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1. Introduction & rationale 3. Results and discussion

Al-bearing stishovite and, later, post-stishovite are among In-situ runs with ultrasonics were completed with several The diffraction and ultrasonic data have been cross-
the chief hydrogen-bearing phases in subducted oceanic cycles over the P, T range near the expected transition. In linked to match and a reduced dataset has been fitted.
crust (eclogite) at lower mantle conditions, being able to  run#16 (bulk: SiO, + 6.07 wt.% Al,O; + 3.11 wt.% H,0), for Fig. 8 illustrates the proximity of our data collections
carry ~0.3 wt.% H,O [1-4]. H,O-bearing Al-stishovite was instance, a high density of diffraction data were collected; to the anticipated transformation region.

recently suggested to cause seismic discontinuities and  ~9k data during the full run (Fig. 6 & 7). Near the transfor-

heterogeneities in the deep Earth’s lower mantle at ~1000 mation, some 175 ultrasonic data were collected and ~20x Ny
km depth [5-6] (Fig. 1). more diffraction data.
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The incorporation of Al into stishovite leads to significant SO0 T o stishovite and CaCl,-  ° Tog.

B2 transitions in NaCl, implying datum Si0. (+ Al OH B
changes to its phase diagram and ability to take up H,O P >29 GPa. Inset shows the tran-  Fig. 7. The combination of high density type 510, (+ Al, OH)
[5 10]. For instance. it halves the pressure (P) re quire d for sition line reported by Nishi- of diffraction and ultrasonic data allows from literature. It sl 8

’ ’ _ _ yama et al. [11]. the assessment of the role of the rutile - appears that we are
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formation, which exhibits The wavespeeds obtained (Fig. 9) are entirely consistent with the Al-OH containing data of Lakshtanov et al. [5],

with Jiang et al. [12] and with Li et al. [13] at 1 bar, 300 K, and some 5% faster than the stishoviteOH data of
Greaux et al. [14], which is more evident when we reduce this to the longitudinal, shear and bulk moduli, where
L = oVp? (GPa), G = 9Vs? (GPa) and Ks = L-4/3G (GPa) (Fig. 10). Once done; however, we obtain what amounts

to bizarre data, where it appears that the bulk modulus softens with increasing P and stiffens with increasing T.
We believe that this is the result of the bulk of the dataset having been collected in the transition, on the CaCl,-
side. . - i
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significant elastic softening B I

and may be seismically
observable [5, 10] (Fig. 2).
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as a function of Al,O; content; from
Lakshtanov et al. [5].
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A range of defective eclogitic stishovite samples were
synthezised between 15-32 GPa at ~1200°C from glasses | i q_ :
using 10/5, 10,4 and 7/3 multianvil assemblies at ID06- | 14 &
LVP, ESRF (Fig. 3). Recovered samples were double- 4 il
polished (~0.5 mm thick) and along with matching buffer O g
rods loaded in 10/4 and 7/3 assemblies (Fig. 4). Combined " f : 1 r
in-situ X-ray diffraction, imaging and pulse-echo ultra- S e

Fig. 9. TWTT for Vs and Vp obtained by matlabbased " e T L & ow | R N
cross-correlation procedure modified from Thomson T
et al. [15]. Notice softening S-wave TWTT, approxi-

mately half-way through each cycle, with no equiva-
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sonic high-P experiments were conducted at ID06-LVP to
~32 GPa and 1800 K (Fig. 5).
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Fig. 10. G, L and Ks obtained from applying x-ray derived densities and imaged sample lengths
to the TWTTs obtained (see Fig. 9). The data from run#16 (solid, T coded) are ~5% stiffer than
the no-Al but hydrated stishovites of Greaux et al. [14] (open symbols). Note the apparently
anomalous behaviour of Ks, which stiffens on heating. Expected data (p,300K) are derived from
Lakshatanov et al.5 [Ks =296, 290 GPa, G =213, 203 GPa for 4.4 and 6.1 wt% Al, resp.] with the P
derivatives of Weidner et al. [16] applied.
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lent evident in P-wave data.
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o A The model (Fig. 11) is simple, we compare measured L (which is fixed by 1000
Fig. 3. Large volume press  Fig. 4. Prepared 7/3  Fig.5.Setup of anultra-  Vp and scales with density, g) and we produce a Vsmod that is a linear o | P
. . . 5 L G
(LVP) at ID06, ESRE. assembly for an sonic high-F experiment oy trapglation of known Vs with the dVs/dP of Li et al. [13] less a delta o
ultrasonic high-P in the LVP at ID06, ESRF. . . . . * 600
experiment. function that is described by transition start and end and by an amount 2
that Vs is softened by. From Vsmod, we estimate G, knowing that g scales = | __°-—o ®-cozsemmmzoniIIITEE
RS
4. Summary to reproduce L with measured Vp and the observed K behaviour is 200 2 - s e %
: - . modeled. K is obtained simultaneously, being then a function of L and G. Pisiiice. e
In highly defective samples, the onset of the transition to ’
. . , Cege , Vsmod (red dash) must match Vs measured. g . =
post-stishovite was accompanied by significant softening : e
sl 3
of shear wave velocities Vs. Therefore, the effect of Al- >
and H,O-defects on the acoustic velocities of stishovite Fig. 11. Data from run#16, at 300 K, and model (red) derived by softening ideal (blue) Vs by 0.5 km/s ; B e Transliionsand
. . . over a range of approx. 5-8 GPa to match the observed Vp, Vs (circles) and reproduce the apparently g 8t ———o—©® -~ Vssoftening
and an estimate of the role of defects in controllmg the anomolous L, G and K moduli seen. Added are * data from Lakshtankov et al. [5]'s Vs near the [110] § |
transformation P to the post-stishovite Phase were zone from Brillouin, which are not an identical measure but nonetheless indicate a similar range and % * " " * . .
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assessed. This study provides information essential for
the interpretation of the seismic observables and contri-
bute to more complete modelling of subducted eclogitic
bodies inside the Earth's deep mantle.

It is generally described as a window some 5-8 GPa wide over which Vp is not additionally affected by the tran-
sition and Vs softens by 0.5 km/s. This is one third of that expected from Carpenter et al. [17] for pure stishovite
but very close in both the P range and magnitude to Lakshtankov et al. [5]'s Vs[110] from Brillouin. We repeat

14 - ! - —— this at different T's (using nearest P, T data to each T interval [+15K,
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