Early Proterozoic Trans-Hudson orogen (THO). Some 700 km
of refiection profiles characterize the southem THO as 8 major crustal-scale antiform. West-dipping
reflections at the westem margin of the orogen define the suture zone with the Archean Wyoming

§ fower crustal reflectivity that defines the Moho

craton, and a zone of p d sub-|
within the Wyoming Province. In contrast, the seismic Moho east of this suture appears non-reflective.
as the western internides of the orogen ure marked by west-dipping reflections extending from the lower
crust to upper mantie depths of 55 km. Projection of COCRUST refraction results along srike from the
north implies that the Moho cuts sub-horizontally across these dipping seflections at =42 km depth. We
interpret superpositi of the ic Moho on a preserved wesi-dipping reflection fabric as evidence
for a static posl-omg:nic phase change from gabbro to eclogite in the lower crust benesth the Williston
basin. The lack of Moho reflectiviry b h the southern THO rkedly with the p of
2 well-defined reflection Moho jmaged on the LITHOPROBE transect across the nonthern THO in
Canada, We speculate that this fi | difference in the nature of Mohe reflectivity along strike
within the THO resulis from a combination of (1) 2 greater degree of collisional shoricning in the south
i 1 modification in the north.

and/or (2) more horough post-Orog!
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SEISMIC IMAGB‘OF AN EARLY PROTEROZOIC RIFT BASIN

B. Milkereit and J. Wu ; Geological Survey of Canada, Ottawa. Canada K1A 0Y3)

North of the Great Laxes, the Southern Province of the Canadian Shield consists of the Pa-

leoproterozoic Huronian Supergrovp {2.5t0 2.2 Go) which was jormed 28 2 passive margin
sequence. The Supergroup consiats of voleanic and sedimentary rocks which lie unconformably
over Archean rocks of the Superior Province and forms the Penokean Fold Belt. In 1991, Faleon-
bridge Ltd. acquired three proprietary high frequency (30-140 Hz) vibroseis reflection protiles
across the Huronian Supergroup in the vicinity of the Temagami Lake magnetic anomaly. one
of the largest positive magnetic anomalies of the Canadian Shield. High quality seismic data
were obtained through 2 combination of spectral balancing, refraction static corrections. and
nos. Laterpretation of the seismic data i3 constrained by lithological data from

cross dip correctio
deep boreholes. The upper metasedimentasy formations are geismically transparent. the lower

sedimentary and volcanic formations show. promincnl'lnycxed reflections. Reflections within

the basement exhibit an unconformable relationship with overlying formations and structures.
d as faults or shear zoncs-

Steeply dipping reflections within the basement complex are interprete
The new seismic data reveal 2 high quality image of one of the oldest pr;served rift basins on
carth. The data support 2 revised tectonic model for the Soutbern Province. The proposed

sequence of events ineludes (1) rifting along 'pre—eodsling zones of of weakness in the Archean
th deposition of three sedimentary

crust, (2) subsequent development of 3 passive margin stage wi

tormation, and (3) deformation during the Penokean Orogeny-

THE STRUCTURE AND NATURE OF THE GRENVILLE FRONT UNDER THE
CANADIAN SHIELD: RESULTS FROM THE 1992 LITHOPROBE ABITIBI-
GRENVILLE SEISMIC REFRACTION EXPERIMENT ’

R.F.Mereu, §.Winardhi. B.Roy (Department of Earth Sciences. University of Wesiern
Ontario, London, Ontario, Canada, N6A SB7)

The Lithoprobe Abitibi-Grenville seismic refraction experiment was conducted across the
Grenville and Superior Geological provinces of the Canadian Shield in July, 1992. Major
tectonic targets of interest were the Grenville Front, the Sudbury basin, the Western
Metasedimentary belt, the Ouawa graben. the Central Gneiss belt. and the Abitibi-
Greenstonc termanes. During the survey over 17,000 seismograms Were collected from 44
shot points at an average shot spacing of 30 km and station spacing of 1-1.5 km. Several
hundred km of lines were also coincident with the near vertical reflection cxperiment
which was done in 1991. Preliminary results from a tomographic analysis of the data
show large variations in crustal velocities from one terrane to another. Velocities under
the Central Metasedimentary belt south of the Grenville Front are si gnificantly larger than
those from the Abitibi-Greenstone terranes 1o the north of the Front. The Grenville Front
Tectonic Zone is well imaged by the analysis as 2 relatively narrow south cast dipping
region of anomalous velocity gradients. These may be related to dipping shear zone
images which have been produced in earlier studies of near vertical reflection data. Wide
angle PmP signals indicate that the Moho varies from a sharp discontinuity south of of
the Front to a rather diffuse boundary under the rocks of the much older Shield north of

