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Our method has evolved from published methods in several ways.
Rather than dividing the aeromagnetic data into overlapping subre-
gions of equal dimensions on a uniform grid, we distribute subre-
gions across California and systematically vary the dimension W of
each subregion. Subregions are increased in dimension until a peak
in the power spectrum is observed at k ! kf, where

kf =
2"

W
!5"

is the fundamental wavenumber !Figure 2". The presence of a peak at
k ! kf indicates that the bottom of the magnetic layer is being re-
solved, i.e., the dimensions of the subregion are large enough to in-
clude long wavelength signal caused by sources at the bottom of the
magnetic layer.

Increasing the dimension of each subregion in this fashion was
necessary because of the complexity of California geology. Geolog-
ic provinces vary markedly in terms of thermal properties and lateral
dimensions. For example, the Coast Ranges geologic province is as-
sociated with high heat flow !80–85 mW/m2" and is approximately
120 km wide in the east-west direction. Thus, subregions with W
! 120 km incorporate anomalies from the neighboring Great Valley
geologic province, a contamination that affects the estimation of
basal depth within the Coast Ranges. On the other hand, the Great
Valley is characterized by low heat flow !less than 50 mW/m2", sug-
gesting that the Curie isotherm for this province will be deep. Subre-
gions in the Great Valley geologic province must be sufficiently
large to capture the longest wavelengths of magnetic anomalies as-
sociated with this deep Curie isotherm !Shuey et al., 1977".

To alleviate the problems of contamination, we placed center
points for subregions within geologic provinces to capture and em-
phasize aeromagnetic anomalies associated with each province.
This is in contrast to previous methods that used uniform grids of
overlapping subregions, forcing center points to follow a secondary
uniform grid. A uniform grid of center points would ultimately cap-
ture magnetic anomalies from neighboring geological provinces
with contrasting crustal thermal conditions.

We note that subregions for the Great Valley, because of their large
dimensions !W = 240 km", will include magnetic anomalies from
the Coast Ranges, Sierra Nevada, and Cascade Range provinces.
However, as noted earlier, these neighboring provinces all have
crustal temperatures higher than the Great Valley. We have made the
Great Valley subregions large enough to resolve the peak in the pow-
er-density spectrum from the longest wavelengths associated with
the Great Valley, rather than the shorter wavelengths from the warm-
er geological provinces.

Another variation on previous methodologies regards the manner
in which we analyze the spectra. Most previous methods !e.g., Con-
nard et al., 1983; Blakely, 1988; Okubo and Tsu, 1992; Tanaka et al.,
1999" used a two-step process to estimate basal depth: First the posi-
tion of the spectral peak relative to k was determined, then straight
lines were fit to a specific part of the spectrum. Here we use a one-
step procedure by actually fitting equation 4 to observed power-den-
sity spectra to estimate zb !a suggestion made to us by G. Connard,
personal communication, 2004" !Figure 2". We believe that by re-
ducing this process to a single step, we introduce less error in the fi-
nal estimation. Determining the correct straight-line portion of the
spectrum is often ambiguous, and estimates of zb are very sensitive to
the length of this straight line. Our one-step method requires that we
look at the entire shape of the spectral peak, which Shuey et al.
!1977" state is an essential requirement for “good resolution of zb.”

Our method proceeds as follows.

1" We designate subregion centers within geological provinces
and divide the aeromagnetic data into square subregions of di-
mension W centered over each subregion center. An average
value for each subregion is removed from the aeromagnetic
data for that subregion.

2" A 2D Fourier transform is applied to each subregion, using the
method of Ricard and Blakely !1988" to minimize edge effects.

3" Each 2D Fourier transform is reduced to a 1D radial spectrum
#h!k" by averaging amplitude values within overlapping rings
that are concentric about the spectral origin as shown in equa-
tion 4.

