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Outline

• Seismic data and

images

• Marchenko redatuming

and imaging

• Velocity analysis using

redatumed data

(Wapenaar et al., 2014)
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Seismic data and images

Acquiring seismic data

Lateral position (m)
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Seismic data and images

Acquiring seismic data
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Seismic data and images
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Seismic data and images

Modeling seismic data with finite differences
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Seismic data and images

Modeling seismic data: data example

Lateral position (m)
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Seismic data and images

Modeling seismic data: image example
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Seismic data and images

Lateral position (m)

Creating images with seismic data: Reverse time migration (RTM)
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Source wavefield:

𝑺(𝒙, 𝒛, 𝒕)
Receiver wavefield:

R(𝒙, 𝒛, 𝒕)

• Forward propagate 𝑺
• Backward propagate 𝑹
• Create image by cross-correlation of 𝑺 and 𝑹
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Seismic data and images

Lateral position (m)

Creating images with seismic data: Reverse time migration (RTM)
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Source wavefield:

𝑺(𝒙, 𝒛, 𝒕)
Receiver wavefield:

R(𝒙, 𝒛, 𝒕)

𝑰 𝒙, 𝒛 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙, 𝒛, 𝒕)𝑹𝒋(𝒙, 𝒛, 𝒕
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Seismic data and images

Image created with RTM and 901 shot positions
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Seismic data and images

Lateral position (m)

D
e
p

th
(m

)

Image: primary reflections and internal multiples
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Seismic data and images
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Seismic data and images
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Seismic data and images
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Image: sources and receivers in the subsurface
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Outline

• Seismic data and

images

• Marchenko redatuming

and imaging

• Velocity analysis using

redatumed data

(Wapenaar et al., 2014)
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Marchenko redatuming and imaging

(i) Redatuming of sources
(with an iterative Marchenko scheme)

• required inputs:

o Surface reflection response (a)

o Estimate of first arrival (b)

• results in 𝐺+ 𝒙𝑉𝑆, 𝒙, 𝑡 and 

𝐺− 𝒙𝑉𝑆, 𝒙, 𝑡

Marchenko redatuming: a two-step redatuming process

(Wapenaar et al., 2014; Broggini et al., 2014)
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Marchenko redatuming and imaging

Marchenko redatuming: a two-step redatuming process

𝒙𝑉𝑆

(ii) Redatuming of receivers
with multi-dimensional deconvolution

(MDD)

• using 𝐺+ 𝒙𝑉𝑆, 𝒙, 𝑡 and 𝐺− 𝒙𝑉𝑆, 𝒙, 𝑡
• results in reflection response for a 

medium with a homogenous 

overburden

Redatumed data

(i) Redatuming of sources
(with an iterative Marchenko scheme)

• required inputs:

o Surface reflection response (a)

o Estimate of first arrival (b)

• results in 𝐺+ 𝒙𝑉𝑆, 𝒙, 𝑡 and 

𝐺− 𝒙𝑉𝑆, 𝒙, 𝑡
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Surface data

Redatumed data

Marchenko redatuming: a two-step redatuming process

(i) Redatuming of sources
(with an iterative Marchenko scheme)

• required inputs:

o Surface reflection response (a)

o Estimate of first arrival (b)

• results in 𝐺+ 𝒙𝑉𝑆, 𝒙, 𝑡 and 

𝐺− 𝒙𝑉𝑆, 𝒙, 𝑡

(ii) Redatuming of receivers
with multi-dimensional deconvolution

(MDD)

• using 𝐺+ 𝒙𝑉𝑆, 𝒙, 𝑡 and 𝐺− 𝒙𝑉𝑆, 𝒙, 𝑡
• results in reflection response for a 

medium with a homogenous 

overburden

Marchenko redatuming and imaging
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Marchenko redatuming:

imaging with MDD and a 2-D array of virtual sources

Marchenko redatuming and imaging

𝑡 = 𝑥 = 0
component of redatumed

reflection response
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𝑰 𝒙, 𝒛 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙, 𝒛, 𝒕)𝑹𝒋(𝒙, 𝒛, 𝒕

Marchenko redatuming:

imaging with MDD and RTM

Image created with redatumed data

Marchenko redatuming and imaging
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Images created with RTM using surface data and

Marchenko-redatumed data

Marchenko redatuming and imaging
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Outline

• Seismic data and

images

• Marchenko redatuming

and imaging

• Velocity analysis using

redatumed data

(Wapenaar et al., 2014)

(Mildner et al., 2017)
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Velocity analysis

