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Abstract. We discovered a brucite, quartz and moissanite bearing natural rock of mantle affinity containing
relics of two now decomposed minerals, so far known from meteorites only, constituting ~4 vol% and scattered
in the groundmass of the ~100 gr sample. At the TEM/SAED scale, phase-l now consist of porous-less
intergrowths of 100-500 nm-sized forsterite-enstatite-Fe-oxide, where Fogg.g and Engg 7 show both individual and
combined [100] and [001] preferred orientations. At the EMPA/WDS scale, phase-l shows
(Mg2.71F€?*0.24Al0.02)y=.97(Si1.90Al0.01)y=207 composition. We interpret EMPA chemical and TEM structural
combined data according to the decomposition reaction (Mg,Fe)sSi:O7 > Mg.SiOs + MgSiOs + FexOy. At the
EMPA/WDS scale phase-Il corresponds to (MgssaFe?*0.18)y-4.02(Si2.97Al0.01)y-2.0s010, While at the TEM/SAED
scale it consists of 80-90 vol% amorphous material comprising clusters of ~100 nm-sized forsterite. All collected
data would suggest former High-Temperature and Ultra-High-Pressure (HT-UHP) phases, now preserved as
low-P transformed relics. The mineral precursors would potentially be main constituents of rocky planets’
mantle like ours. As their compositions would be very close to the pyrolite (pristine) model mantle, they would
be likely common in the deep mantle. Our discovery would open the possibility for fine-tuning models of Earth

seismic discontinuities to novel minerals and structures.

Keywords (Mg,Fe)sSi,O7 - (Mg,Fe)4SisO10 - Moissanite - Silicon carbide - TEM/SAED - EMPA/WDS - Raman
spectroscopy - High-Temperature and Ultra-High-Pressure (HT-UHP) - Mantle mineralogy

1 Introduction

Minerals from depths greater than 150-200 km are mainly known from either preserved or decomposed
inclusions in diamonds and inferred from those found in pressurized shock veins in meteorites, while they are
used by geophysicists to constrain our planet’s composition and physical discontinuities. The mantle, 67% by
mass and 84% by volume of Earth, is broadly Mg-Fe-(Ca-Al)-Si-O in chemistry, while mineralogically made of
only few phases, namely olivine (Mg,Fe).SiO4 orthopyroxene (Mg,Fe)SiOs, clinopyroxene Ca(Mg,Fe)Si.Os, and
their denser polymorphs. (Tschauner et al. 2014; Tschauner 2019). These phases show molar (MgO+FeQ)/SiO;
(M/Si) ratios of 2 or 1, respectively, and Mg/(Mg+Fe?") ratios (Xwmg) of ~0.93. Petrological and geophysical

models do not consider significant shifts from this range, while M/Si ratios of 2.5, 1.33 and 1.5, respectively, are
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observed for elgoresyite (Mg,Fe)sSi.Oy (Bindi et al. 2021), for spineloid phases ringwoodite-Q-II
(Mg,Fe,Ca)4Si3010 (Ma 2023), and for ringwoodite-Q (Mg,Fe)sSi>07 (Ma et al. 2019; Ma et al. 2018; Tschauner
and Ma 2023). These three latter structural types have been found in shock veins of the L6 chondrites Suizhou
and Tenham and Martian Tissint shergottite, all bridgmanite-bearing meteorites (Tschauner et al. 2014). For
ringwoodite-Q and ringwoodite-Q-11, maximum formation conditions of 24-27 GPa and 2700-2800° K and 23-
25 GPa and 2200-2400° K have been inferred, respectively. All meteoritic phases have been proposed as
potential mantle constituents of Earth and other rocky planets. Noteworthy, they have not been observed
experimentally so far.

