





INTERNATIONAL SYMPOSIUM ON DEEP STRUCTURE OF
THE CONTINENTAL CRUST: RESULTS FROM REFLECTION SEISMOLOGY

General Announcements

1. PLACE AND DATE OF THE CONFERENCE:

The conference will be held June 26, 27, and 28, 1984, in Statler
Hall on the Cornell University campus in Ithaca, New York.

No concurrent sessions are planned. The official language will be
English. There will not be any facilities for translation.

2. PURPOSE OF THE CONFERENCE:

The main purpose of the conference is to bring together a group of
geologists and geophysicists who are actively working on research related
to the deep structure and evolution of the continental crust. The recent
application of reflection profiling to decipher the deep structure of the
continental crust will be particularly emphasized., It is planned that
state—~of-the—art knowledge of the deep structure of the continental crust
will be discussed during the conference by researchers from all countries
where such research is being performed. The conference will provide the
opportunity to identify future research needs, emphasize the importance
of such research on a global basis, and stress the relevance of such
research to present and future needs of human society.

3. REGISTRATION:

The regular registration fee is $75.00 (USA) for all who attend the
symposium, except that for students a reduced registration fee of $25.00
will apply. UWo registration fee is required for accompanying spouses and
children. The registration fee will cover the administrative costs of
the conference, coffee breaks, a wine—and-cheese reception on Monday,
June 25, 1984, from 8:00 P.M to 10:00 P.M., at the registration area of
the Purcell Union, and, finally, the abstracts of papers and other
materials (e.g., a name tag to use at Cornell academic and sports facili-
ties.) The registration fee does not cover the costs of housing, cafe-
teria meals, and the planned barbeque on the shore of Cayuga Lake.
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Conference materials will be available at the registration desk in
the main lobby of the Robert Purcell Union on Cornell's North Campus
beginning on Mounday, Junme 25, 1984 from 5:00 P.M. to 10:00 P.M. During
the following three days of the conference, registration and an informa-—
tion desk will be available from 7:30 A.M. to 6:00 P.M. in the lobby of
the Statler Hall auditorium. The meetings will take place in the audi-
torium of Statler Hall on Cornell's main campus and will conclude about
6:00 P.M. on June 28, 1984, Coffee breaks and poster sessions and
exhibits will be held in the ballroom of Statler Hall.

4, INFORMATION FOR INVITED AND CONTRIBUTED SPEAKERS:

A. General Information:

Speakers are allocated 20 minutes for invited papers and 15 minutes
for contributed papers for both presentation and discussion. Please plan
to allow three minutes for a discussion of your presentation. It is
essential that your talk not exceed the allocated time. A flashing green
light on a timer will warn the speaker that there are only three minutes
left. At the end of the allocated time an alarm will sound. You must
stop talking when you hear this sound. Two standard 35 mm slide
projectors and one overhead projector will be available. Please make
sure to give your slides and/or overhead transparencies to the projector
operator on the balcony of the Statler Auditorium at least 15 minutes
before the beginning of your session. Speakers must load their own
slides into the carousels ({available at the slide booth before all
sessions) before giving them to the projectionists. If your slides need
remounting please arrange this at the slide booth well before your talk.

B. Proceedings of the Conference:

All scientists who present invited or contributed papers are
requested to prepare their coatributions for publication in the proceed-
ings of the conference. Please remember that you have already agreed to
do so! The American Geophysical Unioun (AGU) has agreed to publish the
proceedings as a volume, or possibly two volumes, in the AGU's Geo-
dynamics Series. As most of you know, the publications of the AGU adhere
to the highest standards in the process of reviewing the submitted wmanu-
sceripts. All authors of individual papers within this volume are
required to assign and transfer copyright for their articles to the AGU
by separate correspondence., This is the policy of the Union and applied
to all papers submitted to AGU.

Because of a limitation on the size of the volume and because of
the large number of speakers, there will be a strict limitation on the
length of acceptable manuscripts. A manuscript should not exceed 12
pages for the text material, appendices, references, and legends, plus 8§
pages of figures and tables. Moreover, all manuscripts will be on
author—produced, camera-ready copy. Enclosed in your plastic portfolio
is a brochure on "AGU Style: A Guide for Contributors”. After the
acceptance of your paper for publication you will be provided with
instructions on how to prepare author-produced, camera-ready copy.




There will be no charge to authors for publishing their papers in
the volume, if accepted by the editorial committee. However, there will
be a charge to authors if they desire to have fold-out pages and/or
gheets in the volume. This page charge will be $140.00 each for fold-
outs comprising a single fold. Fold-outs requiring more than a single
fold may have a higher page charge, which will be quoted separately by
AGU.

The senior author of each paper will receive a complimentary copy of
the volume. Moreover, all authors may purchase personal copies (not for
resale) at 50% off the list price of the volume for a six-month period
following publication.

The editors of the volume will be Muawia Barazangi and Larry Brown.
The deadline for submission of the manuseripts will be 1 October 1984,
Please send four (4) copies of your manuscript to:

Muawia Barazangi

Department of Geological Sciences
Cornell University

Ithaca, New York 14853

5. POSTER EXHIBITS:

Some scientists have elected to show their results as a poster
exhibit. Moreover, the COCORP group at Coruell will display some of
its seismic sections and results of previous and receat surveys. We plan
to have some exXtra poster space available to other scientists who want to
display a particularly interesting section and/or result. Most of the
exhibits will be held in the ballroom of Statler Hall.

6. PARKING:

Parking oan campus is by permit only. Conference parking permits
will be available at registration for 30 cents per c¢ar per day. Your
name tag can be used to ride campus buses free of charge. Campus buses
make a circuit of the campus every f{ifteen minutes, Maps of the bus
routes and stops will be available.

7. A TOUR OF A DYKE OF ITHACA XIMBERLITES:

Dr. Suzanne Mahlburg Kay of the Departwment of Geological Sciences at
Cornell will lead a brief trip to ome of the Ithaca kimberlites locali-
ties in scenic Cascadilla Gorge close to the Geology Department's build-
ing. The trip will take about 40 wminutes and will be during the lunch
break on Wednesday 27 June after people eat their lunch. Please sign up
for the tour at the registration desk and note the exact time of the trip
and meeting place.



8. SOCTAL ACTIVITIES:

An informal reception featuring New York State wines and cheese as
well as soft drinks is planned for Monday, 25 June 1984 from 8:00~10:00
P.M. in the lobby of the Robert Purcell Union. Admission is free to zll
conference participants including spouses and children,

On Wednesday evening, June 27th, a special chicken barbeque is
planned at Taughannock Falls State Park. The park is located on the
shores of Cayuga Lake and is considered one of the loveliest New York
State parks. On the way there your bus will stop at one of the out-
standing natural attractions of the northeastern U.S., Taughannock
Falls., The barbeque £eatures entertainment by Peggy Haine and the
Lowdown Alligator Jass Band playing their rousing revival of 1920's
jazz. Conferees and guests are encouraged to attend., Please sign up for
the event during registration time, and ask for more information on the
buses' schedule and routes.

9. SPOUSE/GUEST PROGRAM:

If encugh interest is shown during the registration time on Monday
25 June at the Robert Purcell Union, a variety of tours will be arranged
for spouses/guests. The world—-renowned Corning Glass Center features a
spectacular new museum which takes the observer through 3500 years of
glass making. You will sees a special exhibit of Tiffany glass, visit the
Hall of Science and Industry and the Steuben Exhibit and watch hot glass
being fashioned into Steuben crystal right before your eyes,

A visit to Watkins Glen State Park. The craggy formations and
racing waters of Watkins Glen form one of the most spectacular natural
pageants in America. Grottoes, rock caverns, waterfalls, and gorges
testify to the power of the great glacial forces that shaped them., A
trail leads through the heart of the glem - iato caves, beneath imposing
rock formations, and past the waterfalls - while jagged cliffs tower
hundreds of feet above the path. At the base of the glen, water tumbles
through a twisting rock labyrinth, cascading through nineteen waterfalls,



Cornell University Conference Services
Box 3, Robert Purcell Union Ithaca, New York 14853

International Symposium on Deep Structure of the Continental Crust:
Results from Reflection Seismology

CORNELL UNIVERSITY
June 26 - 28, 1984

Welcome to the International Symposium on Deep Structure of the Continental
Crust: Results from Reflection Seismology being held at Cornell University. We
sincerely hope that your stay is very pleasant and that the information presented
here contributes to your comfort and convenience while attending your conference.
We kindly ask that you take a moment to fill out the questionnaire about conference
services at Cornell so that we may serve you better in the future. Thank you.

Campus Information

Information About Your Room:

Your room is equipped with a telephone capable of local service only. For safety
reasons, electrical cutlets in your room are not suitable for small appliances such
as hair dryers. The electrical outlets in your bathroom should be used for hair
dryers, curling irons, etc.

Your key ring should contain two keys. One key is imprinted with a 4-digit number
—this is your room key and suite key.Each number gives you the following
information:

T(bldg #)  2(unit/floor #)  3(suite #) 4(room #)

Follow the signs to your suite, once inside the suite, vour room is easily located.
Buildings are usually locked at 11:00 p.m. Your second key on the ring is the outside
door key so that you can gain admittance if you are out past 11:00 p.m.

Information about the dorm phone:

To make local off-campus calls, dial 9 and then the number you are calling. There
is no charge for local cails.

Long distance calls can only be made if they are charged to another number. To
make a long distance call, dial 9-0-area code - and the phone number. The operator
will assist you.

To make campus calls, dial 8 and the last four digits of the phone number.

Room Check-0Out Procedures:

Check-out time is 10:00 a.m. You are encouraged to check out prior to attending
program sessions on your departure day, to facilitate room servicing for guests
who may be arriving that day. Secure luggage storage areas are available for your
use until your actual departure from campus. Please remove all personal items
from the room (check the bathroom and laundry areas also), close and lock all
windows, turn off the lights, lock your door, and return your keys to the reception
desk. Please do not leave the keys in vour room or take them with you.

If you leave before the end of your program, to ensure an adjustment in vour billing
yvou must notify the staff at the reception desk of your departure.



Dining Facilities On Campus:

Robert Purcell Union: Monday - Saturday Breakfast; 7:00 - 9:30 a.m.
Lunch; 11:30 - 1:30 p.m.

Dinner; 5:00 - 7:00 p.m.
Sunday Brunch; 10:30 - 1:30 p.m
Dinner; 5:00 - 7:00 p.m.
Willard Straight Hall:
Ivy Room: Monday - Saturday 7:15 a.m. - 7:00 p.m
Sunday  9:00 a.m. - 7:00 p.m.
Okenshields: Monday - Friday Lunch; 11:00 a.m. - 1:30 p.m.
Dinner; 5:00 - 7:00 p.m.
Medical Help:
Campus Security 256-1111
Tompkins Community Hospital 274-4411
Gannett Clinic, 10 Central Ave. {on campus) 256-5155
Hours: Monday- Friday 8:00 a.m. - 4:30 p.m

Should an emergency illness occur when the clinic is not open, program participants
should call Public Safety (256-1111) for instructions or they may go directly to
Tompkins Community Hospital, Trumansburg Rd. (274-4411). Expenses incurred
at Tompkins Community Hospital are the responsibility of the participant.

University Recreation:

Athletic Public Affairs— Schoellkopf House 256-3752

Athletic Facilities:Teagle Hall--Facilities available for use include the gymnasium,
weight room, steam room, pool, and locker room. Al participants should show
their registration certificates at the equipment cage, where they will be issued
a towel and use of lockers and baskets. Participants must provide their own locks
and are responsible for their personal belongings.

Teagle Pool Hours: M-F 11:00 a.m. - 2:00 p.m.
Helen Newman Pool Hours: M-F 11:00 a.m.- 2:00 p.m.
Hours may vary: call (256-4261) to confirm the hours of operation.

Grumman Squash Courts--Facilities for squash and handball are available daily
from 9:30 a.m. - 6:00 p.m. Participants must furnish their own equipment.
Presentation of your official registration certificate is required for admittance.

Outdoor Facilities— These include numerous tennis courts near Teagle Hall, Helen
Newman Hall, Baker Dorms, and the North Campus Dorms. The University Goif
Course is open where a participant may purchase a summer membership or pay
regular greens fees. Canoe rental is available on Beebe Lake.

Check Cashing:

A check cashing service is available at the First Bank Store Bank in the Cornell
Campus Store. Checks up to $50.00 may be cashed with proof of identification.
There is a fee of 25¢.



University Unions:

Two of the three Union buildings will be open this summer: Willard Straight Hall
and the Robert Purcell Union. Both offer a variety of social, cultural and
recreational activities.

Willard  Straight facilities include a theater, haircutters——hours M-F:
9:00a.m.-5:30p.m. Art exhibition areas, numerous lounges and meeting rooms are
also available. The main desk offers newspapers, magazines and sundries for sale.
Hours are: Monday- Saturday, 9:00 a.m. - 5:00 p.m. Sundays: 10:00 a.m.- 5:00
p-m.

Robert Purcell Union contains such diverse facilities as a small store that sells
drug-store items, a laundry and dry cleaning service, a game room, a tavern and
various lounges and meeting rooms.

Some Places to Visit & Things to See at Cornell

Andrew Dickson White House- Now the home of Cornell's Society for the Humanities,
the mansion was built in 1874 at the personal expense of Andrew Dickson White,
the University's first president. White lived in it until his death in 1912 and then
bestowed the mansion upon the University as the official presidential residence.
In 1951 the mansion became the University's art museum, a function it served until
the completion of the Herbert F. Johnson Museum of Art in 1873. Contact: Ann
Marie Garcia, (256-4086).

Beebe Lake-Trail around the lake begins north of Noyes Lodge. At rock bridge
hikers may continue around the lake or take a brief detour north to see '"The
Cascades", a small waterfall.

Cascadilla Gorge and Fall Creek Gorge & Suspension Bridge- Hikers may follow
the Cascadilla Trail along the creek all the way down into Ithaca. The suspension
bridge over Fall Creek offers a good view of the gorge.

Conservatory of the Bailey Hortorium- Tropical and exotic plants from all over
the world, including palms, orchids, bromeliads{pineapple family) and gesneriads
(African Violet family}). Open Monday - Friday, 8:00 a.m.- noon & 1:00 - 5:00 p.m.
Call: 256-2131

Cornell Plantations-Dedicated to the preservation of natural areas close to campus,
the Cornell Plantations maintains some 1500 acres to the east of campus. Highlights
include the Bowers Rhododendron Collection at Comstock Kneoll, the Nut Tree
Collection, Ornamental Test Gardens and Newman Meadow and hiking trails.

Mundy Wildflower Garden- An ‘"outdoor laboratory" of native regional flora
emphasizing the plants of the Cayuga Basin.

Robinson York State Herb Garden- A "touch and smell" garden of culinary, fragrant,
medicinal and historical herbs. The enclosed garden with peripheral plantings of
shrub roses and of fragrant or medicinal woody plants contains more than 250 species
of herbs, For information about any of the above three areas, contact: Cornell
Plantations, 256-3020.

Fuertes Observatory- The observatory has a twelve inch refractor telescope and
a dozen six inch telescopes through which visitors may examine the heavens, weather
permitting. Contact: James Houck, (256-4805)
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Herbert F. Johnson Museum of Art- The museum's permanent holdings include an
outstanding coliection of Asian art. Open daily except Mondays from 10:00 a.m.-
5:00 p.m.; Wednesdays from 10:00 a.m. - 9:00 p.m.; Sundays from 11:00 a.m. -
5:00p.m.Call: (256-5056).

Laboratory of Ornithology- (153 Sapsucker Road, northeast of campus). Open
8:00a2.m.5:00 p.m. Monday -Thursday, 8:00 a.m.-4:00 p.m. on Friday and 10:00 a.m
- 5:00p.m. on Saturday and Sunday.

McGraw Bell Tower- Visitors who climb the tower's 161 steps are rewarded with
an excellent view of Cayuga Lake, Ithaca, and portions of campus. The tower is
open to visitors only when the chimes are being played. (7:452.m.,1:10 p.m., 6:00
p.m.)

Mineral Collection- A large collection of minerals from throughout the world is
housed in Kimball Hall. Access to the collection can be obtained through the office
of the Department of Geological Sciences,210 Kimball Hall, 8:00 - 5:00 p.m. Monday-
Friday. Call: (256-5267).

Sage Chapel-The apse of the 101-year-old non-sectarian chapel bears and elaborate
allegorical mosaic symbolizing the relationship between education, truth, and
worship. The Memorial Antechapel houses the remains of Ezra Cornell, Andrew
Dickson White, members of their families and other prominent persons in the
University's history. Call: (256-4214).

Bradfield Tour- The eleventh floor of Bradfield, the tallest building on campus,
gives you a spectacular view of the surrounding area with a special exhibit to help
you identify the sights. Follow the yellow arrows for a self-guided tour of the
Agronomy Department research facilities.

Souvenirs/Snacks/Supplies

TheRobert Purcell Union Store is located on the first floor of the Robert Purcell
Union. Items in this store include toiletries, school supplies, souvenirs, and snacks.
Store hours will be 8:00 a.m.~11:00 a.m. and 4:00p.m.-10:00 p.m.

The Campus Store is located directly across from Willard Straight Union and is
open Monday - Friday, 8:30 - 5:00 p.m. and Saturday from 10:00 a.m. - 2:00 p.m.







THE SCIENTIFIC PROGRAM FOR
THE INTERNATIONAL SYMPOSIUM ON DEEP STRUCTURE OF
THE CONTINENTAL CRUST: RESULTIS FROM REFLECTION SEISMOLOGY

Tuesday, 26 June, 1984

SESSION #1

General Opening — Chairman: S. Kaufman

8:30 -~ 8:40 S. Kaufman Welcome and introduction
Cornell University

8:40 - 9:00’ *J. E. Oliver A global perspective on seismic reflec-
Cornell University tion profiling of the continental crust

9:00 - 9:15 S. B. Smithson et al. Crustal reflections and crustal
U. of Wyoming structure

9:15 - 9%:30 R. D. Hatcher Interpretation of seismic reflection
U. of 8. Carolina data in complexly deformed rocks: A

geologist's perspective

9:30 - 9:45 K. Fuchs Reflections from the subcrustal
Geophys. Inst., Karlsruhe lithosphere?

9:45 - 10:00 R. A. Phinney Wide angle reflection profiling in the
Princeton University Mojave desert

10:00 - 10:45 BREAK

SESSION #2

International Deep Reflection Activities: Part I — Chairman: J. E. Oliver

10:45 - 11:05 *D. Matthews Deep reflection from the Caledonides
Bullard Lab, Cambridge U. and Variscides west of Britain and
comparison with the Himalayas
11:05 - 11:25 *R, Meissner The continental crust in central
Institut flir Geophys. Kiel Europe as based on data from
reflection seismology
11:25 = 11:45 *F.J., Moss and S. Mathur Continental reflection profiling in
Dept. Geol. & Geophys.,BMR Australia
Australia
11:45 - 12:05 #R, Hamilton Seismic reflection studies by the
USGS, Reston VA U.S. Geological Survey

* Asterisks Indicate Invited speakerg,



12:05

12:25

2:00

2:20

2:35

2:50

3:05

3:20

3:35

4:20

4:35

4:55

5:10

12:25

*A. Green and M. Berry

Earth Phys. Branch
Div. EMR, Ottawa

LUNCH

Reflections and the Western USA - Chairman :

The third dimension of geology from
seismic reflection studies in Canada

SESSION #3

R. Hamilton

2:50

4&:20

Precambrian and Lower Crustal Structure — Chairman:

*G., Thompson
Stanford University

R. Allmendinger et al.

Cornell University

J« McCarthy
Stanford University

D. A. Okaya
Stanford University

B. Wernicke
Harvard University

F. A. Cook
Univ. of Calgary

BREAK

The deep crust in comvergent and
divergent terranes: Laramide uplifts
and Basin - Range rifts

Tectonics of the eastern Basin and
Range and Colorado Plateau, Utah, from
COCORP seilsmic reflection data and
geologic data

Seismic constraints on the continuation
and the nature of the Snake Range
decollement beneath Spring Valley,
Nevada

Reflection profiling of the lower crust
in the Basin and Range: Dixie Valley,
Nevada

Extensionally sheared lithosphere in
and adjacent to the Basin and Range
province: Some critical tests

Crustal reflections from a land air gun
source along a profile in the Purcell
anticlinorium of southeastern British
Columbia

SESSION #4

W. Fyfe

4:35

4:55

R. J. Durrheinm
Inst. Geophys. Res.
South Africa

*A, Kroner

Inst. fiir Geowissenschaften
Johannes Gutenberg Univ.

A. Gibbs
Cornell University

D. M. Fountain and M.

Salisbury
Univ. of Wyoming

Recent reflection seismic development
in the Witwatersrand basin

Structure and evolution of the Archean
continental crust

COCORP profiles of Precambrian crust:
A qualitative assessment

Geophysical nature of the lower
continental crust based on crustal
cross—sections



International Deep Reflection Activities:

Wednesday, 27 June 1984

SESSION #5

Part 11 — Chairman: R. Allmendinger

8:30

8§:50

9:10

9:30

9:50

10:05

10:50

11:10

11:30

11:45

12:00

12:15

12:30

~ 8:50

- 9:10

- 9:30

= 9:30

- 10:05

= 10:50

- 11:10

- 11:30

~ 11:45

- 12:00

- 12:15

= 12:30

- 2:00

C. Bois et al.
I, F. P., France

*C. Tomek

Geophys. Dept., Brno
Czechoslovakia

*K. Posgay et al.

Eotvos Lorand Geophys.Ilnst.

