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Abstract:  
 
The transformation of pyroxene to its high-pressure polymorph akimotoite (MgSiO3 ilmenite type 
structure) is documented in the shock-induced melt veins of the L6 Tenham chondrite. Four textural 
relationships between pyroxene and akimotoite are observed in former pyroxene grains entrained in 
the shear melt vein and in pyroxene grains attached to the wall of the melt vein. In one of the 
entrained enstatite grains the transformation to akimotoite is partial. One third of the grain is 
transformed to a polycrystalline aggregate of akimotoite with a scalloped interface with enstatite. 
Akimotoite (Fe0,4Mg1,24Ca0.07Na0,12Al0,14)(Si1,963Al0,037)O6 is slightly enriched in Ca (CaO = 1.74%), Al 
and Na with respect to enstatite (CaO = 0.71%). Narrow bands of polycrystalline akimotoite with three 
crystallographic orientations and a chemical composition similar to the surrounding enstatite intersect 
the other part of the grain. In a second grain entrained in the shear melt vein, tablets of akimotoite are 
interwoven with a pyroxene glass with a lower Na and Fe content and a higher Mg content compared 
to the adjacent akimotoite. This pyroxene glass is probably the product of (Mg,Fe)SiO3-perovskite 
amorphization. Polycrystalline akimotoite is also formed at the expense of enstatite at the vein wall of 
the shear melt vein. In that case akimotoite is also enriched in Ca (CaO = 2.85%) Na (NaO = 1.72%) 
and Al (Al2O3 = 4.14%). All these observations suggest that akimotoite is mainly formed by solid-state 
transformation of former pyroxenes with subsequent diffusion of calcium, aluminum and sodium from 
the chondritic melt of the shear melt vein. Finally, the first complete X-ray diffraction pattern of natural 
akimotoite is presented.  
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1. Introduction 
 
 
Heavily shocked meteorites and particularly chondrites usually contain shock-induced 

melt veins (SMV) in which numerous high pressure minerals have been encountered 

([Binns et al., 1969], [Mason et al., 1968], [Smith and Mason, 1970] and [Putnis and 

Price, 1979]). These high-pressure polymorphs are usually derived from olivine, 

pyroxene and plagioclase and can therefore provide an insight into the Earth deep 

mantle mineralogy and may mimic the phase transformations occurring in a 

subducting lithosphere. Better constraining the kinetics of these transformations is 

important to discuss subduction dynamics, deep earthquakes mechanisms and 

mechanical properties of the subducting lithosphere (Kerschhofer [Kerschhofer et al., 

1998], [Liu et al., 1998] and [Mosenfelder et al., 2001]). Recently, with the addition of 

new constraints on low- to high-pressure polymorph transformation kinetics 

([Kerschhofer et al., 2000], [Kubo et al., 2004], [Hogrefe et al., 1994] and 

[Mosenfelder et al., 2000]), more and more studies have been concentrating on the 

relationship between the mode of occurrence of these high pressure phases and the 

duration of the equilibrium peak 

http://www.sciencedirect.com/science?_ob=MiamiImageURL&_imagekey=B6V6S-40GJDDT-6-1W&_cdi=5822&_user=2691547&_check=y&_orig=browse&_coverDate=06%2F30%2F2000&view=c&wchp=dGLbVlW-zSkzk&md5=b0ba31bad27b7bdf9ef257d3bfba8a48&ie=/sdarticle.pdf�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib13
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib25
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib20
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib20
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib12
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib16
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib9
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V61-4TGPB7M-1&_user=2691547&_coverDate=10%2F30%2F2008&_rdoc=4&_fmt=full&_orig=browse&_srch=doc-info%28%23toc%235801%232008%23997249998%23699259%23FLA%23display%23Volume%29&_cdi=5801&_sort=d&_docanchor=&_ct=25&_acct=C000023438&_version=1&_urlVersion=0&_userid=2691547&md5=33f6d43f8ab8aa370126f747ede3602a#bib15


