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- Oligocene-Miocene Transition (OMT) is characterised by the “Mi1-event” (Transient oxygen isotope ex-
cursion) and carbon isotope shift. 

- This represents transient ice sheet expansion and global cooling. It is considered to be astronomically 
forced by low amplitude variations in eccentricity and obliquity (Zachos et al., 2001).

- The Oligocene-Miocene Boundary (OMB) is formally defined by reversal C6Cn.2r/C6Cn.2n at ~23 Ma.
- Therefore the recognition of the three C6Cn subchrons is crucial for locating the OMB and Mi1-event.
- We attempt to refine the Geomagnetic Polarity Time Scale (GPTS) by testing the putative identification of 

Late Oligocene to Early Miocene cryptochrons (Channell et al., 2013).

- IODP Expedition 342 (”Paleogene Newfoundland sediment drifts”) was drilled in the NW Atlantic 
(Norris, Wilson, Blum et al., 2014a).

- Unprecedented opportunity to study the history of the Deep Western Boundary Current and Cenozoic 
climate change in the North Atlantic due to excellent foraminiferal preservation.

- Recovered grey-green nannofossil oozes deposited at high linear sedimentation rates (e.g. 2-4 cm/kyr at 
Site U1406 during the Late Oligocene to Early Miocene; 10-25 cm/kyr at Site U1405 across the 
Oligocene-Miocene Transition);

- U-channels samples (Tauxe, 1983) were taken from the prestine centre of 132 core sections (~190 m) of Site 
U1406 and 106 core sections (~138 m) of Site U1405.

- Magnetisation of all u-channel samples was measured on the narrow-bore superconductive rock mag-
netometer at the University of Souhampton, which is optimised for u-channel measurements. 

- NRM directions were calculated using Principal Component Analysis (PCA, Kirschvink, 1980) ranging 
20-60 mT as incorporated in UPmag (Xuan and Channell, 2009).

- FlexIT tool data (Norris, Wilson, Blum et al., 2014b and 2014c) were used to rotate declination directions of 
all three holes of Site U1405 and Holes A and B of Site U1406. The declination directions of Hole U1406C 
are rotated by calculating the circular mean of carefully selected normal (reversed) intervals. Subse-
quently, each core is rotated to 0° (180°). 

- Eighty (80) First Order Reversal Curves (FORCs) were generated for each of the FORC diagrams. These 
FORCs were processed using the FORCinel (Harrison & Feinberg, 2008) and VARIFORC (Egli, 2013) soft-
ware, with a smoothing factor (SF) of 5. 
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- More rock magnetic analyses on both bulk samples and 
magnetic extracts to determine the relative contributions of 
maghemite and magnetite.

- Late Oligocene to Early Miocene astronomical tuning 

- Full ARM, χ and IRM for environmental magnetic analysis 
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The U1405 and U1406 c-channel 20-60 mT PCA directions are 
charachterised by clear clusters of positive (negative) inclination and 
0° (180°) declination. These normal (reversed) subchrons  form a com-
plete Late Oligocene to Early Miocene magnetic stratigraphy, depos-
ited at relatively high sedimentation rates (U1406: ~2-4 cm/kyr; 
U1405: ~10-25 cm/kyr).
The subdued Verwey transition and Curie temperatures of ~250 °C 

and ~590 °C suggest that both magnetite and maghemite are present. 
The disentanglement of the relative contributions of maghemite and 
magnetite to the ChRM will require further analyses.
In Chrons C6Br and C7Ar we also putatively identify a cryptochron. 
Channell et al., 2013 previously identified both cryptochrons in the 
equatorial Pacific, and we therefore recommend that these will be 
incorporated into the future GPTS.

Summary

Results - Zijderveld Diagrams and Preliminary Rock Magnetic Analyses
Orthogonal projection of the representative magnetic vectors on vertical (red circles) and horizontal (blue squares) planes. 
All diagrams are plotted in sample (unrotated) coordinates.

U1405 and U1406 u-channel (adjusted revised) spliced magnetostratigraphy:
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Results - U1405 Results - U1406

Age
(Ma)

U1405 - Depth
(m CCSF-A)

C6Bn.2n/C6Br 22.268 154.64 ± 0.08
C6Br/’C6Br.1n’ 22.350* 158.54 ± 0.11
‘C6Br.1n’/C6Br 22.355* 159.17 ± 0.06
C6Br/C6Cn.1n 22.564 170.32 ± 0.44

C6Cn.1n/.1r 22.754 177.09 ± 0.04
C6Cn.1r/.2n 22.902 196.22 ± 0.57
C6Cn.2n/.2r 23.030 211.82 ± 0.67
C6Cn.2r/.3n 23.233 236.04 ± 1.42

C6Cn.3n/C6Cr 23.295 250.11 ± 0.15

Reversal Age
(Ma)

U1406 - Depth
(m arCCSF-A)

