VARIETIES OF ECLOGITES AND THEIR LOCATION IN THE CRATONIC MANTLE LITHOSPHESRE REVEALED BY JD-DI AND GARNET TERMOBAROMETRY AND GEOCHEMISTRY.
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Monomineral thermobarometry for clinopyroxenes (based on Jd-Di exchange ) and garnets (based om majorite) (Ashchepkov et al. 2017) allow to  estimate the position of different groups of eclogites in the cratonic lithospheric mantle of Yakutia and  worldwide. The division to three groups (Dawson, 1977) was completed by the Ca- rich group.
We used division eclogites into four large groups (Spetsius et al., 2008; Viljoen et al., 2010) instead of common three groups based on MgO-Na2O variations in clinopyroxene (Dawson, 1980; Neal et al., 1992). Several subgroups can be identified according to previous studies described in literature trace element signatures and by their positions on the PTX diagrams. 

1. The high-Mg eclogites (Fe=0.07-0.15) (Group A) consist of several Groups: 1a) a Cr-bearing group formed after crystallization of partial melts produced by volatile fluxes or heating (Heaman et al., 2006; Smart et al., 2009); 1b) a group formed by hybridization of subduction-related melts and fluids with mantle peridotites (Aulbach et al., 2011); 1c) a group derived by crystallization of differentiated protokimberlite melts (Haggerty et al., 1979; Kamenetsky et al., 2009); 1d) a low-Cr group which could be restites (Wyman & Kerrich, 2009 ) or deep cumulates from tonalite- trondhjemite  magmas or Mg-rich arc magmas (Horodytskyi et al., 2007; Barth et al., 2002). 

2.  The largest group (Group B) with Fe# (~ 0.20-0.30, moderate Al2O3 and Na2O values, commonly reveal Eu anomalies. The most abundant rocks form Group 2a interpreted as subducted basalts and their modifications as well as eclogitized metagrabbro (with relics of ophitic structures), close to MORB basalts (Jagoutz et al., 1974; Beard et al., 1996; Pearson, 1995; Snyder et al., 1997) reacted with oceanic water (Neal et al., 1990).  Enriched "gabbroic" type. Group 2b eclogites are thought to be products of fluid melting of ancient oceanic crust and interaction with peridotites during subduction (Aulbach et al., 2007).  Group 2c eclogites are considered as shallow mantle basaltic cumulates derived from plume or ancient arc magmas in cratonic margins (Wyman &  Kerrich, 2009);  those near Moho may be eclogitized lower crustal cumulates (Shu et al., 2014).  Group 2d eclogites are “metabasaltic of remelting or hybridization with protokimberlite and other plume melts (Shatsky et al., 2008). 

3. The high-Fe -Na Group 4 (Group C) eclogites (Fe# > 0.27) may be subducted Fe- basalts (Group 3a); Ca-enriched varieties may be meta-tonalites or trondhjemites (Group 3b) (Barth et al., 2002) and those which are very rich in Al could be metasediments (Group 3c) (Mazzone & Haggerty, 1989).

4. High –Ca- Al  Group  eclogites were divided to: Group 4a rocks are high-Ca and low-Fe  varieties, commonly Al-rich and  kyanite-bearing (sometimes with coesite) (grosspydites) which may be originally carbonate metasomatites (Smyth, 1977) or metapelites (Liou et al., 2014);  Group 4b eclogites are high-Ca and moderate-Fe and may be ancient Mg-granites (Barth et al., 2002; Jacob et al., 2003) . 

High-Mg eclogites (produced by partial melts or arc cumulates) are related to low-temperature geotherms and commonly refer to the lower part of the mantle sections. 

Beneath Siberia and most localities worldwide the Na- Al -Fe- rich eclogites were found within the 3.5-4.0 GPa pressure interval were formed in Early Archean time when the mantle lithosphere was 130 km in thickness. In the Middle and Late Archean, eclogites and their restites divided subducted peridotite layers.  