shock pressure. For a shocked chondrite, the timescale of shock duration has been estimated from oth mineralogical 
and diffusional considerations to be up to a few seconds [3, 31, 18]. 
The Tenham chondrite fell in 1879 in South Georgy, Queensland Australia. It is classified as an L6 ordinary chondrite 
of shock stage 4-5. Major phases in this meteorite are olivine, orthoenstatite, diopside, plagioclase, the latter partially 
converted to maskelynite or lingunite, Fe-Ni alloy and troilite. Due to a very intense shock [26], a network of shock 
induced melt veins are cross-cutting the whole meteorite. In these shock melt veins, natural MgSi03 ilmenite type 
structured, akimotoite, was discovered by Tomioka and Fujino (1997) occurring as aggregates and platelets adjacent to 
enstatite with topotaxial relationships between each other. 
Here, we report on different mode of occurrence of akimotoite observed in the Tenham chondrite. We will address the 
different transformation mechanisms of enstatite to akimotoite and the crystal chemistry of the latter. We also present 
the first complete X-ray powder diffraction spectra for akimotoite, which we can be used to precisely determine crystal 
structure parameters. 

2 Materials and Methods 

Reflected light optical microscopy and scanning electron microscopy (SEM) on a JEOL 840 SEM microscope were 
used to identify and characterize the different akimotoite settings. To identify the mineral phases and clarify the 
petrographical relationship between akimotoite and their host mineral or glass, Raman point measurements and 
mapping were performed. Unpolarized Raman spectra were collected using a Jobin-Yvon LabRam HR800 
spectrometer. Raman scattering is excited by an argon ion laser tuned at 514.5 nm, and analyzed in backscattering 
geometry with gratings of 1800 g/mm and a visible CCD camera. The laser beam was focused through microscope 
objectives (xlOO) down to a 1 micrometer spot on the sample surface and the backscattered light was collected through 
the same objective. Acquisition times were typically 300 s. The laser power on the sample was kept at 50 mW to avoid 
any damages. Two spectra were acquired for each phase in the 200-1500 cm"' spectral region. We also used Raman 
mapping for determining the textural relationship between the different phases. Raman maps were acquired with a 
motorized XY stage, with a micrometric resolution. For each spot, two spectra were collected (6 seconds accumulation 
time) in the spectral range of 600-1100 cm" and averaged afterwards. Spot size was approximately 1 um and a 
spectrum was measured every 0.7 jjm motor displacement. Each mineral phase was identified using its most intense 
band (797 cm"' for akimotoite, the doublet at 1000 cm"' for pyroxene, the peak at 843 cm"' for ringwoodite and a broad 
feature around 600 cm"' for the sulfides of the shock melt vein. The composite color scale on the map is calculated from 
the integrated band intensity. 

Chemical compositions of the different phases were measured with a CAMECA SX50 electron microprobe. The 
analyses were performed at an accelerating voltage of 15 kV, a probe current of 12 nA and a 1 um-sized spot. 
Crystallographic mapping was performed using synchrotron X-ray diffraction at ESRF (European Synchrotron 
Radiation Facility, Grenoble, France) with a 10 um beam size at an energy of 30keV corresponding to a wavelength of 
0.412A on ID09 and a 1.5JI beam size at an energy 12keV (wavelength 1.033A) on ID22 beam line. 

