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Abstract 

[n the ultrahigh-pressure metamorphic Kimi Complex garnet-spinel metaperidotites 
with layers of clinopyroxenites occur. A detailed geochemical investigation using 
major-trace element relations and major-element modelling indicates that the 
peridotites represent mantle residues originated after variable melt extraction, 
along an adiabatic path starting from high- to ultrahigh-pressures. The 
clinopyroxenites represent HP clinopyroxene-rich cumulates probably formed 
within the garnet and/or Cr-spinel peridotite stability field. 
Key words: Metaperidolites, c1inopyroxenites, upwelling mantle, partial melting, HP 
cumulates 
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1. Introduction 

In the last decade, several studies have been carried out providing information on tbe processes 
occurring in the earth's interior. Geochemical, experimental and petrological studies have been 
focused on the upper mantle mineralogy, element partitioning, partial melting and generation of 
primary magmas. Recent studies demonstrate the adiabatic upwelling of the mantle and the 
formation of aggregate liquids as a result of polybaric melting regime (Asimow et al. 2001). 

The origin of orogenic peridotites and the variations in their chemical composition may reflect 
successive processes such as the partial melting (e.g. Niu 1997) and meWfluid-rock interaction 
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(Rampone and Morten 2001, Hermann et al. 2006, Scambelluri et al. 2006), useful for 
understanding a multistage petrogenetic history of such rocks. Pyroxenites commonly associated 
with peridotites are considered to be products of frozen melts (Pearson et al. 1993), melt-rock 
interaction (Kelemen et al. 1998) and/or cumulate processes (Xu 2002). 

In the present work we study the geochemistry of gamet-spinel metaperidotites and associated 
spinel-garnet clinopyroxenites and olivine c1inopyroxenites tectonically emplaced into the crustal 
rocks of the ultrahigh-pressure (UHP) metamorphic Kimi Complex in Eastern Rhodope. Using 
geochemical evidences from whole rock major and trace element concentrations, we attempt to 
answer the following questions: 

1. Have the peridotites fonned as residuals after batch, fractional or mixed polybaric melting? 

2. Which processes are responsible for the formation of the clinopyroxenites') 

3. Have the Kimi ultramafic rocks been influenced by post-melting event(s)? 

2. Geological Setting 

The Rhodope Metamorphic Province (RMP) in the easternmost part of the Hellenic Orogen is an 
Alpine synmetamorphic thrust and nappe complex (e.g. Ricou et al. 1998, Krohe and Mposkos 
2002) comprising tectonic slivers of UHP and HP metamorphic rocks (Mposkos and Krohe 2006 
and references therein). In Eastern Rhodope, the uppermost metamorphic Kimi Complex, 
exhumed between 65 and >48 Ma, records an alpine UHP metamorphism followed by a HP 
granulite/upper amphibolite facies event (Mposkos and Krohe 2006). 

The Kimi Complex (Fig. 1) is a tectonic mixture of crustal and mantle rocks. The crustal rocks 
comprise amphibolitized eclogites, orthogneisses, marbles and migmatitic pelitic gneisses. 
Diamond inclusions in garnet and rutile needle exsolutions in Na-bearing garnet from the pelitic 
gneisses document UHP metamorphism with maximum P-T conditions of>4.5 OPa at ~1000 °c 
(Mposkos and Krohe 2006, Perraki et al. 2006). 
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Figure 1 - Geological map of Eastern Rhodope (simplified after Krohe and Mposkos 2002) 
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The mantle rocks consist of gamet-spinel metaperidotites, spinel-garnet clinopyroxenites and 
olivine clinopyroxenites. A gamet-whole rock Sm-Nd age from spinel-garnet c1inopyroxenite of 
± 119 Ma (Wawrzenitz and Mposkos 1997) probably reflects the age of a metamorphic process (at 
-1.5 GPa, -770 0q. Muscovite pegmatites with crystallization age of 65-62 Ma intrude all the 
lithologies (Mposkos and Wawrzenitz 1995, Liati et at. 2002). 

