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APPLICATIONS AND COMPARISONS
OF THE FREQUENCY DOMAIN AND THE 45° w-FINITE DIFFERENCE
MIGRATION ALGORITHMS

Heloise Bloxsom and Rick Ottolini

Abstract

To study and compare the output quality of frequency domain and 45-
degree finite difference migration algorithms, two different datasets of
exploration interest are examined: a "stratified earth'" and a "laterally
varying earth." The migration algorithms and methods are briefly reviewed.
Comparisons of the stratified-earth migrations show that the constant velocity
f-k and the constant velocity 45-degree monochromatic algorithm produce nearly
identical results. For interpretation, the V = V(t) frequency domain or the
V = V(z) 45-degree finite difference algorithms are more correct and produce
sections of comparable quality. Migrations of the laterally varying earth
show that V = V(x,z) algorithms must be used, and that the velocity model
dramatically affects the output picture. Two current fields of research are
benefited by V = V(x,z) migration algorithms: the nature of the continental

crust at depth, and the correct imaging of sediments under thrust zones.

Introduction

The two different datasets examined are from COCORP's (Consortium for
Continental Reflection Profiling) Wyoming Line 1. Figure 1 is the base map for
the Wyoming data. Line 1 is 52.4 km in extent, 15 sec long, with a sample rate
of .008 sec. The "stratified earth'" data is a 384-trace, 750-timepoint (6 sec)
segment of line 1, in the Green River Basin. (See Figure 2.) To a first order
approximation, one velocity function [V = V(t)] can be used for this dataset.
The "laterally varying earth" data is a 320-trace, 750-timepoint segment of
line 1 over the Wind River thrust in Wyoming. (See Figure 3.) The thrust
outcrops at the surface at trace 43 (Figure 3); to the left of the thrust are
the Green River Basin sediments; to the right, Precambrian rocks have been
thrust over the layered sediments. A velocity model [V = V(x,z)] must be

used to describe this dataset.



252

wy
ol 0

100.2¥

1
-
'}

*(98ury 2yl JO ISEBI) UTSBY IIATY O.V
pUTM @Yyl pue ‘doBJIns 9yl Jw/ .
uo 3sniyl ISATY PUIM =Yl 3JO d..h,.\.w/ e NOSYVY 4
20813 9yl ¢ (9%ury I9ATY PUIM el N }
3yl JO 1S°oM) UTSBg I9ATY U29IDH "~
ay1 930N ‘sdoioino ueTaiqueddaid on/..ol
jueseidoa seaie payd3ley 9yl : A €
*1 SUTT 3O HeE-hE7 SIuTOdIoyS seling uobe.0 M 00”4 iy
ST 19Selep :swumm 8utdaea L11e X03q  [DIUSUINUOD & y <8 0Slo ® -
-1923€T,, 943 {1 °UIT JO ¥%7-TS 0020
sjurodloys ST 31°seiIEpP ,Ulied LSNYHL— ™ ~
pa2I3iTieils, °UJ °"Eiep SuTtwoLM
d¥000D 103 dew oseg--*1 HINOTA

1o

'

1S ledd

]
3|oDu1aqo}
NISYR .
N3N
fv33¥9

ROLPYA

10} YA~ 23m8. Qi

¥Y3IANVT

A3

aling

HoX 1Y X

,00.Ep , _
S P 0080l Sl 08 M Sb




3?
', Ww
Vvsa

,

Q.

M
_=

w_ ﬂ_ %
:

Il

(e
d i

¢

v:.

,a i

/

\

:- Y

g

!

«

s

b

A >
KYTaee :;.: OB
ey A

PRI J.vx\\u::q\:

)
-ﬂq\\k»; i ;

bxsa

e
R I

\N‘.Sf:.f::\ ponat

T [V

RPN

. R T PPRITeTI
S
P

(Y
Al ALK

e

rw—z: PRt ;
o z,w_,mw, ez
S
B L

wwx..
1oanittt

rhs ot T

Frapseree RILSITIN
ews e e

A

Faosrid

!
QUK.

