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1. SUMMARY
In the western Canadian Arctic Archipelago the Beaufort Formation and offshore
correlative Iperk Sequence provides one of the world’s best records of large-scale
landscape responses that occur during a period of intense climate change (Plio-
Pleistocene transition). The challenge is to develop a chronostratigraphy that
takes advantage of available offshore seismic data, cores, and onshore field data
to test hypotheses regarding changes in sediment flux during the climate change
and the origin of the Northwest Passage. The results presented here are the first
interpretation of the Iperk Sequence offshore Banks Island in the Canada Basin.
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3. OBJECTIVES & METHODS
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Figure 3. High resolution regional seismic grid of ION-GXT data (red), 
UNCLOS data (cyan), and SEG-Y data (dark blue). 
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• Full architectural analysis using sequence 
stratigraphy with Kingdom Suites® software

• Prediction of lithologies and depositional 
environments based on this stratigraphy

1. Separate the Iperk 
Sequence into its 

Pliocene, Pleistocene and 
post-glacial components. 

• Identify major units within the stratigraphy that 
may correspond to a paleo-shorelines 

• Aided by identification of near-shore lithologies in 
previous objective

2. Locate the Pliocene 
Shoreline

• Locate and identify all faults that cut through 
Cenozoic sedimentation 3. Structural Analysis

• By subdividing the IpS into its Plio-Pleistocene sub-
sequences, we calculate sedimentation rates for 
each Pliocene sub-sequence, and compare them 
with newly obtained Pliocene erosion 
rates measured in the Yukon.

4. Calculate 
Sedimentation Rates to 

the Basin

2. INTRODUCTION & BACKGROUND
STUDY AREA
Beaufort Formation (BFm) is a Pliocene
braided stream deposit in the western
Archipelago (Fig. 1) (Fyles et al., 1990).
Iperk Sequence (IpS) is the offshore
equivalent of the BFm. It formed a
coastal wedge with up to 3 km thickness
(Fyles et al., 1990). Previous studies
(e.g. Dixon et al. 1992) reveal that the
IpS may have a multiple layered
structure, as indicated from seismic
data, and it currently includes Pliocene
and Quaternary fluvial, marine, and
glaciomarine sediments.

Figure 2a. Post-Miocene global stack of d18O Benthic foraminifera record and interpreted change in global 
temperature. The record shows 1- 2°C average global temperatures in the Pliocene relative to today (0°C), 
transitioning to much lower average global temperatures after ~2.6 Ma. (Lisiecki and Raymo 2005). 

SEDIMENTATION RATES
Following regional denudation at the end of the Miocene, sedimentation rates 
dramatically increased. McNeil et al., (2001) reported a 23-fold increase in 
sedimentation rates relative to the Early and Middle Miocene, from 100 
m/million years in the Mackenzie Bay Sequence to 450 m/million years in the 
Iperk Sequence. 
By subdividing the Iperk Sequence into its Plio-Pleistocene components, we can 
further analyze sedimentation rates and how they changed during the 
deposition of the Pliocene and Pleistocene strata. 

Figure 1. Map of the Canadian Arctic
Archipelago. The mapped limit of the BFm is
outlined in blue, modified from Fyles et al.,
(1990). The red dots display sites previously
studied by the PoLAR-FIT team, including the
most recent expedition to Prince Patrick Island.
Image is from Gosse et al., 2016.

LONG TERM GOALS AND SIGNIFICANCE OF THIS RESEARCH
The overarching goal of my MSc research is to support PoLAR-FIT research by
improving knowledge of the changes in the sedimentary record of the western
Canadian Arctic during the Pliocene-Pleistocene climate change. The research is
important because it bears on several questions and enables the testing of
previously posed hypotheses. For example:
1. Was M'Clure Strait and other parts of the Northwest Passage formed by
faulting and grabens (England, 1987) or the result of post-BFm incision by streams
and glaciers (this study)?
2. When, how, and how fast were the sediments comprising the BFm and IpS
deposited and subsequently abandoned? This will inform basin models, constrain
lithospheric flexure models, and help provide a chronology and sedimentological
context for the numerous BFm paleoclimate and paleoenvironmental records.
3. What changes should we expect in Arctic Canada during the present episode of
global warming and shallowing of the latitudinal temperature gradient?

Figure 2b. Eocene, Pliocene, and
modern temperature gradients with
latitude (Ballantyne et al. 2010).
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6. DISCUSSION & CONCLUSIONS

5. RESULTS
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Figure 4. Workstation-generated 
thickness maps of the Pliocene (Figure 
4a), the Green Pliocene Unit (Figure 4b), 
and the Blue Pliocene Unit (Figure 4c). 
Red and yellow are thin areas whereas, 
green and blue colours are local thick 
areas. Figure 4a also indicates the line 
locations in the Figure 5 schematics. 

