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Introduction  

This supplementary information includes the grain size data and detrital zircon U-Pb 

data for the samples discussed in the main text. 

 

Grain Size Analysis 

 

 For quantitative grain size analysis, samples were prepared using standard 

procedures as described by Howell et al. [2014]. We put a small amount of sample into a 

cleaned 50 ml plastic centrifuge tube and added 5–7 ml of sodium phosphate solution. 

The tube was capped and vortexed to deflocculate clay-sized sediment and separate 

organic particles. Each sample was poured through an 850 µm sieve and funneled into a 
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15 ml glass test tube. After centrifuging and removing the clear supernatant, 2–3 ml of 

sodium phosphate and 5 ml of 30% H2O2 were added. Tubes were vortexed again and 

then put into a hot bath that was heated to 70˚C. This step required persistent 

monitoring to prevent loss of reactant by spraying it with acetone until the reaction is 

stabilized. Reactants then sat overnight to completely oxidize any organic matter. 

Reacted supernatant was removed, and 5 ml of sodium phosphate was added. These 

treated samples were then rinsed with deionized water, transferred into clean 50 ml 

plastic centrifuge tubes, and topped up with sodium phosphate into a sample solution of 

up to 40 ml. Samples were vortexed again prior to grain size analysis. Grain size analysis 

was conducted on a Beckmann Coulter LS13 320 laser diffraction particle size analyzer at 

LSU. The obscuration of all running samples in the aqueous liquid module (ALM) was 

between 8–12 %. Result of the analysis are provided in Table S1. 

 

Zircon U-Pb Dating 

 

 Standard mineral separation with heavy liquids was enhanced with the methods 

of Donelick et al. [2005] in order to recover all possible grain sizes and minimize the 

potential loss of smaller grains through the use of a water table. Zircon grains were 

sprinkle-mounted onto double-sided tape on 1” acrylic discs and analyzed at random 

using depth-profiling LA-ICP-MS U-Pb geochronology [Marsh and Stockli, 2015], in order 

to systematically recover the youngest ages and multiple ages from individual zircons. 

Although this method differs from the more common analysis of polished grain interiors 

there is no indication that this profiling approach yields results that differ significantly 

from earlier work, including work done in the Himalaya [Colleps et al., 2019]. For each 

sample at least 120 zircons were analyzed to obtain provenance datasets that resolve all 

components that comprise >5% of the total population [Vermeesch, 2004].  

 

The analyses were completed using a PhotonMachine Analyte G.2 Excimer laser 

(30 μm laser spot size) with a large-volume Helex sample cell and a Thermo Element2 

ICP-MS using procedures described in Hart et al. [2016] at the UTChron facilities of the 

Jackson School of Geosciences at the University of Texas at Austin. GJ1 was used as the 

primary reference standard [Jackson et al., 2004], with a secondary in-house zircon 

standard (Pak1 with a TIMS 206Pb/239U age of 43.0 Ma). The data from the analyses were 

then reduced using the Iolite data reduction software VizualAge [Paton et al., 2011; 

Petrus and Kamber, 2012]. For analyzed detrital zircons, the 206Pb/238U age was used for 

grains younger than 850 Ma and the 207Pb/206Pb age was used for grains older than 850 

Ma [Gehrels et al., 2008]. All ages reported use 2σ absolute propagated uncertainties. 
207Pb/206Pb ages are less than 30% discordant, and 206Pb/238U ages are less than 10% 

discordant [Gehrels et al., 2011].  

 

The discordance reported is calculated with the 206Pb/238U and 207Pb/235U ages if 

<850 Ma and the 206Pb/238U and 207Pb/206Pb ages if >850 Ma. Although some studies 

have recommended an older crossover at 1.5 Ga between the 206Pb/238U and 207Pb/235U 

ages and the 206Pb/238U and 207Pb/206Pb ages (e.g., 1.5 Ga [Spencer et al., 2016]), in our 
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specific dataset this would lead to drastic culling of grains with precise 206Pb/207Pb ages 

with discordant 206Pb/238U ages, or unacceptable smearing and loss of age mode 

definition between 800–1500 Ma for most of our samples. For example, selecting a 1500 

Ma crossover cutoff and a 20% discordance filter would result in the loss of 80% of the 

data between 850 and 1500 Ma making the data bad as provenance proxies. The 850 Ma 

crossover was chosen in accordance with the approach of Spencer et al. [2016] and Marsh 

et al. [2019]. The data are reported in Table S2.  

 

 

Repeat for any additional Supporting figures 

 

Table S1. Analytical results from the laser particle size analyzer for all bulk samples 

considered in this study. 

 

Table S2. Analytical data for the zircon U-Pb dating of grains presented in this work. 
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