𝑰 𝒙, 𝒛 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙, 𝒛, 𝒕)𝑹𝒋(𝒙, 𝒛, 𝒕

Marchenko redatuming:

imaging with MDD and RTM

300

1300
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Velocity analysis

𝑰 𝒙, 𝒛 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙, 𝒛, 𝒕)𝑹𝒋(𝒙, 𝒛, 𝒕

Velocity analysis using redatumed data

Angle-domain common image gathers (ADCIG)

(Sava and Fomel, 2006)



||Institute of Geophysics – D-ERDW – EEG 07.03.2017Constantin Mildner 34

Velocity analysis

𝑰 𝒙, 𝒛, 𝒉 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙 − 𝐡, 𝒛, 𝒕)𝑹𝒋(𝒙 + 𝒉, 𝒛, 𝒕

Velocity analysis using redatumed data

Angle-domain common image gathers (ADCIG)

(Sava and Fomel, 2006)
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Velocity analysis

𝑰 𝒙, 𝒛, 𝒉 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙 − 𝐡, 𝒛, 𝒕)𝑹𝒋(𝒙 + 𝒉, 𝒛, 𝒕

Velocity analysis using redatumed data

Angle-domain common image gathers (ADCIG)

𝑰 𝒙,  𝒛, 𝒑 =  𝒅𝒉 𝒅𝒛𝜹 𝒛 −  𝒛 − 𝒑𝒉 𝑰(𝒙, 𝒛, 𝒉)

slant stacking

(Sava and Fomel, 2006)
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Velocity analysis

𝑰 𝒙, 𝒛, 𝒉 = 

𝒋=𝟏

𝑵𝑺

 
𝒕

 𝑺𝒋(𝒙 − 𝐡, 𝒛, 𝒕)𝑹𝒋(𝒙 + 𝒉, 𝒛, 𝒕

Velocity analysis using redatumed data

Angle-domain common image gathers (ADCIG)

𝑰 𝒙,  𝒛, 𝒑 =  𝒅𝒉 𝒅𝒛𝜹 𝒛 −  𝒛 − 𝒑𝒉 𝑰(𝒙, 𝒛, 𝒉)

slant stacking

(Sava and Fomel, 2006)

Angle-domain common image gather

𝑝 = − tan𝜃 =
𝜕𝑧

𝜕ℎ

𝑰 𝒙,  𝒛, 𝜽
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Velocity analysis

 Flat reflections

True velocity model
used for Marchenko

redatuming

True velocity model
used for RTM

Velocity analysis using redatumed data

ADCIG using true velocities
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Velocity analysis

Velocity analysis using redatumed data

ADCIG using incorrect velocities for RTM

Incorrect velocity
model used for

RTM
+5%

True velocity model
used for Marchenko

redatuming
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 Residual moveout
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Velocity analysis

Slowness ratio 𝜌 =
𝑝𝑤𝑟𝑜𝑛𝑔

𝑝𝑡𝑟𝑢𝑒
≈ 0.95

Residual moveout in ADCIG‘s
(Biondi and Symes, 2004):

∆𝒏𝑅𝑀𝑂 = (𝜌 − 1)𝑡𝑎𝑛
2(𝜃)𝑧0𝒏

𝑧0: depth of reflector at 𝜃 = 0
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Velocity analysis using redatumed data

Residual moveout for velocity correction

Slowness 𝑝 =
1

𝑣
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Velocity analysis
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Velocity analysis using redatumed data

Residual moveout for velocity correction: semblance based analysis

Semblance: Quantitative measure of the 

coherence of seismic data

∆𝒏𝑅𝑀𝑂 = (𝜌 − 1)𝑡𝑎𝑛
2(𝜃)𝑧0𝒏
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Velocity analysis

∆𝒏𝑅𝑀𝑂 = (𝜌 − 1)𝑡𝑎𝑛
2(𝜃)𝑧0𝒏

1. Correct moveout in ADCIG for

different trial slowness ratios 𝜌

2. Calculate semblance 𝑆 𝑧, 𝜌 for

each event in the ADCIG (𝑧0)

3. Obtain slowness ratio 𝜌 by picking

𝜌(𝑠𝑒𝑚𝑏𝑙𝑎𝑛𝑐𝑒 = 𝑚𝑎𝑥)
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Velocity analysis using redatumed data

Residual moveout for velocity correction: semblance based analysis

Semblance: Quantitative measure of the 

coherence of seismic data
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Velocity analysis