.t 2o

\\v.t

i

L

.;- 3t ir i
.;é PSS «

g
.;;.,: 4 ww :z%v:)

eqit.

ne d

i

=

x,__,g_w._ i
K W(:
P B e ) ?3& (5
RTINS
et e e ny Teiicpanen o LN
mv..ﬁ..-..v‘ﬂ:...‘m‘, 1 m“v",&:w!:. S e e e e uv i g :.r:.ttwﬂ
S T A TN RUIAPFY) WANSTS ST SIE L Z e oA s !
SR ey e MRS arr

i Aw?:(::_,:wwa:‘\\.nw»r 24 E:wwww&_sww

i \,m,\,k, il Gt o
*._, .\._&mm._.,
i
i _m
__w,a_, e

,v..; T ER_\J.:MTV I ;N »

LRI G
ety
pert g .;

it 9
Yoais, A
* \:.J\v
Al il

i

,;::

2

ol

reveg
LRI [

. PEERATS

SRR
»

D 53

__

3,

,\.L
[
.3

» HEAAE- ke
" Poata ey

BT

((OICRA]

TR

:\\~
Doy ._&r%

v W

i

o r

AR

o,
ne
417 a

w_:::: .

i

JC

Sheansiy,

.,S»r,:., )

_
iy

TN,

:zk 3:: % tv«,:v. v

,:M i g
o e

bt

W

»

o

g
4

o

W

et

TR
_ iy

[LTETRveerISe)

.& Vm:;“% V

g

. i)

;:?AZ

it

R

Wl

‘v V\.

1R

A
‘; zm‘

o ;:VS.

s a i

i.; s t

,,.,

b

BRI
g
B
- M “a

§ W ,,r w_
it
.:.:3.,‘,\:‘:E:.,:;..::.: o

[ PN
: PRI LI IR

3 b i o
S raetE A :—ﬂ

f,.

: ““ _L”_._{w
o ,_,m. w
_& i mw_mé
Aww mm,\,_ﬂmﬁz. _m o
i
m%:
L
mm,“ m,_.;,,.,,
i

»ﬂ h _ﬁ _m Gl
o
.w __ _w _n
:?,m :
e
s ,a_w__w

(1303

R,

,.a Cﬂ;
wﬂ W

s r:
_. .A v !

3.. .«v

o

1
, mitres

Z:

Yo,

2.

::,L:
_::.,

[

AN

..:.\3?

i

L

e Y

e

aiinr:

i ,g,__g _\

Lo Y -
ST e

j

Pt

e et gann e

i ,.::r

.

i

m"

N ,..,F.EE:?...aa:&:...

I..Zn. PRSI

s,
Ay ,......:: R MUK ALY ...v:..:.w
s

Lo
\»:! - “ i Forten
;éi “ f:

.; _,_.@,_w,_.a_
G ::E%: :wm ,:wvw,.‘ww,.ﬁ,& i x :

e

i

. A

il

S

AN

\
t

ne

.

