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T h e Grea t Lakes I n t e r n a t i o n a l Mult idis-
ciplinary P r o g r a m o n Crus ta l Evolu t ion 
(GLIMPCE) was ini t ia ted in late 1985 by Ca
n a d i a n a n d U.S. scientists w h o s h a r e a com
m o n in teres t in t he geology of t he midcon t in -
ent . Its m a n d a t e is to p r o m o t e a n d coord i 
na te geoscientific r e sea rch in t h e g e n e r a l a r ea 
of the Grea t Lakes . T h i s r eg ion conta ins 
some of N o r t h Amer ica ' s mos t in te res t ing 
geological s t ruc tu res a n d offers a r a r e o p p o r 
tuni ty to s tudy a la rge p a r t of t h e con t inen ta l 
in ter ior us ing relatively inexpens ive m a r i n e 
seismic t echn iques . T a r g e t s a d d r e s s e d by the 
first phase of G L I M P C E s tudies inc lude t he 
midd le Pro terozoic M i d c o n t i n e n t rift system 
cen te red o n Lake S u p e r i o r , t h e ear ly P r o t e r o 
zoic P e n o k e a n o r o g e n a n d N i a g a r a s u t u r e 
sou th of Lake S u p e r i o r e x t e n d i n g t h r o u g h 
Lake Michigan, a n d t h e early Pro te rozo ic 
H u r o n i a n con t inen ta l m a r g i n a n d m i d d l e 
Proterozoic Grenvi l le f ron t in t h e vicinity of 
Lake H u r o n (F igure 1). 

Since its fo rmat ion , G L I M P C E has collect
ed 1350 k m of m u l t i c h a n n e l seismic reflec
tion da ta a long e ight l o n g profiles in lakes 
Super io r , Michigan a n d H u r o n , flown new 
ae romagne t i c surveys over lakes S u p e r i o r a n d 
H u r o n , a n d e n c o u r a g e d a wide r a n g e of geo
logical, isotopic a n d o t h e r geophysical s tudies . 
D u r i n g the m u l t i c h a n n e l reflection survey, 
which was c o n d u c t e d via a con t rac t to indus 
try, h igh- reso lu t ion long-offset ref lect ion/re
fraction da ta were r e c o r d e d by se i smographs 
dep loyed o n s h o r e a n d o n t h e lake b o t t o m by 
var ious g o v e r n m e n t a n d univers i ty t eams . 
With such co inc ident da ta , s t ruc tu re s i m a g e d 
on seismic reflection sections m a y be re la ted 
•to P- a n d S-wave velocity var ia t ions al lowing 
for r e f inement of mode l s r e q u i r e d to expla in 
bo th da ta sets. 

In this r e p o r t we show typical e x a m p l e s of 
the long-offset da t a a n d s u m m a r i z e t he re 
sults of a r ecen t G L I M P C E w o r k s h o p he ld at 
the Universi ty of W e s t e r n O n t a r i o , L o n d o n , 
On ta r io . A l t h o u g h long-offset da t a were col
lected a long all G L I M P C E reflection profiles, 
we will concen t r a t e o n t he da t a f rom n o r t h -
south line A across cen t ra l Lake S u p e r i o r 
(Figure 1). 

Geophysical Background 
Lake S u p e r i o r lies at t h e n o r t h e r n e n d of 

the Midcon t inen t gravity a n o m a l y a n d re la ted 
gravity anomal ies tha t e x t e n d m o r e t h a n 

2000 k m f rom Kansas n o r t h e a s t t h r o u g h 
Iowa, Minneso ta a n d Wisconsin, be fo re t u r n 
ing southeas t t h r o u g h Michigan . T h e or ig in 
of these gravity anomal ies a n d associated 
h igh -ampl i t ude magne t i c anomal ies has b e e n 
the object of s tudies for m a n y years [Wold and 
Hinze, 1982; Van Schmus and Hinze, 1985]. 
Surface e x p o s u r e s a r o u n d Lake S u p e r i o r a n d 
drill da ta t h r o u g h o u t t h e reg ion indicate tha t 
the i r source is c o m m o n l y a thick sequence of 
basaltic lava with m i n o r in terca la ted sed imen
tary rock. Based o n in fo rma t ion f rom a varie
ty of s tudies , it is now genera l ly a g r e e d tha t 
the potent ia l field anomal i e s de l inea te a 
failed P r e c a m b r i a n rift of K e w e e n a w a n age 
(1100 Ma), widely k n o w n as the M i d c o n t i n e n t 
rift system (MRS). 

