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GLIMPCE Seismic Experiments

Long-Offset Recordings
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GLIMPCE Seismic Refraction Working Group

The Great Lakes International Multidis-
ciplinary Program on Crustal Evolution
(GLIMPCE) was initiated in late 1985 by Ca-
nadian and U.S. scientists who share a com-
mon interest in the geology of the midcontin-
ent. Its mandate is to promote and coordi-
nate geoscientific research in the general area
of the Great Lakes. This region contains
some of North America’s most interesting
geological structures and offers a rare oppor-
tunity to study a large part of the continental
interior using relatively inexpensive marine
seismic techniques. Targets addressed by the
first phase of GLIMPCE studies include the
middle Proterozoic Midcontinent rift system
centered on Lake Superior, the early Protero-
zoic Penokean orogen and Niagara suture
south of Lake Superior extending through
Lake Michigan, and the early Proterozoic
Huronian continental margin and middle
Proterozoic Grenville front in the vicinity of
Lake Huron (Figure 1).

Since its formation, GLIMPCE has collect-
ed 1350 km of multichannel seismic reflec-
tion data along eight long profiles in lakes
Superior, Michigan and Huron, flown new
aeromagnetic surveys over lakes Superior and
Huron, and encouraged a wide range of geo-
logical, isotopic and other geophysical studies.
During the multichannel reflection survey,
which was conducted via a contract to indus-
try, high-resolution long-offset reflection/re-
fraction data were recorded by seismographs
deployed onshore and on the lake bottom by
various government and university teams.
With such coincident data, structures imaged
on seismic reflection sections may be related
o P--and S-wave velocity variations allowing
for refinement of models required to explain
both data sets.

In this report we show typical examples of
the long-offset data and summarize the re-
sults of a recent GLIMPCE workshop held at
the University of Western Ontario, London,
Ontario. Although long-offset data were col-
lected along all GLIMPCE reflection profiles,
we will concentrate on the data from north-
south line A across central Lake Superior
(Figure 1).

Geophysical Background

Lake Superior lies at the northern end of
the Midcontinent gravity anomaly and related
gravity anomalies that extend more than

2000 km from Kansas northeast through
Iowa, Minnesota and Wisconsin, before turn-
ing southeast through Michigan. The origin
of these gravity anomalies and associated
high-amplitude magnetic anomalies has been
the object of studies for many years [Wold and
Hinze, 1982; Van Schmus and Hinze, 1985].
Surface exposures around Lake Superior and
drill data throughout the region indicate that
their source is commonly a thick sequence of
basaltic lava with minor intercalated sedimen-
tary rock. Based on information from a varie-
ty of studies, it is now generally agreed that
the potential field anomalies delineate a
failed Precambrian rift of Keweenawan age
(1100 Ma), widely known as the Midcontinent
rift system (MRS).

Early seismic refraction surveys conducted
in this region provided only limited resolu-
tion of the velocity structure (see review by
Halls [1982]). Very long-offset data collected
during the 1963 Lake Superior experiment
[Steinhart and Smith, 1966] detected high mid-
crustal velocities (6.6—6.7 km/s) and an anom-
alously thick crust (>50 km) beneath central
Lake Superior, but structural relationships
between the MRS and the thick crust were
poorly defined. Higher-resolution refraction
profiles recorded in the late 1960s [Luetgert
and Meyer, 1982] indicated the presence of
10-km-deep basinlike structures underlain by
material with velocities up to 6.8 km/s, inter-
preted to represent “mantle-derived” intru-
sions. The size and detailed structure of the
high-velocity material were not determined
by these older data sets.

In the early 1980s, COCORP acquired seis-
mic reflection data across the western and
eastern limbs of the MRS. An asymmetric rift
basin extending to about 8 km (3-s travel
time) depth was imaged in Kansas [Serpa et
al., 1984], and a relatively symmetric basin
extending to 18 km (6 s) was outlined in cen-
tral Michigan {Zku and Brown, 1986].

GLIMPCE Near-Vertical
Incidence Reflection Survey

The new GLIMPCE multichannel seismic
reflection data expand our knowledge of the
MRS beneath the waters of Lake Superior
[Behrendt et al., 1988; Cannon et al., 1989;
Green et al., 1989]. They show that the total

sedimentary and volcanic fill in rift basins un-

der Lake Superior is up to 36 km (12 s) thick
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Topography from Digital Elevations” by
Pike and Thelin.
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and is therefore much greater than anticipat-
ed on the basis of earlier studies of the MRS
and studies of other intracratonic rifts. At the
southern end of line A a strong band of re-
flections at 12 s is interpreted to represent
the Moho, in agreement with Moho depths of
about 35 km deduced from the 1960s refrac-
tion surveys [Halls, 1982]. Beneath north and
central Lake Superior, however, there are no
clear reflections that can be associated with
the Moho, suggesting that the crust-mantle
boundary was greatly disrupted during rift-

ing.