i

N

i

.::
g

#4q

o

o
AR Gy

i
: \S S5t

[EARYTN

i

Thetbe: :q f.;\.\mww._n _.ms.m”ws m: M A l»:ﬂm N___ 3 M_‘“\_%xim
7» ﬁr ﬁm N ..m P, ... ,.\ f: A M w _ “ —
? s iy
o .?\E ke ,.m. —»\\\xm" _S( _v_‘.: Mw.. . .. i 2
I : (% “\
x. i F. wm, —__ ~ Mih, ‘mv wm é: o 4»«%::\_ ( o m
. < H \! o % \‘. 2
4 ,“ * “: M” i wi f MP»‘ xu‘ o w_z\:_.:: :«aﬁa
y Bl va: y .F.f, ol Wion «\‘ : ‘-\sS wﬂ.lw ~ w
.5.7 z.w ~ :m & w‘ 55-‘\,\.5 vy, vw U.,,.\_ w{l fed F..-WM?A\ (4 ...w,, wﬁ?__\ma ? nw:mmm i g.ﬂ
ORI T . i .
1. RTTHEIONEY () ?3
sm\z ;._ :_? 4 :;% _ w,_a @M S_.m,f& Py ,wwia 2 A _ M _w
ol ! N: r% W el ,,:.v...‘.a Smaern ___ _N_a_. W i
_‘v :— Lv.ivv ‘»/%4 \ﬂ:. ; } Ri\,f::v?&\?_ , w,.",.:w\w.w{,m.w; ~w Rw ﬂ..:,.:wx.‘.nwwwi ~_—
b :In.v.\\.:,‘ -yﬂ.:f;\w\m» .Wv““_.ﬂ.a A :r.:::vr’d.:: e Sk _Y el “wm ~vw AM\ w'w.r%m«lv: ..‘w\n:
e e G
3 Sean ., :;.:.:::w;
iy WA
N PRI {
T
b M
i )
gl N { n—n—m o
de IR
I el
"ng ;: ._~.h_.nq\.¢.,v.‘._ “_
e R
"ww mw wth\. u.mnn_w*w. ~:: pU nm,
ot -;r;_';&.—.\w‘ —:_EN
of ;:mv:. 12| .
asteid m____zm ._3.\..,.,».,,3?;& m
o r.;&?rww&ﬂ.ﬁﬁ.
“ 3 TETRTTTEN
e
il

_ _:.._. »5 s ST ) 5\ r._. : f
S o :
ik “_3. T g ,\.\.\,.,; ;‘,w.. Ww: “ ; "M
»n , \\3\\«., w : _ r!.
i ; gt
wvﬁ& ?— “ ..zm\: Y] “ N . Nﬂw S ;* $ “— i
y__ w_; h ;Tz _w_.\\.w : (e ﬁ.t; w ‘.\“wa :v o1 _w 5? :,
PO R 1 s .__
: i 5&., :z.;.&: .P:\Jw_.‘w\:e:n:..\ : f (U o _E |
i ﬁ_a _r w M il .?
v E:\ ,. ,,. :N _Eé;.. IS _w 5 3: —_g
mw.ﬁ\."_ w ! ~ e _;z 3:.5 wm_:w tv,‘;m,.._ ﬁ__ smw "ﬁm
“_ﬁ =w w:r;s .;r.,?», ,,;3 e % .. Wi o m ii .,...!
P iy [
e oo ﬁ S.i.::;..:.:. '\u‘:-:_.t 121 ’ .oy
o i
R g
el
_” é g
f.& g
mc.,\x.:. ,_.,m_‘ v A“ M_f
% g :.r_:“ 4
e ne m
W) :n\;m.:ﬁ::. w
W,._:z‘ it mM%MZ
oI
__wmw WA N
W w“,,;)m.uhm“. ,.;M\WN zr ﬁ rﬁ. e ,.\w,:”,rwx:'z:,v Vot »m
m'”\,.,.,._.,,_,,w,,m“.a.w
(ISR

t

oy

v

T il
\
vv

~€ L .,//yv&ﬂ\.u./r

RPN PR

i
- RPN RN
aE

Sl .

TRINE g

: Tease
v.,:w
3 u.w,_m e

§NES

.:.‘

I

_“m___-

I

X fiomte ,_
_“___m_m.w_.u_,m ..

-

8

b

‘

4

“_" “

Vet Tl g

o

3

n

.~_. va
iy J L rz > )

e
: Y sint :__a_,_
....zm. w i 1 e
_ .:.f gl BN ,
il : fi :m:.;___.m‘ ms
: __ ﬁ *__ “ r..v.,,,z., Mt )
it me.:, www\ —= :—v—w:_ _ b w wy -_ _“:__ 3 E 35
syt 0 i
..ﬁ.:_g vﬁ. m. e N e .