We report optical, microprobe, Raman and TEM data showing the possible first terrestrial finding of mineral
relics showing general formulas (Mg,Fe)sSi>O7 and (Mg,Fe)sSizO10. They have been discovered in a magnesia-
rich (28.49 wt% MgO, 58.2 vol% of brucite by point-counting) natural specimen, also bearing rock-forming
quantities of quartz (25.3 vol%) and moissanite SiC (8.4 vol%), also containing calcite, magnesite, phlogopite-
3T, Cl-brucite, magnesiochromite and Al-rich orthopyroxene (Di Pierro et al. 2003), Supplementary Fig. S1.
Noteworthy that comparable moissanite bearing rock fragments has been reported from (i) Miocene,
picroilmenite, ulvospinel, magnetite, quartz, apatite, anorthite, carbonates, chlorite, and serpentine bearing
alkaline basalt tuff (Dobrzhinetskaya et al. 2018), and (ii) from quartz-rich fossil beach placers rich in garnet,
diopside, and spinel derived from Late Cretaceous alkali-basalt volcanoes at Mt. Carmel, and related Plio-
Pleistocene alluvial deposits (Griffin et al. 2021; Griffin et al. 2024), both in Israel and both linked to intraplate
volcanism. Our sample was found in Turkey as a loose cobble in an area of alkaline volcanic and lamproitic
rocks (see material section), whilst neither the original outcrop nor the petrogenetic link with the local rocks
could have been ascertained so far, leaving the question of our sample provenance still open. Very strong
evidences of a natural origin, however, have been brought forward in previous studies, namely: 1) our moissanite
contains Fe-Ti-Ca-Al-silicides (Di Pierro et al. 2003) not found in synthetic SiC (Ma et al. 2024), and 2) Rare-
Earth Elements (REE) bearing Ca-Al-Si-oxides (CAS) showing unequivocal decompression textures (Di Pierro
and Gnos 2016); remarkably, included CAS are thermodynamically incompatible to coexist with SiC in an
Acheson industrial reactor (Zhou and Telle 2010); 3) moissanite displays §'°C isotopic values of -20.9 to -
31.0%o, matching with ophiolitic and kimberlitic SiC worldwide values (Trumbull et al. 2009; Di Pierro et al.
2003), modelled as discriminating mantle temperatures (Horita and Polyakov 2015) and proposed as subducted
organic carbon (Aitchison et al. 2025).

2 Results

Phase-l and phase-11, as named hereafter, occur as anhydrous Mg-Fe-Si-O grains 50-100 pum-sized, optically
almost isotropic, displaying M/Si=1.5 (Xmg=0.92+0.01) and 1.33 (Xmg=0.93+0.03), respectively (Table 1). They
have not been observed in reciprocal contact and show three to one modal abundance.

Phase-1 forms red-orange, mostly rhomb-shaped or broken, polycrystalline grains, remarkably some show
perfect squared sections (Fig. 1 and Fig. 2A-B). At the 1-2um scale of the EMPA/WDS electron beam phase-I
shows (Mg2.71Fe%*0.24Al0.02)y=2.97(Si1.99Al0.01)5-07 formula, (Table 1 and Table S1), equivalent to a 1:1 mixture of
olivine plus orthopyroxene. Indeed, at the 2um spot size of the laser beam, Raman spectra show main peaks of
olivine (825, 857 cm™), orthopyroxene (1014, 1035 cm™) and magnetite (213, 326, 480, 686 cm™) or hematite
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(224, 287, 410), Fig. 3. Phase-l has been found in textural equilibrium with magnesiochromite (unpublished
data) and in contact with, but not included in moissanite (Fig. 1).

Moissanite

Fig. 1. Optical overview of the Turkish rock specimen. (A) True colors, phase-l1 and -1l are reddish — orange.
Noteworthy the squared shape of the biggest phase-1. Black platelets are moissanite (SiC) crystals (8.4 vol%o); brucite
(58.2 vol%) and grey, vitreous xenomorphic quartz (Qtz; 25.3 vol%o) constitute the overall bluish groundmass. (B)
Petrographic thin section (transmitted plane-polarized light) overview of the Turkish rock specimen. Phase-I grains
are reddish, phase-11 orange pigmented. Dark blue moissanite SiC-6H crystal in contact with red phase-1, brown Mg-
bearing chromite, and quartz (white) are embedded in a fine brucitic matrix (light brown). Light bluish crystals are
chlorinated brucite (Di Pierro et al. 2003).
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Figure 2. Petrographic thin sections showing phase-1 and phase-11. (A) Reflected light of phase-1, (Mg,Fe)sSi207,
showing polycrystalline microstructure, (B) same crystal in transmitted light showing dark red color. (C) and (D)
examples of yellow-orange phase-Il showing ideal (Mg,Fe)4SisO10 stoichiometry; (A) and (B) red- and (C) yellow
grains have been EMPA/WDS (Table S1), and FIB/TEM analyzed, see Fig. 4-5. Qtz=quartz; Moi=moissanite;

Brc=brucite.



Table 1. Selection of representative EMPA/WDS analyses of phase-1 (Mg.Fe)sSi2O7 and phase-11 (Mg.Fe)4SizO1o,