Figure 2. Normalized radial power spectrums for a" subregion with
W = 130 km, and b" subregion with W = 180 km. The black solid-
dot curves are the power-density spectrums for each subregion, and
the solid colored curves are the best-fit curves from equation 4 to the
low-wavenumber portion of the spectrums. Error bars are the 95%
confidence limits calculated from the spectral values within
each ring used in the calculation of the 1D radial spectrum #M!k".
The Nyquist wavenumber is ".
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Courtesy Peter Millegan (AGSO)	


Magnetic Anomaly Map of Australia, 5th edition 



Long-wavelength Magnetic Anomaly Field from CHAMP Satellite 



•  Advantages of Satellite-Altitude: global & uniform coverage; sensitivity to 
	
 	
 	
 	
   deeper magnetic sources	


•  Limitations of Satellite-Altitude:  only long-wavelength anomalies (~ 350 km to 
	
 	
 	
                 ~ 3000 km)	

	
 	
 	
 	
  ∴  geologic interpretation less direct; S/N 	


Magnetic Power Spectrum	


Degree	

> 36000	




Opposite problem in 	

aeromagnetic data	

Example: Eastern US	


- Inaccurate IGRFs	

- Mismatches at the edges of 	

   separately processed data	

- Wavelengths  < 200 km ??	




High-Altitude Magnetic Survey of the U.S. 

Are high-altitude magnetic survey  
data unique? 

    

After Blakely 

  Gap:  150 km < λ < 350 km!

Near	  Earth	  Satellite	  Data	  
Magsat,	  Oersted,	  CHAMP	  
(~400	  –	  700	  km	  al?tude)	  

Aeromagnetic Data	

(0.1-1 km altitude)	

Aeromagne?c	  Data	  
(~0.1-‐1	  km	  al?tude)	  

The	  “proverbial	  gap”	  in	  the	  spectral	  coverage	  of	  magne4c	  anomaly	  	  data	  

After Blakely (1993)	




Long-wavelength Problems in the U.S. portion of the	

North American Magnetic Anomaly Map (c. 2002) 	


	






(2002)	






Earth’s Magnetosphere: Complex magnetic field superpositions	




CM - The Comprehensive Model of the near-Earth 
Magnetic Field	


Sabaka,	  Olsen,	  &	  Langel	  (2002+)	  
	  
	  

• 	  Simultaneous	  modeling	  of	  core	  field,	  
crustal	  field,	  and	  prominent	  quiet-‐Ame	  

ionospheric	  &	  magnetospheric	  fields	  using	  
worldwide	  observatory	  hourly	  data	  and	  

POGO,	  Magsat,	  Ørsted,	  &	  CHAMP	  satellites	  
• 	  Improved	  modeling	  of	  external	  fields	  
necessary	  to	  isolate	  the	  most	  reliable	  

lithospheric	  anomaly	  signal	  

• 	  Con$nuous	  from	  1960	  to	  ~2010	  (?)	  

• 	  CM	  	  can	  be	  used	  in	  place	  of	  IGRF	  for	  
retaining	  correct	  baselevels	  
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Earth Physics Branch (EPB) Long-
Profile Surveys (1969-1976) 



The difference between the CM main field 
(deg. 13) and the DGRF main fields (deg. 
10) for the EPB surveys 

10 to 40 nT discontinuities at the survey edges 



Earth Physics Branch (EPB) Long-Profile 
Surveys (1969-1976) corrected using the CM 

 

Note: The Canadian portion of the North American Magnetic Anomaly Map (ca. 
2002) based on Jointly inverted EPB and CHAMP satellite MF1 anomaly data	








NURE	  –	  Na?onal	  Uranium	  Reconnaissance	  Evalua?on	  (1970s)	  

-‐ 	  2°	  (lon)	  x	  1°	  (lat)	  quads	  
-‐ 	  IGRF	  related	  problems	  	  

Not	  all	  data	  missing	  
(some	  leveling	  

problems,	  contractor	  
errors,	  etc.)	  



