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Using PPv to explain seismic observations

* Seismic discontinuity = phase transition
* Anisotropy — deformation of PPv

e ULVZ — Fe enrichment of PPv

* Intermittent detection of D"’ and varying
depth. ..
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€ D" shear discontinuity: blue - observed, red - not observed
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What about compositional effects!?

Chemical composition

"' of PPv (and Pv)
:
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Thickness of mantle phase boundaries
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Thickness of mantle phase boundaries
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Thickness of mantle phase boundaries
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Thickness of mantle phase boundaries
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Diamond anvil cell

X-ray Infrared

/" laser beam
" for heating
(1053 nm

1

" “lh“

J
¥

.

Sample
+ Gold

- ~n
o, T, PR, T,

e
-
—

R
.
3
-
-
—
e
-
T
- .
.-

Argo/n
medium Diamond
Anvil

Transparent to a wide range of
wavelengths of light

K. Catalli |4



Advanced Photon Source,
Argonne National Lab
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Pv — PPy

* Ternary and binary systems

* Multi-mineral systems
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Starting materials

Homogenous glasses
synthesized using the laser

levitation method
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Assess the effects of Fe?*, Fe3* and
Al’* on the Pv—PPv phase transition
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Summary of binary and ternary systems
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Summary of binary and ternary systems
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Seismically, the transition must occur over <70 km depth /. ciion e al. 1998
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Pv — PPy

* Ternary and binary systems

* Multi-mineral systems

K. Catalli 74



Partitioning effects
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Partitioning effects

High Pressure Phase
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Mineralogical effects: Element partitioning
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Harzburgite

Lherzolite

Pyrolite

Oceanic Lithosphere
by Ringwood (1982)

30 km

40 km

80 km

Plate tectonics

adapted from Xu et al., EPSL 2008

Oceanic lithosphere is created at

mid-ocean ridges through partial
melting of the mantle

It’s colder (denser), causing it to

subduct back into the mantle when it

converges with continental crust
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.  Pyrolitic: 5% Al, 6% Fe; no CaSiO; component

2. San Carlos Olivine: (Mgjgq,Fey()SiO4; ~50% ferropericlase

3. Basaltic: SiO,-Al,03-FeO-Ca0O-MgO-Na,O
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San Carlos olivine composition
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San Carlos olivine composition
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Pyrolitic composition
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Basaltic composition
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Elevation from CMB (km)
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Elevation from CMB (km)

2500 K

Al-free, Fe-bearing Al-bearing Multi-Mineral
systems systems systems Computations
. To)
800— Fe and Al-buffering 88
(Q\
H AN .
. minerals - _ 100
(-'\-I S - c O
P o Ba.saltlck San Carlos Om §
2 g S MORB. 1HiS WOrk |~ qivine. o
- = C\i Oht4q 2008 = 8
(o] + (_U LL" N..
400 — ] 0 _ . =8
N L= <2 Pyrolite T = (Mg,ANALSIO ‘©
= =8 Ohta 2008 (T g, h')( ’20)083I_ 1204
[ P an Carlos Pure MgSiOy * S e s S
= 5 Olivine, ' | O
3 g This work S
X g 7
0 Mantle 20 0 8 $
— o © -
AN
Core Cc\l) o i 1400_
o 55
§ Low AI-, $ UN) CE:
=3 o= Fe buffering nsS
f o =0 <
25 [ e =8
‘ P =
-400— Sk 5.2 g
< O o< = ©
<5 = = © - 160
SER Unbuffered Al
Buffered Fe

Basaltic and harzburgitic (calculation) compositions are good
candidates to explain the D'’ discontinuity

K. Catalli 39



100 —

seismic

i

120 —

Pressure (GPa)
3
|

160 —

2500 K

Harzburgite

=l

MORB

Lower

Mantle

Core

- 800

- 400

o
(W) gIND woy uoneAs|3

400

* Basaltic and harzburgitic
compositions are good
candidates to explain the
D"’ discontinuity

* A homogenous mantle
(pyrolite) is not

K. Catalli

40



B |
v/ —
et tZ Lay et al. (1998)
Hernlund et al. (2005) Nature Nature

* A new hypothesis for the lateral variability in D’’ detection:

- The Pv = PPv transition may only be detectable in areas
where subducted slab materials have accumulated (presence
of basaltic and/or harzburgitic compositions)

- Pv = PPv transition is not sharp (and possibly does not
occur at mantle conditions) in a pyrolitic composition
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we know slabs penetrate the
lowermost mantle
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Heterogeneous Mantle
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Detailed seismic investigations of the lowermost
mantle show multiple reflectors in the
lowermost mantle
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Summary

The depth and thickness of the post-perovskite
boundary is highly dependent on
composition/mineralogy

The D"’ discontinuity may only occur where

subducted/differentiated materials have accumulated
near the CMB
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50 microns 50 microns ” laser beam
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— Sample
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Re gasket Argon

