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ABSTRACT 

Detrital petrochronology can provide a detailed look into sedimentary provenance through 

integrated mineral radioisotopic ages with corresponding mineral chemistry. By combining U-Pb 

ages and Th/U values of detrital zircon from 13 samples collected from Quaternary sand deposits 

in the Upper Missouri, Yellowstone, Bighorn, Platte, Kansas, Arkansas, Mississippi, Red and 

Brazos Rivers, an interpretation of detailed signatures that record evidence of the evolution of 

the Mississippi/Missouri River drainage and the tectonic events that shaped it were observed. 

Low Th/U values in zircon correlate temporally to convergent magmatism, whereas, higher and 

more variable Th/U zircon are coeval with known extensional tectonism. Using these data, this 

study was able to resolve the evolution of drainage patterns from the Cretaceous to the Cenozoic. 

Grains found within the N. Rocky Mountains and Northern Plains samples as well as the Central 

Plains samples exhibited Cordilleran ages (<280 Ma) and Th/U values <0.75 and were found to 

be derived from Cordilleran magmatism that were transported into the drainage basin prior to the 

formation of the Continental Divide. We also observed northwest trends in sediment transport 

that occurred well into the Cretaceous (Blum and Pecha, 2014) and northeast trends from the Rio 

Grande Rift Valley into central river samples (Platte, Kansas, Arkansas, Missouri, and 

Mississippi Rivers) which was restricting sediment transport to the southern Red and Brazos 

Rivers. Mean weighted ages of the youngest, coherent Cordilleran populations in the Upper 

Missouri and Central Plains drainages suggest that the current Continental Divide developed 

synchronously in the northern and central Rocky Mountains ~67 Ma during the Laramide 

orogeny. Therefore, tectonic development of headwater regions is recorded in modern river 

sediment, and tectonic provenance studies to investigate ancient orogenic systems is not limited 

to coeval sedimentary strata. 

 

 

 

 

 

KEYWORDS:  zircon, provenance, North America, Th/U, petrochronology, detrital, Missouri 

River, basin  



iv 

DETRITAL ZIRCON PETROCHRONOLOGY FOR SEDIMENTARYPROVENANCE 

ANALYSIS: SOURCE TO SINK OF THE MISSISSIPPI/MISSOURI RIVER DRAINAGE 

BASIN 

 

 

 

By 

Sage Denali Muttel 

 

 

 

A Master’s Thesis 

Submitted to the Graduate College 

Of Missouri State University 

In Partial Fulfillment of the Requirements 

For the Degree of Master of Science in Geography and Geology 

 

 

 

August 2020 

 

  

Approved: 

 

 

Matthew McKay, Ph.D., Thesis Committee Chair 

Melida Gutierrez, Ph.D., Committee Member 

Charles Rovey, Ph.D., Committee Member 

Kenneth Johnson, Ph.D., University of Houston-Downtown, Committee Member 

 

Julie Masterson, Ph.D., Dean of the Graduate College 

 

In the interest of academic freedom and the principle of free speech, approval of this thesis 

indicates the format is acceptable and meets the academic criteria for the discipline as 

determined by the faculty that constitute the thesis committee. The content and views expressed 

in this thesis are those of the student-scholar and are not endorsed by Missouri State University, 

its Graduate College, or its employees.  



v 

ACKNOWLEDGEMENTS  

 

I would like to thank first and foremost my mother, father, and Grammy for their love and 

support throughout my entire life. Without them, I never would have made it to where I am 

today. Thank you Mom for never giving up on me even when I was a pain. Thank you Dad for 

showing me that hard work always pays off and that family will always be there. Thank you 

Grammy for the art, the love, the talks in your kitchen, the random concoctions you’d create 

when I lived with you, the long talks on the phone, and most of all thank you for being my safety 

net. Without you Grammy I don’t think I’d get very far. I would also like to thank the following 

persons for their individual support: Derek Spurgeon for your continuous love throughout grad 

school and then some; Dr. Matthew McKay for always pushing me to do better and spur me to 

win everything; Dr. Kenneth Johnson for recommending MSU as my graduate school; Brooke 

Benz for tea time, D&D sessions, and endless support even when I didn’t deserve it; Pudge and 

Rainier for being the cutest doggos of all time who knew exactly what I needed to cheer up; all 

the friends I’ve made along the way (you know who you are); and lastly I’d like to mention my 

brothers – Cooper and Sawyer. I hope you both succeed in anything you do and I want to remind 

you to never give up on your dreams! 



vi 

TABLE OF CONTENTS 

 

Introduction  Page   1 

Provenance and zircon Page   1 

Previous applications of zircon petrochronology  Page   1 
  
Geologic Background Page   4 

Geologic provinces of North America Page   4 

Study Area Page   6 

  