NURE	  –	  Using	  the	  CM	  

Some	  NURE	  quads	  
very	  difficult	  to	  

resurrect	  	  



Present	  NURE	  Magne?c	  Map	  of	  the	  Conterminous	  US	  
(NAMAM	  segments	  leveled	  &	  inserted	  in	  place	  of	  missing	  quads)	  

Presently	  1.25	  km	  spacing	  grid	  



Second	  Ver?cal	  Deriva?ve	  of	  NURE	  –	  short	  wavelength	  data	  
integrity	  problems	  (correctable	  but	  ?me-‐consuming)	  

These problems affect wavelengths (λ) of mainly < 30 km.	

	




North	  America:	  	  
NURE	  (λ	  >	  50	  km)	  +	  NAMAM	  (λ <	  50	  km)	  

The best full spectrum magnetic anomaly product possible for 
the US with the present data!	




Difference	  between	  Corrected	  
NURE	  data	  set	  and	  NAMAM	  (2002)	  





The	  US	  subset	  of	  NURE_NAMAM2008:	  	  NURE	  (λ	  >	  50	  km)	  +	  
NAMAM	  (λ <	  50	  km)	  



Comparison	  of	  Azimuthally	  Averaged	  Spectra	  



λ = 10 km	




Implication of the new compilation for crustal magnetic thickness estimation  

→ Better representation of 
wavelengths > ~180 km than 
NAMAM 

→ More realistic estimate for the 
crustal magnetic thickness 

Spectral analysis of aeromagnetic anomalies  
for a model of fractal  random magnetization 

Bouligand et al. (2008) 

Maus et al. (1997) Method: 
 

Zt depth to the top, Δz thickness, β fractal parameter 
for magnetization 

( β=3 )	




Four	  main	  approaches	  used	  to	  find	  magne$c	  
bo@om/Curie	  depth	  

1) The Centroid Method (Bhattacharyya & Leu, 1975, 
 1977;  Okubo et al., 1985; Tanaka et al., 1999) 

-  Magnetization is assumed to be uniform in the form of a parallelepided source	

-  Centroid is derived by 1/k scaling of the slopes of low-wavenumber part of the  
    Fourier spectra 

	
“F(k)” Spectra	
 “G(k) = 1/k F(k)” Spectra	


Valid argument, but one could end up picking slopes from 
different layers….especially in multi-layers situations	




Automatic process may represent meaningful 
lateral geologic boundaries, but Zb not 
always the Curie point of magnetite	


My model studies indicate:	


-  Azimuthal average not valid 
for windows with strong 2-D 
trends	


-  Strong upper magnetization 
layer over a weaker one 
identifies shallower than true 
Zb 	


2)	  	  Fractal	  Magne?za?on	  Model	  (Maus	  et	  al.,	  1997)	  
	  +	  Analy?cal	  Expression	  (Bouligand	  et	  al.,	  2009)	  



Kapuskasing:	  Fractal	  Method	  Acceptable	  Spectra	  
–	  non-‐uniqueness	  

β = 3	

Thickness = 23 km	


β = 2.5	

Thickness = 59 km	


	


β = 2.75	

Thickness = 32 km	


	




Automatic process may represent meaningful 
lateral geologic boundaries, but Zb not 
always the Curie point of magnetite	


My model studies indicate:	

-  A range of feasible solutions 

exists	


-  Strong upper magnetization 
layer over a weaker one 
identifies shallower than true 
Zb 	


2)	  	  Fractal	  Magne?za?on	  Model	  (Maus	  et	  al.,	  1997)	  
	  +	  Analy?cal	  Expression	  (Bouligand	  et	  al.,	  2009)	  



2)	  	  Fractal	  Magne?za?on	  Model	  (Maus	  et	  al.,	  1997)	  
	  +	  Analy?cal	  Expression	  (Bouligand	  et	  al.,	  2009)	  

Automatic process may represent meaningful 
lateral geologic boundaries, but Zb not 
always the Curie point of magnetite	


My model studies indicate:	

