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Scope of project

• Metal Oceans is focused on comparing modern ocean crust and its evolution 
with the structure and composition of greenstone belts. 

• Primary objective: To investigate the relationship between microplate formation 
and the emergence of magmatic-hydrothermal systems in modern convergent-
margin settings in order to better understand crustal growth and metal 
endowment in greenstone belts. 

Metal Oceans

First integrated 3D/4D studies of the architecture 
of modern microplate boundaries at the same scale

as Archean greenstone terranes



Scope of project

i. Microplate formation and interactions
ii. Structural and magmatic evolution of 

primitive arc and back-arc assemblages
iii. The link to mantle processes and 

heterogeneity
iv. The emergence of magmatic-

hydrothermal systems, particularly 
during early stages of arc rifting

v. Modern processes that may be similar 
to those that dominated Archean 
tectonics

Metal Oceans

The emphasis is on:



Experimental design
1) High-resolution seismic reflection and refraction to establish the deformation history and the 
thickness and velocity structure of the deforming crust
2) Surface and deep-towed magnetics to reveal plate accretion, intrusive history, and crustal 
alteration
3)  Ocean-bottom magnetotellurics to track crustal fluids
4)  Heat flow to identify “leaky” structures
5)  Comprehensive seabed mapping and sampling (autonomous and robotic vehicles)
6)  Geochronology and geochemistry to fingerprint crustal blocks and assess growth

Methods

• 4-6 lines in each experiment
• targeting structures at scales of 10-100 km, analogous to 

“ancestral” fault systems in greenstone belts 

Metal Oceans



Data

Methods

Marine reflection data:
• near-surface faulting and volcanic and sedimentary stratigraphy
• shallow subvolcanic intrusive systems
• deeper structures (down to 8-10 km with a 4000-m streamer)

Combined reflection/refraction:
• thickness of the whole crust
• variability of crustal composition (velocity profiles)

Ocean-bottom magnetotellurics:
• melt lenses (location of magma genesis)
• fluid flow in the lower and mid-crust

High-resolution sampling and geochemistry:
• melt generation and mantle contributions at the microplate scale
• Sr-Nd-Pb isotope systematics 

Goals: i) a more complete picture of material transport from the mantle, through the crust, and into the developing microplate 
framework; ii) structural model coupled to permeability evolution and fluid flow 
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uOttawa team
• Mark Hannington
• Meg Stewart
• Alan Baxter
• Justin Emberley
• Kaitlyn Breker
• Marc Fassbender
• Joel Ryan
• Mary Besaw (spring 2019)
• Alexandra Gray (spring 2019)

GEOMAR team
• Sven Petersen
• Philipp Brandl
• Anna Krätschell
• Meike Klischies
• Sebastian Graber
• Rebecca Lintzel
• Heiko Zeppenfeld (spring 2019)

Metal Oceans Team
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uOttawa team
• Mark Hannington
• Meg Stewart (RA)
• Alan Baxter (RA)
• Justin Emberley (RA)
• Kaitlyn Breker (RA)
• Marc Fassbender (PhD)
• Joel Ryan (BSc)
• Mary Besaw (MSc, spring 2019)
• Alexandra Gray (MSc, spring 2019)

Metal Oceans Team

• 1:1 million lithostratigraphic mapping; modelling of 
crustal growth; comparisons to crustal architecture and 
mineral endowment in greenstone belts

• GIS expertise for 1:1 million lithostratigraphic mapping; 
quantitative analysis of maps

• Lithogeochemical (Fassbender) and structural (Ryan) 
interpretation of the Lau Basin

• Targeted 1:100,000 mapping of key areas related to 
microplate formation and the emergence of magmatic-
hydrothermal systems : (triple junctions – Besaw; arc 
rifts – Gray); comparisons with greenstone belts

Metal Oceans



Metal Oceans Team

GEOMAR team
• Sven Petersen (senior scientist)
• Philipp Brandl (RA)
• Anna Krätschell (RA)
• Meike Klischies (PhD)
• Sebastian Graber (PhD)
• Rebecca Lintzel (MSc)
• Heiko Zeppenfeld (MSc, spring 2019)

• Targeted 1:100,000 mapping of key areas related to 
microplate formation and the emergence of magmatic-
hydrothermal systems : (triple junctions – Lintzel; arc 
rifts – Zeppenfeld)

• 1:1 million lithostratigraphic mapping; modelling of 
crustal growth; petrology and mineral endowment

• GIS expertise for all mapping initiatives; quantitative 
analysis of maps

• Structural and geological controls on modern 
hydrothermal systems

Metal Oceans



ARCHIMEDES I
i. ARCHIMEDES I (SO-267) planning:

• Proposal approved and funding released.

• Cruise preparation and logistics completed at GEOMAR and BGR.