3 Results 

Figure la shows the studied shear melt vein in a thin section of the Tenham chondrite. A general Raman survey shows 
that akimotoite is a rather common phase observed either in pyroxene grains entrained in the shear melt vein or in 
pyroxene from the vein margins. Three representative occurrences of akimotoite have been studied in greater details. 
Firstly, akimotoite is observed in an angular grain of former enstatite entrained in a shear melt-vein (Figs, lb and 3a). 
BSE images show two distinct zones: a light gray one and a dark gray one hatched by brighter lamellae depicting three 
orientations of unknown crystallographic relationship with the enstatite (Fig. 3b). Point Raman measurements show that 
the dark gray zone is mainly enstatite (Fig. 2) with Raman peaks at 234, 362, 393, 411, 519, 547 and 935 cm"' and the 
two typical doublets at 659-680 and 1009-1024 cm"'. The light grey part and the lamellae intersecting throughout 
enstatite (Fig. 3 a) were identified as akimotoite with typical peak at 796cm"' corresponding to the Ag mode and 
additional peaks at 342, 407, 477, 614 and 672 cm"' (Fig. 3)[23, 21]. Raman mapping (Fig. 3c) shows a good correlation 
with the SEM observations. The 672 cm"' band is too intense to belong to akimotoite alone. It could belong to troilite 
cristallites or to amorphous pyroxene.. From a textural point of view phase transformation of preexisting enstatite to 
polycrystalline akimotoite is total in one third of the enstatite and partial in the remaining part. The thin lamellae of 
akimotoite start from the interface between polycrystalline akimotoite and enstatite and extend towards the 
untransformed enstatite (Fig. 3b). They display three different orientations : one is perpendicular to the akimotoite-
enstatite boundary, one is sub parallel to the interface, and one crosscuts the former. Orientation of akimotoite crystals 
with respect to enstatite could not be obtained on this particular section, and different transformation mechanism than 
proposed by Tomioka (2007) [29] may be active. The polycrystalline akimotoite has an embossed aspect while the 
lamellae appear smoother. Akimotoite-enstatite boundary is scalloped probably reflecting the propagation of a 
transformation front. The thickness of the akimotoite lamellae is between 0.4 - 0.9 jim with an average value of 0.63 
um. The chemical compositions of the different phases inferred from point measurements are listed in Table 1 together 
with those of akimotoite, enstatite and silicate perovskite reported by [27,28] and [24]. The chemical composition of 
polycrystalline akimotoite and enstatite exhibits slight differences. Polycrystalline akimotoite has a formula of 
(Feo4Mgli24Caoo7Naoj2Aloi4)(Siij963Aloo37)06 and has a higher concentration of Ca (CaO=1.74%) than parental enstatite 
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(CaO=0.71%). Sodium and aluminum concentrations are also higher in akimotoite with respect to enstatite. Lamellar 
akimotoite composition was measured on the thickest lamellae (0.9|um) and has in turn the same chemical composition 
as the enstatite host. These differences are confirmed at the scale of the whole grain in the chemical map (Fig. 3d) 
recorded with the same setting as the one used for point measurements. Furthermore, Ca distribution map shows a 
depletion in calcium in the SMV adjacent to the akimotoite compared to the SMV near the enstatite part. Raman spectra 
of akimotoite are also slightly modified by the integration into the cell of Ca and Al [22]. Major peaks of akimotoite are 
shifted towards lower wavenumbers (796 cm"1 compared to 799 cm"') and the presence of a high quantity of aluminum 
(around 4%) leads to a broadening of the main band. This is in agreement with the measurement done by Reynard et 
al.[22] who showed that Ag mode of MgSi03-ilmenite broadens with increasing the aluminum content. Using their 
FWHM value would lead to a 5 wt % content of A1203, which is in excellent agreement with the microprobe 
measurement (4.18 wt %). Nevertheless, the enlargement of this band could also be due to the shock. The dominant 
crystalline phase in the melt surrounding the entrained enstatite crystal is ringwoodite (typical bands at 794 and 843 cm" 
'). The observation of ringwoodite together with akimotoite and liquid indicate shock conditions of 25-45 GPa and a 
temperature of 2500 K (±100 K) (Price et al. [19] and Langenhorst et al. [11]). Xie et al. [31] later refined the pressure 
to be in the range of 21 to 25 GPa according to mineralogical association in the SMV. The same grain described was 
also studied by X-ray diffraction. The image plates show continuous diffraction rings indicating that the whole sample 
is polycrystalline. Figure 4a shows an example of an integrated 1-D X-ray pattern obtained with a 10 um beam. This 
integrated pattern was successfully indexed with akimotoite, enstatite and ringwoodite using structural parameters 
described in Horiuchi et al. [7], Angel and Hugh-Jones [1] and Baur et al. [2]. Cell parameters were refined afterwards 
using the Le Bail algorithm found in the GSAS package (Larson and Von Dreele, 1994). The pattern of polycrystalline 
akimotoite (chemical composition given in table 1) was indexed in the R-3 space group with cell parameters of a= 
4.74±002A c= 13.55±002A and a cell volume of 263.96±002A3 (Table 2). The unit cell of akimotoite is slightly smaller 
than the one reported by [17] (V=269A3) but larger (V=262.54A3) than pure MgSi03-ilmenite type structure refined by 
[7]. This discrepancy is certainly due to the less precise determination of V by TEM conducted by [27] and/or chemical 
composition differences such as iron and aluminum content. X-ray micro diffraction (1 urn beam) on the akimotoite part 
also reveals the presence of pigeonite that could be either spatially mixed with akimotoite or located below it (Fig 4b). 
Another mode of occurrence of akimotoite was observed, at the wall of the shock melt vein (Fig lc). ). In the studied 
area, about half of an enstatite grain has been partially melted at the contact with the shear melt vein, and yields ferrite 
or magnetite-type Raman spectra that will not be discussed here. Akimotoite is observed within the non-molten part of 
the enstatite grain, in a single 20 urn-wide band in contact with the melting front. Akimotoite located at the vein edge 
also shows, like in the first observed grain, a rather high concentration in Ca (CaO=2.85%), Na (Na20=1.72%) and Al 
(Al203=4.14%). The values found for CaO are extremely variable (CaO can go up to 20%) but Raman measurements 
were not made at the exact location of the highest concentration. This Ca and Na enrichment is very likely due to a very 
fine mixture of akimotoite together with another phase such as Ca-perovskite glass formed by amorphization of 
metastable CaSi03 perovskite upon quenching. 

