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Kimberlite (KIMB) appears to play a role in 
mantle evolution similar to KREEP in the Moon. 
It is enriched in all the trace elements 
except for those which are retained by garnet 
and clinopyroxene. Enriched magmas can be 
viewed as a mixture of MORE plus KIMB. KIMB 
may be a late stage residual fluid of a 
crystallizing eclogite cumulate. The ratio 

of trace element concentrations in MORE to 
those in KIMB equals the solid/liquid par¬ 

tition coefficient for an eclogite residue, 
implying that the MORE source was depleted 
by removal of a kimberlite-like fluid. A 
primitive mantle pattern can be approximated 
by a mix of 25 MORE: 1 KIMB. This gives a 
flat terrestrial pattern for the LIT and an 
enrichment of about 10. This implies that 
the depleted and enriched reservoirs 
(including continental crust) result from 
about 10% melting of primitive mantle. The 
melt forms a series of cumulate layers. 
KIMB forms from the final 4% melt fraction 
of the eclogite cumulate. 

If MORE is formed by extensive melting of 
eclogite, diapirs must be able to ascend 
from great depth without appreciable 
fractionation. The physics of diapiric 
ascent is reviewed. 
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Among the different hypotheses proposed for 
magma generation, the mantle diapir certainly 
is one of the most popular (and may be the 
most plausible). 

We have investigated the problem of the beha¬ 
vior of a piece of mantle subject to partial 
melting. The problem can be described by two 
coupled non linear equations. One for the heat 
budjet, one for the momentum. 

The discussion of the momentum equation shows 

the need of a process which lowers the viscosi¬ 

ty around the diapir by a factor 10^ to obtain 
a rising effect. We adopt the hypothesis of 
Anderson's halos. 

Using this effect as a working hypothesis, 
we discuss the differential system in a phase 
space (velocity, temperature difference with 

surrounding). 

The discussion shows clearly the existence 
of a zone where the diapir is stable and a 
zone where both velocity and degree of partial 
melting increase with time. 

A more complex case which involves gaz 

bubbles is also discussed. 
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Continental rifting is associated with cha¬ 
racteristic shallow features like extension, 
vertical movements and deep seated phenomena as 
thinning of the lithosphere and upwelling of 
mantel material. This findes expression in ano¬ 
malous data of : heat flow, gravity, seismic 
wave velocities as well as the occurence of 
volcanic activity. 

Several attempts of concepts for mechanisms 
of rifting are discussed on the base of quanti¬ 
tative models. In particular plate collision as 
well as plate bending at hot spots fail to ser¬ 
ve as a self supporting mechanism of rifting, 
because it is unlikely on mechanical grounds to 
transmit the necessary energy over the required 
distances. Lithospheric stretching has been re¬ 
ported to be a nonsufficient mechanism on the 
base of geothermal arguments. 

Models on a mantle diapir concept are consi¬ 
dered in detail according to the initial and 
diapir phase of development and the induced 
stress regime in the subsurface region in ad¬ 
dition. Thereafter the typical wavelength 
across continental rifts requires the existence 
of a distinct crustal layer. Even at low am¬ 
plitude level the developing ascent of mantle 
material affects the topic layer of diapiric 
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uprise meet the deduced course of data based 
gradients. 

The highest rate of diapir uprise coincides 
with the maximum of crustal extension which is 
however confined to a narrow zone. The exten¬ 
sive stress regime becomes drastically altered 
by induced structural changes at the crust mant¬ 
le boundary imposing mass excess. This leads in 
case to substantial decrease of the amount of 
extensive stresses up to a possible change of 
the regime to compression. Such conditions are 
related to a development towards the so called 
fossile graben type beneath basins. 