the Front.

MOHO SIGNATURE FROM WIDE ANGLE REFLECTIONS

B,.NEMETH and Z HAJINAL (De i i iversi
. pt. of Geological Sciences , U
Saskatchewan, Saskatoon, SK, Canada, STN %WO) " niversity of

A combined crustal seismic refraction and wide-angle reflection ex i
cond}:cted over the Trans-Hudson orogen beit, gnonhem Saska?cel:::n»:':: »:na;
Manitoba, in 1993 by LITHOPROBE. “The program included three seismic lines
ext_endmg over 1900 km in length.

This c)‘tccptionally high quality dataset contains unique seismic reflection and
refraction events from the Moho and ‘upper mantle range.

The relatively high seismic fold and unprecedented signal-to-noisc ratio of the
field c?bsewaﬁons made it possible to process the wide angle portion of the data
set with standard signal enchantment techniques. This detailed mapping of the
Moho revealed a complex interface and significant structural relieves.

The pseudo 3D map of the picked two-way travel times indicates that the depth
changes of the Mohorovicic discontinuity is correlatable to known surface
geological trends. The North American Central Plane conductivity anomaly
(NACP) and a portion of the Glennie Domain of the Reindeer Zone appear 10
have anomalous Moho signatures.

SEISMIC CROSS-SECTION OF THE ENIGMATIC SUDBURY STRUCTURE

Jiznjun Wy, Bernd Milkereit; and David E. Boerner
Geological Survey of Canada,! Observatory Cr., Ottawa, Canada K1A 0Y3

The Sudbury Structurc on the southern margin of the Superior craton was created by 2
catastrophic explosion 1.85 Ga and hosts one of the world’s largest Ni-Cu reserves. As a unique
terrestrial geological feature, its genesis has been vigorously debated for more than a century
Ps.cud.o-3_D processing of Lithoprobe high-resolution seismic reflection data produced high-qual'm"
.scxsrmc image across the Sudbury Structure, warranting a more detailed and reliable su'uc(um'l
interpretation. The new image has revealed a major, previously unrecognized, zone of imbricated
thrusts. Interpretation of these thrusts provides critical timing constraints rclating the Sudbury
tectonic deformation to deposition of the Sudbury Basin sediments. The Onwatin argillites :u'\:
penetrated by blind thrust-faults, whereas the overlying Chelmsford turbidites are undeformed and
most likely postdate the thrusting. Thus, the uniform paleocurrent trends observed in the
Chelmsford reflect subsequent deformation history and may be dismissed as evidence against an
impact origin. Based on our interpretation of the seismic image, the original volume of the
Sudbury Igneous Complex. likely an impact melt sheet, is =1 % 10" km®, supporting the claim that
the, Sudbury Structure represcats the eroded and tectonized remanent of one of the largest impact
structure (~200 km) on carth.
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LITBOBPEERIC-ABTBENOSPHBRIC §TRUCTURE BENEATH

THE BEKES BASIN

K_Posaay, T- sodoky, E- Hegedds, S- Kovacsvélgyi, E-
Takics, 2. Timér and G. varga: Eétvés Lorénd Geophysical

Institute of Hungary H-1145 pudapest, Columbus u. 17-23

F. Horvath, L. Lenkey, P- Szafian: E¥tVes Lordnd

University H-1083 pudapest, tudovika tér 2.

