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Materials and Methods 
Laboratory Methods 

U-Th/He thermochronometry was performed on euhedral, inclusion-free mineral 
grains with widths >80 μm. Single crystals were loaded into Nb tubes, degassed with a 
960 nm diode laser, and 4He abundances were measured via 3He dilution using a 
Patterson Instruments quadropole mass spectrometer at the University of Tübingen. U, 
Th, and Sm concentrations were then measured via isotope dilution using an Element2 
inductively coupled plasma mass spectrometer at the University of Arizona. Raw ages 
were corrected for alpha ejection. Means ages (Table S1) were calculated typically from 
4 single-grain analyses (Tables S2-S3). Age uncertainties are reported as the 2σ standard 
error of replicate analyses for individual samples.  

Time-Temperature Modeling 

Thermal histories were constructed from inverse modeling performed in the 
HeFTy software version 1.8.0 (14). Kinetic models used are from ref. (39) for AHe and 
ref. (40) for ZHe. Input data include the AHe and ZHe ages, grain dimensions, and 
Uranium and Thorium concentrations (Tables S2-S3). Where available, BAr data was 
included as a constraint defined by the BAr age ± 2σ and 340-360°C. The model starting 
point was 50 My older and 150°C hotter than the highest closure temperature 
thermochronometer analyzed to ensure an initial condition where no daughter products 
are retained. The model ending point was the mean annual temperature +/-2.5°C. No 
other model constraints were imposed. HeFTy inverse model settings include: monotonic 
consistent cooling, paths halved 4 times, episodic randomizer, and no maximum cooling 
rate. Inversions were run until 50 “good” fits (14) were obtained and we report the 
weighted mean cooling paths in Fig. 3C. Model ages computed based on the weighted 
mean cooling path match the observed ages either exactly or within 0.3 Ma, a result 
better than model ages computed from the “best” individual modeled path. Full thermal 
model results are reported in Fig. S3. 

 



 
 

3 
 

 

Fig. S1. 
Geology of the northeastern Andean Plateau margin. (A) Location map. (B) General 
geologic map (8). (C) Structural cross-section C-C’ (7). (D) Detailed geologic map based 
on 1:100,000 mapping (41).  



 
 

4 
 

 

Fig. S2 
Schematic cross section depicting evolution of the northeastern Andean Plateau margin 
since 15 Ma. See Fig. 2 for location.  
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Fig. S3 
Results from inverse time-temperature modeling with the HeFTy software. Samples (A) 
11PR25, (B) 11PR09, (C) 11PR05, (D) 11PR04, (E) 11PR01. Model age computed from 
weighted mean cooling path. 
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Table S1. 
Apatite (U-Th)/He, zircon (U-Th)/He, and biotite K/Ar ages.   
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Table S2. 
Single grain apatite (U-Th)/He analyses.   
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Table S3. 
Single grain zircon (U-Th)/He analyses.  
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