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1. Methods

1.1. Mineral Separation  
About 1.0- to 1.5-kg outcrop rock material was obtained and used for each sample. Each 
sample was crushed using jaw crusher and ground using disc mill. Heavy fractions of ground 
samples were obtained by Wilfley water table and then moved to the oven (40℃) for one day 
to remove the water. A hand magnet was used before mineral separation in bromoform (2.84 
g/cc). After that, Frantz magnetic susceptibility separation was used to remove magnetic 
minerals with progressive increasing amperage (0.3, 0.5, 1.0, 1.7 A). Finally, methyl iodide 
(3.3 g/cc) was used as the final step to further separate minerals. All unpolished detrital 
zircons were sprinkled onto double-sided tape before being depth-profiled using LA-ICP-MS.  

1.2. Depth-profiling LA-ICP-MS  
LA-ICP-MS analyses were conducted using a PhotonMachine Analyte G.2 Excimer laser 
employing a 30-μm laser spot size at 10 Hz in a large-volume Helex sample cell and a 
Thermo Element2 ICP-MS. Laser energy density is 2J/cm2. Helium was the carrier gas and 
was mixed with Argon before entering the ICP-MS. GJ1 was used as the primary reference 
standard with every five samples analyzed (206Pb/238U age of 601.7 ± 1.3 Ma; Jackson et al., 
2004) and Plesovice as a secondary zircon standard with every 30 samples analyzed 
(206Pb/238U age of 337.1 ± 0.4 Ma; Slama et al., 2008).  

Detrital zircon analysis consisted of 4 cleaning shots, 25 seconds of baseline data collection, 
30 seconds of laser ablation time, and 30 seconds of washout. The ablation rate is about 0.5 
μm/second.   

1.3. Data Reduction 
Interspersed analysis of GJ1 was used to correct the elemental and isotopic fractionation of 
Pb/U and Pb isotopes. Sample to primary standard (GJ1) measurement ratio is 5:1. 
Uncertainty from calibration correction of both 206Pb/207Pb and 206Pb/238U is about 1–2%. 
Iolite (Igor Pro) and VizualAge (Petrus and Kamber, 2012) were used for age calculation, 
which is based on ISOPLOT V4 formulas (Ludwig, 2003) from baseline-subtracted 
intensities. Based on the live U-Pb Concordia diagram, we manually integrate multiple age 
domains (core and rim) for each analyzed DZ grain. We use 206Pb/207Pb and 206Pb/238U ages 
for grains older and younger than 850 Ma, respectively. All grains older than 850 Ma with 
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larger than 20% discordance and grains younger than 850 Ma with more than 10% 
discordance were discarded, as well as grains with more than 10% analytical error. The DZ 
U-Pb data is not corrected for common Pb. 

1.4. Data Plotting 
The kernel density estimation (KDE) in Figure 2 and 4 were plotted using detritalPy 
(Sharman et al., 2018) with 1σ analytical error and band width of 12. 

The source code is in this link:  

https://github.com/grsharman/detritalPy.  

The bivariate KDEs in Figure 3A were plotted using the source code in this link:  

https://github.com/cdkortyna/Jupyter-Notebooks.  
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2. Figure S1 
 

 



Appalachian foreland are mainly in the middle and south of the basin and some DZ in Ordovician may derive from pre-Taconic 
passive margin deposit. Guadalupian was shown in International Chronostratigraphic Chart, ca. 273.01–259.51 Ma. Leonardian is 
North American Stage, ca. 280–271 Ma, approximately corresponding to Kungurian, 283.5–273.01 Ma. Wolfcampian is North 
American Stage, ca. 300–280 Ma, approximately corresponding to Asselian, Sakmarian, and Artinskian Stages, ca. 298.9–283.5 Ma 
(Cohen et al., 2013; updated). See compiled data in Data Repository File DR3. The timeframe of these colors and related 
interpretations are shown in Figure 2.  

 

2.2. Data Source of Figure S1.  
 

Period Region References  
Appalachian Foreland     

Permian  Appalachian foreland (Becker et al., 2006; Thomas et al., 2017) 

Pennsylvanian  Appalachian foreland (Becker et al., 2005; Dodson, 2008; Eriksson et al., 
2004; Gray and Zeitler, 1997; Thomas et al., 2004) 

Mississippian  Appalachian foreland (Park et al., 2010; Thomas et al., 2017) 

Devonian  Appalachian foreland (Eriksson et al., 2004; McLennan et al., 2001; Park 
et al., 2010; Thomas et al., 2017) 

Silurian  Appalachian foreland (Eriksson et al., 2004; Gray and Zeitler, 1997; 
McLennan et al., 2001; Park et al., 2010) 

Ordovician  Appalachian foreland (Eriksson et al., 2004; McLennan et al., 2001; Park 
et al., 2010; Thomas et al., 2017) 

Mexico      

Triassic Central Mexico  (Ortega-Flores et al., 2014) 

Permian  Acatlan complex (Keppie et al., 2004; Sánchez-Zavala et al., 2004; 
Talavera-Mendoza et al., 2005) 

Pennsylvanian  Oaxaca, Maya Block, Acatlan complex (Gillis et al., 2005; Talavera-Mendoza et al., 2005; 
Weber et al., 2006) 

Mississippian  Oaxaca, Chiapas, Acatlan complex (Gillis et al., 2005; Grodzicki et al., 2008; Weber et 
al., 2009) 

Devonian  Acatlan complex (Talavera-Mendoza et al., 2005) 
Ordovician  Northwest Mexico, Acatlan Complex (Gillis et al., 2005; Talavera-Mendoza et al., 2005) 
Cambrian Oaxaca  (Gillis et al., 2005) 



Western United States     

Triassic  Colorado Plateau, Grand Canyon  (Dickinson and Gehrels, 2008) 

Permian  Paradox Basin, Grand Canyon  (Dickinson and Gehrels, 2003; Gehrels et al., 2011; 
Lawton et al., 2015) 

Pennsylvanian  Grand Canyon  (Gehrels et al., 2011) 

Mississippian  Grand Canyon  (Gehrels et al., 2011) 

Devonian  Grand Canyon  (Gehrels et al., 2011) 

Cambrian Grand Canyon  (Gehrels et al., 2011) 

Southwestern Laurentia     
Guadalupian Stage Permian Basin  (Soreghan and Soreghan, 2013; Xie et al., 2019) 
Leonardian Stage Permian Basin (Liu and Stockli, 2020) 
Wolfcampian Stage Permian Basin (Liu and Stockli, 2020) 
Pennsylvanian Fort Worth Basin (Alsalem et al., 2018) 
Mississippian  Ouachita Orogen (McGuire, 2017) 
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