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Overview

« Some disagreement about what phase
change(s) cause the 660

— Irifune et al (1998), e.g.: suggest post-spinel occurs at
22 GPa, as opposed to 24 GPa

— Seismic results ambiguous
— Gt-Pv and Gt-1I-Pv suggested

* This paper uses estimates of Vs from
tomography studies and differential travel times
from incoming Pds waves to calculate the
seismic Clapeyron slope and thus constrain the

phase changes that could be responsible for the
660.



Seismically Inferred Clapeyron Slope

* |tis not meaningful to define thermodynamic
Clapeyron slopes for the 410 and 660, since
there are multiple phases

* Bina & Helffrich (1994) define the seismic
Clapeyron slope, which can be determined
experimentally and is dependent on
thermodynamic properties.

« Seismic Clapeyron slope can be affected by
Isostructural phases with variable chemistry at
the depth of the discontinuity, in particular
because of the exchange of Mg and Fe between
olivine and other minerals.



Correlation between TZ thickness
and TZ temperature.

* |If the 660 is caused by the post-spinel phase
change, then the 410 and 660 should be
deflected away (towards) each other for a cold

(hot) anomaly.
* The height of the TZ (HTZ) would then correlate

with TZ temperature, as well as with Vs within
the TZ (since Vs is temperature dependent).

 |f the 660 is caused by the gt-pv transition, which
nas a positive Clapeyron slope, the correlation
petween HTZ and temperature (and HTZ and
Vs) would be weak or absent.




P410s and P660s have the same ray paths, to first order, so any time
differences should be due to structure in the transition zone (TZ), where
P660s is an S-wave and P410s is a P wave.
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Fig. 1. (A) 5chematic depiction of the transition zone in an olivine-dominant mantle. The a—3 and

v—=00 + v phase transtormations give rise to the 410- and 660-km discontinuities { 7-2], and the
effective Clapeyron slopes v, and oo, have opposite signs. Absent lateral vaniations in compo-
sition, relatively low termperatures (T) cause thickening of the TZ and increase in seismic velocities
Ve, Vol igh temperatures cause thinning of the TZ and decrease in Vi o IB) Schematic ray diagram
of the P, P410s, and PBEOS phases.



Initial stations used

Fig. 2. Ray-path cover-
age Used in the S-veloc-
ity tomography of EBast
Asia tA) 178]) and Austra-
ia (Bi {79, The tomo-
graphic models (Fig. 3]
are constrained by parti-
tioned wavefomm imver- Image removed due to copyright considerations.

son (PWI 125 and
agtomated PWI (78)
of multimode  Rayleigh
waves. Higher modes—
formning the 5 and mul-
tiple 5 wawes—are sen-
sitive to transition-zone
stncture. The stations
with & measurements
ae 5l|1'||:|'-.'.|'|'| with  dia-
monds Longitude (hori-
rontal axis) is in degrees east, latitude (vertical) is in degrees north [ positive) and south (negative )



Data selection

Pds waves used to calculate tdiff:

t(diff) = t(P660s) — t(P410s)
Reject traces with low signal-to-noise
ratios, stacks that didn’t show both P660s
and P410s, and stations which did not
have enough acceptable traces.

Used previously determined tomographic
model values of Vs at their stations.

Reliable estimates for the upper (6Vs41g)
and lower (8Vsggo) parts of the TZ obtained
for eight stations.



Flg 3. Differential-time

| measurements at
r_ltj'lt stations superim-
posed on the tomo-
graphic images of the
East Asian (A) and Aus-
trallan (B} transition
zones Wo-anomaby val-
Ues are averaged over
the T depth range. The
Asian model (78) was
compiuted with 40C-km
a prion smoothing, the
Alstralian model 179) 15
smoothed over 400 km
a posterion. Reference
W values are 5291 and
5411 mis for Asia and
Aletralia,  respectively;
reference t,, 15 £3.9 5
(251,

Stations used
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Results |

tdiff correlates with 6Vstz = 0VS4109 + 0VSggo (I = .94)

For a TZ of constant thickness, tdiff would have negative
correlation with velocity.

Convert tdiff to HTZ anomaly (6HTZ) using P and S

v?locities from iasp91, dVstz, and R = dInVs/sInVp = 1.7
+/- 0.7

Convert 8Vs+1z to 6Tz (temperature anomaly) using
dAnVs/oT =-1.35x 104 K-1and a 0.4 x 104 K-
uncertainty.

HTZ correlates with 6T+ with r = 0.98; slope of best
fitting line = -0.13 =/- 0.07 km/K; consistent with slope
inferred from mineralogical Clapeyron slopes of alpha-
beta and post-spinel phase changes.



Fig. 4. The comelation be-

tween [A) 5 velocity in the

transition zone and the differ-

ential time ¢, and between

\B) the infermed tem perature of

the transition zone Ty, and its

thickness Hy. Seismic velocity

anomalies :_I|',r£z are vertical av- Image removed due to copyright considerations.
erages over the transition-

rone depth range, and so are

the estimated temperature

anomalies &7 . The data from

the East Asian stations are

shown with dark-shaded sym-

bals (BT, with a square; EMH,

triangle; QIL, inverted triangle;

S5E, diamond, XAN, arcle).

The data from the Australian

stations are shown with light-shaded symbaols (CTAD, with a squane; 5403, inverted triangle; STEA,
triangle).



Results Il: Clapeyron slope

* Use 0Vs estimates to compute seismic
Clapeyron slopes (y410 and yeg0)
OHTZ = (Oﬂ/ép)gao X Y660 X (dT/éanS)&nVS%o

— (da/ép)m() X Y410 X (dT/éanS)SanSMo
(0d/ 0P )s60(a10) describes the depth-pressure
relationship at the 660(410)

* Find y410 and yego DYy minimizing chi-square
function SHTZ, — 6HTZ, 6HTZ the data at
the 1ith station and oHTZ calculated




Small square is mineralogical
Clapeyron slope from Bina & Helffrich
(1994); large rectangle is range of
values as compiled by Bina &
Helffrich (1994)
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Fig. 5. (A) The effective ClupL'}'an slopes at the
4'|D dnd B60-km discontinuities +® misfit in the

gen Plane is plotted in the region around
th-_ |:|r_5t-1'|'[ solution (). The values of the min-
eralogical Clapeyron slopes of ce—f and »—spv +
mw from (74 [s.lmll solid square at | 2.0 MPa;
2.9 MPa)] and the range of measured values from
the literature as compiled in (74 (large rectangle]
ane superimposed as v, and .. (B] The mea-
sured effective Clapeyron slopes (A) do not de-
pend strongly on the measurements at the two
stations with largest anomalies (Fig. 4). The star
and dark-shaded curve denote the best-fit value
and T error ellipse computed with the complete
data set, as in [A]. The bladk and gray circles and
lines show the solution of Eq. 1 with one of the
two stations fequations] excluded; empty circle
and dashed line is the solution with both of the
stations eccluded.



Conclusions

* The seismic Clapeyron slopes found for
the 410 and 660 are consistent with the
mineralogical Clapeyron slopes of the
olivine transformations

* |[nconsistencies with other studies, where
weak correlations between tdiff and Vs
have been found, is due to differences in
spatial resolution between tdiff and Vprz
and Vs+z from global tomography.
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