-  A range of feasible solutions 

exists	

-  Azimuthal average not valid 

for windows with strong 2-D 
trends	




Fractal	  Magne?za?on	  Model	  (Maus	  et	  al.,	  1997)	  
+	  Analy?cal	  Expression	  (Bouligand	  et	  al.,	  2009)	  

Basin & Range (East) – Bouligand 
Zb ~ 20 km;  My Zb range 19-25 km	


Great Plains – Bouligand Zb ~ 30 
km; My Zb range 22-30 km	


Rio Grande Rift– Bouligand Zb ~ 
20 km; My Zb 30 km	


Colorado Plateau – Bouligand Zb ~ 
10  km; My Zb 15 km	


Wyoming Craton – Bouligand Zb ~ 
30 km; My Zb range 38-43 km	




3)	  Hybrid	  Centroid	  -‐	  Fractal	  magne$za$on	  Method	  	  
	  	  	  	  (Bansal	  et	  al.,	  2011)	  	  

!m ! k
""

where β is the fractal parameter.	


Frequency domain magnetization parameterized as:	


For β ~ 3, corresponds to Fedi et al. (1997) ensemble modeling 	

scaling exponent; it is also the most often encountered β in the 	

continental crust (Bouligand et al., 2009). β = 0 random 
magnetization (no correlation); β = 1, layered magnetization; β = 5 
– 6,  sources with larger correlation length in three dimensions.	

	




4)	  	  Spectral	  Peak	  Method	  –	  peaks	  meaningful	  and	  	  	  	  	  	  
	  present	  only	  for	  β	  =	  0	  –	  2	  

•  Origin	  in	  the	  theore?cal	  background	  outlined	  by	  Boler	  
(1978)	  and	  Connard	  et	  al.	  (1983)	  –	  but	  incorrectly	  used	  
in	  prac?ce	  due	  to	  spectra	  showing	  false	  peaks	  

•  	  	  
	  
•  Forward	  modeling	  of	  spectral	  peak	  avoids	  false	  
iden?fica?on	  of	  spectral	  peaks	  (Ravat,	  2004;	  Finn	  and	  
Ravat,	  2004;	  Ross	  et	  al.,	  2004;	  Ross	  et	  al.,	  2006;	  Ravat	  
et	  al.,	  2007)	  	  

kpeak =
lnZb ! lnZt
Zb! Zt( )
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Figure 7. Example of results from ‘thick’ random source model used in
deriving the depth to the top. Actual depth to the top is 21.56 ± 9.75 km and
bottom is 29.86 ± 7.62 km and depth from the Fourier spectrum (continuous
line) slope is 22.56 km and frequency-scaled spectrum (dash–dotted line) is
36.82 km. The direct use of the spectral peak method (eq. 2) led to the bottom
depth of 14–18 km. k3 correction overcorrects the spectrum (not shown) and
thus is inappropriate. The forward modelling (dashed line) leads to depth
to the top is ∼22 km and bottom is ∼25 km. The modelled peak cannot be
moved significantly to the right by reducing the bottom depth further.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

-4

-2

0

2

4

6

8

10

12

Fourier spectrum

Frequency-scaled
Fourier spectrum

Wavenumber (2 π / km)

ln
 o

f P
ow

er

Figure 8. An example with real data. The depth to the top of the deepest
layer from Fourier spectrum (continuous line) is ∼12 km and the depth to
the bottom from the frequency-scaled Fourier spectrum (dash–dotted line)
is ∼44 km. The forward modelling (dashed line) leads to the same depth to
the top, and the bottom can be matched at ∼40 ± 10 km. The direct use of
the spectral peak method (eq. 2) led to the bottom depth of 35 km.

to determine the depth to bottom more reliably. However, because
the spectral peaks are broad for thick magnetic sources, the bottom
determination using the spectral peak forward modelling method
we have proposed suggests that these determinations can have sig-
nificantly large uncertainties (10 km or more).

