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WHAT IS THE CTM & HOW IS IT BUILT?

| 2 Lat-Long Outlines of Each HFR | Default 1D Steady-State Conductive Geotherms

Southern California May Be Divided into 14 Distinct Heat Flow Regions

|1 SoCal Heat Flow Database
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Southern California Surface Heat Flow Map
Factor of 4 Variation Across SoCal
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SoCal Can Be Divided into 14 Distinct Heat Flow Regions

9/8/21
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To Model Geotherms Need to Constrain Just Two Main Sources:

Upper Crustal Radiogenic Heating & Hot Asthenosphere
Trouble! Usually Neither Known Well

SURFACE
HEAT FLOW (SHF) 1 m2 -
mW/m?2 ]
UPPER CRUST 7 / < , _
1. Upper Crustal Radiogenic Heating
LOWER CRUST
LITHOSPHERE N Moho
Condictive Heat Transfer
MANTLE
LITHOSPHERE / / / /
n LAB
2. Heat Flux from Asthenosphere
AAST.”E'JOSPT“ERE& - ASTHENOSPHERE . . P
vective Heat Iransfer T —_ 1200 - 1400 C
9/8/21 23 fuguat 08 5




‘0 Compute Generic Candidate SoCal Geotherms
Make Two Simple Commonly Adopted Assumptions

* 1. Radiogenic Heating Contributes 40% of Observed Surface Heat Flow

e 2. LAB Depth at Intersection of 1D Steady State Geotherm & Mantle Solidus



Steady State 1D SoCal Geotherms for Standard Continental Thermal Model
If Correct Imply Some Surprisingly Thick Lithospheric Keels Beneath SoCal

Temperature (°C)
0 200 400 600 800 1000 1200

Upper Crust

Lower Crust

Mantle

14 HEAT FLOW REGIONS

.C
)
Q. ST Salton Trough
a

WBR Western Basin & Range
iICB Inner Continental Borderland
CCR California Coast Range

SG  San Gabriel Block

WTR Western Transverse Ranges
LA Los Angeles Basin

GV  Great Valley

MD Western Mojave Desert

VB Ventura Basin

ETR Eastern Trabsverse Ranges 20 \@

?
PR Peninsula Ranges 937
1 0 0 SN  Sierra Nevada

02 May 2019

9/8/




BUT Almost All SoCal sLAB
Between 60 and 80 km except for iCB & ST

Seismic LAB Depth

9/8/21




There is Strong Evidence That Under SoCal
Seismic LAB = Thermal LAB
From Here Onward We Accept This



Surprising Result!--LAB Depth 70 £ 5 km for 11 of 14 SoCal HFRs
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Surprising Result!--LAB Depth 70 + 5 km for 11 of 14 SoCal HFRs
Cluster 1: Low SHF and 70 km LAB Incompatible with Steady State Geotherms
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Surprising Result!--LAB Depth 70 £ 5 km for 11 of 14 SoCal HFRs
Cluster 2: SHF and 70 km LAB Consistent with Steady State Geotherms
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Radiogenic Heat Production of Crust Generally Poorly Known
So Large Range in Possible Geotherms
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If Seismic LAB = Thermal LAB
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.. Admissible Geotherms Must Pass Between Saturated and Dry
Peridotite Solidi Temperatures at LAB
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Further Powerful Constraints on Admissible Geotherms
if Xenoliths Found & P-T Conditions Determined

Western Basin & Range Geotherm is Very Well Constrained
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Back to Anomalously Low Surface Heat Flow Regions

Observed Surface Heat Flow, mW/m2
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Asthenosphere Exposure at Base of 50 km Thick Lithosphere
Models Geotherms in 6 Low Heat Flow Regions

(a) PACIFIC - JUAN DE FUCA - NORTH AMERICA PLATE SYSTEM, BEFORE CA. 28 MA
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0 400

Generic versus Refined

Note Much Smaller Range in Refined Geotherms
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Generic versus Refined

Smaller Range Due to Modeled Transient Effects
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TAKE HOME POINTS
Wide range in SoCal SHF, 40 = 140 mW/m?2

In contrast, LAB depth much less variable, averaging 70 km

Combination of 1 & 2 requires transient thermal regimes, with models
predicting warm lower crust and upper mantle under most of SoCal

Late Cenozoic Pacific-North America plate interactions identify
causative transient processes we successfully model here
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