The last type of setting is observed in another grain entrained in the shock melt vein (Fig. Id). Akimotoite tablets are 
intermingled with an amorphous phase. Raman measurements show that low brightness areas observed in BSE imaging 
correspond to a pyroxene glass (broad band at 670cm") while the high brightness parts have the akimotoite Raman 
spectrum. Akimotoite platelets are slightly richer in Na (Na2O=1.03) and Ca (CaO=0.71) compared to the pyroxene 
glass (Na2O=0.75 and CaO=0.65). 

4 Discussion 

The present observations illustrate more diverse akimotoite occurrences than previously reported (Tomioka and Fujino 
[27, 28] and Sharp et al. [24]). Sharp et al. reported that akimotoite is often associated with ringwoodite and a glassy 
phase of (Mg,Fe)Si03 composition, the latter possibly being former (Mg,Fe)Si03 perovskite amorphized during the 
pressure decrease [24]. In the Tenham meteorite, Tomioka and Fujino [27] presented evidence for crystalline perovskite 
and akimotoite formed from pyroxene through a solid-state transformation. Sharp et al. [24] encountered akimotoite in a 
different setting whose texture is strongly suggestive that the akimotoite-perovskite intergrowths crystallized from a 
high-pressure and high-temperature melt. Sharp et al. [24] and Tomioka and Fujino [27] may have encountered two 
different petrographic settings that were formed by crystallization from the chondritic liquid and by solid-state 
transformation, respectively. The akimotoite grains analyzed by [27] contain slightly higher amounts of Na and Ca than 
those reported for akimotoite synthesized in high-pressure and high-temperature experiments on peridotites 
compositions [17]. We should however remark that they lie within the uncertainties linked to the EDX techniques used 
for chemical characterization in these studies. 
Here, we observed three different settings for the enstatite to akimotoite conversion and propose three different 
formation mechanisms. The first one is a solid-state transformation to massive polycrystalline akimotoite occurring near 
the interface of a solid grain (Fig lb) or at vein wall (Fig lc) of the shock melt vein. The second mechanism involved is 
an intracrystalline solid-state transformation inside one of the grains (Fig 3c). The third mechanism could be a back 
transformation of a perovskite/akimotoite phase to a pyroxene glass mixed with akimotoite (Fig Id) or a "low-
temperature" transformation of enstatite to akimotoite and diaplectic glass. 
Among the observed transformation settings of pyroxene to akimotoite, the two first transformation mechanisms have 
already been documented experimentally for olivine polymorphic transitions [8, 12, 16, 9, 10]. The first mechanism 
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would be similar to the "granular" type reported by [27] and was documented for olivine-ringwoodite in the same 
meteorite by Xie et al. [31]. The second mechanism shares similarity to the "columnar-type" akimotoite reported by 
[27] and observed for olivine-ringwoodite in the Tenham chondrite by Beck et al. [3]. However, we have no indication 
that lamellar akimotoite is monocrystalline and could therefore be analogous to the "columnar akimotoite" of [27]. 
Furthermore, Miyahara et al. [14] reported that ringwoodite lamellae in the Peace River Meteorite were formed through 
frictional melting and crystallization from this melt at high pressure. Akimotoite lamellae could have originated through 
a similar mechanism. 
To explain the occurrence of either the massive polycrystalline transformation or the intracrystalline type, we propose 
two different alternative models that can be tested for the documented pyroxene. Both models involve a temperature 
gradient inside the grain (temperature is likely higher in the precursor of the polycrystalline akimotoite part away from 
the vein wall than in the enstatite closer to the vein wall). 
In the first model, the gradient is assumed to favor different transformation mechanisms by analogy with the olivine-
ringwoodite transformation. For the olivine system, the activation energy of polycrystalline growth kinetics is higher 
than for intracrystalline growth, showing that the polycrystalline transformation is more difficult to start. On the other 
hand, kinetics are faster for the polycrystalline transformation than for the intracrystalline transformation [8, 12, 16, 9, 