Hungary

*¥. Yuan et al.
Ministry of Geology
Beijing

P, Finckh

Inst. of Geophys., ETH
Zurich

BREAK

Deep seismic profiling of the crust in
France: The ECORS project

Thin-skinned tectonics of the Car-
pathian arc and the Bohemian massif
revealed by seismic reflection
profiling

Characteristics of the reflection
layers in the earth's crust and upper
mantle in Hungary

A review of research on deep structure

in China

Crustal reflections on northern
Switzerland

SESSION #6

General Geology = Chairman:

G. Thompson

*W. 5. Fyfe
U. of Western Ontario

*R « A Price
Geological Survey of
Canada

M. N, Qureshy
Dept. of Science & Tech.
New Delhi, India

K. Burke and C. Sengor
LPI, Houston

T. Stern
DSIR, New Zealand

C. Morelli
Univ. of Trieste

LUNCH

Fluid generation in deep continental
crust

The foreland thrust and fold belt of
the Canadian Rockies and its
geotectonic significance

Deep crustal signatures in India from
satellite and ground geophysical data
Tectonic escape in the evolution of the

continental crust

Crustal structure studies in New
Zealand

Deep crustal knowledge in Italy



2:00

2:20

2335

2:50

3:05

3:20

3:35

4320

4:35

4:50

5:05

SESSION #7

Wide—angle Reflection, Refraction, and Other Geophysical Methods

Chairman: R. Meissner
2:20 #5 . Mueller Long-range seismic refraction profiles
Inst. of Geophys., ETH in Europe
Zirich
2:35 R. F. Mereu, D. Wang The results of a wide angle reflection
and 0. RKuhn survey across the Ottawa—Bonnechere
U. of Western Ontario graben: Evidence for an inactive rift
in the Precambrian
2:50 K. H. Olsen and C.-E. Lund Precambrian crustal structure of the
Los Alamos Nat. Lab northern Baltic Shield from the
FENNOLORA profile: Evidence for upper
crustal anisotropic laminations
3:05 R. M. Clowes Structure of the crust in a young
U. of British Columbia subduction zone: Results from
reflection and refraction studies
3:20 Z. Hajnal Crustal reflection and refraction
U. of Saskatchewan velocities: A cowmparison
» 3:35 P. Barton Comparison of desp reflection and
Bullard Lab, Cambridge U. refraction structures in the North Sea
4:20 BREAK
SESSION #8
General Geology and Geophysics — Chairman: L. Brown
4:35 D. J. Blundell Modelling the lower crust
Chelsea College, London
4:50 C. M. Wentworth, M. Zoback Relations between the Francisecan
and J. Barton assemblage, Great Valley sequence, and
USGS, Menlo Park crystalline basement, central
California
5:05 K. L. Kaila Tectonic framework of Narmada-Son
Nat. Geophys. Res. Inst, lineament ~ a continental rift system
India in central India from deep seismic
soundings
3:25 *CeJ. Allegre and A. Hirn The crustal overthrusting, major
Inst. Phys. Earth, Paris feature in wountain belt. The
horizontal and vertical mosaic model
NOTE: 6:00 — 10:00 PM — Barbeque on the shore of Cayuga Lake




8:30

8:45

9:00

9:15

9:30

9:45

10:00

10:15

11:00

11:15

11:30

11:45

!

Deep Reflections and the Appalachian System ~ Chairman:

Thursday, 28 June 1984

SESSION #9

D. Matthews

8:45

9:00

9:15

9:30

9:45

10:00

10:15

11:00

Data Acquisition, Processing, and Techniques - Chairwoman:

D. B. Stewart
USGS, Reston VA

D. R. Hutchinson, J. Grow
and K. Klitgord
USGS, Woods Hole MA

J. Costain, L. Glover and
C. Coruh
Virginia Polytechnic Inst,

J. Ce. Behrendt
USGS, Denver

L. T. Long and J.~S. Liow
Georgia Inst. of Tech.

R. A. Young, J. Wright
and G. F. West
Phillips Research Center

D. K. Smythe
Inst. Geological Sci.
Edinburgh

BREAK

The Quebec - western Maine profile:
First year results

Crustal reflections from the Long
Island Platform of the U.S. Atlantic
continental margin

Seismic reflection and geology of the
central Virginia Blue Ridge and
Piedmont

Multichannel seismic reflection
profiles crossing the southeast U.S.
and the adjacent continental margin:
Where is the master decollement?

Crustal thickness and velocity
structure in the southern Appalachians

Seismic crustal structure northwest of
Thunder Bay, Ontario (Canada)

BIRPS crustal reflection on the
Caledonian foreland and the development
of the passive margins of NW Europe

SESSION # 10

D. Jurdy

11:15

11:30

11:45

12:00

*L. Brown
Cornell University

M. Warner
Bullard Lab., Cambridge U.

M. D. Zoback et al.
USGS, Menlo Park

R. A, Johnson et al,
U. of Wyoming

Deep seismic reconnaissance: COCORP

technique and results

Profiling the continental crust at sea:
Optimum acquisition and processing
parameters

Application of an 800-channel seismic
reflection system for crustal studies
in California and Maine .

Processing of crustal seismic
reflection data



12:00

12:15

12:30

1:45

2:00

2:15

2:30

2:45

3:00

3:15

4300

4:15

12:15

12:30

1:45

2:00

2:15

2:30

2:45

3:00

3:15

4:00

4:15

J. Dorman et al,
Exxon Prod. Res. Co.

L. W. Braile and C, Chiang

Purdue University

LUNCH

Deep crustal exploratioan by a long-
offset seismic technique

Comparison of near-vertical and wide-

angle seismic reflection studies of the

continental Mohorovicic discontinuity

SESSION #11

Central USA and Others — Chairman:

L. WhBraile

Co—=S. Liu at alo
Cornell University

M. C. Gilbert
Texas A&M University

W. Rogers and D, Jurdy
Northwestern University

R. Xnapp, C. Somanas and
He Yarger
Kansas Geological Survey

R. Lillie
Oregon State Univ.,

J. A+ Percival
Geological Survey of
Canada, Ottawa

BREAK

An exXpanding spread experiment during
COCORP field operationm in Utah

Interpretation of the Wichita Mountains
structural axis

Deep reflections on COCORP Michigan
Basin data

Integrated geophysical study of the
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THE CRUSTAL OVERTHRUSTING, MAJOR FEATURE IN MOUNTAIN BELT,.
THE HORIZONTAL AND VERTICAL MOSAIC MODEL.

Claude J. ALLEGRE and Alfred HIRN
Institut de Physique du Globe, 4, Place Jussieu, 75230 PARIS - FRANCE

In recent years adaptation of explosion seismology methods has
resulted in the resolution of features of the crust-mantle boundary and of
its strong variation across mountain belts including Pyrenees, Alps,
Hercynian chain under the Paris Basin, Himalayas, Tibet,

A feature encountered where a large thickening of the continental
crust occurred is the local existence of superposed segments of the Moho
interface withip a complex crust-mantle transition. Several such instances
are documented on a section across the Himalayas and Tibet. They may bhe
associated with major surface discontinuities some of which are clearly
sutures, others intracontinental thrusts like the MCT. In the Paris Basin
Hercynian domain a preliminary to the main ECORS vertical reflection
profiling also establishes that it is not a single interface that separates
crust and mantle materials. Similarly complex zones of lavering and crust
mantle interaction at depfh are present on BIRPS sections of the Caledonides
and may be inferred from DSS studies through the Ural.

These data document the existence of strong dips of interfaces and
faulting at great depths with local emplacement of mantle material within
the crust.

Such a structure reveals a complex interfingering during mountain
building by collision of small or big continental segments.

The continental growth processes consist of continental accretion by
addition of successive blocks but also of a crustal doubling process with
interpenetration of mantle material.

Such processes resulted in a double mosaic of the continental crust:

an horizontal mosaic and a vertical one as well.



TECTONICS OF THE EASTERN BASIN AND RANGE AND
COLORADO PLATEAU, UTAH,

FROM COCORP SEISMIC REFLECTION DATA AND BEOLOGIC DATA
i

R. Allmendinger, H., Farmer, J. Bharp, and D. Yon Tish

Department of Geological Sciences
Cornell University
Ithaca, New York 14853 0125

COCORP seismic reflection lines in cantral Utah c¢ross a narrow (Y100 km
wide) transition zone that has been of fundamental tectonic importance for
virtualiy the entire Phanerozoic history of the central part of the westesrn
North American Cordillera. Within this zone are located: 1) the late
Precambriap and Paleozoic hingeline of the <Cordilleran micgsocline; 2) the
eastern edge of Mesozoic-early Cenozoic thin-skinned thrusting and the western
edge of slightly vounger, thick-skinned Laramide structures; and 3} the
middle-late Cenozoic transition between the extensional Basin and Range
Province and the more stable, uplifted Colorade Plateau block. Six COCORP
lines totaling nmore than 380 km have been integrated with surface geological
information and subsurface data from more than 15 wells to produce an
gxtension-subsidence chronology of & wmajor Cenozoic basin and balanced,
palinspastically restored cross-sections illustrating the crustal geometries
aof Cenozoic, Mesozoic, and Palegzoic-Precambrian structures and basins,

The autochthonous positien of the hingeline as defined by the rapid
thickening of upper Precambrian clastic strata is located directly west of the
Canyon Range in west-central Utah. Although both Mesozoic compressional
structures and Cenczoic Extensional structures occur as much as 100 km or more
farther east, the hingeline does spatially coincide with: 1) the position at
which Mesozoic thrusts are inferred to cut deeply into the crust, and 2) the
gasternmost of the major Cenozoic low-angle normal faults (the Sevier Desert
detachment},

Mesozoic thrusting in the region produced a minimum of “120 km of
shortening on three major faults. Thrust faults were «clearly imaged as far
gast of the west side of the Wasatch Plateau, and may occur farther east as
Blind thrusts in the Jurassic section., Continuity of individual thrusts is
obscured by thick, highly deformed Jurassic salt in the Sevier Valley west of
the MWagatch Plateau, Farther east, the San Rafael Swell gf the Colorado
Plateau apparently has a structure different than other Laramide uplifts
profiled by COCORP. No significant reverse fault capn be seen in the basesent

l. Present addresses: Farmer-Pecten International, Houston, TX; Sharp-Unian
01l Company of California, Ventura, CAj; Von Tish~ Sohio Petroleum, Houston, TX



beneath the Swell. Instead, the Swall appears as a broad, nearly symmetric
arch nr  flexure, However, a prominent mid-crustal harizon at “28 km Leneath
the B8uwell 1is essentially flat, suggesting the possibility of some type of
decoupling at or above that depth in the crust. The horizon at 28 km
coincides with a sharp velocity gradient or discontinuity previously
interpreted on a refraction profile with a midpoint about 200 km south af the
COCORP line.

The small Cenazoic normal faults of the Wasatch Plateau do not appear tag
penetrate below +the Jurassic section, and thus may reactivate an older
thrust. However, a major step in the basement (1.4 km down-to-the-west) at
the western margin of the Plateau may be interpreted as either the ‘'rooting"
gf those normal faults into basement, or as an older Jurassic structurs.
Farther west, the Bevier Dessrt detachment has between Z8 and 40 km of
down-to-the-west displacement with a regional dip of 12°, Several structurally
higher low-angle normal faults have also been recognized. The rate of
gxtension on the Sevier Desert detachment varied between 0.7 and 1.9 am/yr;
this rate is similar in magnitude tp shortening rates in foreland thrust
belts,

The guestion of reactivation of thrust faults as low-angle normal faults
has not beesn resolved by these studies. However, the recognition of the
spatial relations of Cenozoic and Mesozoic structures to the much older
hingeline indicates that general controls on crustal structural geometry may
be very ald,



Compariscn of deep reflection and refraction studies in the Ncorth Sea

P J Barton, Bullard lLabs, Madingley Road, Cambridge CB3 OEZ, England

We report a comparison between the Moho determined by a long
range seismic refraction experiment and the results of a short
normal incidence reflection profile shot aleng the same line, across
the western edge of the Central Graben of the North Sea. The
refraction experiment was completed in 1981. Seismograms were
interpreted by amptitude modelling, aliowing for a detailed wvelocity
structure that varies both vertically and horizontally. These -
velocities were used to convert the model depth to Moho into the
equivalent normal incidence two way travel time section. The
seismic reflection profile was acquired for BIRPS by Western
Geophysical in February 1983. The secticon shows layering in
the lower part of the crust, apparently similar to that seen on
deep réflection profiles shot elsewhere.

The Mohe reflection times calculated from the refraction
model were superimposed on a line drawing of the deep reflection
data. The refraction Moho was found to lie aleng the base of the
correlatable reflections from the lower crust. These cbhservations
are compatible with predictions of a lower crust that includes
laminae of ultramafic rock just above the Moho. We believe that

j this is the first time that such a direct comparison has been made.
t



Multichannel Seismic Reflection Profiles Crossing the
Southeast United States and the Adjacent Continental
Margin: Where is the Master Decollsment?

John C. Behrendt

U.S. Geological Survey

P.0. Box 25046

Denver, CO 80223

Multichannel seismic reflection profiles were collected in 1981 and 1982 on
three lines perpendicular to the Atlantic coast that cross the states of
South Carolina and Georgia. The positions of the ends of these lines are:
S&4, 32940’ N, 80903’ W to 34930° N, 82°10”° W; S$6, 32°15" N, 81912° W to
35900° N, 83923 W; and $8, 31°25° N, B1929° W to 34°18° N, 84°18" W. These
96—channel, 24-Fold data recorded to 6 and & sec, combined with data from
the COCORP line in Georgia and the USGS offshore multichannel seismic
reflection profiles, provide three transects from the Appalachian mountaias
across continental, transitional, and oceanic crust. Many arrivals are
recorded in the seismic record section associated with structures beneath
the Piadmont and below the pre~Cretaceous unconformity underlying the
Coastal Plain sediments (i.e., several Triassic basins are defined).
Although the previously reported decollement is apparent in places, an
obvious countinuous feature is not present from the Appalachians to the
continental shelf. Reflections from the Moho offshore beneath transitional
crust have a2 banded character over a range from 9 to ll sec, similar to a
pattern seen in the published ,COCORP line on land. Published aeromagnetic
and gravity data can be integrated with the seismic data into an
interpretation of the structure of the upper part of the crust. Tais
interpretation is relevant in determining the cause of earthquakes in the
southeastern United States in general and of the 1886 Charleston, South
Carolina, earthquake in particular.



MODELLING THE LOWER CRUST
D. J. Blundell

Geology Department, Chelsea College, 552 King's Road,
Londecn SW10 QUA, England.

Recently acquired BIRPS lines show typically an upper crust
largely devoid of reflections below the sedimentary cover whilst
the lower crust has prolific bands of reflections, in accordance
with observations elsewhere. These bands are mostly sub-
horizontal reflections that individually extend laterally from 1
to 10 km. Since these features have not been found in the upper
crust and are not accessible to direct observations, it is left
to modelling as a means of constraining hypotheses to explain
their nature and cause. The gquestions to raise include:

i To what extent can topography on a single reflecting
interface produce a number of reflection segments on a
record section from reflections away from the vertical plane
of section?

ii To what extent are reflection segments limited by
interference effects from the boundaries of narrow zones of
relatively high or low acoustic impedence?

iii How narrow could such zones be?

iv To what extent are the observed reflection segments
indicating the true structure of reflecting interfaces?

v To what extent is the continuity of the reflections obscured
by noise or processing effects?

Models for the lower crust need to show how acoustic
discontinuities produce bands of reflections that stop abruptly
at the Moho and to explain why there should not be egquivalent
discontinuities that give rise to similar reflections in the
upper crust.



COMPARISON OF NEAR=-VERTICAL AND WIDE-ANGLE
SEISMIC REFLECTION STUDIES OF THE
CONTINENTAL MOHOROVICIC DISCONTINUITY
L.W. Braile and C.S. Chiang
Department of Geosciences
Purdue University
West Lafayette, IN 47907
The continental crust-mantle transition or Mohorovicic discontinuity
(Moho) was discovered over seventy years ago from observations of
refracted wave travel times. The continental Moho has been recognized
worldwide from refracted (Pn) and wide-angle reflected (PmP) phases
from earthquake and explosive sources. Studies utilizing Pn and PmP
arrivals have generally interpreted the Moho to be a simple
discontinuity in velocity between lower crustal and upper mantle rocks
which is laterally continuous and which exists virtually everywhere at
the base of the continental crust. Reéently, near=-vertical, deep
seismic reflection studies have been interpreted to indicate that the
Moho consists of a transition zone of several km thickness and that it
is laterally variable and even discontinuous or non-existent in places.
We have examined near-vertical and wide-angle seismic reflection

record sections and performed extensive model studies in an attempt to
understand this disparity in interpretation and to try to resclve the
actual seiamic structure ¢f the HMohe. Part of the discrepancy in
interpretation is due to distinet differences in characteristics and
information c¢ontent of near-vertical and wide-angle reflection data.
Differences in frequency content, angle of incidence, station spacing
and processing methods can lead to disparate interpretation from the twe
data sets even for the identical Moho model, We have utilized

near-vertical and wide-angle reflection/refraction synthetic sesismogranm

studies for one- and two-dimensional velocity models to invesiigate the



seismic signature of a variety of Moho transition zone models. For all
Moho velocity structures, the wide-angle reflection (PmP) and the
refraction (Pn) arrivals have simple and short-duration waveforms. The
travel times are insensitive to details of the velocity structure of the
Moho for these phases. However the Pn and PmP arrivals are excellent
indicators of the existence and depth of the Moho and ifs general
lateral continuity. Furthermore, the amplitude-distance characteristics
of the Pn and PmP phases can be used to estimate the thickness of the
Moho transition zone and the spectral content of the reflection may be
used to infer fine structure of the Moho.

Near-vertical reflections from Moho transition zones are primarily
sensitive to fine structure of the transition. "Smooth™ velocity
transitions have low reflectivity for near-vertical data. Constructive
and destructive interference of reflections from laminated Moho
structures produces a Moho signature consisting of bands of strong
reflegtions which vary laterally. Where observed, these laminated
reflectors indicate the nature of the +transition 2zone and its
approximate thickness.

Comparison of observed near-vertical and wide-angle reflection data
with the results of synthetic seismogranm model studies suggests that the
continental Mohe is normally a transition zone of about 1 to & km
thickness in which the velocity zenerally increases with depth, but also
consists of thin laminations of high and low velocity material. The
gross structure of the Moho is laterally continuocus and appears to exist
virtually everywhere as the base of the continental crust., However, the
fine structure of the transition zone, consisting of thin laﬁinations,
is laterally variable resulting in the discontinuous character of Moho

reflections on near-vertical incidence record secticns.



Deep Seismic Profiling of the Crust in France: the ECORS Project

A.(3), Hirn, A.(a),

c.(2),

g.(1)
(5)

¢.(1) cages, .'%)
8.0 acee, Ph. %) Racult, J.F.

Bois, , Damotte, , Galdeano,

Mascle, , , Torreilles,
(1) Institut Francais du Pétrole Boite Postale 311, 92500 RUEIL MALMAISON -
CEDEX, FRANCE

(2) Société Nationale Elf-Aquitaine (Production, PARIS LA DEFENSE (FRANCE)
(3) Institut de Physique du Globe, PARIS (FRANCE)
(4) Université des Sciences et Techniques du Languedoc, MONTPELLIER {FRANCE)

(5) Université des Sciences et Techniques, LILLE (FRANCE)

The earth's crust in France was mainly formed during the Variscan oroge-
nesis (300-400 My). The resulting orogenic belt was deeply eroded and then
overlain during the Mesozoic by three major sedimentary basins, i.e. the Paris
Basin, the Aquitaine Basin and the Southeast Basin. Since the end of the
Mesozoic, the southern and southeastern parts of France have undergone strong
deformations resulting in the building of the Pyrenees and Alps ranges. Rifts
were also formed in the eastern part of the country, such as the Rhine graben
and the Rhone Valley in relation to the opening of the western Mediterranean

Sea.

Continental France, only 3500 000 km2 in size, contains good examples of
most of the major geological phenomena, such as old and young orogenic belts
and subsidence of intracratonic basins, rifts and continental margins. The
ECORS Project was designed to investigate these phenomena by deep seismic
profiling of the crust. This project, which plans to study more than 12
regional profiles across the country, is being jointly carried out by the
Institut Francais du Pétrole, the Institut National d'Astronomie et de Geophy-

sique (on the behalf of the Conseil National de la Recherche Scientifique and
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French universities) and Société Elf-Aquitaine (Production). The Centre
National d'Exploitation des Océans is also participing in the offshore as-

pects.

The first campaign carried out within the framework of the ECORS Project
was the profile of northern France aimed at studying the Variscan belt lying
underneath the sediments of the Paris basin. This profile, trending northeast
over 230 km, cut across the North Variscan frontal thrust, the Bray faulted
anticlinorium and the large Seine magnetic anomaly. These three features have
prominent expressions on the surface, while their deep geometry and their
relation with the Variscan belt remain unknown. All seismic methods were used

at the same time on the profile, leading to an original field technique.

The first field work was performed at the end of June 1983 by Institut de

Physique du Globe, Paris: two shot points 110 km apart with dynamite source
in several holes drilled at 40 meters depth; self recorder three phone

stations displayed every two kilometers between the two shot points.

The second field work was performed from November 2, 1983 to January 23,

1984 by Compagnie Générale de Géophysique:

(1) vertical reflexion: 192 traces (80 m interval) recorded by split
spread with telemetric recorder Sercel SN 5 N 1348; total reflection time
recording 16 seconds after correlation.

(2) refraction: explosive source in drilled holes at 45 m depth; same
spread as the previous one; refraction work performed as often as a progress
of 192 traces was done in vertical reflection; recording distances from 0 to
45 km on each side of the spread; shot points drilled every 15 km along the
line; recording length 20 seconds.

(3) wide angle reflection: only on one side of the normal refraction

spread, two shots performed at 90 km and 105 km distance from the nearest
trace close to critical distance -for Moho signal; all explosive shots
simultaneously recorded on some self recorder stations displayed along the

same line or on a parallel line.

Some samples of processed records for each seismic technique are showed
with comments on processing sequence. A detailed study of the data is in pro-
gress, and their geological interpretation will be published in a future

paper.
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DEEP SEISMIC PROFILING:
COCORP TECHNIQUE AND RESULTS

Larry D.Brown
Department of Geological Sciences
Cornell University, Ithaca, N.¥. 14853

Seismic exploration of the continents on land using near-vertical
reflection techniques represents a complex interplay of geological objectives
and geophysical capability. In these early stages of crustal exploration,
COCORP has leaned toward a recomnaissance strategy emphasizing long regional
trangsects addressing the mors fundamental problems of lithospheric geology.
I+ has exploited the operational advantages of existing industry technology
and the support structure of a professional contractor, and it has enjoyed the
economic Dbenefits of 2 continuing, large-scale effort. The reconnaissance
strategy is reflected in most aspecis of COCORP operations: the selection of
survey routes, the choice of acquisition parameters, the degree of field
experimentation, even the amount and type of data processing. Such technical
izaues often conatitute important aspects of resul ting geological
interpretations.