Some of the important considerations in the spectral bottom depth
determinations are as follows: (1) having large data windows with
widths up to 10 times the expected bottom depth may be required
in some cases to ascertain that the response of the deepest layers is
captured; (2) compiling magnetic anomalies from modern spherical

Figure 9. Four possible geotherms from steady state equations of
Lachenbruch & Sass (1978) for the real magnetic data set lead to differ-
ent temperatures in the lithosphere and a range of heat flow between 40 and
54 mW m−2. Two vertical dotted lines on the left panel show 580 ◦C tem-
perature and the dry peridotite solidus. See the text for details. For all curves
the effective depth of heat production is 10 km. Curves (A) asthenospheric
heat flow, q a = 20 mW m−2, lithosphere thickness = 200 km, thermal con-
ductivity = 2.5 W m−1 K−1, linear heat production, A0 = 2.09 µW m−3,
surface heat flow, q s = 40 mW m−2; (B) q a = 20 mW m−2, lithosphere
thickness = 195 km, thermal conductivity = 2.5 W m−1 K−1, linear heat
production, A0 = 3.14 µW m−3, q s = 52 mW m−2; (C) q a = 25 mW m−2,
lithosphere thickness = 150 km, thermal conductivity = 2.5 Wm−1 K−1,
linear heat production, A0 = 2.09 µW m−3, q s = 45 mW m−2 and (D) q a

= 33 mW m−2 (stable reference geotherm of Lachenbruch & Sass 1978),
lithosphere thickness = 95 km, thermal conductivity = 2.5 W m−1 K−1,
linear heat production, A0 = 2.09 µW m−3, q s = 54 mW m−2;

harmonic Earth’s main field models (e.g. recent IGRFs or CMs, etc.)
for avoiding arbitrary removal of regional fields. Arbitrary regional
removal by filtering affects and modifies the low wavenumber part
of the spectra and alter the bottom depth estimates; (3) determining
the autocorrelation function and determining the depth estimates
only for windows where the function is near-circular can ensure that
there are no strong trends in the data that modify the slopes of the az-
imuthally averaged spectra (Shuey et al. 1977)—it is better to leave
out spectra that are thus modified and lead to erroneous estimates;
(4) beginning the determinations with the largest possible windows
(>300–500 km windows) to ensure that the response of the deepest
layers is captured in the analysis. The window size can subsequently
be reduced to improve the spatial resolution if it is permitted by the
nature of the spectra; and (5) when the spectra indicate power-law
form in the low wavenumber range (and no spectral peak), only min-
imum bottom depth estimates can be derived using the spectral peak
forward modelling procedure. In these cases, it is also important not
to fit slopes to the low wavenumber exponential part of the spectra
as it would lead to an inaccurate depth determination.

For interpreting the results of the magnetic depth determination
in terms of lithospheric temperatures, it is advisable to look for ex-
ternal validation. Modelling of surface heat flow using lithospheric
geotherms is important for constraining rheological parameters of
the lithosphere but is made difficult by insufficient information on
the radiogenic heat generation, thermal conductivity variation of
geological units, tectonic and magmatic history of the region and
its hydrologic regime. The spectrally derived magnetic bottom esti-
mates can place further constraints for temperatures at certain depths

C© 2007 The Authors, GJI, 169, 421–434
Journal compilation C© 2007 RAS

Our method has evolved from published methods in several ways.
Rather than dividing the aeromagnetic data into overlapping subre-
gions of equal dimensions on a uniform grid, we distribute subre-
gions across California and systematically vary the dimension W of
each subregion. Subregions are increased in dimension until a peak
in the power spectrum is observed at k ! kf, where

kf =
2"

W
!5"

is the fundamental wavenumber !Figure 2". The presence of a peak at
k ! kf indicates that the bottom of the magnetic layer is being re-
solved, i.e., the dimensions of the subregion are large enough to in-
clude long wavelength signal caused by sources at the bottom of the
magnetic layer.