Methods Page   8 

  
Results Page 14 

Northern section Page 15 
Central section Page 17 
Southern section Page 20 

  
Discussion Page 27 

U-Pb Page 27 
Th/U Page 29 
Implications for drainage networks Page 30 
Tectonic development of the modern Continental Divide during 

Rocky Mountain orogenesis 

 

Page 33 

  
Conclusions Page 43 
  
References Page 44 

  
Appendix: Zircon data Page 55 

  
 

 



vii 

LIST OF TABLES 

 

 

Table 1. Th/U in zircon percent values for samples divided into north, 

south, and central regions 

Page 22 

  

Table 2. Th/U in zircon percent values for provinces displaying 

differences between arc and rift settings 

Page 35 

  

 



viii 

LIST OF FIGURES 

 

Figure 1. North American provinces and the sample locations within the  

Missouri River drainage basin boundary 

Page 11 

  

Figure 2. Simplified sample map containing Basin and Range, Rio 

Grande Rift, and Cordilleran regions.  

Page 12 

  

Figure 3. Kernel Density Estimates for U-Pb zircon ages from 

Quaternary sand deposits in the Upper Missouri and Northern Rocky 

Mountains  

Page 24 

  

Figure 4. Kernel Density Estimates for U-Pb zircon ages from 

Quaternary sand deposits in the Central Rocky Mountains and the 

Great Plains  

Page 25 

  

Figure 5. Kernel Density Estimates for U-Pb zircon ages from 

Quaternary sand deposits in the Red and Brazos Rivers 

Page 26 

  

Figure 6. Kernel Density Estimates for U-Pb ages and Th/U values in 

zircon from Quaternary sand deposits grouped into north, central, and 

south regions 

Page 36 

  

Figure 7. Mean weighted average of youngest grains containing Th/U 

values <0.75 found in N. Rocky Mountains and Northern Plains 

samples 

Page 37 

  

Figure 8. Mean weighted average of one of the two populations of 

young zircon containing Th/U values <0.75 found in Central Plains 

samples 

Page 38 

  

Figure 9. Mean weighted average of the second population of young 

zircon containing Th/U values <0.75 found in Central Plains samples 

Page 39 

  

Figure 10. Early Cretaceous to Paleocene continental-scale drainage 

reorganization (Blum and Pecha, 2014) 

Page 40 

  

Figure 11. Map of sediment transport prior ~67 Ma Page 41 

  

Figure 12. Map of sediment transport post ~67 Ma Page 42 

  

  

 



1 

INTRODUCTION 

 

Provenance and zircon 

Provenance analysis is a useful tool which often utilizes U-Pb age dating of zircon in 

order to reconstruct sediment transport patterns, better understand tectonic histories, and interpret 

spatial and temporal trends. Zircon is a common accessory mineral found in igneous, 

metamorphic, and clastic sedimentary rocks. Zircon is highly resistant to weathering and intense 

changes in heat and pressure which allows for distinct chemical signatures of the zircon to be left 

intact (Finch and Hanchar, 2003). Chemical signatures are often linked to U-Pb age or trace 

elements with U-Pb representing age of crystallization. U-Pb ages in zircon alone provide 

accurate and precise age analysis; however, U-Pb signatures become harder to distinguish from 

one another especially when multiple sources with similar ages are present. With the possibility 

of coeval-age zircon populations, determining provenance may require more than U-Pb ages 

alone. Zircon geochemical data coupled with U-Pb ages may, however, allow for the enhanced 

ability to interpret the provenance of clastic detritus. This study aims to examine the relationship 

between age and the geochemistry of zircon with emphasis on Th and U concentrations in zircon, 

and the relationship between Th/U in detrital zircon and tectonic settings within the sedimentary 

source regions.  

 

Previous applications of zircon petrochronology 

 Zircon geochronology is often paired with rare earth elemental analysis to investigate the 

petrogenetic history of igneous and metamorphic rocks.  Concepts that have been demonstrated 

in crystalline rocks, however, have not been widely applied to the sedimentary record (i.e. 
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detrital petrochronology) due to the complexity of mixed-source detrital systems. Early 

investigations concluded that zircon chemical signatures from various tectonic settings were too 

similar to allow for an adequate provenance identification (Hoskin and Ireland, 2000). The initial 

attempt to link sandstones with known sources failed to identify definitive chemical signatures 

and suggested significant overlap between geologic settings, which made provenance 

identification difficult (Hoskin and Ireland, 2000). With the development of rapid analytical 

capabilities, more recent studies have demonstrated applicable petrochronologic signatures 

related to crustal origin (Grimes et al., 2007), magmatic composition, temperature, oxygen 

fugacity, melt source (Grimes et al., 2015, Kirkland et al., 2015), and tectonic environment 

(McKay et al., 2018); therefore the utility of detrital zircon petrochronology should be 

reassessed.        