Early seismic ref rac t ion surveys c o n d u c t e d 
in this r eg ion p r o v i d e d only l imited resolu
tion of the velocity s t r u c t u r e (see review by 
Halls [1982]). Very long-offset da t a collected 
d u r i n g the 1963 Lake S u p e r i o r e x p e r i m e n t 
[Steinhart and Smith, 1966] de tec ted h igh mid-
crustal velocities ( 6 . 6 - 6 . 7 km/s) a n d an a n o m 
alously thick crus t ( > 5 0 km) b e n e a t h cen t ra l 
Lake Super io r , b u t s t ruc tu ra l re la t ionships 
be tween t he MRS a n d t h e thick crus t we re 
poorly def ined. H ighe r - r e so lu t i on ref rac t ion 
profiles r e c o r d e d in t h e late 1960s [Luetgert 
and Meyer, 1982] ind ica ted the p re sence of 
10-km-deep basinlike s t ruc tu res u n d e r l a i n by 
mater ia l with velocities u p to 6.8 km/s , in ter
p r e t e d to r e p r e s e n t "man t l e -de r ived" in t ru 
sions. T h e size a n d de ta i led s t ruc tu re of t he 
high-velocity mater ia l w e r e not d e t e r m i n e d 
by these o lde r da t a sets. 

In the early 1980s, C O C O R P acqu i red seis
mic reflection da ta across t h e wes tern a n d 
eas tern limbs of t he MRS. A n asymmet r i c rift 
basin e x t e n d i n g to a b o u t 8 k m (3-s t ravel 
time) d e p t h was i m a g e d in Kansas [Serpa et 
al, 1984], a n d a relatively symmet r ic basin 
e x t e n d i n g to 18 k m (6 s) was ou t l ined in cen
tral Michigan [Zhu and Brown, 1986]. 

GLIMPCE Near-Vertical 
Incidence Reflection Survey 

T h e new G L I M P C E mul t i channe l seismic 
reflection da ta e x p a n d o u r knowledge of t he 
MRS b e n e a t h t he waters of Lake S u p e r i o r 
[Behrendt et al, 1988; Cannon et al, 1989; 
Green et al, 1989]. T h e y show tha t t he total 
sed imenta ry a n d volcanic fill in rift basins un
d e r Lake S u p e r i o r is u p to 36 k m (12 s) thick 

a n d is t h e r e f o r e m u c h g r e a t e r t h a n anticipat
ed on the basis of ear l ier s tudies of the MRS 
and s tudies of o t h e r in t racra ton ic rifts. At t he 
s o u t h e r n e n d of line A a s t r o n g b a n d of re
flections at 12 s is i n t e r p r e t e d to r e p r e s e n t 
the M o h o , in a g r e e m e n t with M o h o d e p t h s of 
about 35 k m d e d u c e d f rom the 1960s refrac
tion surveys [Halls, 1982]. B e n e a t h n o r t h a n d 
central Lake Super io r , however , t h e r e a r e n o 
clear reflections tha t can be associated with 
the M o h o , sugges t ing tha t t h e c rus t -mant le 
b o u n d a r y was great ly d i s r u p t e d d u r i n g rift
ing. 

GLIMPCE Long-Offset 
Experiment 

Locat ions of s e i smographs dep loyed to re
cord long-offset da t a a r e shown by dots (land) 
a n d stars (lake bo t tom) in F igu re 1. A g rea t 
variety of r e c o r d i n g i n s t r u m e n t s was used , 
r ang ing f rom s tand-a lone single a n d th ree -
c o m p o n e n t (X, Y, Z) FM-ana logue a n d digital 
systems ( land a n d mar ine ) , to 24-, 4 8 - a n d 
96-channe l digital systems. T h e c o m m o n en
ergy source for t he near-ver t ical inc idence re
flection a n d long-offset ref lect ion/refract ion 
surveys was an 80-m-wide t u n e d a i r g u n a r ray 
with a total capacity of 127 L a n d d o m i n a n t 
f requency r a n g e of abou t 6 - 5 7 Hz. D e p e n d 
ing on line location, t he a i r g u n was fired at 
50-, 62 .5- o r 300-m intervals . Shoo t ing a n d 
r eco rd ing i n s t r u m e n t s o p e r a t e d o n absolute 
t ime. 

