THREE TYPES OF CLINOPYROXENES FROM AILLIKITE, ILBOKICHESKOE AND CHADOBETS UPLIFTS, SW SIBERIA.
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Major and trace element data are reported for clinopyroxenes from aillikites of the Chadobets and Ilbokich uplifts (SW Siberia, Russia). The Siberian craton contains more than 1000 intrusions of kimberlite and ultramafic alkaline rocks, which are divided into three Phanerozoic magmatic events: 1) Silurian to Early-Carboniferous (420-345 Ma); 2) Triassic (245-215 Ma); and 3) Late-Jurassic (160-149 Ma). The most of them are located within the northeastern Siberian craton and only a few occurrences of ultramafic lamprophyres (UML) are known within southwestern edge of the platform. These are Triassic UML of Chadobets (Lapin et al., 2007) and Devonian aillikite of Ilbokich (Kargin et al., 2016). 
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	Figure 1. a – clinopyroxenes from altererd olivine, group 1; b - clinopyroxene of group 2a with rim 2b; d– clinopyroxene of group 3 in ground mass.



The studied rocks, – aillikites ,are melanocratic with porphyritic or massive, occasionally globular texture and high content of carbonate (up to 50 volume %),. Phenocrysts are represented by olivine (up to 30 v. %) and clinopyroxene (up to 15 v.%), groundmass consists of carbonate (up to 50 v. %), phlogopite (up to 40 v. %), clinopyroxene (up to 20 v. %), amphibole (<5 v.%),  perovskite (up to 8 v. %), Ti-Mag (up to 10 v. %), apatite (up to 5 v. %), rutile, ilmenite, and spinel (<5 v. %), and rare high-Ti andradite (up to 1 v.%).
In terms of morphology and chemistry, clinopyroxenes can be divided into 3 groups: (1) xenocrysts - clinopyroxene from xenoliths, (2) phenocrystic clinopyroxenes as; and (3) groundmass clinopyroxene in. 
First group clinopyroxenes occur as rare subhedral grains (70x100 mkm) within altered olivine from Ilbokicheskoe aillikites (fig. 1a). The grains are partly altered and show no chemical zoning. These clinopyroxenes are high-Cr diopside (Cr2O3 0.7-1.1 wt.%) with Mg# 89 and TiO2 0.13 wt.%, Al2O3 0.6 wt.%, CaO 22.6, MnO 0.1 wt.%, Na2O 1.1 wt.% contents.
Second group includes clinopyroxene phenocrysts from Chadobets UML. They form sub- and euhedral crystals, 1-3 mm in diameter, with homogeneous cores and heterogeneous rims with spotted zoning. Boundary between rim and core can be clearly distinguished (fig. 1b). 
Occasionally, rims contain inclusions of phlogopite, magnetite, Ti-magnetite and calcite. The cores and rims are distinguished, respectively, as groups 2a and 2b. The group 2a shows the following variations in composition (20 analyses): Mg# 82-84, ТiO2 1.1 – 1.5 wt.%, Cr2O3 0.0 – 0.4 wt %, Al2O3 4.7 – 6.5 wt.%, CaO 20.1 - 21.0 wt.%, MnO 0.1 – 0.2 wt. %, Na2O 1.0 – 1.2 wt.. Group 2b shows following variations (23 analyses): Mg# 80 - 91, TiO2 1.0 – 5.7 wt.%, Cr2O3 0.0 – 0.9  wt %, Al2O3 08 – 10.0 wt. %, CaO 22.0 - 24.3 wt.%, MnO 0.0 – 0.3 wt. %, Na2O 0.3 – 1.0 wt. %. 
Third group includes small size (up to 200-300, rare 500 mkm), anhedral grains with patchy zoning (fig.1c) Clinopyroxenes of this group forms intergrowths with groundmass carbonate, and occur as interstitial between other minerals. In a few samples, elongated grains are developed in rims of olivine or fully replace it. This group is represented by diopside, Mg-rich hedenbergite and salite (high-Ca dipside) join. Compositional variations are as follows ( 132 EMPA analyses): Mg# 47 – 98 , TiO2 0 – 4.4 wt. %,  Cr2O3 0 wt %, Al2O3 0 – 6.9 wt.%,  CaO 20.2 - 26.1 wt.%, MnO 0 – 0.6 wt. %, Na2O 0 – 2.1 wt. %.
Comparison  of group 1 clinopyroxenes with clinopyroxenes from various deep-seated rocks (fig.2) shows that group 1 is similar to clinopyroxenes from orangeites, spinel lherzolites and peridotite xenoliths metosomatised by a kimberlitic melt (Nimis et al., 2009). At the same time, the group 1 clinopyroxenes slightly differ from those of spinel lherzolites and orangeites (fig.2), and are identical to clinopyroxenes from metasomatized spinel lherzolite. This suggests that group 1 clinopyroxenes are xenocrysts. The clinopyroxenes and host altered olivine are xenoliths of metosomatized mantle peridotite.  
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	Figure 2. Chemical composition of clinopyroxenes of group 1, 2 and 3 aas compared to clinopyroxenes from peridotite xenoliths, orangeites and spinel lherzolites.
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	Figure 3. REE distribution pattern for clinopyroxenes of group 2a, results of SIMS analysis as compared to clinopyroxenes from xenoliths, Grib kimberlite pipe and mantle xenoliths from Kerguelen.