GLIMPCE Long-Offset
Experiment

Locations of seismographs deployed to re-
cord long-offset data are shown by dots (land)
and stars (lake bottom) in Figure 1. A great
variety of recording instruments was used,
ranging from stand-alone single and three-
component (X, Y, Z) FM-analogue and digital
systems (land and marine), to 24-, 48- and
96-channel digital systems. The common en-
ergy source for the near-vertical incidence re-
flection and long-offset reflection/refraction
surveys was an 80-m-wide tuned airgun array
with a total capacity of 127 L and dominant
frequency range of about 6-57 Hz. Depend-
ing on line location, the airgun was fired at
50-, 62.5- or 300-m intervals. Shooting and
recording instruments operated on absolute
time.

For line A a total of 31 sites was occupied,
five of which were on the lake bottom. Good
quality data recorded along this initial “test”
line prompted an expansion of the on-land
program to include long-offset recording of

-all seismic reflection lines. Both in-line and

fan data were collected. A total of 23,196
shots was fired along the eight lines, and 137
stations were occupied at 86 locations, yield-
ing a volume of long-offset data that is proba-
bly unprecedented in North America.

After the fieldwork, each institute was
faced with the task of recovering and editing
the data. The original field records were
stored on diskettes, tape cartridges, and tapes
according to each instrument’s specifications
and institute’s format. A common format was
needed for data exchange. After some discus-
sion the SEG-Y format was selected and mod-
ified to accommodate the needs of long-offset
data. One significant advantage of the SEG-Y
format is that existing seismic reflection soft-
ware packages can be used for basic process-
ing and plotting. Seismic sections constructed
from data recorded at three stations along
line A are shown in Figure 2. The amplitude
of first arrivals, which can be identified to
distances exceeding 220 Km at some sites,
changes considerably as a function of offset.
Moreover, the wavelet shape and efficiency of
P- to S-wave conversion varies greatly along
each line and from line-to-line. These varia-
tions are probably due to changes in water
depth and differences in character and thick-
ness of the uppermost sedimentary layers.
There are numerous wide-angle reflections
from the lower crust and crust-mantle transi-
tion zone.
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Location map of the GLIMPCE 1986 seismic survey on geological background modified from Hoffman [1988]. CGB, Cen-

tral Gneiss belt; DC, Duluth complex; DF, Douglas fault; GF, Grenville front; GFTZ, Grenville front tectonic zone; GLTZ, Great
Lakes tectonic zone; IR, Isle Royale; IRF, Isle Royale fault; KF, Keweenaw fault; KP, Keweenaw Peninsula; MI, Michipicoten Island;
MID, Manitoulin Island discontinuity; NF, Niagara fault; NP, Nipigon plate; Sgp, Supergroup; SI, Slate Islands; SS, Superior Shoals;

A-C, E-], seismic reflection lines.

University of Western
Ontario Workshop

The current status of the long-offset data
processing and modeling was discussed at a
recent GLIMPCE workshop held at the Uni-
versity of Western Ontario. Figure 3 outlines
the wide range of processing and interpreta-
tion techniques that have been employed by
GLIMPCE participants. Deconvolution and
frequency filters have been used to reduce
the effects of water bottom reverberations
and improve timing resolution. A number of
processing teams have taken advantage of the
data’s unusually high spatial resolution by ap-
plying various coherency techniques (nth root
stacking, beam steering, velocity filtering in
time-space and frequency-wavenumber do-
mains, semblance-based coherency filtering)
to common receiver and common shot gath-

ers. Coherency-filtered sections have allowed
weak (signal/noise <1) first and later arrivals
to be detected and better identified. Several
teams have stacked normal moveout correct-
ed in-line and fan data to produce multifold
images that can be compared directly to con-
ventional seismic reflection sections. One
promising avenue of research has involved a
refinement of Milkereit's [1987] slowness-
weighted diffraction stack algorithm to pro-
duce migrated images from wide-angle re-
flections. Information on P- to S-wave con-
verted phases extracted from three-
component recordings have been analyzed to
determine the variation of Poisson’s ratio
across the rift axis.