10]. If we hypothesize a similar behavior for the olivine-ringwoodite and enstatite-akimotoite systems, the higher 
temperature in the zone of polycrystalline akimotoite would have allowed both transformations to occur simultaneously. 
Kinetics of the polycrystalline phase being faster, it would have rapidly overridden the intracrystalline mechanism 
provided no friction melting took place. The lower temperature close to the vein wall would have allowed only the 
intracrystalline transformation. Nucleation kinetics being highly dependent on the density of nucleation sites, which are 
not known in the present sample, we cannot discuss about the nucleation kinetics. 
In a second model (Fig 5b), a polycrystalline transformation is initiated at the boundary with the shock melt vein and 
the transformation front progresses inside the enstatite grain. The interface of the akimotoite-enstatite transformation 
acts afterwards as nucleation sites for intracrystalline growth. The transition from polycrystalline to intracrystalline 
mechanisms can be a result of the temperature gradient descending into the enstatite grain because of temperature 
decrease during crystallization of the SMV from the wall with solid meteorite. This model is supported by the SEM 
observations, which show that major lamellae are radiating away from the enstatite-akimotoite boundary into the 
interior of enstatite. 
In the case of the akimotoite formed at the vein wall (Fig lc), no akimotoite lamellae is observed, only a polycrystaline 
stripe. This may be due to a steeper temperature gradient across the transformation zone. 
The chemical composition of akimotoite obtained from microprobe or EDX on SEM is intriguing especially because of 
significant Ca and Na contents, and is related to the occurrence of polycrystalline patches. The higher concentrations of 
calcium, sodium and aluminum in akimotoite compared to enstatite suggest diffusion of these elements from the shock 
melt vein into the akimotoite. Inherited zoning from the former magmatic history of the enstatite precursor is unlikely 
because of the high Na and Al contents. Enrichment from the shock melt vein is supported by the Ca distribution map, 
which shows a relative depletion of calcium in the SMV adjacent to the akimotoite grain compared to the SMV adjacent 
to enstatite. The coincidence of the front of the Na, Al or Ca diffusion and the front of the polycrystalline akimotoite 
formation could also suggest melt injection in the porosity linked with the volume decrease during the enstatite to 
akimotoite transformation. A similar enrichment of Na (NaO=1.72 %), Al (Al203=4.14 %) and Ca (CaO=2.85 %) is 
observed in the second occurrence of polycrystalline akimotoite at the vein wall. These chemical differences show that 
significant amounts of calcium and sodium can be stored in akimotoite, which was not expected from previous 
experiments [17]. Alternatively, in the case of the grain inside the SMV, the difference in chemical composition could 
also be explained by the presence of pigeonite revealed by X-ray diffraction, and having a higher concentration in Ca, 
Na and Al than enstatite. 

The third mechanism of akimotoite transformation is encountered in the grain entrained in the shock melt vein (Fig Id). 
It consists of the mixture of interwoven akimotoite and pyroxene glass. Because of the grain shape and the morphology 
of the akimotoite platelets, several mechanisms can be proposed for the pyroxene glass formation: 1) it is a back-
transformation product by complete amorphization of a former perovskite [5, 30] mixed with akimotoite or partial 
amorphization of akimotoite [21] ; 2) partial transformation to high-pressure glass and akimotoite at relatively "low" 
temperatures; 3) crystallization of akimotoite or akimotoite-perovskite assemblage from a melt, with subsequent 
amorphization of perovskite. The latter mechanism would involve large chemical fractionation of elements such as Al, 
Ca, Na, which is not observed; it is thus very unlikely. The two other mechanisms occur at solid state and involve 
limited diffusion, thereby explaining the similar composition of glass and akimotoite. The observation of a perovskite 
diffraction by TEM prior to amorphization in a similar texture and composition by Tomioka and Fujino [27] supports 
the first mechanism. In the opposite, Sharp et al. [24] observed a glass with akimotoite of different compositions, 
supporting crystallization from a melt. 

