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Building the
Community
Rheology Model

Granodiorite

Meta-Felsic
Schist

Meta-Basic
GEM: e Lithotectonic blocks with
Geologi.cal stratigraphy
¢ Define flow laws for each
Framework rock type Sedimentary
e Constrained by heat flow
CTM . regions i Basalts/Gabbro

Temperature
Model

¢ Includes transient effects

Oskins et al. (2019)

GFM: included in Hearn et al. 2020, https://doi.org/10.5281/zen0d0.4579626
CTM: Thatcher et al., 2020, https://doi.org/10.5281/zenodo.4010834



 Most lab work focused on

_IOW dOeS “thOlOgy fundamental physical mechanisms
nfluence rheology?

and “cleaner” mono-mineral samples

* Need rheological model

Rheology is not a number but a
relationship between stress and
! , iy St ; deformation
Schist ©Richard Harwood ; s | 1 e A o=f(g¢&,T,P,C,F,g,Con, & ...)
Gabbro ©Learning Geology A AR S N T g
Granodiorite and peridotite ©James St.




How does
fabric

influence
rheology?

Shear zone
Cape de Creus, Spain

Shear zones have reduced grain
size and intense fabric

Interconnection between similar
minerals result in anisotropic
properties

Weakest phase controls shear-zone
parallel strength

Rheology is not a number but a
relationship between stress and
deformation

o=f(g¢e,T,P,C,F,g,Coy,E ...)



Mixing relations
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Shear zone (uniform stress

A

Montesi, 2013
Strength controlled by weak phase

 Linear mixing (Voight/Reuss)
« A=3,;CA;
e Uniform strain rate
e Uniform stress

e Logarithmic mixing (Ji et al.,
2001)

°A=HM?
 Uniform strain rate
 Uniform stress

* Minimize power
* Huetetal., 2014
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Strength controlled by weak phase

 Linear mixing (Voight/Reuss)
« A=3,;CA;
e Uniform strain rate

e Logarithmic mixing (Ji et al.,
2001)

°A=HM?
e Uniform strain rate

* Uniform stress

* Minimize power
e Huetetal.,, 2014




Estimating rheologies

Quartz
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Biotite
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e Each mineral is associated with a flow law:

* Assumes dislocation creep: no grain size
dependence (yet)
1 _b
. o= Q+PV -
0 = Benexp ( nRT )fW
* Assumes water saturation (Shinevar et
al., 2018): f,, = 5.521

—31,800+10.09x10-°P
X107 exp ( — )

* For non textured rocks (included in the initial
CRM release)

* Follow MPGe mixing relation of Huet et
al., (2014):

o=@ (-2

* For textured rocks

* Linear mixing assuming uniform stress
o
. —
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Example results

(non-textured)

* Calculate effective viscosity for lower crustal materials

* Main difference is between mafic and felsic rocks
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AT CL o g H, with the CRM?

* Geological Framework

z:‘;{‘bc L * Polygons in csv format and shapefile

* Description of lithology and columns (xIsx format)
2"” LA * Mineralogy for each lithology

e * Lithology for each depth intervals

* Rheology parameters
* Dislocation creep flow law parameters for each mineral (with confidence rating)
* Table of flow law parameters for each lithology
* Version 1 for user-specified water fugacity
* Version 2 for prescribed water fugacity
* Example matlab scripts
* Calculate lithology parameters from end-member flow laws
SR LT AL L P e Ty S g B L Tt S E

* Plot viscosity vs. temperature
* Vizualize the GFM




Access to the CRM

e Download model:
ht_tps-[[dgi Q[gz:ln 5281/zenodo.4579627

* Hearn, Elizabeth, Montesi, Laurent, Oskin,
Mike, Hirth, Greg, Thatcher, Wayne, & Behr,
Whitney. (2020). SCEC Community Rheology
Model (CRM) (20.9) [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.4579627

* Interactive visualization and query
* http://moho.scec.org/GFM web/web/view

er.php
* Example of KWCC:

* GFM: Peninsular Range(W)
* CTM: LA
e At 15 km depth: Granodiorite10

Geological Framework Model Viewer (Beta) Viewer User Guide Disclaimer Contact

Geological Framework Model (GFM) viewer provides researchers with access to two components of the SCEC Community Rheology Model (CRM). This viewer provides a
ed query interface to the three-dimensional Geological Framework Model (GFM) of the southern California crust and to the SCEC Community Thermal Model (CTM) which
peratures and pressure in the region. The viewer allows users to view and download material properties from CVM-H v15.1, geological regions and rock types from the SCEC
nd smoothed temperature from the SCEC CTM.
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Downloadable Batch Result will appear here


https://doi.org/10.5281/zenodo.4579627
http://moho.scec.org/GFM_web/web/viewer.php
http://moho.scec.org/GFM_web/web/viewer.php

Release in
waiting: Shear

zone guidelines

Ductile Rheology of the Southern California Lithosphere: Constraints
from Deformation Modeling, Rock Mechanics and Field Observations

