Transdimensional seismic tomography of the inner core using body wave and normal mode data
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) M ROvelsindl G ERDCERRAE - ShENPaS-FRECE AL PRt Normal modes are whole Earth oscillations, which we observe by looking at the e heamen B o Mormal Mode Data
The inner core is seismically anisotropic, with seismic P-waves travelling faster in a aN) 00 —e o, e e e e e frequency spectra of davs long seismograms’ Modes are <oncitive }c/o 2D vagriations |, eration:0 glteration: 1 Iteration: 2 s e o NModes: 18, NCsts: 34
north-south direction (Pola.r) than |n. an east-west direction (Equatorial). We dls,tmngh antie | § % in velocity, anisotropy, density and attenuation (alongside rotation and ellipticity) g 0 ' " Resos & Rtzmler 195 C20
between polar and equatorial data with the angle, {, between a raypath and Earth’s axis of K' 60 - " . R and since Woodhouse et al. (1986) anomalous splitting has been observed for
rotation (see Figure 1). f=A>x— | = [T y _ o - T PHTtING | I el B i 40 -
K q inner core sensitive modes. This splitting is most obvious when looking at the c teration: 3 fteration: 4 teration: 5 | R .

and c, spherical harmonic parameters, which for inner core sensitive modes are
- anomalously large. This is significant as this strongly suggests some form of
cylindrical anisotropy with the symmetry axis approximately parallel to Earth’s

We want to image anisotropy as it can inform us on the orientation of the iron crystals £

responsible for the anisotropy and provide invaluable insight into inner core dynamics and
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To achieve this we use both seismic body waves (see Figure 2) and normal modes to Figure 1. Left: Example raypaths travelling through the However measuring normal modes is a complicated task and it has also been Con

produce models of inner core elastic structure and utilise a Bayesian methodology to Earth, with colours corresponding to the angle (. Figure 2. Our body wave dataset, showing the differential travel time ! & . . P o .

h fainties in th st A The bod train P Right:A typical anisotropy curve; with the four model of individual raypaths relative to their angle  for each type of observed that when measuring inner core sensitive normal modes using a 20 4 | ¢ .
rec.over e ur.mcer ainties in these elas .|c pa.rarne ers. The .c? Yy waves cons ram "WaVe  parameters we are most interested in; 3., 8V, 8V _, and differential travel time. splitting function approximation the final measurement depends on the starting ieration: 10 ' Starting e it ot s ‘ .
anisotropy while the normal modes are in principle also sensitive to S-wave anisotropy. Coion
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values of ¢, andc, usedto measure the modes (Megnin and Romanowicz 1995,
Durek and Romanowicz 1999). To overcome this we conduct a grid search for 18
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3D Transdimensional Seismic Tomography with Body Waves Cross Sections, Equatorial Plane self coupled splitting functions with an up to date catalogue of spectra, starting —,
many thousands of measurements from different values of c,, and c,, (Figure 5). | @ I R T O
We conduct 3D transdimensional seismic tomography using our body wave data. a) mean OVeq C) mean OViso e) mean OVani 9) Miggf Cstow LN o e ¥ ¥ ¥ S F AP
Transdimensional Markov Chain Monte Carlo (MCMC) is a Bayesian method where From these grid searches we find both the best fitting measurement to the Misfit
many millions of models are created which are each a small perturbation on a previous spectra and estimate the uncertainty of that measurement (Figure 6), which we correzifounﬁfg %?s?i??o%r?q\ézlgessary\jhtggreach Figure 6. Our measur:ld cz%gnq c4ofva|uesszc(;>RmT§arej(t:o
l l l l l l ' ' . . . . previous measurements and predictions rrom an rust
model. Most importantly, in a transdimensional inversion, the parameterisation of the will then use later when modelling inner core anisotropy. point is the o, and . ot o

model space is a part of the inversion. Effectively the data defines how to parameterise
itself with a given basis function (in our case Voronoi Cells). We ran 20 chains for
4,000,000 iterations resulting in a collection of 533,380 models.

