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6. Future work

Initial Pecube experiments involve a flat landscape that evolves into the modern relief to determine 
if there is a general spatial relationship between He ages and the location of large-scale structures 
and coastlines. Subsequent experiments will test more complex scenarios, and may be scaled up 
to include data from other parts of Baffin Island.

Apatite Fission Track Analysis
In many instances, inclusion of higher Tc thermochronometers can help constrain the early ther-
mal history of the grain and improve the fit of the modeled histories. Therefore, apatite grains 
from three samples have been strategically selected for fission-track analysis to help constrain the 
HeFTy models. The AFT data will provide guidance regarding the timing and therefore potential 
cause of changes in cooling rates in the HeFTy models, and also help constrain the Pecube model-
ing of the regional 3D thermal history.

y	  =	  0.0607x	  +	  1.3381	  
R²	  =	  0.50124	  

y	  =	  0.0626x	  +	  0.6675	  
R²	  =	  0.62555	  

y	  =	  0.0147x	  +	  1.5669	  
R²	  =	  0.3264	  

y	  =	  0.0235x	  +	  1.4649	  
R²	  =	  0.24242	  

y	  =	  0.0313x	  +	  1.2208	  
R²	  =	  0.88718	  

y	  =	  0.0287x	  +	  1.5417	  
R²	  =	  0.85888	  

y	  =	  0.0088x	  +	  1.1495	  
R²	  =	  0.82516	  

y	  =	  0.0255x	  +	  1.0911	  
R²	  =	  0.0175	  

y	  =	  0.0463x	  +	  0.9336	  
R²	  =	  0.99581	  

y	  =	  0.0246x	  +	  1.5585	  
R²	  =	  0.19997	  

y	  =	  0.001x	  +	  1.7591	  
R²	  =	  0.57371	  

0.00	  

1.00	  

2.00	  

3.00	  

4.00	  

5.00	  

6.00	  

0.0	   20.0	   40.0	   60.0	   80.0	   100.0	   120.0	   140.0	  

{H
e}
/e
U
	  

eU	  (ppm)	  

Perpendicular	  Transect	  (AHe)	  
eU	  vs	  {He}/eU	  

B098	  

B099	  

B100	  

B101	  

B103	  

B105	  

B106	  

C001	  

K105	  

C003	  

C005	  

Pecube
A 3D thermokinematic model (Pecube) will be used to predict the spatial distributions of thermo-
chronological ages on Hall Peninsula, in order to test hypotheses regarding the possible rift-related 
controls on exhumation. Pecube is a finite-element code used to solve the heat-transport equation 
to calculate the effect of changing surface topography on the subsurface thermal field (Braun, 
2003). After solving the heat-transport equation, Pecube interpolates the calculated 3D subsurface 
temperature field onto particles as they travel to the sampled points at the surface, yielding a spa-
tial distribution of He ages for the rocks now at the surface (Fig. 8).

Figure 8. Semi-schematic Pecube model of Hall Peninsula, viewed in the 3D visualization program ParaView 
(Henderson, 2007). Colours at the surface reflect simulated AHe ages, as calculated by a simplified model with 
uniform uplift and steady-state topography. Subsurface layers represent planes of equal temperature. Vertical 
exaggeration (i.e., z-axis) is 5 times, to enhance topography. From Creason and Gosse (2014).

AHe Age Correction
The apparent lack of effective radiation-
damage in the AHe single-grain ages of 
sample C005 (Fig. 7) suggests that its  mea-
sured cooling-ages may in fact be represen-
tative of the actual t-T history. Because of 
this, future work will explore the viability 
of extracting an interpretable t-T history 
from other samples by applying a radia-
tion-damage correction to AHe data show-
ing only slight influence from varying eU 
conentration (i.e., those with a relatively 
shallow slope in Fig. 7).

Figure 7. AHe data from the perpendicular transect, illustrating the influ-
ence of varying eU concentration (ppm) on AHe age. Note that sample 
C005 is the only sample that does not exhibit an effect of variable eU.

