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EARTH'S INTERIOR THROUGH DEEP SUBDUCTION
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Nitrogen is a well know constituent of diamonds from both
kimberlitic sources and ultrahigh-pressure metamorphic terranes
related to continent-continent collisions. It was also described in
ilmenite xenocrysts from African kimberlites. We have recently
discovered nanometric inclusuions of Boron Nitride and TiN ¨C
osbornite ¨C in coesite associated with kyanite, FeTi alloy and
OsIr alloy containing microdiamond inclusion; all are from massive
chromitite of the mantle section of the Tibetan ophiolite. Both
TiN and BN form bright-contrast particles in secondary-electron
SEM images. Because EDS spectra of boron and nitrogen have
severe overlaps with Ti L-lines, we have used EELS to confirm
the presence of boron and nitrogen K-edges and to separate
them from Ti L-lines. Electron diffraction data (TEM) identify
the cubic boron nitride (c-BN) structure. TiN is stoichiometric
(Ti=77.20wt%; N=22.80wt%) and has cubic symmetry, NaCl
structure. NanoSIMS studies of osbornite show that its ¦Ä15N =
-10.4 ¡À 3 ¡ë, what is a characteristic of mantle nitrogen known in
many kimberlitic diamonds.

Because both nitrides are inclusions in coesite, high-PT
conditions are required for their formation. We offer two
hypotheses to explain their origin¡ªastrobleme versus a mantle
convection model. Astrobleme hypothesis is less favorable
because there are not any evidence of impact microstructures in
the host coesite and in the surrounding phases. We hypothesize
that a small fragment of boron-rich Si-Al metasediments was
subducted to mantle depth and due to mantle convection was
brought to the midle-oceanic ridge ito be trapped by chromitite at
the bottom of lower horizons of the Tibetan ophiolite formation.
This is unexpected occurrence for B-bearing metasediments. The
finding of nitrides within chromitite of an ophiolite in combination
with several high-pressure phases potentially has many profound
implications for Earth. We now can be sure that within at least
some ophiolites there is a solid component of rock from at least
300 km and probably from much deeper that accompanies the
rock that partially melts and loses its ¡°memory¡± of its deeper
travels. Two major components of this old and deep ¡°memory¡±
are nitrides and evidence of very low oxygen fugacities. Does
this ¡°memory¡± in other ophiolites also include nitrides? If so, the
geochemical community finally has access to (or the beginnings
of access to) the missing N that has confounded understanding
of this element for many years and the geophysical community
may have firm evidence for one of the light alloying elements in
the core.
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IN A SEARCH OF THE LITHOSPHERE-ASTHENOSPHERE
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This paper reviews different definitions of the lithosphere
and compares the estimates of the depth to the
lithosphere-asthenosphere boundary as defined by seismic,
thermal, electromagnetic, xenolith, and gravity data. While many
of these definitions are based on remote measurements of
different temperature-dependent physical properties of rocks,
others reflect compositional variations in the upper mantle. In
all cases, a caution should be made not only when comparing
estimates coming from different techniques, but often when the
same methods are implemented to calculate the lithospheric
thickness and the depth of the lithosphere-asthenosphere
transition.
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THE ROLE OF FINGER-LIKE BABY PLUMES IN THE
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Several quasi-circular alkalic basaltic volcanic fields (~ 30 –
40 km in diameter), composed by individual volcanic centers are
present in the western part of the Carpathian - Pannonian region
known as the Little Hungarian Plain, Styrian Basin and Balaton
Highland. Each volcanic center has been emplaced as a single
magma pulse in a short time interval, as proved by K-Ar dating.
The successive eruptions of individual monogenetic volcanoes
cover an overall interval of volcanic activity between ~ 6-2 Ma
ago in each volcanic field, which apparently suggests a quite
continuous activity.

Major and trace element data normalized to primitive mantle
values corresponding to individual volcanoes prove that besides
their different age, they also have different compositions. Several
rock groups have been separated for the Little Hungarian
Plain (1, 2, 3) and Styrian Basin (2, 3, 4), while the Balaton
Highland resemble, as a whole, the 3-rd group of the former
areas. The first group, with minor troughs or spikes of the
representative trace element distribution spectrum, although
sometimes with greater depletion of heavy rare earth elements
(HREE), is similar to the average OIB pattern, suggesting an
asthenospheric origin. The second group has a significant and
sometimes variable enrichment in incompatible elements (large
ion lithophile elements-LILE,), light rare earth elements (LREE),
high Nb, along with a significant relative depletion of K; they
appear characteristic for an enriched lithosphere. The third group
presents an enriched pattern of LILE, including LREE, with
variable enrichment in LILE. (i.e. Ba and Pb and sometimes
Sr) and variable depletion of HREE (Zr, P and Ti). The forth
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group shows characteristic variable negative Nb, REE, and
P-depletion along with positive spikes of Ba, and strong positive
K and Pb anomalies, similar to calc-alkaline basalts, suggesting
the involvement of subduction-derived fluids. These unusual
dissimilar geochemical characteristics, beside isotopic data, are
interpreted as corresponding to different magma sources since no
obvious fractionation processes can be proved.