• 39 participants assembled, including 3 Metal Earth researchers.

ii. ARCHIMEDES I (SO-267) transect (December 11, 2018 to January 27, 
2019):

• 7-week survey is first time full complement of ocean-going 
geophysical survey equipment available through GEOMAR and its 
partners was deployed in a single mission.

iii. ARCHIMEDES I (SO-267) geophysical data:

• Multibeam, sidescan and magnetic data processed onboard for 
immediate interpretation; preliminary seismic sections early 2019; 
final post-stack migrations end of 2019.

• Data will be incorporated into wide-angle tomographic inversions, 2D 
velocity-depth models, and joint inversions with OBMT data.

• GEOMAR PhD (TBD) recruited to assist with data processing, 
inversions, and interpretation.

Progress in Year 3
Metal Oceans



Progress in Year 3

Other cruises
i. ARCHIMEDES II (DynaMet) transect (2020):

• Proposal approved; preliminary work plans 
submitted to the funding agency for ship 
scheduling and release of funds, expected in early 
2020.

ii. TongaRIFT (SO-263) transect (June 2018):
• Project uncovered important new aspects of 

magmatism associated with forearc rifting.
• Metal Earth PhD student Melissa Anderson was a 

participant.

after Holm et al., 2016
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Progress in Year 3

Seafloor mapping
i. 1:1 million lithostratigraphic assemblage map:

• Developed workflows to convert offshore geophysical data into readily identifiable geological provinces, sub-provinces, 
assemblages, and formations.

• First 1:1 million lithostratigraphic assemblage map of NE Lau Basin completed (2019 release)
• Approach developed to generate accompanying stress maps.

ii. Geological atlas of the Indo-Australian margin (Lau, Tonga-Kermadec, North Fiji, New Hebrides, Solomons, PNG):
• Regional geophysical data compiled; will form basis for geological atlas.
• Lau Basin map is first complete map in series; portion of New Hebrides map sheet and Mariana back-arc published.

iii. Microplate Atlas of the Western Pacific (1:5 million):
• Plate boundary refinements completed.
• ~200 hrs spent assembling geo-data layers and generating the product (A. Krätschell).
• Paper for G-Cubed or Tectonophysics in preparation for first release.
• ~20 different boundary types assembled at resolution ~5x greater than previous compilations.
• Follow-up project begun to link the atlas to a mineral deposits database.

Metal Oceans



Progress in Year 3

Other projects and meetings
i. GoldTrace project:

• One-year Marie Sklodowska-Currie ERC International 
Research Fellow (Christian Timm).

• Contributing to Metal Oceans through first whole-arc 
study of chalcophile element variations in volcanic 
rocks of the Tonga-Kermadec region.

• Will be among first studies to link magma chemistry to 
crustal imaging and velocity structure.

ii. Project-related meetings and workshops:

• Working meetings of the Ottawa team are held at a 
minimum every two weeks (in person or by 
teleconference).

• October: Ottawa and GEOMAR mapping teams 
participated in week-long QA/QC workshop at GEOMAR 
to review first geological map of the NE Lau Basin.

Metal Oceans



Geological map of the Lau Basin

• Multiple back-arc spreading centers

• Segments from 10 to 100 km long

• Overlapping spreading centers, triple junctions, 
extensional transform zones, axial volcanoes

• Highly variable spreading rates

• >10 cm/yr distributed among 10 spreading centers

• 10-15 million year history

• Extensive intra-plate rifting and intra-plate volcanism

Major outcomes
Metal Oceans



Previous work

Major outcomes

Collot et al., 2011CPC, 2013 CGMW, 2009
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Major outcomes

Mercier-Langevin et al. 2014
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Major outcomes

Mercier-Langevin et al. 2014
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Major outcomes

Monecke et al. 2017
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Approach to mapping - lithostratigraphy

Major outcomes

Province

Subprovince

Assemblage

Major tectonic division; protracted tectonic history; bound by major structures

Group

Formation Primary unit of lithostratigraphy; defined by distinct 
lithological contrasts

Regional map unit distinct in terms of lithology, age, and tectonic setting; may 
be in fault or depositional contact with other assemblages

Stratigraphic subdivision of assemblage

Distinct lithological and structural character and tectonic regime 

Metal Oceans



ARCHIMEDES I
• Arc Rifting, Metallogeny and Microplate 

Evolution of the Fonualei Rift System, NE 
Lau Basin

• How and where does arc rifting begin?
• What are the styles of faulting and the role 

of basement structures?
• What is the thickness of the arc crust under 

the rift?
• What is the nature of the magma plumbing 

system beneath the rift?
• When and where do the hydrothermal 

systems become locked in?

