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Pyroxene low-temperature plasticity and fragmentation as a record of
seismic stress evolution in the lower crust

* Lower crustal pseudotachylytes associated with shear
’7 zones are proposed to represent a mechanism of
deep earthquake nucleation where localised stress
” amplifications are generated within active shear
zone networks 1!
 Dynamic rupture also generates transient stresses
L
e around the rupture front
Q.
q) N \
0O 1 What is the microstructural evidence for such stress
. o oscillations?
g B
5 2
5 2 . - i
g 3\ -> Progressive twinning, low-temperature plasticity,
fracturing and fragmentation in pyroxenes
N . .
Seismic faults .~ associated with pseudotachylyte faults represent a
v damage response to transient high stresses
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Shear zones highly localised,

3l shea e orientations preserving low strain blocks of strong
N 7 , anorthosite between them

Anorthosite blocks

>Shear zones

Pseudotachylyte faults

—====Dikelets

FL
Shear zone

—— Dyke with limited or no shear

Case study: Nusfjord east

shear zones

Pseudotachylyte-bearing faults dissect these strong
blocks and are demonstrably coeval with (and form
. . . . 1
Exhumed shear zones in anhydrous anorthosite preserve in response to) viscous creep along shear zones-!
deformation of lower continental crust [2!



M Pseudotachylyte faults as evidence of transient stress

L

o
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¥

amplification?

High stress drops calculated for ancient seismic ruptures preserved in exhumed shear zones
(pseudotachylytes) indicate high failure stresses.

Is there evidence for transiently high stresses within lower crustal shear zone networks?

Approach:

* Investigate microstructural
record of rupture-related
deformation mechanisms

* Pyroxenes: clear record of
overprinting and evolving
deformation microstructures
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Pseudotachylyte faults: evidence for seismic slip in the lower

crust

Fault stepover with pseudotachylyte

B F NN Wk 320

Campbell et eTI., 2020

Microfractured anorthosite

Cross-polarised
micrograph

Preservation of
primary
guench
crystallisation
(no viscous
overprint)
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Host r ock _ anm  Mmicrograph
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L-ad Microstructural evidence for high stress 0SCl illations: host rock £
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* Earliest deformation microstructure 8
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Orthopyroxene

IPF: orthopyroxene
e
001 U 010
Z
100
X

Intra- and intergrain

. - Grain growth
3-10°
- Large regions of pulverisation-style
Twin shattered OPX (no shear between
fragments)

Earlier fracturing preserved
away from fragmented region

Deformed OPX in fault wall
IPF X (orientation) EBSD map

Microstructural evidence for high stress oscillations: host rock

Backscattered electron image
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k@_@zul\/llcrostructural evidence for high stress oscillations: fault clasts £
2
A =
Clinopyroxene . 162 | : |
g 12 i | g Na?
cC o | =3 b f
g5 8 i 2 b
IR L \ NP
g g S oLl A Twinned
S 3 0 20 40 60 80 100 o | &% Twinned
X9 Distance (um S |1 2 | \
% '§ Misorientation profile (Hm) E’, \035 - N
v Qg Z @
€ £
52 3-10° s|
8 I g) Twinned CPX
© — 0 s
S 010 a =1\
o ? twinned?
o
2 T n=28 o %, ‘
g 2
2 Boundary trace analysis §
o] . o
+ 2 Regular low-angle undulations (<3°) g g
s S . . © f
S5  suggestglide on (100)<001> - high stress 35
g € 4 & | Plagioc! ivel
% '§ response [l IPF: clinopyroxene  IPF: orthopyroxene . m;?é%?:sfegewaswey
g S 001 010 throughout
S < /
3 -/
100 / No CPX
,, NoCt
) ] Intra- and intergrain k \Wlnnlng
* Twins deformed and cut by low-angle boundaries and cracks . .
* Network of low-angle boundaries develops | Key to EBSD maps | 3-10° S
. . —_— B | Microfractur
« Clustered low-angle & high-angle boundaries at clast edge (temperature effect?) Twi ooy




_@_@4 Microstructural evidence for high stress oscillations: fault clasts @
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e Evolution of high stresses and association with rupture

L .
% Clinopyroxene deformation Orthopyroxene deformation
I
oL - icity?
Twinning (moderate stress) Low-temperature plasticity?
I |
‘ O Undulose extinction (in clast only,
> o high stress)
2 Undulose extinction
— (high stress) A l
= 2
= S Fracturing
Low angle boundaries| -
(high stress) /
Fragmentation (fault wall only, high Rupture
stress) tip
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(e Evolution of high stresses and association with rupture

Quasi-static crystallographically

Ll
E Future fault plane? controlled fracturing in OPX
gE) * Pyroxene deformation

adjacent to and within fault
planes:

W

Stress amplification in anorthosite block
during viscous shear zone creep

Low temperature plasticity
in OPX & CPX (31 GPa?)

Twinning in CPX.

e dominated by low-
temperature plasticity
and fracturing;

Nucleation: high stresses beyond approaching
rupture tip

Twinning in CPX:

* Moderate stress response,
diffuse spatial distribution
— may be local stress

e 2. exhibits several high
stress deformation

Pulverisation of OPX in the ) .. 3
mechanisms (twinning 21,

tensile rupture-tip stress field

di|s 21Ws1950)

amplifications
* Earliest deformation in
every case

Dynamic stress field as rupture tip passes

Coseismic melting delocalises slip plane

melting and
dislocation creep

Slipping fault with frictional melt

Localised T-controlled

short-wavelength
undulose extinction 4!,
and pulverisation-style
fragmentation 21)

» 3. displays progressive
strain hardening
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