COCORP's present recording system { 5 Vibroseis sources, 96 channels,
10km spread, 100m VP spacing, 48 fold CDP redundancy, 8-32 hz signal) as
fielded +through a contractor, Geosource, Inc., has proven flexible and
effective for a wide variety of surface conditions, noise environments, and
geologic targets. Unlike field acquisition, processing appears best carried
out din-house. COCORP's Megasels Computing Center not only serves as an
economical means to support production processing of the volume of data bheing
generated, it facilitates experimentation and is critical for timely quality
control. Most importantly, in-house processing insures effective interaction
between data processor/analyst and interpreter. In crustal reflection
profiling, perhaps more so than in the petroleum industry, geological and
geophysical/signal processing issues are often closely intertwined. In COCCRF,
interpreters usually do their own processing.

Although similar to conventional oil exploration surveys, COCORP
technique- both acquisition and processing - reflects the distinctly different
geological nature of its targets (typically metamorphic and igneous vs
sedimentary), the much greater depths to which it probes (e.g. 30 km wvs. 3
xkm), and its own particular scientific objectives (mapping large-scale crustal
structure vs., say, detailing a stratigraphic itrap). Specific technical issues
are numerous. Examples: How much energy is needed? What frequencies are most
informative? How much stacking is optimum? How much noige/crooked
line/skipping is tolerable? What arrays are appropriate? What kind of 3-D
control is adequate? How much data editing is warranted? How often should
velocity analyses be carried out? Is pre-stack velocity filtering worth the
computational effort involved? Often <these issues devolve into tradeoff
decisions forced by hardware or economic constraints. Example: given a limited
number of channels, should siation spacing be large to maximize offset for
better velocity resolution or small to maximize stacking redundancy and
minimize non-hyperbolic travel time deviations? In practice such selections
are often based not only on inferences as to the expected depth and nature of
geologic +targets, but on such considerations as the status of available
resources (e.g. current computer load), the vagaries of logistics, and
consistency with COCORP's overall strategy. To aid such deliberations, COCORP
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augnents its mainstream profiling with special experiments designed to
evaluate alternate or supplementary techniques: expanding spread and 3-D
receiver geometries, sign-bit and mantissa recording, and numerous variations
on the basic data processing stream have all been investigated to a certain
degree.

While the technical particulars of a given survey are often site
gpecific, experience seems to warrant a few operational generalizations,

including:

--> Near-vertical reflection profiling is a robust approach to probing the
crust: useful geologic information about the basement has been obtained in
almost every area surveyed by COCORP.

--> Tracing Xnown structures to depth is perhaps our most effective means,
short of drilling, of mapping lower crustal structure.

--> (ertain fundamenial geologic problems cannot be recognized, much less
invegtigated, without long, regional surveys.

--> Shallow structure can be as important as deep structure in unraveling a
crustal geological problem. Reconnaissance surveys must recognize this target
range.

--> Reconnaissance objectives usually result in relatively  permissive
acquisition parameters and require extended parameter searches  when
processing. Since it is generally unclear, 2 priori, which part of the
wavefield will prove most informative, the tendency is %to avoid filtering out
as much asg feasible in the field, and to search as broadly as possible in
processing.

--> Special recording experiments, e.g. expanding spreads or 3-D recording,
are best planned and executed after initial reconnaissance profiling has
identified requirements and targets.

~-> Dip bias, sidesipe and multiples are less a problem than initially feared
by some, although both may contribute %o background noise.

--> Logistice usually limit feasibility of full 3-D data acquisition.

--> Good data can be acquired in noisy areas, and "poor" data in ideal
environments.

==> Reflections from Moho depth are common. On the other hand, unambiguous
intra-mantle reflections have been extremely rare, even when penetration seems
sufficient. Penetration has been limited in thick sedimentary basins.

--> Geologic ‘considerations must heavily influence acquisition and processing.
--> Important discoveriesg in crustal reflection profiling sometimes owe as
much %o serendipity as careful planning.

The interplay of geophysical and geological issuss 1s evident in many of
COCORP's contributions: mapping variations in the nature of the Moho,
discovering magmas bright spots, documenting the role of reactivation in
crustal tectonies, and establishing the importance of low-angle detachmenis in
lithospheric evolution, for example. Yet COCORP's operation is also an
evolving one, shaped by +the availability of new hardwars and software,
matured by experience and experimentation in data acquisition and processing,
and guided by the growing understanding of crustal geclogy. As a result,
both technique and strategy in reflection seismology will undoubtedly continue
to progress toward a comprehensive view of the continental lithosphere.
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TECTONIC ESCAPE IN THE EVOLUTION OF THE CONTINENTAL CRUST

Kevin Burke and Celal Sengor. Lunar and Planetary Institute, 3303 NASA
Road One, Houston, Texas. Burke also at Geosciences, Univ. of Houston,
Houston, Texas and Sengor also at Istanbul Technical University.

Studies during the last decade have confirmed the basic idea that the
continental crust originated by processes very similar to those operating
today and that continents consist of material most of which originated long
ago in arc-systems that have Tater been modified, especially at Andean margins
and in continental collisions where crustal thickening is common. Seismic
studies have confirmed the importance of major thrusting in mountain beits
that was demonstrated by Bertrand, Heim, Lapworth and Suess about 100 years
ago.

‘Molnar and Tapponnier emphasized the importance of major strike-slip
motion in association with the Himalayan-Tibetan continental collision oni
the basis of LANDSAT and teleseismic evidence and Tapponn%er and colleagues
have illustrated this style of de%ormation in a simpie mechanical model.

We here stress the importance of collision-related strike-slip motion
as a general process in continental evolution. Because buoyant continental
(or arc) material generally moves toward a nearby oceanic margin where less
buoyant lithosphere outcrops during collision we call the process of major

strike-slip dominated motion toward a 'free-face' "Tectonic Escape".

Tectonic escape is and has bheen an essential element in continental

evolution throughout recorded earth-history. It promotes: (1) rifting and
the formation of rift-basins -- in China with petroleum production; {2) thinning

of thickened crust -- which enhances the possibility of local preservation of
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high-level rocks from collision zones; (3) pervasive strike-slip faulting
late in orogenic history which breaks up mountain belts across strike and
may Juxtapose unrelated sectors in cross-section; (4) Tocalized compressional
mountains and related foreland-trough basins which have petroleum potential.

ITlustrative examples are culled from several continents and much of
earth history. In older examples the interpretation of tectonic-escape
related structures provides the best evidence of where the oceanic free face
lay.

The Pannonian rifis of Hungary record extension during an episode of
eastward tectonic escape which is also marked by the Neogene convergent and
igneous activity of the Carpath%an arc. The late Cenozoic south-eastward escape
of South-eastern Asia associated with the Himalayan collision was preceded in
the earlier Cenozoic by an episode of southward escape interpretable as a
response to a suturing event along the Ussuri (Wusuli) River. Pan-African
escape is recorded by huge strike-slip faults in the Ahaggar and by the numerous

arc-collisions and Nejd faulting of Arabia.
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THE DEEP CRUSTAL STRUCTURE CF
TEE MOJAVE DESERT, CALIFORNIA, FROM
COCORF SEISMIC REFLECTION DATA
by

Cheadle, M., Dept Earth Sciences, Cambridge University CB3 0EZ, UK;

Czuchra, B., Tenneco 0il Co, P O Box 51345, Lafayette, La 70505;

Byrne, T., Dept Geol Sci, Brown University, Providence, Rhode Is 02912;

Ando, C., Shell Dev Co, P O Beox 481, Housten, Tx 77C01;

Oliver, J., Brown, L., Kaufman, §., Dept Geol Sci, Cornell University,

Ithaca, NY 14853; Malin P., Dept Geel Sci, USC, Santa Barkara, Goleta,

Ca 93108; Phinney, R., Dept Geol & Geophysical Sci, Princetown University,

Princeton, NJ 08544.
COCORP seismic reflection profiling in the western and northern Mojave
Desert of scuthern California has revealed the presence of numercus .
major low-angle reflecting horizons within the crust. These complex,
though laterally continucus, horizons are interpreted to represent maiocr
scuthwesterly dipping crustal detachments and as such they place important
constraints on the tectonic evoluticn of the region. The uppermost horizen
is interpreted to be the Rand Thrust. The other reflecting horizons
are not traceable to the surface and so greater ambiguity remains in their
interpretation. The most prominent of these horizons exhibits ramp and

+

flat geometry and occurs at midecrustal depths (i15-6 km}, extending over
the northern area of the Mojave survey into the Basin and Range Province.
The crust-mantle transition appears to be represented by a continuous
series of reflecticons which occur at about 10 seconds (33 km), in the

north of the survey and at about 8 - 9 seconds (26 - 29 km) in the south.

These reflections are offset in the vicinity of the town of Mojave.

The intracrustal detachments inferred from the COCORP survey may represent:
1. The westward deep crustal continuation of the system of Mesozoic thrusts

which cropout into southern Nevada and southeastern California;
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2, Late Cretaceous to early Cenczoic, northeast vergent thrusts
related to the emplacement of the Pelona-Orocopia-Rand Schist; or
3. low-angle normal faults related to Early Miocene northeast-scuthwest

directed crustal extension.

The COCORP survey alsc traversed the major strike-slip faults that
bound the Mcjave block. The San Andreas fault zone appears to

truncate reflectors at depths of 6,8 and 20 km within the Mcjave
basement, suggesting that it is a major vertical feature which extends
to at least 20 km depth. Conversely, the Garlock fault does not appear
to offset an underlying reflecting horizon which occurs at 9 km depth,

and therefore may be a relatively shallow crustal feature.
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Crustal Reflections From a Land Air Gun Source
Along a Profile in the Purcell Anticlinorium

0f Southeastern British Columbia

Frederick A, Cook

Department of Geology and Geophysics
The University of Calgary

Calgary, Alberta, Canada T2N 1N4

Seismic reflection profiling in the Purcell anticlinorium of southern
British Columbia, Canada using a land air gun source has revealed
reflections from depths of at least 15-20 kilometers. Interpretations
of these data, in conjunction with related geological and geophysical
information, confirm the allochthonous structure of the Purcell
anticlinorium and suggest that autochthonous North American basement is
at 15-20 kilometers depth beneath the anticlinorium. Comparisons of
these data with other seismic reflection data indicate the North
American basement surface, which has a uniform west dip of about 2°
beneath the Rocky Mountains, has a much steeper west dip of 10°=-20°
beneath the anticlinorium. The thickness of the crust above the North
American basement surface may be accomodated by structural repetition of
Purcell strata, by thrust slices of North American basement rocks, or by
both. The geometry observed on the reflection data implies the Purcell
anticlinorium is cored by a crustal-scale thrust anticline (hanging wall
anticline), Further, the data demonstrate that land air guns are

effective sources for crustal reflection work.
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ABSTRACT
Seismic reflecticn and geclegy of the central Virginia Blue Ri&ge and
FPiedment
by
J. K. Cestain, L. Glever, III, and C. Cecruh
Virginia Pelytechnic Institute
and State University

Blacksburg, Virginia 24061

A combined gecphysical and geclegic study cof the tectenic framewerk of the
Appalachians in central Virginia has been in pregress at Virginia Tech
since 1979. Appreximately 190 km of VIBROSEIS multifeld reflecticn data
have been cbtained by the Regicnal Gecphysies Laberatery aleng the James
River Blue Ridge and Piedment corrider cver ignecus and metamerphic
terranes. Reflecticn seismic prefiles c¢ressed thick units whose subsurface
gecmetry and centinuity, eor lack ¢f it, revealed the structure in the upper
erust. Surface geclcgic mapping previded s beundary ceonditien frem which
key structural elements and thick metavclcanic lithefacies are prcjected to
‘depths of apprcximately 10 km. The successful definiticn of the regicnal
geclegic framewerk in the erystalline rocks of the Piedment and Blue Ridge
depends tc a large extent en the placement of reflecticn seismic traverses
where metamerphesed basalts/felsic veleanies, metamerphesed
basalts/sandstenes, or sandstenes/carbenates are knewn or beiieved te cceur
in the subsurface. The excellent accustie respense of these lithefacies
acceunts fer mest of the energy return, and makes an interbretation
pessible, The entire upper crust is allcchthencus, with a decellement

dipping gently te the east. The nerthwestern end of the traverse begins cn
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the Blue Ridge where the seismic data show abeut 3 km of Grenville reecks
thrust cver unmetamecrphesed lewer Paleczeic recks. The master deccllement
is at a depth ¢f 9 km,. Te the scutheast, the seismic signature of the
Catcetin velcanics is well-defined and reflected events ceorrelate well with
surface centacts cof the Cateetin, The Taccnic suture dips mederately and
then gently tec the scutheast frem near the center ¢f the Piedment and
centinues beneath the allcchthenecus Celumbia granite. One cof Ithe best
seismic signatures alcng the traverse is frem the Chepawamsic veleanics
which have been intruded by the Celumbia granite, Relatively well-
censtrained earthquake hypecenters plet on ramp and scle faults that are

reliet from Paleczeic defermaticen.

°

{ne ¢f the results ¢f the Virginia Tech pregram has been the higher
quality ef . reflecticn data c¢btained frem a single vibrater versus
cenventienal multi-vibrater cenfiguratiens, A4 ccmpariscn ef results from a
single vibrater and 4 vibraters is made pessible at the western snd »f the

James River traverse as a result cf cverlap with a commercial line.
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The Hercynian evolution of the convergent continental margin of South-west
Britain. '

G A Day, British Geological Survey, West Mains Road, Edinburgh EH9 3LA, UK.

The Hercynlan orogeny drastically deformed Carboniferous and older rocks in
Southern Britain. Where these are exposed in SW Britain, recent geological
mapping has demonstrated that they have been deformed by north-directed
thrusting, active from some time in the Devonian until late Carbonifercus
times., Staff of the British Geological Survey have interpreted confidential

and other seismic datz from onshore and offshore in this area.

In the west English Channel several lines show distinct SSE dipping events in
Devonian basement which are interpreted as thrust faults and at least one of
these can be correlated with thrusts inferred from land observations. A
study of seismic data has shown that these events are a dominant feature of
the southern flank of the basement ridge that extends the SW Britain
(Cornubian) Peninsula to the shelf edge.

South of the Cornubian Ridge the basement deepens and is overlain by
considerable Permo-Triassic sediments which probably extend at least to

the central English Channel, demonstrating a tensional environment in
post-Hercynian times. Linear magnetic anomalies appear to be associated with
intrusions at the base of the sediments. BIRPS seismic profiles in this area
show similar SSE dipping events in the basement and on currently availahle
brute stacks ome of these events appears to extend to, or possibly through,
the lower crust. These major extensional faults seem to form the northern
margins of the sedimentary basins and it is postulated that the mechanism of
extension has been to reactivate former thrust faults, creating the

environment for the deposition of large sedimentary basins.

Although the main extensional event occurred after the period of Hercynian
shortening, further stretching occurred using the same mechanish, in late
Jurassic or Cretaceous times, before the final compressional event in the

Tertiary.
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DEEP CRUSTAL EXPLORATION BY A LONG-OFFSET SEISMIC TECHNIQUE

by H.J. Dorman, T.H. Crawford, J.W. Stelzig, and P.J. Tarantole
Exxon Production Research Company
Box 2189
Houston, Texas 77001

Abstrgct

The well-known source-generated noise of the Edwards Plateau
of West Texas defeats most ordinary attempts to record usable
seismic reflection data. However, an attractive exploration
alternative is suggested by the presence of a deep (about 20,000
ft), high-speed refractor, the Hunton-Ellenberger zone, which is
also the zone of primary commercial interest in this region. A
15-mile reversed refraction profile {2 shot peints, 698 traces

from each shot} illustrates the point.

Signals were generated by shear vibrators shaking
Longitudinally and were recelved on vertical component B-h:
gecphones. P waves and S-converted P waves were obtained from
the fundamental and odd-order harmonics of the sweep.

Addditional P wave data were obtained from the even-order sweep

harmonics.

The convenience of a reflection profile display is secured
by plotting the refraction data in a record section (single-fold)

format similar to that of o reduced travel time plaot. This makes
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the refracted arrival appear as if 1t were a reflection event on
traces recorded only at the critical distance. Dense coverage
(station interval 110 feet) produces sections which are
poteﬁttaLLy useful for structural and stratigraphic
tnterpretation. The quality of these single fold sections is
surprisingly good because: 1) the reflection-refraction event is
very strong near the critical distance, about 12,000 to 18,000
ft3 2) traces at lLonger offsets are beyond the reach of strong
surface noise. These are significant advantages not enjoyed by

conventiconal near~offset reflection data.

In this Limited data set, the image of the marker appears
intermittently but quite clearly, comparing favorably in some
places with that obtained in a conventional multi-fold reflection
profile on the same Line. It appears that event continuity and
qual ity exceeding that of reflection profiling results might have
been obtained with more shot points. Deeper events, including
Pn, could probably be profiled in comparable detail using

vibrator or explosive sources at longer offsets.
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RECENT REFLECTION SEISMIC DEVELOPMENT IN THE WITWATERSRAND BASIN

R. J« Durrheim

Bernard Price Institute for Geophysical Research, University of the
Witwatersrand, ! Jan Smuts Avenue, Johannesburg 2001, South Africa

Deep reflection seismology has recently been applied ¢to the
exploration of the deeper regions of the Witwatersrand Basin; data from
two areas will be presented in order to demonstrate the problems
encountered and success achieved with the seismic method to date.

The Kaapvaal Craton, which is considered to be one of the ancient
nuclei around which the South African subcontinent is bullt, has formed
the basement for five Precambrian basins. The rocks of the Witwatersrand
supergroup were deposited in an oval basin with a long axls of some 300
km during the second of these sedimentation episodes in the period 2300 -
2800 Ma. These rocks are of great economic importance due to gold and
uranium bearing strata. The Witwatersrand supergroup rocks presently
outcrop in an arc near Johannesberg, and on the rim of Vredefort Dome,
which represents a violent penetration of a "diapir” of basement granite
in the centre of the basin., It has been shown that the dome presents a
14 km section through the crust, Elsewhere the Witwatersrand rocks are
covered by younger lavas and sediments. Subsequent to the deposition of
the Witwatersrand rocks, folding and faulting has taken place,
controlling the present day distribution of ore-bearing strata.

The earliest attempts at applving geophysical techniques to the
exploration of the Witwatersrand Basin were made 1in the 1930's.,
Magnetometer traverses proved very successful in locating magnetic marker
horizons stratigraphically near to the gold-bearing reefs. 1In this way
the Evander, West Rand and Welkom gold—-fields, which are concealed by
younger rocks, were discovered.

Gravimetry proved successful in locating faults,

The latest phase in the exploration of the Witwatersrand Basin began
less than 2 years ago with the introduction of reflection seismology.
Preliminary tests and synthetic seismograms 1indicated prominent
reflectors which would enable geological structure to be mapped. Initial
results are generally satisfactory, although the faulted nature of
certain areas in the basin is proving an obstacle. Several companies are
recording occasional profiles to long times, allowing crustal structure
to be studied. Attention is also being given to the mapping of possible
thrust faults on the margin of the basin where it is postulated that
Witwatersrand supergroup rocks may be preserved beneath basement granite.
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Crustal Reflections on Northern Switzerland
. by
Peter Fineckh, Institute of Geophysies ETH, 8093 Zurich, Switzerland

In 1982 a vibroseis (R) survey of 180 km of high resolution reflection pro-
files was run in northern 3witzerland to investigate the suitability of the
crystalline basement for the deposition of radicactive waste. Data was recorded
on a lili-channel system. This survey revealed a complicated fault and thrust
system beneath the Swiss folded jura. Further, it revealed the considerable
dimensions and the geometry of aﬁ unexpected basement trough filed with Permo-
Carboniferous sediments {(including coal seams) which is completely covered by
Mesozoic sediments, Maximum thickness of the basin exceeds 3 km,

Reprocessing of the field tapes of a E-to=W line of 11.5 km length with
half sweep correlation extended the listening time to 11 sec. The stack shows a
strong sloping reflector between 3.0 and 3.5 sec which is interpreted as evi-
dence for pronounced differentiation in the upper crust. A series of reflections
is observed between 5.8 and 7.2 sec, the top of which can be correlated with ihe
Conrad discontinuity. Between 9.0 and 9.5 sec a layered reflector is observed
which is interpreted as Moho reflections.

Similar reprocessing down to 11 sec was applied to a N=to=S line from the
outeropping basement in the Black Forest (FRG) to the thruat zone of the folded
jura and which is crossing the above-menticned E-W line at its western end. The
stack does not confirm the reflector between 3.0 and 3.5 sec, probably because
of poor wvelocity control in the Permo-Carbonifercus trough. However the series
of reflections between 6.0 and 7.2 sec as well as those at 9.0 séc are confirmed |

as reflections from the horizontal C- and M-discontinuities.
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These main results are compatible with results from refraction surveys
whicﬁ were shot in the same region. Especially the wide angle interpretation
permitted the definition of lower crustal reflections excluding multiple reflec-
tions, and it shed more light on the layered nature of these reflectors. The
refraction velocity model of the lower crust shows an inerease of about 0.5
km/sec at 15 to 20 km depth, followed by an inversion zone before reaching the
Moho at depth of about 28 km. Thisz model is suggested to be refined into a more
laminated model which would encompass two major impedance contrasts at the C-
and M-discontinuities, intercalated with minor positive and negative impedance
contrasts. This model would be tectonically compatible with magmatic intrusions
into the lower crust from the upper mantle during an incipient rifting phase in
this region some 20 M.Y. ago associated with a change of the relative movements

between Africa and Eurasia,
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Gecphysical nature of the lower continental crust based on crustal
cross—sectiens

David M. Feuntain (Dept. of Beology and Gecophvysics, Univ. of
Wyoming, Laramie, Wyoming 8Z071) and Matthew H. Salisbury
(Deep Sea Drilling Project, Geclegigal Remsearch Divisien,
Scripps Institution of Oceanography)

Bazed on wvarisuz geolegical and geeophyzical criteria, Fountain
and Salisbury (1981) preoposed that ceoemplete or near-complete
cross—sections of ceontinental crust are exposed in crogenic belts
along crustal-scale thrust faults. Examples of cross-—secticons are
iy Ivrea—Verbano (IV) and Streona-Ceneri zeones in northern Italy: 20
Fikwitonegel belt (FR} and Cross Lake subprovince along the Nelson
Front in Maniteba; 3) Fraser Range (FR) in western Australia; 4)
Musgrave Ramge in central Ausitralia; 3) Wawa terrain and Kapuskasing
zeone (KZ) in central Ontaric. These terrains afford excellent
windows te deep levels of cqntinentai crust providing censiderable
ingight inte the structure, evolution and geeophysical nature of
lower crust.