∆𝒏𝑅𝑀𝑂 = (𝜌 − 1)𝑡𝑎𝑛
2(𝜃)𝑧0𝒏

1. Correct moveout in ADCIG for

different trial slowness ratios 𝜌

2. Calculate semblance 𝑆 𝑧, 𝜌 for

each event in the ADCIG (𝑧0)

3. Obtain slowness ratio 𝜌 by picking

𝜌(𝑠𝑒𝑚𝑏𝑙𝑎𝑛𝑐𝑒 = 𝑚𝑎𝑥)

Velocity analysis using redatumed data

Residual moveout for velocity correction: semblance based analysis

Semblance: Quantitative measure of the 

coherence of seismic data
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True velocity model

Incorrect velocity model used for
redatuming and migration

+5 %

+8 %

+12 %
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07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM

Constantin Mildner
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∆𝒏𝑅𝑀𝑂 = (𝜌𝑆𝑆𝐹 − 1)𝑡𝑎𝑛
2(𝜃)𝑧0𝒏

Residual moveout equation:

+5 %

+8 %

+12 %
𝜌𝑆𝑆𝐹1,2

07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM

Constantin Mildner
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∆𝒏𝑅𝑀𝑂 = 𝜌𝑀𝑎𝑟𝑐ℎ𝑒𝑛𝑘𝑜 − 1 𝑧𝑑𝑎𝑡𝑢𝑚 + 𝜌𝑆𝑆𝐹 − 1 (𝑧0 − 𝑧𝑑𝑎𝑡𝑢𝑚) 𝑡𝑎𝑛
2 𝜃 𝒏

Extended residual moveout equation:

+5 %

+8 %

+12 %
𝜌𝑆𝑆𝐹1,2

𝜌𝑀𝑎𝑟𝑐ℎ𝑒𝑛𝑘𝑜

07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM

Constantin Mildner
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∆𝒏𝑅𝑀𝑂 = 𝜌𝑀𝑎𝑟𝑐ℎ𝑒𝑛𝑘𝑜 − 1 𝑧𝑑𝑎𝑡𝑢𝑚 + 𝜌𝑆𝑆𝐹 − 1 (𝑧0 − 𝑧𝑑𝑎𝑡𝑢𝑚) 𝑡𝑎𝑛
2 𝜃 𝒏

First reflection Second reflection

07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM: 2D semblance analysis

Constantin Mildner
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∆𝒏𝑅𝑀𝑂 = 𝜌𝑀𝑎𝑟𝑐ℎ𝑒𝑛𝑘𝑜 − 1 𝑧𝑑𝑎𝑡𝑢𝑚 + 𝜌𝑆𝑆𝐹 − 1 (𝑧0 − 𝑧𝑑𝑎𝑡𝑢𝑚) 𝑡𝑎𝑛
2 𝜃 𝒏

07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM: 2D semblance analysis

Constantin Mildner

𝜌
𝑀𝑎𝑟𝑐ℎ𝑒𝑛𝑘𝑜

≈ 0.95
First reflection Second reflection
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∆𝒏𝑅𝑀𝑂 = 0.95 − 1 𝑧𝑑𝑎𝑡𝑢𝑚 + 𝜌𝑆𝑆𝐹 − 1 (𝑧0 − 𝑧𝑑𝑎𝑡𝑢𝑚) 𝑡𝑎𝑛
2 𝜃 𝒏

𝑣𝑒𝑙𝑆𝑆𝐹
𝑢𝑝𝑑𝑎𝑡𝑒𝑑

= 𝜌 ∙ 𝑣𝑒𝑙𝑆𝑆𝐹

07.03.2017

Velocity analysis

Velocity analysis using redatumed data

Incorrect velocities for redatuming and RTM: 2D semblance analysis

Constantin Mildner
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Velocity analysis

Comparison of surface and redatumed data

True velocity

Starting/updated

velocity

Surface data
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Velocity analysis

Comparison of surface and redatumed data

True velocity

Starting/updated

velocity

Surface data
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Velocity analysis

Comparison of surface and redatumed data

True velocity

Starting/updated

velocity

Surface data Redatumed data
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(Yang, et al., 2014)

More complex velocity model

Velocity analysis
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(Yang, et al., 2014)

Image of complex model

Velocity analysis
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Conclusion

• Marchenko redatumed data can be used to create images free of

internal multiples

• First application of Marchenko redatumed data for velocity analysis

using ADCIG‘s

• Redatuming is sensitive to incorrect velocities

• Velocity errors can be referred by combining different reflections in 

ADCIG‘s leading to correct velocity updates

Marchenko redatuming enables more accurate imaging and analysis of

target zone


