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Outline

* Method
- Aeromagnetic case (synthetic and raw data)

- Satellite case (MGS martian data and
Swarm simulated)

- Conclusions
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Method

Near-surface investigation: correlation between
magnetic anomalies and geological maps

Magnetic
v anomalies
measurements
Lithospheric
magnhetic sources
/ '\ Inversion
Forward
modeling
\

A priori parameters
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Method N SR
Forward models: uniformly magnetized spheres,
cylinders (Blakely, 1995) and prisms (Plouff, L
1976; Talwani, 196D).

4

Generalized non-linear inversion (Tarantola and Valette, 1982)
Input: B, By, B, or AB anomaly

Unknown parameters : moment (mx, my, mz or m) and location (x, y, z)
of one or several dipoles

_ v
-
Non-linear system
/\
- —

Process: generalized non-linear inversion (Tarantola et Valette, 1982)
— a priori parameters and associated Standard Deviations (SD)

Criterion: convergence and smallest 2

A posteriori tests: rms residuals, gaussian distribution
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Synthetic aeromagnetic data

Clean or noisy profile or map
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-g Large or small
5 magnetizations

Initial depths

A priori
depths Q

8 km

l-\l-\oo

15 km

: v
20 km Dipole 1 a priori depth SDs: 0.1, 1 or 10 km

Other dipoles a priori depth SDs: 0.01 or 1 km
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Synthetic aeromagnetic data

Inversion of synthetic 1 dipole profile
A prioridepth SD = 0.1 km

A priori depth SD
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Other results:
— A priori data SD must be proportional to the measurement noise

— Other a priori parameters SDs need to be large enough
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Raw aeromagnetic data

Area: metamorphic complex of Champtoceaux (Armorican Massif, Western

France)
Data: total-field 120 m maghetic measurements (summer 1998, BRGM,

GéoFrance3D Armor2 program)

Magnetism
3 km upward continuated magnetic field anomalies

GZOIOQY -50 -25 0 25 50

-2°E -17E

nT

SASZ : South Armorican Shear Zone

N/E F : Nord/Erdre Fault

Eclogite / Serpentinite Arc
Metamarphic complex

- Syntectonic Granites

Micaschists / Migmatites

Porphyroids [ Blue Schists
47°N

479N 47°N

Paleozoic sediments

Ante-Paleozoic sediments
and conglomerates
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Raw aeromagnetic data

Comparison between forward and Comparison between measured and
inverse models for profile A predicted magnetic anomaly field.
Lat. (°N) Lon. (°E) z (km) (iv/lm) Fit 40! Pl"Oﬁ le A - Sph%?ég =
47.47 -1.91 3.8 5.8 : Cyl?;igg;g "_':
Spheres 47.38 -1.92 9.8 1.5 82 % 20 Dipoles —
47.60 -1.89 9.8 15 E
47.46/4748 | -1.91/-1.89 | 1.8/4.0 8.0 5 0
Prisms | 47.30/47.38 | -1.95/-1.85 | 8.0/12.0 2.0 83 % 20l
47.57/47.67 | -1.95/-1.85 | 8.0/116 2.0 =
47.47 -1.90 4.0 3.0 -40¢ i
Cylinders 47.35 -1.90 10.0 15 | 84% Serpentinized peridotites
47.63 -1.90 10.0 15 : jno f4f735?N' s ?'GON
47.45 -1.91 3.4 4.4% ERTI
Dipoles 47.38 1.92 10.8 1.8 ﬂ@ ~
47.60 -1.89 8.9 1.3 20 = | o=
* . magnetizations if the 3 dipoles correspond with the 3 spheres (r1=1.5 km, r2=r3=4 km). T T g eatonithe i magnelized dpole

Interpretation of a seismic cross-section

Other results: (Bitri et al., 2003)
—>4 108 A/mand 3.4 to 6.5 km from East to West — same results
as previous studies (Bitri et al., 2003 ; Gumiaux et al., 2003)

