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Materials and Methods
Laboratory Methods

U-Th/He thermochronometry was performed on euhedral, inclusion-free mineral
grains with widths >80 um. Single crystals were loaded into Nb tubes, degassed with a
960 nm diode laser, and “He abundances were measured via *He dilution using a
Patterson Instruments quadropole mass spectrometer at the University of Tiibingen. 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 2¢ 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 (/4). 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 + 26 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 (/4) 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.
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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).
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Fig. S2

Schematic cross section depicting evolution of the northeastern Andean Plateau margin
since 15 Ma. See Fig. 2 for location.

red glivee depth [(Kimil



{A} Time {(Ma)
200 100

300

e 400

_ Observed Age:  Model Age
. AHe: 20.6 £23.1 Ma 20,6 Ma
ZHe:94.3 £22.1 Ma 94,5 Ma

m_.,, s o N TN .y . 1 " . o o e L o om " .. K ,1500

{B) Time {(Ma)
200 150 100 50

300

e 400

Observed Age. | Model Age
AHe:: 414+09Ma 39 Ma
ZHe:75.5£17.7 Ma 755 Ma

m_.,, s o N TN .y . 1 " . o o e L o om " .. K ,1500

Temperature (°C)

Temperature (°C)



{C) Time {(Ma)
200 150 100 50 . 0

sample 11PR0O5
Hanging Wall:
2056 m elevation:

e 1100

] 200

300

400

Observed Age! | Model Age
i 28106 Ma 2.8 Ma
ZHe: 14.6+ 2.3 Ma 14.7 Ma
BAr: 122.9

NL_.“ v o i B + o T e . can P e Y o " E " ; - . m . i . a " i B . B o 500

w

{D} Time {(Ma)
200 150 100 50

NL_.“ v o i B + o T e . can P e Y o " E " ; - . m . i . a " i B . B o 500

Temperature (°C)

Temperature (°C)



{E) Time {(Ma)

200 150 100 50
~1100
200 ¥
5 ¢
v 2
g m
= @
:
300 2
acc
400
a
. .14
ZHe: 15.0+3.0Ma 152 Ma
BAr: 893+ 19 Ma
- - 1500

Fig. S3

Results from inverse time-temperature modeling with the HeFTy software. Samples (A)
11PR25, (B) 11PR09, (C) 11PROS5, (D) 11PRO4, (E) 11PRO1. Model age computed from
weighted mean cooling path.



Table S1.

Apatite (U-Th)/He, zircon (U-Th)/He, and biotite K/Ar ages.

latitude

Sample longitude elevaion AHemean emor ZHemean  emor BArage emor incision
(m) ageMa) (20) age(Ma) (20) Ma)y  (20)" depth (km)
11PR01 -13.650 -70.474 1562 41 06 150 3 893 19 238
11PR04 -13.667 -70.478 1759 37 04 157 0.7 103.0 21 225
11PRO5 13 -70.455 2056 28 06 146 23 1229 27 229
11PRO2 -13.807 -70.479 2775 41 09 755 17.7+ 208
11PRM -13.808 -70.475 2974 30 19 1.20
11PR16 -13.847 -70.504 3240 40 02 17
11PR25 -13.929 -70.429 4161 206 231 943 21 0.50
Notes:

* BAr ages from ref. (13). Our sample 11PR0O1 correlates to sample COCA-343B of ref. (13), 11PR04 to

COCA-344, and 11PR05 to COCA-346

** Single replicate age. 23% ermor assumed from adjacent sample 11PR25.



Table S2.

Single grain apatite (U-Th)/He analyses.

