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Differentiation of the Earth’s mantle occurs principally 

through partial melting and extraction of basaltic melt. Among 
the mantle rocks occurring at the Earth’s surface, harzburgites 
are widely considered as refractory mantle residues left after 
extraction of a basaltic component. In contrast, fertile 
lherzolites are generally regarded as pristine mantle, only 
weakly affected by partial melting. However in the Lherz 
Massif (France), structural mapping shows that the lherzolites 
are secondary rocks formed at the expense of the harzburgites. 
Variations of major, minor and trace elements across the 
harzburgite-lherzolite contacts indicate that the lherzolites 
were formed through a refertilization process involving 
interaction of refractory, lithospheric mantle with upwelling 
asthenospheric partial melts. Rare-earth elements (REE) in 
clinopyroxenes display variable chondrite-normalized REE 
patterns. Massive harzburgite bodies show U-shaped REE 
patterns whereas lherzolites have classic N-MORB REE 
patterns as observed in orogenic lherzolites worldwide. 
However at the contact, both lherzolite and harzburgite show 
more LREE-enriched clinopyroxenes than their distal 
counterparts. These REE enrichments also cannot be 
explained by partial melting model and provide further 
evidence for refertilization. 

In order to further constrain the mechanisms involved in 
the refertilisation process, we  investigated Sr, Nd and Hf 
isotopic compositions of over 15 samples accross a harburgite-
lherzolite contact, as well as  “distal” samples. Sr isotopes 
were measured in whole-rocks and clinopyroxene separates 
(TIMS and MC-ICP-MS), combined with the Sr in-situ 
method on clinopyroxenes (LA-MC-ICPMS). Al2O3 is 
negatively correlated  with 87Sr/86Sr and positively correlated 
with 143Nd/144Nd. These correlations are consistent with REE 
patterns. Distal harzbugites have 87Sr/86Sr = 0.703638(6), 
while distal lherzolites have 87Sr/86Sr between 0.7020 and 
0.7025. Towards the contact,  the lherzolites show a steady 
increase in 87Sr/86Sr up to 0.7032. The harzburgites within the 
contact radiogenic compositions up to 0.7055. The  highly 
radiogenic composition of the contact zone is not compatible 
with melting models. Further investigations are in progress to 
characterise the scale and range of isotopic variations across 
the transition from harzburgite and lherzolite. 
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The new high-pressure X-ray tomographic microscope 
installed on 13-BM-D at GSECARS-APS/ANL is being 
refined to measure the volumetric properties of glasses and 
melts.  Bulk moduli are constrained through direct 
measurements of volume changes by X-ray computed 
tomography and density is determined from X-ray absorption. 
The tomographic microscope consists of two opposing anvils 
compressed within an X-ray-transparent containment ring 
supported by thrust bearings driven by a 250-ton hydraulic 
press. This system permits the pressure cell to rotate under a 
load, while collecting radiographs through 180 degrees of 
rotation. Individual radiographs are recorded by a CCD 
camera after conversion to visible light by a YAG scintillator 
and are combined to render the volume using a back-
projection algorithm and standard flat/dark field corrections 
with minimal filtering, following by image processing. The 
13-BM-D beamline configuration permits switching between a 
monochromatic beam to produce high-quality radiographs and 
a white beam to measure pressure through energy dispersive 
diffraction of a standard. Density is recovered from the linear 
attenuation coefficient calibrated against internal pressure 
stardards.  Preliminary results are reported for refractory 
magnesium silicate glasses compressed to ~11 GPa and heated 
to glass transition temperatures using a modified toroidal anvil 
cell.  Strategies to reach the melting interval for in situ studies 
of compositions relevant to the Earth’s mantle and core will be 
discussed.  
 