3. Petrography 

3.1. Garnet-spinel metaperidotites 

Between Organi and Kimi villages (Fig. 1) several bodies of gamet-spinel metaperidotites occur. 
The mineral assemblage of the metaperidotites is Olivine (Ol)-Clinopyroxene (Cpx)
Orthopyroxene (Opx)-Spinel (Spl)-Garnet (Grt)-Hornblende (Hbl). Several prep, syn- and post
deformation generations of Spl, Opx and Cpx have formed. They are macroscopically 
characterized by a distinct foliation and lineation defined by flattening of large, older Cpx and Opx 
grains and elongated recrystallized smaller Cpx and Opx grain aggregates. Post-deformational 
mineral assemblages document substantial cooling within the stability field of Cr-spinel-peridotite 
but still at high pressures as indicated by the garnet exsolutions in clinopyroxene from the 
associated clinopyroxenites. The formation of hornblende coexisting with olivine indicates influx 
of water according to the reactions Grt+Opx+H20->OI+Hbl and Opx+Cpx+Spl+H20->OI+Hbl, 
taking place below 1.2-1.3 GPa at 650-750 °c (Mposkos and Krohe 2006). 

3.2. Spinel-garnet clinopyroxenites and olivine clinopyroxenites 

Clinopyroxenites occur as layers (mm-cm scale, locally> Im wide) within the metaperidotites. 
Based on the mineral assemblages the clinopyroxenites are subdivided into spinel-garnet 
c1inopyroxenites (Cpx+Grt+Spl+Hbl±OI) (type-I) and olivine clinopyroxenites (Cpx+Ol±Spl) 
(type-II). Gamet inclusions in olivine and clinopyroxene suggest that clinopyroxenites may 
represent HP mantle cumulates, above the stability field of plagioclase. 

4. Whole rock major and trace element analysis 

Major and trace element compositions of 36 representative samples from metaperidotites (18) and 
clinopyroxenites (18) were determined by Inductively Coupled Plasma - Emission Spectroscopy 
(ICP-ES) and X-Ray Fluorescence spectroscopy (XRF), carried out at ACME analytical 
laboratories in Canada. For major and trace element analyses, structural water was removed from 
sample powders by heating at 1000 °c for I hour. Major and trace element analyses were 
performed on solutions after LiB02 fusion and nitric acid digestion of rock powder for ICP-ES 
analysis and on prepared beads after mixing with Di-Lithium Tetraborate and fusion for XRF 
analysis. Rare earth element (REE) analyses were determined by inductively coupled plasma-mass 
spectroscopy (ICP-MS) after LiB02 fusion nitric digestion. The chemical compositions of 
representative samples are presented in table 1. 

Table 1 - Representative major and trace element compositions of peridotites (per), type-I 
and type-II clinopyroxenites (pyx) from the UHP metamorphic Kimi Complex 

Sample 133 C4 C35 C37 C31 C36 5K29Al 5K26A C34 

Rock Per Per Per Per Pyx-I Pyx-I Pyx-I Pyx-I Pyx-II 

Major elements (wt%) 

Si02 41.60 42.71 39.49 40.02 41.25 41.44 40.25 43.67 48.71 

TiOl 0.09 0.04 0.04 O. I 0.21 0.09 0.11 0.39 0.24 

AI 20 3 3.52 2.39 1.23 3.19 16.88 15.55 17.32 13.29 3.92 

Fe20}T 10.38 8.11 10.28 9.02 7.55 9.01 9.05 805 4.61 
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Continue 

MnO 0.09 0.12 0.13 0.1 0.11 0.28 0.33 0.26 0.14 

MgO 34.55 36.79 37.18 33.57 15.55 19.59 21.74 21.76 19.33 

CaO 2.96 2.35 1.49 2.4 16.68 9.29 6.0 7.49 1897 

Na20 0.05 0.04 0.01 0.09 0.17 0.05 0.05 0.02 0.08 

K20 0.03 <0.02 <0.02 0.04 <0.02 <0.02 0.04 0.04 <0.02 

P20 S <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 

LO] 6.59 6.6 9.2 10.8 1.3 4.2 5.0 4.8 3.4 

Total 99.85 99.15 99.05 99.33 997 99.5 99.9 99.78 99.4 

Mg# 0.87 0.90 0.88 0.88 0.80 0.81 0.83 0.84 0.89 

Trace elements (ppm) 