The most plausible assumption for generation of these
quasi-circular volcanic fields, complex from the geochemical
and isotopic point of view, is the presence of mantle plumes.
Small-scale “baby plumes” with a finger-like geometry and various
compositional characteristics are able to bring up high thermal
anomalies at the base of the lithosphere to trigger the generation
of alkalic basaltic magma in an extensional environment. An
upwelling asthenospheric plume at the base of the lithosphere by
~4% partial melting may generate the earlier volcanic rocks (first
group); next, 1-2 % melting of an amphibole-bearing lithospheric
mantle due to plume interaction (second group) or melting (2-4
%) of slightly (third group) or strongly affected (forth group) by
subduction-derived fluids lower lithosphere/upper asthenosphere
gave rise to the present characteristic for each volcanic field and
volcanic centre within.
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MICROTECTONIC ANALYSIS OF THE NORTHERN
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Ancestral Mount Bao (AMB) is an eroded stratovolcano,
overlying the Philippine Fault in Leyte Island, Philippines. It is host
to the Tongonan Geothermal Power Plant, which has an installed
capacity of 700 MW. Recent microtectonic analysis of the northern
slope of AMB shows a tectonic grain that mimics structures
observed in analogue models traversed by strike-slip faults.
Map views of the distribution of compressional and extensional
structures in the eroded northern slope of the AMB provide a good
analogue to experimental results not readily observed in active
volcanoes.
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LATE CENOZOIC AND MODERN STRESS
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The Zagros belt results from the collision between Arabia
and Central Iran, beginning in Miocene times and continuing
today. GPS studies suggest that about 1/3 of the Arabia–Eurasia
shortening (~7 mm yr-1) is taken up in the Zagros. The belt was
built by folding of a 6-8 km thick Phanerozoic cover detached from
the Precambrian basement by the 1-2 km thick early Cambrian
Hormuz salt layer; the basement is also involved in the collisional
shortening.

The inversion of focal mechanisms of basement (and of few
cover) earthquakes with small to moderate magnitudes shows
a consistent N020°-030° compression with a low ratio between
differential stresses. This regime accounts for the combination of
strike-slip and thrust-type focal mechanisms through likely s2/s3
permutations whatever their magnitudes and focal depths; it is
in good agreement with the pattern and the kinematics of active
faults.

Analysis of striated faults reveals two successive late Cenozoic
regional compressional trends, NE-SW then N025°. The NE-SW
compression can be interpreted in terms of either stress deviations
or block rotations in relation to right-lateral transcurrent faults.
Analysis of calcite twinning in the ZSFB also yields a late Neogene
reverse-strike slip stress regime with a 025° directed compression
which prevailed mainly after folding. AMS studies indicate that
Paleocene carbonates recorded a N47°-directed layer-parallel
shortening (LPS) probably during folding in the High Zagros Belt,
while Mio-Pliocene clastics recorded the N38° LPS related to
Mio-Pliocene detachment folding in the ZSFB.

Calcite twinning paleopiezometry reveals an unexpected low
level and first-order homogeneity of cover differential stresses
across the ZSFB. In the Fars, seismicity is of low magnitude
and occurs mainly in the basement, while the cover is almost
devoid of large thrusts and mainly earthquake deficient. In
addition to the low thickness of the seismogenic layer which is
too thin to generate large earthquakes which cannot propagate
upwards due to the salt layer, we suggest that the strata of the
detached cover are buckling while internally deforming through
diffusion-mass transfer and calcite twinning; these viscous-plastic
creep mechanisms help to relieve stresses in the cover, keeping
the stress level generally below the frictional yield required
for large-scale faulting and therefore lowering its seismogenic
potential.

The late Neogene 025° compressional trend is coaxial with
the geodetic shortening axis, and nearly parallel to the seismic
shortening axis (N010°). Long-term calcite twin and fault slip
data and short-term earthquake and GPS data are therefore
consistent with the idea that the regional compression remained
approximately constant in space (across the Zagros collision
zone) and time (during the late Neogene, since ~5 Ma), and
that the Arabia-Eurasia convergence has been accommodated by
both across-strike shortening and strike-slip faulting throughout
the cover and the basement.

The agreement of the late Neogene stress pattern in the cover
with the current stress field determined from the focal mechanisms
of basement earthquakes interestingly suggests that the Hormuz
salt decollement poorly decouples basement and cover stress
fields, although the GPS strain rate in the cover is much higher
than the seismic strain rate in the basement.
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