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Climate model and fission-track data, methods, and results 
 
1. CLIMATE MODEL RESULTS 
 

Rainfall estimates were extracted from the model simulations described in Insel et 
al. (2012), are reported in Table DR1, and plotted in Figure 2A in the main text. We 
chose REMOiso, because the model simulates reasonably well the modern precipitation 
gradient and estimates more accurate precipitation magnitudes along the Andes in 
comparison with other models. Insel et al. (2012) focuses on changes in δ18O and isotopic 
lapse rates in response to Andean surface uplift. The paper shows surface uplift induced 
changes in precipitation on a continental scale to explain the simulated changes in the 
isotope values. In this paper, we present mean annual rainfall values from elevation 
scenarios (50-75-100% modern) along different Andean transects at the thrust belt scale. 
To compare our model results with geo-thermochronology data, we extracted the 
elevation and precipitation for each thrust belt zone in the different transects based on the 
mean values from ~4-6 model grid points (equivalent in size to the extent of each thrust 
belt zone). 
 
2. FISSION-TRACK ANALYTICAL PROCEDURES 
 

Mineral separations and fission track analyses (AFT for apatite, ZFT for zircon) 
were performed using standard techniques by Apatite to Zircon, Inc. (for details see the 
appendices in Donelick et al., 2005). Apatite grains were treated as described in Barnes et 
al. (2008). Zircon grains were mounted in FEP Teflon. Zircon mounts were also polished 
followed by immersion in a eutectic melt of NaOH + KOH at ~210(±10) °C for ~37 h 
and 10 min. 

 
All zircon and most apatite analyses we report used the laser ablation (LA-

ICPMS) method of Donelick et al. (2005). Age standards and zeta factor used are the 
same as in Barnes et al. (2008). Four apatite samples (AL1-2 and EC4-5) were analyzed 
with the external detector method (EDM) (e.g. Donelick et al., 2005). Age standards, zeta 
factor, and irradiation used are the same as in Barnes et al. (2006). The fission track data 
are reported in Table DR2 and sample locations and geologic context are shown in Figure 
DR1. 
 
3. APATITE FISSION-TRACK ANALYSIS AND MODELING 
 

We interpreted the apatite fission track data from sampled metasedimentary rocks 
using the same approach of Barnes et al. (2006; 2008), but with updated annealing 
models. We summarize only the updated part of the approach here. 
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We used HeFTy (v. 1.7.0) (Ehlers et al., 2005; Ketcham, 2005) to conduct sample 
thermal modeling. Input data for the inversions included the AFT grain ages, the AFT 
track-length distribution, and Dpar. We used the annealing model of Ketcham et al. 
(2007) with c-axis projected track lengths, the Cf irradiation option activated, and 
uncertainties at 95% +/-. We defined “good” and “acceptable” fits to the data estimated 
with a Kuiper’s statistic after Ketcham (2005). The fission track data analyses are 
reported in Table DR3 with example thermal model results shown in Figure DR2. 
 
4. EXHUMATION MAGNITUDE 
 
 We followed the procedures outlined in Barnes et al. (2006; 2008) to estimate 
exhumation magnitude and hence only describe the data relevant to the new FT data here. 
 

Five proximal (within ~85 km) borehole measurements to our EC samples 
estimate a mean gradient of 23 ± 6ºC/km (stations Colquiri, Santa Fe, Huanuni, Bolivar, 
and Catavi (Henry and Pollack, 1988)). From this, we estimate an erosion magnitude of 
~4.4 km and the range from 3.5-5.9 km for apatite and ~10 km with a range of 8-13 km 
for zircon (Fig. 2B). Estimated EC Oligocene paleo-geothermal gradients to the south are 
similar, ranging from 19-32ºC/km ± ~20% (Ege et al., 2007). 

 
No thermal gradient measurements exist for the IA. Thus, we assume the gradient 

is the same as the EC at 23 ± 6ºC/km with equivalent estimated erosion magnitudes (Fig. 
2B). An estimated IA Oligocene paleo-geothermal gradients to the south is very similar at 
26ºC/km ± ~35% (Ege et al., 2007). Regional heat flow studies treat the IA as part of the 
EC further justifying the assumption of similar gradients between the EC and IA 
(Springer, 1999; Springer and Forster, 1998). 

 
The new central SA sample cooling ages presented here are reset by the Miocene-

to-recent deformation and/or orographically focused mean rainfall allowing us to estimate 
a depth to AFT closure as a minimum limit on SA exhumation. Over 1500 measurements 
from the southern Bolivia SA and adjacent Chaco plain yield a mean geothermal gradient 
of 22.4ºC/km ± ~35% (Springer and Forster, 1998). This gradient suggests the SA 
erosion magnitude is ~4 km (range ~3-6 km) or more. Unfortunately, no measurements 
exist proximal to these samples; hence this magnitude is the best estimate we can make 
with the geothermal data. 
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Figure DR1. Geologic map and cross section along the central transect (simplified from McQuarrie, 2002). Red dots and text are sample 
locations/IDs of the new fission track data (Table DR2) presented in this paper.
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Figure DR2. Example thermal histories from the central AFT data from west to east (A-F). HeFTy (Ketcham, 2005) thermal modeling showing 
permissible temperature-time (T-t) histories (left diagrams) and measured vs. modeled length distributions (right diagrams: histograms measured 
data, best-fit model is the curve). Green areas are acceptable fits, pink areas are good fits, the black line is the best fit, and imposed model constraints 
are the boxes. Pooled apatite ages (AFT), mean track lengths (MTL), and goodness of fit (GOF) between the model (M) results and the data (D) are 
tabulated. Modeled T-t paths are only well constrained within the partial annealing zone (PAZ: yellow band).
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