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WR geochemistry of the deformed peridotite xenoliths from
kimberlite pipe Udachnaya and their bearing in kimberlite
petrogenesis

A.M. Agashev', Yu.V. Cherepanova', N.P. Pokhilenko*

!Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia. (agashev@uiggm.nsc.ru)

A suite of 22 xenoliths of deformed (sheared)
garnet lherzolites were studied for their WR major and
trace elements geochemistry, mineralogy and mineral
composition. The broad objective of this project is to
investigate composition and evolution of the deepest
layer of lithospheric mantle and its bearing in
kimberlite petrogenesis. Those xenoliths carried up to
the surface by kimberlites of Udachnaya pipe. They are
typical four phase lherzolites consisting of olivine,
orthopyroxene, clinopyroxene and garnet in variable
amounts. Typically, they have a porphyroclastic
textures composed by bigger grains of major phases
that setting in matrix of fine-grained sugar-like olivine.
Porphyric grains often make up the chains in which
garnets usually have an isometric shape, but
clinopyroxene and olivine often deformed and
elongated along the chains direction. All xenoliths are
unique fresh with no signs of secondary alteration,
many of them being analyzed for major elements
composition show loss of ignition of around zero. All
of them are big enough (weight 400 grams and more)
and suitable for WR analysis.

Fig. 1 Microphotograph of sample Uv-208/02

The samples were cut and only middle part of xenoliths
without any surface which was in touch with kimberlite
was taken for study. All analyses were performed at the
Institute of Geology and Mineralogy SB RAS. Major
elements were analyzed by RFA method and for the
trace elements solution ICP-MS method have been
used. Major elements composition of minerals was
analyzed using electron microprobe.
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P-T estimates

The P-T conditions of equilibrium were calculated
from chemical composition of garnet and two
pyroxenes using Brey and Kohler (1990) equations.
The most of xenoliths have calculated equilibrium
temperature in the range of 1300-1400 °C and pressure
of 60-70 Kbar. The similar results were obtained
previously in (Boyd et al, 1997) for the partly
serpentinized xenoliths of same type. Deformed
peridotites represent a deepest layer of lithospheric
mantle and most probably the boundary layer between
stable  lithospheric = mantle and  convecting
asthenosphere.
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Fig. 2 P-T diagram for the deformed peridotite
xenoliths from Udachnaya kimberlite. The continental
geotherms of 35 and 40 mw/m’ (Pollack and Chapman
1977), graphite/diamond transition line and solidus of
carbonated peridotite are shown.

Major elements

On the major elements composition deformed
peridotites xenoliths are depleted in most of the
elements, but enriched in MgO comparative to
primitive mantle (PM) composition of McDonough and
Sun (1995). On the variation diagrams of CaO, TiO,
and ALO; concentrations with that of MgO, deformed
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peridotites are located between PM and cratonic
Harburgite compositions (McDonough and Rudnick
1998) indicating their residual nature. K,O and P,Os
behave independently from other elements and often
enriched over PM composition.
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Fig. 3 MgO-Al,O; variation diagram for the deformed
peridotite xenoliths from Udachnaya kimberlite.

Trace elements

Bulk —rock trace elements composition of deformed
peridotites are enriched in the hardly incompatible
element. The degree of enrichment in particular
elements is variable being 10 times over PM
composition for K and Rb and 2-5 times for Ba, Th, U,
Nb and La. The concentration of elements of middle
incompatibility (MREE, Zr, and Hf) varies around PM
model composition and even slightly depleted.
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Fig 4. Primitive mantle normalized trace elements
patterns of deformed peridotites in comparison with
that of their host kimberlite of Udachnaya pipe.

Heavy REE and Y concentrations are lower than in the
PM model indicating a residual nature of deformed
peridotites. Normalized to PM trace elements patterns
(Fig. 4) of deformed peridotites have a positive and
negative peaks that is opposite to kimberlite
composition. Therefore, significant contamination by
host kimberlite can be excluded. Major residence phase
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for K and Rb is a kelyphitic rims around the garnets.
Other incompatible elements are resided mostly in
clinopyroxene and garnet and some part of
incompatible elements balance are attributed to
micron-size metasomatic phases located along the
grain boundaries of rock-forming minerals.

Geochemical evolution model

Based on the xenoliths chemical composition a
simplified model of their geochemical evolution has
been proposed and sown in Fig 5. At the first stage the
depleted residues after high degree of melt extraction
from the PM-like source have been formed. Probably,
this process occurred in Archaen time as indicated by
Re-depletion ages of deformed peridotite xenoliths
reported in Pearson et al (1995). Lately, originally
depleted rocks were enriched in incompatible elements
via metasomatic processes. The second stage of
geochemical evolution is attributed to cryptic
metasomatism and manifested in enrichment of rocks
in hardly incompatible elements. The most appropriate
agent was incompatible elements enriched melt of
carbonatite affinity. Second metasomatic event
(evolution stage 3a, Fig 5.) led to changes in modal
mineralogy of peridotites, growth of garnet and
clinopyroxene moves bulk-rocks chemistry toward PM
composition. The chemistry of samples correlates well
with increasing of modal amount of Grt+Cpx in rocks
mineralogy and do not agrees with any admixture of
kimberlite melt. Trace elements composition of
samples that develops the trend (3b, Fig. 5) controlled
by micron-size metasomatic phases located along the
grain boundaries and could be produced by interaction
with residual liquid and fluids after fractional
crystallization in stage 3a.
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Fig. 5 Schematic model of the geochemical evolution
of deformed peridotites.