phase-| phase-I|

# #4/1 #5/1 #8/1 #6/2 #7/2 #8/6 #9/6 #1/6 #3/6 #1/7 #4l7 #17/2 #15/7 #16/7
SiO; 48.06 48.09 4745 4722 4826 49.24  48.33 51.58 50.93 49.63 49.96 52.74 50.06 49.65
TiO; b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Al20s 0.72 0.56 0.51 0.47 0.74 0.31 0.31 0.08 0.07 0.08 0.09 1.47 1.94 1.86
Cr03 0.39 0.28 0.28 b.d. b.d. 0.06 b.d. b.d. b.d. b.d. b.d. 0.09 0.10 0.13
FeO* 8.09 8.06 7.79 6.78 7.03 5.41 5.82 3.23 3.68 4.02 34 8.19 7.56 7.58
NiO b.d. b.d. b.d. 0.36 0.47 0.38 0.30 0.16 0.29 0.26 0.14 0.26 0.19 0.23
MnO b.d. 0.12 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.13 b.d.
MgO 4278  43.44 4365 4463 43.00 45.02 44.69 44.9 43.44  43.70 43.00 37.86 39.91 39.57
CaO 0.05 0.05 0.04 0.08 0.09 0.10 0.12 0.05 0.08 0.09 0.10 0.10 0.09 0.08
Na.O b.d b.d b.d 0.05 b.d b.d b.d 0.08 0.12 0.18 0.14 b.d 0.07 0.10
K20 b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d 0.05 b.d 0.04 0.07

F b.d b.d b.d b.d b.d b.d b.d b.d b.d
Cl b.d b.d b.d 0.09 0.06 0.07 b.d b.d 0.04
Total 100.09 100.60 99.72 99,59 9959 100.52 99.57 100.08 98.70 98.02 96.95 100.71 100.09  99.31

Cations per 7 oxygens Cations per 10 oxygens

Si 2.00 1.99 1.98 1.97 2.01 2.01 2.00 2.98 2.99 2.95 2.98 3.07 2.95 2.95
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.04 0.03 0.03 0.02 0.04 0.01 0.02 0.01 0.00 0.01 0.01 0.10 0.13 0.13
Cr 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Fe? 0.28 0.28 0.27 0.24 0.24 0.18 0.20 0.16 0.18 0.20 0.17 0.40 0.37 0.38
Ni 0.00 0.00 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Mg 2.65 2.68 2.71 2.77 2.66 2.74 2.76 3.86 3.80 3.87 3.83 3.28 3.50 3.50
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

F - - - - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl - - - - - 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
> 4.98 4.99 5.00 5.01 4.97 4.95 5.00 7.03 7.01 7.07 7.03 6.87 6.99 7.01
Xwmg 0.90 0.91 0.91 0.92 0.92 0.94 0.93 0.96 0.95 0.95 0.96 0.89 0.90 0.90
M/Si 1.47 1.49 151 1.53 1.44 1.45 1.48 1.35 1.33 1.38 1.34 1.20 1.31 1.32




95 (Mgz2.71Fe%*0.24Al0.02) y=2.97(Si1.90Al0.01)y=207 (structural formula based on above cations average) or simplified (Mg,Fe)3Si2Oy.

(Mg3.84Fe?*0.18)5-4.02(Si2.97Al0.01)5-2.98010 or simplified (Mg,Fe)4SizO10
(Mgs.43Fe%*0.38Al0.12) y=3.93Si2.99010 or simplified (Mg,Fe,Al)sSisOxo if alumina richer
*FeO as Fetot.
Xmg=Mg/(Mg+Fe?*)

100 M/Si=(Mg+Fe?")/Si (mol%)
#: analysis and crystal number
b.d.: below detection
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Figure 3. Raman spectra of phase-1 grains. (A) Mixture of magnetite (m) + olivine (ol) + orthopyroxene (opx); (B) hematite (h) +
olivine + orthopyroxene. Peaks position from (Hanesch 2009; Guyot et al. 1986; Huang et al. 2000). (Gu et al. 2022), in their
Suppementary. Database 14 - Inc5b, report identical Raman spectra of enstatite + olivine (or ringwoodite) + ferropericlase,
intimately associated in seven pm-sized inclusions from Botswana diamond.

At the TEM/SAED scale, phase-l consists of an intimate and almost equimolar intergrowths of forsterite (FOg9.9) and

enstatite (Engg7) (Fig. 4A and Table S2). Fe-oxides are confined at grain boundaries (Fig. S2). Remarkably, both forsterite

and enstatite are 100-500 nm-sized, their overall microstructure is compact, porous-less, granoblastic polygonal to near-

equigranular showing locally 120° triple junctions, characteristic of a metamorphic recrystallization texture. Moreover, the
two minerals display both individual and combined [100] and [001] preferred orientations (Fig. 4B-E), indicating parental
crystallographic relationship. These nm-scaled forsterite-enstatite-FexOy intimate and co-oriented intergrowths, at the best of