Ba 11 11 5.7 6.2 16.4 6.4 23.0 112 3.4 

Nb 0.8 <0.5 <0.5 <0.5 0.5 <0.5 <0.5 <0.5 0.5 

Pb 0.7 0.3 0.1 0.5 0.3 0.4 1.2 0.3 0.2 

Rb 1.0 0.7 <0.5 1.1 0.7 0.6 0.5 <0.5 0.5 

Sf 14.0 12.1 2.1 ]2.3 39.1 13.8 10.1 13.5 15.7 

V 79 67 60 94 209 91 113 111 206 

Zr 1.5 0.5 0.5 1.6 2.4 4.2 5.9 4.9 4.6 

Y 2.1 1.7 0.6 1.2 4.7 7.6 6.4 13.3 9.6 

N'.) 1712 1720 1722 1542 87 529 414 665.3 461.4 

Cr 1837 2265 2087 1929 575 787 657 1341 1403 

La 0.5 as 0.5 0.5 as 0.5 <.5 0.5 

Ce 0.5 0.5 1.3 0.6 1.7 1.4 0.5 1.3 

Pr - 0.04 0.10 0.21 0.11 0.1 0.19 0.1 0.25 

Nd 0.4 0.4 I 0.5 0.6 1 0.5 1.8 

Sm - 0.15 0.1 0.2 0.5 0.2 0.4 0.4 0.7 

Eu - 0.05 0.05 0.11 0.17 0.14 0.16 0.19 0.21 

Gd - 0.13 0.09 0.3 0.63 0.7 0.75 0.84 1.1 

Tb - 0.03 0.02 0.06 0.13 0.17 0.15 0.29 0.25 

Dy 0.2 0.07 0.16 0.82 1.12 1.05 2.3 1.42 

Ho - 0.08 0.05 0.05 0.17 0.26 0.23 0.51 0.33 

Er - 0.19 0.07 0.09 0.47 0.76 0.62 1.54 1.04 

Tm - 0.05 0.05 0.05 0.08 0.09 0.09 0.23 0.12 

Yb - 028 0.11 0.1 0.48 0.67 0.48 1.1 0.91 

Lu - 0.03 0.01 0.02 0.06 0.09 007 0.2 0.14 

[LalYb]N - 1.28 3.26 3.59 0.75 0.54 0.75 0.33 0.39 

[Eu/Eu*] - 1.09 1.61 1.37 0.93 1.14 0.89 1.00 0.73 

<: Below the detection limit. 

- 656

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



• • 

••

5. Whole Rock Geochemistry 

5.1. Major elements and compatible trace elements 

5.1.1. Metaperidotites 

The garnet-spinel metaperidotites have Si02 content ranging from 43.52-47.91 wt%, Ah03 from 
1.37-4.58 wt %, CaO from 009-3.50 wt% and Ti02 from 0.02-0.20 wt%. The Na20 content varies 
from O.OI-O.17wt%, showing wide scattering over a range ofMgO content. Cr, Ni, Co, V and Sc 
abundances range from 1644-3530 ppm, 1283-3000 ppm, 85-137.5 ppm, 25-132 ppm and 2-28 
ppm, respectively. 

Variations in selected major and trace elements vs. MgO are shown in figure 2. CaO, AhO}, Ti02, 
Na20 are negatively correlated to MgO whereas Cr and Ni are positively correlated. The sample 
133 representing the most fertile composition (Tab. 1) displays slightly lower MgO, Ah03 and 
CaO content compared to the primitive mantle composition (Sun and McDonough 1989). 

5.1.2. Clinopyroxenites 
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Figure 2 - Variation diagrams of selected elements vs. MgO (anhydrous) of the peridotites 
and clinopyroxenites from the metamorphic Kimi Complex in East Rhodope 
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CaO, AIP3, Na20 and Ti02 generally exhibit a negative correlation with MgO whereas Cr and Ni 
are positively correlated (Fig. 2). Cr, Ni, Co, V and Sc abundances range from 407.1-1770.6 ppm, 
87.3-976.8 ppm, 35.8-75.1 ppm, 51.5-264.2 ppm and 16.6-59.9 ppm, respectively. 

5.2. Incompatible trace elements 

5.2.1. Metaperidotites 

The primitive-mantle normalized trace element patterns (Fig. 3a) are characterized by relatively 
flat high fleld strength elements (HFSE), negative Zr and positive Ba anomalies. Zr/Zr* 
[(Zr/Zr*=ZrN/(NdN 'SmN)o5) anomalies are negatively correlated with MgO content (not shown). 
The rare earth element (REE) patterns normalized to chondrite (Fig. 3b) are characterized by very 
low REE abundances (l-3x chondrite), light rare earth element (LREE) enrichment 
[(LalYb)N>l.OJ, depletion ofCe-Pr, slightly negative to positive Eu anomalies (EulEu*=0.87-1.7I) 
and relatively flat heavy rare earth element (HREE) patterns. 