For line A a total of 31 sites was occupied , 
five of which were o n the lake bo t tom. G o o d 
quality da t a r e c o r d e d a long this initial "test" 
line p r o m p t e d an expans ion of the on- l and 
p r o g r a m to inc lude long-offset r e c o r d i n g of 
all seismic reflection lines. Bo th in-line a n d 
fan da ta were collected. A total of 23 ,196 
shots was fired a long the e ight lines, a n d 137 
stations were occupied at 86 locations, yield
ing a vo lume of long-offset da t a tha t is p roba 
bly u n p r e c e d e n t e d in N o r t h Amer ica . 

After t he fieldwork, each inst i tute was 
faced with t he task of recover ing a n d ed i t ing 
the data . T h e or iginal field r eco rds were 
s tored o n disket tes , t ape car t r idges , a n d tapes 
accord ing to each in s t rumen t ' s specifications 
and insti tute 's fo rmat . A c o m m o n fo rmat was 
n e e d e d for da t a exchange . After some discus
sion the SEG-Y fo rmat was selected a n d m o d 
ified to a c c o m m o d a t e t he n e e d s of long-offset 
data . O n e significant a d v a n t a g e of t he SEG-Y 
format is tha t exis t ing seismic reflection soft
ware packages can be used for basic process
ing a n d plo t t ing . Seismic sections cons t ruc ted 
from da ta r e c o r d e d at t h r e e stat ions a long 
line A a r e shown in F igure 2. T h e a m p l i t u d e 
of first arr ivals , which can be identif ied to 
distances exceed ing 220 k m at some sites, 
changes cons iderably as a funct ion of offset. 
Moreover , t h e wavelet s h a p e a n d efficiency of 
P- to S-wave convers ion varies great ly a long 
each line a n d f rom line-to-line. T h e s e varia
tions a r e p robab ly d u e to changes in water 
d e p t h a n d differences in cha rac t e r a n d thick
ness of t he u p p e r m o s t s ed imen ta ry layers. 
T h e r e a r e n u m e r o u s wide-angle reflections 
from the lower c rus t a n d c rus t -man t l e t ransi
tion zone. 

C o v e r . S h a d e d relief m a p of t h e U.S. 
T h i s 1989 m a p of t h e c o n t e r m i n o u s 4 8 
states was p r o d u c e d by image-process ing 
12 million digi t ized elevat ions . T h e origi
nal vers ion was m a d e in 1988 by Gail P. 
The l in , U.S. Geological Survey , A m e s Re
search Cen te r , Moffett Field, Calif., a n d 
Richard J . Pike, U S G S , M e n l o Park , Calif. 
Scale is a b o u t 1:19,000,000. 

T h e sur face-geomet r ic c h a r a c t e r of 82 

U.S. phys iograph ic sect ions also was ab
stracted f rom t h e digital elevat ions, t h u s 
p rov id ing t h e first cr i ter ia sui table for 
c o m p a r i n g these a reas quant i ta t ively, tha t 
is, to assess t o p o g r a p h i c h o m o g e n e i t y be
tween a n d within subdivis ions. 

I m a g e cour tesy of t h e U.S . Geological 
Survey. See "Shaded- re l i e f M a p of U.S. 
T o p o g r a p h y f rom Digital Elevat ions" by 
Pike a n d T h e l i n . 
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G R E N V I L L E O R O G E N 
1 . 5 0 - 1 . 4 0 Go 

g r a n i t e - r h y o l i t e 

P E N O K E A N O R O G E N S U P E R I O R P R O V I N C E 

1.85 Sudbury basin (+ + _ + ,) 3.1 - 2.6 Ga 

M a r q u e t t e R a n g e S g p 
M I N N E S O T A R. V. T E R R A N E 

3 a P | u t o n s | W i s c o n s i n M a g m a t i c 

I c - a l k a l i n e v o l c a n i c s J T e r r a n e 

Fig. 1. Locat ion m a p of t h e G L I M P C E 1986 seismic survey o n geological b a c k g r o u n d modif ied f rom Hoffman [1988] . C G B , C e n 
tral Gneiss belt ; D C , D u l u t h complex ; D F , Douglas fault; GF , Grenvi l le f ront ; G F T Z , Grenvi l le f ront tectonic zone ; G L T Z , G r e a t 
Lakes tectonic zone ; IR, Isle Royale; I R F , Isle Royale fault ; KF, Keweenaw fault; KP, Keweenaw Pen insu la ; M I , Michip ico ten I s land ; 
M I D , Mani tou l in I s land discont inui ty ; N F , N i a g a r a fault; N P , N i p i g o n p la te ; Sgp , S u p e r g r o u p ; SI, Slate I s lands ; SS, S u p e r i o r Shoals ; 
A-C, E-J, seismic reflection lines. 