T
Sl / w_w Sl g

w”“..ﬂww‘r‘,.\", il ZE e

e

i , m___._ U m,w_i,“, il

e T o

L__mmn.____ __mmmm_g:m_._m_“wﬂ.swhwm__:wwm__“a fi M“ it _ Lol _Qw.m.,.”.,m,w
_ _: _: M _: E ___53:_" e Bl
i “,_WM_" L e . % _m _~

rm__vw,..\m i .M_... .N“.w_ o ,.:_._ ! :..._,_“.o ; f_. am m‘..,_(" Tw_“ .‘Hw.,,.:.._ :. M___a_ym_“ _=. i a_m_ K

£ § £ 83 88 2 8 BE I KB ZEEEBERERS

-
Q

T
QMm“

:..

jvoa‘».. :..

G,
_,,,,?,ff, o

v

w.,.x:,.,,;ésx

a4

iy .J!thr?n.ﬁ :.WM ﬁn{

é wvﬂn,

I

i
|
fel
A

W_ _~_

$

g%

ﬁa s
v\c. 'v
ym? .ww/

T ___m__

v/:
iy 4

:M*

e

Y

i

,u .
.ﬂ ol
w V«. er. «.M_

vv +
i Hzé‘w
el

7«.3
F,«, prsrh

e

il

,W

:

Lo

,.*
(] 4

i« 3 :,\S
*'H

..,w

Wl

iy a‘\\\.?

'..w&_

ot

1
.{

&
il
I M

1 w

\v:w

Ilv: v.w Nyt

lwn ,7 B

T

Hal!
n ,ﬁ.
i)

fz\,.c!.,,

5

e

U

&..tr i n.@ ﬂ:v
,v{ 5 DA
.’v?l Yd

;. MA ’ﬂr«,. 3

x:..::::.:, =

i

;St ik

av:_..w%%

wcv.,v:eﬁ-.:} ens

[P
rba NS AP «

[ B

A8

Sinesadbaieoet

siw

i

15

i :
vy

o
? N
vaN iy

>

Ay

)
i e
.u;v

noiha
A

ot

P

i

i

|
i
», :

b

:\

I _

>
i

it
Nw. ;
,A_Jru ,:

s%ﬂ
G

M

e

YR ITR AN
P

anein V

|

W

#

st
gt

N

.:._:;:

PP INT TR b

i O

5 NI EIIY AN o magar 4 1 BFed ber
e
a.r::.. 5

- %,._‘_%_,_5_%

s b oo
__E i
@aé

0*1

B

.
w- o

Wmv
el

- —
—
o

8
wi |

v,,.._.\,\,v”mw
.. ﬁ.u\,. :i w.

.*

i

\t

,v 7 i mw { .;J
.m:v \ vm: g 4
s n é
_.

_Wa w?. W _.E” Qe .éx g W
. VW___W,

K o0

Jwﬁw w,__wz,w L

x i W,\ oty

KRR s " T e
\:Mrnw .:v.v Mw —" ¢ » JVMM W «wvv
(i ﬁ "_.w.: .:, awm J,w m o A zw “ .w,,,, e

o i qu . 5o D WIS »,
wnvwwh il ‘UIS®Bq I9ATY U215 9Y3 SSOIDE

nwtmma J. 1 9UTT JO jusudss ‘*09s g “sa0ei1] HQC

g ﬁp m”_ :19Se3ep ,Ylaed PITITIRIIS, —"7 HUNOIA

i 4 i I ; P2y
wfav_»h.@_, a.‘.w,whwvwx\'ww__ﬁw_vm "w “.MM\\..:} r{w .:;wz “: nm“m __ —ﬁ w; [

NEITEZ N :_,w.\_: e i :wﬂ..xz 1K ; il

o N
o o g mww \w.“__,%,?,. e ,é.ﬁ,_,,.m,mm_,,w.,,.u.. e 5 w. il _m
ey P 0 \x.e Y pom AT TIR
e ) a Y i .Vv,.._..w.,u,,,xwwﬁ,.\wxw i
\M_\wm w,,m.w_w DN 5 ‘m. awnmw wﬁ \\mmm» v». (2 .\, &‘. e
:\ 1% SRR ”« v 9 12N «\A inshrar .”,w:‘)..?!) ( w
” a_,n,,n..:n._‘s,,\wﬁu“n,.."m...w\wn..x ,a.m,;w.. ,.,um.,ﬁw,,,ﬂﬂ, gl ex _ ¥y

