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Lost Land Beneath the Waves, Indian Ocean

- Geological detectives are piecing together an intriguing seafloor puzzle. The Indian Ocean
&  and some of its islands, scientists say. may lie on top of the remains of an ancient continent T IR iA - LOSTIGONTIRNENT
pulled apart by plate tectonics between 50 million and 100 million years ago. ScienceNOW.
24 2 2013 CEED researchers are among the detectives
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WHO ARE WE?

CEED include scientists from the Physics of Geological
Processes (PGP), the Natural History Museum (NHM) and
the department of Geosciences (all parts of UiO). In addition,
current/former members of the Geodynamics Group at NGU
are fully/partly assimilated within the Centre.

Norwegian Geosciences was evaluated in 2011 by an
International committee: Only PGP & NGU Geodynamics
received top ranking in Geology/Solid Earth Geophysics.

CEED/GEO scientists are also the only Earth System
Scientists in Norway that have won both the esteemed ERC
Advanced (2.5 mill. EUR) and ERC Starting Grants (1.5 Mill EUR).

(s S LO 2013 Finalist
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CEED LEADERSHIP Director: Trond Helge Torsvik

Assistant Director: Carmen Gaina
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CEED Project Structure

Torsvik (Director) & Ggrbitz (Administrator)

Dynamic Earth
Dr. C. Gaina

Deep Earth
Prof. R.G. Trgnnes

Earth Crises Earth & Beyond

Dr. S. C. Werner

Virtual Earth

Dr. H. Svensen Dr. A. Bull-Aller

OMNIS 2011-14
Prof. R.H. Gabrielsen

CHRONOS 2012-17
Profs. Stein/Hannah

BARMOD 2011-

Prof. Jan-Inge Faleide

PRESSICE 2013-16
Dr. S. Medvedev

BPT 2011-16
Prof. T.H. Torsvik
ERC AdvGr

EPIC 2013-16
Dr. H. Svensen

LUSI LAB 2013-17
Dr. A. Mazzini
(ERC StGr)

IMPACT EFFECTS
2012-13

Dr. G. Gisler

CRATER CLOCK
Dr. S.C. Werner
(ERC StGr Finalist)

Bl Industry NFR
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MODCONF 2013
Prof. T.H. Torsvik

NOTUR
Dr. A. Bull-Aller

FORCE?
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Russia and the High North/Arctic (NORRUSS)

 Whatis the nature of the crust and the timing of Basin formation
* Timing, mechanism and extent of volcanism in the High Arctic
 Whatis the structure of the mantle ?
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CEED VISION: Develop an Earth model that explains how mantle processes drive plate tectonics and

trigger massive volcanism and associated environmental and climate changes throughout Earth history

Dynamic Earth: Build a consistent global Earth Crises: Understand the role of voluminous
plate tectonic model for the past 1100 Ma volcanism on global climate changes and extinctions

Earth and Beyond:
Understand similarities
and differences between
the Earth and the other
terrestrial planets
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-~ Virtual Earth: Develop tools
\iquid outer Core \ ‘ and databases that integrate

plate reconstructions with

geodynamic and climate

. , \ modeling

Deep Earth:
Understand the
link between the
surface and the
deep mantle |

Inner

660 km 2890 km solid core
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Deep Earth: Materials, structure and dynamics

Reidar G. Trgnnes (r.g.tronnes@nhm.uio.no)

The Deep Earth
Machine Is Coming
Together

Researchers studying how Earth’s deep interior works
are recognizing a new partconnecting the depths to the surface,

Subduction

The Faculty of Mathematics and Natural Science

EARTH 1S AN ENGINE FUELED BY ITS OWN
heat Now afier shampening their view of the
planet’s rocky mner workmgs for almost 2
century, scientists are finally glirnpsing how
the Earth engine &5 2 whole is working

Smce the plate fctonics revolution,
researchers have recogmized surface geology

for what it s 2 cokd, rocky scumof continent
carrying, ocean-crust-covered tectom e plates
Andthe coldest, densest pieces of hose ooean
plates were clearly plunging mto the barely
yielding rocky mierior, ormantle, toward

the even holter, molten core.

though the depths remain mysterious

“see]” through seismic eyes, s plume that's
been delivering the heat that drives eruptions
sround Wyoming's Yellowstone Nations
Park. It s the first such festure—fed from
thedeepest reaches of the mantle—that looks
ke it will recerve wide acoeptance.