University of Western 
Ontario Workshop 

T h e c u r r e n t s ta tus of t he long-offset da t a 
process ing a n d m o d e l i n g was discussed at a 
r ecen t G L I M P C E w o r k s h o p he ld at t h e Un i 
versity of Wes t e rn O n t a r i o . F igu re 3 out l ines 
t he wide r a n g e of p rocess ing a n d i n t e rp r e t a 
t ion techniques tha t have been e m p l o y e d by 
G L I M P C E par t ic ipants . Deconvolu t ion a n d 
f requency filters h a v e b e e n used to r e d u c e 
the effects of wa te r b o t t o m reve rbe ra t ions 
a n d i m p r o v e t iming resolu t ion . A n u m b e r of 
process ing teams h a v e t aken a d v a n t a g e of t h e 
data ' s unusual ly h i g h spatial reso lu t ion by a p 
plying var ious c o h e r e n c y t echn iques (n th roo t 
stacking, b e a m s teer ing , velocity filtering in 
t ime-space a n d f r e q u e n c y - w a v e n u m b e r d o 
mains , semblance-based cohe rency filtering) 
to c o m m o n receiver a n d c o m m o n shot ga th

ers . Coherency-f i l te red sections have al lowed 
weak (signal/noise < 1 ) first a n d la te r arr ivals 
to be de tec ted a n d be t t e r ident if ied. Several 
teams have s tacked n o r m a l m o v e o u t cor rec t 
ed in-line a n d fan da t a to p r o d u c e mul t i fo ld 
images tha t can be c o m p a r e d direct ly to con
vent ional seismic reflection sections. O n e 
p romis ing a v e n u e of r e sea rch has involved a 
re f inement of Milkereit's [1987] slowness-
weighted diffraction stack a l g o r i t h m to p r o 
d u c e m i g r a t e d images f rom wide-angle r e 
flections. I n f o r m a t i o n o n P- to S-wave con
ver ted phases ex t rac ted f rom t h r e e -
c o m p o n e n t r e co rd ings have b e e n analyzed to 
d e t e r m i n e t h e var ia t ion of Poisson's ra t io 
across t he rift axis. 

Most m e m b e r s of t h e G L I M P C E ref rac t ion 
g r o u p have b e e n involved in s o m e f o r m of 
velocity m o d e l i n g (F igure 3). A l t h o u g h t h e 
var ious mode l s p r e s e n t e d at t h e w o r k s h o p 
differ in detai l , they have m a n y fea tu res in 

c o m m o n with each o t h e r . T h e m o d e l i n g 
s trategy a d o p t e d by t h e O r e g o n t e a m is fairly 
typical. T h e y cons t ruc t ed a n initial two-di
mens iona l m o d e l by i n t eg ra t i ng i n f o r m a t i o n 
f rom G L I M P C E seismic reflect ion l ine A 
[Cannon et al., 1989; Green et ah, 1989] wi th 
results of one -d imens iona l T - s u m invers ions 
of t ravel t imes obse rved o n ind iv idua l r e c o r d 
sections. A second s tage two-d imens iona l ve
locity m o d e l shown in F i g u r e 4 , o b t a i n e d 
t h r o u g h interact ive ray t r ac ing to m a t c h first 
arrivals o n t h e l and a n d lake b o t t o m stat ions, 
shows Archean /ea r ly Pro te rozo ic b a s e m e n t 
sepa ra t ed by two c o n n e c t e d rift basins . 
T h o u g h p re l imina ry in n a t u r e , t h e g e n e r a l 
shape of t h e d e e p rift basins a n d u n d e r l y i n g 
high-velocity mate r ia l in cen t ra l L a k e S u p e r i 
o r is qu i t e well de f ined by this m o d e l . 

T h e Archean /ea r ly Pro te rozo ic b a s e m e n t 
rocks a r e charac te r i zed by typical P r e c a m b r i -
an Shield velocities r a n g i n g f rom 6.0 km/s 

This page may be freely copied. 



