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The distribution of seismic discontinuities between 250-350 km depth, also referred to as “X” discontinuity We use the reflectivity algorithm to generate synthetic seismograms for mechanical mixtures of basalt and
has been observed locally beneath subduction zones, both continental and oceanic crust, and some harzburgite. We calculate a full catalogue of SS and PP synthetics which correspond to the real datasets, for
hotspots '~. our thermochemical model. This was generated by a Bayesian inversion of 410 and 660 depths and ampli-
However, the detection of X-km is yet poorly resolved on a global scale, and causal mechanisms to justify tudes, as measured from the same datasets14, 15 (Figure 3). This informs regarding locations where we may
its existence are debatable. A further discontinuity at 520 km depth is detected more frequently and is expect to observe features associated with the X and 520 discontinuities.

sometimes observed to be split into two signals®'2.
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remnants, or delaminated crustal roots.

Data and method A

We use precursors of SS and PP seismic phases L
recorded at receivers distributed globally. T serecy
SS and PP are shear and compressional seismic
waves, respectively, that reflect at the Earth’s
surface, while their precursors are underside re-
flections at depths (Figure 1).

Our data were downloaded from IRIS using the
epicenter distance range between 100°-180° for
SS and 80°-140° for PP. Events considered are
shallower than 75 km and 6.0 < Mb < 7.0, from

July 1987 to December 2017.
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Figure 3. Thermochemical model of the MTZ from SS
and PP precursors (adapted from Waszek et al., 2021
and Tauzin et al., 2022). a. Effects of temperature on
MTZ thickness. b. Effects of composition on MTZ thick-
ness. ¢, d. Thermal and chemical models generated
Figure 1. (A) Reflections of 5SS, PP, and their respective  from a Bayesian inversion of the 410 and 660 depths
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Figure 2. Slant-stack of SS seismograms showing identification of S520S precursor and comparison to synthet-
ic calculated for a mechanical mixture of 20% basalt and 80% harzburgite. The waveforms at the bottom of
each panel are the cross-sections indicated as dashed lines and normalized from 75s to 365s prior to the main
phase to facilitate visual detection of the precursors.

Figure 4. Synthetic SS waveforms as a function of T and
composition of the basaltic fraction in percentage (fig-
ure adapted from Waszek et al., 2021). Green and
orange dashed lines indicate our interpretation of the
300 km and 520 km, respectively.

Synthetics calculated for a full range of mantle
models reveal that the visibilities of the Xand 520
discontinuities in the SS and PP precursor data
are highly dependent on thermochemistry (Fig-
ures 4, 5). Both signals appear visible in most
models, but vary in depth and strength, and split-
ting in the case of 520. This variability suggests
that a lack of visibility on global scales may be in
part due to regional complexities. We also note
that the signals are considerably more prominent
in the SS data as compared to the PP data, and
hence orient our primary observational analysis

toward SS.

In summary, our synthetic modelling shows that
the 520-km splits at lower temperatures, and the
signal appears smaller at higher basaltic fractions.
The “X” discontinuity is visible at higher tempera-
tures and is larger in amplitude for higher basalt

fractions.
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Figure 5. . Synthetic PP waveforms as a function
of T and composition of the basaltic fraction in
percentage (figure adapted from Waszek et al,
2021). Green and orange dashed lines indicate
our interpretation of the 300 km and 520 km, re-
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Observations and on-going work

Signals arriving at times predicted with discontinuities at 300 km*” and 520 km depth'" 2 are detected in our re-
gional bins using for both SS and PP data. Consistent with these previous studies, we find a large quantity of de-
tections on a global scale, with considerable variations in depth and amplitude. We are currently working on im-
plementing a grid search method to model the waveforms considering variations in the depth of interfaces, seis-
mic coverage, and noise level, simultaneously for the 410- and 300-km and 520- and 410 km.

120 E 120°W # seismograms at bins with lat 10 deg
e e B R e

= (] N
wun o (€] o
(@] o o o
o o o o

o

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

o
50y
Tl
)
Number of seismograms

R . sl T
120°E  120°w

Longitude
Observation (Bin latitude: 10) 300 km ¢ thetic MM (Bin latitude: 10) Synthetic (Bin latitude: 10)

[T, | | e

~50 R R rara ety By e e el S ek et & B LU TP b e —50 === rTr=—7= D B oLl

CD

O
O

—100 A —100 - -100 A

[
o

—150 A —150 A -150 A

410km 410km

[

Relative time (s) to SS

Relative time (s) to SS

—200 A —200 A -200 A

N
o

660 km| __ | 660 km

—250 A 5

N
o

—-300

—-300

Longitude Longitude Longitude
Figure 6. Example of waveforms of 520 km and 300 km in global linear stacks. Traces are aligned to SS and normal-

ized to maximum amplitude in the window. Top-left figure, the SdS bounce points are in black dots. Red circles in-
dicate the location of 10° radii near the equator. In the bottom-left figure, the travel-time picks of possible 300 km,
520 km, and 560 km. Bottom middle, the respective waveforms calculated using the thermochem. model with 20%
harzburgite and 80% basaltic fraction'®, and the same source-station geometry as the observation. To the bottom
right, the equivalent waveforms are calculated using the same source-station geometry as the observation, and
PREM as the background model. To the top-right, the number of waveforms bouncing in each bin.
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Figure 7. Observations of 520 splitting in SS data. (A) Observability of 520 km signals (B) Detection and observabili-
ty of 560 km signals. White circles indicate lack of split signals of 520 km. (C) Detection of 300km.

Conclusions

We perform a systematic search for global-scale discontinuities at 300- and 500-km depths, in order to investi-
gate their seismic signatures, determine probable temperatures and compositions, and with the goal of interpret-
ing our results in the context of global geodynamical circulation patterns.

Our method utilizes large global seismic datasets of SS and PP precursors, coupled with mineral physics model-
ling for a range of realistic mantle temperatures and composition. We analyse our results in the context of our
recent thermochemical model for the mantle transition zone.

Our results indicate the presence of both 300- and 520-km discontinuities in the global observations, as predict-
ed by mineral physics modelling. Since the discontinuity characteristics are primarily dependent on basalt fraction
rather than temperature, our work will inform regarding the presence of compositional layering, and the evolution
of mantle convection on regional and global scales.
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