In general, these cross—sections show that the crust exhibits
vertical metamorphic zonatien with granulite facies assemblages
commenly comprising the deesper levels. This zonaticon is
superimposed on a lithelegically hetercgenecocus crust compossd of
both meta-ignecus and meta-sedimentary rocks, ranging from silicic
to ultramafic zompositions. Some lower crustal sections ares
deminated by silicic gneisses (FEBE!, cthers by mafic gneisses (FRD
and some by both mafic and pelitic composition rocks (IV). Large
bodies <+ anocrthosite and mafic—wltramaftic complexss ar; commonly
tound at deep crustal levels in many cress-sectizsns (IV,PR,EZ.

An example of how the gecphysical nature of the lower crust i=
determinaed by the complexitiss of crustal evelution iz giwven by the

Ivras Zone. an interpretative geclogic history of the zone can be
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summarized as felleows: 1) pre-Caledonian depoesition of sediments in
a large basin; 2 pre—Cale=donian greenschist and amphibelite facies
metamerphism; 3) Caledonian intrusicn of large mafic and ultramafic
bedies inte the base; 4) Caledonian granulite facies metamorphism in
the lower sequence and partial meliting of meta-pelitic gneisses;: 3
iseclinal felding: &) Hercynian formaticn of pest-metamerphic
granites and extrusives at shallow crustal levels; 7) =arly Mesozosic
rifting along low—angle normal faults bringing shallow levels
against deep levals.

The underplating event produced high velocity crust because mafic
intrusions equilibrated in the granulite facies and the resuwlting
meta—-pelitic restites have high velocities. In detail, howesver,
there is compler tegteonic and magmatic intsrlavering of these rock
types which would preoduce strong reflections and prominent
diffractions in reflecticn records. The gecphysical distinction
between the upper and lower crust in this section is enhanced by
low-angle faults, which may alsc be reflectors. Furthermore, Ivraa
Zone deeper crust is less radiegenic tham the upper crust because of
the prevalence of mafic rocks and depleted restites and thus has low
leat producticn. The mafic rocks alse exhibit high magnetic
susceptibilities and form a magnetic lower crustal laver,

These geophysical featurss are a consegquence of SO0 million vears
of crustal svolutian. Qther cross—secticons are o2lder examples of

crust and show very different features, implying they will have

L]

guite different geophy=sical characteristic
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REFLECTIONS FROM THE SUBCRUSTAL LITHCSPHERE?

K. Fuchs
Geophysical Institute, University of Karlsruhe, Hertzstrasse 16,

Karlsruhe, West Germany

Fine structure of the subcrustal lithosphere has been revealed by
deep seismic sounding on loag range refraction profiles. The evidence
for the fine structure includes strong heterogeneities in seismic P~wave
velocities, unusually high velocities, and anisotropy. However, the
refraction seismic data give only gross lateral averages of the
structures, For a better understanding of the tectonic and compositional
implications of these seismic anomalies in the lower lithosphere, seismic
reflection data is required. Prospects for acquiriong such data will be

discussed,
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Fluid Generation in Deep Continental Crust

W. S. Fyfe, Department of Geology,
University of Western Ontario,
London, Canada NSA E5R7

Abstract

Given an unperturbed 30 km continental crust with Moho
temperatures in the 400~500°C temperature range, deep rocks
will be in the high greenschist to amphibolite facies. The
water content of such crust would be near 2% while carbonate
rocks would be stable,

The widespread development of high grade and dry amphi-
bolites and granulites demands an abnormal gradient with
deep temperatures in the range 800-1000°C. Such temperatures
are also required to produce crustal granites. Ultimately
the thickness of continental c¢rust must be limited by
melting.

Extensive retrograde metamorphism of high grade rocks
also requires deep sources of £fluids, some of which appear
to come from mantle sources.

Present knowledge of global tectonics shows that
volatile phases are recycled into the deep mantle by sub-
duction of sediments and cphiclites (for water =1.5 km3 a_l),
Water in subducted lithosphere must return during metamorphism
to eclogite facies and eventually in mantle melts. . Such
rising fluids may cause hydration near the continental

edge (even Moho serpentinization) and decoupling of crust
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and mantle. As mantle magmas are commonly more dense than
continental crust at Moho pressures, magma underplating may
also cause decoupling. Such magmas must degass as they
crystallize and flux crustal melting. Dense underplate
magmas will tend to agsimilate heavy crustal rocks
(basaltic amphibolites, dclomites, etc.), a process which
will also generate fluids_rich in HZO—CO2 and even with
sulfur species. The extensive development of graphite
veins in granulites may result from such gases.

AS recent continental'seismic data show, low angle
thrusts are common in deep continental structure. The
formation of such thrusts requires fluids and the
thickening processes associated with thrusting may lead
to high grade metamorphism or even melting in the under-
plates while retrograde metamorphism may occur in the
overthrust blocks. Retrograde metamorphism_of high grade
regimes may reguire a major thrust event. In thrusts of
the Himalayan type, 4 km3 of fluid per km2 of thrust
surfaces may be common. Such fluids while sz dominated
may contain large amounts of C02. The total evolved
fluid mass associated with the Himalayan event is similar
to that of the ice caps.

As the mechanical properties of rocks are dramatically
influenced by fluids, most regions of fluid production will
be weak and ripe for deformation while retrograde, fluid-

absorbing, zones will be strong. There is potential for
mineralization whenever the flow of km3 fluid volumes is

focussed by major structure.
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COCORP PROFILES OF PRECAMBRIAN CRUST: A QUALITATIVE ASSESSMENT

Allan K. Gibbs

Department of Geological 3ciences, Cornell University, Ithaca,
N.Y. 14853

ABSTRACT

COCORP profiles of several Precambrian terrane boundaries
and crateonic basins show structural features throughout the crust
that are probably of Precambrian age. Similarities between
Archean, Proterozoic, and Phanerozoic structures imply that
tectonic processes might have been qualitatively similar in all
eras. Apparent persistence of Precambrian structures throughout
the crust and into the uppermost mantle in some areas implies
that some continental crust has remained coherent and refractory.

Most of the Precambrian crust that has been profiled can be
classified by seismic characteristics into the £following
categories:

- Lacking coherent reflections or diffractions; seismically
transparent. Found in areas of known dranitoid rocks in
Minnesota and Kansas, anorthosites in the Adirondacks and
Laramie, Wyoming profiles, and some areas of gneiss.

- Well-stratified, relatively continuous reflections;
typically in the upper crust. Typical of cratonic basins with
sedimentary, volcanic, and shallow . intrusive rocks (Texas,
Oklahoma, Kansas, Michigan, and eastern New Mexico). Origin of
well-stratified middle to lower crust 1Is more obscure: those
between about 18 and 26 km beneath the Adirondack anorthosite
might be associated with underthrust sedimentary and volcanic
strata, layered igneous rocks, or rocks with a strong planar
deformation Eabric.

- Relatively continuous, coherent, moderately-dipping
raflection zones associated with known <faults or terrane
boundaries. Reflections might be from faults, associated
cataclastic zones, strata folded into conformity with faults,.or
underthrust continental marginal segquences. Within Precambrian
terrane boundary zones in Minnesota and Wyoming there are groups
of events that extend from the upper to lower crust with migrated
dips of 30 to 50 degrees.

- Complex reflection and diffraction patterns with highly
variable dip, scale, and intensity. Numerous geoclogical causes
may account for these, involving complex deformation of rocks
with contrasting seismic properties in zones of 1intrusion,
diapirism, horizontal compression, etc. Complex patterns are
associated with gneiss terranes in Minnesota and the Adirondacks,
beneath granites in Minnesota and Kansas, and beneath cratonic
basins in Texas and Kansas. In Minnesota the distribution of



32

reflection groups in the gneiss terrane correspond with gravity
and magnetic anomalies: they might be due to mafic lower crustal
rocks brought up to the middle to upper crust by faulting.

~ Events at Moho depths,. In most of the profilss some
events appear to originate from Moho depths. They are typically
weak or barely perceptible, discontinuous, and in many instances
they have moderate dips. 1In several arcas, such as Kansas, the
base of the crust is expressed as a decrease in the abundance of
reflections.

Part of a previously unknown, 7 - 10 km thick, cratonic
basin, profiled in Texas and Oklahoma, was probably formed in an
extensional environment, though extensional structures are not

obvious. In Kansas and Michigan, the axes of rift basins wers
crossed. These are assymetric basins, with rotated sedimentary
and volcanic f£fill. Similar profiles have been found in the

Tertiary Rio Grande rift.

The COCORP evidence of imbricate, moderately-dipping and
deeply-penetrating structures in the Precambrian terrane boundary
zones in Minnesota and Wyoming adds an important depth dimension
to the surface geological interprétations. The structures are
interpreted as fault zones, analogous to those of Phanerozoic
collision orogens. 1In both the Archean and Proterozoic examples,
older continental crust appears to be underthrust beneath younger
granite-greenstone terranes, Concentrations of very weak,
moderately dipping events at Moho depths in Minnesota might be
imbricated by the same fault zones, Comparable features can be
seen in the DSS profiles of India. Younger deformation events
that could have produced such structures are not known: thus the
base of the crust and attached upper mantle must have retained
structures that originated in the Precambrian.

In many areas, Precambrian structures are known tec have been
reactivated in several vyounger episodes; they exert a strong
influence on continental deformation during the Phanerozoic. It
is important to study Precambrian features in the cratonic
regions, which might otherwise appear flat and uninteresting. It
will be useful to extend reflection seismic profiling to fully
cross the widths of Precambrian orogenic belts and extensional
basins. Much more profiling will make it possible to determine
which characteristics are typical of the wvariocus Precambrian
crustal types, and eventually to seek evidence of temporal
changes in crustal geometry. Two important Precambrian crustal
types still await study by reflection seismology: <c¢lassical
granite~greenstone terranes and areas with prominent anorogenic
granitoid cover.
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INTERPRETATION OF THE WICHITA MOUNTAINS STRUCTURAL AXIS

M. Charles Gilbert

Department of Geology

Texas A&M University

College Station, Texas 77843

Background: The Criner Hills-Wichita Mountains-Amarillo Uplift of
the southern U.S5. Midcontinent is a Pennsylvanian structural axis. The
related Hardeman/Hollis Basin, Anadarko Basin, Ardmore Basin, Marietta
Basin, and Arbuckle Mountains, and this axis, approximately outline
the Cambrian Southern Oklahoma Aulacogen. A COCORP Tine crossed this
axis running from the Hardeman Basin (Texas) to the northern flank of
the Anadarko Basin. The Cambrian igneous suite exposed in the Wichita
Mountains is unique in time and offers an opportunity to develop a
petrologic/structural model of the crust for this area which can be
used as a guide in interpreting the seismic data.

Approach: Petrology of the silicic granites/rhyclites and regional
geology together provide a minimum in the number of crustal Tevels which
should be sought. This sort of analysis does not include the possibility
of decollement zones. Generation of silicic partial melts works to
destroy pre-existing stratigraphic horizons while also indicating the
formation of new ones. The bulk composition of silicic melts is assumed
to form on the boundary curve of the Qtz-Ab-Or system for the pressure
of the site of generation.

Possible Crustal Levels: Ten potential levels below the surface

are hypothesized. Some of these may coincide in reality. Levels are

numbered down beginning nearest the surface.
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Level Geologic Relation Possible Seismic Boundary
1 GMLC base -~ Tillman Yes - density contrast
2 Tillman base - Central Okla. Granites ? - change in layering
3 Base Central Okla. Granites ? = change in Tayering
4 Genaration of Wichita Granites/ ? - disrupted zone

Cariton Rhyolites

5 Top of source gabbro for WG/CR Yes - density contrast
6 Base of source gabbro for WG/CR Yes - density contrast
7 Generation of Central Okla. Granites ? - disrupted zone
8 Top of source gabbro for COG Yes - density contrast
9 Base of source gabbro for C0G Yes - density contrast
10 M-discontinuity | Yes - density contrast

Analysis: Level 1 should be 2 to 3 km deep. Level 2 is probably
very close to 1 and may be unresolvable. Level 4 should be about 12
to 15 km (or deeper) and could be above or below 3. There is some seismic
evidence for a change in character around 12 km which may be Level 4
or 5. Depths of Levels 3 and 6-9 are as now only speculative. Level
10 appears to be about 41 km to the south, 46 km to the north and could
have an offset due to development of the Pennsylvanian Frontal Fault

Zone.
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THE _THIRD DIMENSION OF GEOLOGY FROM SEISMIC REFLECTION STUDIES TN CANADA

A.G. Green and M.J. Berry, Division of Seismology and Geomagnetism,
Earth Physics Branch, Energy, Mines and Resources, Ottawa, Canada, K1A 0Y3

Seismic reflection studies of the continental crust have had a long but
sporadic history in Canada. The early papers of Kanasewich, Cumming and
Clowes are generally recognized as being ambng the first to provide convincing
evidence that near-vertical reflections could be recorded from the deep crust
and upper mantle. In the late-1960's their work resulted in the discovery of
a Precambrian rift buried beneath the Phanerozoic sediments of the western
Canada basin. Shortly afterwards, in 1973, Mair and Lyons demonstrated that
Vibroseis was a viable source of probing the crust when they recorded a
relatively continuous reflection at approximately 11 seconds two-way travel
time along a2 20 km profile in the Canadian Cordillera.

After a hiatus in deep seismic studies of all types during the mid-1970's,
the Consortium for Crustal Reconnaissance Using Seismic Techniques (COCRUST)
was formed in order to consolidate funding and pool the limited human
resources and recording/processing capabilities in Canada. Most of the
COCRUST seismic surveys have been of the refraction-wide angle reflection type
recorded along profiles and fan lines, although short multi-coverage
reflection profiles have been recorded at certain critical locations. For
example, 100 km of 4- to 15-fold reflection data have been collected across
the boundary zone between the Superior and Churchill Precambrian structural
provinces. On these data shallow to moderately dipping reflections from a
mid-crustal zone of low seismic velocity and high electrical conductivity have
been interpreted as originating from a buried seduence of hydrated rocks that
were once situated along the ancient continental margin of the Superior
craton. Approximately 300 km to the west of the boundary zone, along the axis
of the North American Central Plaing electrical conductivity anomaly, a
seismic survey with a novel triangular shot-receiver pattern has revealed the
existence of elongated seismic low velocity zones and a coincident change in
crustal thickness.

Perhaps the most successful COCRUST survey to date has been the Vancouver

Island Seismic Project (VISP I). Seismic refraction-wide angle reflection
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data from both onshore and offshore profiles have been interpreted in terms of
a dipping oceanic plate plunging beneath the continental North American

plate. On a short 12-fold reflection profile, recorded onshore near the
western coast of the island, coherent events were recorded from the top and
from within the subducting oceanic plate.

In addition to the COCRUST work, intermediate and deep Vibroseis profiles
have been recorded recently by industry and by a2 joint USGS-EMR group along sz
400 km traverse that extends across the northern Appalachians from the
St. Lawrence River in the province of Quebec to the margin of the Atlantic
Ocean in the state of Maine. Clearly imaged on the industry data recorded
near the St Lawrence River is a series of southeasterly dipping normal faults
that affect, for a distance in excess of 40 km, both the underlying Grenville
Precambrian basement and the cover of platform sediments. The normal faulting
and sedimentation occurred along an evolving Atlantic-type continental margin
during the opening of the Late Precambrian-Early Paleozoic Iapetus Ocean.
Ubiquitous shallow dipping reflections at intermediate depths originate from
large scale faults generated during the closing of the Iapetus Ocean as large
slices of continental rise and island arc material were thrust over the
continental shelf. In the deepest data, recorded along a line that crosses
the Canada-U.S. border, a series of very prominent shallow dipping events has
been traced to two-way travel times of 8 seconds.

With the confirmation of funding for phase I of LITHOPROBE, a program of
mutli-disciplinary studies across key geological targets, Canada has entered a
new and exciting period of deep seismic studies. In May and June of this
year, approximately 200 km of 30-fold Vibroseis data wll be collected across
the subduction zone beneath Vancouver Island (VISP II) and in July an
extensive seismic refraction-wide angle reflection survey and a short 24-fold,
land-based, air gun reflection survey will be conducted across the exposed

lower crustal section of the Kapuskasing Uplift zome (the KUSP I experiment).
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NATURE OF THE LOWER CONTINENTAL CRUST:

EVIDENCE FROM BIRPS WORK ON THE CALEDONIDES

Jeremy Hall

Department of Geology, University of Glasgow, Glasgow Gl2 8QQ Scotland

The Western Isles and North Channel ('WINCH') seismic reflection
profile traverses the metamorphic Caledonides of northern Britain. The
lower crust appears to be more reflective than the crust above or the
mantle below.. The base of the reflective sequence, assumed to be the
base of the crust, can be drawn with confidence over most of the
profile. The top of the reflective sequence can also be picked, but with
greater uncertainty.

Across the Caledenide Dalradian metasediments the profile indicates
an antiformal Moho and a synformal top of the reflective sequence. There
is lictle variation in the gravity field over this feature. In effect
the Moho relief is compensated isostatically by necking of the lower
crustal reflective layer. Modelling this using velocity—density
systematics indicates that the lower crust here must have a density of
around 3150 kg/m3 and a mean P-wave velocity of near 7.5 km/s.

Along strike the same crust has a deep layer of high conductivity.
It is suggested that the lower crust is of basic composition, of variable
metamorphic grade, and containing free water trapped by contraction

during cooling.
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Seismic Reflection Studies by the U.S. Geological Survey
Robert M, Hamilton
U.S. Geological Survey
Reston, Virginia 22092

Abstract

The U.S. Geological Survey (USGS) has used seismic-reflection methods to study
the continental crust in recent years. The areas and geologic features

studied are listed below.

o] Maine and southeastern Quebec - Geologic structure of the northern
Appatachians.
0 Northern New Jersey - Origin of seismicity in relation to the Ramapo

fault zone and structure of the Newark basin.

0 Central Virginia - Geologic structure of the central Appalachians and
the Culpeper basin.

0 Eastern Tennessee and western North Carolina - Geologic structure of the
southern Appalachians.

0 Eastern South Carolina - Regional structure of the Atlantic Coastal
Plain and offshore area to investigate the origin of the Charleston
earthquake of 1386.

0 Central Mississippi Valley - Regional structure of the northern
Mississippi Embayment to investigate the origin of New Madrid
earthquakes of 1811-12 and continuing seismicity.

o Central Utah - Structure of the Wasatch fault zone.

0 Central California - Regional structure of the Coast Ranges, Central

Valley, and Sierra Foothills.
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The seismic profiles in these areas were acquired in a variety of ways,
inctuding purchase of proprietary data, purchase of speculation lines, and
contracting with private companies and universities. In addition, many
profiles were acquired on the Atlantic, Pacific, and Alaskan continental
margins through marine operations by both a USGS ship and contract ships.

Data were processed both by contractors and by USGS staff using systems in
Menlo Park, Calif., and Denver, Colo., and satellite facilities in Woods Hole,
Mass., and Reston, Va. Seismic-refraction studies have been conducted in
support of refiection work in some of the areas by using a set of 100
portable, tape-recording seismographs, which provides additional control on

velocities, particularly at middle and Tower crustal depths.

Seismic-reflection studies in the New Madrid seismic zone have been
particularly successful in determining deep structure. The profiles reveal a
linear, antiform structure, interpreted as a system of intrusive bodies along
the rift axis, which coincides with the major zone of seismicity and lies

within the sandblow area of the 1811-12 earthquakes.

During the next decade, efforts will be focussed on a comprehensive
investigation of the lithosphere in Alaska along the pipeline corridor and in
offshore areas near its ends. The project, dubbed Trans-Alaska Lithosphere
Investigation (TALI), will involve scientists from academia, industry, and
State and Federal governments in a multidisciplinary approach. Compilation of
geologic data and further field work will result in a set of geclogic maps of
the corridor, and selected areas will be mapped in detail. Gravity and
magnetic data will be compiled. Seismic-refraction studies will be conducted
in 1984 in the soputhern part of the corridor. These studies are to prepare

for seismic-reflection profiling along the 1400-<km route in subsequent years.
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Interpretation of Seismic Reflection Data in Complexly Deformed Rocks:
A Geologist's Perspective

HATCHER, Robert D., Jr., Department of Geology, University of
South Carolina, Columbia, SC 29208

Horizontal seismic reflectors have recently been used to speculate
on the existence and continuity of major tectonic features, such as thrust
faults, in crystalline rocks or as boundaries between crystalline basement
and cover sedimentary rocks. A large body of published seismic reflectiom
profiles in areas where structure can be verified using drilling and/or
down-plunge projection supports this interpretation. However, it has re-
cently been shown with the Arizona A-1 hole and elsewhere that prominent,
continuous horizontal reflectors in crystalline rocks do not necessarily
indicate that a major tectonic break is present, or that there is a crystal-
line-sedimentary rock interface present.

Reflections occur where acoustic properties change and the acoustic
energy may be reflected at a convenient angle to be detected on the surface.
Steeply-dipping layers of contrasting acoustic properties are commonly not
detected, although it may be theoretically possible to do so.

