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The observed high-temperature gas component 
(section 1) and the resulting “too-old” AHe ages, 
combined with the “over-correction” issue, seem to 
indicate the existence of sink-like crystal imperfec-
tions that can trap 4He both in nature and during 
laboratory heating. 

The CRH-corrected ages seem to have two problems: age correction does not greatly reduce dispersion; in 
some cases corrected ages appear to be too young based on previous thermochronological results from this 
part of the TAM.  

“Perfect” apatite

volume di�usion

di�usion slows down
� �� �� � � � �� � � ��� � � �� �� �� �
� � � � � � � �� � ��� � �� � �� � �
� �� � � � ��

Apatite with �ne-scale defects

Apatite with �ne-scale defects
                       + di�usion “sink”(s)

Apatites with simple and unimodal incremental 
gas-release curves that are similar to those predict-
ed by volume di�usion show good (U–Th)/He age 
reproducibility, whereas samples exhibiting great-
er age dispersion have complex gas-release curves 
that feature 4He ‘spikes’ and secondary gas-release 
peaks deferred to higher temperatures.

Slower and faster CRH should shift gas-release peaks 
representing volume di�usion to lower and higher 
temperatures.

We conducted CRH under heating rates of 3 ˚C/min 
and 90 ˚C/min on Durango apatite. Compared to our 
typical 30 ˚C/min experiments, all the observed 
peaks did relocate. 

We also performed CRH under di�erent heating rates on TAM 
apatites (�gures above and right).

Not only do the main gas-release peaks shift their location on 
the plots as the heating rate varies, the secondary peaks are 
also sensitive to the varying heating rates, demonstrating that 
the proposed release from sinks has a kinetic response. This 
suggest that rather than representing an obstacle to dating, 
this higher-temperature release might be exploited to gain 
additional thermal-history information. 

Dispersion still exists after CRH 
screening. For those apatites with 
simple 4He outgassing behavior, we 
found �rst-order variabilities in 4He 
di�usion kinetics, and for some sam-
ples the ages correlates well with 
their apparent di�usivities.
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Samples from the 4He partial retention zone should be excellent 
candidates to examine the existence of reversible sinks as we would 
predict that little or no “conventional " 4He would be present to be 
released at low CRH temperatures.

Below are CRH (30 ˚C/ min) results from the German Continental 
Deep Drilling Program (KTB) pilot borehole that have signi�cant 
4He present at temperatures well above the expected closure tem-
perature. In line with the prediction of our trapping model, almost 
all 4He was released at the higher temperatures we found typical 
for the secondary gas-release peaks in the TAM sample suite.
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Age correction was done by 
volume di�usion (VD) curve 
�tting, gas removal, and 
re-calculation of 4He and 
ages.

�� � ��   � � � � � � ��

�� � ��   � � � � � � �� �� � � � 	� � �   �� �
 �� � � �� �� � � ��  � � � � � �� � � � � �� � � � � � � �� � �
� � � � � � �� � � �� �� �� � �� � � �� �

� � � � � � � � �� � � � �� � � � �� � �� � �	
�� � � �� � �� � � � � ��� � � � � 	� � � � �� � �
� � � ��� � � � � � �   � � � � ��� � � � � �� � �
� �� � � ��� � � � �� � � �� � �� ����� � � � ���� 	� �
��   � � � �� � � � �� � � � � � � � �� �� � �� ���
�� � � � ��

� � � � � �� � �� � �� � � ��� � ��   � 	
� � � � �� � �   �� �� � � � � � ��� � � � � 	
� � � � �� � � 
 � ��� � � �� � � � � � � � �� �
� � �� � ��� � � � ��� �� � �� �� � � �
� � � � �

40
60
80

100
120

Ag
e 

(M
a)

25 30 35 40 45 50
eU (ppm)

R1

40
60
80

100
120

Ag
e 

(M
a)

20 30 40 50
eU (ppm)

R2

40

60

80

100

Ag
e 

(M
a)

40 60 80 100
eU (ppm)

R3

40

60

80

100

120

Ag
e 

(M
a)

30 45 60 75 90
eU (ppm)

R4

40

60

80

100

Ag
e 

(M
a)

30 40 50 60 70 80
eU (ppm)

R5

40

60

80

Ag
e 

(M
a)

30 60 90 120
eU (ppm)

R6

40
60
80

100
120

Ag
e 

(M
a)

30 40 50 60 70 80
Spherical-eq. Radius (µm)

R1

40
60
80

100
120

Ag
e 

(M
a)

30 40 50 60
Spherical-eq. Radius (µm)

R2

40

60

80

100

Ag
e 

(M
a)

30 40 50 60
Spherical-eq. Radius (µm)

R3

40

60

80

100

120

Ag
e 

(M
a)

30 40 50 60 70
Spherical-eq. Radius (µm)

R4

40

60

80

100

Ag
e 

(M
a)

30 40 50 60 70 80
Spherical-eq. Radius (µm)

R5

40

60

80

Ag
e 

(M
a)

30 40 50 60 70 80
Spherical-eq. Radius (µm)

R6

� � � 	� �� � �� �� � � 	� �

Very slow cooling (<1°C/m.y.)
Mid Cretaceous - Early 
Eocene (exhumed PAZ)

“Rapid” cooling 
(exhumation)
since early Eocene
(≤2.8°C/m.y.)

