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Introduction:

• The Sverdrup Basin in Arctic Canada contains a thick
sequence of clastic sediments, which provide a record
of the poorly studied climatic, tectonic, and magmatic
evolution of the Cretaceous High Arctic. Of particular
relevance, the sedimentary record offers insights into
the response of the Arctic bio- and geosphere to
Cretaceous carbon cycle-climate pertubations, such as
oceanic anoxic event (OAE) 1a.

• The mid-Cretaceous (Aptian) OAE 1a, one of the major 
Cretaceous OAEs, is preserved in the upper part of the 
Isachsen Formation; a formation that mainly consists of 
fluvial and marginal marine sandstones, which were 
deposited in a large deltaic system.

• This study presents new sedimentological, bulk δ13Corg, 
inorganic, and molecular geochemical data, which are 
used to refine the litho-, chemo-, and sequence 
stratigraphic framework for the upper Isachsen
Formation to reconstruct depositional dynamics during 
OAE 1a.
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Geological setting:

• The Sverdrup Basin is a 
~300,000 km2 pericratonic
basin underlying the Queen 
Elizabeth Islands in the Nunavut 
Territory of Canada.

• The study site, Axel Heiberg 
Island, is located in the eastern 
part of the Sverdrup Basin and 
provides excellent exposures of 
Cretaceous strata that were 
uplifted and folded during the 
Paleogene Eurekan orogeny.

• Sampling was carried out in 
2014 at Glacier Fiord, located in 
the southern part of Axel 
Heiberg Island. At this locality, 
nearly 3 km of Cretaceous 
strata, including the Isachsen
Formation, are exposed in 
synclinal areas.
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Lithostratigraphy:

• The Isachsen Formation is
divided into three members: 
Paterson Island Member, 
Rondon Member, and Walker 
Island Member.

• The Rondon Member is 
distinguished by the dominance 
of silty mudstone and shale in 
contrast to the underlying and 
overlying sandstone-dominated 
members.

• Facies analysis indicates 
deposition in a deltaic 
environment under varying 
marine influence.
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Sequence stratigraphy:

• Depositional sequences are defined based
on a multi-proxy approach, which includes
sedimentological logging, XRF-derived
Zr/Al ratios, and S/TOC ratios. The latter
two proxies reflect grain-size variations and 
changes between marine (S/TOC>0.4) and 
non-marine conditions, respectively.

• In total, four (two complete and two
incomplete) transgressive-regressive cycles
have been identified.

• A major transgression occurred during the
early phase of OAE 1a (CIS Ap3), which led
to the deposition of the Rondon Member 
under marginal marine conditions.

• The Walker Island Member marks a return
to a fluvial environment (CIS Ap4–9), 
interrupted by a brief interval of renewed
flooding during CIS Ap6.

SB: Sequence boundary MFS: Maximum flooding surface
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Composition of organic matter:

• Biomarker analyses are used to identify sources of organic 
matter and to assess potential impacts of local environmental 
factors (changes in the source and preservation state of 
organic matter) on bulk δ13Corg composition.

• Biomarker data indicate a predominance of terrigenous organic 
matter throughout the Isachsen Formation. Some stratigraphic 
intervals, including the Rondon Member, show evidence for an 
enhanced contribution of marine organic matter.

• Changes in biomarker ratios and total organic carbon content 
are, however, unrelated to systematic trends in bulk δ13Corg, 
indicating that changes in organic facies had a negligible 
impact on δ13Corg variations. We therefore interpret δ13Corg
trends at Glacier Fiord to reflect δ13C fluctuations in the carbon 
reservoirs of the global ocean-atmosphere-biosphere system.
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δ13C-Stratigraphy:

• Our new high-resolution δ13Corg curve at Glacier 
Fiord is characterized by a very low level of 
noise and shows a series high-amplitude 
negative and positive δ13Corg excursions, which 
are characteristic for OAE 1a. These excursions 
are unique in their shape and amplitude for the 
Cretaceous Period.