 Zircon rare-earth element compositions have been demonstrated to distinguish between 

oceanic and continental crust using U/Yb, Hf, and Y content (Grimes et al., 2007). Zircon from 

mid-ocean ridge basalts yield U/Yb as low as 0.18, while zircon from continental granitoids 

average around 1.07. Zircon from kimberlites have U/Yb values that average 2.1 (Grimes et al., 

2007). U and Th concentrations are highest in continental sources, intermediate for Iceland and 

Hawaii, and lowest for mid-ocean ridge and kimberlite source rocks (Grimes et al., 2015). Zircon 

from mid-ocean ridge and Iceland have heavy rare earth elements and Y values comparable to 

continental sources, and Iceland and Hawaii were found to have light and middle rare earth 

elements when compared similar to the mid-ocean ridge zircon (Grimes et al., 2015).  Median Sc 

values were highest in continental zircon while lower in oceanic settings (Grimes et al., 2015).    

 The relationship between Th/U in zircon and melt compositions and conditions can be 

applied to infer tectonic environment, because different tectonics environments (1) produce 
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various rock types and (2) experience different temperatures during rock formation. (McKay et 

al., 2018) In the western United States, Th/U in zircon can be directly correlated to the evolution 

of tectonic environments. In Mesozoic to Cenozoic-age zircon, the average Th/U in zircon of the 

population increased during the extension/opening of the Gulf of Mexico and Atlantic Ocean. 

During Cretaceous Cordillera arc magmatism, the average Th/U in zircon decreased. During the 

extensional formation of Basin and Range magmatism in the western U.S., the average Th/U in 

zircon again increased (McKay et al., 2018), suggesting a direct relationship between zircon 

Th/U in zircon and tectonic stress regime. Western U.S. data suggest that magmatism during 

times of increased shortening during convergent margin activity results in the formation of low 

Th/U zircon, whereas extensional magmatism produces zircon with variable Th/U, including 

higher Th/U values >1.0, which may also be observed in late Paleozoic rocks from fragments of 

southern Gondwana (McKay et al., 2018) 
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GEOLOGIC BACKGROUND 

 

Geologic provinces of North America 

 North America was formed through the accretion and suturing of multiple 

microcontinents over the past 2.8 Ga (Figure 1; Fildani et al., 2016). The Archean represents a 

time of early continental construction with limited understanding of chemically significant trends 

especially in zircon. Construction of North America began through the formation of plutons of 

the Superior province around 2.5 Ga in northern Wyoming and north of the Great Lakes (Lidiak, 

1971; Grenn et al., 1985). The Superior craton is exposed in Canada and the northern Great 

Lakes and extends into the subsurface of North and South Dakota (Lidiak, 1971; Green et al., 

1985). West of the Superior province, the Wyoming province was most likely created from the 

collision of island arcs and subsequently faulted and sheared during collision (Green et al., 

1985). The Wyoming/Superior provinces contain granitic gneiss, mafic schist, and granite 

(Lidiak, 1971).  

 The Penokean orogen is exposed in the northernmost part of the United States and is 

2000-1800 Ma (Fildani et al., 2016). The rocks of the Penokean orogeny are dominated by 

volcanic and gneissic rocks that formed when an ocean began to close and island arcs began to 

collide with the Superior orogen around 1880 Ma (Schulz and Cannon, 2007). The Trans-

Hudson orogen is exposed primarily in Canada, also occurs from 2000-1800 Ma, and is a result 

of ocean basin closure and terrane accretion (Corrigan et al., 2009). 

 The western United States is underlain by the Yavapai and Mazatzal provinces, which 

partially overlap in age. The Yavapai and Mazatzal provinces formed from island arc collisions 

with Laurentia. The Yavapai province formed 1800-1700 Ma and is exposed in Arizona, 
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Colorado, and Utah (Bickford and Hill, 2007).  The rocks associated with the Yavapai orogeny 

are mostly volcanic and metavolcanic rocks (Bickford and Hill, 2007). The Mazatzal orogeny 

(1700-1600 Ma) formed from a series of island arcs and basins that formed offshore and collided 

with the Yavapai orogenic belt around 1654 Ma (Amato et al., 2008). The Mazatzal orogeny 

occurred southeast of the Yavapai orogen with rocks exposed in Arizona, Colorado, New 

Mexico, and Kansas (Bickford and Hill, 2007). Igneous rocks which that primarily arc-related 

dominate the Mazatzal orogeny (Amato et al., 2008). 