— mainly induced magnetization
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Martian satellite data
AB (.700-250 km ) MO (~390 km)

1500 -750 0 750 1500
Rms observations compared to rms residuals of each model
. = rms residuals (nT) —> combined AB+MO
Inversion - . -
measurements| . i["AB-A | MO-A |AB-A+MO-A] AlABand| data inversion gives
(nT) models | subset | subset | subsets [MOsubsets| the best fit to the AB
br 353 98 90 | 223 125 123 d MO si |
AB[bt| 278 112 | 99 | 181 108 112 an sighais
bp 96 77 85 61 80 78
br 54 37 38 16 20 23
i o 37 33 36 14 Zh el Quesnel et al., 2006, PSS
bp 36 30 31 17 18 19

— Other results: large magnetization (~50 A/m) and depth (~55 km)
of investigated magnetized sources
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Synthetic Swarm data

Minimum space interval to distinguish 2 adjacent lithospheric magnetized sources?

~ 450km B30 km
’N 340 350 2] 10 2.0 340 350 a 10" 20°
N
SWARM
.y 530km t
C ,-;‘\ 50° 507
A+B--‘¥"--$""//_\* 450 km B, o ‘ ‘ " ‘
__———— Okm
Ok/g?\*O 40 km 50° 50°
) | |
Initial sources parameters:
| E | ztm rwm | G | TO | DO
45.0 0.0 40.0 35.0 40.0 63.4 0.0 s0° 50
46 + 1 0.0 40.0 35.0 400 |64+2| 00 B(p ‘ ‘ ‘
» TgI=21gA —T
340 350 0 110 207 340 350 4] 10 20nT
-25 =20 -15 10 -5 0 S 10 15 20 25
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Synthetic Swarm data

Inversion parametrization:
- input data = B, B, and B, anomaly components
- 1 nT a prioridata SD (= gaussian noise)

A = 45°N X, = 47.7°N — A ~ 300 km

Lat.°N) | Lon.CE) | z(km) | r(km) | m(a/m)| I() D (°)
Initial model 45.0 0.0 40.0 35.0 40.0 63.4 0.0
hitial mode 477 0.0 40.0 35.0 400 66.5 0.0

S c 452 14 35.7 350 | -259.0 | 580 00 |
W%I :" 452 1.2 47.0 350 | 3250 | 650 0.0

faa9\ | 12 38.7 35.0 31.2 62.0 -0.1 RS
Swarm-A or B [1272 \[ o2 412 35.0 39.0 73.0 0.1 > results

swarm- | 449 || 12 37.8 35.0 33.4 63.0 0.0

A (or B) + C \474/| 04 410 35.0 37.3 747 00 |

g
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Synthetic Swarm data

Inversion parametrization:
- input data = B, By and B, anomaly components
- 1 nT a prioridata SD (= gaussian noise)

2 = 45°N 2, = 46.5°N —[A ~ 170 km |

Lat. CN) | Lon. CE) | z(km) | r(km) | M(A/m) | I( D (°)
Initial del 450 0.0 400 35.0 400 63.4 0.0
nitial mode 465 0.0 400 35.0 400 64.6 0.0

S c 44.9 -0.8 456 35.0 295.1 63.9 01 |
W 3 44.8 1.2 355 35.0 2305 60.4 0.1

447 -1.0 35.9 35.0 -301.2 60.1 -0.1 > Inversion
Swar or B 448 -0.8 456 35.0 365.3 63.4 0.1 results

swarm- /46.5\ -0.6 39.0 35.0 35.6 69.2 0.0

A (or B)+C \447/ 13 37.9 35.0 345 64.2 00 ||
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Conclusions

* the method works for aeromagnetic and/or satellite
altitude magnetic measurements

* needs for realistic a priori parameters and SDs

- it can be used with Swarm measurements to detect
sources as close as ~ 170 km

Future work...

» perform more tests to confirm these preliminary results

- application to real Orsted, CHAMP or Magsat measurements
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