5.2.2. Clinopyroxenites 

The primitive-mantle normalized trace element patterns (Fig. 3c) are characterized by negative Zr 
and negative to positive anomalies of the large ion lithophile elements (LILE) (e.g. Sr and Ba). 
They also display relatively flat HFSE patterns with enrichment in elements from Dy to Lu. The 
relative abundances ofHFSE and HREE are higher than those of the metaperidotites. 

The chondrite-normalized REE patterns from type-I and type-II clinopyroxenites are illustrated in 
Figme 3d. Type-I clinopyroxenites are characterized by slightly enriched HREE, depletion of 
LREE [(LalYb)N<l.O], inflection of Ce-Pr in the LREE pattern and slightly negative to positive Eu 
anomalies (EulEu*=0.93-1.14). Type-II clinopyroxenites are characterized by LREE depletion 
[(LalYb)N<l.O), flat HREE's, slightly negative Eu anomaly (EulEu*=0.73-0.89), within the range 
of 2x chondrite for LREE and 6x chondrite for HREE. The REE pattern of the sample 5K29Al 
shows a convex-upward segment for the MREE-HREE pattern, similar to that reported for spinel 
pyroxenites from Qilin Island, South China (Xu et ai. 2002). 
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Figure 3 - Primitive-mantle and chondrite-normalized incompatible element and REE 
patterns for peridotites (a,b) and clinopyroxenites (c,d). Normalizing values are from Sun 

and McDonough (1989) 
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6. Discussion 

6.1.	 Do the peridotites represent residues after variable degree of partial 
melting? 

Partial melting is an important process for the formation of mantle rocks; mantle rocks may 
represent residues after variable degree of melt extraction (Frey et aZ. 1985). 

The observed variations of major elements vs. MgO in the studied peridotites are widely ascribed 
to extraction of melts from a fertile protolith subjected to different degree of partial melting, where 
the peridotite represents the residual material (Frey et af. 1985). Besides, the gradual increase in 
Zr/Zr* anomaly observed in the metaperidotite samples is consistent with variable degree of melt 
extraction (Yu et af. 2006). 

6.1.1. Geochem ical modelling 

Tlying to constrain the melting regime of the Kimi peridotites we simulated the major element 
variations testing two different melting models, the batch and the fractional melting. Both melting 
models were tested for polybaric conditions for pressures ranging from 4 to I GPa. Batch and 
fractional melting were modelled for the most fertile peridotite (sample 133; Table I) using the 
program Adiabat_l ph, a simple text-menu driver for subroutine versions of the algorithms 
MELTS, pMELTS and phMELTS (Asimow et aZ. 2004 and references therein). pMELTS was 
used to illustrate batch and fractional melting and calculate the produced liquids and residues. The 
two melting regimes were carried out under isentropic conditions and at the same potential 
temperatures following the method described by Asimow et aZ. (2001). In both cases, melting 
continues up to I attn in order to produce aggregate liquids that will be used later as the possible 
primary sources to explain the cumulate character of the clinopyroxenites. 

A. Batch Melting 

In figure 4 selected major elements vs. MgO and pMELTS calculations of residues for polybaric 
batch melting under isentropic conditions are plotted. We used two different mantle states in our 
calculations, a "hot" and a "cold" case, but only the "hot" one is projected ("hot" mantle at 3.5 
GPa/Tp=1480oC and "cold" mantle at 1.5 GPalTp=139 I0q. 
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Figure 4 - (a-d) Calculated residue treuds after isentropic polybaric batch and fractional 
melting of a fertile peridotite (sample 133). Peridotite symbols as in figure 2 
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As mentioned above (Cp. 5.1.1), the peridotites, despite some scattering, exhibit a general negative 
trend of CaO and AlzO] with MgO content. The calculated residues reproduce the overall negative 
trend of CaO and AI20]. TiOz and NazO trends are slightly lower at a given MgO content, 
probably due to the low Ti02 and Na20 contents in the selected source. The degree of melting is 
positively correlated with pressure (0-26.5 % with mean melt fraction at ~9 % at P ~20Pa). 

