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Realistic Rheology is Heterogeneous
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SCEC Community Rheology Model (CRM)

Differential Stress (MPa)

. | SN (region) |Geothermal Wells ||Heat Flow Kriging 0 40 80 120 160 500 240
40 mW/m2 |Heat Flow (mWim?) || Prediction Map

(Average SHF)

lw'a

n,(,;‘

e <a

o 4.3 N <0

{

>
»

Q . B o-»
o 8- 40-5
® 10 “0-5

Ouatermacy Fe.ts wn 65 5 Upper Crust

Geologic Framework Model

inferred from geophysical data

BDT
( ) Ja— Middle Crust
= / i\ ~ ¢ B
A\ | K )// \ . i = : . >. o bk ¥ \ : ol ol Y
| ‘ N WTR T U5 g \ ‘ 0 Y BREL:2 2, . SRS
» 4 ..' . ; - X (3 & \ L d 3 ‘\
— =~ \HEAT FLOW REGIONS  § g o o v AN . £ o v ]
. — 7 Inner Salton Trough ™ : "-. = ) = _»f:'., ETE = 25 050 difan mixtur
D 4 Outer Salton Troutg : u - \Netf) Lower Crust
A (Western Basin & Range s q =
{ ) Inner Continental Borderiand 80 8_
\ lifornia Coast Rang
© 0 Gabriol Block o 0 39 — = MOHO
A < £ slern Transverse Ranges R ~ * o é%
A",\' ¥ e < Angeles Basin )
i N : = 8m Mojave Desert ”
\ . & O g Fa;l_n : E
=< | ey 351 /—"——Stress measured S
N\ N oI in Cima xenoliths S
=% N x
| 4§ ~ Mantle C it del « =
\! ommunity ode 3
X : O
[V o~
R : i I
N (CTM) Thatcher & Chapman ., Lithospheric || S
Mantle R
\ N 3
: E O
1 50

Basalts/Gabbro | | [

551 =—_ Stress range in Basin
S and Range xenoliths
fm .
F) sourced from this
57

— o depihnee Behr & Hirth (2017),
o Visualization by L. Montesi  Shear Zone Model? (§ZM?) Constitutive Relationships .




7 Statewide California
SCJEC

Earthquake Center

Assembling the SCEC geologic framework model

 GOAL: Lithologic information sufficient to assign constitutive
relationships to the lithosphere across California & adjacent areas

* Constructed through integration of diverse data sets:

— Surface geology, well control, and cross-sections
— Seismic imaging and potential fields

« Surface geology provides an incomplete picture of 3D lithology

— Deep crust composition and structure seldom revealed.
— Mantle information largely indirect except for xenoliths.

 Much must be inferred from tectonic history and map relationships

9/16/2025 4
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SCEC Geologic i .
Framework Model

(Southern California)

 Lithotectonic blocks
defined by lithology &

tectonic history ‘s T e s
 Vertical boundaries : Ty
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[ Stable Interior
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Model Improvement: Incorporating 3D
Geologic information

GFM (Map) GFM (Volumes) GFM v.1.0 grid

Plesch & Montesi (2025 GFM workshop)
& poster #339 by Montesi, Plesch & Shaw



SCJEC
Model Validation: Comparison
with Seismic Tomography
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» Physiographic Associations
32 CB - Continental Borderland (light blue)
GV - Great Valley (maroon)

SN - Sierra Nevada (light green)

PT - Proterozoic Terrains (dark blue)

ST - Salton Trough (red)

PR - Peninsular Ranges (dark green)
MD - Mojave Desert (orange)

122° 120° 118° 116° 114°

K-Means Regionalization, Eymold & Jordan (2018)
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Model Expansion: Northern California

Explanation SB  Sierra Nevada Batholith
GV Great Valley Block . Modoc Plateau
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« Conclusion #1: Four key events disrupted the California convergent
margin and introduced heterogeneities that affect faulting today:
1. Formation of the Great Valley ophiolite (~165 Ma)
2. Underplating & trenchward migration of Klamath terrane (~135 Ma)
3. Underplating & trenchward migration of Mojave-Salinia terrane (~70 Ma)
4. Formation of the Pioneer triple junction (~30 Ma)
 Conclusion #2: Transform faulting localized primarily within three
weak components of former convergent margin:
1. Accretionary wedge
2. Ancestral Cascades arc & back-arc
3. Inherited zones of underplating

 Conclusion #3: Mafic crust is strong, but also promotes fault creep
 Conclusion #4: Geological heterogeneity = Nature’s experiment

9/16/2025 9
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California Convergent Margin
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Sierra Nevada - Great Valley
Microplate

« SNGV block defines a
microplate embedded within
the transform plate boundary.

« SNGV separates Walker Lane
Belt from San Andreas fault.

124 2199 ™20 118 TS 0 Fault map from USGS NSHM (Hatem et al., 2023) .
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Ophiolitic Rocks in
California

* ‘Ophiolite’ = Oceanic crust

and/or upper mantle rocks

* Great Valley Ophiolite underlies

western SNGV microplate
(strong mafic lower crust...)

