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When jointly analyzing geological and multi-source geophysical 

datasets (seismic, gravimetric, electric/magneto-telluric): 

(q1) Is it possible to detect and characterize structural traps and 

potential migration pathways at several kilometers depth? 

(q2) Do the errors associated with each of the different datasets 

influence / affect / bias the geological interpretation? If so, how?

>> Blind interpretation exercice <<



Adapted from a real exploration 

project dedicated to the 

characterization of helium 

reservoirs in a deep Permian 

sedimentary basin

1. Geological 

‘truth’

>> Blind interpretation exercice <<

Realistic 3D geological model over a 

domain of 20km x 30km 



B- W-E cross 

section A- N-S cross 

section

Extraction of 2 cross-sections from a 

realistic 3D geological model

1. Geological 

‘truth’
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2. Geophysical 

‘truth’

’realistic’ 
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processing error



1. Geological 

‘truth’

3 teams of interpreters
A geologist + A geophysicist

(senior / mid career)

3. Blind 

exercice

Forward geophysical 

modelling

’realistic’ 

measurement or 

processing error

seismic 

gravimetric

electric/
magneto-telluric

Objective reconstruct the two 
cross sections

2. Geophysical 

‘truth’
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Objective of the blind exercice

Identify structural traps + geometry, identify the potential migration pathways on the two cross-sections

Documents

- 1:1,000,000 scale geological map + borehole (with stratigraphy)

Borehole Mo1

3 teams of interpreters
A geologist + A geophysicist
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Objective of the blind exercice

Identify structural traps + geometry, identify the potential migration pathways on the two cross-sections

Documents

- 1:1,000,000 scale geological map + borehole (with stratigraphy)

- Map of Bouguer anomaly (gravimetry) + profiles along the cross sections

3 teams of interpreters
A geologist + A geophysicist
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Objective of the blind exercice

Identify structural traps + geometry, identify the potential migration pathways on the two cross-sections

Documents

- 1:1,000,000 scale geological map + borehole (with stratigraphy)

- Map of Bouguer anomaly + profiles along the cross sections

- Cross sections of electrical resistivity from processing of magneto-telluric (MT) surveys

B- W-E cross 

section

A- N-S cross 

section

3 teams of interpreters
A geologist + A geophysicist
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Objective of the blind exercice

Identify structural traps + geometry, identify the potential migration pathways on the two cross-sections

Documents

- 1:1,000,000 scale geological map + borehole (with stratigraphy)

- Map of Bouguer anomaly + profiles along the cross sections

- Cross sections of electrical resistivity from processing of magneto-telluric (MT) surveys

- HR seismic: on the two cross sections

Assumption: seismic campaign had some delays and the data were provided in a second phase!

3 teams of interpreters
A geologist + A geophysicist
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Objective of the blind exercice

Identify structural traps + geometry, identify the potential migration pathways on the two cross-sections

Documents

- 1:1,000,000 scale geological map + borehole (with stratigraphy)

- Map of Bouguer anomaly + profiles along the cross sections

- Cross sections of electrical resistivity from processing of magneto-telluric (MT) surveys

- HR seismic: on the two cross sections

Exercice – phase1

With Geol, MT, 

Gravi

Work in pairs

Exercice – phase 2

Delivery of Seismic!

Work in pairs

Debriefing

All

2.5 hours 2.5 hours

1 day before

Data (phase 1)

are sent

All

Kick off 

meeting

Context, 

objectives

All

time

objective

for

3 teams of interpreters
A geologist + A geophysicist



1. Inherent to the imperfections in the geophysical / geological data

▪ Effect of noise in the data

▪ Effect of mis-specifications (model uncertainty) in the processing

▪ Resolution of the data

2. Inherent to the exercice

▪ 3D effect: two cross sections not necessarily orthogonal to main structures

▪ Choice of representation format incl. colorscale

3. Inherent to the ‘human nature’ of the interpreters

▪ Different past experiences (senior and mid career)

▪ Different working practices incl. tools

▪ Different perceptions / understanding / biases

14

A series of difficulties
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A series of difficulties

1. Inherent to the imperfections in the geophysical / geological data

▪ Effect of noise in the data

▪ Effect of mis-specifications (model uncertainty) in the processing

▪ Resolution of the data

2. Inherent to the exercice

▪ 3D effect: two cross sections not necessarily orthogonal to main structures

▪ Choice of representation format incl. colorscale

3. Inherent to the ‘human nature’ of the interpreters

▪ Different past experiences (senior and mid career)

▪ Different working practices incl. tools

▪ Different perceptions / understanding / biases

Egu 

presentation
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1. data imperfection: noise

Large noise of 0.2 µgal 

= mimick the 

processing of 

gravimetry 

measurements of early 

1950s

Despite the large-but-realistic noise, gravimetry was useful 

to identify large scale structures

Some tendencies for over-interpretation of small-scale 

structures (<1km) that are purely related to noise

Uncertainty on the fault dip angle ~15-20°

Gravimetry without 

noise

Interpretations of the map 

of Bouguer anomaly
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Some tendencies for over-interpretation of noise-

related artefacts in seismic

Truth

1. data imperfection: noise

W-E 

cross-section
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MT was not corrupted 

with noise

By nature MT provides 

a ‘diffuse’ vision

When combined with gravimetry, the ‘diffuse’ 

imaging is alleviated and some hypotheses can 

be formulated

Truth

1. data imperfection: resolution

N-S 

cross-section
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MT was not corrupted 

with noise

By nature MT provides 

a ‘diffuse’ vision

Truth

1. data imperfection: resolution

When combined with gravimetry, the ‘diffuse’ 

imaging is alleviated and some hypotheses can 

be formulated

W-E 

cross-section
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2. representation format: colorscale

But made difficult by the choice of the 

colorscale…

=‘dark-is-more’ effect (Robinson et al. 1984)

Truth

MT was not corrupted 

with noise

By nature MT provides 

a ‘diffuse’ vision

W-E 

cross-section
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3. human-related difficulty

Nice and clear picture isn’t it?
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3. human-related difficulty: misleading precision

Truth
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Interpretations

A clear discrepancy betw. 

borehole and seismic was 

minimised… 

3. human-related difficulty: misleading precision
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… although artefacts in W-E cross sections should 

have indicated mis-specifications in the time-to-

depth conversion

3. human-related difficulty: misleading precision
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Summary

(q1) Is it possible to detect and characterize structural 

traps and potential migration pathways at several 

kilometers depth? 

The blind exercise gives confidence in the ability of the interpreters to 

formulate hypotheses to support discussions on further 

characterization campaigns

Despite:

▪ The 3D effect: cross sections not necessarily orthogonal to the structures

▪ The differences in practices and tools of each team of interpreters

▪ The cascade of different types of error (noise, #borehole, resolution)



26

Summary

(q2) Do the errors associated with each of the different 

datasets influence / affect / bias the geological 

interpretation? If so, how?

▪ Despite the noise in gravimetry, the interpretation of moderate-large 

scale structures was possible

▪ Despite the ‘diffuse’ nature of MT, hypotheses could be formulated 

when combined with other sources of data
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Summary

(q2) Do the errors associated with each of the different 

datasets influence / affect / bias the geological 

interpretation? If so, how?

!CAUTION!

▪ Seismic was perceived as the ‘perfect’ dataset although some 

artefacts were present

▪ Being able to question his/her first guess is not straightforward = 

linked to ‘anchoring’ bias [1,2]

▪ Forstering exchanges betw. interpreters and data providers = key

[1] Bond (2015); [2] Alcalde et al. (2019)
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