 The Granite Rhyolite province formed between 1500-1300 Ma during extensional 

magmatism and is composed of granite and rhyolitic rocks (Slagstad et al., 2009).  

The Grenville province (1200-900 Ma) is a ~500 km wide orogenic belt starting at the coast of 

Labrador and extending through the southeastern U.S. to Northern Mexico and consists of 

medium to high grade metamorphic rocks (Rainbird et al., 1992).  Grenville-age continental crust 

underlies significant portions of eastern North America, and Grenville-age zircon have been 

transported across North America through continental-scale drainages coupled with episodes of 

mass wasting (Rainbird et al., 1992).   

 The Appalachian orogen formed 750-280 Ma and extends from Northern Mexico along 

the East Coast of the United States. The formation was due to the collision of Gondwana to 

Laurentia ~300 Ma (Hopper et al., 2017). Arc magmatism was common in this orogen and 

during the collision with Laurentia, the rocks also underwent metamorphism. Rifting processes 

were also active in the form of ocean separation (Pollock et al., 2011).   

 The western Cordillera was constructed through a series of magmatic events in the 

western U.S. and Canada over the last 280 Ma by a series of island arcs colliding with Laurentia. 

This collision involved a period of subduction that produced volcanic/magmatic activity and 
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regional shearing (Dickinson, 2004).  The Cordillera extends from the Gulf of Alaska to the 

mouth of the Gulf of California which is roughly 5000 km in length (Dickinson, 2004). During 

the last 280 Ma, the Western Cordillera was not the only source of terrane accretion and tectonic 

activity. Subducting plates colliding with Laurentia caused the Sevier orogeny which lasted from 

119 Ma (Heller and Paola, 1989) to 50 Ma (DeCelles and Mitra, 1995; Bird, 1998). Extending 

from Western Montana to Southern California, the Sevier orogeny is a series of thrust faults 

caused by thin skinned deformation (DeCelles and Mitra, 1995). Farther inland and East of the 

Sevier fold and thrust belt, the Laramide uplift occurred 80-55 Ma which was the main tectonic 

process that formed the Rocky Mountains (English and Johnston, 2004). Most of the Laramide 

uplift is exposed in Utah, Arizona, Colorado, New Mexico, and Wyoming (Fildani et al., 2016). 

With the uplift of the Rocky Mountains, the Laramide orogeny can also be associated with the 

formation and uplift of the Continental Divide.  Farther North in Idaho, emplacement of the 

Idaho Batholith was coeval with the Laramide orogeny around 110-40 Ma (Foster and Fanning, 

1997), which produced various igneous suites in the area. High-grade metamorphism also 

occurred near the Idaho Batholith due to its proximity to the Salmon River suture zone which 

supplied ample heat and pressure to the preexisting rocks (Foster and Fanning, 1997).  

 

Study Area 

 Missouri River drainage basin. All samples were collected from the Missouri River 

drainage basin, which encompasses the Missouri, Mississippi, Yellowstone, Platte, Kansas, 

Arkansas, Ohio, Tennessee, and Red rivers (see Figure 2).  The uppermost portion of the 

Missouri River is in Three Forks, Montana, where three tributaries meet, and ends in the Gulf of 

Mexico in the form of the Mississippi River. The Missouri River drains approximately one-sixth 
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of the drainage for the United States (Missouri and Nebraska, 1998) largely due to the amount of 

tributaries feeding it. After Three Forks, Montana, the Upper Missouri meets the Yellowstone, 

Platte, and Kansas rivers before joining the Mississippi River in St. Louis, Missouri. Upstream of 

the Missouri/Mississippi confluence, sediment was routed from the northwestern United States. 

After the Missouri/Mississippi confluence, the Mississippi River is joined by the Ohio, 

Tennessee, Arkansas, and Red rivers which drain sediment from the eastern, middle, and 

southern United States.  

 Sediment found within the Missouri River drainage basin all come from North American 

provinces. Each province is exposed in certain areas of the United States and the rivers of the 

Missouri River drainage basin all act as transportation mechanisms for those provinces (see 

Figure 1). The Wyoming, Superior, Trans-Hudson, and Penokean provinces are likely draining 

into the Upper Missouri, Yellowstone, Platte, and Mississippi Rivers. Yavapai and Mazatzal 

sediment is most likely draining into the Platte, Kansas, Missouri, and Arkansas Rivers. Granite 

Rhyolite province aged grains are likely being transported via the Mississippi, Ohio, Tennessee, 

Arkansas, and Red Rivers. Grenville sediment has access to the Ohio, Tennessee, and Brazos 

Rivers. Appalachian sediment is primarily located in the southern United States therefore 

restricting transport to the Arkansas, Red, Brazos, and Southern Mississippi Rivers. Western 

Cordilleran aged grains represent a province outside the Missouri River drainage basin, and west 

of the present continental divide, would require critical reevaluation if those grains are found 

within the system. 