B. Fractional Melting 

The calculated fractional meltiug residues (Fig. 4) reproduce the major-element compositions 
similarly to the polybaric batch melting. CaO and Ab03 trends are similar to those of polybaric 
batch melting whereas those of Ti02 and NazO lie at lower values. The calculated MgO content 
failed to reach the most refractory peridotites, even at the "hot" mantle state (Tp= 1480 0q. The 
degree of melting is extended up to 0.3 % at ~1.3 OPa. The mean values of melting extent and 
melting pressure for the "hot" mantle case are 11.6 % and ~2 GPa, respectively. The "cold" mantle 
case yields higher mean extent of melting (-14.3 %) at lower mean pressure (~1.1 GPa). 

C. Batch melting, fractional melting or combination? 

The two melting models, batch and fractional melting, yield similar results. Both the two melting 
regimes may broadly explain the natural peridotite data from the Kimi Complex. Thus, in order to 
clarify the predominant process, we used the sensitive to melting process CaOIAh03 and 
TiOzlAI20 J ratios. They can also reflect source heterogeneities or a possible olivine-addition event. 

The calculated CaO/AI20 3 ratios (Fig. Sa) remain relatively constant at a range from -0.8 to ~0.9, 

for both batch and fractional melting regimes. However, the peridotite data shows a considerable 
scattering in the CaO/Ab03 ratios not following the calculated ones. The produced Ti02/Ab03 
ratios are higher in batch melting compared to those of the fractional melting (Fig. 5b). As outlined 
by Asimow (1999) it is difficult to consider if batch or fractional melting is predominant in order 
to explain the variations of these ratios. He suggests a combination of fractional followed by batch 
melting or vice versa, to decipher the bulk composition of abyssal peridotites. Such data, unless it 
is ought to analytical uncertainties, could also be the result of source heterogeneity or minor 
olivine-addition, which might have occurred after fractional crystalJization of migrating liquids. 

In the case of Kimi peridotites, a polybaric melting model starting at high- to ultrahigh- pressures 
and continuing adiabatically at lower pressures is efficient to explain the peridotite compositions. 
We advocate a mixed melting regime, similar to that of Asimow (1999), with a potential role of 
the fractional melting component in order to explain the range of the CaOIAI20 3 and Ti0 21Al20 J 

ratios and the MgO content of the Kimi peridotites. The mean extent of melting, deduced from the 
two models, ranges from ~9 % to ~11.6 % at pressure of -2 OPa. 

2.0 ,i---------------, 1.0 ,..------------------,a 
-- Fractional melting residues 

l.6 -- Batch melting residnes 

• 
~ 0.1S. 1.2 •« 
d'o •
i-=•U 0.8 ~:. • 0.01 
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Figure 5 - (a) CaO/Alz0 3 vs TiOz/Alz0 3and (b) TiOz/Ah03 (log scale) vs MgO for calculated 
residues and peridotite data. Olivine addition vector is also shown 
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6.2. Processes accounting for the formation of clinopyroxenites 

6.2.1. Frozen melts 

Experimental and calculated melts are compared to natural data to test the possibility of 
clinopyroxenites representing frozen melts derived from partial melting of host peridotite. We 
compare the Kimi clinopyroxenites to the experimental melts produced by partial melting of 
peridotites under various pressures using different experimental datasets (Hirose and Kushiro 
1993, Bulatov et af. 2002). Then, the calculated melts produced after partial melting of peridotite 
(Cp. 6.1) are quoted testing a possible relation of the host peridotites and the associated 
clinopyroxenites. 

The Kimi clinopyroxenites exhibit lower Ti02 and Si02 at a given MgO content compared to the 
experimental melts. The CaO content of the experimental melts firstly increases and then 
decreases with decreasing MgO whereas the AI 20 3 displays a linearly negative trend with the 
MgO content. In the Kimi clinopyroxenites, the CaO and AhO} contents increase with decreasing 
MgO content. Similar trends to the studied clinopyroxenites, regarding the CaO content, provide 
the experimental dataset by Bulatov et al. (2002). Evaluating the results of Bulatov et al. (2002) 
and comparing the experimental dataset to the studied one, we conclude that the CaO trend of the 
natural clinopyroxenites, though it is parallel to the experimental one, it is shifted toward higher 
MgO content. Moreover, the MgO content is positively correlated with pressure and melting 
degree indicating that if the clinopyroxenites represented liquid compositions they should have 
been formed under very high pressure (>2 GPa) and high degree of melting (»30 %). However, 
even at such pressures and extensive degree of melting, the other major elements failed to fit the 
natural data. 

