A satellite magnetic perspective of
subduction zones, large igneous
provinces, rifts, and diffuse plate

boundary zones

Michael Purucker (Planetary
Geodynamics Lab, GSFC/NASA)

Kathryn Whaler (School of
GeoSciences, Univ of Edinburgh, UK

AGU, December 2008




CHAMP

“Damn it, I'm a brain surgeon, not a rocket scienntist!”

Richard Haspel, Brookline, Mass.

New Yorker, 10 July 2006



Motivation & QOutline

Combining magnetic and seismic information on the depth to
the Moho helps better resolve magnetic crustal thickness, and
allow inferences on basin development, the thermal state of
the crust, and large igneous provinces.

Previous work

Combining seismic and magnetic models
— 3SMAC, WENA, Crust 5.1
- MF-6, WDMAM, CHAMP
Resolution, and assumptions, of technique
Some exampl es
| nterpretations
Conclusions




DATA 3SMAC, WENA MPF-6

or Crust 5.1 high

d© pass bobs,hp
— =

INVERSION l

bobs,ind,hp
iteration -
n) (n)
b ind,model b ind,model,hp

l

d(n+1) «— Ad(n)hp «— IAb(n)I < IAb(n-“)I «— Ab(n)ind,hp
inversion

if yes test

Set m=+-1to 0

if no

END MODEL obs: observed
d(n) ind: induced

- ) i rem: remanent
Magnetic crustal thickness hp: high pass filtered




Assumptions/Scal e Issues

Magnetic susceptibility is constant
Areas w. significant magnetic remanence are not
used in interpretation (Bangui, Kursk)

Global selsmic and magnetic data sets have
comparable resolutions (SHD 120, Wavelength =
333 km for magnetic).

Selsmic data is spatially heterogenous, and of
widely different quality

Magnetic datais spatially homogenous away from
high latitude auroral zones.




MF-6 (Vertical field evaluated at surface)
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Magnetic crustal thickness using MF-6 and different seismic starting models

3SMAC

WENA

Crust 2.0
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Exampl es

Cretaceous rift basins developed on
W.African shield

Red Searegion rifts
Siberian traps large igneous province
West Siberian basin/rift
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Thinned lithosphere from
seismic analysis

Xenoliths from western Saudi
Arabia suggest thinned
lithosphere & normal crustal
thickness/low heat flow

Magnetic field provides
depth to Curie isotherm,
not Moho depth



Thermal structure of Red Sea rift basin and surrounding region
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World sedimentary basins, Large Igrnecous Provinces and distriibution of volcanic rifted margins

£
.

= Antart'\ca
‘ B— — >

Compiled by L. Gerriigon, Geological Survey of Norway (NGU) January 2006

Sediment thickness (km ~
‘ ¢ ) PaN Volcanoes V. Sampled seamounts ‘1 Large lgneous Provinces
o 1 2 3 “ 5 S rd 8 i<} 10 Data after Coffin and . 1994 Sii and Si . 71994 and Laske and Masters, 71997. Coastline from USGS. Isochrons after Muller et al.. 1997.

Siberian

k a

- N

Traps L.IP

ISNVMIAC Continental magnetic crustal thickness

vrss .

o 22 25 28 31 34 37 40 43 46 80




72
Franz Joseph Land

Karu Sea

i
Putorana

Siberian™
Traps

Nizhnaya
Tunguska

Taa*Tagn

Py

Siberi:a'n

[0 Chalyabinsk

Turgay Cos
Kansk
Basin =1 Taseevskaya
. 56
| [ Fuitdhetis
Gt ke G

[=77] M, Evtent of WS basalts
! {Hebchow et 5L 2002)

Samaitad i} Areas of Teiasaic hasalts probabiy
— FgRNeous M relmted o ihe 5T
SRS Malm Hifts in the WSH
Agian [®-5! orrbodes with: basali / riyadise

- Wast Sibanan Basn ;. Siberian Platiorm, ]
T e 1 g X
5 Paloozoic Basemant

'?"',b‘_ v .'? 1‘.J‘IE 75

Elkins-Tanton et al., Siberian traps proposal

Aeromagnetics

GSC, 1995




Total field magnetic anomaly Free-air Gravity
e

Bl 8 | B W 0%
basin Franz Joseph Land

1o
Kara 4, oniné?

“,\\"“" -
SN ""/

%ﬂmﬁfg

o
@TW ef

North .
Sosva West Siberian™
: Traps

Nizhnaya
Tunguska

Siberian
'ECMIMMN :

P

" Kaanotsk Kansk
Basin % Taseevskaya
.- tan Traps Rasal + Tufl 8
o Siberian Traps Rasalt ¢ Tu
Novosibirsk T
% o0 Ll of Sberian Crafon
Istrmive racks
[j_‘.'} M, Exiest of WSH basalls
= Rekchow ef il 200)
'k%/ Semeltau fom) v of Fravie st probably |
~ ignoous M “reluted o the ST
sories  F (27 | Mala Rifs n the WSB
Aslan (8] morchudes wih: bt/ rhyolite
F Wast Siberian Basn . Siberian Platform o
H T "
X SG6 - o X

?/b 1\1\;7 Paleozoic Basemont

-250-100-40 0 120 160 220 620  -80-18-14-11-8§ -3 0 3 7 35 '
Purucker & Whaler, 2007 Elkins-Tanton et al., 2006



Conclusions

 Theavailability of new seismic and
magnetic compilations, and the new
CHAMP magnetic map, allow a more
detailed view of the development of rift
basins, large igneous provinces, and
associated thermal anomalies.