Trace element patterns for Cpx phenocrysts are similar to those of ultramafic lamprophyres (Tappe et al., 2004 & 2006). Clinopyroxenes of group 2a were studied by secondary ion mass spectrometry. 10 analyses was made in clinopyroxene cores  from 2 samples (53-452; 32-87). The REE pattern (fig.3) is characterized by enrichment in LREE, and depletion in HREE. The average REE ratios are (La/Yb)n=53.7; (Ce/Yb)n=42.0; (Dy/Yb)n= 3.0; (Gd/Er)n = 4.0 . HREE depletion in clinopyroxene may be related to equilibrium with garnet. LREE enrichment may be associated with high LREE content in a parental melt. 
The composition of modal melts were calculated using partition coefficients for silica (Hart and Dunn, 1993) and carbonate (Dasgupta et al., 2009) systems in proportion 80/20 (fig.4). This model may be used because petrographic and chemical compositions of rocks and minerals allow us to assume, that group 2a clinopyroxenes crystallized from carbonate-silica melts. As can be seen in fig. 4, the modal melts are similar to whole rocks compositions, which were analyzed by ICP-MS. But calculated melts resemble more differentiated UML. This indicates that the group 2a clinopyroxenes are phenocrysts. The rims (2b) were formed as group 3 pyroxene subjected to late stage autometasomatism. 
It should be noted that groups 2b and 3 are similar in their heterogeneous zoning, mineral inclusions, wide range of compositions, and their trends of changes in the composition, which presumably points to their metasomatic origin, at the late stages of evolution of the system. Meanwhile, the petrological and chemical features of groups 1 and 2a sharply differ from groups 3 and 2d. They have more euhedral morphology, relatively stable composition, lower concentrations of Ca, Mn and higher of Cr. 
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	Figure 4. Compositions of the Chadobets ULM (ICP MS data – grey field) as compared to calculated model melts (dash lines). The calculations were made on the basis of REE concentrations in clinopyroxenes of group 2a.



Thus, we may conclude that clinopyroxenes from Ilbokicheskoe and Chadobets aillikites can be divided into 3 groups on the basis of petrological and mineralogical criteria, and their genesis. The first group of clinopyroxenes are the rarest and represent xenoliths of peridotite, which were metasomatized by interaction with high-volatile magma. The second group are phenocrysts and they were crystallized from parental magmas. Study of REE distribution in clinopyroxene, shows that the parental magma was in equilibrium with garnet and had a carbonate-silica composition. Third, the widest spread group and rims around phenocrysts (2b) formed at late, autometasomatic stage of magma evolution.
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