 Geologic history of the Missouri River drainage basin. Though the modern drainage 

pattern is well known, it has a geologic past that has influenced both drainage and sediment 

routing. Galloway et al., 2011 conducted a study that interpreted the Cenozoic history of the 
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drainage basin. In the Early Paleocene, two drainage basins existed in North America with the 

divide cutting through the modern central states (Kansas, Missouri, and Colorado). The Northern 

basin had a majority of sediment being routed from the slowly uplifting Front Range into a series 

of basins existing in modern day Colorado, Utah, Wyoming, and the Dakotas (Galloway et al., 

2011). Sediment flux was largely located to the northern basin while the coastal plain, which 

existed over the modern southeastern states such as Texas, Louisiana, Alabama, and Florida, was 

deprived of sediment (Galloway et al., 2011). At the start of the Late Paleocene, the coastal plain 

had moved southward while the drainage divide moved northward. Northern movement of the 

divide as well as uplift in the West, increased the amount of sediment being routed to the Gulf 

coast (Sewall and Sloan, 2006). Concurrently, the Colorado River system as well as the 

Mississippi River system were developing due to the large amount of deltaic deposition 

(Galloway et al., 2011). 

 During the Early Eocene, the drainage divide remained seemingly unchanged while the 

west underwent more tectonic events closely associated with the Laramide uplift. The coast 

continued to move South and the Brazos River as well as the Rio Grande River developed due to 

their deltaic depositions. Also during the Early Eocene, the gulf received sizeable amounts of 

sediment (Galloway et al., 2011). During the Middle Eocene, the Laramide uplift was fully 

activated which allowed for the modern Continental Divide to take shape and cut off the West 

from the Missouri River drainage basin. The Laramide uplift triggered numerous small basins to 

form in the West and in turn provided less sediment being routed to the coast (Davis et al., 2009) 

which is evident in modern Mississippi with a transgressive sequence beginning to occur. The 

Late Eocene provided ample sediment for the gulf with the introduction of thermal activity 

providing crustal uplift of previously buried mountain belts. (Galloway et al., 2011). During this 



9 

process both the Arkansas and Platte Rivers developed, and volcanic activity supplied large 

amounts of ash which were aerially transported across the northeast (Galloway et al., 2011).  

 During the Oligocene, the Gulf of Mexico received a large amount of sediment which 

made the Oligocene the “longest and volumetrically most important” (Galloway et al., 2011, 

p.955) time for the Gulf of Mexico. Sediment deposition lasted more than 10 Ma which allowed 

for the accumulation of more than 50,000 km3 of sediment in the Gulf of Mexico alone (Loucks 

et al., 1986). Volcanic activity was also present in the form of calderas stretching from Southern 

Mexico to Northern New Mexico supplying large amounts of volcanic material (Chapin et al., 

2004). The Early Miocene represented a time of low sediment input due to the relative inactivity 

of recently active calderas that had previously provided source for the Gulf of Mexico. 

 The Middle Miocene experiences an arid climate and the uplift of the Appalachians. 

Uplift provided ample sediment load for the Gulf of Mexico while the West was supplying little 

to no sediment and the Rio Grande Rift was lacking fluvial deposition due to the arid climate at 

the time (Boettcher and Milliken, 1994). The Late Miocene provided limited sediment influx due 

to the decreased uplift of the Appalachians as well as the continued arid climate which reduced 

the amount of energy produced by rivers (Galloway et al., 2011).  

 The Pliocene allowed for sediment to be re-introduced to the Gulf of Mexico by ways of 

Western uplift and a more moisture-driven climate system. Seasonal floods as well as sediment 

runoff increased the sediment influx to the Gulf of Mexico. By the Pliocene, the Red River 

formed and transported sediment from a newly uplifted West which seemingly “tilted” the High 

Plains and allowed for a higher sediment load (McMillan et al., 2002).  The Pleistocene 

represents a time that allowed the formation of ice sheets and glacial tills. The introduction of ice 

altered the drainage patterns of North America in a way that mimics the modern day drainage 
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pattern. The large amount of ice present during this time had drastic effects on erosion and 

sediment loads experience in this basin (Galloway et al., 2011). At the end of the Pleistocene, 

modern rivers (Platte, Arkansas, Red, Kansas, Yellowstone, Missouri, Mississippi, Ohio, 

Tennessee) were heavily involved with sediment transport and the Gulf of Mexico source-to-sink 

system was well in place (Dethier, 2001). 
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Figure 1. North American provinces with their respective age ranges overlaid by the Missouri 

river drainage basin represented by the black, dashed line. Red dots represent sample locations 

for this study. This is modified from Fildani et al., 2016. 
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Figure 2. Simplified map showing Basin and Range, Rio Grande rift, and Cordilleran regions. 