5 Conclusion 

By analogy with the olivine-ringwoodite transformation, two different mechanisms are proposed for the enstatite-
akimotoite system. One mechanism involves growth of a polycrystalline akimotoite from a grain boundary with shock 
melt vein or at the vein wall. The second mechanism is involving an isochemical intracrystalline growth of akimotoite 
at the expense of enstatite. The first mechanism is not entirely isochemical, and is associated with a diffusive 
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redistribution of calcium, aluminum and sodium from the adj acent chondritic shock melt vein inside the polycrystalline 
akimotoite. It remains to be determined whether akimotoite might stock up to more than 2% of Ca and Na, or is 
systematically associated with Na, Ca-rich phase such as pigeonite or melt. Finally, the occurrence of akimotoite 
together with pyroxene glass of similar composition could be interpreted as a previous mixture of akimotoite and 
perovskite which would have back transformed to amorphous pyroxene by a moderate post-shock residual temperature 
[27, 28]. 
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Figures captio 

Table 

Chemical composition of akimotoite, enstatite and pyroxene glass obtained by electron microprobe in the Tenham 
Chondrite. 

* data from Tomioka et and Fujino. (1997) 
** data from Sharp et al.(1997) 

Table 2 
Observed and calculated d-values of akimotoite using a wavelength of 0.412 A. 

Fig.l Back scattered electron (BSE) images of the section of the Tenham chondrite. Upper left (a) is the global view of the 
section with the locations of the investigated akimotoite. Bottom square shows the location of (b), center square the 
location of (c) and the top one shows (d). (b) grain located inside the shock melt vein which displays both 
polycrystalline and intracrystalline transformation, (c) akimotoite grain at the vein wall partially resorbed by the melt. 
(d) akimotoite tablets interwoven with pyroxene glass. 

Ak = akimotoite. 

Fig.2 Raman spectra of akimotoite (upper spectrum) and enstatite (lower spectrum) collected on the first grain entrained in 
the shock melt vein. The 800 cm"' peak in the pyroxene spectrum comes from minor amount of akimotoite. 

Fig.3 Back-scattered electron (BSE) image of the first studied grain entrained in the shock melt vein (a) AkP : 
Polycrystalline akimotoite, Aid : Intracrystalline akimotoite, En : Enstatite. (b) High magnification BSE picture of the 
akimotoite lamellae which show three different types of orientations, (c) Raman map of the grain located inside the 
shock melt vein. Colormap is Red for akimotoite, green for enstatite, blue for sulfides from the shock melt vein and 
purple for ringwoodite. This map is well correlated with both optical and BSE observation, (d) Chemical map of the 
same grain located inside the shock melt vein determined by electron microprobe. Color scale represents the counts per 
second for Calcium (CaKa) in linear scale. Akimotoite part (Ak) is enriched in calcium compared to enstatite (En). 
Akimotoite lamellae cannot be distinguished since their chemical composition is identical to the enstatite host. The melt 
vein near the akimotoite part is depleted in calcium compared to SMV near the enstatite, suggestive of calcium 
diffusion in akimotoite from the SMV. 

Fig. 4a Integrated X-ray diffraction spectra of the previous image plate. Major peaks can be assigned to akimotoite and 
ringwoodite while minor peaks correspond to enstatite. Wavelength was 0.412 A 

b Integrated pattern of the imaging plate showing that akimotoite is mixed with pigeonite. Iron and ringwoodite diffraction 
lines are also present in the spectra. Wavelength was 1.033 A 

Fig 5. The two different models for the growth of polycrystalline and intracrystalline akimotoite. The first one (a) is driven 
by the temperature gradient inside the grain while the second one (b) involves cooling of the shock melt vein. 
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