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Introduction 

 

Here we present preliminary results of the micro-Raman spectroscopy, SEM-EDS and EPMA studies 

of carbonate-bearing mineral inclusions in mantle-derived xenocrysts of lherzolitic Cr-pyropes from 

magmatic rocks of Chompolo field located at the Central Aldan superterrane of the Siberian craton (Fig. 

1). There are ten dikes (e.g., Aldan dike), pipes (e.g., Ogonek pipe) and vein bodies within the 

Chompolo field. The magmatic rocks of the Chompolo field were previously interpreted as kimberlites, 

however, recent studies re-classified their as lamprophyres (Kornilova, 1997). 

 

 
Figure 1: Tectonic structure of the Siberian craton (modified after Smelov and Timofeev, 2007). [1] Archean 

terranes; [2] Archean-Paleoproterizioc terranes (CA = Central Aldan superterrane); [3] Paleoproterizioc terranes; 

[4] Mesoproterozoic terranes; [5] Mesoproterozoic rift [1.2-1.0 Ga]; [6] Bilyakh-Fedorovskaya subduction zone 

[2.3-1.9 Ga]; [7] Kimberlite fields; [8] Location of the Chompolo field. 

 

Results 

 

The chemistry of the studied garnets, namely their high Cr2O3 contents and Mg#, clearly points to their 

mantle origin (Sobolev et al., 1973, Schulze, 2003). The host garnets are Cr-rich (0.4-6.9 wt%) pyropes 

with Mg# = 73.3-84.2, Ca# = [100∙Ca/(Ca+Mg+Fe+Mn)] = 10.9-16.4 and TiO2 contents below 0.4 

wt%. They belong to lherzolitic paragenesis in terms of their CaO and Cr2O3 contents. The inclusions 

of olivine, clinopyroxene and Cr-spinel in Cr-pyropes (Table 1) also suggest the mantle origin of the 

parent peridotites. 

 

Among studied samples seven garnet grains contain dolomite inclusions, ten – magnesite ones, and 

three – calcite ones (Table 1). All Cr-pyrope crystals contain from one to several individual, both single 

and/or composite (Fig. 1), mineral inclusions. Other minerals found along with carbonates within 

inclusions in the Chompolo garnets are olivine, clinopyroxene, Cr-spinel, phlogopite, amphibole, talc, 

rutile, Mg-ilmenite, minerals of crichtonite group, apatite, barite, graphite, and sulphides (Table 1). 
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Thermobarometric calculations yield PT conditions of residence of the garnets with carbonate-bearing 

mineral inclusions in the mantle as 2.9-3.6 GPa and 700-800 oC. The residual pressure up to 2.1 GPa 

was inferred for graphite inclusions assuming pressure dependence of the graphite G-band upshift 

(Nikolenko et al., 2017). 

 

Sample 

No. 

Magmatic 

body 

Inclusion mineralogy 

s21 AD Magnesite + Graphite + Olivine + Clinopyroxene + Phlogopite + CGM 

1n11 AD Magnesite + Graphite + Olivine + Clinopyroxene + Phlogopite + Amphibole + 

Rutile + Mg-Ilmenite + Rutile + Apatite + CGM + Chalcopyrite 

s163 AD Magnesite + BorniteSS + Chalcopyrite + Pentlandite 

2n4 AD Magnesite + Phlogopite + Rutile + Apatite + CGM 

s258 OP Magnesite + Phlogopite + Rutile 

s291 OP Magnesite + Olivine + Cr-spinel + Phlogopite + CGM + Amphibole + Mss + 

Pentlandite + Chalcopyrite  

s317 OP Magnesite + Cr-spinel + Phlogopite + Rutile + CGM + BorniteSS 

s124 AD Dolomite + Graphite + Clinopyroxene + Phlogopite + Cr-spinel 

s139 AD Dolomite + Rutile + Mg-Ilmenite + Talc+ Unidentified mineral 

s206 AD Dolomite + Talc 

s61 AD Dolomite + Talc + Unidentified mineral 

s182 AD Dolomite + Mg-Ilmenite + Phlogopite+ Unidentified mineral 

s26 AD Dolomite + Cr-Spinel + Rutile + Clinopyroxene + Unidentified mineral 

s113 AD Dolomite + Phlogopite + Chalcopyrite + Mss 

s213 AD Dolomite + Cr-Spinel + Chalcopyrite + Mss 

s256 OP Dolomite + Cr-Spinel + Unidentified mineral 

s261 OP Dolomite + Cr-Spinel + Unidentified mineral 

s275 OP Calcite + Cr-Spinel + Barite + Unidentified mineral 

s337 OP Calcite + Cr-Spinel + Rutile + Amphibole + Apatite + CGM + Unidentified mineral 

S300 OP Calcite + Unidentified mineral 

Table 1: Carbonate-bearing mineral inclusion assemblages in mantle-derived garnets from Central Aldan 

superterrane of Siberian craton. AD – Aldanskaya dike, OP – Ogonek pipe, BorniteSS – bornite solid solution, 

Mss – monosulphide solid solution, CGM – mineral of crichtonite group. 