our knowledge are unreported so far, from both natural and synthetic materials literature.
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Figure 4. FIB-TEM images of phase-1, (Mg,Fe)sSi2O7 (same crystal as Fig. 2A-B and Table S1-S2). (A) Correlation index map. All
<lum hypidiomorphic grains of forsterite (Fo), showing uniform grey-shading, and enstatite (En) grains; these latter
(orthopyroxene) display some clinoenstatite lamellae responsible for the striated grey contrast. Forsterite are slightly coarser than
enstatite crystals, the two phases being evenly dispersed. (B) Forsterite grains’ orientation following y-axis (lab. frame). Same area
as in (A) (see dotted-white-line-surrounded forsterite grain). (C) Pole figures of forsterite along [100] and [001] showing internally
consistent preferred orientation. (D) Enstatite grains’ orientation following y-axis (lab. frame), same area as in (A). (E) Pole
figures of enstatite along [100] and [001], showing also internally consistent preferred orientation, as well as almost the same
preferred orientation as for forsterite grains (Fig. S3).

Phase-Il forms yellow-orange lath-shaped grains displaying a characteristic “cleavage”, comparable to sheet silicates (Fig.
2C-D), in the direction of the main elongation (Fig. S4). By EMPA/WDS it shows (Mgs.ssF€2*0.18)5-4.02(Si2.97Al0.01) 5-2.9s010
composition (Table 1), which is the equivalent to a 1:2 mixture of olivine plus orthopyroxene. We also found an Al-bearing
variant of Phase-Il (<2 wt% Al,O3, Table 1) showing (Mgs.4sFe?*0.38Al0.12)y-393Si296010 cOomposition. At the TEM/SAED
scale, phase-1l is 80-90% by volume amorphous, enclosing scattered <1um aggregates of 100 nm-sized forsterite (Fig. 5).
Unlike phase-1, no crystals of enstatite have been observed in phase-11. Also, phase-11 displays planar anisotropies parallel to
the main elongation, suggesting inherited pattern from the parental mineral. TEM/EDS microanalyses locally show
significant shift towards phase-1 stoichiometry, while measured oxygen excess, 3-4 at%, suggests either minor Fe®* or OH-

group in its structure (Fig. S5 and Table S3).
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Figure 5. TEM image of phase-11, (Mg,Fe)4SizO10, sSame crystal as Fig. 2C. (A) Lath-shaped crystal showing amorphous (structure-
less) matrix. (B) hypidiomorphic grains of forsterite (Fo) within the amorphous (Am) matrix (see also Fig. S3). (C) SAED of a
forsterite grain oriented along [210] zone axis.

3 Discussion

The rock specimen that contains phase-l and phase-11 consists of two contrasting mineral assemblages: (i) ~10 vol% of
magnesium- and (almost) oxygen-free minerals, namely moissanite containing Fe-Ti-Ca-Al-silicides (Di Pierro et al. 2003)
and REE-bearing Ca-Al-Si-oxides (CAS) (Di Pierro and Gnos 2016); and (ii) ~90 vol% of magnesia- and silica-rich, brucite,
quartz, here described phase-I and phase-11, spinels and majorite (unpublished data) showing mantle affinity. This mineral-
chemistry contrast is confirmed by the microstructure analysis in thin section since main phases quartz and moissanite are
never observed in reciprocal contact (Supplementary Fig. S1), further prompting that the above two assemblages are not at
equilibrium. Among the hypotheses raised by Mathez et al. (1995), authors considered moissanite as a relic of reduced

primordial Earth, in an otherwise oxidized mantle, for instance.

9
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Within the second mineral assemblage, combined optical, electron microprobe, Raman and TEM investigations show Mg-
Fe-Si-O <100 um-sized grains consisting of [100] and [001] co-oriented intergrowths of 100-500 nm-sized forsterite-
enstatite-iron oxides of overall (Mg,Fe)sSi.O7 composition, our phase-l. Unlike mm- to cm-sized olivine and orthopyroxene
showing crystallographic preferred orientation (CPQO) in shear stress foliated peridotites (Qi et al. 2018; Tommasi et al.
2006), our rock sample does not show any sign of significant shear deformation (Di Pierro et al. 2003). Moreover, the olivine
— orthopyroxene CPO alignment in deformed peridotites is shifted by 15° since the harder enstatite accommodate smaller
strain (Tommasi et al. 2006). Mostly amorphous phase-Il, of (Mg,Fe)sSizO10 composition with embedded 100-nm-sized
forsterite clusters, is also part of the second mineral assemblage. We interpret both phases as pseudomorphs after denser,
unquenched isochemical UHP-HT Mg-Fe-Si-oxides precursors. If correct, our interpretation would imply an overall volume
expansion. In agreement with experimental and computational approaches predicting that Fe-bearing silicates (Si in fourfold
coordination) are not stable in association with SiC (Mathez et al. 1995; Golubkova et al. 2016; Ulmer et al. 1998; Schmidt
et al. 2014, Litasov et al. 2025), in fact, in phase-I, Foge9 and Engg 7 are both iron-free, since iron-oxides are found confined
at grain boundaries (Fig. S2), as if they had been expelled out of the Mg-silicates’ structures. Both magnetite and hematite
were observed in Raman spectra, in good agreement with the red colour that hematite pigment causes. As all (Mg,Fe)sSi,Or
grains are consistently darker red than (Mg,Fe)sSisO1o, this may indicate that magnetite and hematite could reflect the
original Fe** content.