Increasing the dimension of each subregion in this fashion was
necessary because of the complexity of California geology. Geolog-
ic provinces vary markedly in terms of thermal properties and lateral
dimensions. For example, the Coast Ranges geologic province is as-
sociated with high heat flow !80–85 mW/m2" and is approximately
120 km wide in the east-west direction. Thus, subregions with W
! 120 km incorporate anomalies from the neighboring Great Valley
geologic province, a contamination that affects the estimation of
basal depth within the Coast Ranges. On the other hand, the Great
Valley is characterized by low heat flow !less than 50 mW/m2", sug-
gesting that the Curie isotherm for this province will be deep. Subre-
gions in the Great Valley geologic province must be sufficiently
large to capture the longest wavelengths of magnetic anomalies as-
sociated with this deep Curie isotherm !Shuey et al., 1977".

To alleviate the problems of contamination, we placed center
points for subregions within geologic provinces to capture and em-
phasize aeromagnetic anomalies associated with each province.
This is in contrast to previous methods that used uniform grids of
overlapping subregions, forcing center points to follow a secondary
uniform grid. A uniform grid of center points would ultimately cap-
ture magnetic anomalies from neighboring geological provinces
with contrasting crustal thermal conditions.

We note that subregions for the Great Valley, because of their large
dimensions !W = 240 km", will include magnetic anomalies from
the Coast Ranges, Sierra Nevada, and Cascade Range provinces.
However, as noted earlier, these neighboring provinces all have
crustal temperatures higher than the Great Valley. We have made the
Great Valley subregions large enough to resolve the peak in the pow-
er-density spectrum from the longest wavelengths associated with
the Great Valley, rather than the shorter wavelengths from the warm-
er geological provinces.

Another variation on previous methodologies regards the manner
in which we analyze the spectra. Most previous methods !e.g., Con-
nard et al., 1983; Blakely, 1988; Okubo and Tsu, 1992; Tanaka et al.,
1999" used a two-step process to estimate basal depth: First the posi-
tion of the spectral peak relative to k was determined, then straight
lines were fit to a specific part of the spectrum. Here we use a one-
step procedure by actually fitting equation 4 to observed power-den-
sity spectra to estimate zb !a suggestion made to us by G. Connard,
personal communication, 2004" !Figure 2". We believe that by re-
ducing this process to a single step, we introduce less error in the fi-
nal estimation. Determining the correct straight-line portion of the
spectrum is often ambiguous, and estimates of zb are very sensitive to
the length of this straight line. Our one-step method requires that we
look at the entire shape of the spectral peak, which Shuey et al.
!1977" state is an essential requirement for “good resolution of zb.”

Our method proceeds as follows.

1" We designate subregion centers within geological provinces
and divide the aeromagnetic data into square subregions of di-
mension W centered over each subregion center. An average
value for each subregion is removed from the aeromagnetic
data for that subregion.

2" A 2D Fourier transform is applied to each subregion, using the
method of Ricard and Blakely !1988" to minimize edge effects.

3" Each 2D Fourier transform is reduced to a 1D radial spectrum
#h!k" by averaging amplitude values within overlapping rings
that are concentric about the spectral origin as shown in equa-
tion 4.

Figure 2. Normalized radial power spectrums for a" subregion with
W = 130 km, and b" subregion with W = 180 km. The black solid-
dot curves are the power-density spectrums for each subregion, and
the solid colored curves are the best-fit curves from equation 4 to the
low-wavenumber portion of the spectrums. Error bars are the 95%
confidence limits calculated from the spectral values within
each ring used in the calculation of the 1D radial spectrum #M!k".
The Nyquist wavenumber is ".
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Ravat et al. (2007) 
Ross et al. (2006) 



Depth	  Integrated	  Long-‐wavelength	  
Suscep?bility	  from	  CHAMP	  MF7	  Model	  &	  

SEMM	  Depth Integrated Magnetic Variation SEMM MF7
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Pikwitonei,	  
Kapuskasing	  &	  
Minto	  Block	  
Magne?c	  