Purple line represents Continental Divide. Samples are labeled as letters and are as follows: (A) 

18MOSM01; (B) 18WYDS11; (C) 18YSSM10; (D) 18MOSM11; (E) 18MOSM13; (F) 

18MOSM20; (G) 18MOSM24; (H) 18CODS01; (I) 18CODS02; (J) 18KSDS01; (K) 

18MSSM32; (L) 18RRSM33; (M) 18BRSM37.  
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METHODS 

 

 Samples were collected from the modern-day Missouri/Mississippi River drainage basin 

from Three Forks, MT to the Gulf of Mexico. Sample sites were chosen based on grain size 

focusing on silty and sandy-unconsolidated deposits along river banks and channels. Sites that 

have undergone obvious anthropocene modification were avoided and collected upstream from 

major infrastructure projects (highways, bridges, dams, etc.). Zircon grains were extracted from 

the sand samples using a series of density separating techniques which include a Gemini gold 

separating water table, Franz magnetic separator, and Lithium Sodium Tungstate (LST) heavy 

liquid separation . All samples were placed onto tape mounts with half of the mount having 

grains that were indiscriminately “dumped” while the other half of the tape mount had hand-

picked grains to eliminate non-zircon phases.  

 U-Pb Laser Ablation ICP-MS analyses were completed at the Trace Element and 

Radiogenic Isotope Lab (TRaiL) at the University of Arkansas using a Thermo-Scientific iCapQ 

quadrupole mass spectrometer coupled with an Elemental Scientific Inc. NWR 193 Excimer 

laser ablation system. Each zircon was ablated for ~17 seconds using a 25μm spot size for ~17 

seconds with a repetition rate of 10Hz, a helium flow rate of 0.8 L/min, and a fluence of ~4.3 

J/cm2. For each analysis the following isotopes were measured (dwell time in ms): 201Hg (10), 

202Hg (10), 204Pb (30), 206Pb (10), 207Pb (20), 208Pb (10), 232Th (10), 238U (10). The primary 

standard for ages was Plesovice (337.13 Ma; Slama et al., 2008). Data reduction was completed 

using the Iolite v.3.71 (Paton et al., 2011). 
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RESULTS 

 

 From the raw data, zircon analyses were placed in Kernel Density Estimator plots (KDEs) 

to observe population groupings and what ages they fall within for each sample. Once a baseline 

of population groupings were observed using a single KDE for each sample, the grains were then 

organized by U-Pb age and Th/U values. Grains exhibiting high (>0.75) Th/U were plotted 

against grains exhibiting low (<0.75) Th/U to observe if chemical-age signatures exist within 

each sample. From observations, there was a distinct separation between KDE plots when 

partitioning based on Th/U in zircon and plots were created that showed the high vs. low Th/U 

values.  

 Kernel Density Estimator plots (KDEs) were plotted for samples from 0-2500 Ma. 

Though this 0-2500 Ma range is the focus of our study, some samples contained zircon outside 

this time range and are included in the descriptions below. All samples were placed in Density 

Plotter (Vermeesch, 2012) and set to the same bounds (bin-width = 50, bandwidth = 10, 

normalized to area = 0.06). Zircon populations from individual samples were evaluated based on 

Th/U in zircon compositions and partitioned as “high Th/U in zircon” and “low Th/U in zircon” 

using 0.75 as a semi arbitrary cutoff between the two chemical-age populations. This cutoff was 

chosen mainly due to the fact that igneous zircon has Th/U values >0.5 (Hoskin & Schaltegger, 

2003) which represent extensional settings. Samples are also combined into 3 groups – Northern, 

Central, and Southern sections which reflect their regional affiliation. Table 1 displays the 

proportion of age domains by sample and includes the breakdown of high (>0.75) and low 

(<0.75) Th/U zircon populations. Zircon populations are further subdivided by Th/U percentage 

and province-based age bins.  
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Northern section (see Figure 3) 

 18MOSM01. Sample 18MOSM01 was collected from a riverbank from the Missouri 

River headwaters in Three Forks, MT, approximately 90 miles NW of Yellowstone National 

Park in SW Montana. Paleozoic sedimentary rocks are exposed in the overlooking hills (Vuke, 