For phase-1, terrigenous or sedimentary origin such as alteration products can be very likely dismissed since incompatible
with nm-sized forsterite and enstatite in CPO relationship, and within porous-less 50-100um larger grains. Likewise, the
amorphous state of phase-II recalls unquenched set-ups.

UHP minerals from shocked meteorite might be transient and far from equilibrium, but forsterite (ol) + enstatite (opx) + Fe-
oxides intimate intergrowths as ours have also been reported as diamonds’ inclusions. (Gu et al. 2022) for instance, reported
pum-sized polyphase enstatite + olivine (or ringwoodite) + ferropericlase from seven inclusions in a diamond from Botswana,
thought to have generated from transition zone to lower mantle boundary. Analogously, (Nestola et al. 2023) also reported
enstatite (former bridgmanite), ferropericlase and Mg-rich olivine (Mg# 99.9) um-sized inclusion in KK203 super-deep
diamond from Kankan, Guinea, that indicates formation in highly variable redox conditions near the 660 km seismic

discontinuity. Those above diamonds’ inclusions might have also resulted from the breakdown of (Mg,Fe)3Si>O7.

4 Possible crystallographic templates for phase-1 and phase-11

Phase-I, (Mg,Fe)sSi»0O, and phase-Il, (Mg,Fe)sSisO10, could be pseudomorphs after the spineloid structures ringwoodite-Q
(Ma et al., 2018) and ringwoodite-Q-I1 (Ma et al., 2023) found in shocked meteorites. Recent UHP experiments (Bykova et
al. 2016; Lavina et al. 2011; Lavina and Meng 2015; Sinmyo et al. 2016; Ishii et al. 2018) showed that Fe,O3, Fe;0. and
FeOOH decompose above 10 GPa into a series of mixed-valence Fe-oxides, and many of these phases form solid solution

series with Mg-Fe-Si oxides via the coupled substitution 2 Fe®* <-> Mg?* + Si** (Bindi et al. 2021). Elgoresyite, isostructural

10



185

190

195

to UHP Fe;Oy (Sinmyo et al. 2016), would be one such phase in solid solution with MgsSi»Og (Bindi et al. 2021). The two
phases studied here could thus be pseudomorphs after structures denser than spineloids, forming homologous series with the
general formula Mgm+nSinOm+3n With UHP Fe-oxides (Bindi et al. 2021), as predicted at the terapascal regimes of Super-Earth
mantles (Zurkowski et al. 2022). MgsSi2O7 and Mg4SizO10 would thus form solid solutions with reported FesO7 and Fe7O1
(Fig. 6) (Bykova et al. 2016; Lavina et al. 2011; Lavina and Meng 2015; Sinmyo et al. 2016; Ishii et al. 2018). Among these
structures the best data exist for the isostructural Fe;Oq-MgsFesOg-MgsSi>Og solid solution series. Whereas molar volumes
for the Mg-Fe-O members vary between 313.25 and 314.46 cm®mol~, the molar volume of natural elgoresyite (Bindi et al.
2021) (Mgs.ssFe?*160Ca0.02Si1.05Al0.05)O9 is 286.94 cm®mol?, indicating that this latter should be stable at even higher
pressures. Hence, we assume that MgsSi,O7 and MgsSisO10 also would have smaller molar volumes than the corresponding
Mg-Fe-oxides. In agreement with data from (Koemets et al. 2021) reporting P-T stability of FesO; and Fe;010, MgsSi>O7
should therefore be stable above minimum conditions of ~40 GPa/1600°K or ~50 GPa/1200 °K, while MgsSisO19 above ~65
GPa and 1800° - 2100° K, i.e. from a depth of 660 km or beneath.
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Figure 6. SiO2-(Mg?*+Fe?*)-Fe**O1s ternary diagram showing solid solution series of high-pressure Mg-Fe-Si-oxides, modified
after (Bindi et al. 2021). Black, solid lines indicated documented isostructural series, the two red lines assumed isostructural series.
Filled squares indicate confirmed phases, open squares indicate potentially existing phases. Red squares mark the two Mg-Fe-Si-
oxide compositions described in this study and the partially hidden red star the bulk rock composition. Note that both minerals’
chemistry plots near the pyrolite mantle model composition (open star), between “enstatite” and “forsterite” compositions. This
suggest that they could be important minerals in the terrestrial deep mantle.