.w.;;, aﬁ._ M. e L L \MW .g

v,,. quni\ .:’v:r h ALY - ;.:..7: AT »v,

_, “_ e a%zw ,.v.,,. st Eiw G

V&F ; ...:.i,s b 1] it g ,nwt«
ey .ﬁw.ﬂmf..,wg:u,w.v rz,.ﬁmwm_..,, T.«mwmnqu wvwwmmsfe WN«; e N?a_ s.,

ol e M MR Ay

il zwxﬂ Ko ,,,,,.,u st % sl v ~ Ay
,V..P wwﬁ? va..« ) A v s p.

:ww.N?, wm N,w%, K&& V.Na_ i .H.w,w_mmzmw wm ms,,. EW“WV ,.\\%.\W\Wa:_\ _ W w&
w .vu/w o %”4 Ay ..‘.\n.vvw\ﬁ:_wwﬂc., e Vl\:&w
.,m..mw_:?z,ﬁ,ﬂM:ﬁ”m;z mm Jm,. _w ?ﬁ ,.w %mw% a w“ www N.v H.W‘m«u.w:m. wmv,,z ey
SN ,,:mpw., _zw:z ms\wwé e :? s Mw
N3 _.,,_,_w..u_ n, WE. ,”Nw [hrv At (Y o ‘ma o ‘\._nm._,.,ww wv & ﬁ
m.s“M””,,,N,M.W“NMNN~.HW5.~,, P .;....;\‘.‘..\,Nw,‘,:m i
B ww,,m,ﬁ,:wwﬁ!,H&&ﬁ, ,e.n.w....E&E,s_:%.h;r..f..,:.z.:&ﬁ./,_m.w.ﬁ,m w_ﬁmwvévw&“av@ .%fc? (e
o ~«ww.,w,;,w,,..z.ﬁr. ;:.,v.(...« ; il v ! Gl {116
Mﬁ N.M S m, = Ll flédss sty \wvv

;;;_ | wé% mmmmiz Mx. . ‘c“ _Eé,@ éw i ~ w
?m QY S * ,_., NW‘.,.S:W—?: ‘\;.\?ﬁ!c?n 4
Bl m,gﬁ. R el e
...a.‘,,._y,”,,,.;smwaww rrﬁ;.z N IR ..»..wf..,,mm f " s :___:\.:L :§
AT ,;.,? t..fs-a,.h NV o NI A 4
N,m,.,,.m...é.@m.w AT
i %E_.@. St \m_.mm, i i

. .w ;:_ il o _ w;_
gv____www_,,__ __vm :w_ ! ~ RS i m w _

e

ﬁ %m “E“ i E Qmm VMW‘ 3.1. i i m VW —\

v .? ‘v .— _!, 4

w v P_w.._. vw,- o ,L as _y,. Al wzw

"m m_ :_M.vt? q.. v vuv. e v.,w w 3 sl

L il

_;?;. St m__ _= N —?__z___ __ __ il :_
zmmm

0*0

B 8 8 8 &8 8 8 5

N
o

E E“v % :E:
ety
» {5
Mw :
w\\v
?«ﬁr
i v»
u,.;,v,,. i
v * %ﬁsﬂw,. IS
gl é
o it ) vx_‘r.ﬁ;f,y;,.{:;..7::
:,...,R.””.ma.wm. \ERé.wa:mm.w&_.\_\: l:
: V"Wwa, i ma_
| L
i , ,
_ - ...‘ v:‘ v ? v? S
i s Yo 5 _w s ..L?,:WM & 4
Ll
8 g B




254

sy o01
oTydaouwrioum
ueTIqUEIS A

OlE

o

0s2

ov¥e

DER ]

gz2

012 7

002

o6l

081

041 7

031

S

*(sjurod moIIB SI9YM) ISNIYI ISATY vmﬂz 2ul
§soade [ SUT] Jo juswdss '0o9s g “sadvIl (7€
139SBIBP ,Ylaed SUTAIBA-ATTRADIE],~~"¢ FUNDTI

=,
Y

sy001

st

ol 7

A A1ejuswIpos
e DT0ZO0S3dK

047
09 7
0S 7]

OET 7
a2l
o117
0071 7
06
08

08

0*s

0

IS >

0

0*e

o*1

0*0



Review of migration algorithms and methods

Our frequency domain algorithm is from Stolt (1978, Equation 50):

' _ 2 2.-1/2 _ 2 2,1/2
mig(kx’w ) sz(kx + kz ) Adif [kx’w-v(kx t kz ) ] (1)
where A 1is the Fourier transformed data, A . = A migrated, A,._ = A dif-
mig dif

fracted, and w, w' are the unmigrated and migrated time frequencies. This
equation is a frequency domain solution to the two-dimensional acoustic

wave equation. It says that the two-dimensional Fourier transform of

the migrated time section is a simple mapping and rescaling of the
two-dimensional Fourier transform of the data. Such a vector-oriented
equation is easy to implement on a mini-computer and is facilitated by the use
of an array processor. Frequency domain methods need only two points/wave-
length, not the eight points/wavelength of the finite difference methods, and

are limited to constant velocity models.

An extension to Stolt's algorithm (Stolt, 1978, Equation 75) handles
variable velocities in a limited way by a pre- and post-migration stretching
of the data to and from a pseudo-depth domain. The coordinate transformation
is

t 1/2

d = {2 / [Vrms(t)]ztdt (2)
0

where d is the pseudo-depth axis. Seismic data may appear ''depth-shortened"
(due to higher velocities deeper), which can be likened to the visual illusion
of the "near" bottom of a pool of water. Physically, the pseudo-depth trans-
formation is a compensation for this apparent depth-shortening. Geometrically,
an increasing velocity gradient flattens the tops of diffraction hyperbolae.

The pseudo-depth transformation moves the hyperbola to a position where its

apex curvature resembles a constant velocity case. This algorithm is inaccurate
for high dips because the stretch cannot compensate for crossing hyperbola limbs
in variable velocity media. This algorithm makes no allowances for lateral
velocity variation. Stolt's algorithms try to collapse hyperbolae to their
apexes, whereas an off-apex position is correct in the presence of lateral

velocity variations.

The third migration method is a 45-degree w-finite difference
algorithm which uses an equation derived by Kjartansson (see p. , this

report):

255
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3 . —_ ’ 2 -2
r Q. , + Q, t 2imQ + @ -m ), +
2@ Vi
@ -nHo + By - 9 (3)
m dz

The data is Fourier transformed over time, then transposed (into strips
of x). The monochromatic 45-degree wave equation is then run at each
z-level for a suite of frequencies (usually up to three-quarters of the
Nyquist frequency). Summing over the real part of the frequencies used
yields the answer at that z-level. The velocity model is given in

z (depth) and interval velocity: the model may be constant velocity, or
depth-variable (the program linearly interpolates between user-given
z—velocity pairs), or depth-and-laterally-variable. (See Kjartansson, p.

this report.)

After the frequency domain migrations, we usually apply a migration
gain correction. We all know that migration is equivalent to collapsing a
hypothetical diffraction hyperbola to a (migrated) output point. On very
deep seismic sections (10-15 sec two-way traveltime), however, there are
noticeable hyperbola truncation energy losses near the lower section
boundaries. A migration gain correction normalizes the partial hyperbola
to the strength of a full hyperbola everywhere on the section. The normali~
zation formula is

2.2.-1/2 2 2.2.-1/2

2
n = AXQ(AX + vt + Axr(Axr +vt) (4)

where the point scatterer is at (x,t) and Ax and Axr are distances

from the (left and right) sides of the section.2 This equation comes from
integrating the amplitude along a hyperbola. The amplitude of a point
scatterer diffraction as a function of observation angle from the vertical is
given by:

1/2

a(8) = cosh = z(Ax2 + 22)— 6 <

-5 +3) ®

On our deep migrated sections (15 sec record length), an energy "dropoff" at
11 to 12 sec is often observed both before and after the migration gain
correction has been applied. Therefore, the dropoff is probably not a

processing artifact.
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A stratified earth

