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PALEOMAGNETIC OBJECTIVES OF EXP 318

• Help date regional unconformities 

• Help determine the ages of climate 
record from chemo, litho, bio, etc. 
stratigraphies

• Provide better age calibration for 
biostratigraphy from high southerly 
latitudes

• Provide insights into stability of East 
Antarctic Ice Sheet

• Provide a glimpse at sub-surface 
geology

(Zachos et al. 2008)
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Scary picture from Keeling lab at Scripps
http://en.wikipedia.org/wiki/Keeling_Curve

http://en.wikipedia.org/wiki/Keeling_Curve


As atmospheric C02 rises, climate models 
predict

Increasing temperatures



Increasing storm severity



Increasing sea-level





What drives sea-level rise? 

global temperature



Melting of ice stored on the continents



Greenland Icesheet => 7 m rise



Western Antarctic Ice Sheet => 5 m 
rise



Eastern Antarctic Ice Sheet => 52 m!

(Lythe et al., 2001; Fretwell et al., 2013)



GREENLAND IS ALREADY GOING - FAST
Change in ice surface elevation

in cm/yr from GRACE satellite data

Vaughan et al., 2013 



PICTURE IN ANTARCTICA
Change in ice surface elevation

in cm/yr from GRACE satellite data

Vaughan et al., 2013 

• WAIS melting fast

• Models* predict that 
EAIS will grow

• Data show parts are 
melting, especially 
Wilkes Land  

*Huybrecht & de Wolde, 1999; Alley et al., 2006

WAIS

EAIS

Wilkes Land



So what is the EAIS gonna do? 

Need to look back to time with elevated 
atmospheric CO2



But not too far back, with changes in 
plate configurations



Need to look at the Pliocene



WHAT DID SEA-LEVEL DO IN THE PLIOCENE? 

• Miller et al. (2012) summarized evidence and estimated that 
sea-level was 22 +/- 10 m higher than present. 

• Greenland plus WAIS = 12 m, so EAIS “very likely” melted in 
the Pliocene

• But error bars are big….. 

• Need a drill core off the coast of the EAIS, preferably near 
where it is melting today (Wilkes Land)



Fretwell et al., 2013
Patterson et al., 2014

Bedmap 2 elevation map
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IODP SITE U1361 IDEALLY POSITIONED TO 
CATCH SEDIMENTS FROM WILKES LAND

SO WHAT CAN WE EXPECT TO CATCH?



Ferraccioli et al., (2009); Escutia et al. (2011)Google Earth

The geology of the Wilkes land sub-basin is completely 
ice covered. Only indirect methods (gravity/magnetics) 

possible.

U1361



Cook et al., 2013

Archean/Proterozoic
Lower Paleozoic

FLIP

Cenozoic volcanics
Mesozoic (Ferrar)

Best guess of what is under there



Download the data:

http://earthref.org/MagIC/doi/10.1016/
j.epsl.2014.12.034

http://earthref.org/MagIC/doi/10.1016/j.epsl.2014.12.034




Install PmagPy

Go to http://earthref.org/PmagPy/
cookbook

http://earthref.org/PmagPy/cookbook


Read this section and follow  
the instructions



Unpacking the datafiles

create a Project Directory



Fire up QuickMagIC.py from the command 
line





Plot the inclination data



Under Analysis and Plots, choose: 
Remanence data vs depth/height/age









AGE CONSTRAINTS FOR U1361A



SO HOW CAN A POOR PALEOMAGNETIST 
HELP WITH THE STORY?

ROCK MAGNETISM



SEDIMENTARY FABRIC AND AMS

Schwehr et al., 2006
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The plot so far….
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Tauxe et al.,2015
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SUMMARY OF WHAT WE THINK WE KNOW SO FAR

• High anisotropy layers (shaded grey) have higher Natural Gamma 
Radiation (NGR), higher Al (clay), and lower porosity and moisture content. 

• grey shaded stuff is “laminated greenish silty clay” - turbidites deposited 
on levee overbank 

• white shaded stuff is “bioturbated greenish grey diatomaceous silty clay” 

• “white stuff” is associated with higher productivity (from Ba/Al ratio - not 
shown), hence probably was warmer 

• “grey stuff” is lower productivity, hence probably cooler 

• LEAP:  grey and white units are glacial/interglacial facies



Back to Rock Mag 101

Anisotropy of Magnetic Susceptibility



Isothermal Remanent Magnetization



• Four types of behavior in IRM and 3d-IRM demagnetization experiments: 
Type I: magnetite;  Type II: maghemite; Type III: hematite; Type IV: “hard” 
magnetite

Saturates by ~.3T 
dies by 600C

Saturates by ~.3T 
dies by 610C

Doesn’t saturate 
alive >620C

Doesn’t saturate 
dead by 600C

“Soft”

Impulse field (T)
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“Soft”

a) b)

(Type I) 
(Type II) 

(Types III & IV)

• Three rock magnetic groups 

• Soft:  Low P  (white) = bioturbated= (magnetite) 

• Soft:  High P  (grey)  = laminated (maghemite) 

• “Hard” Intermediate P   (mostly hematite)
Tauxe et al.,2015



• Type I (black dots): all low anisotropy

Tauxe et al.,2015
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• Type II (brown dots):  all high anisotropy
• Types III&IV (red dots) : all at boundaries between the two
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• Type I (black dots): all low anisotropy; Type II (brown dots):  all high 
anisotropy; Types III&IV: all at boundaries between the two 

• Sr and Nd isotopes (Cook et al., 2013)  point to two distinct sources for low 
and high anisotropy layers

Tauxe et al.,2015



Blue: found in “laminated silty clay” units (cold); Type I
Green: found in “bioturbated silty clay” units (warm): Type 2

So what are the “hard” layers? (Type 3)

Cook et al., 2013



What is the source of the “hard” layers?

• Mawson(1915)(vol.2, p.294) wrote:   “Stillwell met with a 
great range of minerals and rocks in the terminal 
moraine near Winter Quarters, Adelie Land. Amongst 
them was red sandstone in abundance, suggesting that 
the Beacon sandstone formation extend also 
throughout Adelie Land, but is hidden by the ice-cap.”

• Alternatively, there are red beds in the Elatina Formation 
in the Adelaide Basin of Australia
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Elatina could be under ice on Antarctica and be source of hematite 
when ice volume was higher than other times (closer to the coast)  

Reconstruction of Aitken et al. (2014) with location of Adelaide geosyncline which has the 
Elatina formation.   Schmidt and Williams (2013) found hematite there.
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• Hematite layers only found between facies and mostly when global ice 
volume was relatively high.  

Tauxe et al.,2015 see also Patterson et al.,2014



Conclusions

• AMS is sensitive indicator of clay fraction at Hole 
U1361A.  

• High anisotropy = low productivity (colder climate)

• Low anisotropy = higher productivity and warmer 
climate

• Different magnetic mineralogies are tied to different 
geological units and support argument in favor of a very 
active East Antarctic Ice Sheet during the Pliocene. 

• Presence of hematite in the detrital fraction points to 
Elatina or Beacon sandstone units under the ice between 
the lower Paleozoic and the FLIP units. 