Along with recent work connecting

plate tectanics (o the deep mieriar, the rec
ognition of such plumes is Bnally forging
a strong link that spans the mantle from

view, but some pieces of the Earth engine
are yettobe labeled.

Through a glass, darkly

Earth’s mierior ddn't always seem so messy,
or 50 mieredting. By the middle of the last
century, seismolkogists had divided the plan
et’s 2900-kilometer-thick mantle into 2 half
dazen layers on the basis of how seismic
waves passed through the rock Each lsyer,
as far as could be told,
kept to itself. Butthen in
the 1960, plate tecton

But the nature of what 60N ics came along Central
ever might be carrymg o to the revelstion of dnfd
heat and mosterial hack / ing confinents was

toward the surface
has been hotly
debated for 40

the realization that
e planet’s upper
most layer—the

years Couldtow Pasilie tundred kilome
ering plumes of lLsve ters or 50 of cokd,
hotter-than \= X ngid, cnstdomped
normal rock be * - / mantle constitutin

rising like levalamp
blobs from near the
core? That coukd explain Ao
2 range of geobgic odd
ties, mchuding the construction of
monstrous ks of lava like Hewaii and
mass extinctions seaningly Imked o masive
volcamc eruptions. Decades of study —imag
ing the mande with seismic waves, divining
the nature of the depths firough geochems
try, and modeling the workings of the mantle
the way metearologists forecast the weather
now sppesr © be paying ol

“I'm finally off the fence,” sxys seismok
gist Fugene Humphreys of’ the University of
Oregonin Eugene. Humphreys Shinks he can

22 SAPRILZ013 VOL 340 SCIENCE www.

botom Lo top. Plumes of all sizes seem to
rise from two huge piles of who-knows- what
sitting 2900 kilometers down at the batlom
of Earths mantle embedded in a mystery
layer hundreds of kilometers tick. The out
line of an opersting mamual is coming nto

Peblihad by AAAS
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. s/ plates—was divin

into deepses trenches
and thus mio the next leyer
down, the wpper mantle

Sesmologists’ next impenetrsble
boundery ook kmger to punctuze. With maore
and betler seismic recands, researchess could
trace descending plates, called slsbs, much
deeper usmg a techmque called tomogra.
phy. Becsuse seismic waves eedup in cold
rock, scientists can use them to form tomx-
graphicimages of the descending b, much
5 they use xrzys in CT scans of the body
By the 1990 sesmologists could see same
slabs grugghng  pierce the supposed bar
nier between the upper mante and the lower
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Sub-theme 1: Large Igneous Provinces and Global Warming S ot hotersatanl ey el o

Sub-theme 2: Emplacement Environment and Killer Mechanisms
Sub-theme 3: Geochemical Cycles and Paleoenviroment

£10.00 www.nature.com/nature

Eocene global warming
Y ea Mantie C  Organic C Hydrothermal vents prompt methane release
Hydrothermal ( ) 2 »y CROSS-SECTION THROUGH A LIP ) :
vent complex | 4 { g ’> VOLCANIC BASIN. Malariaparasite

Different types of solid Earth Hosts orchestrate antigenic variation

degassing are shown. Photonic crystals
Perfecting the defects

Organic matter/
graphite Galapagos giant tortoise
Septuagenarian male seeks mate

e

Mission: To understand the role of voluminous intrusive and
extrusive volcanism on rapid global climate change and mass
extinction in Earth history.

Main Hypothesis: LIPs have caused most of the mass extinctions
and major climate changes of Phanerozoic times.
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Dynamic Earth: Plate motions and Earth history

Carmen Gaina (carmen.gaina@fys.uio.no)

Sub-theme 1: Supercontinents, Palaeogeography and Biogeography

Sub-theme 2: Wilson Kickoff: Passive Margins and Break-up

Sub-theme 3: Continents adrift and oceanic basin formation, TPW & climate changes
Sub-theme 4: Terminal Wilson: Subduction and Collision

. 4 : Mission: To explore the link between the

lithosphere and the convecting mantle and
guantify how palaeogeography and TPW have
influenced the climate system.

O The Carbon Cycle

ATMOSPHERE

WATER CaC03 & organic
CCCCCC

Main Hypothesis: Motion of tectonic plates is
closely related to mantle dynamics and the
mantle-lithospheric dynamics drives major
changes in Earth’s life.

SEDIMENTS
oceanic

LITHOSPHERE

MANTLE

CO2 (CH4)

CO2 sink
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DYNAMIC EARTH: Build a consistent global plate tectonic model for the past 1100 Ma (2015?)