Major outcomes
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Major outcomes
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Major outcomes
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Graduate and undergraduate projects
• PhD: Host rocks of seafloor mineralization in modern 

backarc basins and ancient analogs (Fassbender)
• Lau Basin lithogeochemical compilation nearly complete and 

will form basis of project focusing on magmatic evolution of 
arc-backarc system

• Preliminary results reveal a wide range in volcanic rock 
compositions erupted over <5 million years

• MSc: The tectonic and volcanic evolution of the Mangatolu
Triple Junction (Lintzel)

• Structural and geological 1:100,000 map of the MTJ
• Variable and complex crustal types
• Highly tectonized crust, multiple fault generations
• Working to determine the tectonic evolution of the MTJ and its 

relationship to Lau Basin opening
• BSc: Structural mapping of the seafloor: application of 

automated lineament mapping (Ryan)
• Testing the application of PCI Geomatica software
• Good accuracy over large areas (1:1 million scale); less 

accuracy with increasing detail

Major outcomes
Metal Oceans



Lau Basin map
• Publication #1: paper in preparation 

summarizing seafloor mapping methodology 
and geological map of the Lau Basin 
(submission May 2019)

• Publication #2: volume, styles, and 
distribution of back-arc volcanism 
(submission October 2019)

• Ongoing project: stress regime, kinematics, 
and tectonic history of the Lau Basin

• Future project: integrate mapping with 
results from ARCHIMEDES I for same-scale 
comparisons with greenstone belt transect 
maps

Work planned
Metal Oceans



Comparison with greenstone belts
• Will apply quantitative modelling of crustal growth to 

lithostratigraphic map of the Lau Basin as direct 
comparison to crustal architecture and mineral 
endowment in greenstone belts.

• Interpretation will include plate vector analysis using 
GPlates to constrain regional kinematics, area-age 
relationships as first-order metric of microplate 
growth, and analysis of earthquake focal 
mechanisms at microplate boundaries to determine 
plate motions.

Work planned
Metal Oceans



Lithogeochemistry
i. Backarc basin lithogeochemical compilation:

• NE Lau lithogeochemical compilation is the first of 
several backarc basin compilations 

• Will make comparisons with ore-hosting volcanic 
sequences in the Abitibi greenstone belt (focus on 
felsic volcanism)

ii. Manus-New Ireland (TLTF) and Woodlark lithogeochemical
compilation:
• Lithogeochemical study will focus on 810 high-quality 

analyses.
• Data set will be complemented by new sampling 

during ARCHIMEDES II (40Ar/39Ar, major elements by 
XRF, trace elements by ICP-MS, and Sr, Nd, Hf and Pb
isotopes by TIMS and multi-collector ICP-MS).

Work planned
Metal Oceans



ARCHIMEDES I Data
i. ARCHIMEDES I geophysical data:

• Multibeam, sidescan and magnetic data processed onboard for immediate interpretation; 
preliminary seismic sections early 2019; final post-stack migrations end of 2019.

• Data will be incorporated into wide-angle tomographic inversions, 2D velocity-depth models, and 
joint inversions with OBMT data.

• GEOMAR PhD (TBD) recruited to assist with data processing, inversions, and interpretation.

ii. ARCHIMEDES I geochemical data:

• New samples from ARCHIMEDES I analyzed by XRF and high-resolution ICP-MS.

• Sr, Nd, Hf and Pb (double spike) isotope ratios by TIMS and multi-collector ICP-MS.

• 40Ar/39Ar dating

Work planned
Metal Oceans



ARCHIMEDES II (DynaMet)
• Passive OBS network

• OBEM

• Heat flow

• Mapping of key structures

• AUV mapping

• ROV sampling of basement exposures

• Sampling of xenolith-bearing volcanoes

• Preparation and pre-cruise logistics will 
commence early 2019.

Work planned
Metal Oceans



1:1 million map sheets
Continued work on 1:1 million sheets of the Indo-
Australian margin (Ottawa and GEOMAR):

• Lau Basin map extended into N. Fiji Basin 
and New Hebrides, first drafts completed 
mid-year.

• Detailed maps of Jean Charcot Troughs 
(New Hebrides) to be added.

• New Ireland Basin sheet (PNG) is being 
compiled by P. Brandl and A. Krätschell 
(GEOMAR).

• Maps will be published as Metal Oceans 
products submitted for peer review in 2019.

Work planned
Metal Oceans

Martin, 2013



By the end of Year 3:
i. New Microplate Atlas of the Western Pacific region

ii. Geophysical and lithogeochemical compilation of the study areas

iii. Microplate models for comparison with ancient greenstone belts 

By the end of the project:
i. High-resolution marine seismics, electromagnetics, magnetics, 

heat flow, volcanic geochemistry, and geochronology at a scale 
directly comparable to Metal Earth transects

ii. New criteria for recognition of melt and fluid pathways and their 
link to large-scale magmatic-hydrothermal systems

iii. Identification of microplate boundaries connected to 
translithospheric faults that evolve into major crustal corridors for 
melt and fluid transport

Anticipated outcomes
Metal Oceans



A new Canadian research initiative funded 
by Canada First Research Excellence Fund.

Thank you.
Stay up to date via the MERC Newsletter

Subscribe online by visiting:

Merc.laurentian.ca

Contact us with questions: merc@laurentian.ca 
Connect with us on LinkedIn, Facebook, Twitter
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