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Presentation Notes
Hi – I’m Rick Saltus, I joined the University of Colorado/NOAA Geomagnetic Team earlier this year – before that I was with the USGS for many years.  

My co-authors are Gordi Oakey – a potential field geophysicist at the Bedford Oceanographic Institute of the Geological Survey of Canada, and Brian Meyer – an extremely talented data manager at the NOAA National Center for Environmental Information in Boulder Colorado.
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Outline
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• EMAG2 version 3 (2016) – Global compilation of 
lithospheric magnetic anomalies

• Arctic magnetic anomalies and the High Arctic Large 
Igneous Province

• Other notable LIPs and their magnetic expression

• A first look at the global magnetic expression of LIPs

• Audience participation – Yes/No/Maybe vote 

Presenter
Presentation Notes
OK, here’s the talk outline –

First an introduction to a new global compilation of lithospheric magnetic anomalies – EMAG2 – version 3 – that we released recently

Next we’ll look at detailed analysis of by Gordi and me of an earlier magnetic data compilation spanning the circum-Arctic

As part of the Arctic analysis, Gordi and I looked at the magnetic expression of a number of well-known global LIPs

Finally we will get to the interactive part of the talk – in the spirit of the current election season we’ll vote at the end.

I’ll be showing slides from our on-going analysis and comparison of global magnetic anomalies with independently mapped LIP locations – as you will see there are some issues open for debate and further work.



EMAG2 – Version 3
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• 2-Arc Minute (~4 km) resolution

• Leveled to MF7 (long wavelength 
crustal anomaly field from satellite 
data)

• No a-priori ocean age model included

• Arctic from IPY CAMP-GM grid

• Antarctic from ADMAP

• www.ngdc.noaa.gov/geomag/emag2.html

Presenter
Presentation Notes
EMAG2 version 3 is a new global compilation of lithospheric magnetic anomalies at a 2-arc minute (about 4 km) resolution.

This compilation is an update of an earlier model.

The earlier version of EMAG2 relied heavily on an a priori model of predicted oceanic anomalies based on a ocean-age interpretations.

As you know, an important component of ocean age interpretation is the analysis of magnetic stripes so we had a concern about model and data feedback.

The good thing about the earlier a priori model is that it shows a lot of attractive detail in oceanic regions where we have little data.

The bad news is the predicted model might lull us into thinking that we really understand the complex details of the oceanic lithosphere.

In addition to the different approach for the oceanic regions, EMAG2v3 includes quite a bit of new data and a number of updated continental grids as well.

The web location at the bottom of the page allows download of data and images for the EMAG2v3 compilation.



EMAG2v3 – a few details
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• Ocean coverage from new 
processing and leveling of NCEI 
(formerly NGDC) trackline
coverage

• Continents from best-available 
regional compilation grids

Presenter
Presentation Notes
A few quick details – EMAG2v3 was built from a number of smaller grids – over the oceans we leveled the NOAA/NCEI global marine trackline data in a sequence of tiles – over the continents we used the best available continental grids.  All of the component grids were processed and leveled consistently.



High Arctic location 

Oakey and Saltus, 2016

5http://dx.doi.org/10.1016/j.tecto.2016.08.005

Presenter
Presentation Notes
OK, now switching gears to talk about the magnetic expression of the High Arctic Large Igneous Province.

The globe on the left shows our location relative to North America, Greenland, and Eurasia.

The map on the right shows some reference locations and a white line depicting the map extent of the geophysical expression of the High Arctic Large Igneous Province – called the HALIP for short.

The red dots show rock sample locations, the yellow dots show sonobuoy sounding locations, the thin black lines are seismic data, the thick red lines are seismic interpretations included in our modeling, the thick black lines are the locations of out detailed gravity/magnetic forward models.

http://dx.doi.org/10.1016/j.tecto.2016.08.005


Magnetic transformations
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Blakely, 1995

Presenter
Presentation Notes
To simplify and emphasize the magnetic effects of deep magnetic sources we use the pseudogravity transformation.

The simple cross section illustrations at left (from Rick Blakely’s 1995 textbook) depict the reduction to the pole (top) and related pseudogravity (bottom) transformations.

The Fourier domain representation of these transformations are shown at right where the Theta function contains a representation of the Earth’s magnetic field and k is wavenumber. 

Reduction to the pole shifts magnetic anomalies to be centered over the causative source body.

Pseudogravity includes this transformation and adds a 1/wavenumber division that has the effect of changing the shape of the magnetic anomaly to that of a gravity anomaly resulting from a density contrast proportional to the magnetic property contrast of the source body.

This is a relatively robust transformation, but it does involve the assumption that magnetic anomalies are aligned in the direction of the Earth’s magnetic field as represented by the Theta function.  We’ll talk about this assumption again pretty soon.

Also note that this transformation is problematic when you are close to the magnetic equator – we’ll also return to that point later.



7High Arctic Magnetic High (HAMH) – Oakey and Saltus, 2016

Presenter
Presentation Notes
On the left we show a map of totalfield magnetic anomalies and on the right pseudogravity for the high arctic region.

We call this feature, which can be mapped as a closed contour surrounding a large pseudogravity high, the High Arctic Magnetic High – this is one of several other similar magnetic high domains in the Arctic as I’ll show about 4 slides from now.

We propose that the combined effect of a complex “wormy” totalfield texture – mostly sensitive to upper crustal magnetic character with a broad closed pseudgravity high (mostly sensitive to the total crustal thickness of magnetic material) is diagnostic of a Large Igneous Province.