Deep reflection measurements along the pannonian
Geotraverse in sg-Hungary allowed conclusions to be drawn
concerning the elevation of the lower crust, the crust-
mantle boundary and that of the lithosphere-asthenosphere
boundary - Integrated interpretation with the use of
geothermal, gravity,
confirmed the seismic results. 20 mode
jinterpretation were prepared for each
thickness o©of Neogene sediments reaches 6-7 Kmi the
nt of the Neogene pasin sinks by 3-4 km. The crust-
s by 5-6 km up to a depth of 22 ka,

magnetic and maqnetotelluric methods
1 calculations and
method. The

basene.
mantle boundary uplift
lithosphere-astenosphere boundary uplifts by
0-45 km below the

whereas the
15-20 km, thus occurring at.a depth of 4

BE&kés basin.

FROM DEEP SEISMIC REFLECTION PROFILING TO TOMOGRAPHIC,IMAGES IN

THE WESTERN ALPS
R.Marghant and G.Stumpfli (Institute of Gealogy. University of Lausanne. BFSH-2, CH-1015
Lausanine Switzeriand)

Tomographic studies of the lithosphere and the upper-asxhenosphere are the most powerful wols for
imaging the present tectonic plate configuration. The romographic images of the Western Alps reveal
a significant SE-subduction of the European contincatal lithosphere reaching a depth of around 175
¥m below the Po plain; Not only are these images a proof of an asymmeuic lithospheric structure
beneath the Alps, but furthermore they imply that 2 significant amount of Euvopean continental crust
got subducted at considerable depth. This fact is further corroborated by actualistic models of
continental passive margins: the most intemal units of the European crust presently outcropping in the
der of the N-Tethyan margin and therefore implying that the

Western Alps correspond o the shoul
whole European margin 5.3U. (corresponding to 3 jength of about 2 150 km) has been subducied at

depth. Hence, the size of the European plate can be calibrated for geodynamic reconstructions. thus
jon requircd 10 draw up paleogcognphical maps with greater

conuributing important informati
precision. Furthermore. comelating the tomographic images with deep scismic profiles and sarface
geology helps to draw lithospheric-scale gcologiczl cross-sections which clearly illustrate the relations

between plate-tectonics and structural geology.

CRUSTAL ANISOTROPY AND MANTLE REFLECTOR POLARITY FROM DEEP SEISMIC 3/3
NORMAL INCIDENCE AND WIDE ANGLE REFLECTIONS.

K.A.lo_nes and M.R.Wasner (Deparumcnl of Geology, Impesial Collcge, London. SW7 2BP)
C.E.Price and J.V.Morgan {Geological Sciences. Kingston University. Kingston-upon-Thames, KT1 2EE)
R.P.LL.Morgan and P.A.Banton (Bullard Labs. Cambridge University. Cambridge. CB3 0EZ)

We present two studies of & wide-angle datasct recently acquired off the northwest cosst of Scotland
coincident with BIRPS decp scismic normal incidence data. The wide-angle data was gathered 10 MEAsUTE
the physical properties of the bright continbous Moho and mantle reflections observed on the original
normal incidence data and includes two ship ESP, OBS and land based scismomeier arrays. The wide-angle
data has been processed by applying trce binning and mixing at the optizaum moveout velocity to cahance
decp reflection signal h and improve S/N ratio and resolution, Predictive deconvolution has proven
ful in i liple cnergy-

Both widc-angle and normal incidence data have been rmodelled using a 2D ray inversion program. giving
a well constrained modcl of crustal and upper mantle velocity stucture. Differences in the depth of Moho
derived from the two types of data are caused by the assumption that the crust is purcly isotropic. This has
been used to est the gross ani pic naturc of the region sampled. We have used Thomsen's
equations of weak clastic anisotopy 10 test the hypothesis that the crust is wansverscly isotropic with
vertical symmeuy.

A scheme for determining the polarity and internal organisation of the imped: ponsiblic for
the mantle reflections at near normal incidence has been devised. Selected near normal i idence reflection
daw have been processed 10 give, as for 2s pl ible, noise free reflecti 1 We are devising
2 scheme 1o determine the effective {ar-ficld source wavelet and invent the reflection seismogrm, using
a genetic algorithm, 10 determinc the polarity of the reflector.