 

 
Figure 1: Back-scattered electron images of carbonate-bearing inclusions in mantle-derived garnets from Central 

Aldan superterrane of Siberian craton. Mgs – magnesite, Dol – dolomite, Cal – calcite, CGM – mineral of 

crichtonite group, Ap – apatite, Phl – phlogopite, Amp – amphibole, Rt – rutile, Cr-Sp – Cr-spinel, Cpx – 

clinopyroxene, Mss – monosulphide solid solution, Pn – pentlandite, Ccp – chalcopyrite. 
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Discussion 

 

We interpreted the shape, composition, and distribution of carbonate-bearing mineral inclusions as 

evidence of their syngenetic origin with host garnets. For volatile-bearing minerals (mica, amphibole, 

and apatite) together with titanium-rich phases such as ilmenite, rutile, and minerals of crichtonite group 

in mantle rocks, there is a consensus for an origin by mantle metasomatism (Haggerty, 1991; Wang et 

al., 1999; Pearson et al., 2003; Konzett et al., 2013; Malkovets et al., 2016; Rezvukhin et al., 2016). 

Therefore, studied mineral inclusion assemblages suggest an episode(s) of metasomatism in the 

lithospheric mantle of the Central Aldan superterrane of the Siberian craton, contemporaneous with the 

formation of host Cr-pyrope crystals. The presence of carbonate and graphite within inclusions in Cr-

pyropes indicates that metasomatic agent(s) was CO2-rich melt (i.e., carbonatitic melt) or supercritical 

COH fluid. 

 

Acknowledgements 

 

This work was supported by the grants Nos. 16-35-60052 mol_а_dk and 15-05-04885 from the Russian 

Foundation for Basic Research and the state assignment project No. 0330-2016-0006. 

 

References 

 

Haggerty SE (1991) Oxide mineralogy of the upper mantle. Reviews in Mineralogy and Geochemistry 

25:355-416 

Konzett J, Wirth R, Hauzenberger C, Whitehouse M (2013) Two episodes of fluid migration in the 

Kaapvaal Craton lithospheric mantle associated with Cretaceous kimberlite activity: evidence from 

a harzburgite containing a unique assemblage of metasomatic zirconium-phases. Lithos 182:165-

184 

Kornilova VP (1997) Petrography and mineralogy of the calc-alkaline lamprophyres and eruptive 

breccias at the basin of Chomppolo river. Otechestvennaya Geologiya 9: 6-9 

Malkovets VG, Rezvukhin DI, Belousova EA, Griffin WL, Sharygin IS, Tretiakova IG, Gibsher AA, 

O'Reilly SY, Kuzmin DV, Litasov KD, Loginova AM, Pokhilenko NP, Sobolev NV (2016) Cr-rich 

rutile: A powerful tool for diamond exploration. Lithos 265:304-311 

Nikolenko EI, Sharygin IS, Alifirova TA, Korsakov AV, Zelenovskiy PS, Shur VY (2017) Graphite‐

bearing mineral assemblages in the mantle beneath Central Aldan superterrane of North Asian 

craton: combined confocal micro‐Raman and electron microprobe characterization. Journal of 

Raman Spectroscopy:10.1002/jrs.5163 

Pearson DG, Shirey SB, Canil D (2003) Mantle samples included in volcanic rocks: xenoliths and 

diamonds. In: Carlson RW, Holland HD, Turekian KK (eds) Treatise on Geochemistry, Vol 2: 

Geochemistry of the Mantle and Core, vol 2. Elsevier, Amsterdam, pp 171–275 

Rezvukhin DI, Malkovets VG, Sharygin IS, Kuzmin DV, Gibsher AA, Litasov KD, Pokhilenko NP, 

Sobolev NV (2016) Inclusions of crichtonite group minerals in pyropes from the Internatsionalnaya 

kimberlite pipe, Yakutia. Dokl Earth Sci 466:206-209 

Schulze DJ (2003) A classification scheme for mantle-derived garnets in kimberlite: a tool for 

investigating the mantle and exploring for diamonds. Lithos 71:195-213 

Smelov AP, Timofeev VF (2007) The age of the North Asian Cratonic basement: an overview. 

Gondwana Res 12:279-288 

Sobolev NV, Lavrent'ev YG, Pokhilenko NP, Usova LV (1973) Chrome-rich garnets from the 

kimberlites of Yakutia and their parageneses. Contrib Mineral Petrol 40:39-52 

Wang L, Essene EJ, Zhang Y (1999) Mineral inclusions in pyrope crystals from Garnet Ridge, Arizona, 

USA: implications for processes in the upper mantle. Contrib Mineral Petrol 135:164-178 

 


