The Cenozoic tectonic evolution of the
Scotia Sea area
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Short summary: what did we study?

The evolution and development of the The extend of the Proto-Weddell Sea Defining the role of the Drake
Scotia area starting with the break up Passage gate way opening in the

of Southern Gondwana land onset of the Antarctic glaciations

A
Gondwana breakup
Late Jurassic—Early Cretaceous

Livermore et al., 2007 _

We suggest that the break-up of Southern We defined the extend of the remnants of the Proto-  We present a new reconstruction with different
Gondwanaland resulted in the formation of the Weddell sea by rotating the Geological Units (GUs) and new GUs. This results in differences in paleo-
Proto-Weddell sea. Remnants of this are still back and forth in time in GPlates and by analysing locations throughout the Cenozoic, influencing
present in the Scotia Plate. and comparing existing reconstructions of the Scotia  ocean circulation.

area

Y Find out how we did this! Y Shortcut to conclusions


https://www.researchgate.net/profile/Mario_Sigismondi/publication/336855295_The_Vaca_Muerta_Formation_of_the_Neuquen_Basin_An_Exceptional_Setting_along_the_Andean_Continental_Margin/links/5db73f90299bf1a47bf9caa8/The-Vaca-Muerta-Formation-of-the-Neuquen-Basin-An-Exceptional-Setting-along-the-Andean-Continental-Margin.pdf
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2005GC001224
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GPlates is software that is used to make
plate-tectonic reconstructions.
It is freely available on www.GPlates.org
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Comparing different reconstructions W Back to workflow

Why? To visualize and understand the differences in tectonic evolution of the Scotia area

We compared two different studies with opposing hypotheses about the origin of the Central
Scotia Sea are reconstructed and compared in GPlates, to visualize the major differences and
similarities between the two studies.

MaJor difference between the reconstructions:

The paleo-location of South Georgia and the absence (Livermore et al., 2007) and the origin of the
CSS (Eagles and Jokat, 2014).

The shape of the Ancestral South Sandwich Arc (ASSA) and paleo-locations of other Geological
Units (GUs)
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Tectonic reconstructions for paleobathymetry in Drake

. ) .
Drake Passage and Cenozoic climate: An open and shut case: Passage. Eagles and Jokat, 2014

Livermore et al., 2007
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https://www.google.nl/maps/@-55.7100859,-42.8385726,1140003m/data=!3m1!1e3
http://www.geomapapp.org/index.htm

Major difference: The origin of the Central Scotia Sea
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1. Scotia Sea regional tectonic evolution: implications for mantle

flow and palaeocirculation Barker, 2001

Do you know how the Central Scotia Sea formed?

Option 1) Cenozoic: Back arc extension in different
directions in response to subduction along the curved South
Sandwich Trench.

Option 2) Cretaceous
Sea spreading system

2. South Georgia and Gondwana's Pacific Margin:
Lost in translation? Eagles, 2010b

Do you want to learn more about these anomalies? See Barker, 2001 or Eagles, 2010a

: Sea floor spreading along the Weddell
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https://www.sciencedirect.com/science/article/abs/pii/S0895981110000283
https://www.sciencedirect.com/science/article/pii/S0012825201000551?casa_token=3gkoKWdqhqEAAAAA:e12adU3wi0O-_a9o0Kn6qfGDRmWlmJJB7aS21DkAj44DJ5v0oZkUZLiZig8fn9KcwguNJBZMgF4#FIG2
https://academic.oup.com/gji/article/183/2/587/653307
https://www.sciencedirect.com/science/article/pii/S0012825201000551?casa_token=3gkoKWdqhqEAAAAA:e12adU3wi0O-_a9o0Kn6qfGDRmWlmJJB7aS21DkAj44DJ5v0oZkUZLiZig8fn9KcwguNJBZMgF4#FIG2

What did we do to explain the origin of the CSS?

We combined both hypotheses about the origin of the CSS.
We defined GUs of that we assigned to the Proto-Weddell sea based on
bathymetry, magnetic anomalies.

We discovered that:

Remnants of a Proto-Weddell Sea are scattered over the Scotia Plate.
This explains the variety in ages that have been observed in the Scotia
Area.

@\ Which area’s did we define as remainders of the Proto-Weddell Sea?

Q What did cause the distribution of the Proto-Weddell Sea?

Y Learn more about the Proto-Weddell Sea!
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Geological Units originating from the Proto-Weddell Sea (blue) - ove

s ; e v 2 Red: GUs that have originated from Gondwana - 20Ma

Blue: GUs that have been part of the Proto-
Weddell Sea - H0Ma
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Our new paleogeographic reconstruction

Several transform faults to accommodate
E-W displacement of GUs.

30

Extension in all directions (N-S and E-W)
due to back-arc extension related to the
ASSA
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We also argue that a deep-water ocean
gateway did exist at 30Ma. (Dark blue

60S—
arrows)
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The Ancestral South Sandwich Arc (ASSA) was a volcanic arc at the eastern margin of the Scotia area from
the Early-Oligocene till the Late Miocene as a result of subduction of the South Atlantic ocean floor.
This resulted in back-arc extension in the Proto-Weddell Sea.

With our reconstruction we show that the back-arc extension does explain several younger ages, that
have been observed in the Scotia Area.

Do you want to learn more about the ASSA? See Pearce et al., 2014 |®
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https://www.sciencedirect.com/science/article/pii/S0921818114001829?casa_token=-Zmh0jKJCTEAAAAA:LF14eFA_yswisGq26wZcfoactZ06Qdn-Xaod4qRkjvurKghBjeBrl7yWTDpxU6zHk1wFT0EKBzA

Conclusions

The CSS is a trapped piece of
Cretaceous oceanic crust. But smaller
and more scattered than previously
assumed

This oceanic crust was formed during
the first phase of extension along the
Weddell Sea spreading system.

This first phase has formed the Proto-
Weddell Sea. The second phase
consists of extension in various
directions.
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In the future...

Do you want to learn more about the geology of the Scotia Area? s7


https://presentations.copernicus.org/EGU2020/EGU2020-2083_presentation.pdf

Major differences between the reconstructions at 50Ma:

- No CSS is present at all in Livermore et al., 2007 and overlap between the GUs, while Eagles and
Jokat (2014) depict the CSS south of South Georgia which results in gaps between the GUs (in

blue)

- The subduction zone depicted by Livermore et al. (2007) is much smaller that illustrated by Eagles

and Jokat (2014).
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Drake Passage and Cenozoic climate: An open and shut
case? Livermore et al., 2007
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Tectonic reconstructions for paleobathymetry in
Drake Passage. Eagles and Jokat, 2014
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https://www.sciencedirect.com/science/article/pii/S0040195113006860?casa_token=oskQ14QEe3oAAAAA:X2zNSihmdLKI0uv11qm792vtV1OHrMpbjGOQcHhFMTk8H3Ml4VbVGJs0e79xMO_ZT41V_yFnyLI

In more detail: A Proto-Weddell Sea?

We argue that these area’s have formed during the first phase
of extension of the Weddell Sea along the Weddell Sea rift
system. This phase is depicted by Eagles (2010) in this image.
We do not propose a precise timing for this event, but
suggest a Cretaceous for the oceanic crust that has been
created in this phase.

Do you want to learn more about the W7 segment? See Riley et al., 2019

South Georgia and Gondwana's Pacific
Margin: Lost in translation? Eagles, 2010
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