THREE-DIMENSIONAL STRUCTURE OF LATERAL HETEROGENEITIES
IN P-VELOCITIES IN THE UPPER MANTLE OF THE SOUTHERN 3/4
MARGIN OF SIBERIAN PLATE

I.Yu.Kulakov, Ss.A.Tychkov and S.I.Keselman

United Institute of Geology, Geophisics and Mineralogy,

Siberian Branch of Russian Academy of Sciences.
University ave. 3, Novosibirsk, 630090, Russia

A three dimensional podel of lateral variations of
p-wave yelocities in the upper mantle of Southern margin of
siberia has been obtained using more than 6000 teleselsmic
arrival times registered at the stations of siberia and
Kazakhstan. The method was based on the triangulate block
parameterization and permits to accord the output
information with the density of input information. The
inversion stability has been improved significantly comparec
to traditional approaches. Special attention was paid to the
problem of testing the obtained results. The study of
stability of the method (sensitivity of results toward
noise) shows that the reconstruction was stable even if the
noise level exceeded the relevant signal. Another test

consisted in a reconstruction using two independent sets of
events. For these two sets determined velocity structures
were found in gatistactory coincidence.

The preliminary interpretation of the results permits
to suggest some mechanisms of development of the
1ithosphere in the study region. According to the obtained
tomographic image the upper mantle has & clear convective
structure. TwoO positive velocity anomalies, which are
interpreted as descending flows are well correlated with
regions of recent mounting bui}ding of Altai and Sayan.

some possible rheology models illustrating qualitacively the
obtained tomographic images are considered.
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TS R0LE OF PAULTS D THE TECTCNCSPHERE 'S SEISMCCEOLOCICAL MCODEL

%.7.TYAPKIN (Chair of geophysics, state dining scademy of Uwralne.
Tniepropetrovsk, 320600, Ukraine)

The norizontal-layer models of +ectonosphere {earth's erust) are wl-
dely used in interpretation ot profound geismical sounding. In most
cases the subvertical zaults are not taken into consideration. in
particular, by relative block's displacementa the parameters of sei-
'smical hsoundaries are considered \mchangeable. These displacements
nave as regults: a) the breach of the Zarth's equilibrium state s
tnese blocks, caused bY sertain geological processes; b) the change
af PP conditions on the oxisted seismical poundaries. 4s 2 result
mst De the change of boundary geismic velocitles. In particular. m
+he sea and ocean acuatoriums wnich are the lowered tec¢tonospnere’s
Slocks ‘the former Moho digcontinuity (My) acquires 3 poundary velo-
city nbre than 8 = 0.5 ¥W/8 and to the velocity 8 ¥ 0.5 kw8 sorres-
w boundary )!2 situated considerably hiqher than M, , It is

ponds 3 ne
one of esgential problems in using the results of seismic investiga-

sicns for the golution of regional tectonical problems.
There are some reagons 0 expect that what i8 tixed on the gections
1 agtencspere i3 ihe result of the influence of subvertical faulls.

COMBINED SEISMIC REFLECTION AND REFRACTION DATA IN THE FAEROE
BASIN, OFFSHORE NW SCOTLAND.

S. Hughes, P.]J. Barton and C.A. Zelt (Bullard Laboratories, Cambridge University,
Cambridge, CB3 0EZ, England).

Seismic refraction data acquired from 50 ocean bottom seismometers deployed across
the center of the Faeroe Basin were used to constrain the structural configuration of the
basin where it is opaque to normal-incidence data owing to pervasive basaltic
intrusives. Analysis of the seismic refraction data using both forward and inverse ray-
based techniques produced 2 well constrained velocity-depth model of the sedimentary
structures within the basin. The model is characterized by a structural pinch-out in the
center of the basin interpreted as 2 {hinned Paleocene sequence above 2 Precambrian
basement ridge. In the northwesterly portion of the basin a 1 km thick sedimentary
layer is imaged sandwiched between high velocity (5.0 km/s) basalts and the top of the
Precambrian basement. Deep seismic reflections constrain the crustal thickness to
1843 km suggesting that the basin is underlain by highly attenuated continental crust.
Our interpretations of the Faeroe Basin are strengthened by corresponding trends
observed between the seismic refraction velocities and the interval velocities obtained
from co-incident normal-incidence data. The seismic refraction data can thus be usec to
corroborate structural information interpreted from seismic reflection sections and
moreover provides valuable independent depth estimation of kev structural targets

SEISMIC INVESTIGATIONS OF THE PRE-CAMBRIAN BASEMENT N TATARRSTAN
(EASTERN PART OF RUSSIAN PLATFORM)

v.Trofimov (Assn."Tatne!tegeophysica“‘Voroshilov st-., Bugulma, Russid.