Stage 1. Initial depletion (see description in the text).
Stage 2. Metasomatic enrichment by the interaction
with incompatible elements enriched melt of
carbonatite affinity. Stage 3.a). Modal metasomatism
by silicate (kimberlite) melt. Growth of garnet and
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clinopyroxene moves bulk-rocks chemistry toward PM
composition. b) Metasomatic enrichment by residual
liquid and fluids after fractional crystallization in stage
3a. DLM is a hypothetical Depleted Lithosperic
Mantle composition where Al,Os; concentration was
adopted from on-craton harzburgite composition of
(McDonough and Rudnick 1998).

Partial melting

Geochemical character of kimberlites requires the
source to be depleted in major elements and heavy
REEs, but enriched in hardly incompatible elements.
The WR composition of deformed peridotite xenoliths
fulfills those conditions. Calculations of partial melting
using both, major and trace elements and average
composition of the studied samples closely reproduce
composition of Udachnaya pipe kimberlites. Therefore
the deformed peridotites of lithospheric mantle roots
could be a suitable source for kimberlite melts.

1000
@ 100
€
©
£
s
£ 10
E
=
(3
©
= 1 V . +— 1% melt from DP Source
Udachnaya kimberlite
—a— South African gr | kimberlites
0
Si Mg Ca Al Th Nb Ce Nd Zr Sm Eu Ti Y Yb
10
= /’7'\\?\‘_‘\
o
° o—=2.
S 11— — \_‘\\>< —
]
[o] \\‘ \—0
@ —e— SA kimberlite source
—e— Deformed Peridotites of Udachnaya
0.1
Si Mg Ca Al Th Nb Ce Nd Zr Sm Eu Ti Y Yb

Fig. 6 Upper plot: Primitive mantle normalized
composition of 1% partial melt of deformed peridotite
xenoliths average composition (DP source) compared
to Udachnaya pipe kimberlites and South African
group I kimberlites (Le Roex et al, 2003) composition.
Lower plot: Composition of deformed peridotites of
Udachnaya compared to calculated source composition
(Le Roex et al, 2003) for South African kimberlites.
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Appendix table 1.
Major elements composition of Deformed Peridotite
xenoliths from kimberlite pipe Udachnaya

Sample Si0, TiO, AlLO3 Fe,0; MnO MgO CaO Na,0 K,0 P,05 LOI Summ
Uv05/02 4172 0.09 074 1267 0.16 4326 081 028 023 005 0.00 1000
Uv-213/02 4437 007 082 871 015 4467 066 038 013 003 000 100.0
Uv-208/02 4300 0.14 089 994 016 448 079 001 018 004 000 100.0
Uv-32/04 4251 011 089 1303 016 4219 079 007 018 0.06 000 100.0
Uv-18/04 4242 0.09 098 959 015 4549 085 020 016 0.07 000 100.0
Uv-285/02 4268 0.12 1.02 1027 0.16 4439 110 009 012 0.06 0.00 100.0
Uv-33/04 4254 012 110 1237 0.6 4224 105 019 016 006 0.00 100.0
Uv-205/02 4400 0.03 115 870 0.16 4469 105 004 013 0.05 0.00 100.0
Uv-153/02 43.06 0.13 121 1041 0.15 4339 147 000 015 0.04 0.00 100.0
Uv-3/01 4252 012 126 1052 0.16 4367 141 011 018 006 0.0 100.0
Uv-38/02 43.01 0.06 134 914 016 4392 150 004 028 0.05 051 100.0
Uv-24/05 4234 016 135 1088 0.18 4267 196 012 029 0.05 0.00 100.0
Uv-30/04 4383 0.09 169 9.07 018 4289 178 022 015 0.06 004 100.0
Uv-3/05 4404 018 185 1190 018 3832 288 030 028 007 000 100.0
Uv-97/02 4435 014 215 946 016 4134 215 004 019 0.03 000 100.0
Uv-257/02 4293 008 219 954 016 4247 241 003 013 005 0.00 100.0
Uv-27/01 4469 019 250 1145 016 3775 274 015 030 0.07 000 100.0
Uv-1/04 4414 010 253 884 016 4165 199 028 023 006 002 1000
Uv-268/02 4509 015 288 885 015 3958 263 030 030 006 000 100.0
Uv-17/04 4236 011 295 851 016 4255 279 023 025 010 000 100.0
Uv03/02 45.05 0.14 369 935 017 379 3.4 003 022 005 0.00 100.0
Uv-252/02 4423 0.14 176 8.86 015 4196 154 0.18 025 0.04 092 100.0
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