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F1G. 7. The depth response to time-domain impulses and reconstruction of the impulses. The fact that the left frame is mostly biank de-
picts a situation in which no echo is received when a source and receiver move together in the horizontal direction until they reach the right-
hand edge of the frame where the three blips indicate that there are three echoes at successively increasing times. With this as observed data.
the logical conclusion is that the reflection structure of the earth is three concentric circles with centers on the right margin. The central
{frame shows the circles. (For economy the right edge of the frame is a piane of symmetry.) It will be noticed that the bottom of the circles
is darker than the top. This is indicative of the 43-degree phase shift of bringing two-dimensional waves from a focus away from the focus
Waves with dips greater than about 45 degrees have been filtered away by numerical viscosity. The Joss of this energy plus the loss of the
energy of waves which propagate at complex angles results in a reconstruction (right-hand frame) in which the impulses are somewhat
spread out in the horizontal direction.

Fic. 8. The titne response to depth-domain impulses and reconstruction of the impulses. The left frame depicts a model of the earth which
consists of three point scatterers beneath one another along the right-hand edge. The second frame is the synthetic time data created from the
model. Basically one observes the hyperbolic traveltime curves to the reflecting points. The third frame represents migration of the synthetic
data back to the point scatterers. As in Figure 6 there is a reduced resolution hecause, in principle, horizontal resolution cannot be hetter than
Z(e)r(ljlcal resolution {which is controlled by the frequency content of the waves; and in practice we have included only rays up to angles of ahout

egrees c
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Fic. 9. Response to time-domain impulses in a velocity gradient. The gradient of inverse velocity is constant such that the velocity ranges
over a factor of 4 from Lop to bottom of the frames. The first frame appears like the uniformly spaced (say 1, 2, 3) pulses of Figure 7. However,
here the vertical coordinate is not time / but

= fc“d: = f (az + bid=.

Thus the pulses are really spaced at times proportional to (.9, 1.6, and 2.0). The second frame represents the depth section. The circles of Fig-
ure 7 have changed to a narrower shape. If the rays were not cut off around 45 degrees, the shapes would resemble roughly that of a light bulb
as indicated by the dashes. The third irame shows the reconstruction of the time data. It clearly deteriorates with depth. This is probably a
result of the fact that a 40-degree beam halfwidth at the bottom reflector collapses to a 10-degree beam halfwidth at the surface because of ray
curvature. There is aiso some erroneous bias in the reconstruction (the pulses “bend™ a little). This is probably a result of inadequate dip filter-
ing. At the time of writing we are uncertain how much the resolution loss in a velocity gradient results from our method and how much is

U
;
il

error is explained in the frequency domain in Figure 6. Note that the reconstruction is unaffected. Thus, the ability to reconstruct does not
assure a high-quality migration.
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Fi6. 11. Acoustic response to terminating interfaces and reconstruction. The left frame illustrates the (x, z) plane with three terminating

interfaces. The central frame represents the synthetic ¢ ‘sparker-profile” data |(x, 1) plane]. The left branches of the hyperholas have the
polarity of the interface, but the right branches have the opposite polarity. This phenomenon was predicted by Trorey (197(). The rightmost
frame is the attempted reconstruction of the model in the first frame.
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he hyperbolas stay in place but in the time data the interfaces slide down and to the left
ome far more dominant if ‘ere re

EPTH

L L
1nuummm|m.ﬁ,muummunuuwrmm IlNHlNﬂﬂmﬂﬁ#ﬂfﬁlmllmlllllll IIN HI mmnn

== =
2] D pa

‘ DEPTH TIME DEPTH
F16. 13. The classical graben or buried-channel model. Each discontinuity in the depth section gives ri

se to a faint hyperbola in time
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FLAT LAYERS MIGRATION WITHOUT
WITH STATICS STATICS REMOVED

UL © Ll
A L
N . o

A

TIME DEPTH

F16. 16. The effect of unremoved static errors on migration. The left frame depicts reflections from flat lavers plus a static timing error which varies sinusoidally
from trace to trace. The result of migration is shown on the right. Note that maxima may be aligned into circular arcs.

