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The interior, shell-like structure of our planet is 
clearly constrained by geophysical measurements, in 
particular through seismic studies. Recent develop-
ments in seismology, most prominently in tomogra-
phy, provide a more detailed structure that goes be-
yond the fundamental separation in crust, mantle 
and core and clearly implies that the earth mantle is 
not homogenous in vertical and lateral extent. The 
most striking features are cold subduction zones 
where material locally descents from the earth sur-
face down to the core-mantle boundary and plume 
structures where hot (or wet?) material ascents in 1-
dimensional pipe-like structures from the core-
mantle boundary towards the earth surface where 
their existence is evidenced by extensive volcanism 
that is unrelated to plate tectonics. Seismic studies 
unequivocally demonstrate that the earth’s mantle is 
subdivided into several different layers, separated by 
sharp discontinuities in the seismic wave propaga-
tion velocities at 400, 670 and 2700km (just 150 km 
above the core-mantle boundary), separating the 
upper mantle, from the transition zone, the lower 
mantle and the so-called d’’-layer (‘d-double-prime’). 
The high-density, magnetic core can be subdivided 
into a liquid outer core and a solid inner core; recent 
speculations point towards a further innermost core 
that could be in liquid-state.  
Seismology provides the basic data such as p- and 
s-wave propagation velocity profiles and the relative 
increase of these velocities at the discrete, sharp 
boundaries within the earth’s mantle. Seismic veloci-
ties are, at first order, dependant on the compressi-
bility (p-waves) and shear modulus (s-waves) of the 
material they travel through. These parameters, in 
turn, depend on the physical and thermodynamic 
properties of the constituent minerals forming the 
bulk of the mantle and core rocks. Petrology, geo-
chemistry and mineral physics can and do contribute 
the fundamental data required to interpret seismic 
velocity profiles across our planet. The final goals of 
these efforts are to constrain the physical state, 
chemical and mineralogical composition including 
potential volatile contents and temperature distribu-
tion of the deep interior of our planet. However, 
modern petrology and geochemistry goes consid-

erably beyond feeding necessary parameters into 
seismologic models. Trace element and isotope ratio 
constraints allow assessment of processes operating 
early in the earth history related to accretion and dif-
ferentiation of our planet, as well as distinction of 
various long-lived ‘reservoirs’ located deeply inside 
the planet. 
Direct investigations and observations of material 
originating from the earth interior are limited to the 
top 250 km through exposed sections of mantle 
rocks (e.g. ultramafic massifs in the Alps and else-
where, Ivrea-zone, Saas-Zermatt Zone, eclogite-
facies ultramafics from the central Alps such as Alpe 
Arami) providing direct access of the top 100 km. 
Deeper parts of the upper mantle (up to 250 km) are 
only accessible through isolated decimetre-sized 
pieces of rocks or single crystals brought to the sur-
face as mantle xenoliths by alkaline and kimberlite 
magmas. These direct witnesses that can be studied 
by petrological and geochemical tools indicate that 
the earth’s uppermost mantle is dominantly lherzoli-
tic, i.e. composed of olivine and pyroxenes with addi-
tional spinel or garnet depending on the depths. Fur-
ther information is gained through igneous petrology 
investigating major and trace element compositions 
as well as isotope ratios of primary magmas gener-
ated at various depths within the earth upper mantle 
Information on the mineralogy and associated physi-
cal and chemical properties of deeper parts of the 
earth’s mantle or even its core is only accessible by 
experimental petrology and mineral physics (includ-
ing both experimental and computational methods) 
Experimental methods that have been developed 
over the last 40 years, starting in 1961 with the intro-
duction of the solid-media high-pressure apparatus, 
opened a completely new field to simulate and inves-
tigate the deep interior of the earth, complementing 
geophysical methods. Equipment developed over 
the last 10-15 years enables petrological studies to 
conditions of 40 GPa and 2800K, corresponding to 
conditions prevailing at 1000 km depth. Mineral 
physics studies, employing externally and laser-
heated diamond anvil cells, cover the entire pres-
sure-temperature space of the earth, i.e. up 350 GPa 
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and 6000K. In addition, powerful computer codes us-
ing either molecular dynamics or ab initio simulations 
of crystal structures provide a complementary source 
of information that is combined with experimental 
studies to constrain the properties of materials that 
build up the deep parts of the planet. 
The most important outcomes of research in these 
disciplines regarding the earth deep interior are: (1) 
Discrete changes in the seismic velocity structure of 
the mantle observed at 400, 670 and 2700km depth 
can directly be liked to structural/mineralogical 
changes occurring in an isochemical mantle repre-
sented by a peridotitic bulk composition. A phase 
change in the dominant mineral olivine is responsible 
for the 400km discontinuity and a reaction of an oli-
vine-type mineral to a perovskite-structured mineral 
plus ferro-periclase is responsible for the 670 km 
discontinuity. Very recent numerical and experimen-
tal constraints indicate that also the seismic disconti-
nuity close to the core-mantle boundary separating 
the d’’-layer from the lower mantle is most probably 
associated with a phase change from MgSi-
perovskite to a ‘post-perovskite’ phase; (2) Trace 
element and isotope geochemistry of igneous rocks 
originating from various depths ranges and/or tec-
tonic settings indicate that the mantle is chemically 
inhomogeneous with large-scale chemical heteroge-
neities that have been maintained over very long pe-
riods, possibly originating from the accretion and dif-
ferentiation of the planet more than 4 by ago. (3)  
Gravimetric, seismologic and geochemical data re-
quire that the earth core is composed predominantly 
of Fe-Ni alloys but that an additional ‘light’ element 
must be present. Oxygen, sulphur, hydrogen, carbon 
or silicon or a mixture of these are considered as 
likely candidates. Experimental studies on these sys-
tems are currently under way; the subject is vigor-
ously debated and far from a generally accepted so-
lution. 
Current and future research in petrology / mineral 
physics on the deep interior of the earth focus on: (1)  
Areas of extensive mass transfer between different 
‘layers’ of the system such as subduction zones, 
mantle plumes and the core-mantle boundary; (2) 
The processes that might have operated during the 
early history of the planet, accretion and differentia-
tion, with particular emphasis on the fractionation of 
elements between various reservoirs (crust, mantle, 
core); and (3) The potential existence of a magma 
ocean deeply inside the planet during incipient 
stages of planetary differentiation.  
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