Analogously to the CaTiOs-structured perovskite-type MgSiOs; bridgmanite, (Mg,Fe)sSi.O7 and (Mg,Fe)4SisO1o could also
be isostructural with CasTi,O; and CasTisO10 layered perovskite structures (Elcombe et al. 1991) and forming a series of
An+1BnXan+1 general formula (Ruddlesden-Popper type). Whereas in the spineloid structure only part of the Si is six-fold
coordinated, all Si is in six-fold coordination in the other two proposed UHP structures.

Looking at the formulas, (Mg,Fe)sSi»O7 could be a sorosilicate and (Mg,Fe)4SizO1 a silicate that contains an SizO1o group as
in ardennite (Donnay and Allmann 1968). However, no such silicates are known. We suggest that the measured
stoichiometry of phase-1 and phase-Il grains represent the original composition of this non-quenchable phases. The only

phases with such compositions would be potential UHP minerals.

5 Summary and perspectives

For phase-l, simplified (Mg,Fe)sSi2O7, we obtained TEM/SAED structural data (phase analysis) of its presumably
decomposed products, namely nm-sized and showing internal and reciprocal CPO forsterite-enstatite (and Fe-oxide)
intergrowths, quantified in roughly 50% each equimolar proportions by cartography, Fig 4 and Fig. S2. Raman spectroscopy
(phase analysis) confirmed the coexistence of ol+opx (and Fe-oxide) at the um-scale of the laser beam. Those analyses well
match the chemistry obtained by EMPA/WDS, Table 1 and Table S1, which probes a larger 2-4pum? surface. Three
independent techniques and their combined data, therefore, would plausibly suggest the following decomposition reaction:
(Mg,Fe)sSi207 = (MgFe);SiO4 + (MgFe)SiOs, which would explain the previous measures.

Although other interpretations of this data might exist, it would be hard to come up with one that makes more sense and
interpret phase-l as grains of an unreported mantle mineral that has since decomposed into its lower-P products, as for
Botswana (Gu et al. 2022) and Guinea (Nestola et al. 2023) diamonds’ pm-sized polyphasic inclusions, peridotitic in
character.

Amid the uncertainty concerning our rock specimen provenance, its geological origin is ascertained by its, albeit unusual,
mineralogical assemblage of mantle affinity, namely its very high MgO content displayed by brucite in rock-forming
quantities, abundant spinels, HP majorite (unpublished data) and 4 vol% of forsterite-enstatite-exsolved Fe-oxides CPO
intergrowths, unreported so far, clearly showing crystallographic phase transition character. Even though the original crystal
structures are not preserved, the two phases reported here show M/Si ratios very close to the pyrolite model mantle
composition (Fig. 6) and can thus expected to be important minerals in the Earth and rocky planets’ mantle. If the two phases

(Mg,Fe)sSi.O7 or (Mg,Fe,Si)s07. and (Mg,Fe)4Siz010 or (Mg,Fe,Si)7010 were confirmed by experimental petrology as UHP-
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HT mantle minerals as we predict, along with the recently discovered elgoresyite, ringwoodite-Q and ringwoodite-Q-11, they
would shed new light on the variety of unknown phases in Earth deep mantle, as predicted for spinel-structured silicates
(Koch et al. 2004) and post-perovskite mineralogy (Mosenfelder et al. 2009). All these phases’ P-T stability windows need
to be constrained by experimental petrology and might be considered in future modelling of the Earth and rocky planets’

interiors.
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Material

The specimen has been found as a loose beach pebble of about ~100gr in the neighbourhood of Assos, Biga peninsula,
Western Mediterranean cost of Turkey. The sample was collected “by chance” by Salvatore Musacchia who gave it to first
author as a curiosity and “because it was pale blue”. Unfortunately, only one unique specimen was found and, despite the
lack of evidence, we think plausible that is likely derived, possibly as a xenolith, from Tertiary to Quaternary alkaline
volcanic or lamproitic rocks outcropping in the area. These latter are Quaternary (2-0 Ma) intra-continental Ocean Island
Basalt (OIB)-type alkaline volcanic eruptions, interpreted as near-primary melt products of adiabatic decompression
(Aldanmaz et al. 2005; Aldanmaz et al. 2006) coming from sub-slab asthenospheric mantle. Combined geochemical and
petrological (Mcnab et al. 2018; Nikogosian et al. 2018) as well as seismic tomography (Berk Biryol et al. 2011) approaches
have inferred that Western Anatolia OIB-type alkali-basaltic volcanism is thought to be triggered by asthenospheric thermal
anomalies, driven by regional plate tectonics (Altunkaynak and Dilek 2013). The SiC specimen has been extensively
reported (Di Pierro et al. 2003; Di Pierro and Gnos 2016; Trumbull et al. 2009; Capitani et al. 2007).
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Methods