The interiors of mountain chains contain a2 complex assemblage of
rocks of low to high metamorphic grade which have markedly different me-
chanical and probably acoustic properties. Opportunities for acoustic
reflection occur at interfaces between rocks of different densities, an~
isotropies or compositions without any tectonic discontinuities being
present. Subhorizontal tectonic discontinuities, e.g., thrust faults,
may provide additional opportunities for reflection of seismic energy
provided there is a difference in character of the rocks on either side
of the discontinuity. Late thrusts in orogenic belts tend to be less de-
formed and, if they juxtapose rocks of contrasting properties, should pro-
vide excellent reflectors, as in the southern Appalachians. However, un-
less verifiable by independent avidence, continuous reflectors in orogenic
terranes may not prove to be tectonic boundaries in every case.
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‘CRUSTAL REFLECTIONS FROM THE LONG ISLAND PLATFORM

OF THE U.S. ATLANTIC CONTINENTAL MARGIN

D.R. Hutchinson, U.S. Geological Survey, Woods Hole, MA 02343
J.A. Grow, U.S. Geological Survey, Denver, CO 80225

K.D. Klitgord, U.S. Geological Survey, Woods Hole, MA 02543

The Long Island platform of the U.S. Atlantic continental marginm is an
offshore segment of continental crust that underwent Late Paleozoic collision
and early Mesozoic rifting between North America and Africa. The platform,
which is adjacent to the Baltimore Canyon trough and the Georges Bank basin,
extends south to the basement hinge zone, which represents a tectonic boundary
associated with crustal thinning, subsidence, thickening of postrift
sedimentary rocks, and the edge of continmental crust. The platform is also
east of the early Paleozocic Appalachian suture zone and south of Paleozolc
eugeosynclinal rocks of Connecticut and Avalon rocks of Rhode Island and
Massachusetts. A grid of thirty six-fold multichannel séismic reflection
profiles contracted by the U.S. Geological Survey (six dip lines and two
gtrike lines spaced 40 to 50 km aéart on the Continental Shelf) provides an
opportunity to map crustal reflecticcs and observe the variability of crustal
reflection events over relatively short lateral distances.

The clearest crustal reflections beneath the wundeformed postrift
sediments occur within buried synrift basins that formed during the early
Mesozolc separation of North America and Africa. Two of the three most
continuous examples of basins are half-grabems bounded by cont¥olling faults
that dip east (Long Island basin) and northwest (Nantucket basin)-.

Reflection events at miderustal depths are numercus and comsist of either
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isolated strong, continuous reflectors or  packages of subparallel
discontinuous events. The 1isolated strong reflectors cannot generally be
traced between lines, and only one set of subparallel events can be correl.at:ed
with any certainty on three lines. This latter set of events forms a wedge
that dips west-northwest from 2 to 7 s two-way travel time south of Block
Island, R.I., and may offset Moho. No obvious subhorizontal decollement can
be traced beneath the platform.

The base of the crust is marked by either a single reflector or several
strong reflectors between 9 and 11 s in depth. In two-way travel time, the
map view of Moho shows an undulating surface that dips south towards the
basement hinge zone. The regional southerly dip can be associated with the
thickening of low-velocity post rift sediments. It is not clear whether the
undulating relief is causéd by true depth variations in the Moho or by

velocity variations in the synrift and crustal rocks.
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REPROCESSING of CRUSTAL SEISMIC REFLECTICN DATA

Roy A. Johnson, William Pierson, Sharon L. Wilson, William P.
Iverson and Scott B. Smithson, Program for Crustal Studies,
Department of Geology and Geophysics, University of Wyoming,
Laramie, Wyoming 82071

Because crustal reflection studies are new and targets are
complex, special processing is necessary to improve data quality
and to provide better understanding at the interpretive stage.
First-pass processing provides seismie sections which are very
useful in evaluation of data aquisition and processing pro-
cedures. fram these data, initial interpretations can be made
and areas that warrant closer investigation should be identified.
Detailed analysis, modeling, and the use of advanced processing
techniques can provide insights crucial to interpretations of
complex seismic reflection data from the crust.

Since field records comprise the basic data, detailed
analysis must begin with these records. Analysis of field
recaords and common midpoint (CMP) gathers helps to determine
static, velocity and mute problems and is useful in identifica-
tion of multiples, sideswipe and reflected refractions. Advanced
processing techniques, which include velocity filtering, median
filtering, signal-to-noise ratio estimation and filtering,
spectral whitening, true amplitude analysis, wavelet processing
and migration, can be used to eliminate coherent noise and
enhance data quality. These techniques alsc provide qualitative
and gquantitative information about geologic features that are
imaged. Modeling, in the absence of deep crustal well control,

provides final constraints on interpretation.
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Advanced analysis of COCORP deep crustal reflection (DCR)
data from the Laramie Mountasins, Wyoming shows that processing
artifacts confuse interpretation of the original data. Subse-
quent reprocessing enhanced data quality and enabled imaging a
near-surface fault zone reflection. With model analysis and S/N
ratio and median filtering, these data constrain the near-surface
dip of Laramide faults at the mountain front te be 36%-45° w.

Identification of multiples in the Wind River, Laramie Range
and other data sets requires caution in interpreting deep events.
True amplitude analysis of Appalachian COCORFP data emphasizes
changes in seismic character and provides qualitative constraints
on reflective geologic terrains. Wavelet processing of Oklahoma
COCORP data gives estimates of reflection coefficients which
argue for the presence of layered metasedimentary and igneosus
rocks within a Proterozeoic basin, Reprocessing, migration and
modeling of deep events from Minnesota COCORP data has possibly
imaged a large recumbent fold. General model studies suggest
that mylonite zones, which probably are common in the upper to
middle crust, can be strong reflectors, and give valuable infor-
mation on structural configurations that can be interpreted from
deep crustal reflection data. Advanced analysis and new pro-
cessing techniques clearly demonstrate that "final sections"

should never be caonsidered final.
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TECTONIC FRAMEWORK OF NARMADA-SON LINEAMENT - A CONTINENTAL
RIFT SYSTEM IN CENTRAL INDIA FROM DEEP SEISMIC SOUNDINGS

K. L. Kaila

National Geophysical Research Institute, Hyderabad 500007, India

Three Deep Seismic Sounding (DSS) profiles about 250 km long each
have been shot by the National Geophysical Research Institute, Hyderabad,
India, across the Narmada-Son lineament, which passes through Broach on
the west coast of India in A NNE-SSW direction cutting across the whole
of central India. These profiles running in the NNW-SSE direction are
(1) Mehmadabad-Billimora, (2) Ujjain-Mahan and (3) Khajuriakalan—
Pulgaon. Interpretation of both shallow refraction aad the deeper
reflection data along these profiles shows that the Narmada River,
outside the Broach depression, flows over a basement ridge feature which
on the eastern part is known as the Malwa Ridge. Narmada River alluvium
(velocity of 3.3 km/sec) in the region of Hoshangabad is only about 300
metres thick forming a surficial half graben with faulting on the
southern margin lying directly over the granitic gneisses (velocity 5.9
km/sec). South of the Narmada River, between Dorwa and Mahan, a large
graben about 200 km in length extending in the WNW-ESE direction and
about 100 km in width filled with Mesozolc sediments, maximum thickness
about 1700 metres (velocity 3.2 km/sec) has been revealed under a thin
Deccan Trap cover about 400 metres thick (velocity 5.0 km/sec). This
graben called here "Tapti graben” may be extending under the Deccan Trap
cover right up to the Anklesvar—Surat area on the west coast of India
where about 1.2 km thick Mesozoic sediments have been revealed under
about 1.1 km thick Deccan Traps. As the Deccan Trap thickness increases
towards the west coast, the deepest part of the Mesozoic sea might have
lain in the Anklesvar-Surat area south of Narmada joining further west
with the Mesozoic basin in Saurashtra. Besides the above mentioned Tapti
graben, quite separated from it lies a small Gondwana graben in the
Multai-Pulgaon region with a maximum Gondwana sedimentary thickness of
about 400 metres (velocity 3.2 km/sec) underlying about 100 metre thick
Deccan Traps. This Gondwana graben most probably is the extension under
Deccan Traps of the exposed Godavari graben in the NW-SW direction from
the east coast of India. North of the Narmada River in the region of
Ujjain-Indore-Khajuriakalan, the Vindhyan Basin has revealed A very thin
combined Vindhyan and Bijawar section, varying in thickness from 200 to
400 metres (velocity 3.7 km/sec) underlying a thin Deccan Trap cover of
about 100 metres thickness. Towards the west, the Broach syncline shows
the absence of Deccan Traps even under the sedimentary cover, which is
therefore presumed to be an uplifted block during the pre-Tertiary
period. It is concluded that the Broach graben was formed during the
Tertiary period only.

Between the Narmada and Tapti River, the Moho shows a big depression
attaining a depth of about 42 km near Dorwa and 39 km near Chhipaner and
Rahatgaon. The Moho is at a depth of 36 km near Sanwer and south of
Sehore. There is an uplift of the Moho near Multai attaining a depth of
34 km. Near Bawanbir the Moho has a depth of 38 km increasing towards
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the northeast in the form of a nose. Near Mahan it has a depth of 38 km
and near Pulgaon 36 km. The interval velocity function along the
Ujjain-Mahan profile and the Mehmadabad-Billimora profile in the Cambay
Basin reveals that the top of the crustal basaltic layer (velocity 6.9
km/sec) lies at a shallow depth of about 10 km., This implies thickening
of the basaltic layer in the crust uader a major portion of the Deccan
Trap covered area. These DSS studies have revealed that the maximum
thickness of Deccan Traps about 1.5 km lies near the west coast of India,
and cne may have to look for the source of Deccan lava flows also in that
region. The crustal thickness along the Mehmadabad-Billimora profile
becomes about 18 km under Billimora in the northern part of the large
Bouguer gravity high extending in the north-south direction from Bombay.
Therefore, it can be inferred that this gravity high is due to large
scale upwarping of the Moho, with a basaltic layer top lying at about 6
km depth. The crustal structure in this vregioa, almost approaching
oceanic type, resulted in extensive lava flow through some rifting and
spreading of lava in all directions.
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INTEGRATED GEOPHYSICAIL STUDY COF THE MIDCCNTINENT GECPHYSICAL
ANOMALY ALONG THE KANSAS COCORP PROFILE

Ralph W. Knapp, Chaturong Somanas, and Harold L. Yarger
Kansas Geological Survey
The University of Kansas
1930 Constant Avenue, Campus West
Lawrence, Kansas 66044

Gravity and magnetic modeling was done on profiles coincident with
the Kansas COCORP seismic reflection profile across the Midcontinent
Geophysical Anomaly (MGA) in northeastern Kansas. The objective of this
study was to integrate all known information from the area including
Precambrian basement rock types from drill measurements, the COCORP
reflection profile, gravity measurements, and aeromagnetic measurements.

The single most striking feature on the COCORP reflection profile is
a thick lavered wedge of west-dipping reflections between VP 1580 and VP
1960 and times 0.9 to 2.8 seconds. The distinct layering of the reflec-~
tions and the results of the magnetic modeling clearly suggests that
this wedge is composed of basalt or kasalt interbedded with clastic
sediments. At about 0.9 seconds the reflections are truncated uncon-
formably by a guiet zone of reflection energy which is interpreted as
being Precambrian g¢lastic Rice Formation. This interpretation is also
supported by gravity modeling.

To the east and west of the basalt wedge, apparently separated from
the basalts by normal faulting, are thick bodies with guiet reflection
characteristics. Gravity data require that these bodies be low~density
Rice Formation clastics to account for flanking lows of the cbserved
gravity ancmaly. The positive gravity anomaly is accounted for with a
massive mafic intrusive beneath the basalt wedge and a minor contribu-
tion by the basalt. The seismic evidence for this intrusive is an
interruption of chactic reflection energy within the lower crust at
about & seconds.

To the east of the MGA maximum at about VP 1465 is a small positive
magnetic anomaly. Reprocessing of the COCORP reflection data about this
area has revealed a possible near vertical mafic dike. Palecpole stu-
dies suggest it to be younger in age than the flows of the central
basaltic rift basis. That this dike crosscuts the Rice Formation fur-
ther substantiates its relatively young age.
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RIFT~RELATED SEISMIC REFLECTION SEQUENCES THROUGH THE WILSON CYCLE:
IMPLICATIONS FOR THE RECOGNITION OF CONTINENTAL AND OCEANIC

BASEMENT BENERTH PASSIVE MARGINS AND COLLISIONAL MOUNTAIN BELTS

by Robert J. Lillie
Department of Geology
Oregon State University

Corvallis, Gregon S7331

A growing body of deep seismic reflection profiles across the
Appalachian/Guachita orogenic belt reveals subthrust structures
which have been previously interpreted as products of continental
rifting, of later thrusting, or of some combination of rifting and
thrusting. These interpretations are evaluated through a comparison
0f the reflection data from the orogenic beit to reflection proiiles
acress modern extensionai and compressional settings.

The comparisons suggest that dipping sequences cbserved benesath
underthrusted shelf strata in the A&ppalachian foreland may represent
strata deposited between tilted fault blocks, analogous to Mesozoic
half-grabens observed beneath post-rift strata on the modern Atlantic
margin of the United States. On the basis of ithe geomeiry of these
dipping refiection sequences, it is possible to distinguish late
Precambrian rifting normal faults from normal faults related %o
Paleozoic thrust emplacement.

Beneath more interior portions of the scuthern Appalachians
and Juachitas, ssaward-dipping refiecticn sequences oCCur along

a2 prop:inent {(positive seaward! Bouguer gravity gradient. Th

by

grayily
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gradient has in a general sense been related to the seaward extent

of (late Precambrian’ North American continental basement. Previous
interpretations suggest that the seaward-dipping sagquences are structural
in origin, perhaps due to! a) stacking sedimentary strata and basenment
against the edge of continental crust as a series of imbricate thrusts:
or b? a lithosphere penetrating "root zone" representing not the

actual, but the truncated edge of continental crust. The comparisons

in this study suggest an alternative interpretation, in that the
seaward-dipping sequences are similar in seismic appearance to that

of wedge-shaped sequences commonly observed in the narrow zone separating
continental from ocesanic basement on many modern passive margins.

The implication of this new interpretation is that the actual contin-
ent/ocean boundary related to the earlier rifted margin of North

America may be preserved on the lower thrust plate beneath interior

portions of the Appalachians and Cuachitas.
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AN EXPANDING SPREAD EXPERIMENT DURING COCORP FIELD OPERATION IN UTAH
Char-Shine Liu, Tian~Fei Zhu, Harlow Farmer, and Larry Brown

Department of Geological Sciences, Cornell University, Ithaca, NY 14853

COCORP expanding spread profile (ESP) data collected in the Sevier
Desert, west-central Utah, provide a good opportunity to evaluate the
logistic and scientific merits of improving velocity estimates through
increésing shot-receiver offset. The ESP experiment was designed as a
feasibility test of employing unmodified COCORP reflection profiling
equipment to collect a longer than normal range of seismic reflection data. A
maximum offset of 32 km was attained. Various processing techniques such as
frequency filtering, pulse-deconvolution, velocity filtering, trace editing,
etc. were applied to improve the signal-to-noise ratio. Assuming no
horizontal velocity variation, two different approaches were used to extract
vertical veloeity changes from five distinet reflection events. The first
approach is the classical 7232 method, i.e. the stacking velocity for each
travel time curve was derived from linear least-squares fits to TZ—X2 data.
By increasing the offset to more than three times the maximum offset distance
of the normal COCORP reflection survey, theoretically (Al-Chalabi, 1974) the
standard deviation of the stacking velocity derived from ESP data should be
15 times smaller than that determined from normal reflection profile geometry
for the deepest event (at 1l1.2 sec two-way vertical incidence time). However,
as offset increases, traveltimes deviate further from the hyperbolic
trajectory assuamption and the difference between stacking and BMS velocity
also increases. In order to obtain a more accurate interval veloéity, we have

usaed Al=Chalabi's method (1974) to remove the bias between
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the stacking velocity and the RMS velocity. Interval velocities were then
caleulated from the RMS velocities using Dix's equatioun. The second approach
is a travel-time inversion technique. The velocity structure was determined
from travel time data by constrained linear least-squares inversion using a
2-D finite element model. The velocity structures derived from these two
independent approaches are very similar. Both results indicate that the
Sevier Desart Detachment lies at about 5 km in depth, and the depth of Moho
is about 30 km.

This expanding spread experiment indicates that medium-range ESP data
can be collected by present COCORP equipment with modest effort and minor
interruption of the normal production work. The wider range of offset
available in an ESP can improve the accuracy of velocities estimated from
reflections. However, it must be remembered that inversion of ESP data in the
presence of horizontal structure in the crust can be complicated to the point
of degrading the usefulnress of resulting velocity estimates. Furthermore, the
usefulness of an ESP depends strongly on its location and the nature of the
geological problems involved. Therefore it should be designed after initial
profiling. In reconnaissance work, ESP data are probably best collected along

selected crosslines parallel to strike, insofar as it can be determined,
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CRUSTAL  THICKNESS AND VELOCITY STRUCTURE 1IN THE  SOUTHERN
APPALACHIANS
LONG, Leland Timothy and Jeih-San Liow, School of Geophysical

Sciences, Georgia Institute of Technology, Atlanta, GA 30332

The southern Appalachians, including the Great Smoky Mountains,
are the largest mountain mass in the eastern United States. The
extent of their topographic load and associated isostatic compen-
sation is an essential ingredient in understanding the tectonics
of their implacement, as well as their role in contemporary
intraplate seismicity and tectonics. The COCORP Appalachian
transverse 1in eastern Tennessee remarkably shows relatively
1ittle verticle distortion in the thrust plane. 0On the ofher
hand, estimates of crustal thickness from gravity and seismic
refraction studies imply significant topographic relief at the
base of the crust. Refraction lines parallel to the Appalachians
give a velocity of 6.13 Km/sec with no indication of a
significant 6.7 km/sec deeper layer. This observation is in
contrast to refraction data to the west of the Appalachian
Mountains which show distinct areas of 6.7 km/sec crustal
velocities. The total thickness of the crust varies from 30 km
in west-central Alabama to greater than 55 km under the Smoky

Mountains.
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Deep Reflection from the Caledonides and Variscidés west of Britain and
comparison with the Himalayas

D H Matthews, Cambridge University, Dept Earth Sciences, Bullard Laboratories,
Madingley R4, Cambridge CB3 0EZ

BIRPS - British Institutions Reflecticn Profiling Syndicate - works
on the wide continental shelf around Britain, using seismic contracting and
processing companies., We spend about half a million dollars per year and
have support from Sheil UK who have done all the migration so far. All our
data is released within a year of acquisiticn. Since starting in 1981
we have acgquired 3000 kms of data, almost all west of Britain, along lines

Terpendicularly T
which crosskpaledonian {c550-400MY) and Variscan (c360-300MY) continental
collision structures. In 1984 we are working in the northern
North Sea. On land in Britain, the Geological Survey have shot c¢l60 km
using vibrators,

Experience from MOIST, WINCH and SWAT lines, interpreted in the light
of geological mapping, drilling and refraction data, enables us to sketch
a typical record. This shows a sedimentary basin down to 2 or 3 seccnds
and containing mesozoic and tertiary rocks, and an apparently layered lower
crust extending from about 6 seconds (about 20 km) down to the Moho at
about 10 secs (about 30 km). We have traced major Caledonian thrusts down
from the surface to their termination in the layered lower crust, and major
sub-crustal dipping reflectors which extend from the lower crust down towards
the base of our sections at 15 seconds two-way time. All the thrusts that
we have seen cutting the crystalline basement have been reactivated as normal
faults during the stretching events associated with the opening of the Atlantic
and have sedimentary basins in their hanging walls. In the scuth, subsequent
compression has folded these basins. Despite all these ancient fault movements,
the reflection time to the Moho remains essentially censtant, which has
implications for velocity/density relations in crustal rocks. To leok at

the effects of present day continental collision one must go to the Himalayas,
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where French-Chinese work has recently suggested imbrication, by thrusting,
of the two brittle layers in the lithosphere: one in the upper crust, the
other in the uppermcst mantle. This is just where BIRPS has imaged thrusts.
We plan to profile across continental collision zones elsewhere in
the world. We are working on two major problems, how can we measure
velocities at sea with resolution comparable to that with which we can
obtain the structure, and by what guirk of phvsics do we cbtain reflections
from faults that cut high grade metamorphics? Both problems demand amplitude

modelling techniques.
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SEISMIC CONSTRAINTS ON THE CONTINUATION AND THE NATURE OF THE SNAKE

RANGE DECOLLEMENT BENEATH SPRING VALLEY, NEVADA

MCCARTHY, J.; Geoclogy Department, Stanford University, Stanford, CA. 84305

Tha Northern Snake Range Decollement {(NSRD) in eastern Nevada represents an extremely
sharp break between brittlely and ductilely deformed rocks in the Northern Snake Range.
Within most of the Snake Range, the NSRD is subhorizontal and outcrops along the top of the
Lower Cambrian Pioche Shale. In the westernmost exposures, however, the NSRD bends
abruptly and dips 20-30° westward beneath Spring Valley. In this area, lower plate strain
diminishes rapidly, the NSRD cuts down section to the west, and the decoliement is offset by
several small normal faults. 20 km to the west, in the Schell Creek Range, normal faulting
has also resulted in significant extension, but no ductile deformation has been observed.
Lower Cambrian and Precambrian units, which reside in the lower plate of the Snake Range,
are brittlely faulted in the Schell Creek Range and there is no sign of the westward con-
tinuation of the NSRD.

A 128-fold sign bit seismic line, shot across Spring Valley between the Snake and
Schell Creek Ranges, clarifies the structural relationship between these two adjacent moun-
tain ranges. On the eastern portion of the seismic line a poorly imaged reflector, dipping
~25% can be traced from the surface outcrop of the NSRD, westward. This reflector is
offset by several 50-60° dipping normal faults before dying out beneath the deepest por-
tion of the basin, Thus the seismic continuation of the NSRD cannot be traced beneath the
eastermn flank of the Schell Creek Range, implying that extension is being carried on at
deeper structural levels. A deeper, and more steeply dipping (35°) band of reflectors also
extands from shallow depths beneath the western flank of the Snake Range westward to
depths of ~185 km. This highiy reflective band may represent a stepping down of the
deccliement to deeper structural levels.