5. Discussion

Figure 5: AHe and ZHe data illustrating a strong relationship between He age (cooling age) and the effective concentration of parent radionuclides (eU, where eU = U 
+ 0.235*Th). Each plot comprises several samples (5 aliqouts each) collected along various transects spanning southern Hall Peninsula (Fig. 2). Upper left: AHe data  
from the vertical transect, with several samples’AHe ages illustrating a strong linear dependence on eU concentration. Upper right: AHe data from the perpendicular 
transect, illustrating a similar linear trend to the vertical transect data, although with a weaker influence of varying eU. Lower left: ZHe data from samples throughout 
Hall Peninsula, indicating the profound negative relationship of varying eU on ZHe age. Lower right: Plot of meausred He/eU ratio (where {He} = FT-corrected [4He]). 
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Radiation Damage
These data suggest that the rocks on Hall Peninsula have experienced a history of protracted slow cooling (Fig. 4), with 
cooling ages ranging from Early Cambrian to Late Cretaceous for AHe, and Mesoproterozoic to Neoproterozoic for 
ZHe. However, positive relationships in the AHe data (Fig. 5, upper left and right), and negative relationships in the 
ZHe data (Fig. 5, lower right), when plotted against the effective parent nuclide concenctration (eU, where eU = U + 
0.235*Th) suggest a strong influence of radiation damage on the 4He diffusion kinetics, necessitating a correction to the 
measured He ages as they no longer conform to the standard He-diffusion kinetics (e.g., Shuster et al., 2006; Flowers et 
al., 2009, Guenthner et al., 2013). Nevertheless, several other sources of scatter in the single-grain ages may be ignored 
because of the remarkably strong linearity between their measured He/eU ratio and AHe age (Fig. 5, lower right).

HeFTy and RDAAM
The HeFTy modeling program calculates potential time-temperature 
(t-T) histories for individual thermochronometers in a single sam-
ple based on mineral type; grain geometry; measured U, Th, Sm and 
4He concentrations; chemical zonation; and 4He diffusion parameters 
(Ketcham, 2005). To help with deriving potentaial t-T paths from the  
various aliquot cooling ages in each same sample (Fig. 4, 5), HeFTy 
model runs were configured with the Flowers et al. (2009) Radia-
tion Damage Accumulation and Annealing Model (RDAAM) of 4He 
diffusion. When RDAAM diffusion is selected, HeFTy calculates a 
theoretical dose of radiation damage for a given t-T path, allowing the 
4He-diffusivity to evolve with time (Flowers et al. 2009).

The t-T paths derived from HeFTy serve two purposes: 
1) testing the ability of the RDAAM kinetics to model the AHe data; 
2) provide preliminary constraints for the three-dimensional (3D) 
thermokinematic modeling by establishing the boundary thermal 
conditions and 4He-diffusion characteristics necessary to yield cor-
rected, geologically meaningful AHe ages. 

Preliminary HeFTy Results
1) Cooling events are pre-Cenozoic, indicating no thermochronologic 
record of rapid rift-flank uplift and exhumation following the proposed 
early Cenozoic rifting from Greenland. 
2) Unlike the Torngat Mountains, there does not appear to be a history 
of rapid exhumation at 150 Ma (Centeno et al., unpublished). 
3) The generally very slow cooling history appears similar to unpub-
lished data from North central Baffin and Cumberland peninsula.
4) The RDAAM adjusted HeFTy models indicate in some samples 
that there was accelerated cooling between 400 Ma and 250 Ma, al-
though other samples - which in some instances are adjacent to those 
- require a slow and invariant cooling history to explain the measured 
ages (Fig. 6). 

C005 RDAAM

4I

200

180

160

140

120

100

80

60

40

20

0

Te
m

pe
ra

tu
re

 (°
C

)

Time (Ma)
1,200 1,100 1,000 900 800 700 600 500 400 300 200 100 0

C068 RDAAM

4I

20

200

180

160

140

120

100

80

60

40

0

Te
m

pe
ra

tu
re

 (°
C

)

1,800 1,600 1,400 1,200 1,000 800 600 400 200 0
Time (Ma)

Figure 6. Calculated potential t-T paths for sample C005 (upper) 
and C068 (lower) using the RDAAM diffusion parameter. Pink 
paths represent ‘good’ fits, green paths represent ‘acceptable’ fits; 
thick blue line indicates weighted-mean path, thick black path in-
dicates ‘best fit’ path; blue box is initial constraint window requir-
ing the t-T path to start within its boundary. 

Figure 4. Individual aliquot AHe and ZHe data from the samples, illustrating the distribution of measured cooling ages in each sample. Aliquots similar in colour and symbol are from 
the same sample. Above right: individual aliquot AHe data from the margin-perpendicular transect (Fig. 2), plotted as a function of distance from the margin. Lower left: age-elevation 
plot of samples from the vertical transect (Fig. 2). Lower right: age-elevation plot for ZHe data from samples collected at various elevations from across Hall Peninsula.

Measured He-ages
In total, 26 samples have been analyzed by (U-Th)/He thermo-
chronometry: all 26 by apatite-He (AHe), 7 by AHe and zircon-
He (ZHe) (5 aliquots each). Most samples yielded large (> 70 µm 
min. dimension), euhedral, gem-quality apatites and zircons.

In both the AHe and ZHe data, measured He-ages exhibit a sig-
nificant amount of variation between the aliquots from the same 
samples (Fig. 4). This extensive span in aliquot cooling ages pre-
cludes a simple interpretation based on an age-elevation relation-
ship or trend in the spatial distribution of cooling ages from the 
margin-perpendicular and margin-parallel transects. 