WEGENER
1912

CONTINENTAL
DRIFT

540 Ma

2013

nature
gCOSClCIlCC

—— TPW (spin-axis change)

mYV

SEAFLOOR PLATE
SPREADING TECTONICS

MANTLE
DYNAMICS




H R. Dietmar Mller
TrO n d h E| m 2002 EarthByte Group, School of Geosciences,

The University of Sydney
The consortium has been run under funding provided Michael Gurmis
by Australian, US, Norwegian and Japanese National California Institute of Technology

funding agencies, Statoil & NGU. ~ TrondH. Torsvik
CEED (University of Oslo) & Geodynamics (NGU)

GPlates was conceived as an

_.'m international open software

=2l° | project. The earliest

documented conceptual design

activity in this regard is

represented by the first GPlates

» workshop in 2002 (NGU,
Trondheim), hosted and

@ financially supported by NGU

J. Geodynamics. This 5-day

8 workshop laid the foundation

e | for GPlates design.

¥
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SOME INDUSTRY BENEFITS OF GPLATES &
PLATE RECONSTRUCTIONS INCLUDE

Easy comparison of COB overlap between conjugate
margins and calculation of plate tectonic scale
stretching factors.

Location of emergent land masses (provenance) and
depositional facies

Location of thermal ‘hot spots’ such as plumes and
LIPs through time with implication for hydrocarbon
maturation and migration.

Dynamic topography yielding information about

/ Tonga ~

Karmadic which areas are likely to have been below sea-level,

Trench

Plate tectonics: at what depth, uplift/subsidence and sedimentation

rates

Paleobathymetry and consequent ocean and basin
circulation models.

Plate kinematic modeling

Deformation of tectonic plates (coming soon)




COB overlap between conjugate margins & calculation of plate tectonic scale stretching factors.
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0 Passive Margins (pre-drift extension) and Break-up
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Faleide et al.
(2010)
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Location of emergent land masses (provenance) and depositional facies

Early Jurassic (Barents Sea)

330E

Late Ordovician (Africa)

Torsvik et al. (2005)
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Location of thermal ‘hot spots’ such as plumes and LIPs through
time has implication for hydrocarbon maturation and migration.
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Dynamic topography yield information about which areas are likely to have
been below sea-level, at what depth, uplift/subsidence and sedimentation rates

Depositional Environment/facies — g

uplift and subsidence
over time on a large
scale is one of the
most important
outcomes of mantle
flow models

e Dynamic Topography

Torsvik & Steinberger (2006)
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. Comparison of two different plate models:
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DEMO:Indian Ocean example — free data

60.00 Ma
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DEMO:Closed plate polygons

60.00 Ma
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DEMO:Plate motion vectors

60.00 Ma
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DEMO:Oceanic palaeo-age grid
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DEMO:Free-air gravity
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Reconstruction of
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OFORCE

Start Improved Exploration Improved oil and gas recovery Seminars and workshops About FORCE

Sponsoring benefits

*CEED plate model & rotation engine
*Training

*Assistance to implement your own data
*Influencing the development of GPlates

=

Annual Fee

CEED p aATE MODEL
*400.000 per year (minimum 3 yrs)
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WEB SERVICE

Screenshots Features Download User Docs Publications Wb Service Demo AuScope

Reconstruction File: CoastLines | %

Rotation file: EarthByte Rotation |+
QOutput format: GMT Map | %]
Reconstruction Time: 100 Ma

.f \.
. Reconstruct |

Reconstruction at 100 Ma
G

_180°-135" -90° —45° 0" 45 90" 135" 180°
9Q° ! . —=90°

-
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GPlates (trunk, r239) o

File Edit View Features Reconstruction Utilities Tools Window Help

I ~ Current Feature
‘ Time: 0.00 |"|ma| D || D4 || 44 || b

e T s
A4 Q
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Plate ID:
Valid time:
from to

Clicked geometry:

Feature collection:

N EdE|e
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| (lat: 63.21 ; lon: -22.6 |Mouse: (|at: 68.86 ; lon: -14.32)
™ | clicked | Topology Sections
@

Feature type  Plate ID Name  Clicked geometry

View: | 3D Globe

®

Begin | End Created | Present-dg

IR ELRSRO

The Hellinger Quantitative Reconstruction Tool: Currently in development at NGU/UiO

GPlates (trunk, r239) o

File Edit View Features Reconstruction Utilities Tools Window Help
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myou for your attention e —

The Centre for Earth Evolution and Dynamics
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