Eos, Vol. 70, No. 38, September 19, 1989 

X (km) 

Fig. 2. Examples of d a t a r e c o r d e d a l o n g l ine A across cen t ra l Lake Supe r io r . Stat ions 
a r e land site S U P 4 to t h e n o r t h of t h e lake, lake b o t t o m site OBS-C4 n e a r t h e c e n t e r of 
t he lake, a n d l and site C I to t h e sou th . All sections have b e e n fil tered 5 - 2 4 Hz , a n d off
set d e p e n d e n t scaling was app l i ed for offsets g r e a t e r t h a n 10 k m — n o scaling app l i ed for 
offsets less t h a n 10 k m . Reduc t i on velocity is 6.5 km/s . 

nea r the surface to 6.6 km/s a t t he b o t t o m of 
the mode l . T h e velocity d i s t r ibu t ion of t h e 
two rift basins is dist inct f r o m tha t obse rved 
on t h e flanks, with t h e velocity increas ing 
rapidly f rom a b o u t 2.5 km/s at t h e lake floor 
to abou t 5.2 km/s at less t h a n 2 k m d e p t h . A 
local high-velocity a n o m a l y is associated with 
the Isle Royale (IRF) fault zone . Volcanic 
rocks, which have b e e n d r e d g e d f rom Supe r i 

o r Shoals (SS in F igures 1 a n d 4), a r e t h e 
likely source of t h e h igh velocities. I n t h e 
centra l rift basin , velocities c o n t i n u e increas
ing with d e p t h , r e a c h i n g m o r e t h a n 7.0 km/s 
n e a r t he base of t h e section. Such h igh veloci
ties at relatively shallow levels, c o u p l e d with 
o u r knowledge of t he reg ion ' s tectonic his
tory, suggest t ha t t h e r e is a l a rge v o l u m e of 
igneous rock wi thin t h e basin. T h e n o r t h e r n 

basin e x t e n d s to a d e p t h of a b o u t 12 k m a n d 
as for t h e cen t ra l basin, con ta ins a substant ia l 
vo lume of high-velocity mate r ia l . M o h o 
d e p t h s (not shown in F i g u r e 4) d e d u c e d f rom 
wide-angle reflections r e c o r d e d o n t h e in-l ine 
a n d fan receivers increase f rom a b o u t 36 k m 
u n d e r t h e s o u t h e r n flank to m o r e t h a n 55 
k m b e n e a t h t h e cen t ra l basin , a n d t h e n d e 
crease to a b o u t 50 k m b e n e a t h t h e n o r t h e r n 
basin. 

Summary 
T h e G L I M P C E seismic e x p e r i m e n t was 

successful in ob ta in ing co inc iden t h igh-qual i ty 
reflection a n d long-offset ref lect ion/refract ion 
da ta across a n u m b e r of ma jo r geological 
s t ruc tu res in t h e m i d c o n t i n e n t . T h e seismic 
reflection d a t a p r o v i d e o u t s t a n d i n g images of 
t he MRS, revea l ing s t ruc tu re s tha t e x t e n d 
considerably d e e p e r t h a n h a d previously 
been suspec ted . Long-offset ref lect ion/refrac
t ion da t a e n h a n c e d by m o d e r n da ta -process 
ing t echn iques a r e p r o v i d i n g add i t iona l con
straints o n t h e geome t r i e s a n d l i thologies as
sociated with these s t ruc tu res , i n fo rma t ion 
critical for resolving the i r n a t u r e a n d evolu
tion. 

A l t h o u g h m o d e l i n g of t h e long-offset d a t a 
is at an ear ly s tage, s o m e conclus ions a b o u t 
the MRS can b e d r a w n at this t ime : 

1. A rift basin to t h e n o r t h of t h e Isle 
Royale fault a n d a h u g e cen t ra l rift bas in lo
cated be tween t h e Isle Royale a n d Keweenaw 
faults have b e e n ou t l ined . Velocities de t e r 
m i n e d f rom the ref rac t ion da t a allow t h e 
b o u n d a r y be tween t h e u p p e r s e d i m e n t a r y 
layers a n d t h e lower layers of in te rca la ted 
volcanic a n d s ed imen ta ry rocks to be ident i 
fied. 

2. T h e Isle Royale fault is associated with 
a shallow high-velocity anomaly . 

3. T h e relatively h igh velocities ( u p to 7 
km/s at 18 k m d e p t h ) r e q u i r e d in t h e cen t ra l 
rift basin a r e consis tent with t h e p r e s e n c e of 
a thick s equence of p r imar i ly i gneous (p roba
bly basaltic) rocks . 

