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Abstract
Olivine is a major rock-forming mineral in various magmatic and metamorphic rocks and the 

upper mantle. In this paper, we present the first high-precision analyses of olivine from 15 samples 
of magnesian skarns and silicate marbles (MSSM) from the collection of the Fersman Mineralogical 
Museum (Moscow, Russia). Mg# [Mg/(Mg+Fe2+)·100, mol%] of olivine from the samples studied 
varies from 86 to nearly 100. The main distinctive features of the olivine are anomalously low con-
tents of Co (<51 mg/g), Cr (<5 mg/g), and Ni (<44 mg/g) and high content of B (23–856 mg/g), which 
correlate with host-rock compositions. Phosphorus (5–377 mg/g) incorporation in olivine is charge 
balanced by the incorporation of Li (0.15–61 mg/g) and Na (<14.3 mg/g). Y and REE contents exhibit 
positive correlations with Na, which suggests that REE incorporation into MSSM olivine could occur 
via charge-balanced coupled substitution with Na at low temperature and low aSiO2 conditions during 
MSSM formation. The documented compositional features of olivine from magnesian skarns and 
silicate marbles can help reconstruct the genesis of the host-rocks and identify xenocrysts of MSSM 
olivine in magmatic rocks.
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Introduction
Calc-silicate metamorphic and metasomatic rocks, mantle 

peridotites, and mafic igneous rocks are three major rock types 
of common occurrence of magnesian olivine [Mg# > 80 after 
Plechov et al. (2018)]. Olivine-bearing calc-silicate metamorphic 
and metasomatic rocks are represented by magnesian skarns and 
silicate marbles (hereafter referred to as MSSM).

MSSM have similar mineral assemblages, which include car-
bonates (calcite or dolomite), olivine, phlogopite, diopside, spinel, 
periclase, clinohumite, and pargasite. Magnesian silicate marbles 
are difficult to distinguish from magnesian skarns by mineralogy 
or chemistry. The only major difference between them is their 
geological position. Magnesian skarns are the product of contact 
metasomatism and are always located in the aureoles of mag-
matic intrusives (Zharikov et al. 2007), whereas olivine-bearing 
magnesian silicate marbles are not associated with magmatic 
rocks. Olivine-bearing magnesian silicate marbles could form 
during high-grade metamorphism or infiltration metasomatism 
of dolomites (Bucher and Grapes 2011).

Olivine-bearing MSSM can form in a wide range of pressures 
(from ~0.1 to ~1.0 GPa) and temperatures (from ~550 to ~900 °C) 
as follows from thermodynamic estimates (Bucher and Grapes 
2011; Pertsev 1974; Zharikov 1970). The majority of temperature 
and pressure estimates for olivine growth in carbonate-silicate met-
amorphic or metasomatic rocks lies in the ranges of 550–700 °C 
and 50 to 500 MPa, for example, about 600 °C and from 100 to 
500 MPa for Tazheran, Russia (Doroshkevich et al. 2017), 595 °C 

and 180 ± 50 MPa for Twin Lakes pendant, California, U.S.A. 
(Ferry et al. 2011), 680 °C and 50 MPa for Beinn an Dubhaich 
aureole, Isle of Skye, Scotland (Ferry et al. 2011), and 550 °C and 
250 MPa for Gruvaisen, Sweden (Hellingwerf 1984).

The concentration ranges of major, minor, and trace elements in 
igneous and mantle olivines that are formed at higher temperatures 
and a wider range of pressures are increasingly well characterized 
(e.g., Arai 1994; Bussweiler et al. 2019; De Hoog et al. 2010; Foley 
et al. 2013; Jaques and Foley 2018; Neave et al. 2018; Rooney et 
al. 2020; Sobolev et al. 2007, 2008; Su et al. 2019), whereas high-
precision data on the composition of olivine from MSSM are very 
scarce. These published data include several ion probe analyses of 
B-rich olivine from the Tayozhnoye deposit (Grew et al. 1991), 
high-precision electron probe analyses of olivine from Kuh-i-Lal 
deposit (Plechov et al. 2018), some routine (non-high-precision) 
microprobe analyses of olivine from Tazheran deposit (Dorosh-
kevich et al. 2017), Twin Lakes pendant (California, U.S.A.), and 
Beinn an Dubhaich aureole (Isle of Skye, Scotland) (Ferry et al. 
2011), and from primitive magmatic skarns found as xenoliths in 
magmatic rocks (Fulignati et al. 2005; Gilg et al. 2001; Wenzel et 
al. 2002). These published data are too scarce to place constraints 
on the entire variations of olivine composition from MSSM.

In this work we systematically study the content of major, 
minor, and trace elements in olivine from MSSM from differ-
ent locations. The new data reveal distinctive compositional 
features of olivine from these rocks, which are manifested in 
strong enrichment in B combined with depletion in Ni, Co, 
and Cr concentrations in comparison with typical igneous and 
mantle olivine.
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