4. Results
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Overview of (U-Th-Sm)/He Thermochronology
The (U-Th-Sm)/He thermochronology method is based on the thermally controlled retention of radiogenic alpha particles (4He) within a 
mineral (Farley, 2002). This method relies on the understanding that although U, Th and Sm continuously undergo radioactive alpha de-
cay, 4He is only retained when the mineral is cooled below a certain temperature, known as its ‘closure-temperature’ (T c). At temperatures 
above Tc, the alpha particles diffuse through the grain at the same rate they are produced (Farley, 2002). A measurement of the parent and 
daughter isotopic ratio can be used to determine the duration of time below Tc, calculated by the ‘He age’ equation:

4He(t) = 8 238U(t) (eλ238t – 1) + 7 238U(t)/137.88 (eλ235t - 1) + 6 232Th(t) (eλ232t - 1)
 

3. Methodology

Figure 3. Photos from horizontal, margin-perpendicular transect illustrating various 
landscapes throughout Hall Peninsuala. From top left to bottom right (west to east); 
high-elevation (~700 m) low-relief interior plateau, increasing relief nearing the coast, 
and highest-relief landscape along the peninsula margin.

Samples were collected in three different transects:
1) Vertical - determine variations in cooling rate due to vertical ex-
humation and establish if there is a rapid cooling that could reflect 
rapid rift flank uplift; 
2) Horizontal margin-perpendicular - provide insight into exhu-
mation rates across the peninsula, including tilting or patterns of ero-
sion related to the reactivation of Precambrian faults; and
3) Horizontal margin-parallel - provide evidence for differential 
cooling along the peninsula margin (i.e., as a result of tectonic tilting)

Figure 2. Locations of samples analyzed using (U-Th)/He thermochronometry. Samples were 
collected on an opportunistic basis in co-operation with the Hall Peninsula Integrated Geo-
science Program (HPIGP) Bedrock Mapping traverses. Modified from Creason et al. (2013).
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Sampling Strategy

Short term:
1) characterize potential t-T paths for thelow-T cooling history of Hall Peninsula us-
ing multiple thermochronometers in select samples, with the aid of thermal modeling 
software (HeFTy);
2) use a 3D thermokinematic modeling program (Pecube) to better define the exhu-
mation history of the acquired thermochronologic data by testing various geomorphic 
and tectonic evolution scenarios;

Long term:
1) using the thermochronology data and thermal and thermokinematic models, test 
hypotheses regarding the landscape evolution along the eCAR before, during, and af-
ter separation of Baffin Island from Greenland; and
2) determine if the peninsulas along southeastern Baffin Island rotated as half grabens

Significance?
This study is the final component of a multi-year, collaborative effort between Dalhou-
sie University, the Geological Survey of Canada and the Canada-Nunavut Geoscience 
Office focused on understanding the formation and evolution of the eastern Canadian 
Arctic Rim. In addition to testing the hypotheses and ideas of the tectonic history, this 
research contributes to our understanding of the exhumation of Paleozoic stratigraphy 
on Baffin Island, and the sediment flux to Baffin Bay over the past several hundred mil-
lion years. Furthermore, additional insights into the effects of radiation damage on He 
diffusion in zircon and apatite are being realized.

2. Objectives

Eastern Canadian Arctic Rim
The eastern Canadian Arctic Rim (eCAR) is a rugged, high-relief terrain, spanning 
from southeastern Ellesmere Island to northern Labrador (Fig. 1). While much of the 
relief along the eCAR may be related to rift-flank uplift and incision during and after 
rifting between Canada and Greenland, there has recently been renewed debate over 
our understanding of passive margin evolution and the processes responsible for the 
development of the modern landscape. 

Unlike the rapid exhumation indicated in the southern eCAR (Torngat Mountains) 
coeval with the oldest Jurassic rift basalts offshore, ongoing studies on Baffin Island 
reveal a slower, more constant exhumation that records processes prior to rifting. This 
study aims to link the exhumation patterns observed on SE Baffin with non-rift pro-
cesses, such as re-activation of Precambrian faults or the tilting of grabens defined by 
transforms and rift boundaries, as well as better define the long term exhumation his-
tories and sediment fluxes on Baffin Island.

Figure 1. DEM showing the eastern Canadian Arctic Rim. Shaded blue regions are locations of previous thermo-
choronoligc studies along the eCAR; bold dashed-dotted line is approximate location of extinct spreading axis of 
Baffin Bay and Labrador Sea; bold dotted line is approximate location of the transform margin, from Chalmers and 
Pulvertaft (2001) and Oakey and Chalmers (2012); thin black line is Ungava Fault Zone (UFZ), from Chalmers and 
Pulvertaft (2001). Modified from Creason et al. (2013). 
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