2006) and are underlain by >2500 Ma crystalline bedrock that correlates to the Wyoming Craton 

(Parks et al., 2010). The sample contains 98 zircons (22% >0.75 Th/U; 78% <0.75 Th/U) of 

which 48 falls between the ages 0-2500 Ma on the KDEs: Western Cordillera (n=24; 12% >0.75 

Th/U; 88% <0.75 Th/U); Appalachian (n=6; 33% >0.75 Th/U; 67% <0.75 Th/U); Grenville 

(n=5; 20% >0.75 Th/U; 80% <0.75 Th/U); Granite Rhyolite province (n=1; 100% <0.75 Th/U); 

Yavapai/Mazatzal (n=4; 25% >0.75 Th/U; 75% <0.75 Th/U); Trans-Hudson (n=3; 100% <0.75 

Th/U); Wyoming/Superior (n=55; 27% >0.75 Th/U; 73% <0.75).   

 18WYDS11. Sample 18WYDS11 was collected from the riverbank on Bighorn River in 

Greybull, WY which is roughly 50 miles E of Cody, WY. Mesozoic aged sedimentary rocks 

dominate the hills north of Greybull (Kozimko, 1985) and are underlain by >2500 Ma crystalline 

bedrock that is part of the Wyoming Craton (Parks et al., 2010). The sample contains 115 zircons 

(13% >0.75 Th/U; 87% <0.75 Th/U) of which 100 fall between the ages 0-2500 Ma on the 

KDEs: Western Cordillera (n=43; 9% >0.75 Th/U; 91% <0.75 Th/U); Appalachian (n=8; 100% 

<0.75 Th/U); Grenville (n=16; 19% >0.75 Th/U; 81% <0.75 Th/U); Granite Rhyolite province 

(n=8; 100% <0.75 Th/U); Yavapai/Mazatzal (n=23; 22% >0.75 Th/U; 78% <0.75 Th/U); 

Wyoming/Superior (n=17; 18% >0.75 Th/U; 82% <0.75).   

 18MOSM11. Sample 18MOSM11 was collected from the riverbank on the Missouri 

River before its confluence with the Yellowstone River in a town called Nohly, MT, which was 
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on the Montana/North Dakota state line. Quaternary aged sedimentary rocks dominate the 

surrounding area (Colton, 1979) and are underlain by 2000-1800 Ma crystalline bedrock that is 

part of the Trans-Hudson province (Parks et al., 2010). The sample contains 92 zircons (21% 

>0.75 Th/U; 79% <0.75 Th/U) of which all 92 fall between the ages 0-2500 Ma on the KDEs.: 

Western Cordillera (n=45; 16% >0.75 Th/U; 84% <0.75 Th/U); Appalachian (n=6; 33% >0.75 

Th/U; 67% <0.75 Th/U); Grenville (n=13; 31% >0.75 Th/U; 69% <0.75 Th/U); Granite 

Rhyolite province (n=4; 50% >0.75 Th/U; 50% <0.75 Th/U); Yavapai/Mazatzal (n=22; 23% 

>0.75 Th/U; 77% <0.75 Th/U); Wyoming/Superior (n=6; 100% <0.75).    

 18MOSM13. Sample 18MOSM13 was collected from the riverbank on the Missouri 

River after the Yellowstone confluence 6 miles SE of Williston, ND close to US 85. Tertiary and 

Quaternary age sedimentary rocks are exposed immediately south of the river (Carlson, 1985) 

and are underlain by 2000-1800 Ma crystalline bedrock that is part of the Trans-Hudson 

province (Parks et al., 2010). The sample contains 87 zircons (17% >0.75 Th/U; 83% <0.75 

Th/U) of which 84 are between the ages 0-2500 Ma.: Western Cordillera (n=52; 10% >0.75 

Th/U; 90% <0.75 Th/U); Appalachian (n=7; 14% >0.75 Th/U; 86% <0.75 Th/U); Grenville 

(n=6; 100% <0.75 Th/U); Granite Rhyolite province (n=5; 20% >0.75 Th/U; 80% <0.75 Th/U); 

Yavapai/Mazatzal (n=12; 33% >0.75 Th/U; 67% <0.75 Th/U); Trans-Hudson (n=1; 100% 

>0.75 Th/U); Wyoming/Superior (n=4; 75% >0.75 Th/U; 25% <0.75).   

 18YSSM10. Sample 18YSSM10 was collected from the riverbank on the Yellowstone 

River before the Missouri confluence 20 miles SE from Williston, ND close to ST HWY 200. 