The main . tasks of deep gelsmic investigations by CDF method in Tatar-
stan are: (1) exposing the differences in the crustal structure in the
eastern part of the republic, where the largest Romashkino oil field
ig, and in the wastern part, where the oil fields are not found: {2)ex~
posing of the geological structure connection of Paieozoic sedimentary
mantle with the basement structure:(J)pradictLon of unconsolidatec zc-
nes in the pre-Cambrian pasemant as possible hydrecarbon Traps. AT The
ziret stage, seismic survey was conducted on seiscic lines going
«hroughk the super deep vells.The gathered data allow =c determine <hat
with the permeability unconsolidated zones ir the basement connectec
the generation of more intensive reflected waves, ané many of the ref-
lectors have tectonic na:dre.Thé survay Was conductec OTL seismic lines
crossing the largest tectonic elements. The depth of investigations
were 8-1%£ km. In 1994 jtr was ctarted the third stags °f seismic survey
providing 40-50 km depth of investigations. Observations are made 9%
two seismic lines crossing Romashkino oil field. It is supposed” that
the profiles will be continued outside Tatarstan up ¢ the Ural anc
ci1ed up with the seismic lines of the "Europroba of Russla® programmc.

S
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WESTLINE - A DEEP SEISMIC PROFILE ACROSS THE ROCKALL TROUGH
s, Bullurd Laboratories. Madingley Road. Cambridge.

& BIRPS CORE GROUP (BIRP.

CB3 0EZ. UK}

450 km lon, nwvnormal incidence deep profile from Rockall Bank, across the Rockall
glgfgsh s::: ihle Irish shelf i: August 1993. The aims of this capenment were 10 examinc the soucture and
distribution of igncous intrusives within an aulacogen with a large beia factor; 10 increase knowledge of
the regional deep soructure west of Licland, an arca of current cxploration interest and 1o develop n'!cv.hods
of multiple removal ial as exploration i <noly moves into decper water and continental
mnrgins.r‘l‘he most recent stacks of these data will be displayed. Brutc stacks of the data are of very high
quality, cleasly imaging the Moho bencath Rockall Bank and the Irish Shelf and the struclure of the
Rockzli Trough. It is exp! d that iderable impr ts will be made during processing which will
include determinative deconvolution and multiple suppression using source signature data collected
during profiling. Aficr processing is complete we hope 10 be able 10 resolve lower crustal reflections
beneath the trough which are currently obscured by multiples. Brute stacks compare favourably with

isting data from the trou h. Both margins of the trough are cha d « c
;::r::;ed during the syn-rift! phase of mid- to late-Cr s soel Post rift sediments form a “lll“t:xk
sequence within the basin but do not show well developed marginal oversicpping un 5. The

sediments are intruded by numerous sills.

SETTING UP DEEP REGIONAL PETROVELOCITY MODELS OF THE LITHOSPHERE
BASED ON A SYBTEM ANALYBIS OF EXPERIMENTAL PT-DATA
AND GEOLOGIC~GEOPHYSICAL INFORMATION

7.S.Lebedev, V.A.Korchin and P.A.Burtny (Institute of Geophysics,
Academy of Bclence of Ukraine, Kiev-I42, Ukraine 252142)

The basis of petrovelocity Pr-modeling is elastic parameter diffe-
rentiation of mineral medium in respective thermobaric conditions
of specific deep 1ithospheric stages. A systenm enalysis of data of
prograzmed 1aboratory PT-studies of elastic properties of rock col-
lection samples ‘taken along geophysical observation profiles and
generalized combined geolosic—geoph:sical information is made.
Large-scale petrovelocity modeling of leyered and block media uses
statistically processed experimental daté for corresponding genetic
groups of surface rocks that are analogues of deep mineral assocla-
tions. Methods of setting up petrovelocity section of some lithosp-
beric blocks as the basis of deep regional petrophysical models are
discussed.

