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Dynamic Models and Mantle Heterogeneity

Ballmer et al, 2015

Dynamic model of the 
compositional heterogeneity 
of the mantle after 4.65 Ga 
of mixing 

 Variable mixing of 
recycled and primordial 
materials 

 Most of the mantle is 
depleted in composition, i.e. 
has been partially melted
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Hawaiian Shield Lavas

Loa trend

Kea trend
Big Island Maui Nui O’ahu Kaua’i

Weis et al. 2011



Hawaiian Shield Lavas

Significant cross-over at Kohala-Mahukona & Ko’olau
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Weis et al. 2011
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  Anomalies caused by elevated density, i.e. compositional changes

French & Romanowicz 2015
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Possible plume location cross-section
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Marquesas 
Polynesia 

Society Islands 
Payne et al. 2013 

Galapagos 
Harpp et al. 2015

Chauvel et al. 2012
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Hawai’i 

Back to Hawai’i 
Shield Lavas

Kilauea Crater, April 2008
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Farnetani et al 2012

Numerical Simulation of the Hawaiian Plume 
Radiogenic Pb zonation across the conduit and melting 
zones, flow trajectories

Plume conduit structure

Predicted geochemical zonation 
across the Hawaiian melting zone

Predicted geochemical zonation 
for a central volcano
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Hawai’i, so far 

Loa is the dominant mantle source composition on 
the Archipelago. 

Four geochemical groups are identified on the 
islands, and the HMP is zoned along a compositional 
gradient perpendicular to the edge of the LLSVP. 

What about the rest of the Hawaiian Ridge and 
Emperor Seamounts, 80 mar of plume activity? 

Mauna Kea post-shield cones
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Very limited isotopic 
data were available for 

the entire Hawaiian 
Ridge up to now

Figure from Tanaka et al. (2008) DSDP & ODP samples
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Papahānaumokuākea Marine National Monument 
UNESCO World Heritage Site 

Northwestern Hawaiian Islands (NWHI) 
362,073 km2 (now 1.51 million km2); 1930-km-long chain of islands 
From Nihoa to Kure Atoll (8-27 Ma), now covering 80% of NWHR
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NWHR: Pb Isotope Systematics

Garcia et al. 2015
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Sampling lower mantle heterogeneity accounts 
for Loa trend arrival
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Conclusions: 

Four geochemical groups are identified in Hawai’i. 

The HMP is zoned along a compositional gradient 
perpendicular to the edge of the LLSVP. 

Loa compositions sample the Pacific LLSVP, hence the 
EM-I signature (ULVZ) and larger heterogeneity. 

HMP source components refresh and grade into and 
out of existence on a smaller timescale than 
previously thought. 

Kaua’i, NaPali coast 
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