El
ev

at
io

n 
(m

)  
[r

el
at

iv
e 

to
 th

e 
A

FT
 d

at
a]

AFT Ages R1
R2
R3

R4
R5

R6

R1
R2
R3

R4
R5

R6

AHe single-grain ages
AHe weighted mean age

Cathedral Rocks

200

400

600

800

1000

1200

40 50 60 70 80 90 100
Age (Ma)

-1200

-1000

-800

-600

-400

-200

0

F e r r a r 

N

Wright       V
alley

Taylor   Valley

Victoria      Valley

G l a c i e r

Cathedral Rocks

East

West

Ross
Sea

Antarctica

Antarctica

Peak 1880

78°S 30 km 800 km

 T        A     M

��� � � � � �� �� � �� �� � � � �� �� � ����� ��� � � � ��� � ��� � �� � �	 � ��

��� ��� � � � ��� � ��
 � �� � � �

� � � �� ��� � � � ��

��� � �� ��~6.1 Ma

� � � �� ��� � � � ��

��� � �� ��~8.5 Ma

� � � �� ��� � � � ��

��� � �� ��~20 Ma

� �˚� ��� �� � �˚� ��� ��

� �˚� ��� ��

� � �˚� ��� �� � � �˚� ��� ��
� �˚� ��� ��

� �˚� ��� ��

� � �˚� ��� ��
� � �˚� ��� ��
� � �˚� ��� ��

� � �˚� ��� ��
� � �˚� ��� ��

� �� �˚� ��� ��

� �� �˚� ��� ��

� � �˚� ��� ��

� � �˚� ��� ��

� � �� � � � �� � � � ��� � ��� � �� � �	 � ��

��� ��� � � � ��� � ��� � �� � �	 � ��� � �� � � � �� � � � ��� � ��� � �� � �	 � ��

0.000

0.001

0.002

0.003

0.004

df
/°

C

200 400 600 800 1000
Temperature (°C)

0.000

0.002

0.004

0.006

df
 / 

°C

R1 R2 R3

0.000

0.002

0.004

0.006

df
 / 

°C

200 400 600 800 1000
Temperature (°C)

R4

200 400 600 800 1000
Temperature (°C)

R5

200 400 600 800 1000
Temperature (°C)

R6

� � �� � � � � � � � �
 � 	 � � � � � � � �

� �� � �� �� � �� � � � � � � �� � � � � �� � � � �� � � � � � � � �� � � � � � � � � � � 	 � �� � �� � � � �� � � � �	 � � � � � � ��� � � � � � 	 � � � � �

� � � � �� � � � �� � � � � � � � � � � �� � � � � � � �� � � � �� � � �� � � � �� �

� � 	 � � � � � � �� � � �� � � � � � � �� � � � � �� � � �� � � � � � � � � � �� � �  � � �� � � � �

 � �� � � � �� � � � � � � �� � �  � � ��� � � �	 � � � � 	 � � � � �� � �� � � �� � � � � � � � �� � � � � � � � � 	 �

� � �� � � � � � 	 � � � � �� � � � � � � � � � ��� � � �� � � � � � �� � � � � � � � �� � � � �  � � �� � �� � � � � � � �� � � � � � � �� � � � � � � �  � � �� � �� � � �� � � � �� � �	 � � � �� � �� � � �� � � � � � � � �� � �� � � �� � � � � �

� � �� �� � �� �� � �	 � � � �� � �� � � �� � � � � � � � � � �
 � � � � � � � �

−24

−20

−16

−12

−8

ln
(D

/a
2 )

R1 R2 R3

30

45

60Ma

−24

−20

−16

−12

−8

ln
(D

/a
2 )

15 16 17 18 19 20
10000 / K

R4

15 16 17 18 19 20
10000 / K

R5

15 16 17 18 19 20
10000 / K

R6

����

di�usion is further 
complicated by 
trapping of 4He

−24

−20

−16

−12

−8

ln
(D

/a
2 )

R1 R2 R3

0.5
1.0
1.5

Age/RDAAM

−24

−20

−16

−12

−8

ln
(D

/a
2 )

