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Western US Boundary

* Shear localized on San Andreas fault system

e Diverse litho-tectonic blocks

East limit of Mz-early Cz
thin-skinned thrusting

- Eastlimit of late Mz-early Cz
basement involved thrusting
Limits of known significant
Cz extension

_ Limits of principal

subprovinces

Limits of provinces not
already covered

Ay

2,
HORTENN

BAL'N ANO RANGE /

CONTRAL BAYN X
N0 HAKaB [C] Late Cenozoic Deposits 5
B Cenozoic Volcanic Cover AR
B Mesozoic Batholiths
B Accreted Rocks
B Cordilleran Miogeocline

Cralg Jones; http:/ /ciresl.colorado.edu/




Zooming 1n to
Southern California

Major Faults of
California
(With Geology)

[ vertiary seaimentary rocks

Oskis et al.
CXM posters




Zooming in to SC//EC i
. ; E uake
SOuthel‘n Callfornla AN NSF+USGS CENTER Czr:ttﬁg

Community Rheology Model
(CRM)
* Led by Liz Hearn

* Community Thermal Model
(Wayne Thatcher)

» Geological Framework (Mike
Oskin)
* Rheology (Greg Hirth)




How does lithology influence rheology?

Schist ©Richard Harwood
Gabbro ©Learning Geology

%

P

5

1D

1t

L (L S Ky 13
OTITE

Most lab work focused on
fundamental physical
mechanisms and
“cleaner” monomineral
samples

Need rheological model




What 1s a rheology?

Relation between stress and deformation
¢ 0= fle&T,P.C.F0.Coung ...)

» Strain €

» Strain rate &

e Temperature T

* Pressure T

« Composition/mineralogy C

e Fabric F

* Grain size g

« Water content Cpy

+ Stress regime

Can also express apparent viscosity n = g /2&




Making up rheologies

Protollth (unlform straln) Shear zone (unlform stress) Linear mixing

(Voight/Reuss)

* A=Y, G,

» Uniform strain rate
e Uniform stress

Logarithmic mixing (Ji
etal., 2001)
= Ci
¢ Uniform strain rate
¢ Uniform stress

Minimize power
« Huetetal., 2014

e . =
Strength controlled by strong phase Strength controlled by weak phase Montesi, 2013




Mixing feldspar and quartz

T=850 K, strain rate = 107 s/ oo+ T=850 K, strain rate = 10 g

1 T 1
Linear, uniform strain rate Linear, uniform strain rate ||
Feldspar Log, uniform strain rate Fe|dspar Log, uniform strain rate
Linear, uniform stress 3 ~~ Linear, uniform stress
=~ Log, uniform stress Log, uniform stress

o
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Quartzite
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N
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Viscosity (Pa.s)
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o
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 04 05 0.6 0.7

Proportion of weak phase Proportion of weak phase
co——

* Weak phase reduces aggregate viscosity -
* Major effect if uniform stress and linear mixing
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Effect of mica vs. quartz

. -14 _-1 . - -
- T=850 K, strainrate=10" " s ,. T=850 K, strain rate = 10 14 g1
T T T T T 10 T T T T T T T T T 3
Linear, uniform strain rate Linear, uniform strain rate H
Feldspar — Log, uniform strain rate Feldspar Log, uniform strain rate
go Linear, uniform stress || 10 © ~— Linear, uniform stress
\ - Log, uniform stress ,-\ Log, uniform stress
—_ A ioti (%)
= \\ Biotite - o 102+ 3
O —— Quartzite o
= - N
Eor > 21 ‘\‘\ — —
(7)) s =Ry D) e o e e
7)) 8 —_— === :::::==== ~~~~~
£ B o
= 1077 ¢
i S
20 i ———. Biotite
107 ¢ i
_______ Quartzite
0 - 1018 1 L L I 1 1 L 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Proportion of weak phase Proportion of weak phase

co——

« Weak phase reduces aggregate viscosity

» Major effect if uniform stress and any mixing -

—




A matter of perspective: fix stress, not strain rate

Strain rate (s ')

T=850 K, stress: 20 MPa

10.1o§ — : o B oo T=859 K, stress: 20 MPa | | | |
———. Biotite ” ¥ | Linear, uniform strain rate |
Quartzite 7/ o / ] Feldspar Log, uniform strain rate
7 // 102 N ——— Linear, uniform stress
-12 e — o — T i
10 P // - \\ i —~ S Log, uniform stress
. S~ e
{ © 10% \ S 5 <= 5 3
o \ ~ ~
-~ N\ S ~ S -
4014 Z 12 102 » o X
= K7) N ~
— = 8 \\ X
=" _>u)_ 102 \\ _
107'° Linear, uniform strain rate | ] \\ \\ \\
Log, uniform strain rate 1019 5 \
Feldspar Linear, uniform stress ———. Biotite \ N
. 1 1 Log, uniform stress " Quartzite \\ \ \
1 - | | 1 1 I I I 1 1 1 1 1 1 1
E 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1 b 0 01 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1
Proportion of weak phase Proportion of weak phase

Effect of NONLINEAR phase much more instance if fixed strength

Likely best scenario for shear zones and maybe regionally (Platt and Behr, 2011; Montesi 2013)
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One more wrinkle: grain size / ﬁ\

+ Stress enhancement beneath fault zones leads to grain size reduction 53
and dominance of diffusion creep

10712 0 P —
grain S1ze

grain size (m)

]0-|6

10"’ 50

10 20 30 40 0 10 20 30 40 50
distance from fault (km) distance from fault (km)