• The δ13Corg record allows identification of 
characteristic Aptian carbon isotope segments 
(CISs) Ap2 – Ap9 and thereby correlation of the 
High Arctic record with biostratigraphically well-
dated sections from lower latitudes.

• Available orbital chronologies for the reference 
curves, which constrain the duration of individual 
CISs, are used to calculate sedimentation rates 
for the Isachsen Formation, estimate 
depositional durations for the Rondon and 
Walker Island members, and construct age 
models.
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Age models:

• Three age models are constructed, which account for different age estimates for 
the Barremian-Aptian (Ba-Ap) boundary. For age model I, the Ba-Ap boundary is 
placed at 126.3 Ma following Gradstein et al. (2012). Age models II and III are 
based on more recent age estimates of 123.8 Ma and 121.8 Ma, respectively.

• The age models constrain the depositional duration of the Rondon Member and 
Walker Island Member to ~100–420 k.y. and ~3.0–3.2 m.y., respectively. Deposition 
of the Rondon Member commenced between 125.2 Ma and 120.7 Ma, while 
deposition of the Walker Island Member started between 124.8 Ma and 120.3 Ma 
and lasted to between 121.8 and 117.3 Ma

• The age models further enable us to correlate sequence stratigraphic trends at 
Glacier Fiord with (radiometrically dated) thermo-tectonic events, including a major 
phase of magmatism in the Sverdrup Basin dated at ~122  Ma, which was 
potentially related to the emplacement of the Alpha Ridge in the Arctic Ocean.
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High Arctic correlation of sequence stratigraphy:

• Correlation of sequence stratigraphic trends in the Sverdrup Basin with other High  
Arctic (and low-latitude) sections may serve to identify allogenic and autogenic
drivers of local base-level changes.

• The transgression recorded in the Rondon Member appears to be time-equivalent 
with a major flooding event that has been reported from Svalbard (i.e. change from 
fluvial and marginal marine sandstones to shelf deposits), potentially indicating 
synchronous and widespread flooding of peri-Arctic basins during the early stages 
(CIS Ap3) of OAE 1a. One underlying cause may have been rising eustatic sea 
levels at that time (transgression following KAp1; see previous slide).

• During later stages of OAE 1a (Ap4 – Ap9), sequence stratigraphic trends recorded 
in the Walker Island Member (i.e., a return to fluvial conditions) contrast with those 
on Svalbard (i.e., continuous shelf sedimentation), which may indicate uplift in the 
Sverdrup Basin at that time. Assuming that age model 1 is correct (see previous 
slide), this uplift may have been related to thermal doming in response to peak 
magmatic activity in the Sverdrup Basin.
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Conclusions

• This study presents a refined carbon isotope and sequence 
stratigraphic framework for the upper Isachsen Formation, which 
provides a detailed sedimentary record of OAE 1a and its different 
CISs in the High Arctic.

• The precise reproducibility of global carbon isotope trends at Glacier 
Fiord, an exceptionally low level of noise, as well as lipid biomarker 
data confirm the applicability of δ13C stratigraphy in the predominantly 
terrestrial sedimentary environment of the Isachsen Formation.

• The applicability of δ13C stratigraphy opens up multiple avenues for 
future studies, including (1) correlation of temporal trends of 
transgressive-regressive cycles from different parts of the basin, 
which may serve to further constrain drivers of base-level change and 
(2) calibration and revision of high-latitude dinoflagellate cyst and 
foraminiferal biostratigraphy

• Correlating the Glacier Fiord record with currently available High 
Arctic (and low-latitude) sections suggests that eustatic sea level may 
have exerted an important control over local base-level changes 
during the early stages of OAE 1a (CIS Ap3), while base-level 
changes during the later stages of OAE 1a (CISs Ap4–Ap9) seem to 
have been primarily controlled by regional tectonic processes.

For more information, please access our publication in GEOSPHERE via 
https://doi.org/10.1130/GES02335.1 or send an e-mail to
Dummann@em.uni-frankfurt.de.