4. T h e n o r m a l m o v e o u t co r r ec t ed in-l ine 
a n d fan profiles indicate d e e p e n i n g M o h o 
f rom a b o u t 36 k m b e n e a t h t h e s o u t h e r n 
flank to m o r e t h a n 55 k m below t h e cen t ra l 
rift basin. M o h o probab ly shallows a b o u t 50 
k m u n d e r t h e n o r t h e r n basin. 

Comple t i on of t he analysis of t h e 
G L I M P C E long-offset seismic da t a a n d its in
tegra t ion with t h e vertical inc idence seismic 
reflection a n d new poten t ia l field da t a will 
u n d o u b t e d l y con t r i bu t e to o u r u n d e r s t a n d i n g 
of some of t h e major geological s t ruc tu re s of 
the m i d c o n t i n e n t r eg ion , which will in t u r n 
p rov ide insights in to t he fo rma t ion a n d evo
lut ion of t he N o r t h A m e r i c a n con t inen t . Fu r 
t h e r resul ts f rom the G L I M P C E seismic re 
fraction work ing g r o u p were p r e s e n t e d at t h e 
U n ion Sympos ium G L I M P C E a n d Rela ted 
Studies of t h e Midcon t inen t he ld a t t h e 1989 
Sp r ing Mee t ing of A G U in Ba l t imore . 
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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 sei smog ram modeling of P-wave data; integration 
of near-vertical incidence and long offset seismic results with 
potential field and geological data. 

U.S. Geol. 
Surv. 

all data 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. Wise. 
(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. 

Univ. Wise. 
(Oshkosh) 

L. Superior single 
& multichannel 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 
modeling of P- and S-wave data. 

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 & 
multichannel 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. 

Univ. Sask. L. Superior 
multichannel data 

slant stacking and determination of time variant coherency functions for 
enhancing and identiflying 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. O n g o i n g process ing a n d m o d e l i n g activities be ing app l i ed to t he G L I M P C E long-offset seismic da t a by t h e var ious part ic i
pan ts . 
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Fig. 4. Stylized m o d e l of t he u p p e r crusta l velocity s t r u c t u r e a long G L I M P C E line A. 
HZ, H inge zone ; IRF , Isle Royale fault; KF, Keweenaw fault; SS, S u p e r i o r Shoals . N o t e 
the 3:1 vertical exaggera t ion . 

Coast G u a r d , w h o p r o v i d e d c o m m u n i c a t i o n s 
with the r e c o r d i n g crew o n Michipicoten Is
land; the U.S. Coas t G u a r d , w h o p r o v i d e d 
the ship a n d h e l p i n g h a n d s for t h e deploy
m e n t a n d the recovery of t h e lake b o t t o m 
se ismographs ; a n d the O n t a r i o Geological 
Survey, w h o p r o v i d e d logistic s u p p o r t . T h e 
University of Wiscons in -Oshkosh was sup
por t ed by g r a n t s f rom t h e N S F Division of 
Ear th Sciences (EAR-8617074 a n d EAR-
8804359) a n d by the Universi ty of Wisconsin-
Oshkosh Faculty D e v e l o p m e n t B o a r d . W e 
also t h a n k the s t uden t s a n d assistants who 
he lped g a t h e r t h e da ta a n d p r e p a r e it for 
processing. Geological Survey of C a n a d a con

t r ibut ion 10789, L I T H O P R O B E con t r i bu t ion 
100. 

References 
B e h r e n d t , J . C , A. G. G r e e n , W. F. C a n n o n , 

D. R. H u t c h i n s o n , M. W. Lee , B . Milkerei t , 
W. F. Agena , a n d C. Spence r , Crus ta l 
s t ruc tu re of t h e Mid-con t inen t Rift System: 
Results f rom G L I M P C E d e e p seismic r e 
flection profiles, Geology, 16, 8 1 , 1988. 

C a n n o n , W. F., A. G. G r e e n , D. R. H u t c h i n 
son, M. W. Lee , B. Milkereit , J . C. Beh
rendt , H . C. Halls , J . C. G r e e n , A. B. 
Dickas, G. B. Morey , R. Sutcliffe, a n d C. 

Spencer , T h e Midcon t inen t rift b e n e a t h 
Lake Supe r io r f rom G L I M P C E seismic r e 
flection profi l ing, Tectonics, 8, 3 0 5 , 1989. 