A highly reflective zone of mid-crustal reflectors is prominent beneath much of Spring
Valley. This zone is subhorizontal and begins at ~15 km depth. The strdng mid-crustal
reflectivity presumably corresponds to the the location of the present day brittle-ductile
transition beneath the basin.

Gravity modeling, rock velocity calculations, and migration and depth conversion of
the seismic reflection profile are all presently underway and should provide addition con-
straints on this preliminary interpretation of the structure and the nature of the NSRD

beneath Spring Valiey.
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DEEP REFLECTION SEISMIC
STUDY ON THE EAST-~WEST
ANTARCTIC BOUNDARY

.. D. McGinnis and R, H., Bowen

One hundred kilometers of 24 channel seismic reflection
profiling in McMurdo Sound indicates layered reflectors that
dip steeply away from the coast. Layered reflectors are
thought to be equivalents of Paleozoic metagraywackes and
marbles outcropping in the dry valleys. Flat-lying, large
amplitude reflectors at seven to eight seconds, two-way travel
time, lie below the dipping reflectors and are thought to
represent the Moho. Assuming a mean velocity of 5.9 km/s to
reflectors at 7 seconds, as obtained from refraction data in
the Sound, a depth of 20.7 km is determined for the shallowest
flat-lying reflector. A depth of about 2] km to Moho suggests
that the Sound is thinned relative to all other areas in
Antarctica. A thinned crust, high heat flow, active volca-
nism, and listric faulting suggest that the east-facing
Transantarctic Mountains are in the process of rifting.
Whether or not this suggests the Ross Embayment segment of
Antarctica is the next likely candidate of the original
Gondwanaland to drift northward is a question open to specu-
lation. Until further information is obtained on the rheology
of the asthenosphere beneath the Ross Embayment, it cannot be
ascertained whether the McMurdo Sound Rift will reach full
maturity or if thermal excesses will be dissipated with the
rifting phase becoming incipient.
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THE CONTINENTAL CRUST IN CENTRAL EUROPE AS BASED ON DATA

FROM REFLECTION SEISMOLOGY
R. Meissner

Institut flir Geophysik der Universit&t Kiel

B-2300 Kiel

At present data sets from seven steep-angle reflection pro-
files in the Variscides of Central Europe are available
while the first (preliminary) data from the French ICORS

and the German DEKORP-project are still in the processing
stage. Besides some CDP-investigations and the usual re-
flection profiling with a 6 tc 8 fold coverage alsc some
especially long spreads of up: to 23 km were tested during

a velocity investigation of a geothermal area. SO far, ex-
plosives were used for our studies in order to provide the
additional collection of wide-angle data by means of portable
refraction stations. Zones of positive velocity gradients in
the uppermost 8 to 10 km, at the base of the crust, and in
the uppermost mantle were reveiled by the wide—anglé obser-
vations. Steep-angle reflection surveys, on the other hand,
were concentrated on geologically outstanding structures.
They provided a much better resolution of the structure of
the crust and - by using appropriate spread lengths - could
also map the parameter velocity better than the DSS-surveys

could do (certainly no surprise to exploration geophysicits).
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In addition to fine structure and velocity a special investi-
gation of the refleéctivity of the Variscan crust was carried
out and compared with data from COCORP and BIRPS. Although
different seismic sources were used fér these investigations
a.systematic change of reflectivity from the old shield areas
to the younger, thinner and more differentiated crusts of
"Caledonia"and Variscan origin can be observed. Two mechanisms
are suggested for the highly differentiated and thin Variscan
crust: An interstacking of shallow continental platelets con-
sisting mainly of material of the upper crust with a strong |
crustal shortening during the compressional phases, and

a strong thermal event which produced melting of the lower
part of the crust creating light, low-velocity, granitic-
rhyolitic melt and a ultramafic residue. While the upper cr st
with its low velocity and with vertically dominated intrusions
is thickened, the ultramafic residues become part of the upper-
most mantle, hereby reducing the total crustal thickness.

The final outcome of the Variscan (and Caledonian) orogeny

is a thin and strongly differentiated crust with a strong re-
flectivdiy concentrated on the lower crust in a zone of
strongest velocity gradients (or Jjumps). In contrast to the
reflectophile horizontally stratified and low viscous lower
crust the upper reflectophobe crust is dominated by vertically

oriented intrusions in & hihgly-viscous surrounding.
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The Results of a Wide Angle Reflection Survey Across the QOttawa-
Bonnechere Graben: Evidenee for an Inactive Rift in the Precambrian.

R.F. Mereu, Department of Geophysics, University of Western Ontario
London, Cntario, Canada, N6A 5SB7.

Dapeng Wang, Department of Geophysics University of Western Ontario
London, Ontario, Canada, N&4 5B7.

0. Kuhn, Department of Geophysics ,University of Western Ontario,
London, Ontario, Canada, NE& SB7.

During the summer of 1982 the Canadian Consortium for Crustal
Reconnaissance using Seismic Techniques (COCRUST) conducted a major
long range seismic refraction and wide angle reflection experinent
acroas the Grenville Province of the Canadian Shield. Three seismic
lines each approximately 300 km in length were located (i) along
the Ottawa-Bonnechere Graben, (ii) perpendicular to the Graben and
(iii) perpendicular to the Grenville Front. The latter two lines ran
from Marmora ,Ontario to Val D’Or in Quebec. Geclogical evidence
indicates that the Graben may have originated from a failed arm
of the St. Laurence rift system, and the Grenville Front marks the
boundary between the Grenville Province and the much oclder Superior
Province. Other geological subdivisions of the Grenville province
wvhich were traversed by the profiles are the Central Netasedimentary
Belt, the Ontario Gneiss zone and the Quebec Gneiss zone. The region
between the Graben and Grenville Front is also marked as an area of
high seismicity. The analysis of the data involved the use of
conventional-travel time analyais coupled with the use of aynthetic

seismogranm analysis using programs which were written to handle

lateral heterogeneous structures with lateral gradients.
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The results showed that the upper crust Just north of the Grabea
is characterized by a wedge low velocity material (6.0 to 6.3 kn/s)
a few km in thickness. This is in sharp contrast to very high
velocity material (6.4 to 6.5 ka/s) across the Central Netasedisentary
belt south of the Graben. Little evidence was found for any significant
intermediate discontinuity such as the CONRAD. Wide angle reflection
observations from the Moho indicate that the Moho is very disturbed
and poorly defined along the length of the Graben. Thers is véry
strong evidence for a rise in high velocity material at the base
of the Graben which gives added support to the theory that the
Graben is a rift-like structure. The Moho is very well defined as
& sharp discontinuity both to the north and south of the Graben.
There is very strong evidence for a significant thickening of the
crust of approximately 3 km directly beneath the Grenville Front.
This gives added support to the geological theories that the Front
is a major tectonic feature which may have had its origin in a
continent-continent type ccllision. The wide angle reflection data
also indicates that the boundary between the Central Metasedimentary

Belt and Ontaric Geiss zone hag a deep-seated expression on the Mohao.
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Ce Morelli
DEEP CRUSTAL KNOWLEDGE IN ITALY

From 1956 to 1982 extended DSS surveys have
been performed in Italy under the auspices of the Consiglio
Nazionale delle Ricerche and of the European Seismological
Commission (IASPEI). They were on quite different tectonic
domains, both on land and sea (orogens : Alps and Apenni=
nesi island arcs: Tuscany, Calabria; thick sedimentary ba-
sins : Po Plain, peri-Apenninic basins; rifting: Sicily
Channel; paleo=-rifting: Ligurian sea, Sardiniaj oceanic
crust: Tyrrhenian sea)., In particular, the Apenninic domain
is the area where geology discovered in the years'30 that
overthrusts are the dominant feature (the terms ''olistostro
me' and "olistolith' have their origin here).

The main results are :

- different crustal typologies (both on the continental and
in the oceanic domains);

- crustal doubling all around the Adriatic microplate;

- extended Moho faulting along the axis of the Apennines,
from the Po Plain to Calabriaj

- deep vertical Moho fault in the Larderello geothermal area
(~ 10 kms throw).

A deep reflection program is in preparatione.
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CONTINENTAL REFLECTION PROFILING IN AUSTRALIA

E J MOSS AND S P MATHUR

Bureau of Mineral Rescurces, Geology & Geophysics, Canberra, ACT, Austcralia

The Bureau of Mineral Resources (BMR) has conducted experiments to record deep

seismic reflectioms in Australia since 1957, Prior to 1976 the deep reflection data

was obtained mainly by extending the recording time on a few analogue records Ffrom
sedimentary basin surveys. In the late 1960s more comprehensive deep reflection
investigations were made in the Precambrian Willyama Block and Palaeozoic Tasman Geosyncline
in southeastern Australia, in the Amadeus Basin in central Australia and in che Archaean
Shield in southwestern Australia.

After the introductiom of digital recording and processing techniques in 1976 a
number of single and 6 fold CDP profiles up to 15 km long were recorded at several
sites in eastern and northern Australia. Since 1980 efforts to recorddeep reflections
have increased significantly with over 1400 km of 6 fold CDP recordings to 20 s
having been made along a number of long traverses crossing the main structural
elements of the central Eromangs Basin in eastern Australia.

Fair-to-good quality reflections were recorded on the early analogue records,
mainly between 8-13 s reflection time. Numerous events were gemerally recorded
on each record; these have varying and conflicting dips making it difficule to
determine which events should be correlated with the Moho and discentinuities within
the crust. However, analysis of the reflection data together with large-scale
refraction and regicnal gravity information, provided evidence of a major mid-crustal
discontinuity over much of Australia; this horizon shows greater depth variationms than
the Moho. 1In addirion the early recordings have provided a preview of che quality of
the data which may be expecred throughout Australia from mere comprehensive surveys.

Reflection segments are seen to have variable strength, continuity, dip and
spatial distribution on the short continuous profiles. although these profiles are

generally too short to provide derailed information on horizontal variations in deep

crustal scructure significant differences can be seen in the charascreristics of deep

reflections receorded in Phanerozoi¢ and Precambrizn domains; chese are not readily
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seen on the early analogue records. The Phanerozoic crust is up to 43 km thick,
equivalent to a reflection time of up to 13 s, with high amplitude, coherent, raflection
segmencs up to 3 km long concentrated in distinct bands in a time range of 1 zo

%.5 s in the lower crust. The Precambrian crust is about 50 km thick, corresponding

to a reflection time of about 16 s, with low amplitude reflection segments up te 1 km
long generaily even ly dispersed throughout the deep crusc.

Crustal reflection sections obtained from the long traverses in the central
Eromanga Basin area ¢an be divided into four main zomes. The zone between 0 = 2.5 s
shows fairly uniform, coherent and continuous events associared with the Mesozoic and
late Palaeozoic sequences. The zone from 2.5 = 8 s, corresponding to depths from
about 4 ~ 22 km, shows no primary reflecéions" This zone contains highly deformed
rocks of the Early Palaeozoic Thomson Orogen. 1In cuntraét, a deep crustal zone of
numerous prominent reflection segments between 8 - 12.5 s is interpreted to contain
thin laminae of alternating low and high velocicy, intermediate and basic, rocks
correlating with the lower crust defined by refraction velocity discontinuities. The
zone below 12.5 s is reflection-free and is interpreted to correspond to the
seismically - homogenecus upper mantle.

An Australizn Continental Reflection Profiling Program (ACORP) has now been
initiaced in which governments, academic institutions and induscry will co-operate on
surveys involving approximately 1000 km of deep reflection profiling each year The
AGORP work will be the focus of a major program of Lithosphere Transect Studies of
the Australian Continent (LIISAC) over the boundaries of major tectonic previnces and
structures within these provinces which are relevant to metaliogensis or petroleum
occurrences. Supporting studies will be made in scratigraphy, structure, petrology,
geochemistry, seismic refraction, magnetotellurics, gravimetry, heat flow and
palaeomagnetism.

The BMR will play a major role in the ACORP program. It will be mainly responsible
for the seismic data acquisition and a new large-scale seismic data processing centre
being set-up af the BMR will be zvailable for processing the ACORP data and for
associated research. The BMR will record a deep reflection profile in 1984, extending
a cencral Zromangz Basin line to the coast in eastern Auscralia: the combined length

of this profile will be 1200 km - the longest im Australia.
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LONG-RANGE SEISMIC REFRACTION PROFILES IN EUROPE

Stephan Mueller
Institute of Geophysics, ETH-H&nggerberg
CH-8093 Zirich, Switzerland

Long-range seismic explosion observations have provided the means to elucidate
fine details of the velocity-depth structure in the uppermost part of the
mantle. There are now several profiles available in Europe, each about 1000 km
in length with station spacings of 4 to 10 km. One long-range profile tra-
versing the Baltic Shield was nearly 2000 km long. Good crustal control along
all the profiles made it possible to resclve even minor changes in structures

at depth.

A very consistent pattern of consecutive travel-time branches was found for
all the profiles. It consists of 3 to 4 separate pairs of prograde and retro-
grade phases which can be correlated in addition to the P, - PyP system. aAn
iterative inversion scheme was used to deduce a velocity-depth structure

compatible with the observed travel times and amplitudes.

The lower lithosphere down to a depth of 140 km consists of four alternating
high- and low-velocity layers with pronounced contrasts in velocity and
strongly varying layer thicknesses. At depths below 140 km the velocity
structure becomes much smocother. The top of the mantle transition zone under
Scandinavia was found at a depth of 440 km, with an average P-velocity of
8.75 km/s in the depth range from 140 to 440 km. Only two less extended high-
velocity zones (with a maximum velocity of 9.1 km/s}) could be identified in
that depth range. The presently available data do not zllow to delineate

structural features of less than about 5 km in thickness,
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Reflection profiling of the lower crust in the Basin and Range:

Dixie Valley, Nevada

David A. Okaya

Department of Geophysics
Stanford University
Stanford, California 34305

Seismic profiling of the lower crust has primarily been achieved by deep seismic pro-
grams such as COCORP. However, given certain source conditions, shallow industry data
may. be converted to image the lower crust. Recorrelation .of unstacked field records to
longer travel-times Is possible provided 1) a Vibroseis* source was used; 2) the sweep was
composed from low to high frequencies (upsweep); and 3) the original uncorrelated field
records are available for reprocessing. Recorrelation may be performed using a sweep of
fixed frequency bandwidth or a “seif-truncating” sweep whose frequency content dimin-

ishes with time.

Twenty-two kilometers of seismic data In Dixie Valley, Nevada were coliected using a
linear 12-second, 12-65 Hz Vibroseis upsweep and a 16-second recording period, resulting
in profiles of four seconds duration. Recorrelation to 12 seconds is accomplished using a
"self-truncating” sweep. The upper bandwidth frequency ranges from 65 Hz at 4 seconds

to 30 Hz at 12 seconds.

Conventional CDP stacking of the recorrelated data reveals many short, sub-horizontal
reflections present in the intermediate to deep crust. Presence of reflected energy in the
fieid records suggests the stacked reflections are real. The presence and orientation of the
sub-horizontal reflections may be explained by lower crustal compositional layering, lamina-

tion plastering, igneous intrusion, in conjunction with lower crustal stretching.

Strong Mohao reflections are not visible, but an abrupt termination of the sub~horizontal

reflections occurs at approximately ten seconds, suggestive of the transition from the base

*Registered trademark of CONOCO, Inc.
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of the crust to the upper mantle. Strong laterally continuous reflections indicative of low-
angle detachment zones are not present in the intermediate crust. Structural models for
Dixie Valley based on the seismic profiles and other geophysical information require detach-

ment zones, if present, to be located below the seismogenic crust.
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A Global Perspective on Seismic Reflection
Profiling of the Continental Crust

by Jack Oliver
Department of Geological Sciences
Cornell University
Ithaca, NY 14853

Only during the last few hundred years have humans begun to explore
and comprehend the earth in a global sense. Geographical, and then
geological, exploration of the earth's surface was first carried out.
Next, attention was focused on the interior. Of the subsurface, only the
sedimentary basins and the ocean basins have been intensively explorad to
date. The next frontier is self-evident. Now it is the time in history
for thorough exploration of the entire continental crust.

The seismic reflection profiling technique, developed by industry for
petroleum exploration, will almost certainly be the principal tool for
probing the deep continental basement. It has already been clearly
demonstrated by studies in many countries that this method will be
productive of basic information and important discoveries. One can safely
anticipate an era in which the deep crustal features of all continents are
discovered, mapped, named, studied, understood, and made familiar to all
earth scientists, as has happened for features of the deep sea floor
within the past few decades. As they have for earlier phases, major
practical benefits are certain to accompany and follow this phase of earth
exploration.

Earth scientists working in this field have both the opportunity to
participate in exploration of this great frontier, and the respoﬁsibility
to carry out this exploration effectively and expeditiously so as to

provide prompt and optimum benefit for society.
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Some possible goals for this branch of science in¢lude:

l. A compréhensive reconnaissance of major crustal features by
surveying grids of seismic reflection profiles spanning all
continents.

7. Detailed three-dimensional studies of selected features found
during reconnaissance and deemed of critical importance.

3. Further development of seismic techniques to provide optimum
and economical means for study of the features of the
continental basement and the underlying mantle.

4. Development of effective means of communication through
exchange of data, publication, and meetings involving
scientists of the many disciplines bearing on deep crustal
phenomena.

5. Development of modes of cooperation for sharing facilities and
expenses among countries so that a truly global survey can be

accomplished.
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PRECAMBRIAN CRUSTAL STRUCTURE OF THE NORTHERN BALTIC SHIELD FROM THE
FENNOLORA PROFILE: EVIDENCE FOR UPPER CRUSTAL ANISOTROPIC LAMINATIONS

KENNETH H. OLSEN, Earth and Space Sciences Division, MS C335,
Los Alamos National Laboratory, Los Alamos, NM 87545, USA
CARL-ERIK LUND, Institute of Solid Earth Physics,

University of Uppsala, $-75122, Uppsala, Sweden

Because Archean heat flow was 2 to 4 times its present value, the rates
and style of crustal evolution and global tectonic mechanisms during the
Archean and Proterozoic ({3900-600 Ma) were probably quite different than
those familiar from Phanerozoic plate tectonics. In particular, the lateral
scales and depths of convection and lithospheric subduction elements may
have been smaller than contemporary analogs. Structures preserved in the
upper and midcrustal levels of the cratonic area of the northern Baltic
shield may therefore be very useful in formu1at1‘n§ more detailed models of
Precambrian lithospheric tectonics.

The northern part of the NNE-SSW-trending FENNOLORA profile traverses
Precambrian basement complexes ranging in age from 1800-2800 Ma, which are
adjacent to the 3600 Ma Keola nucleus., We are using reflectivity method
_synthetic seismogram modeling to assist interpretation of a 700-km-long
segment of the FENNOLORA 1line running from Northcape, across portions of
Norway, Finland, and Sweden, to about the Arctic circle in the south. Our
Finnish coileagues have also provided, for comparison, a record section
approximately perpendicular to FENNOLORA running southeastward for ~300 km
across Finnish Lappland (FINLAP). Relatively close and uniform spacing

(3.5 km) of FENNOLORA station records reveals an en echelon pattern of
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P-wave first arrivals with apparent velocities between 6.0 and 6.8 km s.
The en echelon pattern is observable in both north- and south-trending
directions from shot point G. This suggests a fine structure of the upper
crust to depths ~20 km consisting of several (3 to 6) alternating high- and
low-velocity layers, each about 1 or 2 km thick. On the other hand, the
en echelon pattern cannot be clearly seen on the perpendicular FINLAP
profile from shotpoint G, which implies some of the Jlaminations are
anisotropic with the high speed axis trending approximately north-south.
One speculative interpretation is that the anisotropic layers are basaltic
fragments of Archean or Proterozoic oceanic crust that were “stranded"

beneath thin sialic crust by very shallow angle subduction zones.
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A corelianal A rahitecture in the Continental Crust

: | \
Robert A. Phinney Kakir Roy-Chowdhury! Jarnes H. Leven

D epartment of Geological and Geophysicel Sclences Prineston University

Seismic reflection sections from the Long Idand Platform, from the Eromenga Basin,
Ausiralia, from the western M ojave Desert, from two COCORP A ppelachian lines, and from
the Newark Basin provide a variety of good examples of continental crustal architechire assem-
bled from large tectonic packages. The Long Island data, taken in a marine survey, establish a
structire for the center of the southern New England sector of the Appelachian orogen,
formed by successive accretional and relaxetional episodes between 450 and 240mybp. We
identify a consistenfly layered near-horizontal complex ('Layered Moho Complex'- LMC)
which appears at 10.5sec (ca 33km), with a thidmess of 0.3 to 2.0 sec, corresponding in some
way to the conventional Moho. The bulk of the superjacent continental crust is seen to be
composed of large tecionic packeges identifiable by the continuvity of their strong intemal
seismic layering. The boundaries between these elongate rhomboid padkeges are interpreted as
detachment. zones which may have undergone large displeacernent; the detachments dip gen-
erally at low angles, ranging from horizontal to as rmuch as 50°. Tensional basins in the top of
the baserment are formed on faults which continue at depth into these tectonic boundaries.

We propose this section as a paradigm for the architechare of continental crust formed by
lateral accretion in a plate tectonic setting, The interpretation is substantially assisted by corre-
lefion with the adjacent onshore geology of southermn New England W e identify the internal
packages as domains accreted to the crust during periods of compression. The LMC is, in our
mtsxp'etahon. a fossil detachment zone at the top of a subducting slab, and breaks in the LM C
are discontinuities between different dabs. The effects of relaxationl or tensional episodes are
identified by the reactivation and flattening of package boundaries. Large upper crustal domains
showing weak or no reflections at all are interpreted as steeply folded supracrustal packages of
sedimentary and volcenic origin.