Fe** bearlng Fe** beanng medium
Postperovskite Postoerovskite

Diamond
Anvil

D. Shim

* Samples are powdered and mixed with 10 wt% gold for use
as pressure standard

®* Pressed into a platelet, ~5-10pum thick, 20-30 pm diameter

* Surrounded by Ar or Ne, pressure medium and thermal
insulator

* Laser heated for long durations (1+ hours)
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T — —— ) & -ray Infrared
50 microns 50 microns ” laser beam

pacer for heating
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Sample
+ Gold

/_--’_

*-.J *-.J

Fe** bearlng Fe** beanng medium
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Re gasket Argon

Diamond
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D. Shim

* 75-150 pm diamond culets depending on peak pressure

* 4 x 6 PUm? X-ray beam spot
e A=0.3344 A (E = 37.778 keV)

°* 20 pm laser spot for heating
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laser
MIrTors

Photo courtesy B.

Grocholski
Setup at GSECARS, |3IDD, Advanced Photon Source, Argonne National Lab
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,"Mixed Phase ,

Region

Temperature

Pressure

D. Shim
* Kinetic effects are reduced by:

- long heating durations (| + hours) and high
temperatures (T = 2000~3000 K)

- reversal measurements
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Effect of ferropericlase, (Mg,Fe)O

Temperature (K)

4,000

S0
=
=
S

2,000

600 400 200 0 [ p N
| I | A%
(Mg0.91F€0.09)S103 \
B Fe F
Pv Pv+PPv
— _ _ PPv )
50% Fp
— 30% Fp Ny
0% Fp Iy 4 .
- = PPy Thermodynamic
| | | | | | calculations based on an
105 110 15 120 125 130 135 'dealsolution model

using experimental

Pressure (GPa) partitioning coefficients

Catalli et al., 2009, Nature

K. Catalli 5



| 600

Temperature (K)

‘ 105 110

4000

w
o
o
o

2000

—

' Detectabilit
) e | Composition
0
5 e T Mineralogy
> . .
g e T Preferred orientation
< W <
e | Temperature gradient
0 —rre) T Nonlinear phase
RS fraction
Elevation from CMB (km) Elevation from CMB (km)
400 200 400 200 _I
l I | T | 1.0 | T 1T |
(b) (Mg, o;Fe, 0s)SiO; with 30% Fp _ (€) (Mg, o;Fe, 45)SiO, with 30% Fp
% o il — Isotherm|
LCLS - Average
g 08 oo I
1 £ 2/
5 04— g
] ;é 02 % 8?
l 1115 1210 1215 1?:0 135 o0 11lo 1:5 1lzo 125 130 135 ggg;“iﬁt al.,
5 ature

Pressure (GPa)

Pressure (GPa)

K. Catalli 52



| 600

Temperature (K)

‘ 105 110

4000

w
o
o
o

2000

—

' Detectabilit
« | Composition
c
0
9 « T Mineralogy
> )
& e | Temperature gradient
< W >
* T Nonlinear phase
0 fraction
Pressure after Stixrudq,
P33R o T Preferred orientation
Elevation from CMB (km) Elevation from CMB (km)
400 200 400 200 _I
l I | T | 1.0 | T 1T |
(b) (Mg, o;Fe, 0s)SiO; with 30% Fp _ (€) (Mg, o;Fe, 45)SiO, with 30% Fp

é ol Il — Isotherm|

o - Average

g 08F | cCo |

1 & 2/
5 04 g
N ;é 02 2 Qi
o a
1 1 ! 1 ! 001 ! | |
115 120 125 130 135 110 115 120 125 130 135 gggg”'l\j—‘ttah
5 ature

Pressure (GPa)

Pressure (GPa)

K. Catalli 53



| 600

Temperature (K)

‘ 105 110

4000

w
o
o
o

2000

—

' Detectabilit
« | Composition
c
O
9 « T Mineralogy
> )
& e | Temperature gradient
. .
</Weff T anlmear phase
0 1 fraction
Pressure after Stixrudq,
93~ o« T Preferred orientation
Elevation from CMB (km) Elevation from CMB (km)
I 4010 I 2010 | 1.0 4?0 I 7 2?? | -I
(b) (Mg, o/Fe, 45)SiO, with 30% Fp _ (€) (Mgy o1F€, 00)SiO5 With 30% Fp

% ] l— Isotherm

LCL!E - Average

g 08 |l |

1 £ 2/
5 04 g
N ;é 02 2 Qi
e 2l
1 1 1 1 1 0.0 —1 1 | _
115 120 125 130 135 110 115 120 125 130 135 gg(;;”l[\(jattal.’
5 ature

Pressure (GPa)

Pressure (GPa)

K. Catalli 54



D)’namic Earth

—_—

d

Oceanic
\slan

E

Kelldgg et al., 1999,

Science

K. Catalli 55



