
DISCOVERY OF A NEW HIGH-PRESSURE SILICATE MINERAL, (Mg,Fe)3Si2O7 WITH  A 
TETRAGONAL SPINELLOID STRUCTURE, IN SHOCK MELT VEINS FROM THE TENHAM 
METEORITE.  Chi Ma1,*, Oliver Tschauner2, John R. Beckett1; 1Division of Geological and Planetary Sciences, 
California Institute of Technology, Pasadena, CA 91125, USA; 2Department of Geoscience and High Pressure Sci-
ence and Engineering Center, University of Nevada, Las Vegas, NV 89154, USA; *chi@gps.caltech.edu. 

 
Introduction: The Tenham L6 ordinary chondrite 

is a highly shocked meteorite (S6). In melt veins, en-
statite is transformed to bridgmanite and/or akimotoite 
and olivine to ringwoodite [1-4]. Such responses to 
shock conditions provide clues to the nature of colli-
sion events for asteroids in the early solar system. 
Where new-to-science phases are discovered, meteorit-
ic occurrences can also help advance the study of deep 
Earth systems. 

During a nanomineralogy investigation of shock 
melt veins in the Tenham meteorite, we identified a 
new high-pressure silicate mineral, (Mg,Fe)3Si2O7 with 
a tetragonal I41/amd spinelloid structure, in the matrix 
of melt veins (Figs. 1-2) ranging from 100 to 650 m 
across. The structural formula of this new phase is 
(Mg,Fe,Si,□)2SiO4. We characterized its composition, 
structure and petrography using high-resolution scan-
ning electron microscope (SEM), electron back-scatter 
diffraction (EBSD), electron probe microanalysis 
(EPMA), and synchrotron X-ray diffraction (SXRD). 
The mineral is currently under review by the Commis-
sion on New Minerals, Nomenclature and Classifica-
tion of the International Mineralogical Association 
(IMA 2017-093).  For the purposes of this abstract and 
in the absence of formal approval, we refer to this ma-
terial as “phase Spd” in reference to its spinelloid 
structure. 

Occurrence, chemistry, and crystallography: In 
Tenham, phase Spd occurs in the matrix of shock-melt 
veins along with a vitrified MgSiO3-phase (Fig. 2). 
Ringwoodite, akimotoite, bridgmanite, lingunite, peri-
clase, and clinopyroxene occur as partially digested 
clasts within the shock-melt vein [e.g., 1-4]. The host 
rock consists mainly of olivine, enstatite and shock-
vitrified plagioclase (‘maskelynite’) with accessory 
ilmenite, titanomagnetite, baddeleyite, merrillite, apa-
tite, and Fe-sulfide. 

Phase Spd occurs as lath-shaped, idiomorphic to 
hypidiomorphic crystals, ~ 0.2 µm to 0.8 × 1.2 µm2 in 
size, in association with a vitrified MgSiO3-phase. Its 
composition (Table 1) gives rise to an empirical for-
mula based on 7 oxygen apfu of 
(Mg1.71Fe1.07Ca0.10Na0.08 

K0.01Mn0.01Cr0.01)∑2.99(Si1.93Al0.12)∑2.05O7 with a general 
formula of (Mg,Fe)3Si2O7 [i.e., one molecule of 
(Mg,Fe)2SiO4 plus one molecule of (Mg,Fe)SiO3]. The 
powder pattern for phase Spd is shown in Fig. 3. 
SXRD reveals that phase Spd has a tetragonal I41/amd 

Fig. 1. Backscatter electron (BSE) image showing 
high-pressure phases within a Tenham melt vein.
Rectangle outlines region shown in Fig. 2. 

Fig. 2. Enlarged BSE image showing phase Spd
with a MgSiO3 phase, in the vein matrix. 

Fig. 3. SXRD powder pattern of phase Spd in the 
vein matrix. Blue = phase Spd, red = ringwoodite, 
green = residual spectrum after fitting the powder 
pattern to account for phase Spd and ringwoodite. 
Tick marks indicate positions of allowed reflec-
tions.  Note that no peaks attributable to akimotoite 
or other (Mg,Fe)SiO3 phases were observed. The 
wavelength was 0.3344 Å. 
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spinelloid structure with unit cell: a = 5.920(8) Å, c = 
8.338(9) Å, and V = 292(1) Å3 (Fig. 3), showing a 
structural formula of 
(Mg0.89Fe0.61Al0.07Ca0.06Na0.04Cr0.01)[VI]

∑1.68(Si[VI])0.2 

(Si0.91Mg0.09)[IV]O4, or simply (Mg,Fe,Si,□)2SiO4, where 
minor Si ocupies the octahedral site with Mg and Fe. 
EBSD (Fig. 4) confirms that phase Spd has this spinel-
loid structure. The density, calculated from the compo-
sition and cell volume, is 3.61 g/cm3. Spinelloids syn-
thesized in the Mg-Fe-Si-O system are orthorhombic 
[e.g., 5] with a b-axis length that is three times that of 
the tetragonal a-axis of phase Spd, leading to cell vol-
umes three times as large.  However, symmetries lower 
than tetragonal can be excluded for phase Spd, which 
is, therefore, a new-to-science material. 

Origin and significance: Phase Spd is a shock-
induced, high pressure – high temperature, vacancy-
stabilized silicate spinel with a tetragonal metric, struc-
turally related to other vacancy-stabilized spinels like 
-Al2O3 and maghemite. The composition of phase 
Spd in the form of (Mg,Fe)3Si2O7 can be derived from 
a mixture of olivine (Mg,Fe)2SiO4 plus enstatite 
MgSiO3. 

In melt veins that contain phase Spd, ringwoodite, 
akimotoite and bridgmanite formed through solid state 
transformation from olivine and enstatite [3,4]. How-
ever, the texture in regions containing phase Spd (Figs. 
1-2) suggests that this phase formed through co-
crystallization from a melt with a high-pressure 
MgSiO3 phase, which became vitreous during quench, 
rather than through the solid state transformation of a 
precursor mineral. If so, phase Spd likely has a stable 
(or metastable) field on or near the liquidus for the 
chondritic bulk compositions represented by melt 
veins. The conditions under which this field can be 
accessed, place direct constraints on the Tenham shock 
event. Formation of all of the above high-pressure  
phases occurred at high pressure and temperature dur-
ing a collision event(s) of Tenham’s parent body with 
other asteroid(s). 

Since both olivine and pyroxene and their high-
pressure analogs are adundant in the earth’s mantle, it 
is possible that phase Spd is a modally significant min-
eral within the Earth. 
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Table 1. EPMA data for the high-pressure silicate.
 

Constituent 
wt% 

Phase Spd 
n=13 

SD 

SiO2 41.98 1.61 
FeO 27.73 1.81 
MgO 24.85 0.64 
Al2O3 2.23 0.18 
CaO 2.04 0.36 
Na2O 0.85 0.10 
 Cr2O3 0.27 0.09 
MnO 0.15 0.10 
TiO2 0.12 0.04 
K2O 0.09 0.02 
Total 99.45 

 

 
 

 
Fig. 4. (top) EBSD pattern of one crystal of phase Spd; 
(bottom) the pattern indexed with the tetragonal spinel-
loid structure. The blue cross indicates the center-point 
of the pattern. 
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