Figure 5. Interpreted East-West and North-South seismic sections (based on 
geophysical data, courtesy of ION-GXT) in the Canada Basin, offshore Banks 
Island. Four seismic horizons divide the Pliocene succession. Line location is 
shown in Figure 4a.

The Northwest Passage and other inter-island channels near Banks Island were formed by post-Pliocene incision. No faults observed
to parallel the straight walls of M’Clure Strait. Furthermore, the Iperk Sequence is eroded under the Pleistocene units on both the south
and north ends of Banks, suggesting that the Beaufort/Iperk units formed a contiguous wedge that was later incised below sea-level by
Pleistocene glacial erosion. This conclusion is also supported by the lack of stream paleoflow deflection toward the straits during the
deposition of the BFm, and by available cosmogenic nuclide burial age chronology of the BFm (3.9 to 2.7 Ma) which suggests
abandonment around the beginning of the Pleistocene. This validates Manion’s (2017) approach for flexure during incision and nullifies
England’s (1987) hypothesis that the Straits were grabens.
Seven sub-sequences with distinct acoustic facies can be defined within the Iperk Sequence throughout the study area. The base of
the Blue Sequence has a single high amplitude signal which may represent the MIS-M2 glaciation (3.312–3.264 Ma). The IpS Pleistocene
unit cuts the five Pliocene subsequences. The post-glacial (Holocene) subsequence forms an uppermost thin and distinct layer.
The Pliocene sediment flux rates are not well constrained. However, the estimates calculated using equal durations for each sub-
sequence or using climatostratigraphy (relating the layers to climate and sea-level changes) suggest that the Pliocene fluxes west of
Banks Island ranged from 2.2 to 7.0 MT/yr. When compared with paleo-erosion rates from the White Channel Gravel (Yukon), the
climatostratigraphy seems reasonable, and suggests that a significant increase in sediment flux to the western Archipelago occurred
during the M2 glaciation.

SEDIMENTATION 
RATES

Method 1: Unit duration split 
equally into 0.68 Ma increments. 
Method 2. Alternative unit 
duration based on climate.
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PLIOCENE PALEOCLIMATE
With the exception of a few glaciations, Pliocene
global Mean Annual Temperatures (MAT) exceeded
today’s by up to 2℃ (Fig. 2). However, owing to a
shallower latitudinal temperature gradient, the BFm
(and fluvial parts of the IpS) were deposited in Arctic
forested regions with MAT 15℃ warmer than today.

Iperk seismic sub-sequences (this study)

0N     60 30 -30 -60    S

2. INTRODUCTION & BACKGROUND
(cont’d)

M2 Glaciation

References
Ballantyne A, Greenwood D, Damsté JS, et al., (2010). Significantly warmer Arctic surface temperatures during the 
Pliocene indicated by multiple independent proxies. Geology 38:603–606. doi: 10.1130/g30815.1. Dixon, J., Dietrich, J.R., 
and McNeil, D.H., (1992). Upper Cretaceous to Pleistocene sequence stratigraphy of the Beaufort–Mackenzie and Banks 
Island areas, northwest Canada. Geological Survey of Canada, Bulletin 407. England, J., (1987). Glaciation and the 
Evolution of the Canadian High Arctic Landscape. Geology, 15: 419-424. Fyles, J.G., (1990). Beaufort Formation (Late 
Tertiary) as Seen from Prince Patrick Island, Arctic Canada. Arctic, 43(4), 393-403. Gosse, J., Hidy, A., Froese, D., Bond, J., 
Wilton, D. (In prep)., A binge-purge landscape response at the Pliocene-Pleistocene latitudinal thermal gradient. Nature 
Geosciences. Lisiecki, L.E., and Raymo, M.E., (2005). A Pliocene-Pleistocene stack of 57 globally distributed benthic δ18O 
records. Paleoceanography, 20(1), PA1003. Manion, P., (2017). Lithospheric flexural controls on landscape evolution during 
deposition and incision of the Beaufort Formation, western Canadian Arctic. Unpublished Honours Thesis, Dalhousie 
University, Halifax, NS, 81 p. McNeil, D.H., Duk-Rodkin, A., Dixon, J., Dietrich, J.R., White, J.M., Miller, K.G., Issler, D.R., 
(2001). Sequence stratigraphy, biotic change, 87Sr/86Sr record, paleoclimatic history, and sedimentation rate change 
across a regional late Cenozoic unconformity in Arctic Canada. Canadian Journal of Earth Sciences 38, 309–331. 
doi:10.1139/e00-098. 