OFFSET VSP DATA FROM THE KOLA SUPERDEEP BOREHOLE, WITH
EMPHASIS ON ANISOTROPY

Digranes, P., Kristoffersen, Y. (Institute of Solid Earth Physics, Allégt. 41, 5007 Bergen,
Norway.)

V. Garipov (Russian State Comittee on Geology, 46B Gruzinskaya, Moscow, Russia 123242)
N. Karaev (V.LR.G..20 Fajansovaja, St. Petersburg, 193019, Russia)

N. Karaev (V.LR.G., 20 Fajansovaja, St. Petersburg, 193019 Russia)

B.J. Carr and S. Smithson (Department of Geology and Geophysics, University of Wyoming,
Laramie, WY 82071)

Kola Working Group (University of Wyoming-University of Glasgow-University of Bergen)

The 12 km deep drillhole on the Kola Peninsula penetrate 7 km of Proterozoic rocks of the
Pechenga structure and 5 km of the Archean basement in the Baltic shield. In 1892 scientists
from the univarsities of Wyoming, Glasgow and Bergen together with representatives from
the Ministry of Geology of the Russian Republic and the Institute of Physics of the Earth of
the Academy of Sciences, Moscow, carried out a seismic data acquisition in and around the
superdeep weil. Two VSP's with different sousce offsets (200m and 2.08km) were recorded,
covering the depth intesval from 2150 - 6000 m. Clear shear-wave arrivals are observed,
and the dataset is pmcascd/a.nalysed with special attention to the shear-waves. Forward
modelling is performed in order to identify the different artivals, V,/V, ratios are inferred,
and interpreted in terms of lithology. Shear-wave splitting is observed in the offset VSP-data,
and the main polarization directions are determined. The orientation of the rock foliation
is consistent with the observed polarization directions, and is therefore suggested to be the
primary cause of the observed anisotropy.
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|CATION AS
RE OF THE CRUST AND THE MINERAL PROGNOST
?&E{EPFIEBULTB OF THE COMPOSITE GEOPHYBICAL RESEARCH OF THE URALB

V.8OKOLOV, Bazhenay gaopiysical expedton. UralGeolCom. RUSBIA

mdmouﬂ:mwaodbymo roflaction and

nﬁug:'\ ‘m’mn':"gmm and magnetics on the system of Jattudina
mmwdmwmdmomMOmmm
M'mommﬂmdmemmwmﬂcmd
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TRAL PART OF THE
RETATION OF REFLECTIONS FROM THE CEN
?HEEA!;IPRING IMPACT STRUCTURE BASED ON RESULTS E‘/BOM THE
STENBERG-1 BOREHOLE

N. Papasikas and C. Juhliu {Department of Geophysics, Uppsala University, Uppsaln. Sweden
§-752 36)

In 1984, 1985 and 1990 several multichannel ncumlc refiection pro.ﬁla v:ere shot over “"xe‘htﬂt],a: o
Ring, belicved to have been formed by » ite impact pprox y 360 Ma ;g:ed 1 ‘:r
of the area consists mainly of gneisses and granites and the nug |I.uflf of l_’nluowut:’ imen! ej' o
rocks lying on top of granites. Dolerite diken of different age and orfenu.lmn haveh e:ln.;?app i
the area. The exi of dolerite i ions nt depth bas been _v:n_ﬁed through the drilling ©
deep boreholes, Gravberg-1 and Stenberg-1. Interpretation of seimic daf.a. and boreh_nle f:lla from
the Gravberg-1 borehole showed a strong correlation between hl;h-nmplntude subhorizon