C6Bn.2n/C6Br 22.268 67.62 ± 0.45 
C6Br/’C6Br.1n’ 22.350* 69.57 ± 0.29
‘C6Br.1n’/C6Br 22.355* 69.99 ± 0.07
C6Br/C6Cn.1n 22.564 75.78 ± 0.65

C6Cn.1n/.1r 22.754 81.44 ± 0.39
C6Cn.1r/.2n 22.902 86.53 ± 0.36
C6Cn.2n/.2r 23.030 89.31 ± 0.36
C6Cn.2r/.3n 23.233 91.22 ± 0.33

C6Cn.3n/C6Cr 23.295 92.19 ± 0.16

Reversal Age
(Ma)

U1406 - Depth
(m arCCSF-A)

C7n.1r/C7n.2n 24.109 107.45 ± 0.35
C7n.2n/C7r 24.474 111.31 ± 0.20
C7r/C7An 24.761 116.67 ± 0.20

C7An/C7Ar 24.984 119.60 ± 0.14
C7Ar/’C7Ar.1n’ 25.000* 119.96 ± 0.08
‘C7Ar.1n’/C7Ar 25.005* 120.67 ± 0.21

C7Ar/C8n.1n 25.099 121.35 ± 1.45
C8n.1n/C8n.1r 25.264 124.95 ± 0.06
C8n.1r/C8n.2n 25.304 125.28 ± 0.13

Reversal

C6Cr/C7n.1n 23.962 104.43 ± 0.10
C7n.1n/C7n.1r 24.000 105.55 ± 0.09

C8n.2n/C8r 25.987 140.92 ± 0.74
C8r/C9n 26.420 153.37 ± 0.56

* Cryptochrons ‘C6Br.1n’ and ‘C7Ar.1n’ are not incor-
porated in Gradstein et al. (2012); ages are rough 

approximations from data by Channell et al. (2013)

  20

  80
   EW   

N,Up

S,Down

0  3  

−2.5

1.5 

U1406A-7H-6A; 25 cm

  20

  80

   EW   

N,Up

S,Down

−3.5 0 

−16

4  

U1406B-12H-2A; 80 cm

  20

  80

   EW   

N,Up

S,Down

0 7

−3

4 

U1406C-16H-3A; 68 cm

M
 (x

10
-4

 A
m

2 /
kg

)

FC, remanence
ZFC, remanence
RT remanence on cooling
RT remanence on warming

7.0

6.0

5.0

4.0

3.0

2.0

1.0

RT remanence on cooling
RT remanence on warming

1.4
1.3

1.2
1.1

1.0
0.9

0.8
0.7

T (Kelvin)
28024020016012080604020

Right: FORC diagram (see Methods).
Below: Low temperature Field 
Cooled (FC), Zero Field Cooled (ZFC) 
and Room Temperature (RT) rema-
nences on warming and cooling. A 
subdued Verwey transition is visible 
in the RT remanence. 

M
 (x

10
-4

 A
m

2 /
kg

)

T (Kelvin)
900800700600500400300

T (°C)
600500400300200100

M
s (

A
m

2 /k
g)

1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

-0.1

(U1406B-11H-6W; 35 cm
magnetic extract; method

Strehlau et al., 2014)

OMB

Hysteresis loops at different tem-
peratures; adjusted for the ceramic 
(diagmagnetic) holder

GEOLOGY & GEOGPHYSICS
MINES AND EARTH SCIENCE | THE UNIVERSITY OF UTAH

  20

  80
   EW   

N,Up

S,Down

−4 0 

−10

5  

U1405C-14H-1A; 90 cm

  25

  80
   EW   

N,Up

S,Down

0  4  
0 

2

U1405A-15H-6A; 115 cm

  25

  80
   EW   

N,Up

S,Down

−2 0  

−7

2 

U1405C-20H-5A; 125 cm

40

20

0

-20

-40

µ 0
H

u 
(m

T)

100806040200
µ0Hc (mT)

15

(x10-3

Am2/
T2/kg)

10
5
0

40

20

0

-20

-40

µ 0
H

u 
(m

T)

100806040200
µ0Hc (mT)

20
15
10
5
0

(x10-3

Am2/
T2/kg)

Bulk sample
U1406B-10H-3W; 66 cm

10
8
6
4
2
0
-2

40

20

0

-20

-40

µ 0
H

u 
(m

T)

100806040200
µ0Hc (mT)

(x10-3

Am2/
T2/kg)

Bulk sample 
U1406B-10H-3W; 70 cm

U1406B-11H-6W; 35 cm

T (°C)
60050040030020010050

k 
(1

0-7
 m

3 /
kg

)

6

5

4

3

2

1

k 
(1

0-7
 m

3 /
kg

)

5

4

3

2

1

T (°C)
60050040030020010050

Bulk sample U1406B-10H-3W; 
66 cm was heated in an argon 
atmosphere.

Bulk sample U1406B-10H-3W; 
70 cm was heated in an argon 
atmosphere.


