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Outline 
• Recap relationship between crustal magnetic anomalies 

and the complete geomagnetic field (review from talks 
by Manoj and Patrick) 

• Data collection examples 
• A case history of crustal magnetic data for Alaska 
• Brief intro to important global grids/models 
• Geologic interpretation of crustal magnetic anomalies 
• Uncertainty in magnetic anomaly interpretation (ties into 

the reading assignment) 
• A few examples (time permitting) 
• Discussion 



Who is this Saltus guy? 

• Math (BS), Geophysics (MS, PhD) – Stanford 
• Started at USGS in 1980 as a field assistant and 

computer tech 
• Took leave and went to grad school 1986-1991 
• Thesis involved Gravity and Heat Flow studies 

including Sierra Nevada (met Craig Jones then) 
• USGS work mostly in Alaska and the Arctic since 

then – Minerals/Energy/Coastal Marine Programs 
• Started new job at CIRES yesterday (March 1) 



5f.  Crustal magnetic anomalies 

This graph shows the power spectrum of the geomagnetic field as a 
function of spherical harmonic degree.   
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Slide from Rick Blakely 



Geomagnetic Power Spectrum 

Slide from Patrick Alken 



Geomagnetic Field Sources 

Slide from Patrick Alken 



Fixed-wing aircraft 

Helicopters 
Data Collection 



Photos provided by Fabio Caratori Tontini 
(GNS Science, New Zealand). 
 
2011 New Zealand—American Submarine 
Minerals Sentry Cruise  

Sea surface 

AUV (Autonomous Underwater Vehicle) 



Backpacks 

Geometrics cesium-vapor magnetometer 
system 



Small boats 



ATV (all-terrain vehicle) systems 

Towed system 
Sensor is 30ft behind ATV 
Less agile, but ‘quiet’ 

Tower system 
Sensor is 12ft above ATV 
Top heavy but maneuverable  

Presenter
Presentation Notes
By our next field season a year later we had purchased two ATVs and designed built, tested, and modified two different systems for rapidly collecting magnetic data on the playa.  This was no easy task because we had to minimize the effects of the magnetization of the ATVs themselves and them be able to characterize and correct for any residual fields.Magnetometer and GPS systems are powered directly from the electrical systems of the ATVs, and data are recorded and displayed in real time on a tablet PC which also provides us the means to navigate.The two systems are quite different, With the towed system, the magnetometer was mounted on a carriage that was towed 30ft behind the ATV to get it as far as reasonably possible from the vehicle.  Because of this the system is rather quiet by it made maneuvering difficult.  The tower system on the other hand is much more maneuverable because the sensor is mounted above the chassy.  We were able to achieve this because consists of a racing unit that has an aluminum frame (which is non-magnetic). Part of Noahs reaserch was to work with the ATV data



UAV (Unmanned Aerial Vehicle), under 

development by Jonathan Glen, USGS 

Presenter
Presentation Notes
This led to our latest efforts to develop airborne UAS systems that can provide uniform coverage of high-resolution data.



Alaska case study 

Presenter
Presentation Notes
The Alaska data set contains a survey flown in 1945 and 1946 over the NPRA region of northern Alaska.This was the first large-scale magnetic survey ever done on land.Airborne magnetometers were used to hunt for submarines during the 2nd world war.



PBY-5A 

Presenter
Presentation Notes
This is the plane used to fly the 1945-46 NPRA survey – an amphibious Navy PBY-5A.  I think it looks really cool.  This picture was taken in the Aleutian islands.



Presenter
Presentation Notes
Here is an index map of the surveys in the Alaska compilation.  There are some parts of Alaska with no aeromagnetic data whatsoever.  The orange regions have only widely-spaced data that do not resolve magnetic features smaller than several miles in size.  At $10/line mile it would cost something like $10 Million dollars to double the line-mile coverage and produce a reasonable 1:250,000-scale coverage for the state.($10 million is about the value of the current database based on the cost to re-fly).











Global grids/models 
• MF7 
• EMAG2 
• Other global magnetic maps 
• Regional compilations 
• Sources of individual survey data – maritime and 

airborne 



EMAG2:  Crustal magnetic field based on marine, airborne, ground, 
and satellite data.  Available on the web as a 2-arc-minute database.  
From Stefan Maus, NOAA. 



Global database of the crustal magnetic field, based on satellite, marine, 
airborne, and ground data.  It is represented here as an ellipsoidal 
harmonic function, degrees 16 through 720. 

Bz at Earth’s surface 
NGDC-720, Version 3.0. 
From Stefan Maus 



Geologic Interpretation 
• Intro to board exercise 



Induced  
Magnetic  
Anomaly 

Magnetic primer 

Presenter
Presentation Notes
Rocks containing magnetic minerals react with the Earth’s magnetic field to cause local perturbations, which are called anomalies.We get highs when the induced field lines are aligned with the Earth’s field.Note that we get a high somewhere above the center of the magnetic rock body (offset by the inclination of the Earth’s field) and a surrounding low.  If you sum the areas under the anomaly curve (in 3 dimensions) the high and low areas cancel out to zero.