In addition to optical microscopy, Electron MicroProbe Analyses (EMPA) equipped with Wavelength-Dispersive
Spectrometers (WDS), have been performed at the Institute for Geology, University of Bern, the University Claude Bernard
Lyon-1 and Ecole Normale Supérieure (ENS) of Lyon (Joint Laboratory of Earth Sciences), using Cameca SX 50
microprobes. Complementary analyses were obtained at the University of Geneva using a JEOL 8200 microprobe. Operating
conditions of all machines were 15 kV and 20 nA, the electron beam was focused to probe 2-4um? of surface and 1-2pm of
depth; natural and synthetic silicates and oxide standards were used. Detection limits in element wt% are Si 0.02; Ti 0.03; Cr
0.04; Na 0.03; Al 0.02; Y 0.06; Ce 0.08; La 0.08; Fe 0.07; Ni 0.07; Mn 0.08; Mg 0.03; Ca 0.02; Sr 0.07; Ba 0.08; K 0.02; Na
0.03; S 0.03; and F 0.13 and CI 0.04. Raman spectra were recorded with a DILOR XY spectrometer equipped with confocal
optics and a nitrogen-cooled CCD detector, at the ENS-Lyon. A microscope has been used to focus the excitation laser beam
(514 nm lines of a Spectra Physics Ar+ laser) to a 2 um spot and to collect the Raman signal in the backscattered direction.
Collecting times were 20 to 60 s at low power of 2-30 mW, to avoid sample deterioration (not observed during spectra
acquisition). Electron-transparent thin foils were prepared with a FIB Dual Beam FEI Strata DB 235 at IEMN-Lille and
analysed by Transmission Electron Microscopy on the electron microscopy facility of the Advanced Characterization
Platform of the Chevreul Institute. Imaging, diffraction and orientation mapping were achieved on a Thermo-Fischer Tecnai
LaBg instrument operating at 200 kV equipped with the ASTAR™ tool from NanoMEGAS. For orientation and phase
mapping, the TEM was set in the microbeam mode with a spot size of about 10 nm and precession angle of 1°. A Thermo-
Fischer TITAN Themis operating at 300kV was used for high angle annular dark field (HAADF) imaging using an electron
probe of about 0.1 nm. Quantitative chemical data were obtained using energy dispersive x-ray spectroscopy (EDS) in the
scanning transmission electron microscope (STEM) mode and a Super-X windowless, 4 quadrant SDD detector.
Hyperspectral elemental maps were recorded, and quantification was performed on selected area of interest. Quantitative
data were extracted using the Bruker Esprit software (version 1.9). The CIliff and Lorimer method and an absorption
correction were applied assuming a homogeneous thickness of 100 nm. k-factors of the major elements relative to Si were
experimentally determined using standard minerals for O, Mg, Al, Ca, Fe.
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Supplementary Figure S1. Thin section, ~4 x 2 cm?, of the SiC bearing blue rock from Turkey (same sample of Fig. 1a in (Di Pierro
et al. 2003)). Black to dark-grey-colored are moissanite (SiC) crystals, white ones are quartz, pervasive brucitic matrix is bluish.
Quartz and moissanite are mm- to sub-mm sized, never observed in reciprocal contact, mostly fragmented even though
ipidiomorphic face crystals are abundant. The overall texture is “brecciated”, while no overall anisotropies are visible, quartz and
moissanite being evenly distributed in the brucite groundmass.
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Supplementary Figure S2. FIB-TEM observations of phase-1, (Mg,Fe)sSi2O7, (A) Phase map of Fig. 4A, trust index >15. Green: Fo,
Red: En, Blue: Fe-oxide. Black: unindexed. Fe-oxides are confined at grain boundaries. Neither the oxidation state nor the
crystallographic forms of iron-oxides, supposed to be either magnetite or hematite from Raman spectroscopy (Fig. 3 in main text)
could be ascertained at the TEM scale thus far. (B) Forsterite (Fo) grain Bragg-zone oriented. Enstatite (En). (C) Selected Area
Electron Diffraction (SAED) of forsterite grain in (B) oriented along the [100] zone axis. (D) Enstatite (En) grain Bragg-zone
oriented (not in A). (E) Selected Area Electron Diffraction (SAED) of enstatite grain in (D). The smallest distance d1 = 0.9 nm
corresponds to either (100) diffracting planes for clinoenstatite or (200) for orthoenstatite. Both phases are possible and
orthoenstatite (space group Pbca) has been chosen for phase and orientation mapping (see Fig. 4). Unlike phase-11, no planar
anisotropies have been observed in phase-I.