The evolution and the development of enlon- 
gated mantle diapirs is finally the only concept 
which accounts for an optimum number of phano- 
mena associated with continental rifting. 
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The island of Zabargad (St. John's) is an 
uplifted fragment of Red Sea lithosphere which 
contains upper mantle peridotites. Zabargad is 
famous for large (up to 10cm) faceted crystals 
of peridot. The island contains three 
peridotite bodies, the largest of which is young 
and associated with the ocean rift. This body 
was intruded at high temperatures into an 
evaporite sequence which underlies the Red Sea. 
The sediments contained marly, calcareous, 
argillitic and mainly evaporite units which were 
high temperature contact metamorphosed into dark 
pelitic-carbonatitic rocks and light colored 
clastic rocks. Hornfelsic rocks are common and 
contain quartz, scapolite, phlogopite, 
tremolitic hornblende and albite, in varying 
proportions. One unusal assemblage near the 
contact contains cordierite, enstatite (En 
99.9), phlogopite and rutile; cordierite is up 
to 4cm, enstatite to 2cm. Cordierite cores are 
surrounded by indialite rims and the assemblage 
is one of high temperature crystallization and 
rapid cooling in a Mg-metasomatic environment. 
The peridotite is mainly fresh uniform (Fo 90- 
93) spinel Iherzolite and harzburgite; some is 
plagioclase-bearing. Hornblende-bearing 
Iherzolites are probably the result of upper 
mantle metasomatic processes. Peridot is found 
in dike-like units which consist nearly entirely 
of olivine with minor Ni-rich serpentine and Fe- 
Ni oxide. The peridot is found in open cavities 
and as overgrowths on large (up to 20cm) flat 
brown olivine crystals. Peridot is also Fo 90- 
93 and has abundant fluid inclusions which 
Clocchiatti et al. (1981) find to be remarkably 
hypersaline; they formed at high temperatures 
(750-900°). Peridot v.-as formed by magnesian 
hydrothermal solutions which are to be expected 
in young oceanic rifts. 
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PorphyroclastIc mantle peridotites 

of the NW end of the West Eifel vol¬ 

canic chain contain orthopyroxenes 

up to 8 X 2.5 mm in size. Clinopyro- 

xenes and spinels have unmixed in the 

center of the opx. Core compositions 

of the opx-porphyroclasts before un- 

mixinq were obtained by microprobe 

analysis with a defocused beam inte¬ 

grating over the unmixed phases.Tem¬ 

peratures derived from the reconstr¬ 

ucted core compositions are similar 

to the high temperature coarse grain¬ 

ed peridotites from the center of 

the West Eifel, i .e.1 100°C . For the 

rims of the porphyroclasts and pairs 

of opx-cpx neoblasts temperatures of 

about 800°C were calculated. 

The porphyroclastic xenoliths are in¬ 

terpreted as constituents of the ou¬ 

ter zone of a cooling diapir, whereas 

the high temperature xenoliths come 

from the center. 
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Mineral zonation observed in peridotite phases 
may be useful for estimating cooling rates and for 
inferring the tectonic histories of the sampled 
mantle. The basic cooling rate estimation method is 
to compute numerical solutions of the diffusion 
equation for assumed initial conditions and a range of 
cooling rates, and to match these curves to observed 
profiles. We have undertaken a modelling study to 
test the resolution of this method under linear and 
radial geometrical configurations. The geometries 
have been assumed to be ideal, but we have 
determined the effects of uncertainty in parameters 
such as diffusivities and initial temperature upon our 
cooling rate estimates. These experiments reveal the 
limits of the method, but also suggest the possibility 
of estimating parameters like the diffusivities when 
other variables can be estimated in some other way. 
The method has been applied to discrete garnets with 
peridotite inclusions from Colorado Plateau 
ultramafic diatremes. All phases are assumed 
initially to have been homogeneous. Geothermometry 
indicates they cooled to near or below 700® C before 
diatreme eruption. Though olivine inclusions are 
homogeneous, surrounding garnets are radially zoned 
in Fe-Mg for 50-100 micrometers. Enstatite crystals 
are zoned in Fe, Mg, Ca, and Al to at least 200 
micrometers from enclosing garnet. We have tested 
the range of cooling rates, initial temperatures, 
diffusivities and enthalpies in the olivine-in-garnet 
and enstatite-in-garnet systems which are consistent 
with the profiles obtained by electron microprobe 
observations. 
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