ions and dolerite sills. . .
;::C dt:lrlli’ng of the Stenberg-1 borebole was finished in 1993. Geophysical .md é"\:}ﬂﬂw‘::“
logging showed the occurrence of dolerites in the borehole. P'roi.ile 4, running . :\::1; e dow
borehole, has been reprocessed in order to improve the scismic 1mage. Se.ver?l thick dol ;: o
4 km in the borehole corrclate with higher amplitude reflectors on the scismic section. b[: the "
logging data and the seismic interpretation support the idea '.ha.t these intrusions are subharizon
and laterally continuous. Above 4 km in the barehole, th.e dolerites are thinner An\:l are in st;ma
cascs associated with fracture zooes. On the seismic scction at these dcpthg there is a complex .
system of dipping refloctors. Some of these dipping refleclors correlate to cither (rut;;re zones, thin
dolerites or & combination of hoth. Detailed investigations on the waveform of the seflections are

peeded in order to determine their true source.

Reflectivity Characterestics of the Crust from Modeling Refraction/Wide—angle
Reflection and Normal-incidence Reflection Data on BABEL Line 1

iabi and Christopher Jublin (Department of Geophysics. Uppsala University, Villavigen 16.

§-752 36, Uppsala, Sweden)

Marine normal-incidence reflection and refraction/wide-angle reflection data from the BABEL
project, Line 1, in the Bothnian Sca have heen used for investigating the nature of the reflectivily
in the ares. The data axe available along the same linc, and therefore the same piece of crust is
probed by two seismic methods, We utilize this bl for detailed model
calculations concerning both data sets, focusing on the upper and lower crust and the Moho.
Strong subborizontal reflections are observed on the normal-incidence refiection section at about 4
sec. The seismograms have been stacked and show a positive polarity for these reflections. These
reflections have been modeiled with a 1-D refectivity metbod using a Ricker wavelet sonree.
Thickness and P-wave velocity : tent with these reflections appear to be about 200 m and 7.
km/s, repectively, with a host rock velocity of 6. km/s. From the polarity, velocity and thickneas.
these reflections have attributed to dolesite sills in the upper crust.
Strong lower—crustal reflections are observed on the wide-angle and normal-incidence reflection
sections. ‘I'hese refleclious appear to have a positive polarity on the nosmal incidence-reflection
data while the wide-angle reflection data indicate a sharp velocity increase. The implied bigh
impedance contrast of the {ower—crustal reflections indicate the lower to be highly mafic. However.
the f btained after stacking of seismog show a plex pattern, implying the
boundary is not just a simple interface.
Wide-angle P and S-wave reflection sections show a high impedance contrast for the Maho while
the normal-incidence refloction section show a poor impedance contrast. A laminar structure may
explain these observations.

VISUALIZING SEISMIC WAVE PROPAGATION IN THE LITHOSPHERE
5.0, Hestholm (Institute of Solid Earth Physics, Allégaten 41, Bergen. Norway)

B.O. Ruud (lastitate of Solid Earth Physics, Allégaten 41, Bergen. Norway)

J. Petersen (Institute of Solid Earth Physics; Allégaten 41, Bergen. Norway)

E.S. Husebye (Institute of Solid Earth Physics, Allégaten 41, Bergen. Norway)

Video showing seismic wave propagation in a sequence of lithospheric models;

1) Homogeneous one layered crust over a halfspace.

2)H , multilayered lithosphere model.

()

3) Multilayered model subjected to RMS velocity pertubations of 1.5 per cent.

Each sequence comprise aearly 3000 snapshot frames showing forward P andS propagating
wavefronts, Mobo and free surface reflections and P-to-S coversions etc. For the perturbed
models, scattering cffects dominated by P-to-S conversions are clearly visualized. In our
opinion the video display provides an exceptional clear insight in scismic wave propaga-
tioa in a non-homogeneous lithospere. Computational details on the 2D finite difference
method used in computing the synthetics are given in the Husebye, Hestholm and Ruud
presentation (ibid).
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; PINJARRA OROGEN
DEEP SEISMIC REFLECTION PROFILING OF TiNmAUSTRALIA

AND ADJACENT YILGARN CRATON, WESTER!

