
Parageneses of TiB2 in corundum xenoliths from Mt. Carmel, Israel: Siderophile behavior 
of boron under reducing conditions

William L. Griffin1,*,‡, Sarah E.M. Gain1,2, Martin Saunders2, Luca Bindi3,†, Olivier Alard1, 
Vered Toledo4, and Suzanne Y. O’Reilly1

1ARC Centre of Excellence for Core to Crust Fluid Systems (CCFS) and GEMOC, Earth and Planetary Sciences, Macquarie University,  
New South Wales 2109, Australia

2Centre for Microscopy, Characterisation and Analysis, The University of Western Australia, Western Australia 6009, Australia
3Dipartimento di Scienze della Terra, Università di Firenze, Via La Pira 4, I-50121 Florence, Italy

4Shefa Gems, Netanya 4210602, Israel

Abstract
Titanium diboride (TiB2) is a minor but common phase in melt pockets trapped in the corundum 

aggregates that occur as xenoliths in Cretaceous basaltic volcanoes on Mt. Carmel, north Israel. These 
melt pockets show extensive textural evidence of immiscibility between metallic (Fe-Ti-C-Si) melts, 
Ca-Al-Mg-Si-O melts, and Ti-(oxy)nitride melts. The metallic melts commonly form spherules in the 
coexisting oxide glass. Most of the observed TiB2 crystallized from the Fe-Ti-C silicide melts and a 
smaller proportion from the oxide melts. The parageneses in the melt pockets of the xenoliths require 
fO2 ≤ ΔIW-6, probably generated through interaction between evolved silicate melts and mantle-derived 
CH4+H2 fluids near the crust-mantle boundary. Under these highly reducing conditions boron, like 
carbon and nitrogen, behaved mainly as a siderophile element during the separation of immiscible 
metallic and oxide melts. These parageneses have implications for the residence of boron in the 
peridotitic mantle and for the occurrence of TiB2 in other less well-constrained environments such as 
ophiolitic chromitites.
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Introduction
Boron is a “quintessential element of the Earth’s upper con-

tinental crust” (Grew 2015). It was not created during stellar 
nucleosynthesis, but was introduced into Earth’s mantle from 
the interstellar medium during planetary accretion. It has a low 
abundance in the solar system and hence in the bulk Earth; the 
estimated concentration in the Primitive Upper Mantle is ca. 0.26 
ppm B (Palme and O’Neill 2005). Although Dobrzhinetskaya et 
al. (2014) described boron nitride (BN; qingsongite) in a chro-
mitite in the Luobusa ophiolite of the Yarlung-Zhangbo suture 
zone (Tibet), reports of B-bearing phases in mantle-derived rocks 
are extremely rare. The most well-known examples are the blue 
Type IIb diamonds, with up to 8.4 ppm B in the famous Hope 
diamond (Gaillou et al. 2012). As a classic incompatible element, 
B has been concentrated into the continental crust over time by 
magmatic and sedimentary processes, resulting in 295 known 
mineral species (Grew et al. 2017).

Titanium diboride (TiB2) is produced on an industrial scale 
using various high-temperature techniques, including reduction 
of TiO2 by reaction with boron carbide, or with alkali-boron 
hydrides. It is valued for its extreme hardness, high melting point, 
and high thermal and electrical conductivity. It is extremely rare 

in nature but was recently described as inclusions in corundum 
separated from ophiolitic chromitites in Tibet and given the name 
jingsuiite (Xiong et al. 2019a, 2019b).

TiB2 also was earlier reported as inclusions in skeletal corun-
dum aggregates found as ejecta from small Cretaceous volcanoes 
on Mt. Carmel, northern Israel (Griffin et al. 2016). It is part of 
an unusual assemblage of minerals related to highly reducing 
conditions, interpreted as developed in magma chambers near 
the crust-mantle boundary (Griffin et al. 2016b, 2018a, 2019a; 
references therein). Here the TiB2 occurs in several distinct 
parageneses, reflecting crystallization from both Fe-Ti silicide 
melts and coexisting silicate melts. The occurrence of the boride 
in situ in these aggregates provides textural evidence and context 
that can give further insights into the behavior of boron under 
highly reducing conditions in the uppermost mantle.

Occurrence
The material described here comprises xenoliths from the 

pyroclastic ejecta of at least eight Cretaceous (99–85 Ma) intra-
plate pyroclastic basaltic volcanoes exposed on Mt. Carmel, in 
northern Israel (Griffin et al. 2016b, 2018a, 2019a; references 
therein). Aggregates of skeletal corundum crystals (Carmel 
Sapphire) occur in situ as xenoliths in the tuffs, and re-deposited 
in nearby alluvial placers, mainly in the Kishon River. Sugges-
tions that any of this material might be of anthropogenic origin 
(Litasov et al. 2019a, 2019b) have been refuted in detail by 
Griffin et al. (2019b).
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