15 16 17 18 19 20
10000 / K

R4

15 16 17 18 19 20
10000 / K

R5

15 16 17 18 19 20
10000 / K

R6

0.000

0.001

0.002

0.003

0.004

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.001

0.002

0.003

0.004

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.001

0.002

0.003

0.004

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

���������� � �� � � �� � �� � � �� �� � � �� � � �� �� �� � �
� � � � �� ��� �� � ��� 
 � �� � � � �� �� � � � �� ��� �� � ��� � � �
� � � � �� � � � � �� �� �� � � �� �� � �� �� �� �� �� � � � �� � � �
� � � � �� � � � �� � �� � �� � �� � �� � �  �� � �� ���� � � � �

0.000

0.002

0.004

0.006

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.002

0.004

0.006

0.008

0.010

df
 / 

°C
200 400 600 800 1000 1200

Temperature (°C)

0.000

0.002

0.004

0.006

0.008

0.010

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.002

0.004

0.006

0.008

0.010

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.002

0.004

0.006

0.008

0.010

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

0.000

0.002

0.004

0.006

0.008

0.010

df
 / 

°C

200 400 600 800 1000 1200
Temperature (°C)

� � � � � � � � � � �

�������������������������������������������
������������� �� ���������������������������������
������ �� �����������������������������������������������
���������� �� ����������������������������������
������������ �� ����������������������������������������������
���������� �� ������������������������������������������������

��������������������������������������������
	�����������������������������������������������������
��	��� ����������������������	������������	� �������������������������
�������������������������
�����������������������

� � � �� � � �� � �� � � �� � �� � � �� � �� ��� � � � 
 )

�� �� � � �� �� � � �� � � � �� � � � � ���� � � � �� � � � �� � ���   
 ��� � � �
�� � � � �� �� � �� � � �� � � � � �� � ��
 � �� � �� � � � �� � �� � � � 	 �� � ��
� �� � �� �� � �� � � � ��� � � ��� �� � � � �� � � �� � � � �� � �� �� � � � ��� � �
� � �� �� � � � ��±�� � � � � 

� � � � ��� � �� ��� �� �� � �� �� � � �� � �� � � � ��� � � ��� �� � � � �� � � � � �
�   
 �� � � � ��� � � �� � � �� �� � � � � �� � �� �� � � � � �� � ��� ��� � � � �
� �� � �� �� �� � �� � �� � � �� � �� � � �� �� � � �� � ��� � �� �� �� � �� � �� � � �� �
	 � � �� � �� � � �� � � � � � �� � � � � � �� � �� �� �� �� �� � �� � � �� � 

� ��  ��� � �� � � � � � ���� � � � �� � � �� � � �� � � �� � � �� �� ��� � �� � � � � 	 � � �
� � � � � � � � � �� � � ��� �� � � � �� � �  � 

�   
 �� � � �� � �� �� ��� �� �� � �� � � �� � � � �� � ��� �� � ��� � � � �� � � �
� ��� ��   
 �� � ��   � �� �� � �� � ��� � � � �� � ��� � � ��� � �� �� � � � � � �
� ��  � �� � � � �� � �� � � �� ��� � � � � � � �� � � �� � � �� � � � �� �� � � ��� �
� � � �� � � � � � � � ��� � �� � ��� �� �� � � ��� �� �� � � �� � 

 ��� ������� �� ��� �����

�
 ��� ��� ���� �������� ��� �� � ��
� �� �� �� �� � ���� � �� � �� � �� �� � � � �
� �� �� � �� � �� �� � � � ���� � �� � �� � � ��� � �

���� ����� ��� � � � ��
 ��� �� � �

���� ������ �� � ����

����� �� � �� ��� � ���� �

���� ������ �� � ����

��� �� � �� ��� ����� �� ��� ������ ��� �� � �

������� � � ������ ���� ����� �

� � �� �� � � �� � �� �� � � �� � �� ���� � � � �

� � �� �� � � �� �

������� � � ������ ���� ����� �

��� � � � � �� �� � �� �� � � � �� �� �

� �� � �� � � � �� � �� � � �� � �� ��� � � � 
 �

��
��

��
���
��

��
��
��

��
��
���
���


��
��

� �� � �� � � �� � �� � � �� � �� ��� � � � 
 �

  � � �� �� � � �� � �� � �� � � �� � �� � �� � � ��� �� � � � �	 �� ��   
 �� � � � � �
� �� � �� � �� � �� �� � � �� ��� �� � �� �� � �� � � �� � ��� � ���� � �� 
 � ��� � � �
� � � � �� � � �� � � ���� �� � � � �� � �� ���� � � � �

� �� � � � � ���� � �� ���� � � � ��� � � ��� � ��   
 �� � � �� � �� ��� �� � � � ��� � �
� �� � �	 � � �� � � �� � � �� � �� �� � � � �� � � ��� � � � �� � � ��� � ��   
 �� �
� � ���� � ��� ��� � � � �� � �� � �� � � � �� � �� � � � ��� � �� � � � �	 � �� � � �� �� � �
� �� � ��� � � �� �� � � � � � �� ��   
 �� � � � � �� � � �� � � �� � �� � �� �� � � � � � � �
� � � � �


