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Geophysical setting

Elastic overburden, anelastic target

9 : P-wave angle of incidence

¢ : S-wave angle of incidence



Theoretical tools

1. Knott-Zoeppritz: exact equations for Rpp, Rpg, etc.

v precise amplitudes regardless of angle (for plane waves)

X inaccessible: geophysical interpretation difficult

2. Aki-Richards approximation for Rpp, Rpg, etc.

v highly accessible to geophysical interpretation

X inaccurate RE. large contrasts, influence of parameters



1. Knott-Zoeppritz: exact equations for Rpp, Rpg

Example: Rpg and target Vp
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Question: what influence does a AV, have on Rpg?

Answer: [ haven’t the foggiest idea.

X Inaccessible to analysis




Example: Rpg and target Vp

2. Aki-Richards: approximate form for Rpg:
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Rpg ~

sin” 6 N  COS 6 cos ¢

where § = —2 5
Y Y

Question: what influence does a AV, have on Rpg?

Answer: easy — no effect.

v Highly accessible to analysis



Example: Rpg and target Vp
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Vs, = 1500m/s
po = 2.0gm/cc  Vp, = 3000gm/cc

Vs, = 2300m/s Vp, , = 4000gm/cc
p1=25gm/cc Yy = 4500gm/cc
Vp,. = 5000gm/cc

0.2}

0 20 40 60 0 20 40 60 0 20 40 60
6 (deg) 6 (deg) 6 (deg)
v Highly accessible to analysis
X Wrong — for certain angles/contrasts



Formulation

1. Matrix forms for Knott-Zoeppritz
2. Adjust for finite Qp, Qg in target medium

3. All contrasts — 5 dimensionless perturbations:

Vi Vs,
avp—l——20 CLVS—l— 20
Va, Vg
. 0 1 1
p— _— — a P = —— a S = —
g P1 N QP %57 Qs,

4. Expand Rpp, Rpg, Rgp, Rgg in orders of each & sinB

5. Truncate at 18t or 274 order

1st order ~ Aki-Richards approximation with incidence angle
2rd order ~ low-moderate angle, low-large contrast

3™ order and higher ~ negligible



Results (anelastic P-P example)
Rpp (0, w) = R (0 RZ (9
pp (0o, w) = Rpp (0o, w) + Rpp(o,w) + ...,
The output is the set of As for the expansion:

RSP),(Q(),W) = Apavp + Agayg + Apap -+ AQPCLQP -+ AQSGQS

2
R%’P)’ (0o, w) = AppC’J%/P + Apsav pavs + Bppav pay, + Apgpay pagp
_|_AstaVPaQS + Assa%/S + AS,OCLVSCLp + ASQpCLVSaQP
—I—ASQsavsaQs + Appai + AprCLpCLQp -+ APQSCLPCLQS

+AQpapaop + AosQpaoprags + Ags@shs



Results (anelastic P-P example)

Interpretability & ease of use.

No target anelasticity?

Qp contrast only?
RSP),(QQ,W) = Apavp + Agayg + Apap + AQPCLQP + AQSCIQS

2
Réf)) (0o, w) = AppC’J%/P + Apsav pavs + Bppav pay, + Apgpay pagp
_|_AstaVPaQS + Assa%/S + AS,OCLVSCLp + ASQpCLVSaQP
—I—ASQsavsaQs + Appai + AprCLpCLQp -+ ApQSCLPCLQS

+AQpapaop + AosQpaoprags + Ags@shs



Results (anelastic P-P example)

Interpretability & ease of use.

No target anelasticity? v

Qp contrast only?

Rpp (60, w) = Apave + Asavs + Aya, + AQfJQP + AQFJQS

Rgf)) (0o, w) = Appa%/P + Apsay pavs + Appav pa, + AprlVPaQP
‘|‘ApQ/JVPCLQS + Agsa3g + Agpayvsa, + A Q/vaaQP

+A3Q70/VSCLQS -+ Appai + Apr/Q,lan + Ap pAQS

+AQp/aJaép + AQstg/JQPGQS + AQ/JSCLQS



Results (anelastic P-P example)

Interpretability & ease of use.

No target anelasticity?

Qp contrast only? v # 0! (Lines et al., 2011)

RSP)’ (90, HP—FA?QLS—F% —|-AQPCLQP—|-A FJQS
R (6o, w) = A /pbvp + ApSC}»/Pavs + App;u/Pap + A Q7ﬂIVPaQP

+ApQ/JVPaQS + A/%/avs + Aspdvsap + As QfﬁlvsaQP

"‘AsQi-a/VSaQS + AH?Q + A0 /a.la@p + ApQppaqs

+Agpopagp + AQstﬁJQPGQS + AQ/JSCLQS



Observation I: Rpg and target Vy

Rps(e()) = A;ays + Apap/
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Observation I: Rpg and target Vy
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Observation II: V,,/Vg = 2

ALL 274 order coupling involving p

have coefficients A proportional to

A Vp-Vg ratio of 2 has an inherent mathematical
importance for the Zoeppritz equations,

originating from elastodynamics + BCs alone.



Prediction: mode conversions from Qg contrasts

Lines, Wong, Sondergeld, Treitel
& others: P-P reflections from

contrasts in Q only.

Mode conversions: Rpg, Rgp?

AQP ((907(")) =0 AQPQP(007W) =0 AQSQS(Q(),(U) =0

) (

Rps(0o,w) = Ag,aqgp + Mg, ags + Aoppaop + Aoposaqrags + Agsqsahs

AQS(Oo,w) = ZFs(w) (KIS:O) sin 90
0

Narar(Bor) = (122 ) Frlw) Fo(w) sinfo



Prediction: mode conversions from Qg contrasts

* A Qg contrast alone generates a mode conversion

¢ The amplitude of the Qs mode conversion is proportional to

o () < () <o
og | — | X X sin 6
wS VPO

* A Qp contrast alone generates no mode conversion

¢+ However, Qp contrasts will influence, to 2™ order, the
amplitudes of mode conversions due to Qg contrasts,
with a strength proportional to

99, w VSO .
log (—> x log (—) X ( ) X sin 6
W W Vp,




Re RSS

Linear anelastic inversion

Frequency rate of change of Rpp, Rpg, Rgg
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Conclusions

. Accuracy v. interpretability — scalable analysis

. 2nd order influences for low angles, large contrasts

. Predictions & observations:

[: elastic: Rpg and target Vy; importance of Vp,/Vg = 2
II: anelastic: mode conversions from Qg / Qp contrasts

[II: anelastic: Rpg and Rgg inversion; @ ~ 0R/0w
. Practical frequency dependent AVO and/or AVF

analysis? Next talk.
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Linear anelastic inversion

Rpp(0), Rpg(0) in the elastic limit (-) and for 2 frequencies (-,-)
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Linear anelastic inversion

DATA = [ Rpp(OfixedsW1)5 Rpp(OfixedsW2)s Rpp(OfixedsW3) |

(@) (b)
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Re RPS

Perturbations

Linear anelastic inversion

DATA = [ RPS(eﬁxed!w1)9 RPS(eﬁxed’w3) ]

Re RPS
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