Most members of the GLIMPCE refraction
group have been involved in some form of
velocity modeling (Figure 3). Although the
various models presented at the workshop
differ in detail, they have many features in
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common with each other. The modeling
strategy adopted by the Oregon team is fairly
typical. They constructed an initial two-di-
mensional model by integrating information
from GLIMPCE seismic reflection line A
[Cannon et al., 1989; Green et al., 1989} with
results of one-dimensional t-sum inversions
of travel times observed on individual record
sections. A second stage two-dimensional ve-
locity model shown in Figure 4, obtained
through interactive ray tracing to match first
arrivals on the land and lake bottom stations,
shows Archean/early Proterozoic basement
separated by two connected rift basins.
Though preliminary in nature, the general
shape of the deep rift basins and underlying
high-velocity material in central Lake Superi-
or is quite well defined by this model.

The Archean/early Proterozoic basement
rocks are characterized by typical Precambri-
an Shield velocities ranging from 6.0 km/s
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Fig. 2. Examples of data recorded along line A across central Lake Superior. Stations
are land site SUP4 to the north of the lake, lake bottom site OBS-C4 near the center of
the lake, and land site C1 to the south. All sections have been filtered 5—24 Hz, and off-
set dependent scaling was applied for offsets greater than 10 km—no scaling applied for
offsets less than 10 km. Reduction velocity is 6.5 km/s.

near the surface to 6.6 km/s at the bottom of
the model. The velocity distribution of the
two rift basins is distinct from that observed
on the flanks, with the velocity increasing
rapidly from about 2.5 km/s at the lake floor
to about 5.2 km/s at less than 2 km depth. A
local high-velocity anomaly is associated with
the Isle Royale (IRF) fault zone. Volcanic
rocks, which have been dredged from Superi-

or Shoals (SS in Figures 1 and 4), are the
likely source of the high velocities. In the
central rift basin, velocities continue increas-
ing with depth, reaching more than 7.0 km/s
near the base of the section. Such high veloci-
ties at relatively shallow levels, coupled with
our knowledge of the region’s tectonic his-
tory, suggest that there is a large volume of
igneous rock within the basin. The northern
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basin extends to a depth of about 12 km and
as for the central basin, contains a substantial
volume of high-velocity material. Moho
depths (not shown in Figure 4) deduced from
wide-angle reflections recorded on the in-line
and fan receivers increase from about 36 km
under the southern flank to more than 55
km beneath the central basin, and then de-
crease to about 50 km beneath the northern
basin.

Summary

The GLIMPCE seismic experiment was
successful in obtaining coincident high-quality
reflection and long-offset reflection/refraction
data across a number of major geological
structures in the midcontinent. The seismic
reflection data provide outstanding images of
the MRS, revealing structures that extend
considerably deeper than had previously
been suspected. Long-offset reflection/refrac-
tion data enhanced by modern data-process-
ing techniques are providing additional con-
straints on the geometries and lithologies as-
sociated with these structures, information
critical for resolving their nature and evolu-
tion.

Although modeling of the long-offset data
is at an early stage, some conclusions about
the MRS can be drawn at this time:

1. A rift basin to the north of the Isle
Royale fault and a huge central rift basin lo-
cated between the Isle Royale and Keweenaw
faults have been outlined. Velocities deter-
mined from the refraction data allow the
boundary between the upper sedimentary
layers and the lower layers of intercalated
volcanic and sedimentary rocks to be identi-
fied.

2. The Isle Royale fault is associated with
a shallow high-velocity anomaly.

3. The relatively high velocities (up to 7
km/s at 18 km depth) required in the central
rift basin are consistent with the presence of
a thick sequence of primarily igneous (proba-
bly basaltic) rocks.

4. The normal moveout corrected in-line
and fan profiles indicate deepening Moho
from about 36 km beneath the southern
flank to more than 55 km below the central
rift basin. Moho probably shallows about 50
km under the northern basin.

Completion of the analysis of the
GLIMPCE long-offset seismic data and its in-
tegration with the vertical incidence seismic
reflection and new potential field data will
undoubtedly contribute to our understanding
of some of the major geological structures of
the midcontinent region, which will in turn
provide insights into the formation and evo-
lution of the North American continent. Fur-
ther results from the GLIMPCE seismic re-
fraction working group were presented at the
Union Symposium GLIMPCE and Related
Studies of the Midcontinent held at the 1989
Spring Meeting of AGU in Baltimore.
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INSTITUTE DATA SETS

ACTIVITY

Geol. Surv.
Canada

L. Superior &
L. Huron single
channel data

deconvolution filtering; migration of wide—angle reflections; 2-d ray
tracing and synthetic seismogram modeling of P-wave data; integration
of near-vertical incidence and long offset seismic results with
potential field and geological data.

U.S. Geol. all data

Surv.

accurate determination of shot times, positions and bathymetry.

Univ. West.
Ont.