Figures 4, 5, and 6 are the migrated stratified earth sections.
Figure 4 is a frequency domain constant velocity migration at 13,100 ft/sec
(3.99 km/sec). This velocity was chosen to focus the syncline at 3.5 sec.
Figure 5 shows a 45-degree w-finite difference constant velocity migration
at 13,100 ft/sec. TFigure 6 is a Stolt stretch frequency domain migration
[V = V(t)], where the velocity function was chosen by analyzing the velocity
scans. Note that the Pacific Creek anticline is in the center of this dataset.
Strictly speaking, because of the anticline, there are small lateral velocity
variations; but (a) these variations are second order, and (b) if there were
no dips at all, migration would not be needed and the effects of migration
would be imperceptible. The unmigrated syncline at depth (3.5 sec) has the
classic "bowtie' appearance. All three migrations focused this event. The
steeply dipping energy at 5.8 to 6.0 sec on the unmigrated data is seen at
5 to 5.5 sec on the frequency domain migrations; it is not seen on the 45-degree
migration because 50 fewer time samples were (inadvertently) input into the

run. The test posed by this data, however, is to focus the syncline.

The interference patterns seen in the events at 3.8 to 4.2 sec on the
right edge of the sections are probably due to the laterally varying velocities

just to the right of the section (the adjacent thrust fault).
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Conclusions. In the stratified media case we have found that our
constant velocity £~k and the constant velocity 45-degree finite difference
algorithms produced nearly identical results. The Stolt stretch [V = V(z)]
algorithm, although very quick and inexpensive, produces a slightly inferior
migrated section due to the nearest neighbor interpolate in the frequency
domain. A Stolt stretch migration program with a linear or cubic spline
interpolate produces sections comparable in quality to the constant velocity

migrations.

A lateral velocity varying earth

The input dataset is shown in Figure 3. A lateral amplitude
balancing program was run on the data in order to increase the amplitudes
between trace 50 and trace 140. The balancing program looks within user-
specified windows across the data (in the =x-direction) and calculates an
average value within the window for each trace. The data is then scaled
such that the average value is the same for each trace within each window.
The scaling factor is linearly interpolated down each trace (in time)
between the windows. [The parameters used to make Figure 7 were:

(.5 sec, 1.0 sec, 1.0 av. value), (2.0, 3.5, 1.0), (4.5, 5.5, 1.0).]

As is immediately obvious, the program did not work very well in the area
of the skip zone. The quality of the thrust reflection has deteriorated.
Our goal was to enhance the "dead zone'" between traces 50 and 140, however,

and this was achieved.

These two sections (the unbalanced and balanced) were input to
Kjartansson's 45-degree [V = V(z,x)] w-finite difference program. The
velocity-earth model is specified in =z (depth) and interval velocity. Two
basic models were used: a linear thrust zone, and a nonlinear thrust zone
(based upon the seismic expression of the thrust). Figure 8 shows the models

used.,

A 45-degree  w-finite difference algorithm with V = V(z,X) was used
to produce Figures 9 through 13. Figures 9 and 10 show the unbalanced section
(Figure 3) migrated with a nonlinear and a linear thrust model (respectively).
Note the difference in the continuity of the sediments at the left edge of
the section. Figure 9 has northeasterly dipping energy at 5.6 km depth and

the clearly defined sediments cease about trace 43. Figure 10 has no
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northeast dip segments interfering with the sediments' reflections, and the
sediments' reflections continue out farther, to about trace 50. Also on
Figure 10, the thrust fault above 2 km appears to be more clearly defined.
Note that on this figure the continuity of the high amplitude reflection at

5 km is much better.

Figures 11, 12, and 13 used the amplitude-balanced data for input.