8(Oakey and Saltus, 2016)

Presenter
Presentation Notes
In our recently released Tectonophysics online pre-print, we show detailed gravity and magnetic forward models of this feature.  The density part of the crustal models are robustly constrained by seismic and sonobuoy results – some from the current US/Canadian “Law of the Sea” cooperative data collection.  The magnetic portions of the models are constrained at shallow levels by magnetic susceptibility measurements on HALIP rocks from the surrounding regions but the deeper portions are more speculative as shown by the geologic cartoon at right.  We interpret this combination of deep and shallow igneous rocks as the sources for the distinctive magnetic expression.



Magnetic Potential (pseudo-gravity)

2 Plume
Events???

Presenter
Presentation Notes
We map the extent of the HALIP based on the first-order extent of the HAMH.  When examined in more detail the HAMH has some internal structure that can be interpreted as two separate deep cores to the province – perhaps a result of two separate plume events.
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Sobolev et al, 2011
(Nature)

Association of HALIP with extinctions

Presenter
Presentation Notes
Two separate LIP source events would help explain the grouping of igneous source ages for the HALIP into two separate populations, one around 130 Ma and one around 85 Ma and possibly assocated with circum-Arctic seismic sequence boundaries and large scale extinction events at these times.



11Arctic magnetic domains – F = LIP (Saltus et al, 2011)

Presenter
Presentation Notes
Broader analysis of magnetic anomaly patterns using the IPY circum Arctic compilation show 2 other regional magnetic domains with similar magnetic character to the HAMH.  The domains are labeled F2 and F3 on this figure from our 2011 GSL paper – these domains correspond with the Siberian Traps and Icelandic LIPs.



12Some global examples based on careful study (Oakey and Saltus, 2016)

Siberia

Columbia
Plateau

Iceland

Kerguelen

Presenter
Presentation Notes
As part of our 2016 High Arctic LIP analysis, Gordi and I examined a number of global analogues including Siberia and Iceland in addition to the Columbia Plateau and Kerguelen regions.  For this analysis we picked areas where with reasonable magnetic data coverage and did dedicated magnetic field processing.  We also found independent geologic polygons defining the LIP region for comparison with the magnetic processing.

The point of this slide is that these examples seem to conform well to the hypothesis that LIPs have a diagnostic magnetic expression.



13Coffin and Eldholm, 2005

Presenter
Presentation Notes
Now lets take on the world – there are several published global LIP maps, but we have not been able to put our hands on database of attributed shapefiles for global LIP mapping.  Here is one global map image fro Coffin and Eldholm 2005.  This map is in the Mollweide projection but was difficult to overlay geospatially with our geophysical data processing software (or with ESRI software).



14Bryan and Ferrari, 2013

Presenter
Presentation Notes
Here is geographically projected compilation from Bryan and Ferrari, 2013.  This one doesn’t include all the LIPs included on the Coffin and Eldholm compilation, but was much easier for us to geo-register.



15EMAG2v3

Presenter
Presentation Notes
Here is a picture of the EMAG2 v3 compilation in a geographic projection spanning +- 65 degrees.



16EMAG2v3 Upward Continued 10 km

Presenter
Presentation Notes
Here is a generalization of the EMAG2 v3 using the very robust upward continuation filter.  Pinks are highs and blues are lows.  Mid-range values were set to transparent.  Note, as expected, values of the magnetic field are less intense near the equator.



17Pseudogravity (Beta version) from EMAG2v3 – Calculated using overlapping 40deg tiles 

Presenter
Presentation Notes
This messy map shows are first pass at calculating a global pseudogravity field based on the EMAG2v3 compilation.  To our knowledge this is a first attempt to construct such a map.  We made the calculations by subdividing the global grid into smaller tiles, running FFT-based pseudogravity calculation for each of 48 individual tiles, then re-assembling a global grid.  This is a messy business and the result is definitely not ready for publication.  You are a fortunate few who get to see this map!  It’s a reward for coming to a session at the end of a long meeting…



18Visual identification of pseudogravity highs (aka “deep magnetic highs”)

Presenter
Presentation Notes
For comparison with the global LIP map of Bryan and Ferrari we circled a bunch of closed pseudogravity highs.



19Drumroll please…  Pseudogravity highs plotted on Bryan and Ferrari 2013 LIP map

Presenter
Presentation Notes
OK – here’s the part you’ve been waiting for – EMAG2 closed pseudogravity highs plotted over an LIP compilation.  

Definitely a glass half full/half empty situation – some hits but also lots of misses…



20Circles marking Bryan & Ferrari LIP locations

Presenter
Presentation Notes
Here is another way of viewing the spatial correlations (and lack thereof).  Here we draw circles around the LIPs.



Pseudogravity highs  and mapped LIPs 21

Presenter
Presentation Notes
And then plot the green LIP circles with the red Pseudogravity circles.  Again, some hits and also a lot of misses.
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Discussion and vote:
Is magnetic anomaly data diagnostic for LIP identification?
YES

• Reasonable 
expectation based on 
physical properties 
and mafic volumes

• Works in a number of 
well-documented 
cases

• Maybe it works 
reliably when you 
have good quality 
data

NO

• Not convinced that 
EMAG2 pseudogravity
highs match global LIP 
polygons very well

• Geology is usually 
messier than theory 
would predict

• What about 
remanence, Curie 
depth, alteration, etc.? 

DON’T KNOW YET

• EMAG2 resolution 
isn’t sufficient yet

• Need a better map 
of global LIP 
polygons

• Need a better 
pseudogravity
calculation

Presenter
Presentation Notes
So here’s where we are – time to vote – you have three choices and here are some simple arguments for each choice.

In favor of YES…

In favor of NO…

In favor of NOT SURE YET…

What do you think?
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Magnetic data and models

CIRES GEOMAGNETIC RESOURCES

geomag.colorado.edu

Presenter
Presentation Notes
Thanks for sticking it out – here’s the web link for our geomagnetic Team site and products.
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