* Great Valley Ophiolite adjacent to

Central & Creeping San Andreas

(...but weak faults)

Geology from USGS Cooperative National Geologic Map
(Colgan et al., 2025) 1
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Event #1: Formation of Great Valley Ophiolite ~165 Myr

Comp: crust/harz, PhTran: pyrolite
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Southward
Continuation of
Great Valley
Ophiolite

Aeromagnetic data

confirms that mafic
GVO basement also
underlies forearc

blocks Iin southern
California

More in Western Baja California

9/16/2025
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[ Uttramafic Rocks | Mesozoic Granitic Rocks
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Localization of Transform
Faulting

 Former
hosts ~80% of dextral plate
motion along San Andreas &
nearby faults

 Former hosts
remaining ~20% of dextral plate
motion along Walker Lane. This
area remains volcanically active

 What happened where this
pattern changes?

Strike-slip faults from USGS NSHM (Hatem et al., 2023)
18
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Events #2 & #3:
Schist Underplating

Low-angle subduction and
underplating of accretionary
wedge sediments beneath arc

Segments of arc crust extended
and moved toward trench

This happened twice during the
Mesozoic:

~135 Myr: Klamath Terrane

~70 Myr: Mojave — Salinia Terrane

PORS Schist
(PORS = Pelona, Orocopia, Rand, Salinas)
19
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Event #2: Underplating of Klamath Mountains Terrane
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Condrey Mountain Window

Accretionary Wedge ~ . S, s S ,
YT X o _ Vol A
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Early Cretaceous imbrication of oceanic lithosphere

Cross-Section from Chapman et al. (2024)
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Event ;

.3: Underplating of Mojave-Salinia Terrane

N : base of Late Cretaceous restored S
Cfeﬂggigst%g%% Oéne -early Paleogene Garlock fit
orogenic plate ag detachment system L}
igneous barometric ;
gradient in oblique crustal section \\ | ThHDB RS
5000m - 0.2GPa 03 04 05 06 - ‘__7 -81 09 Z__ _._) — 5000m
L ey S e —o —MSL
15 km .'l"x\j"\’,”-l‘: g '/\\‘;;\,\;—';: 30 km - ,/// .
paleodepth f ' SNB 0> 7 \» 70> paleodepth |-~ RTZ. — RT -
~ \"" S . /\f \-"' Sl ,\/ \-’t ~ :\-,\, l’..l, - ,‘\_/\/ N " -
S S s :‘?SI/B"“R ~ - 25km
U TV e s T leodepN O T T T _
L. > /= oy s = p TT—— T
o — recent Moho
crustal-scale
duplex complex
RS = Rand schist RT = Rand thrust — 50km
SNB = Sierra Nevada batholith: 0 i 50 75km
TRDB = Tehachapi-Rand deformation belt v=h

Saleeby (2003)



sC/EC

| | | | | \ o
Y 110 Statewide California

' ' i : Earthquake Cent:
[ [ Late Olig.-early Mio. core complexes (mylonites patterned) arthquake Center
- Late Cret.-early Cenozoic Pelona-Orocopia-Rand Schist

/| Cretaceous accretionary complex 35° —
N Cretaceous-early Cenozoic forearc basin

[ ] Cretaceous magmatic arc and older framework rocks

Jacobson et al., (2007) ,,._

'
33°
Garlock fault
SAf San Andreas fault 8
SGf  San Gabriel fault 100 km & N\,
CTR Central Transverse Ranges \
ETR Eastern Transverse Ranges
WTR Western Transverse Ranges | 340
batholith emplacement MgL
B o B d S isobars (kbar) %
lg en Of an : L g /| Conjugateto
Late Cretaceous moho - A 7V -/ ShatskyLIP

Andreas Fault
follows PORS schist

‘windows’

50"

Inflection Rand fault and
zone Sierra de Salinas
shear zone

Chapman et al., (2012)




7 Statewide California
S C// E C Earthquake Center

Event #4: Formation of Pioneer Triple Junction
&
L

* Pioneer Triple Junction (PTJ)
formed first at ~32 Myr

 Mendocino Triple Junction
(MTJ) took over ~27 Myr

Animation by Tanya Atwater
9/16/2025 23
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Rheologic Heterogeneity of MTJ Region

: Ees A | + Rapidly evolving transition from

<<|amath Cascadia subduction to San Andreas
Nk & s transform system

» Adjacent to underplated Klamath terrane

— See poster #102 by Lynch & Oskin for
newly discovered faults here

* Pioneer fragment, coupled to Pacific
plate, underlies nascent northern
California transform faults

— See poster #84 by Herman & Furlong for
model of transform fault development

* Creeping faults & ophiolitic rocks
— See next presentation by Ault

-t —
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« Conclusion #1: Four key events disrupted the California convergent
margin and introduced heterogeneities that affect faulting today:
1. Formation of the Great Valley ophiolite (~165 Ma)
2. Underplating & trenchward migration of Klamath terrane (~135 Ma)
3. Underplating & trenchward migration of Mojave-Salinia terrane (~70 Ma)
4. Formation of the Pioneer triple junction (~30 Ma)
 Conclusion #2: Transform faulting localized primarily within three
weak components of former convergent margin:
1. Accretionary wedge
2. Ancestral Cascades arc & back-arc
3. Inherited zones of underplating

 Conclusion #3: Mafic crust is strong, but also promotes fault creep
 Conclusion #4: Geological heterogeneity = Nature’s experiment
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