Sample 4-He 238-U 235-U 232-Th 147-Sm Raw Age Ft ComrAge
(mol) (mol) (mol) (mol) (mol) (Ma) # (Ma)
11PRO1_1 951E-16 2 63E-13 195E-15 124E-13 396E-13 251 069 3.65
11PRO1_2 1.38E-15 2 81E-13 2 08E-15 191E-13 7O0E-13 326 073 445
11PRO1_3 1.09E-15 1.99E-13 147E-15 2 30E-13 7 16E-13 333 071 47
11PRO1_4 1.64E-15 4.56E-13 3.37E-15 1.01E-13 668E-13 263 073 3.62
11PRO4_1 122E-14 2 68E-12 1.98E-14 362E-13 221E-12 340 083 4.08
11PRO4_2 6.90E-15 1.86E-12 1.37E-14 4 82E-13 1.51E-12 270 082 3.30
11PR04_3 526E-15 1.34E-12 991E-15 1.73E-13 1.11E12 294 075 3.95
11PRO4_4 261E-15 7.64E-13 5 65E-15 1.58E-13 TA4A2E-13 251 0.76 3.29
11PRO5_2 1.52E-15 3.94E-13 291E-15 555E-14 4 55E-13 287 075 3.81
11PRO5_3 1.13E-15 3.76E-13 2 78E-15 1.85E-13 4 70E-13 208 070 296
11PRO5_4 3.39E-16 1.89E-13 1.39E-15 4 66E-14 2 38E-13 131 073 1.80
11PRO5_5 1.55E-15 568E-13 4 20E-15 7 A46E-14 555E-13 205 075 271
11PRO5_6 120E-15 4 50E-13 3.33E-15 6.78E-14 329E-13 199 071 281
11PR11_1 1.56E-15 3.26E-13 2 H1E-15 1.46E-12 1.07E-12 182 073 250
11PR11_2 385E-15 2 85E-13 2 11E-15 1.14E-12 960E-13 542 071 762
11PR11_3 3 98E-15 3.32E-13 2 46E-15 124E-12 983E-13 497 073 6.84
11PR11_4 367E-16 2 48E-13 1.83E-15 929E-13 6.55E-13 061 0.66 0.93
11PR11_5 1.12E-15 2 19E-13 1.62E-15 621E-13 543E-13 239 072 3.30
11IPR11_6 1.75E-15 2 93E-13 217E-15 8.53E-13 681E-13 277 069 4.02
11PR11_7 149E-15 6.56E-13 4 85E-15 553E-13 4.75E-13 147 067 2
11PR16_1 1.89E-15 510E-13 3.77E-15 645E-14 4 65E-13 278 069 4.02
11PR16_2 1.92E-15 5.39E-13 399E-15 277E-14 4 44E-13 272 0.66 411
11PR16_3 2 54E-15 7.30E-13 540E-15 664E-14 502E-13 263 069 3.82
11PR0O9_1 507E-15 6.55E-13 4 85E-15 1.87E-12 202E-12 360 077 4.69
11PR0O9_2 2 05E-15 2 94E-13 217E-15 1.01E12 969E-13 301 069 4.37
11PR0O9_3* 7 66E-16 6 11E-13 4 52E-15 6.18E-13 6.56E-13 079 067 117
11PR0O9_4 348E-15 7.54E-13 558E-15 1.56E-12 145E-12 242 074 3.25
11PR25_1 261E-15 1.54E-13 1.14E-15 1.59E-13 513E-14 106 067 158
11PR25_2 2 80E-15 8.88E-13 6.57E-15 6 43E-14 6.19E-13 240 073 331
11PR25_3 2 92E-16 7.87E-15 582E-17 1.72E-15 1.78E-13 246 058 425
Notes:

* Anomalously young age. Replicate age is >70% younger than the mean of the other three replicates and
shows insufficient helium compared to other replicates with similar U and Th values. This may be due to
partial degassing. Age excluded from the calculation of the mean and standard deviation.

# Ftis alpha-cormrection after ref. (42)



Table S3.

Single grain zircon (U-Th)/He analyses.

Sample 4-He 238-U 235-U 232-Th Raw Age Ft Comr Age
{mol) (mol) {mol) (mol) (Ma) # (Ma)
11PR0O1Z-1 926E-13 510E-11 377E-13 2 16E-11 12.80 0.859 149
11PRO1Z-2 358E-13 2 38E-11 1.76E-13 1.09E-11 1052 0842 125
11PR0O1Z-3 4 97E-13 227E-11 1.68E-13 1.55E-11 14 62 0826 177
11PR04Z-1 231E-13 1.20E-11 8 87E-14 7 66E-12 1299 0812 160
11PR0O4Z-2 2 48E-13 1.38E-11 1.02E-13 9 44E-12 1203 0.805 149
11PR04Z-3 1.82E-13 9 65E-12 714E-14 5.73E-12 1283 0.799 16.1
11PR0O5Z-1 917E-13 6. 43E-11 4 76E-13 1.80E-11 1037 0814 127
11PR0O5Z-2 8 29E-13 5.00E-11 3.70E-13 1.97E-11 1M.77 0812 145
11PR0O5Z-3 1.22E-12 6. 49E-11 4 80E-13 2 25E-11 13.51 0812 166
11PR0O9Z-2 226E-13 2 78E-12 2 0BE-14 1.78E-12 0472 0723 755
11PR25Z-1 321E-13 321E-12 2 38E-14 354E-12 61.53 0843 729
11PR25Z-2 269E-13 1.96E-12 1.45E-14 2 32E-12 83.11 0832 998
11PR25Z-3 266E-13 1.80E-12 1.33E-14 2 19E-12 88.87 0.806 1101
Notes:

# Ftis alpha-comection after ref. (42)
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