The other lines which we disoxss are land lines, with somewhat lower signal hoise ratio
then the Long Isand merine data Using the above Paradigm, we suggest interpretations of
mgjor borizontal layering and dusters of dipping events which are cormmonly found in land-

1. Visiting from N ztional G ecphysicel Research Institite, Hyderabad, India
2. Visiting from Burea of M ineral Resources, Canberra, A ustratia
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besed deep reflection profiles. The COCORP sections in New England and Georgia both cross
the transition between North A mericen Precarnbrian basement and the sccreted core of the
Appelachian crogen. In both cases, the accreted core shows the signafures of large dipping
tectonic padkages, which are truncated by the LM C. These lines show, with lower signal qual-
ity, the same features which characterize the Long Isiand trensect of the A ppalachian orogen.
A USGS land line across the Newark Basin in central New Jersey shows cleardy that the Pre-
cambrian basement throughout this area beloﬁgs to a single tectonic package characterized by
esstward dipping (45°) disocations We claim thet the structural history of the Paleozoic and
M esozoic supracrustel sequences in this area is largely the result of reactivation, both in
cormpression and extension, of these besernent dislocations. This basement package is neary
in place with respect to Phanerozoic movemnents, and its position along the axis of the major
gravity gradient in the A ppalachian orogen suggests that it represents the eastward distal limit, of
Camnbxien North America, and the dislocations the effect of the initial. Taconic collision.

The Eromanga Besin line shows a subhorizontal, strongly reflecting complex about 2 sec
thick which appears from 810 seq; the superjacent crust is distinctly transperent. Beneath this
LMC we see a west-dipping {40°) sequence of layered reflections, which persist faintly to the
limits of the section at 20 seconds Within this, one pronounced refiection cormplex is very
similar in appearance to the LM C and, like the rest of the dipping sequence, is cut off above by
it In this exemple, and using our paradigm, the entire crust above the LM C is built by
extrerne shortening of supracrustal materiels, while the LM C serves as a detachment zone, and
the subcrustal conplex is tectonically accreted from the subducting plate.

The COCORP crustal section in the M ojave D esert appears to be composed entirely of
tectonically accreted paciages. Unlike the A ppalachian case, these padkeges are not of full au-
stal thickness, but are more like 10 km thick, and are stacked two or three deep to constitute
the crust. The crust is penetrated by major thrust fanits, with those of 45° dip and those of
nearly zero dip defining a mosaic of tectonic packages The often-discussed Rand M ountain
thrust is seen to be one of the nearly horizontal fanits in the struchure.

¥ e discuss these examples in terms of a collisional or accretional paradigm for the con-
struction of continental crust, from smaller packeges of supracrustal material. Tension or
spreading plays a secondary role in modifying the scoreted crust. Beyond the accretional pare
digm, however, it is likely thaf tension may be associated with the acaretion from below of large
volumes of new crust, perhaps in the form of gebbroic intrusives not visible at the surface.
These may be commonly asociated with the large overlyirg andesitic or riyolitic intrusions

seen in A ndearrstyle belts,
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CHARACTERISTICS OF THE REFLECTING LAYERS IN THE EARTH’S

CRUST AND UPPER MANTLE IN HUNGARY

Posgay K. = Albu I. - Ré&ner G. = Varga G.

Edtvés Lorand Geophysical Institute of Hungary, Budapest

The paper reviews the lithospheric studies by means of the

gseismic reflection method carried out by the E&tvds Lorédnd

Geophysical Institute of Hungary. Since in some places the

lithospheric complex is completely revealed by the
section, comparisons could be made with geothermal
netotelluric data, which have rendered possible to
on the structure and physico-chemical construction

lithosphere and on its temporal changes.

seismic
and mag-
conclude
cf the
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THE FORELAND THRUST AND FOLD BELT OF THE
CANADIAN ROCKIES AND ITS GEOTECTONIC SIGNIFICANCE

Raymond A. Price

Geological Survey of Canada
601 Booth Street
Ottawa, Ontario KIA OE3
CANADA

ABSTRACT

The foreland thrust and fold belt, a NE-tapering wedge, locally > 20 Km thick,
comprises miogeoclinal, platformal and foreland basin rocks that have been
scraped off the under-riding North American plate, and attached to an over-
riding tectonic collage of foreign terranes that "collided" with and became
attached to North America. It is an accretionary prism that was tectonically
prograded northeastward across the western margin of the North American
craton in two major episodes. The outboard part of the Cordilleran
miogeocline (continental terrace wedge) was over-ridden by a tectonic collage
of oceanic terranes, and descended to depths of > 25 Km during mid-Jurassic
prograde synkinematic regional metamorphism, before heating restored its
latent buoyancy. During the ensuing Late Jurassic-Early Cretaceous collisional
compression tectonic wedges of the accreted terrane were driven between the
outboard part of the miogeocline and its basement, leading to outward verging
thrusting on either side of a central uplift and to tectonic loading and isostatic
flexure of the lithosphere beneath the foreland basin where molasse
accumulated.  Mid-Cretaceous granitic plutons that rose through this
tectonically thickened suture zone locked the outward verging structures on
both sides of it. During the second episode, accretion of another collage of
oceanic terranes, outboard from the first, involved oblique, right-lateral
convergence. Much of the Late Cretaceous-Paleocene overthrusting in the
southern Canadian Rockies was transformed northward into right-lateral
strike-slip along the Tintina-Northern Rocky Mountain Trench (T-NRMT)
transform fault zone. Laramide subsidence of the foreland basin, which
resulted from isostatic flexure of the lithosphere in response tc loading by
thrust sheets, decreased northward as thrusting was transformed on the T-
NRMT fault zone. During Early Eocene time, patterns of movement changed.
The T-NRMT fault zone became linked to the en echelon Fraser River fault
zone by ductile stretching of the intervening lithosphere. This stretching is
expressed, over an area of about 150,000 kmZ in south-central British
Columbia and adjacent parts of the United States, at a shallow level, by listric
normal faults and Eocene dyke swarms and, at a deep level, by boudinage of
the whole crust. Supracrustal rocks moved into the necked zones between the
boudins as the metamorphic core complexes emerged in northeast-trending
domal culminations with K-Ar mica cooling ages of about 50 Ma. This
sequence of crustal thickening by tectonic overlap and tectonic wedging within
and between different lithospheric plates followed by inhomogeneous crustal
stretching linked to transform faulting provides a model against which to
assess the internal structure of the continental crust in other areas.
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DEEP CRUSTAL SIGNATURES IN INDIA FROM
SATELLITE AND GROUND GEOPHYSICAL DATA

*M.N. QURESHY, ADVISER (ES)
DEPARTMENT OF SCIENCE § TECHNOLOGY
NEW MEHRAULI ROAD, NEW DELHI-110016, INDIA

The Indian sub-continent comprises several plateaus or
parts of plafeaus which have escaped denudation., More prominent
of these are the Malawa in north-central and Deccan in South
India; rejuvenated ancient mountains - the Aravallis in Western
and Satpuras in Central India; block uplifted crustal segments -
the Meghalaya Massif in East and Nilgiris in South India. The
young folded mountains, the Himalaya, girdle it to the north,
northwest and northeast. Thus, India is broadly divided into
Peninsula in the south and Extra-Peninsula in the north with
the Indo-Gangetic-Brahmaputra plains in between. The four
usually recognised major trend lines or structural strikes
in India are the NE trending Aravalli and Eastern Chats; NNW
trending Dharwar; ENE trending Satpura and the NW trending
Mahanadi. Some other trends have also been recognised.

Extension of these peninsular shield elements beneath
the tertiary Deccan Traps and sand-alluvial cover of Indo-
Gangetic plains was first noted in the early part of this

century from gravity studies based on pendulum observations.
With the increased tempo of geophysical surveys for oil
exploration, detailed pattern of the subsurface extensions
of these elements into the Ganga basin and beyond have come

to be known.

A combined analysis of ground and satellite based
geophysical data has led to the recognition of an ENE trending
feature that parallels Narmada-Son Lineament and cuts acyoss

%*Views expressed are of author and do not in any way reflect
those of the Department of Science § Technology.
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Central India; and the other, northwest trending falls over

the Gondawana (Mesozoic) Godavari Rift in east-central India
and extends into the festooning ranges of Pakistan and beyond.
There are indications on the Free Air Anomaly Map of India

and Bay of Bengal that this zone may extend, though feebly,
into the Bay of Bengal towards Borneo. A feature of significance
is the behaviour of these two zones when the satellite derived
gravity field is broken into 0 - 12 and 13 - 22 harmonics.

The lower harmonics show the Narmada-Son zone more prominently
as a region of transition, whereas the Godavari feature is more
prominent on the upper harmonics map as a "low" extending from
Borneo to the Atlantic Coast. That is, the source of the NE
trending feature is relatively shallower than that of the NW
trending one,

A strong northwest trending gravity "high' on one degree
by one degree mean Airy-Heiskanen anomaly map over the middle
Himalaya cuts across the diapir like Nanga Parbat massif,
suggesting a deeper source for the gravity anomaly. The
lineavity of gravity contours, corroborated with the Landsat-
interpreted lineaments in Himalaya and Hindukush regions, is
indicative of a block-like deeper structure.

A recently recognized megalineament is the northwest
trending Gandak which extends from the Gangetic delta to the
Karakoram region, cutting through the Ganga basin where its
exlstence is supported by seismic, gravity, magnetic and
satellite data,

When looked in totality, the geophysically and otherwise
mapped lineaments in India exhibit a mosaic-like pattern
most of which, probably originated in the Precambrian, have
been getting reactivited now and then.
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DEEP REFLECTIONS ON COCORP MICHIGAN BASIN DATA
William J. Rogers Jr.
Donna M. Jurdy (Department of Geological Sciences, Northwestern University,

Evanston, Illinois 60201)

Reflections along COCORP Michigan Basin data are of varying quality. The
maximum observed reflection depth om Line 2 varies widely along the sec~
tion, from as little as one second of two-way travel time to a maxXimum of
almost seven seconds. Many reflections are laterally discontinuous,
strongly present over a short distance and then omly weakly, or not at all,
in adjacent areas. We question whether these reflections actually result
from discontinuous structures or from dats processing problems. A
laterally~variable, inhomogeneous layer of glacial till covers the area,
making static corrections especially important. Calculating the time~
thicknesses of the surface layer from refracted wave arrivals with a modi-
fied version ¢f the Generalized Reciprocal Method, we observe that where
surface layer correction fluctuates most rapidly the maximum depth of
observed reflections is less than elsewhere on the section. This relation-
ship is not absolute, however; other factors are at work as well. For
example, static corrections do not explain the small area near VP 330 where
the deepest reflectiong at 6.5 sec are located. Here, we note that the fold
of the coverage along this part of Line 2 is especially high, due to
changes in recording geometry. Thus, it seems probable that much of the
discontinuous nature of deep reflections observed along the Michigan Basin
COCORP lines is due to the irregular surface layer, while the small area of
unusually deep and clear reflections is due to 3 small area of unusually
high coverage. The structures which produce the discontinuous reflections

may be of greater continuity and lateral extent tham is apparent.
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Enhanced Imaging of the COCORP Wind River Line

J. Sharry, R. T. Langan, D. B. Jovanovich
G. M. Jones, N. R. Hi11, T. M. Guidish

Gulf Research and Development Company
P.0. Box 37048
Houston, TX 77236

The COCORP seismic lines across the Wind River Mountains were reprocessed
using state-of-the-art technology to improve imaging and analysis of the
lines. Topics of interest to us were: 1) the proper imaging of the toe region
of the Wind River Thrust, 2) the structure of the sub-thrust sediments and their
termination at the thrust, and 3) the determination of proper processing techniques
for deep structure. Interactive processing software for refraction static analysis
and ray tracing were invaluable aids in testing the validity of a large spectrum
of velocity models. Velocities of the first refractor derived from refraction
statics were combined with surface and subsurface geologic data and special
depth migration techniques to produce an improved model for the toe region of
the Wind River Thrust. A sharp velocity boundary at shot point 275 {Line 1)
indicates the presence of a second normal fault antithetic to and northeast of
the Continental Fault. The toe region is underlain by imbricate slices of the
sedimentary section and an imbricate fault within the Precambrian granite can
be imaged. True amplitude processing and longer AGC windows {greater than
3000 ms) in the final processing step result in improved imaging of the deeper
events. Deep refiectors (11 sec.) beneath the Green River Basin are correlated
with other events beneath the Precambrian core of the Wind River Mountains
suggesting that these events are not multiples. The strong amplitudes of
these events and lack of mu1t1p1e.signatures on autocorrelation diagréms

support this interpretation.
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Extremely critical to the proper imaging and interpretation of the thrust
is the projection of the data onto a proper dip line. The COCORP Jine runs
approximately N54E. Gravity data (Hurich and Smithson, 1982) indicate that
the dip direction of the Wind River Thrust in the vicinity of the seismic
1ine is N22E. The shot records were projected onto the dip line with corrections
for NMO and offset distance. This results in compression of events on the dip
projected COP section when compared to the regular CDP section. The resulting

data were both depth and time migrated.
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Crustal Reflections and Crustal Structure
Scott B. Smithson, Roy A. Johnson, Charles A. Hurich, and David M. Fountain,
Department of Geology and Geophysics, Program for Crustal Studies, University of
Wyoming, Laramie, Wyoming 82071

A new more detailed resolution of crustal features is expected and is being
attained through application of reflection seismology to crustal structure. The
source of crustal reflections, particularly ones that can not be tied to surface
geology, still remains a major question. The general conclusion that deep reflec-
tions indicate crustal heterogeneity, while valid, needs to be carried much
farther. Seismic modeling indicates that structures typical of the crystalline
erust will have a complex reflection response, commonly a series of complex
conveX-upward hyperbolas, Such events are relatively rarely observed crustal
reflection data, and when they are, may selectively originate from synformal
structures,

Recent studies demonstrate that the best crustal reflections in deformed
erystalline crust originate from ductile deformation zones (mylonites). The
reasons for mylonite reflectivity are: 1) layering and thickness, 2) relati-
vely planar geometry, 3) fabric, 4) chemical alteration. Simple considerations
show that layering produces reflections several times stronger than a single
interface of the same contrast in acoustic impedance. A composite reflection
attributed tc the Wind River thrust fault was the first suggestion that deep
fault zones might be reflective; however, shallow faults are typically not
reflective, Other areas such as the Outer Hebrides, Sevier DBDesert, and South
Appalachians seem to produce seismic reflections from fault zones. This reflec-
tivity may be caused by fabric that lowers veloecity in a mylonite compared with
its protolith and by layering in a mylonite. The final proof of mylonite reflec-

tivity has been demonstrated by our recent seismic profiling over a 3-km thick
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mylonite dipping gently off the east flank of the Kettle dome, a core complex.
Reflections that project to the surface ocuterop of the mylonite are so abundant
as to resemble reflections from a sedimentary succession. Mylonite zZones may
pass into zones of homogenous distributed strain in the lower crust where duc-
tility increases. Good reflections from mylonite zones allow the seismic defini-
tion of such major structural features as crystalline nappes and recumbent folds,
erustal doubling, sutures, crustal extension on listric faults, and exotic
terprains in COCORP and other crustal-reflection data sets.

In low=-to medium-grade metamorphic terrains dips are commonly steep. An
interesting paradox i3 provided by reflection data which shows a number of
reflectors with low dip commonly just a few kilometers beneath the surface.

These reflections together with geologic observations in deep terrains suggest
that steep dips at shallow levels of the crystalline crust pass into sub-
horizontal dips in the deep crust although these sub-horizontal structures typi-
cally have open folds superposed on them. Archean terrains including greenstone
belts show evidence of thrusting, recumbent folds, and other gently dipping
structures. This suggests that plate motions were important in the late Archean
and that greenstone belts are related to tectonic regimes that were at least
compressive during part of their history. Granite batholiths may show reflec-
tions from beneath their floors but possibly not from their floors, themselves.
This demonstrates that crustal heterogeneity is maintained at a seismic scale
after intrusion. Crustal underplating by mafic magma may be associated with sub-
gidence and basin formation.

Overall composition of continental cerust is quartzo-feldspathic. This com-
pogition and structure described above is attached through interaction of exoge-

nic and endogenic processes.
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BIRPS CRUSTAL REFLECTION ON THE CALEDONIAN FORELAND

AND THE DEVELOPMENT OF THE PASSIVE MARGINS OF NW EUROPE

David K. Smythe
British Geological Survey, 19 Grange Terrace, Edinburgh EH9 2LF

United Kingdom

The BIRPS MOIST and WINCH profiles show that the Caledonian foreland
crust and upper mantle northwest of Scotland is cut by major eastward-
dipping thrusts, some of which have been reactivated as normal faults.

Farther west, the Rockall Trough is a 250 km wide oceanic rift
within the foreland. It represents the first of several abortive
attempts at opening of the North Atlantic. Much of the deep structure of
the trough 1s masked by thick Tertiary basalts, but at two localities on
the conjugate margins, newly~reprocessed, old industry reflection data
reveal that the continent-ocean transition on, both sides is marked by
westward~tilted continental blocks bounded by eastward-dipping low—angle
normal faults. By analogy with the continental shelf of Scotland, these
faults are probably reactivated intra—foreland Caledonian thrusts.

Such thrusts may also have coutrolled the development of the younger
(Cretaceous and Tertiary) passive margins west of Rockall, and may
explain why the very old coatinental lithosphere in the North Atlantic is
apparently weaker and more easily rifted than very young oceanic

lithosphere.
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CRUSTAL STRUCTURE STUDIES IN NEW ZEALAND

Tim Stern
Geophysics Division, D.S.I.R.
P.0. Box 1320
Wellington

New Zealand

New Zealand is an area of continental crust through which the
Indian~-Pacific plate boundary passes. The character of the boundary
within the North Island of New Zealand is cne of convergence and
subduction so that crustal structure here is controlled by a class?cal
configuration of accretionary prism, fore-arc basin, volcanic arc and
back-arc spreading basin. Crustal thickness and seismic velocities
within the North Island show a wide range of variation. Seismic
gtudies indicate a 153 km crust underlain by a 7.4 kxm/s upper mantle
within the back-arc areas of the North Island and a crustal thickness
of about 40 km, with associated upper mantle velocities of 8.0 - 8.5 km/s,
within the fore-arc areas. Recent off-shore work has included a multi-
¢hannel seismic reflection study across the accretionary prism to the

east of the North Island.

In the South Island of New Zealand the boundary is largely transform
and the crustal structure is dominated by the associated shear between
the two plates. A seismic refraction survey at the Fiordland margin
{scuthwestern coast of the South Island) shows continental rocks of
6.8 = 7.3 km/s at depths of 4-8 km. Alsc associated with the Fiordland
margin is a 400 mgal peak to peak dipelar gravity anomaly. Both the
gravity and seismic data can be reconciled with a model of upthrust

continental crust juxtaposed against oceanic lithosphere.
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THE QUEBEC-WESTERN MAINE PROFILE: FIRST YEAR RESULTS
DAVID B. STEWART
U.5. GEOLOGICAL SURVEY, NATIONAL CENTER 9559
RESTON, VIRGINIA 22092 TUSA

The Quebec-western Maine seismic reflection profile is a cooperative
project of the United States Geological Survey, Geological Survey of Canada,
Canadian Earth Physics Branch, Maine Geological Survey, and several National
Science Foundation—-supported collaborators at universities. The goals are to
perform research on methodolegy and produce state-of~the-art geologic
interpretations of a nearly continucus reflection profile across the
Appalachian orogen from the craton to the seacoast. A separate cooperative
marine investigation will extend the profile from the seacoast to the
continent-ocean margin.

During 1983, 219 km of 800-channel sign bit data were collected for 15
seconds 2=-way travel time with VIBROSEIS sources and variable sweeps from 7 to
45 Hz, using a 12 km=-0-12 km spread and 30-m group intervals. The resulting
profiles have nominal 133 fold, and numerous reflectors can be seen.
Extensive geologic, gravity and magnetic data are being gathered and utilized
to assist interpretation of the reflection profiles.

The first 12 km of the northwesternmost profile (line 1} parallels
profile 2001 of Ministére de 1’Energie et des Resources, Québec (MERQ) that
was interpreted by P. 3t.Julien for SOQUIP, and lies 11 km southwest of it in
Quebec so that correlation of shallow reflections is possible. The new
profile trends southeast and south for 75 km nearly normal to regional strike,
and crosses from Silurian and Devonian sedimentary rocks into Preéémbrian(?)

Chain Lakes massif near the Canada-United States border, remaining on this
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massif for approximately 42 kme A prominent reflector dips gently southeast
across the entire profile from a depth of about 3.5 seconds (2-way) in the
northwest to about 7.8 seconds at the south end; this major regional feature,
although has not yet definitively interpreted, may be a complex decollement.
Numerous other reflectors at various depths up to 12 seconds are also
observed. Another 30-km-long northwest-southeast profile (line 2) crossing
the south end of the first profile has not yet been processed adequately for
interpretation. This profile traverses from the Chain Lakes massif into
Cambrian and Ordovician strata.

A third new profile (line 3A) begins about 19 km northeastward along
regional strike and passes southeastward over several Devonian gabbro and
granite batholiths for about 50 km and then goes 16 km normal to the regional
strike of medium grade metasedimentary rocks on the northwest flank of the
Siluro-Devonian Merrimack synclinorium. A fourth new profile (line 3B) is
normal to the regiomal strike of the Coastal Volcanic Belt for 47 km and
reaches the Maine seacoast east of Penobscot Bay. On both of these profiles
the bottoms of plutons, several steep faults, and many as yet uninterpreted
reflectors as deep as 1l seconds are observed.

During the period 1984-85 about 110 km of deep reflection profiles
between profiles 3A and 3B will be collected across the Merrimack synclinorium
and the major faulted antiforms along the southeast margin of the
synclinorium. An extensive seismie refraction study in Maine and Quebec using
dedicated explosions is planned for 1984 to ald in interpretation of the

seismic reflection profiles.
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THE DEEP CRUST IN CONVERGENT ANMD DIVERGENT TERRANES:
LARAMIDE UPLIFTS AND BASIN-RANGE RIFTS

George A. Thompson

Department of Geophysiecs, Stanford University
Stanford, Czlifornia 94305

Although deep seismic reflections resolved the problem of Laramide uplifts
in favor of horizontal compression, the transition in mechanical processes from
shallow folding to deep thrusting and to still deeper ductile deformation is
still poorly understood. The Pacific Creek (PC) anticline in western Wyoming
demonstrates the linkage between basement thrusting and a buckled, nine-kilometer~
thick sedimentary section which is unfaulted except near its base (MacLeod, 1981).
Parallel and east of the PC thrust is the great Wind River (WR) thrust zone.