During the subduction partial melts of eclogites group B created ascending channels and reacted with peridotites  producing hybrid Cr- bearing high alumina pyroxenites sometimes.   But most eclogites crystallized in Cr- less system but most of them demonstrate magmatic signs. 
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Fig.A. PTX diagram for xenoliths and minerals concentrates from: A) Udachnaya pipe; B) Mir pipe. Symbols: 1. Cpx: ToC Nimis &Taylor, 2000 - P (GPa) Ashchepkov et al., 2010) for common eclogites; 2. The same for pyroxenites; 3. The same for diamond inclusions; 4 Garnet (monomineral): ToC (O’Neill &Wood, 1979) - P (GPa) Ashchepkov et al., 2010); 5. The same for eclogitic diamond inclusions.  6. The same for peridotitic diamond inclusions; 7. The same for eclogitic garnets. 8. Opx for diamond inclusions: ToC (Brey & Kohler, 1990) - P (GPa) (McGregor, 1974); 9. Chromite for diamond inclusions: ToC (O’Neill & Wall, 1987) - P (GPa) (Ashchepkov et al., 2010); 10. Opx- Gar: ToC – P (GPa) (Brey & Kohler, 1990). Position of conductive geotherms are after Pollack & Chapman (1977) and the graphite – diamond transition after Kennedy and Kennedy (1976); the line above after Day (2012).
Melt-metasomatized eclogites commonly trace high temperature geotherms and are often close to the middle part of the mantle lithosphere. Abundant eclogitic diamond inclusions from Siberia also mostly belong to the middle part of the lithosphere.   Ca-rich eclogites (group D) from Precambrian kimberlites of India are located in the middle lithospheric mantle whereas those entrained in Phanerozoic magmas are derived from the lithosphere base. In the Wyoming craton, kimberlites carry eclogite xenoliths captured from the 4.0-2.5 GPa interval.  In mantle lithosphere sampled by Proterozoic kimberlites, Ca-rich eclogites and grospydites occur in the 4.0-5.0 GPa interval. 

Most eclogites in the mantle sections beneath Udachnaya and Mir pipes refer to the group B and show the showing an increase in Fe# with the decreasing pressures. They show very wide thermal conditions tracing  from 33 to 45 mv/m geotherms.  

The eclogitic diamond inclusions in Nyurbinskaya pipe Ca-Al rich type and found in the lower part of SCLM. Th Ebelyakh diamond inclusions (Shatsky et al., 2016)  show wide range of PT conditions. 

In Precambrian kimberlites South Africa HT eclogites and diamond eclogitic inclusions like in Premier kimberlites are derived from the deeper part of the mantle lithosphere and trace a high-T geotherm at depths of 7.0-4.0 GPa  and as well in Kl4 pipe in Dharwar craton.  

 Similar trends are common beneath the Catoca cluster kimberlites in Angola where there many hybrid eclogites and Lace kimberlites  (Aulbach, Viljoen,2015). Very often remelting tend to the transition eclogites to pyroxenites. [image: image2.emf]A)
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Fig.B. PTX diagram for xenoliths and mineral concentrates from: A) Sloan pipe, Front range field, Wyoming craton; B) Kl-4 pipe, Wajrakarur field; Dharwar craton. Symbols are the same as for Fig.1
Mantle eclogites have clinopyroxenes and garnet trace element patterns with opposite inclinations determined by melt KDs. Flatter and bell-like REE patterns with HFSE troughs and U, Pb peaks are common for MORB-type eclogites. High-Mg eclogites show less fractionated incompatible element patterns.  LILE-enrichments and HFSE troughs are typical for kyanite-bearing eclogites. Clinopyroxenes from diamond-bearing eclogites show lower REE and troughs in Nb and Zr, peaks in Pb and U concentrations compared to barren eclogites with round smooth trace element patterns and small depressions in Pb and Ba.
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Fig.C. PTX diagram for xenoliths and mineral concentrates from: A) Catoca cluster, Kasai craton. B) Premier pipe, Kaapvaal craton.. C) Lace pipe, Kaapvaal craton.  Symbols the same as for Fig.1
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