We have advocated a mixed melting model to explain the Kimi peridotites as residues after liquid 
extraction during adiabatic upwelling of the mantle. The respective liquids failed to fit the major 
element compositions of the Kimi c1inopyroxenites (Figs 6a-d). In particular, the calculated melts 
display lower CaO, Al20 J and Si02 at a given MgO content (Figs 6a,b,d). The Ti02 content of the 
calculated melts displays a rather steep positive trend vs. MgO content (Fig. 6c). On the contrary, 
the Kimi c1inopyroxenites, despite some scattering, display a negative correlation between Ti02 
aud MgO contents. 

Summing up, the clinopyroxenite compositions failed to fit the experimental and calculated melt 
compositions under high-pressure conditions. Therefore, they cannot represent frozen melts 
produced by partial melting of the peridotite. 

6.2.2. Melt-rock interaction 

The Kimi clinopyroxenites may alternatively represent the products of melt/rock interaction 
between a silicic melt and the host peridotite. In this case, the compatible elements are always 
controlled by the peridotite composition. Thus, the melt/rock interaction products should have had 
high Ni contents and a range ofMg# similar to that of peridotites. 

Both types of clinopyroxenites (type-I and type-II) show highly variable Ni and Sc contents, lower 
than those of the host peridotites and a wide range of Mg# (0.76-0.89). The Ni and Sc contents are 
positive correlated with the Mg#. The non-nnifonnity of Ni and Sc contents and the wide range of 
Mg# preclUde interaction between a silicic melt and the host peridotite. Ifthe clinopyroxenites had 
represented such products, then, the compatible elements content should have been inherited by 
the peridotites. However, this is not the case of the Kimi clinopyroxenites. 

6.2.3. High-pressure cumulates 

Another important process to illustrate the origin of the Kimi clinopyroxenites is the crystal 
segregation at high pressures (Xu 2002). This hypothesis is treated through major-trace element 
relations and geochemical modelling. 
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Figure 6 - (a-d) Experimental and calculated melt compositions of major elements vs. MgO. 
The experimental melt compositions are obtained after partial melting of peridotite at 

various pressures (Hirose and Kushiro 1993, Bulatov et al. 2002). The calculated trends are 
obtained after polybaric melting of fertile peridotite (sample 133). We project the calculated 

melts at the "hot" mantle state (Po=o3.5GPa and Tp=1480°C). Symbols as in figure 2 

Type-l (AI-rich) clinopyroxcnites are enriched in the incompatible elements Ba, Sr, Na and K and 
present variable LREE and HREE-enrichments, Two different REE patterns are observed, a 
convex and a concave, These features are typical of cumulate origin of the clinopyroxenites, The 
distinct REE patterns indicate spinel-rich cumulates, However, the slightly HREE-enriched pattern 
of the clinopyroxenite sample 5K26A (Fig, 3) indicates that garnet was also present. Additionally, 
the garnet inclusions in olivine and clinopyroxene support the clinopyroxenite fonnation within 
the gamet stability field, Type-II clinopyroxcnites (e,g. sample C34) show relatively high LREE 
contents, convex REE pattern and variable Ni content, typical of Clinopyroxene-rich cumulates 
derived from magma of basaltic composition (Liu et al. 2005), Both types of clinopyroxenites 
show no distinct positivc Eu anomaly, indicating that plagioclase was not a cumulus phase. 

For the geochemical modelling, primary liquid compositions, obtained from polybaric (batch and 
fractional) melting modelling, are used as possible sources prior to cumulate process of 
clinopyroxenites. The geochemical modelling of major-element compositions of type-I 
clinopyroxenites is based on melts compositions, obtained from the batch and fractional melting 
modelling. We used pMELTS algorithm through the software Adiabat_l ph to illustrate batch and 
fractional crystallization of the liquids, produced after peridotite melting. Figure 7 shows the 
calculated major-element compositions after isobaric crystallization at various pressures. CaO, 
Al20] and Ti02 are negatively correlated with MgO. Ti02 content of the Kimi clinopyroxenites 
lies over the calculated trend because of the Ti02 depleted nature of the used source. However, 
despite some scattering, the clinopyroxenite compositions are rather well fitted by the calculated 
crystallization products (Fig, 7a-d) at a pressure interval 1.0-1.5 GPa. The appropriate melt to 
produce the Kimi clinopyroxenites has a higb-Mg basaltic composition. 