It is seen in migrated COCORP data to splay and flatten to z depth of about

32 km; it underlies both the WR Range and the western WR Basin (Lynn, 1979; Lynn
et al, 1983). The curvature (listric flattening) of the fault, first seen in

the depth-migrated reflection section, is independently required to explain the
tilting of the range and adjacent basin, i.e. the curvature, in conjunction with
the known displacement, quantitatively fits the amount of tilt. Of still bdroader
signif icance, subhorizontal reflectors in continental crust may have originated
in the nearly flat deepest parts of fault zomnes,

The Casper Arch, east of the WR basin, was studied in reflection data made
available by the Gulf 0il Co. (H1ll and Garing, unpublished). The arch is
characterized by monoclines in the sedimentary section, which are underlain by
thrust faults in the basement dipping both ‘eastward and westward. Like the PC
and WR thrusts, these thrusts tend to flatten with depth in the basement, but the
reflection data allow them to be followed tc only moderate depths. Presumably,
below the seismogenic basement, at depths that are dependent on temperature,
composition, and rate of deformation, the thrusts enter a more duc%ile regime and

may become subhorizontal like the WR thrust.
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The divergent terranes of the Basin and Range (BR) province and Rio Grande
Rift (RGR) also show striking transitions in mechanical processes with depth.

There the brittle behavior, expressed in tilted and sunken fault blocks, extends
from the surface to depths that are much shallower than in convergent terranes

(5-15 lm vs about 30 km). At these depths high-angle normal faults give way
abruptly to subhorizontal detachment faults, below which ductile deformation is
prominent. The geometry of normal faults (e.g. Thompson, 1960, 1974), deep
geologic exposures (e.g. Proffett, 1977; Miller and Gans, 1983), the depth range

of earthquakes, and especially the new reflection data provide strong evidence

for this conclusion. In the RGR, depth-migrated COCORP sections (Cape et al., 1983)
demonstrate that the high angle, basin-bounding normal faults exposed at the surface
extend nc deeper than about 5 km, where they flatten and join subhorizontal
reflections. The Utah COCORP data (Allmendinger et al., 1983) found similar
relationships except that detachment faults are gently inclined and extend to depths
of about 15 km.

In divergent terranes the abrupt transition from a brittle, highly faulfed, upper
plate to a ductile lower plate with laminated subhorizental reflectors may be
explained by a high geothermal gradient maintained by intrusions into the lower
and middle crust and by hydrothermal quenching in the upper crust, Ductile
and depositional self-sealing are probably important beleow the zone of easy hydro-
thermal comvection. In both convergent and divergent terranes the stress field is
perturbed where the heels of coherent upper crustal blocks rest upon the ductile
transition, and this perturbation may help to explain the subhorizontal
character of deformation zones which are prominent in reflection data. The
thermal, hydrologic and inhomogeneocus deformation processes, shifting through time,

have imposed a laminated character on vast volumes of continental crust.
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THIN-SKINNED TECTONICS OF THE CARPATHIAN ARC AND THE
BOHEMIAN MASSIF REVEALED BY SEISMIC REFLECTION PROFILING

8., Tomek, Geofyzika n.p. Brno, P.0.Box 62,
61246 Brno, Czechoslovakia

Interpretations of structural geology of the West Car~
pathian erc and the eastern part of the Bohemian massif
may be now highly influenced by crustal reflection data.

Five seismic-reflection profiles (each 30-80 km long)
have been recorded using dynamite technology and showing
an allochtonous sheet of the Mesozoic and Cenozoic Carpa-
thian flysch and Pieniny klippen belt rocks which has
overthrust Precambrian crystalline basement of Brunnie
(somewhere slso with Hercynian allochton!) over a distance
of larger than 70 km. Other fragmentary reflection data
end supporting gravity and megnetotelluric evidence show
that the Precambrian erystalline rocks of Brunnia can be
traced at least 100-120 km from the Carpathian externsl
boundery. The allochton is extremely thin (500-1000 m)
and only slightly deformed in the first 20 km from the
boundary. Southeastwards, the Precambrian autochton rapid-
ly falls to a depth of 10-12 km 40-60 km from the bound-
ary and becomes horizontally stable after that. If {there-~
fore appears that the concept of thin-gkinned tecftonics
may be applicable to the flysch and Pieniny klippen de-
formed sedimentary rocks and to the northern pa&t of the
immer Carpathian crystalline and Mesozoic rocks. Para-

1lel seismic refraction lines crossing the whole West
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Carpathians show horizontally lying Moho at depth of
about 35 km beneath both, the thin and thick allochtions,
This implies that the Carpathian were thrust during
upper Oligocene and lower Miocene over a passive contin-
ental margin of Krosno-Tarcau sea. The arcuate shape of
this particular sea gave rise to the Carpsthian arc
strongly curved. It is noteworthy that similar idea of
allochtonous flysch and crystalline rocks of the Carpa-
thians was put forward in the first synthesis of the
Carpathians by V.Uhlig in 1907.

The eastern part of the Hercynian Bohemian Massif is
formed by highly deformed Lower Carboniferous (Culm) flysch
rocks, Upper Devonian and Lower Carboniferous (Dinantian)
platform carbonates, and Namurian perslic mollasse rocks.
Two short (20 km long each) seismic lines confirmed their
allochtonous nature over Precambrian Brunnia with its
platform sedimentary cover., The style of thrusting is,
however, strikingly different from the Carpathians.
Twenty kilometres from the boundary the allochion is 8-9
km thick, the Culm flysch rocks are highly deformed and
form typical duplexes on seismic records. In this part
0f the easterm Bohemian Massif, the thin-skinned thrust-
ing is probable, but further westwards, the basement rocks
were involved in thrusting and deformetion.

During 1984 the deep Transcarpathisn 150 km long re-
flection line will be measured and after that, during the
1985-1990, deep reflection profiling in length of 500 km
is planned in Czechoslovakia.
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ABSTRACT
DEEP SEISMIC PROFILE IN SOUTHWESTERN WYOMING

by Donald E. Wagner and Robert M. Byington

A 16 km, 24-fold seismic line was recorded by Amoco Research Party 45 on
the western cgrestal portion of the Moxa Arch in the Dry Muddy Creek Area
of Linceln County, Wyoming. A dynamite source buried at depths of 25-30
meters was used to produce a deep~refiection section having a recording-
time duration of 11 seconds.

Interpretation of the deep section indicates that 9.1 km of essentially
undeformed Upper Precambrian sediments (equivalent to the Uinta Mountain
Group of Southwest Wyoming and the Belt series of Montana) 1lie beneath 6
km of Paleozoic and Mesozoic sediments. At the base of the Precambrian
sediments lies an angular unconformity dipping approximately 10 degrees
to the east. This indicates a thickening of the granitic crust from 30
to 40 kilometers as one moves eastward from the Basin and Range province
beneath the more stable Colorade Plateau. Geologists currently theorize
that the transition zone of thin to thick crust correlates with the
sheif-edge (site of Permo-Pennsylvanian carbonate deposition) of the
Paleozoic Cordilleran geosyncline The linear coherency of this basement
unconformity should aid in resolving static alignment of the overlying
sediments from the Intermountain Seismic Belt (ISB) to the Green River
Basin.
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Profiling the continental crust at sea: optimum acquisition and processing
parameters

M R Warner, BIRPS, University of Cambridge, Bullard Laboratories, Madingley R4,
Cambridge, CB3 QEZ, UK

BIRPS (British Institutions Reflection Profiling Svndicate} have
ceollected some 3000 km of marine, multi-channel, deep seismic reflection
data on the continental shelf around Britain. The processed data is of very
high guality and we believe it to be some of the best deep data in the world.
Reflections from the lower crust and Moho are clearly imaged over almeost
the entire data set and several significant events can be seen within the
upper mantle. We believe that this high quality is at least partly a result
of working at sea, where a repeatable, well coupled, high energy seismic
source can be used. In the UK marine acgquisition is about one tenth the
cost of land acquisition and at sea it is possible to shoot very long straight
lines with minimal statics problems.

The data are collected and processed for BIRPS by commercial contractors
using conventional techniques modified to enhance deep reflections. Modifications
to the acquisition system include the use of very large airgun arrays - 30-40
guns arranged in tuned sub arrays with a total volume of 5000-8000 cu ins giving
a peak of peak signal of 120-170 bar meters. The data are recorded on a 3 km
streamer with 60 x 50 m sections towed at 13 m depth. The increased depth of the
streamer reduces ambient noise and enhances the low frequency (5—2OH;} response.
Shots are fired only every 50 m to give a 30 fold stack with 25 m CDP spacing.

The processing sequence is fairly conventional but extensive testing is
reqguired to determine the often unconventional processing parameters. The
(simplified) sequence consists of:- Edit; Spherical divergence correction;
receiver and source array simulation and/or f-k £ilter; CDP sort; predictive
deconvolution; velocity analysis; stack; predictive deconvolution; f-k filter;
display. This sequence is designed to increase the signal to noise rather

than enhance the resclution. Indeed, the inevitably high noise levels seen
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on deep seismic data mean that processing techniques which aim to increase
reseolution (eg signature deconveolution) are positively harmful.

The poor signal to neise inherent in deep data also has damaging
consequences for most migration procedures. Both signal and ncise are
migrated to give a final section which is obscured by 'smiles'. Random
neise becomes organised and loocks like signal. To overcome this problem
we have produced detailed line drawings from the unmigrated data and used
simple inverse ray tracing to migrate these line segments. This has the
advantage of migrating only 'real' events, using true depth migraticn
which obeys Snell's law and, because it is very fast, allows manv migraticons

with different velocity models.
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RELATIONS BETWEEN THE FRANCISCAN ASSEMBLAGE, GREAT VALLEY SEQUENCE,

AND CRYSTALLINE BASEMENT, CENTRAL CALIFORNIA
Carl M. Wentworth, Mark D. Zoback, and J. Alan Bartow
U.8. Geological Survey, Menlo Park, CA 94025

éeismic reflection profiles across the west margin of the Great Valley
challenge accepted views about structural relations at this major tectonic
boundary. Two profiles were obtained to explore the subsurface extent of the
Coast Range thrust from its position at the boundary between Franciscan and
Great-Valley-sequence rocks in the Diablo Range eastward to depth beneath the
nearly flat-lying strata and basement of the San Joaquin Valley (SJV). A b-s
commercial VIBROSEIS line (SJ-6) that crosses the valley margin at Kettleman
South Dome (lat. 35.75° N) was purchased and reprocessed to 12 s, and an
original 15-s line (CC-1) that crosses the valley margin north of Los Banos
(lat. 37.25° N) was obtained by contract (see abstract by Zoback). Associated
refraction studies are underway by A. W. Walter and others of the U.3.G.S.

A regional unconformity on Sierran crystalline rock dips gently south-
westward beneath similarly dipping Cretacecus and Cenozoic strata of the
SJV. This unconformity is considered to be continuous with the base of the
exposed Great Valley sequence (GVS) 75 km across the valley to the southwest
in the Diablo Range. There the GVS dips steeply northeastward in a homoecline
that borders the Great Valley for 500 ¥m. Together with its inferred ophio-
litic basement, the GVS has been presumed to connect northeastward in the
subsurface with the gently southwest-dipping strata and basement beneath the
SJV to define a simple, extremely asymmetric syncline with its trough near the
southwest side of the valley.

Instead, the reflection profiles indicate that basement beneath the SJV
dips continuously southwestward across the full width of the valley to depths
of 6=10 km and apparently extends even further beneath the northeast edge of

the Diablo Range. The overlying strata, in contrast, are folded (SJ-6) or
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steeply upturned. At CC-1, the subhorizontal 3JV strata extend slightly
southwestward beneath the steeply dipping GVS exposed at the front of the
range. Together with an abrupt 2«4 km thickening of the GVS between the
subhorizontal and steeply dipping sections, this relation implies northeast-
ward-directed thrusting, 3Similarly directed thrusting at 3J-5 produeed‘
Kettleman South Dome in Plio=Quaternary time and may be responsible for the
M 6.7 earthquake that occurred beneath the range front near Coalinga in 1981,

Along both SJ-6 and CC-1 there is evidence near the valley margin for z
fast (5.6 km/s), northeastward-thinning wedge of material several km thick
between the CVS and faster underlying basement. We infer this %to be Francis-
can rock that was thrust northeastward onto the GVS-SJV basement while concur-
rently peeling up the GVS and a variable thickness of 1ts ophiclite basement
as well. Thus the Coast Range thrust, which is considered to juxtapose
Franciscan and GVS/ophiolite along the length of the Coast Range, may be a
backthrust above obducted Franciscan rather than a fundamental subduction-zone
suture. The location of the oceanic-continental junction within the GVS-SJV
bagsement is still wncertain.

Farther west where it crosses exposed Franciscan rocks, CC~1 shows a
surprising amount of detail. An arched reflection cccurs at about 1 s above a
prominent reflection that dips eastward from 2 to 3 s across the th-km width
of exposed Franciscan and thence, perhaps, more steeply eastward to 5-6 5 be-
neath the GVS at the east edge of the Diablo Rangs. At 8-10 s, distinet hori-
zontal to east-dipping reflections occur at or near the bhase of the crust.
Despite the typical scarcity of regular, well-defined bedding in the
Franciscan, this western part of CC-1 exhibits a persistent subhorizontal
grain that extends from about 1 to 7 s. The record shows no clear boundary
near 5 s where interpretation of refraction data places a 15-lkm-deep hase for
5.8 um/s rocks inferred to be Franciscan. The strong 2-3 s event may lie

within a thick Franciscan terrane or could define the bhase of an unexpectedly

thin Franciscan.
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EXTENSIONALLY SHEARED LITHOSPHERE IN AND ADJACENT TO THE BASIN AND RANGE PROVINCE:
SOME CRITICAL TESTS

Brian Wernicke, Department of Geological Sciences, Harvard University, Cambridge,

Massachusetts 02138

Geological and geophysical observations in the Basin and Range and elsewhere
are consistent with (but not restrictive evidence for) the concept of uniform-
sense normal simple shear of the entire lithosphere on a large scale along shallow-
1y inctined planes. In Arizona and Utah, Tertiary extensional orogens comprised
of east-directed extensional allochthons should be bordered by thinned lower (but
not upper) crust and then thinned mantle 1ithosphere (with no crustal thinning) to
the east, if this hypothesis is correct. Thin crust in the absence of significant
upper crustal extension, and then a regional topographic welt are observed in
sequence east of the extensional terrains, consistent with the hypothesis (in
press, Can. J. Earth Sci.). However, the available refraction data in both areas,
as well as precise quantitative estimates of upper crustal extension in Arizona
are not as tightly constrained as they need to be to unequivocally demonstrate a
discrepancy between upper crustal extension and total crustal thinning.

Between the Arizona and Utah extensional orogens, at about latitude 37" de--
rees north, no east-directed low-angle normal faults of any age project beneath the
Colorado Plateau. Values of surface heat flow, the electrical resistivity profile,
and the crustal structure characteristic of the Plateau interior should persist at
least as far west as the Virgin-Beaverdam Mountains (only 10-20 km east of the
Nevada border), the area of the easternmost major upper-crustal extensional strain,
If wide zones of anomalously thin crust and Tithosphere at the margins of plateau
regions are indeed expressions of shear down-dip from upper lithosphere extension-
al orogenic terrains, then at this latitude no such anomalies should be present

outside the area of large-scale upper crustal extension.
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SEISMIC CRUSTAL STRUCTURE NORTHWEST OF THUNDER BAY, ONTARIO (CANADA)
ROGER A. YOUNG *
JEFFREY WRIGHT **
GORDON F. WEST
GEOPHYSICS LABORATORY, UNIVERSITY OF TORONTO,
TORONTO, ONTARICO, CANADA M55 1A7

# PRESENT ADDRESS: PHILLIPS RESEARCH CENTER,
169 GB, BARTLESVILLE, OK, USA 74004

ek PRESENT ADDRESS: CHEVRON USA, INC.,
935 GRAVIER ST., NEW ORLEANS, L&, USA 70112
ABSTRACT

A series of crustal scale seismic refraction surveys 200 km northwest of
Thunder Bay, Ontario, reveals “&istinctive features for this part of the
Canadian Shield. Crustal thickness is everywhere about 40 km. Major faults
fail to disrupt vertical marker horizons or to exhibit velocity contrasts:
bloeck structure is poorly‘developed. An upper crustal velocity of about 6.0
km/s is found throughout the area. Greenstone belts are thin vestiges of
previocusly much thicker volcanic piles and provide a higher velocity cap
resting on lower velocity granitoids, Metasedimentary-plutonice and
metavolcanic-plutonic terrain types may have different velocity structures.
The former may have a lower crust bounded above by a distinct mid-crustal
boundary, display a steep velocity gradient throughout, and have a high
average velocity. Metavolcanic-plutonic terrain, on the other hand, exhibits
a lack of mid-crustal structure and maintains a constant velocity down to a

very steep gradient in the lower crust.

Deep fine-structure must exist at the crust/mantle boundary. A
widespread sub-M velocity increase to 8.3 km/s occurs at a depth of ahout 50

km.
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A REVIEW OF RESEARCH ON DEEP STRUCTURE
- IN CHINA
Yuan Xuecheng,Bureau of Geophysiczl and

Geochemical Exploration, Ministry of
Geology and Mineral Resources (MGMR)

Wang Shi and Li Li, Institute of
Exploration Geophysics and Geochemistry,
MGMR

Wang Maoji and Yang Hua, Headquarters of
Airborne Exploration Geophysics, MGMR

ABSTRACT

The research on deep structure in China began in
the year of 1958. Great progress has been made in recent
years on the research of deep stiructure in China Mainland
by using artificial seismology. According to incomplete
statistics, about 11000 km of seismic profiles hawe been
conducted , among which the one of largest scale and
deeper study is the joint research project on the Forma-
tion and Evolution of the Crust and the Upper-mantle of
the Himalayas carried out in the Qinghai-Tibet plateau by
China Ministry of Geoclogy and Mineral Resources, Academia
Sinica and the National Center for Scientific Research of
France during 1980 -1082.

The geophysicists and geologists of China and France
have not reached full sgreement on the interpretation of
the data obtained. In the view of the Chinese geophysicists
the crust of the Qinghai-Tibet plateau can be divided inte
three struectural layers, of which the upper one is charac-
terized by the superimposed thrust structure. The genesis
of thrust faults may be related to the wide-spread sliding
surfaces of low-velocity low-resistivity layers along the
depth of some 10 to 30 km. The middle layer shows normal
compression and the lower one is formed by anomalous mantle.
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Before the collisicn of the India plate with the
Tibet plate, the Tethys oceanic crust subducted north-
wards, forming the anomalous mantle of the Qinghai-Tibet
plate, which caused the gradual uplifting of the crust.
Since Eocene, owing to the collision of the two plates,
the middle layer has thickened under compression and large-
scale thrust superimposition occurred in the upper layer.
As the crust thickened, the plateau took shape as it is
today under isostatic gravity coanditions.

In order to fully study the deep structure in China,
a national research program is under formulation.
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APPLICATION OF AN 800-CHANNEL SEISMIC REFLECTION SYSTEM

FOR CRUSTAL STUDIES IN CALIFORNIA AND MAINE

Mark D. Zoback
Carl Wentworth
U.S5. Geological Survey

Menlo Park, California

David Stewart
John Unger
U.S5. Geological Survey

Reston, Virginia

This paper will present technical aspects of two programs recently undertaken-
by the U.S. Geological Survey utilizing seismic reflection profiling to understand
structural relationships throughout the crust. One program is located in central
California where reflection data have been collected along west-east profiles
extending from the Gabilan Range to the foothills of the Sierra Nevada Mountains
(see abstract by Wentworth, Zoback, and Bartow). The other program consists of a
northwest-southeast trending profile extending from Quebec into western Maine (see
abstract by Stewart and Unger). The interdisciplinary aspects of these investi-
gations are discussed by R.M. Hamilton (see abstraqt).

Because an important goal of these studies was to get high~quality seismic
reflection data from all depths in the crust, we decided to utilize a commercially-
available, 800-channel, sign~bit seismic reflection system using 5 vibrators as
a source. The principal advantage of this system was that very long spread=lengths

could be achieved (to help determine stacking velocities at depth) while maintaining
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a relatively small receiver group spacing and split spread gedmetry (to maintain
high-quality near-surface data). The receiver group spacing used was 30 m and

the spread extended for 12 km in each direction from the vibrators. Compared

with a conventional 96 channel recording system (with the vibrators off the end of

a 12 km-long spread), the sign-bit system results in about a four-fold increase in
spatial sampling and an eight-fold increase in CDP fold., Both of these factors have
contributed greatly to improving the quality of the near-surface data. Other aspects
of the data collection methods wused will be discussed including two non-
conventional methods used for velocity determinations in the California
Central Valley. The long-spreads made it possible to analyse basement velocities
using refracted waves in an area where there were few sub-basement reflectors, and
the dense spatial sampling of the wave-field permitted the use of a t-p inversion
method for velocity determinations inm the near-surface.

Overall, the performance of this system has been highly satisfactory. In the
Diablo Range, composed of Franciscan melange, a well-resolved reflector is observed
in the near-surface at about 0.8 seconds and an apparent Moho reflection is seen at
about 10 seconds. 1In the eastern Central Valley, a well-resolved basement reflector
is seen at very shallow depth as the sediments pinch out against Sierran granitic
rocks, and strong continuous reflectors are seen in the lower c¢rust with an apparent
dip of about 30°. The most serious drawbacks of the method encountered to date are
associated with the difficulty of processing such large quantities of data, and the

inability to check cross-correlation which is done in real-time in the field.
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