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Studying Fold-Thrust Belts (FTB):

e Large Scale Tectonics
* First-order Geology — Stratigraphy & Structure
e Reconstructions of FTBs

* Provenance Studies & Sedimentary Basins —
including magnetostratigraphy, isotopes, geo-
and thermochronology

* Thermochronology, Geochronology &
Structural Geology



Motivation: Give examples of FTB advances
beyond balanced cross sections






Long and Robinson, 2021






Advances

1. Link deformation, erosion & depositional history
2. Dating individual faults using U-Pb in calcite

3. Validate balanced cross sections using
thermochronology

4. Use thermochronology to determine location of
large ramps at depth



e Advance 1: Link deformation, erosion & depositional
histories
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12.99-11 Ma

GH detritus first appears in
lower Siwalik unit

LHramp 250 SR103a: 30
12.5-12 Ma

10.99-10 Ma

12.5 — transition from lower to middle LH duplex exposed 7 Km
Siwalik units at Khutia Khola

0
s
—_——

\
e ———

F. 10.99-10 Ma




9.99-5 Ma

©
=
W
(@))
o
(@)}
Q)

_

o

N

<







Shortening rate varied through time — pulsed deformation
Robinson and McQuarrie, Lithosphere (2012)



Advance 2: U-Pb in Calcite — dating
individual faults

Possibilities?

Zeboudj et al. (2025)



How do you know if a
balanced cross section is

correct?

Advance 3: validate balanced
Cross sections using
thermochronology



Ehlers & Farley, 2003



Modified from
Pangea.stanford.edu



A lot of low temperature
thermochronologic ages are
needed to determine how ages
change across a ftb

Field work!









Balanced Cross Sections

(2019)



 Methods from McQuarrie & Ehlers (2015):

—Use balanced cross sections to provide a testable
geometry and kinematic scenarios

—Thermal modeling to predict cooling ages

—Compare predicted cooling ages to observed
cooling ages

—Adjust models to better fit predicted to observed
cooling ages



Plot lab derived data

McCallister et al. (2014), Sakai et al. (2013), van der Beek et al. (2016), and
unpublished data from Harvey (2015) and Mercier (2014).









Each 10 km fault displacement is followed by
loading, eroding, and unloading

Successful model matches: Achieved by varying:

EET & Flexural rigidity
Bulk density
Topographic angle

Surface geology
Dip & depth of decollement
Depth of foreland basin



New Proposed Cross Section Geometry

e Ramp between ~180 — 185 km Battistella (2019)



Advance 4: Use thermochronology to
determine location of large ramps at depth
Large ramps create U’s

Revised from Lock & Willett, 2008



Large ramps create U’s in model data
(solid and dashed lines)
Laboratory data are points



McQuarrie & Ehlers, 2015



Braza et al., 2023



Modified from Robinson & Pearson (2013)






Eastern
Bhutan

Central

Nepal

NW India

Robinson et al.
(2020)



e Large 10 km + ramps cause anomalously young
/He & AFT ages in central Nepal ftb hinterland

e Thick Paleoproterozoic Kuncha Formation allows
ramp to be larger in central Nepal than eastern
Bhutan or NW India



Large EQs occur on MHT ramps
Thermochronology can find ramps
Location of ramps can help predict EQs



Elliot et al. (2016)




Ghoshal et al. (2020)



Advances

1. Link deformation, erosion & depositional history
2. Dating individual faults using U-Pb in calcite

3. Validate balanced cross sections using
thermochronology

4. Use thermochronology to determine location of
large ramps at depth

5. Tying ramps to large EQs



dmr@ua.edu
Thank You & Questions
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