G r e e n , A. G., W. F. C a n n o n , B. Milkerei t , D. 
R. H u t c h i n s o n , A. Davidson, J . C. Beh
r e n d t , C. Spence r , M. W. Lee , P. Morel-a-
l 'Huissier, a n d W. F. A g e n a , A 
" G L I M P C E " of t he d e e p c rus t b e n e a t h t h e 
Grea t Lakes, in Properties and Processes of 
Earth's Lower Crust, Geophys. Monogr., IUGG 
Ser. 6, vol. 5 1 , p p . 65-80 , A G U , Wash ing 
ton, D.C., 1989. 

Halls, H . C , Crus ta l th ickness in t h e Lake 
S u p e r i o r r eg ion , in Geology and Tectonics of 
the Lake Superior Basin, Geol. Soc. Am. Mem., 
vol. 156, ed i t ed by R. J . Wold a n d W. J . 
Hinze , p p . 2 3 9 - 2 4 4 , B o u l d e r , Colo. , 1982. 

Hof fman , P. E., U n i t e d plates of Amer i ca , 
t he b i r th of a c r a ton : Early Pro te rozo ic as
sembly a n d g r o w t h of L a u r e n t i a , Ann. Rev. 
Earth Planet. Sci., 16, 5 4 3 , 1988. 

Lue tger t , J . H . , a n d R. P. Meyer , S t r u c t u r e of 
the wes tern basin of Lake S u p e r i o r f rom 
cross s t ruc tu re ref ract ion profiles, in Geolo
gy and Tectonics of the Lake Superior Basin, 
Geol. Soc. Am. Mem., vol. 156, ed i t ed by R. 
J . Wold a n d W. J . H inze , p p . 2 4 5 - 2 5 6 , 
Bou lde r , Colo. , 1982. 

Milkereit , B. , Migra t ion of noisy crus ta l seis
mic d a t a , / . Geophys. Res., 92, 7916 , 1987. 

Serpa , L., T . Setzer , H . F a r m e r , L. B r o w n , J . 
Oliver, S. K a u f m a n , J . S h a r p , a n d D. W. 
Steeples, S t r u c t u r e of t h e s o u t h e r n 
Keweenawan rift f rom C O C O R P surveys 
across t he m i d c o n t i n e n t geophysical a n o m -

This page may be freely copied. 



Eos, Vol. 70, No. 38, September 19, 1989 

aly in n o r t h e a s t e r n Kansas , Tectonics, 3, 
367, 1984. 

S te inhar t , J . S., a n d T . J . Smi th (Eds.) , The 
Earth Beneath the Continents, Geophys. Mon-
ogr. Ser., vol. 10, 6 6 3 p p . , A G U , Wash ing 
ton , D.C. , 1966. 

V a n Schmus , W. R., a n d W. J . H i n z e , T h e 
Midcon t inen t Rift System, Ann. Rev. Earth 
Planet. Sci., 13, 3 4 5 , 1985. 

Wold , R. J . , a n d W. J . H i n z e (Eds.) , Geology 
and Tectonics of the Lake Superior Basin, Geol. 
Soc. Am. Mem., vol. 156, 280 p p . , B o u l d e r , 
Colo. , 1982. 

Zhu , T . , a n d L. D. B r o w n , C o n s o r t i u m for 
Con t inen ta l Reflection Profi l ing Michigan 

Fditorial 

surveys: Reprocess ing a n d r e s u l t s , / . 
Geophys. Res., 91, 11,477, 1986. 

GLIMPCE Seismic Refraction Group 
Geological Survey of C a n a d a , O t t awa Pa
trick Morel-a- l 'Huiss ier , A l a n G. G r e e n , 
B e r n d Milkerei t 

O r e g o n State Univers i ty , Corvall is A n n e M. 
T r £ h u , J o h n Shay 

Universi ty of Wiscons in-Madison Robe r t P. 
Meyer , Xiao R u n g Shih 

Universi ty of Wiscons in -Oshkosh J o h n H . 
Karl , T o m Jef fe rson 

Universi ty of W e s t e r n O n t a r i o , L o n d o n Ro
be r t F. M e r e u , D u r y o d h a n Epili 

S o u t h e r n Illinois Univers i ty , C a r b o n d a l e -
J o h n L. Sexton , Scott W e n d l i n g 

Universi ty of Saska tchewan , Saskatoon Zol-
t an Hajnal , Wai-Kin C h a n 

U n i t e d States Geological Survey, W o o d s 
Hole , Mass. D e b o r a h R. H u r c h i n s o n 