Anomaly	  Field	  
from	  NURE-‐
NAMAM	  2008	  

Large windows	

(500 km) to sample 

the magnetic 
bottom	




Spectral	  depths	  from	  the	  Spectral	  slope	  method	  

•  Pikwitonei	  
–  Spectral	  slopes:	  Spector	  &	  Grant	  (1970)	  and	  Bansal	  et	  al.	  
(2011)	  +	  Centroid	  method:	  Bhaoacharyya	  &	  Leu	  (1977)	  

Model 1	

~0.0-0.6	

Depth (km)	


~3	


~33-38	


~8	


k = ~0.01 SI Units	


    Maximum	

k = ~0.06 SI Units	


          or	

J = ~ 2.65 A/m	


k = ~0.01 SI Units	


Model 2	

k = ~0.01 SI Units	


    Maximum	

k = ~0.1 SI Units	


          or	

J = ~4.4 A/m	


k = ~0.01 SI Units	


Detecting magnetic “layering” implies that layers have different bulk magnetization  	

	




Pikwitonei:	  Fractal	  Method	  Acceptable	  Spectra	  –	  
non-‐uniqueness	  

β = 3	

Thickness = 18 km	


β = 2.5	

Thickness = 51 km	


	


β = 2.75	

Thickness = 31 km	


	


Global 
Mimimum	




Pikwitonei	  Region:	  Geophysical	  Informa?on	  Pertaining	  to	  the	  
Upper	  Lithosphere	  

•  Crustal	  thickness:	  30-‐35	  km	  (Chulick	  &	  Mooney,	  2002)	  
•  Low	  heat	  flow:	  30-‐40	  mW/m2	  (Levy	  et	  al.,	  2010)	  	  
•  Sub-‐Moho	  temperature	  es?mates	  ~	  200°-‐550°C	  (Shapiro	  et	  al.,	  

2004)	  

•  Thus,	  thermally,	  the	  mantle	  has	  poten?al	  to	  be	  magne?c,	  but	  
the	  magne?c	  booom	  closer	  to	  the	  Moho	  depth	  and	  suggests	  
that	  the	  mantle	  mineralogies	  here	  may	  be	  non-‐magne?c.	  
	  	  
	  Among	  the	  first	  magne?c	  anomaly	  based	  confirma?ons	  of	  “the	  
Moho	  as	  a	  magne?c	  boundary”	  idea	  of	  Wasilewski	  and	  co-‐
workers	  (1979,	  1992)	  



Spectral	  depths	  from	  the	  Spectral	  slope	  method	  
•  Kapuskasing	  –	  500	  km	  window	  

–  Spectral	  slopes:	  Spector	  &	  Grant	  (1970)	  and	  Bansal	  et	  al.	  
(2011)	  +	  Centroid	  method:	  Bha@acharyya	  &	  Leu	  (1977)	  

Detecting magnetic “layering” implies that layers have different bulk magnetization  	

	


Preferred Model 	

~0.0-0.3	


Depth (km)	


~4-5	


~28-31	


~10-11	


k = ~0.01 SI Units	


    Maximum	

k = ~0.075 SI Units	


          or	

J = ~ 3.3 A/m	


k = > 0.01 SI Units	




Kapuskasing:	  Fractal	  Method	  Acceptable	  Spectra	  
–	  non-‐uniqueness	  

β = 3	

Thickness = 23 km	


β = 2.5	

Thickness = 59 km	


	


β = 2.75	

Thickness = 32 km	


	




Minto	  Block,	  Superior	  Province,	  Canada	  (Pilkington	  &	  
Percival,	  1999,	  2001)	  

–  Supracrustal	  rocks	  suscep?bility	  ~	  0.001	  –	  0.01	  
SI	  Units	  

–  Charnocki?c	  lithologies	  (igneous	  orthopyroxene-‐
bearing	  diorite,	  granodiorite,	  granite)	  
suscep?bility	  ~0.08-‐0.10	  SI	  Units	  

