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Introduction: In condensation calculations for a cooling gas 
of solar composition, or dust enriched variants, melilite is in-
variably the earliest condensing silicate except at very high dust-
to-gas ratios [e.g., 1].  The possibility that silicates of the highly 
refractory lithophiles, such as Sc and Zr, actually form first is not 
tested because of a lack of thermodynamic data.  Meteoritic oc-
currences may, therefore, provide the best clues to the earliest 
evolution of Si in nebular solids. During a nano-mineralogy in-
vestigation of the Murchison CM2 carbonaceous chondrite, we 
identified thortveitite (Sc2Si2O7), along with davisite (CaScAl-
SiO6), panguite [(Ti,Sc,Al,Mg)1.8O3], spinel, and Sc-rich diop-
side, in the Sc-enriched ultra-refractory inclusion MUR1. This is 
the first meteoritic occurrence of thortveitite and the second natu-
ral occurrence of panguite, a Ti-rich oxide recently discovered in 
Allende [2]. Field-emission SEM with EDS, electron back-scatter 
diffraction, and electron microprobe were used to characterize the 
compositions and structures of these two minerals and associated 
phases. 

Occurrence, Chemistry, and Crystallography: Thortveitite 
[(Sc1.60Zr0.13Ti0.08Mg0.06Y0.04Fe0.04Ca0.02)(Si1.91Ti0.08Al0.01)O7] oc-
curs with davisite (15 wt% Sc2O3), panguite [(Ti0.71Sc0.40Al0.24 
Mg0.14Si0.08Fe0.06Zr0.05Cr0.05Ca0.05Y0.03) ∑1.82O3], and MgAl-spinel.  
These phases form clots that are in 2-D mostly or entirely en-
closed in Sc-bearing diopside (3~8 wt% Sc2O3). There is a step 
function in composition between davisites and the diopside where 
in contact. Panguite appears as irregular grains, 0.5 μm – 2 μm in 
size, along with fine-grained spinel within davisite or serpenti-
nized regions, presumably after davisite. The thortveitite is sub-
hedral, 1.5 × 3.5 μm to 6.5 × 9.0 μm, and is in contact with davis-
ite/alteration or diopside.  Where in contact with davisite, thort-
veitite often appears embayed, suggestive of a reaction relation-
ship.  Thortveitite appears to be inclusion free.  

Origin and Significance: With the discovery of thortveitite, 
the Sc-, Zr-rich menagerie in carbonaceous chondrites now in-
cludes thortveitite, panguite, davisite, allendeite (Sc4Zr3O12) [3], 
tazheranite (Sc- and/or Y- stabilized cubic zirconia) [3,4], and 
lakargiite (CaZrO3) [5]. MUR1 contains three of these Sc-
enriched phases, thortveitite, panguite and davisite. Texturally, 
thortveitite formed first in MUR1, possibly with later partial reac-
tion with vapor (?) to form davisite + spinel + panguite. Molar 
Sc/Zr of MUR1 thortveitite (~12) is intermediate between davis-
ite (~15) and panguite (~9), consistent with conservation of Sc/Zr 
in a reaction between thortveitite and vapor (source of Ti, Ca, 
Mg, and Al) to produce davisite + panguite + spinel.  Since Sc/Zr 
in all of these Sc-, Zr-bearing phases are much higher than solar 
(1.2), prior fractionation of a separate Zr-rich phase may be indi-
cated.  Further work is required to determine MUR1's place in the 
nebular framework but, if the thorveitite is an early condensate, it 
may well be the first silicate and it certainly is more refractory 
than melilite. Indeed, davisite, which appears to be a reaction 
product of thortveitite in MUR1, may also predate melilite.  
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