Enstatite (Pbca)

by sy
1_,, Forsterite (Pbnm)

Supplementary Figure S3. Respective crystallographic orientations of enstatite and forsterite (viewed along the c-axes), as
suggested from pole figures of Fig. 4C-E.
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Supplementary Figure S4. FIB-TEM image of phase-11, (Mg,Fe)4SisO10, same crystal as Fig. 2C. (A) Planar anisotropies (lamellae)
parallel to the lath-shaped main elongation, suggesting previous pattern of the parental mineral. (B) EDAX mapping showing Si,
O, Mg and Fe distribution. Lamellae are oxygen richer at 3-4 at%, poorer in Al and Fe and higher M/Si.
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Supplementary Figure S5. FIB-TEM image of phase-11, (Mg,Fe)sSisO10, same crystal as Fig. 2C. (A) hypidiomorphic grains of
forsterite within the amorphous matrix (B) EDAX mapping showing Si, O, Mg and Fe distribution.
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Supplementary Table S1
460 EMPA/WDS analyses of Mg.Fe-silicate phase-I.

phase-I
#1 #2 #3
SiO; 47.87 48.20 49.41
TiO; 0.02 0.01 0.04
Al203 0.04 0.02 0.00
Cr,03 0.03 0.00 0.04
FeO* 9.24 8.82 9.33
MnO 0.11 0.11 0.17
MgO 42.49 43.17 41.37
CaO 0.26 0.33 0.58
Na,O 0.07 0.05 0.09
K20 0.04 0.06 0.08
Total 100.17 100.77 101.11
Cations per 7 oxygens
Si 2.00 2.00 2.04
Ti 0.00 0.00 0.00
Al 0.00 0.00 0.00
Cr 0.00 0.00 0.00
Fe 0.32 0.31 0.32
Mn 0.00 0.00 0.01
Mg 2.65 2.67 2.55
Ca 0.01 0.01 0.03
Na 0.01 0.00 0.01
K 0.00 0.00 0.00
> 4.99 4.99 4.96
Xmg 0.89 0.90 0.89
M/Si 1.48 1.49 1.41

Same crystals of Fig.2A-B. FIB prepared and SAED analysed, Fig. 4.
(Mg2.63Fe?*0.32Ca 0.02)Y =2.97Si2.02 O7 (average of above three analyses) or simplified (Mg,Fe)3Si207
The grain of phase-11 used for TEM analysis could not be analyzed by EMPA/WDS due to surface charging
#=analysis number
465 *FeO as Fetot
XMg=Mg/(Mg+Fe2+)
M/Si=(Mg+Fe2+)/Si (mol%o).
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Supplementary Table S2

470 TEMV/EDS analyses of forsterite and enstatite.
forsterite enstatite
a b c a b c

Si 13.73 14.50 14.49 20.69 20.99 21.14
Fe 0.04 0.11 0.00 0.19 0.08 0.06
Mg 28.24 26.74 27.40 17.59 17.83 17.86
Ca 1.12 1.40 0.86 1.19 0.60 0.38
) 56.87 57.25 57.25 60.34 60.50 60.57

100.00 100.00 100.00 100.00 100.00 100.01

Same crystal of Fig.2A-B, FIB prepared, Fig. 4
Forsterite (a) = (Mg2.824F€2*0.004Ca0.112)y=2.94Si1.3730s.687 simplified MgsSi1506 or 2/3 Mg2SiO4
Enstatite (c) = (Mg1.7ssFe2*0.006Ca0.038)y-1.835i2.11406.057 simplified Mg2Si2Os or MgSiOs

475 Supplementary Table S3
Representative TEM/EDS analyses of phase 11 (amorphous groundmass) and embedded forsterite clusters (at%b).

Amorphous Forsterite
a b c a b c

Si 16.00 16.02 15.93 13.39 13.00 13.56
Fe 2.02 2.08 1.89 1.30 1.26 1.20
Mg 22.73 22.62 22.93 27.66 28.19 27.46
Ca 0.07 0.06 0.03 0.02 nd 0.06
Al 0.76 0.75 0.81 0.59 0.70 0.56
Cr 0.14 0.16 0.18 0.13 0.09 0.17
Mn 0.02 0.02 nd 0.02 0.05 0.02
Ni 0.04 0.05 0.03 0.02 0.01 0.01
0 58.22 58.24 58.20 56.87 56.70 56.96

100.00 100.00 100.00 100.00 100.00 100.01

Same lath-shaped crystal (C) of Fig.2, FIB prepared, Fig. 5
TEMV/EDS of phase-11 and forsterite cluster within
(Mg2.74F€0.25)Cro.02Al0.10Si1.8007 Or (Mgs.93Fe0.07)(Siz.71Feo.30Alo.14 Cro.03)O10
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