N o r t h e r n Illinois Univers i ty , DeKalb C. Pat
rick Ervin 

Better Pre-College 
Textbooks 
PAGE 841 

W e have all h e a r d d e p l o r a b l e tales of t he 
state of science educa t ion in U.S. g r a d e 
schools a n d h igh schools. T e a c h e r s n e e d text
books tha t a r e accura te a n d c u r r e n t , b u t they 
have no t always h a d t h e h e l p they cou ld use 
f rom the science c o m m u n i t y . T h e Na t iona l 
C e n t e r for Science Educa t i on (NCSE) in 
Berkeley, Calif., is t ry ing to r e m e d y tha t situ
at ion, a n d A G U m e m b e r s can h e l p t h e m . 

N C S E is a nonpro f i t o rgan iza t ion affiliated 
with t he Amer i can Associat ion for t he Ad
v a n c e m e n t of Science a n d the Na t iona l Sci
ence T e a c h e r s Associat ion. O n e of its objec
tives is to i m p r o v e the quali ty of pre-col lege 
science textbooks . 

Eugen ie C. Scott, execut ive d i r ec to r of 
NCSE, has descr ibed two p r o g r a m s in which 
A G U m e m b e r s could m a k e a significant con
t r ibut ion: reviewing pub l i shed pre-col lege 
textbooks, a n d p re -pub l ica t ion text review. 
Both p r o g r a m s have a l ready es tabl ished c red

ibility with educa to r s , school admin i s t r a to r s , 
and publ i shers of pre-col lege tex tbooks . 

I th ink the p r o g r a m s a r e best descr ibed in 
Scott's own words . 

"We [NCSE] publ ish a newsle t te r called 
Bookwatch Reviews (BWR) which—bel ieve it o r 
not—is the only per iodica l ded i ca t ed to re 
viewing pre-col lege science tex tbooks . O n e 
would th ink tha t with t h e i m p o r t a n c e of t he 
mult imil l ion dol lar t ex tbook indus t ry , infor
mat ion like this would be m o r e available. U n 
for tunately , only a few per iodica ls occasional
ly review science tex tbooks , a n d t h e n genera l 
ly in br ief reviews tha t d o little m o r e t h a n 
summar i ze con ten t s a n d list wha t ' p e r i phe r 
als' (slide sets, t r anspa renc i e s , etc.) a r e avail
able. BWR reviews a r e l ong in c o m p a r i s o n 
(1000 words each) a n d they concen t r a t e o n 
science con ten t . Each issue o f BWR reviews 
o n e book, with two reviews by scientists a n d 
o n e by a science educa to r . H a v i n g the i n p u t 
of scientists in the review of pre-col lege texts 
is impor t an t . T h e y a r e t he only ones c o m p e 
tent to j u d g e w h e t h e r a given book is scientif
ically accura te a n d up - to -da t e o r not . 

"A second p r o g r a m in t ex tbook improve 
m e n t is called the Pre-Publ ica t ion Review 

Project (PPRP), a n d is a n o t h e r o n e for which 
A G U assistance wou ld be apprec ia t ed . 
W h e r e a s BWR looks at books after they have 
been publ i shed , t h e P P R P tries to i m p r o v e 
books before they get to t he marke t . N C S E 
acts as b r o k e r to l ink t ex tbook publ i shers with 
scientists for c o n t e n t review. T e x t b o o k p u b 
lishers pay the scientist for his o r h e r work , 
t h o u g h N C S E gets n o m o n e y for the service 
(to re ta in its i n d e p e n d e n c e ) . T h e professor 
may d o as m a n y o r as few chap te r s as is de 
sired a n d all a r r a n g e m e n t s a re m a d e be tween 
the scientist a n d t h e pub l i she r . " 

Ea r th scientists a r e par t icular ly n e e d e d to 
assist in reviewing pre-col lege textbooks for 
NCSE. A G U m e m b e r s w h o would like to be 
cons idered for par t ic ipa t ion in e i ther p r o 
g r a m should send a br ief let ter express ing in
terest a n d a sho r t c u r r i c u l u m vitae to A G U 
h e a d q u a r t e r s . 

Do you want to m a k e a substant ive contr i 
bu t ion to pre-col lege science educa t ion? 
Here ' s your chance . 

Fred Spilhaus 
AGU Executive Director 
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