	  
–  Crustal	  thickness	  ~	  35-‐40	  km	  (Chulick	  &	  Mooney,	  2002)	  

–  Elas?c	  thickness	  >	  70	  km	  (Wang	  &	  Mareschal,	  1999)	  

–  Heat	  flow:	  20-‐30	  mW/m2	  (Levy	  et	  al.,	  2010)	  
–  Lower	  crust	  temp.:	  200-‐450°C	  (Shapiro	  et	  al.,	  2004)	  
	  
–  Fractal	  modeling	  results	  similar	  to	  layered	  

modeling:	  	  
•  Global	  Minimum:	  Magne?c	  Top=	  ~0.6	  km;	  Magne$c	  

Bo@om	  =	  ~28	  km;	  β	  =	  ~2.5	  
Charnockitic  lithologies 
increase in proportion in 

the deeper crust	


Preferred Spectral 
Layered Model	


Depth (km)	


~5 (?)	


~32-33	


k = ~0.01 SI Units	


    Maximum	

k = ~0.08 SI Units	


          or	

J = ~ 3.5 A/m	


k = < 0.08 SI Units	


~3	




Differences	  in	  the	  Moho	  es?mates	  from	  
two	  sources	  

Moho 2 from NA04 (van der 
Lee & Frederiksen, 2004)	


Moho 1 from CRUST2.0 
(Bassin, Laske, Masters, 2000)	


Moho 1 – Moho 2	


km	


32	
 44	
 km	




Centroid-‐based	  Magne?c	  Booom	  &	  Geology	  

!

Whitmeyer and Karlstrom (2007)	


!

km	
 48	
22	
 33	


Investigating whether magnetic bottoms deeper than Moho may 
correspond to the relict of serpentinized subducting slabs	


Moho from NA04 (van der Lee & 
Frederiksen, 2004)	


Centroid-based 
magnetic bottom	


32	
 44	




Eastern	  Egypt	  and	  the	  Red	  Sea	  
RTP Aeromagnetics	
 Magnetic Bottom Depths	


9 	

km	


30	

km	


Ravat et al. (2011, Tectonophysics)	




Crustal thickness	

(Pasyanos & Nyblade, 2007)	


Lithospheric thickness	

(Pasyanos, 2010)	




   Geotherms 200 km and 50 km from the Red Sea margin     	




Conceptual 
cross-

section from 
Morgan et 
al. (1985)	


~ 40 km mt Tc @ 100 km	


200   	

 

km	


100	
50	
0	


~ 30 km mt Tc @ 50 km	


~ 50 km mt Tc @ 200 km	


Red	  Sea	  Margin	  of	  Egypt	  

~ 120 km 	


Magnetic Bottom	

From Spectral Depth	


Estimates	




Conclusions	  from	  the	  Curie	  Depth	  Studies	  
-‐  Carefully	  determined	  magneAc	  boOom	  depths	  from	  Canada	  
and	  Eastern	  Egypt	  appear	  to	  lie	  in	  the	  crust,	  suggesAng	  that	  the	  
upper	  mantle	  may	  be	  non-‐magneAc	  (when	  not	  serpenAnized)	  

-‐  MagneAc	  mineralogies	  with	  lower	  than	  580°C	  Curie	  
temperatures	  may	  be	  important	  in	  interpreAng	  some	  of	  the	  
derived	  magneAc	  boOom	  esAmates	  

-‐  When	  a	  strong	  magneAzaAon	  layer	  overlies	  a	  weaker	  one,	  a	  
shallower	  magneAc	  boOom	  is	  esAmated	  using	  one	  layer	  fractal	  
models	  

-‐  The	  relaAonship	  between	  derived	  magneAc	  boOom	  esAmates,	  
the	  Moho	  depths,	  lithospheric	  temperatures,	  and	  geologic	  
boundaries	  is	  complex	  


