Sub-basalt imaging, using CSEM & MT
to constrain the velocity model
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Seismic imaging challenges
when basalt is present

« Strong impedance contrast at top
basalt interface Sediments

« Weak sub-basalt reflections
* Interbed multiples
Sediments

* Rough top and base basalt - i
interfaces can cause complicated
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Seismic imaging — West of Shetland

Q.. Faroe I#Iands ‘ |
’ |
61°30'0"N —_— |
——— :
|‘ 6104/21-1 . .
| | * Velocity analysis
oot —— || ’ | e : ..
| \ | — Difficult to pick velocities from
| | data below top basalt
60°30'0"N{— — L ‘ Shetland )
e e e
o 5 o s e soTi:: offset [2m;'°w — 2000 RMS velocity [m/s] 4000

8

time [s]

p [ L -

: aemgs ®NTNU



SE

line offset [m]

West of Shetland

Imaging

1C

Seism

—
1
—
o

6104/

vp
[m/s]

-basalt

5000

Supra

4120

ts from

imen

sed

2240

IS

semblance analys

2360

1480

« Below top basalt

SE

line offset [m]
30000 35000 40000 45000 50000 55000 B0000 B5000 70000

6104/21-1

25000

;: p Wy
\\ .; )

u- "
:t.
:ft ‘sv-p -5:

flooded with average -
basalt velocity from
refracted waves

[w]yadsp

=
z
m|1
Z
O]
(Va)
Qo
&
<




Seismic imaging — West of Shetland

* Sub-basalt reflections appear at
small angles -> small moveout

 Difficult to use for velocity « Ray geometry:
analysis
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CSEM & MT basics

« Controlled Source * Magnetotellurics (MT)

Electromagnetic Method (CSEM)
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CSEM inversion— synthetic study

» Synthetic study by Herredsvela et al.
(2012) CSEM inversion result:
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MT inversion— synthetic study

Original Model: MT inversion result
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CSEM/MT imaging — West of Shetland

* Real data CSEM & MT joint inversion

NW 100000 420000 440000 460000 480000 s00000 SE Resistivity [Qm]
6760008 L ! I Il L I L Il I 1 ! I 1 ! I Il 1 I ! 1

" 100
--------
2es eaesnessn asans 2

-2000 -2000 —10
-y 1
-4000 -4000
0.1
-6000 -6000
Z-axis Z-axis
-8000 -8000
-10000 —I -10000
-12000
N
. Faroe Islands
-14000 =~ B6104/21-1
. 213271
—f |+ + + +——f + ++—+—f +—+—+—+— —+—+——+—— ' | ‘
400000 420000 440000 460000 480000 500000
Xaxis ke Shetiand /]

: aemgs ®NTNU



Well log analysis — correlation v, and p

- Linear correlation for i
v,<5000,
driven by the porosity and ;¢
pore fluid properties .

. Asymptotic behavior for 3
v, > 5000, R i -
driven by the matrix
properties o
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* 0OVy(p)/v, << Op(V,)/p -
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Updated velocity model
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ISMIC

Correlation CSEM/MT and Se
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Discussion

* V,— p correlation from the well
— Different lithology sub basalt, not necessarily the same
correlation
— Measured at well “log scale”
— Also valid on “CSEM/Seismic scale” ?

 Geometry
— CSEM line not at same location as Seismic line

« Seismic data quality
— Available dataset very coarse sampled

wemgs @NTNU

14




Conclusions

* Resistivity models from CSEM & MT inversion can be
used to map the thickness and extend of basalt layers

« The resistivity model can also be used to update the
velocity model using v,-p correlations from a nearby well

« Co-visualization can improve the seismic interpretation
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