and M.C.Dentith (Department of Geology and Qeophysics, University of

Western Australia, Perth, Westem Australia, 6009)
e Archacan

i i terozoic Pinjarra Qrogen and the A
Solamie gﬂ m?:d?::t?&:ﬂlp::oz;szﬁnmt vjvhieh “_puruzu the two ro;lmna
“EE: wrt-h‘:nMoho. Suspect terranc boundarics within the Yilgam Craton, gosm ate
:xn eological evidence, coincide with strong cast-dipping reflections that extend t©
2.5‘3 TWT, whero there appeacs 10 be a detachment surface.

reas wherc majot strike-slip

those from other a
Daus from the BRAleT omgend!:;:?gg:ﬁ\pp:’l:chim of Scotland and esstern Canada.

eI O v Pk Pinjarra Orogen and our data suggest

beea ised in the ou
S by e i oy f both ages coritributed to the
accretion by strike-slip movements. B:‘:i:nmv?;;chooverlies ‘ge e Pinjama

development of the Phanerozoic Perth
Orogen.
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THREE-DIMENSIONAL  STRUCTURE OF  LATERAL VELOCITY
VARIATIONS IN THE UPPER MANTLE OF THE SOUTHERN MARGIN OF
SIBERIA ACCORDING TO TELESEISMICAL DATA. _

.Yu.Kulakov and S.I.Keselman (United Institute of Geology, Geophisics and
Mineralogy, SB RAS. University ave. 3, Novosibirsk, 630090, Russia,
e-mail: tych@geophys.nsk.su)

A three dimensional model of lateral variations of P-wave velocities in the upper
mantle of Southern margin of Siberia has been obtained using more than 10000
teleseismical arrival times registered at the stations of Siberia and Kazakhstan. The
method was based on the triangulate block parameterization and permits to accord
the output information with the density of input information. The inversion stability
has been improved significantly compared to traditional approaches. Special attention
was paid to the problem of testing the obtained results. The study of stability of the
method (sensitivity of results toward noise) shows that the reconstruction was stable
even if the noise level exceeded the relevant signal. Another test consisted in a
reconstruction using two independent sets of events. For these two sets determined
velocity structures were found in satisfactory coincidence.  The preliminary
interpretation of the results permits to suggest some mechanisms of development of
the lithosphere in the study region. According to the obtained tomographic image the
upper mantle has a clear convective structure. Two positive velocity anomalies, which
are interpreted as descending flows are well correlated with regions of recent mounting -
building of Altai and Sayan. ,
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1. Ivan KULAKOYV, Institute of Geophysics SB RAS, 3, University st., Novosibirsk,
630090, Russia. Tel.: (3832) 35 14 44, 35 58 32 (home), fax: (3832) 3501 32, 355447
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Seismic Anisotropy of the Uppermost Mantle in Southern
Germany

U Enderle and M Tittgemeyer (Both at: Geophysikalisches
Institut, Universitiit Karlsruhe, Germany)

) Mechie (GeoForschungsZentrum, Potsdam, Germany)

S Sobolev and K Fuchs (Both at: Geophysikalisches Institut,
Universitit Karlsruhe, Germany)

This paper presents an updated anisotropy interpretation for the
uppermost mantle in southern Germany. The dense network of
reversed and crossing refraction profiles in this area made it
possible to observe almost 900 travel times of the P, phase
which could be effectively used in a time-term analysis to
determine horizontal velocity dismibution immediately below
the Moho. For 12 crossing profiles, amplitude ratios of the P,
phase compared to the dominant crustal phase were utilized to
resolve anisotropy (velocity) gradients with depth.

A P-wave anisotropy of 3-4% in a horizontal plane
immediately below the Moho at a depth of 30 km increasing up
10 10% at a depth of 40 km was determined. For the axis of the

+ highest velocity of about 8.03 km/s at a depth of 30 km a

direction of N31°E was obtained. The azimuthal dependence of

the observed P, amplitude s explained by an azimuthal

dependent sub-Moho gradient decreasing from 0.06 ' in the
fast direction to 0 s in the slow direction of P-wave velocity.

From the seismic results in this study (including the absence of'
the S, phase) a petrological model suggesting a change of
modal composition and percentage of orfented olivine with

depth was derived.
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