Presenter
Presentation Notes
There is a rich tradition of mathematics associated with potential fields, of which the magnetic field is an example.In fact, you could say that magnetics is the oldest branch of geophysics – curiosity about natural magnets dates back at least to the 6th century B.C..  Gauss published the first paper on magnetism in 1600.Note that the gravity and magnetic formulas for anomalies caused by various geometrical shapes are similar.  Magnetic anomalies diminish more rapidly as a function of distance from the source.  For a spherical body, mag falls off as 1/distance cubed and gravity as 1/distance squared.For the anomaly from a horizontal cylinder, mag falls off as 1/distance squared and gravity as 1/distance.The other difference is that gravity anomalies are monopolar – they don’t have the complicated dipolar combination of highs and lows associated with a single source body.This is interesting because it turns out that we can mathematically convert a magnetic field to a gravity field and vice versa.  Depending on our interpretive goals, the properties of the gravity or magnetic anomaly shapes may be most appropriate in any given study.



Magnetic 
Minerals 

Magnetic primer 

Presenter
Presentation Notes
The primary minerals responsible for producing magnetic anomalies are part of the Magnetite-Ulvospinel solid solution series.  Other more exotic iron minerals can be important in special situations – they can be particularly important when studying subtle, small-amplitude magnetic anomalies in sedimentary basin settings.



Presenter
Presentation Notes
Susceptibility is a measure of how magnetic a rock is.  As an aside, I find it to be a very confusing physical property because it has been reported in a several different ways in the literature.  Since it is a dimensionless property the reference system isn’t always clear.  SI susceptibility is cgs susceptibility times 4 pi.  Sometimes intensities are reported – either in emu/cc (cgs system) or A/m (SI) – and called susceptibility.Anyway – it should be clear from this slide that susceptibility is not a terribly effective diagnostic tool for basic rock lithology.  However, in general, sedimentary rocks are not very magnetic and metamorphic rocks are weakly magnetic.  Felsic igneous rocks are generally less magnetic than mafic igneous rocks and some ultramafic rocks are very magnetic.In local studies it often turns out that magnetic properties are diagnostic if the geology is generalized appropriately.



Presenter
Presentation Notes
I briefly touched on the rich mathematical basis for potential field studies before.This slide illustrates the utility of Wavelength filtering in the manipulation and interpretation of magnetic data.Given a magnetic field measured at a given elevation, it is possible to upward or downward continue it to another parallel surface by multiplying it frequency representation by an exponential factor.  Upward continuation is a damping and is stable.  Downward continuation tends to amplify noise and is risky.The lower two equations show how Fourier filtering can be used for reduction to the pole and for converting a magnetic field to the form of a gravity field (as mentioned previously).  These two operations are similar and require that we fill in the somewhat complicated Theta function by assuming the direction of the inducing field (usually assumed to be the local direction of the Earth’s magnetic field).  The pseudogravity transformation involves dividing the frequency representation by the wavenumber – this damps out higher frequencies and produces the conversion from 1/distance cubed fall off to 1/distance squared for spherical sources that we saw in the geometrical formulas.



  

M ti  i  

Presenter
Presentation Notes
This slide illustrates the use of upward continuation as an interpretive tool.The geological scenario shows two classes of magnetic sources, big deep sources in red and small shallow sources in pink.The magnetic anomalies from the big red bodies is shown as a dashed line in both panels above.The green curve is the magnetic anomaly we would measure at low elevation, the red curve above is upward continued 10 km.The red curve is a much closer match to the dashed line and makes it easier to visualize the effects from the deep sources.If we subtract the upward continued data from the low-level data we would get a curve that approximates the effects of the shallow sources.In the frequency domain we can use matched filtering as another way to make this kind of separation.



Uncertainty in magnetic interpretation 



 



 



 





Some Interpretation 
Examples (time 

permitting) 
• Copter Peak (Alaska) 
• Wrangellia vs Peninsular Terrane (AK) 
• Taylor Mtns (AK) 
• HAMH/HALIP (Arctic) 



 



Arctic Magnetic Domains 
 













Regional magnetic anomalies, crustal strength, and 
the location of the northern Cordilleran fold-and-
thrust belt 

Saltus & Hudson, 2007 









Modified from Hyndman et al. (GSA Today, Feb 2005) 





Modified from Hyndman et al. (GSA Today, Feb 2005) 



Can’t believe we got to 
this slide 

• Global crustal field data coverage is incomplete – big 
data gaps in southern oceans, high mountains, etc.  

• Even the United States (especially Alaska) has data gaps 
and regions of very sparse data coverage. 

• A number of groups working on drones, etc. – 
technically this should be pretty easy to do with existing 
technology. 

• Most of the existing data are un-interpreted or under-
interpreted. 

• Training in magnetic data understanding and 
interpretation is a great general training for a wide 
variety of scientific and technical endeavors. 
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