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How can we use gravity and magnetic data to
improve our understanding of the 3D geologic

framework in the subsurface?



How can we use gravity and magnetic data to
improve our understanding of the 3D geologic

framework in the subsurface?

Gravity + Magnetic + Other _ 3D geologic

data data data framework



A Gravity & Magnetics Primer...

* Gravity > Rock Density
* Magnetics > Rock Magnetic Susceptibility
ﬁ Rock Magnetic Remanence
Measured G
Geophysical Rock

Data Properties



A Gravity & Magnetics Primer...

* Gravity & Magnetic map-based interpretation
(faults & geologic contacts)

* 2D & 3D modelling of Gravity & Magnetic data

(build and test geologic framework)
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3D Geologic Framework from Phase 2B

Attribute = Zone

Qs
QTs
Tvs
Mzu
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Model Density Susceptibility Remanence Declination Inclination
4 blocks (g/cm’) (SI) (A/m) (deg) (deg)
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Model Rock Property values

Model Density Susceptibility Remanence Declination Inclination
blocks o/cm’ SI A/m (deg) (deg)
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Model Rock Property values

. sediments

| basement

Model Density Susceptibility Remanence Declination Inclination
blocks (g/cm’) (SI (A/m) (deg) (deg)
sed1 1900 0.002 0
sed2 2000 0.007 0
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Rock Property Measurements

Well Rock Number of measurements Average Saturated Bulk Density (£ 16 SD)
S unit
E 51-20 Tvs 33 2.419 £ 0.138 g/cm’
q‘:, FOH-2 Tvs 172 2410+ 0.127 g/em?
o BCH-3 Tvs 54 2.390 £ 0.123 g/em’
BCH-3 Mzu 42 2.630 + 0.40 g/cm’
Magnetic > 300 measurments 40 measurements

Susceptibililty

Magnetic
Remanence

from core

+ from surface samples
(Bunejug Mtns)

93 samples from Tertiary volcanic
rocks exposed in Bunejug Mtns
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2D Seismic reflection profiles







How can we test the entire 3D model?

...to reduce uncertainty



Gravity
data

How can we test the entire 3D model?

...to reduce uncertainty

3D Gravity Inversion modelling

Rock Property 3D geologic
+ +
data framework

22



3D gravity
inversion

3D density model

Constrained by
3D geology

Guided by rock
density
measurements
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SIMPEG and Rhino3D
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How good is the
match between
the measured and
calculated gravity?

Error in gravity
measurements is
~0.1 mGal
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How good is the
match between
the measured and
calculated gravity?

Error in gravity

measurements is
~0.1 mGal

Majority is
within error
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How well does the density model rock density measurements?

. Range predicted in 3D density Range of rock density
Code Rock Type model (g/cm?; 20 Std. dev.) measurements (g/cm?>)
Qs | Quaternary Alluvium 2.04-2.16 Geologically reasonable

Quaternary — _ Geologically reasonable
Qs Tertiary Sediments 2.13-2.29 oy
Tvs | Tertiary Volcanics 2.30 —2.48 2.28 —2.54
Mzu | Mesozoic Basement 2.63 —-2.75 2.68 -2.70




3D Geologic Framework is quantitatively consistent
with the gravity data

Caveat: non-uniqueness in geophysical model results



Example of Non-Uniqueness
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Conclusions

* Gravity & magnetic map-based interpretation
- Useful to identify faults & geologic contacts

» 2D gravity/magnetic profile modelling
— Aids construction of 3D geologic framework

* 3D gravity inversion modelling
- Useful to test and refine 3D geologic framework