-- 662-

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



25 

20 

~ 15 
~ 
~ 

~ 10 

0 
U 

0 

a 

~.:t~ •.;:-~-
.... '" '."'1,,-'. '~l1t 
~ ~........
 .. -" 

.. .....
~ ~ ~0.5 GPa 1.5 GP. ~
 

1.0GPa
 .....-- '.0 GP. 
LOGP.
 
(higher Ti in the source)
 

25 

20 

:1 15 
~ 
2

10 
~ :;: 

5 

0 

b 

0.5 GPa 

1.0 GP, 

••• ,. ••. 1.5 cPa 
-- 2.0 Gl"ii 

1.0 GP.
 
(hi her Ti in the source
 

0 5 10 15 20 25 30 0 5 10 15 20 25 30 
MgO(jnwt%) MgO(lIlwt%) 

1.5	 60 .......
 0.5 GPa 1.5 GP, dO.5GPa 1.5 GP3 
1.0 GP. -- 2.0 GP.	 55 1.0 GP. -- 2.0 GP. 
(,0 G])I\. I.OGh	 .,,! 
(higher Ti in lhl' ~c)lltce) 

~ I	 50~ 
~ ~ 

45 
0 
~ 

6' 
f.ii 40F 0.5 

35................ "'....... .'
 
o -I-_---r-_---.;~I'I~i~ ~.:::::-:..;;.C!!",,~...ci::~-~-~-~"..:::...=- -:;!'~.;!'~.~'.. 30 +---...----,--....------,--.------1 

(hight'r Ti in 
thE'Sou;.e) __ _ 

o	 5 10 15 20 25 30 o 5 10 15 20 25 30 
MgO (in wr%) MgO(mwl%) 

Figure 7 - (a-d) Calculated major-element compositions obtained after isobaric 
crystallization of liquids derived by polybaric melting. A primary, high-Mg, near basaltic 

compositiou has been used as the initial source. Moreover, a slightly Ti-rich source is used, 
in order to visualize better, the Ti02 content of the Kimi clinopyroxenites. Symbols as in 

figure 2 

In sum, major-trace element relations and geochemical modelling suggest that the Kimi 
clinopyroxenites are neither frozen melts nor melt/peridotite interaction products but they 
represent clinopyroxene-rich cumulates formed at pressures> 1.0 GPa. 

6.3. Post-melting metasomatic event 

Geochemical features, observed in both peridotites and pyroxenites suggest a metasomatic event. 
Type-I pyroxenites are emiched in the incompatible elements Sa and Sr and show an inflection of 
Ce in the LREE patterns. Similar incompatible and REE patterns, but with lower absolute 
abundances share the peridotites (e.g. Sample C4). The enrichment is commonly attributed to 
chromatographic effect of melt percolation (Navon and Stolper 1987). 

Three scenarios can be advocated to explain the sources for the metasomatic signature observed in 
peridotites and pyroxenites (type-I); (I) in the mantle wedge due to interaction with melts (fluids), 
incompatible elements (LILE and LREE) are liberated by a subsiding slab (Scambelluri et al. 
2006), (2) at the site of crystallization of pyroxenites, residual melts might have interacted with the 
pyroxenites and peridotites (Xu et aI, 2002), and (3) fluid-influx from the sUlTounding continental 
rocks (migmatites; see Mposkos and Krohe 2006). In cases I and 3, amphibole is the major carTier 
of the LILE and LREE (Hermann et al. 2006). The first and third sceuarios are adequate 
mechanisms to explain the widespread enrichment in incompatible element (LILE and LREE) and 
subsolidus amphibole formation. 

7. Conclusions 

The ultramafic rocks of the UHP metamorphic Kimi Complex consist of peridotites with 
clinopyroxenite layers. The metaperidotites most probably represent residual compositions after 
variable degree of melt extraction. Melting modelling suggests a combined (fractional followed by 
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batch melting and vice versa) polybaric melting model starting at high- to ultrahigh- pressures and 
continuing adiabatically at lower pressures. The clinopyroxenites represent HP clinopyroxene-rich 
cumulates crystallized within the garnet and/or Cr-spinel peridotite stability field. Selective 
samples from both peridotites and pyroxenites share a geochemical signature, featuring the 
enrichment in LREE and LILE, implying a regional metasomatic event. 
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