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I New approach:
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operator shape and orientation

➥ distinction between wave types during CRS stack
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General traveltime formula

Arbitrary acquisition geometry

paraxial ray
central ray

measurement surface

zS
zG

xG
xS

S
G

βG

S’
G’

R’R

βS

∆zS

Sx∆
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General traveltime formula

T 2(∆xS ,∆xG,∆zS ,∆zG) =(
t0 +

sinβG

vG
∆xG−

sinβS

vS
∆xS +

cosβG

vG
∆zG−

cosβS

vS
∆zS

)2

+t0 DB−1 (∆xG−∆zG tanβG)2

+t0 AB−1 (∆xS −∆zS tanβS)2

−2t0 B−1 (∆xG−∆zG tanβG)(∆xS −∆zS tanβS)

t0 : Traveltime along central ray

βS, βG : Incidence and emergence angle of central ray

A, B, D : Elements of the propagator matrix

∆xS, ∆xG, ∆zS, ∆zG : Source and receiver dislocations

vS, vG : Near-surface velocity at source or receiver
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OBS acquisition geometry

➥ ∆zS = ∆zG ≡ 0 (horizontal seafloor)

S

ocean bottom

central ray
paraxial ray

∆xG

∆xS

S’

βS

βG

G G’

R’R
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VSP acquisition geometry

➥ ∆zS = ∆xG ≡ 0 (vertical borehole, no topography)

∆

R R’

central ray

paraxial ray

borehole

G’

G

βG
zG

∆xS

S S’

Sβ
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Multi-component data

ocean bottom
P

S

P
S

RS

βP
S

β
G
S

central ray

V

HG

I Data acquisition with two components
(vertical & horizontal)

I Consideration of upgoing P- and S-waves

I Both wave types are present on both components

➥ Distinguish between both wave types
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Multi-component data: paraxial rays

Gβ
∆xG

GKγ

T

L acquisition surface

emerging wavefront

sinγ = sign(RG)
RG sinβG +∆xG√

R2
G +2RG∆xG sinβG +∆x2

G

γ : emergence angle of paraxial ray

βG : emergence angle of central ray

RG = 1/KG : radius of curvature at receiver

∆xG : receiver dislocation
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Implementation

Pragmatic search strategy (similar to ZO CRS stack):

1. Common-shot search: determine βG and KG = K G
CS

2. Common-offset search: determine angle and
curvature in separate PP- and PS-stack section

3. Common-midpoint search: determine curvature in
prestack data

4. Final CRS stack with spatial operator
for all source/receiver pairs:

I calculation of KG
I calculation of γ

➥ polarization along entire stacking operator
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Example: single-component OBS data
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I 25 m midpoint and offset spacing

I maximum CMP fold: 81

I only primary PP-events simulated
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Prestack data vs. stack result
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Example: multi-component land data
Model characteristics:

I single horizontal reflector

I primary PP- and PS-events simulated

I both events present on both components
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Conclusions

I Finite-offset CRS stacking operator for arbitrary
acquisition geometry

I CRS stacking operators for OBS and VSP data

I Successful application to complex synthetic OBS
data

I New approach to stack multi-component data
I First simple land data example

I clear separation of PP- and PS-events
I separate characterization by wavefield attributes
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