Figure 11 resulted from a straight thrust model; Figure 12 from a non-linear
thrust model; Figure 13 is the same migration as Figure 11, only with a
viscosity (a removal of evanescent energy). The order of these figures permits
easy comparison of Figures 9 and 11: this comparison (by flipping the page
rapidly) shows how dramatically the model and the pre-migration balancing
affected the ouput. (Figure 9 is a non-balanced input with a nonlinear thrust
zone; Figure 11 is a balanced input with a linear thrust zone.) Figures 11 and
13 may be easily compared to see the effect of removing evanescent energy. The
continuity of the sediments on the left edge of the section, the believability
of the dips, and the quality of the section is much better on Figures 11 and

13 than on Figure 9.

We believe Figures 11 and 13 to be the more accurate picture of the
subsurface. There is still work to be done on this dataset -- we believe that
the broken (higher amplitude) reflector at 5 to 5.3 km from trace 1 to trace
160 can be more accurately imaged: we have not yet selected the optimum para-

meters for the migration.

Figure 14 is a frequency domain migration, with V = V(t), Z.e. a
Stolt~stretch f-k migration. The input was a 500-trace, 1000-time point
dataset which extended 180 traces to the left of the '"laterally varying earth"
dataset. The entire migrated output was 1024 traces, 1000 time points.

Figure 13 is only a 320-trace, 750-time point segment corresponding to the
portion under consideration. This migration algorithm makes no allowance for
lateral velocity variations, and so does not correctly place energy in t and
x. This section is useful, however, as a rough estimate of the approximate
location of dipping energy after migration. The V(t) function chosen is

correct for the sedimentary section on the left of the section.



(*33°T 2ya uo oouanboes AieIUSWIPSS dY3 103 3991100 SBM PIsn UOTIOUNJ A3To0T9A PYL) ‘uOTI
—1sod TeI9lEBT 1091100 S3IT 031 PoAowW jou SBA £81oue Surddrp ‘uorileadTw STYI ul °(2‘X)A=A 94aBY ISnUW wyjTio3Te 09
WOHumuwHE oyl ‘suorjeraea K£3T00T9a [eBAdIB] Bu0IIS 3O ooussaad ayaz ul ‘uorlealdrw ¥-J YoO31213s 1T03§ (I)A=A——"%1 HINOIJ

{

270

0*s
"
2 gep
"
LI
f o
i . " e
: :
.nﬂ ﬁ
Ty A
¢ 1 \\u
| i L0
; w0
| :
. | o2
ittt
{
i
" [ 14
;
% N y
! \ -
4 v
{ : 4 o
i M s o°1
N
) 1 1 1 1 1 T 1 T T Q*0
A i ' )] DN (2] (2] (4] [41] a [958 43] (41} o £ - o - H
g & 4 8 5 &8 8 8 § &8 8 &2 B8 B 2 B 8 8 § & 8§ £ 8 B 2 & &8 &8 3 & & &%



271

Conclusions

In the presence of strong lateral variations, the migration
algorithm used must have V = V(z,x). The model used dramatically affects
the output picture. The spatial distribution of the amplitude strength
affects the output quality also with respect to artifacts induced by the
45-degree algorithm. Bloxsom and Kjartansson's paper (this SEP report)
shows that: (1) a velocity contrast in the model creates in the output
migrated depth section an apparent higher frequency content in the lower
velocity sediments (with apparently lower frequencies in the higher
velocity zone); (2) interfaces dipping more than 45 degrees on real data

introduce artifacts on the migration sections.

When the earth can be approximated by V = V(t), we have found
that constant velocity migrations using either a 45-degree finite difference
algorithm or an f-k algorithm produces sections of comparable quality.
For intevpretation, however, it is necessary to use a V = V(t) or

V = V(z) algorithm to image all depths 'correctly."

Two fields of research are interwoven with this dataset and the
lateral velocity variation migration algorithm: (1) to learn more about the
nature of the continental crust, the deep reflection (5 to 15 sec), researchers
need data properly imaged down to the Moho, even with such radical velocity
variations in the "near" surface; (2) to find economic hydrocarbon accumula-
tions in Wyoming and similar regions, the explorationists must accurately
image the sediments under thrust zones. There is considerable interest here

in both of the above fields.
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