Application to Southern California lower crust

25 km depth

| Basalt
wwww Rand Schist
=== Granodiorite 1
=== Granodiorite 2
Peridotite
|

124" W 122° W 120" W 118" W 116" W

After Oskin, 2018, 2019

Rand SChlSt Chaman et al 2017

batholith emplacement
isobars (kbar)

Late Cretaceous moho

Inflection
zone

4 / Shatsky LIP

" i

ierra de Salinas
shear zone

SRand fault and




Strength from end-members — no fabric

10%°

= Basalt
«== Rand Schist
=== Granodiorite 1
=== Granodiorite 2
Peridotite

E Qlivine

25 km depth

s feldspar

-y

o
™
W

E amphibale

Viscosity (Pa.s)

-
=}
-

| Basalt
wwww Rand Schist
=== Granodiorite 1
=== Granodiorite 2
Peridotite
|

| | 1

s o o ° o 500 550 600 650 760
124 W 122 W 120 W 118 W 116 W

Temperature (°C)
After Oskin, 2018, 2019

Montesi and Oskin




Strength from end-members — shear zones

10%°

= Basalt
s Rand Schist
25 km depth s Granodiotite 1
=== Granodiorite 2
Peridotite

Viscosity (Pa.s)

| Basalt
wwww Rand Schist
=== Granodiorite 1
=== Granodiorite 2
Peridotite
|

124:\ W 1220 W 120;, W 1 18° W , 16° W 500 550 600 SéO 7(;0 7é0 800
Temperature (°C)
After Oskin, 2018, 2019

Montesi and Oskin
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Rheological moho?

ORK IN

Depth (km)
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\ Gabbro
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5 Logarithmic mixing
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V, (km/s)
3.6 3.8 4 4.2
| | HE T ——
Garnet Pyroxene Garnet Rock Database
23 Bus+. # ORyroxene Sl | T T %% [ 2 T
Oligjng .. § . Olivine Perple_X
0 ; A
g; | T=650"C 3 : Huet et al. (2014) | Mineral Modes
Soo| Pepetia | | 3 | Mixing Model &
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Viscosity close to plagioclase

Latitude

W
o

£

Viscosity Log(n,, ¥

21 -119 -117 -115 121 -119 -117

-115

Longitude Longitude

Shinevar et al., 2018




Should we bother after all?

Basalt, 25 km | | Colors: strain rate
' » Temperature varies along line

Thicker lines: non-textured rocks
Medium thickness: layered rock
If basalt:

Plagioclase is quite good

Aggregate viscosity (Pa.s)

10%
Plagioclase viscosity (Pa.s)




Yes we should bother!

1%

N
o

1

Aggregate viscosity (Pa.s)

Rand Schist, 25 km

10-18 g1

10-]5 !

1N.12 _71‘
“\ Iz g

09 st

1020
Plagioclase viscosity (Pa.s)

102

Colors: strain rate
» Temperature varies along line

Thicker lines: non-textured rocks
Medium thickness: layered rock
If basalt (no biotite):
Plagioclase is quite good
If schist (includes biotite) :
Plagioclase is not as good

foliation matters




Viscosity relative to plagioclase

» Within a factor of 10 expect for mantle and shear zones but there are
systematic trends.
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Southern California geodynamics /@
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Bahadori and Holt ||




Southern California geodynamics /@
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Systematic strength envelopes

» Temperature model: Shinevar et al. (2018)

e Crustal thickness: Shen and Ritzwoller, 2016)

Sierra Nevada

" Mojave . Basin and Range Inner Borderland
A B

C ’ D

Crust: feldspar

n
o

w
(=]

Depth (km)

Mantle: olivine

~

Wet, 1mm
Wet, recrystallized

Wet, 1mm
Wet, recrystallized

Wet, 1mm
Wet, recrystallized

Wet, 1mm
Wet, recrystallized

100 200 300
Stress (MP3a)

100 200 300
Stress (MPa)

100 200 300
Stress (MPa)

100 200 300
Stress (MPa)




Integrated strength and effective rheology

L Sl B L S L N S R Ll L B R Ll e R

* Integrates strength 10° e =
envelope with depth : 'Z—

.« S = [ odz

 Effective rheology:
Report S for various
strain rates
» Kinks due to changes
in deformation
mechanism.

—
(@]
IS

Integrated stress (MPa km)

+ If impose stress,
deduce strain rate and

effective viscosity
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Comparing rheology and geodynamic/s/ ﬁ\

Geodynamics (Bahadori and Holt)
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| Izquier‘do et al. | s
l 316 & b
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W B tecmperature and rheology




Comparing rheology and geodynamic;/ ﬁ\

Geodynamics (Bahadori and Holt) Rheology (Izquierdo and

23 40° N
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205 \‘ -\
b
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Comparing rheology and geodynamigs/ E\
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2 < ORK IN
Comparing rheology and geodynamm;/k\
Geodynamics (Bahadori and Holt) Rheology (Izquier d b= i
40°N 23 40° N
N
| LE_ B
2.5 g N _ 225
38°N . _g 38" N = \ ; , _g
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\. 205 \// \ i : - 1205
| Is the Colorado plateau strong or weak? NS _
32° N L1og 32 N & : S - | Q
124°W  122°W 120w 118°W  118'W 114" W 124°W 122w 120w 118w 118w 114 —
Remember: no lithological variations (yet)




Rheology of Southern California
from Mineral'to Regional Scale

Lithology brings rheological complexity
« Are there micas? Is there foliation?
- What is the grain size?

Testing regional rheological'models

« Some variability linked to thermal and crustal
’ghickness

Lithology matters