L. Superior &
L. Huron single
component data

conventional and Nth root stacking; migration of wide-angle reflections;
development. and application of interactive inversion methods for fan and
in-line data; 2-d ray tracing and synthetic seismogram modeling of
P-wave data; studies of crustal "shingles” and P-to-S conversions.

Univ. Wisc.
(Madison)

L. Superior,
L. Michigan &
L. Huron 3-
component data

deconvolution filtering; studies of P-to-S conversions, Poisson's ratio,
and wide-angle reflections on in-line and fan data; joint interpretation
of GLIMPCE long-offset data and 1960°'s colinear sonobuoy data;
comparison of the MRS with the East African Rift System.

L. Superior single
& multichannel data

Univ. Wisc.
(Oshkosh)

modeling of P- and S-wave data.

beam steering to enhance and identify selected P- and S-wave events;
analysis of data in F-K domain; 2-d ray tracing and synthetic seismogram

Ore. State.
Univ

L. Superior 3-
component data

deconvolution filtering; 2-d ray tracing and synthetic seismogram
modeling of P-wave data; migration of wide—angle reflections; comparison
of forward and inverse modeling techniques; integrated interpretatio

of near-vertical incidence and long-offset seismic data.

S. Illinois
Univ.

L. Superior &
L. Huron single &
multichammel data

application of reflection processing methods with emphasis on time-
space domain velocity filtering of unequally spaced data for detecting
and identifying refracted and reflected P- and S-waves; 2-d ray tracing
and synthetic seismogram modeling of P-wave data.

L. Superior
multichannel data

slant stacking and determination of time variant coherency functions for
enhancing and identifiying secondary arrivals; computation of velocity
spectra for determining stacking velocity functions.

N. Illinois
Univ.

L. Superior,

L. Michigan &

L. Huron single &
multichannel data

processing and interpretation of selected onshore data; modeling of
refraction phases recorded on near-vertical incidence data.

Fig. 3. Ongoing processing and modeling activities being applied to the GLIMPCE long-offset seismic data by the various partici-

pants.
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Better Pre-College
Textbooks

PAGE 841

We have all heard deplorable tales of the
state of science education in U.S. grade
schools and high schools. Teachers need text-
books that are accurate and current, but they
have not always had the help they could use
from the science community. The National
Center for Science Education (NCSE) in
Berkeley, Calif., is trying to remedy that situ-
ation, and AGU members can help them.

NCSE is a nonprofit organization affiliated
with the American Association for the Ad-
vancement of Science and the National Sci-
ence Teachers Association. One of its objec-
tives is to improve the quality of pre-college
science textbooks.

Eugenie C. Scott, executive director of
NCSE, has described two programs in which
AGU members could make a significant con-
tribution: reviewing published pre-college
textbooks, and pre-publication text review.
Both programs have already established cred-

ibility with educators, school administrators,
and publishers of pre-college textbooks.

I think the programs are best described in
Scott’s own words.

“We [NCSE] publish a newsletter called
Bookwatch Reviews (BWR) which—believe it or
not—is the only periodical dedicated to re-
viewing pre-college science textbooks. One
would think that with the importance of the
multimillion dollar textbook industry, infor-
mation like this would be more available. Un-
fortunately, only a few periodicals occasional-
ly review science textbooks, and then general-
ly in brief reviews that do little more than
summarize contents and list what "peripher-
als’ (slide sets, transparencies, etc.) are avail-
able. BWR reviews are long in comparison
(1000 words each) and they concentrate on
science content. Each issue of BWR reviews
one book, with two reviews by scientists and
one by a science educator. Having the input
of scientists in the review of pre-college texts
is important. They are the only ones compe-
tent to judge whether a given book is scientif-
ically accurate and up-to-date or not.

“A second program in textbook improve-
ment is called the Pre-Publication Review

This page may be freely copied.

Project (PPRP), and is another one for which
AGU assistance would be appreciated.
Whereas BWR looks at books after they have
been published, the PPRP tries to improve
books before they get to the market. NCSE
acts as broker to link textbook publishers with
scientists for content review. Textbook pub-
lishers pay the scientist for his or her work,
though NCSE gets no money for the service
(to retain its independence). The professor
may do as many or as few chapters as is de-
sired and all arrangements are made between
the scientist and the publisher.*

Earth scientists are particularly needed to
assist in reviewing pre-college textbooks for
NCSE. AGU members who would like to be
considered for participation in either pro-
gram should send a brief letter expressing in-
terest and a short curriculum vitae to AGU
headquarters.

Do you want to make a substantive contri-
bution to pre-college science education?
Here’s your chance.

Fred Spilhaus
AGU Executive Director