splitting function measurement for 10 iterations.
The colour shows the misfit.
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- . - . 3D Transdimensional Seismic Tomography with Body Waves & Normal Modes (Preliminary)
From these models we calculate the mean and standard deviations of compressional -3 0 3
equatorial velocity (OV_, velocity of raypaths at (=90°), anisotropy (OV. , the % % % . Incorporating normal mode and body wave data in a single tomographic model is an interesting inverse problem as BW & NM TransD
: eq’ : N - ani D) 6Veq SD d) 6Viso SD f) 6V ani SD h) Zsiow SD th | mod d bod h laopine but different itivity to | ismic struct Th Equatorial Cross Sections
difference between raypaths with ¢=0° and ¢=90°) the isotropic velouty (OV,s the 180° 180" 180" 180" e normal modes and body waves have overlapping but different sensitivity to inner core seismic structure. The
average velocity across all ¢) and the angle of slowest direction (¢ ) (see Flgure 1). body waves provide us with regional 3D sensitivity to P-wave anisotropy, while the normal modes provide ) Mean 6Veq ) Mean 6Vpani ) Mean Csion 9) Mean oVsan
With this methodology and dataset we are able to resolve features i |n the inner core in ° information on 1D S-wave and P-wave anisotropy. The challenge is in extracting as much information from both
greater detail than before and constrain their uncertainties. Figure 3. cross sections types of data without introducing too much null space or trade-offs.
through the equatorial
| f . . . . . . . . . . .
L transd?r:gfs?or?aﬂrmodel We run a 3D transdimensional inversion with Voronoi cell basis functions for 1,000,000 iterations solving for P-wave
Main Findings: o e - . showing the mean and anisotropy, and P-wave velocity in the Equatorial direction using our body wave dataset and a subset of 13 of our -
—— — —— —— :(;32?;';2"f/z‘l’;egi'@”fsgrtg;c splitting functions. We assume cylindrical anisotropy with the fast direction parallel to Earth’s axis of rotation and we
1. Strong anisotropy is isolated to a zone within the western hemisphere. 0 2 4 00 1.5 30 0.0 25 50 0 12 24 velocity, anisotropic use a 1D background S-wave anisotropy model to reduce trade-offs. With these assumptions we can fit both data — _3 _f e o R
The anisotropy is strongest north of the equator and weakens to virtually no % % % ) Ve';gitva”d?rr(‘;ittigi acng'e of types, reducing misfit by 45% in both the body waves and the normal modes. In future work we wish to incorporate ) ) g o
anisotropy near the south pole (Figure 3e & Figure 4). | slow more modes and move away from the assumption of a fixed anisotropy symmetry axis and a constant S-wave 2} @YeySU °) ¥ gm; 5D " ety S0 W FerSpective

from the centre of the inner core by 400 km (Figure 3g). preliminary model has similar P-wave velocity anomalies as our body wave only model (Figure 7). We find a fast

anisotropy model.
2. The inner most inner core (IMIC with { = 55"+ 16°) is located primarily in 800 km radius h
the eastern hemisphere at a radius less than 700 km with a centre offset This is the first time that normal modes and body waves have been combined in a transdimensional inversion. Our

eastern hemisphere and slow western hemisphere in the upper inner core, with an anisotropic zone isolated in the '
3. Equatorial and isotropic velocity anomalies are separated into two northern hemisphere in the west, starting at ~100 km below the ICB. There is also a region with a particularly strong - — S Figure 7. An equatorial
. . . i i it i i : : , : | ' _ : | cross section through our
hemispheres, with a slow western hemisphere and a fast eastern Cslow anlomaly .m tf:ce esst of t(?e |Cr)mer coOTei .but |;c IS nc|>.t c.on5|stzntly located n?z;r thelfentrg Ij)fr’:he.mhner core. 'Lh!s 0.0 (3/5) 7.0 0 L 8 0.0 s 29.0 i 3D combian
: : : : nomaly requir rther . Our m is only preliminar we ar nfiden Wi ri r | it
hemisphere in the top 60-170 km of the inner core (Figure 3a). anomaly requires further study. Our model is only preliminary, but we are confident that with the right approach it model fitting both normal
should be possible to reconcile the two ¢, anomalies as seen by the body wave and normal mode data. modes and body wave data
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