WONIS 180

P 19550-1uRISU0D ‘|auuryd-a)fuls StSIY |, 'R )

gzs
3iz
e
gig X
5':7: 4' 3
L3
=H | o ¥
so-= M TN £ 35
S~ v T T
=8
e E
HER %0ro o vz
b Ez z @ <200 agmi 4 ®c
QL& m [7d - > m.-
g =3 Cy TAZZ hE T <5
3T - = Lexm PmZz" - =3
- | e m = o=
-
- =0 o m o 0 cm
5 wo
2 i [®] g o
= » s o®
- O
E L4 wx 4-4
g
c

09£

Apayoq pup jnoqian)

1Huo) piomuMoQ

13§ jo

192



oy -‘MJ::'::
“"4 P

-y PR P
Jn-»_.--— -
)

»" , 'N ‘-" .I n b
e '."“..\AM"t‘i‘vr, ¥ "
4 S i T Herl h"m:amﬂ:
mrr:m:« R kh\*:-?‘:r.:.' et

. ) g " o v, A T l’ﬁmmdm,m’, f’

urr ;’? ! ‘tc'
e &) -’- . { | " ) X m‘m
n' - H ‘” fm#’ ﬂ_’f'"' t v Mot l w f ".ML'I? 'T':Mmuhuﬁr"”
. e " m
W wﬂz‘?' WS
uL'-'( .‘(‘” " mﬂ” et f “; %\H} “ ;1" |, h) F‘._v\ ]

Fic. 18 Enlarged reproduction of the rightmost two domes of Ii igure 17. Near the 1o
of the dome, but the hyperholoids near the bottom arise by scattering from refecting
geration is §.

p where dips are gentle. the time data may depict a reasonable cross-section
regions which are considerably smaller than the hyperboloids. Vertical exay
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{ Figure
F16. 19. The first sparker data ever to be migrated by utilizing field data as bounfdz;lr\ conditions ffox;la Earua]}dlﬂer;mlsge:g:;??: s;l;hse“seeﬁr;;}:ed]cis:;)ap:aredzM
ter picture of the inner part of the dome. Fuzz, due h
18. Hyperbolas have collapsed to smaller scatiering centers giving a bet 3 e vt o e i
h numerical viscosity. Since all interference effects have not e el the
e s e B et Yo he ship. (By the nature of the process, there cannot be simultaneous front-back echoes
ion is that echoes simultaneously arrive from both sides of the ship. (By the h echoe
?necl;sesa;:ogg:scel;sd:la + Thus. the structure is more complicated than a dome of rotation about the vertical axis. Hlen&)e more profiles are required to uniguely
lineate the features. The vertical exaggeration is about 5. The data have been processed to dip tangents of about
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F16. 20. The rightmost dome of previous figures was further expanded horizontally and processed to dip tangents of about 1/5. Despite the extra processing it is
not clear that there has been any improvement over Figure 19. In fact, some circular ares reminiscent of Figures 7 or 16 are beginning to appear. Such arcs could
result from spikes in the data. Actually, we do not believe there are spikes in the data but suspect that these arcs result from some data collection problem as the
shipboard AGC changing from channel to channel.

/7 N\

t, sec. - Zkm.

F16. 21. Migration of Aleutian Trench data. The leftmost frame shows the original data. Note that the top 9 sec, which is the water path, have been omitied
The vertical exaggeration with respect 1o water velocity is 5.3. Hyperbolic branches at -4 migrate to a small zone a where flat-Iyving sediments are abruptly offset.
Traveltime triplication seen at B migrates to the concavity at b which caused the buried focus. Some undesirable side effects of the process occur around the
edges of the frame because of the limited computer memory available. For example the reflector labeled C should migrate leftward and upward and partly out of
the figure (= the computer memory). In fact, what happens is that a Snell's law of reflection takes place at the side boundary so that the energy appears at .
There is also a boundary effect at the bottom of the page. If a hyperbola were to appear as indicated at 1), its bottom flanks would be cut off by the page bound-
ary. This limits the amount of dip which may be seen at d. hence the smoothness in the bottom part of the migrated section.
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