Some Possible Geometries for Ductile Lithosphere

Case 1
Case 2 Case 3
Ductile Flow Mostly in ) ) ) )
Lithospheric Mantle Ductile Flow Mostly in Ductile Flow Mostly in
&Asthenosphere Weak Shear Zone Weak Lower Crust
Seismogenic
Upper Crust
Brittle/Ductile Brittle/Ductile
Transition Transition
Aseismic
Lower Crust Tremor  STRONG WEAK
P Events WEAK
DUCTILE
MOHO SHEAR MOHO
Lithospheric ZONE
Mantle WEAK STRONG

Asthenosphere WEAKEST

Thatcher, introduction to 2013 workshop



Approximations to shear zonewr r~ :
. Vlsc05|ty model doeg not have a closed form solution ==
77 n; +
e o)
* Analytical only if impose stress f | ' '
* Slow to compute LI R §

* Propose simplifying assumption coupled with maps Qf
* Follow the viscosity of the weakest mineral: n,,, = mm¥B

: - 1 1
* All minerals rigid except for the weakest: n,- = 5. mm— B %
l 5

* Under what conditions is the strength of the weakest ine
approximation to the shear zone rheology? 1)

* Compare at the same stress



* Calculate effective viscosity for lower crustal materials
Example results « Weakening for all lithologies, especially at low T

Effect of texture e Effect linked to weakest mineral regardless of
abundance
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* Biotite is the weakest mineral. Its essentially plastic

Case #1: Biotite Is behavior controls stress

prese Nt an d stress iS * The sheared rock much weaker than the non-textured
. rock

h lgh (> 10 M Pa) * Viscosity is unrealistic for stress higher than ~40 MPa
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Quartz is the weakest mineral if T<~800°C (otherwise it’s

Case #2: Felsic rock feldspar)

with bi Otlte, low * The sheared rock is significantly weaker than the bulk rock
~ only at the lowest temperature; its viscosity is ~ 6 times that

stress (< 10 MPa) of pure quartz
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Stress [Pa]

. Quartz is the weakest mineral if T<~800°C (otherwise it’s

Case #3: Felsic rock feldspar)
Wlthout blOtlte . The sheared rock is not significant weaker than the bulk
rock
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Stress [Pa]

Case #4: Mafic rock
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. Feldspar is the weakest mineral.

. The viscosity of the sheared rocks is ~5 times that of
pure feldspar

. The sheared rock is weaker than the non-textured rock
at low stress and/or low temperature
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Integrated Tectonic Model

Integrated Geological

On-demand flexible

& Geophysical data computations
((:ommunlty Fault Model \ f
Lithology
8 Rheology
- Temperature

\ Community Th;m;al Model

Geological Framework

y Upscaling
Deep-learning

Topography a
Berry et al., 2019

-

J

Mesh generation
Multiphysics solvers
Solid deformation

Ye and Liu, 2017

L oY -::E:~\7 > .
AN NS Fluid flow
WA 2\ \ D) Surface processes
o e Temperature

Data comparison
& integration

b vy
OO 2 . :
Eikonal Tomography, Qiu et al., 2019

Geodesy
B Exhumation
Stress
Heat flow
Hydrology
Morphology
Stratigraphy

Tomography Wang & Biirgmann, 2020
San J im Basin, §aleeby & Saleeby., 2019

J

Simulation augmented model J

AR

.

5 o -
Ridgecrest postseimic creep

Structure refinemenJ




. Objective: understand

Integrated Tectonic Model conditions leading to seismic
and interseismic phenomena
at different spatial and
temporal scales

Based on existing and future
community models

Integrated Geological On-demand flexible Data comparison - U PSCa i ng th rough
& Geophysical data computations & integration constitutive model S,

Lithology | = LLSPWEE  seznes representative elements,

Rheology

Temperature e . s ' "‘ _; s arhﬁ(ﬂal |nte”|gence

nal phy, Qiu et al.,
Geodesy
Exhumation
Stress

Muttipryatos somers Hyarology ¥ Wide range of output
Sol.id deformation M°"P_"°|°9y ) .
g‘ﬁ“g $§,.,l:,a,',’.':" » Strain rate, stress, fluid

) Upscaling : R flow, and ground
) eep-learning e | : )
deformation

Modular physics and input

Simulation augmented model
Structure refinement




Granodiorites
Weak low temperature shear zone (5x quartz)
Weak high stress shear zone (2 to 10x biotite)

-' 7 \

Sediments;Franciscan; Peridotite (purple)
No weak shear zones

Summary

* CRM: Effort to systematically evaluate the
rheology of the rock types that appear
Southern California

» Effects of fabric on rheology vary widely

* Intense weakening restricted to a few
settings
* Mica at high stress leads to
unrealistic conditions

* Mafic rock localize at low stress and
temperature

* When weakening is important, the

strength of the shear zone is 5 to 6 times
that of the weakest mineral

Gabbro; basalts; Sediments & Sills Rand schist (pink); meta-felsic to meta-basic

Weak shear zones at low stress and temperature Weak low temperature shear zone (5x quartz)
Shear zone strength ~5x feldspar Weak high stress shear zone (2 to 10x biotite)