Tertiary and Quaternary aged sedimentary rocks fall immediately south of the river (Carlson, 

1985) and are underlain by 2000-1800 Ma crystalline bedrock that correlates to the Trans-

Hudson province (Parks et al., 2010). The sample contains 109 zircons (24% >0.75 Th/U; 76% 
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<0.75) of which 94 falls between the ages 0-2500 Ma on the KDEs: Western Cordillera (n=55; 

22% >0.75 Th/U; 78% <0.75 Th/U); Appalachian (n=8; 37% >0.75 Th/U; 63% <0.75 Th/U); 

Grenville (n=7; 14% >0.75 Th/U; 86% <0.75 Th/U); Granite Rhyolite province (n=5; 20% 

>0.75 Th/U; 80% <0.75 Th/U); Yavapai/Mazatzal (n=17; 24% >0.75 Th/U; 76% <0.75 Th/U); 

Trans-Hudson (n=1; 100% <0.75 Th/U); Wyoming/Superior (n=16; 31% >0.75 Th/U; 69% 

<0.75).   

 

Central section (see Figure 4) 

 18CODS01. Sample 18CODS01 was collected from a riverbank on the South Platte River 

in Northern Colorado near Greeley, CO. Cretaceous sedimentary rocks are exposed in the 

overlooking hills (Bjorklund and Brown, 1957). Crystalline bedrock beneath the Phanerozoic 

sedimentary strata are likely late Paleoproterozoic to Mesoproterozoic in age (1800-1600 Ma) 

and is part of the Yavapai/Mazatzal province (Mackey et al., 2012). The sample contains 96 

zircons (35% >0.75 Th/U; 65% <0.75 Th/U) of which 96 falls between the ages 0-2500 Ma on 

the KDEs: Western Cordillera (n=5; 20% >0.75 Th/U; 80% <0.75 Th/U); Appalachian (n=7; 

43% >0.75 Th/U; 57% <0.75 Th/U); Grenville (n=52; 50% >0.75 Th/U; 50% <0.75 Th/U); 

Granite Rhyolite province (n=14; 21% >0.75 Th/U; 79% <0.75 Th/U); Yavapai/Mazatzal 

(n=11; 100% <0.75 Th/U); Trans-Hudson (n=7; 21% >0.75 Th/U; 86% <0.75 Th/U).  

 18CODS02. Sample 18CODS02 was collected from a riverbank on the Arkansas River in 

central/south Colorado near Florence, CO. Cretaceous sedimentary rocks are exposed 

immediately around the river (Scott, 1972), while the crystalline bedrock beneath the 

Phanerozoic sedimentary strata is likely dominated by Yavapai/Mazatzal (Gehrels et al., 2011). 

The sample contains 116 zircons (23% >0.75 Th/U; 77% <0.75 Th/U) of which 110 falls 
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between the ages 0-2500 Ma on the KDEs: Western Cordillera (n=23; 61% >0.75 Th/U; 39% 

<0.75 Th/U); Appalachian (n=6; 50% >0.75 Th/U; 50% <0.75 Th/U); Grenville (n=14; 29% 

>0.75 Th/U; 71% <0.75 Th/U); Granite Rhyolite province (n=23; 9% >0.75 Th/U; 91% <0.75 

Th/U); Yavapai/Mazatzal (n=40; 100% <0.75 Th/U); Trans-Hudson (n=4; 25% >0.75 Th/U; 

75% <0.75 Th/U); Wyoming/Superior (n=6; 50% >0.75 Th/U; 50% <0.75). 

 18KSDS01. Sample 18KSDS01 was collected from a riverbank on the Kansas River in 

northeastern Kansas from a town named Ogden which is about six miles SW from Manhattan, 

KS. Permian sedimentary rocks are exposed immediately surrounding the area (Smith and 

Archer, 1995) and are underlain by 1800-1600 Ma crystalline bedrock that is part of the 

Yavapai/Mazatzal (Gehrels et al., 2011). The sample contains 115 zircons (33% >0.75 Th/U; 

67% <0.75 Th/U) of which 111 falls between the ages 0-2500 Ma on the KDEs. Th/U in zircon 

varies between provinces with a larger population found within 1200-900 Ma: Western 

Cordillera (n=17; 53% >0.75 Th/U; 47% <0.75 Th/U); Appalachian (n=9; 22% >0.75 Th/U; 

78% <0.75 Th/U); Grenville (n=58; 22% >0.75 Th/U; 78% <0.75 Th/U); Granite Rhyolite 

province (n=11; 73% >0.75 Th/U; 27% <0.75 Th/U); Yavapai/Mazatzal (n=15; 20% >0.75 

Th/U; 80% <0.75 Th/U); Trans-Hudson (n=1; 100% <0.75 Th/U); Wyoming/Superior (n=4; 

75% >0.75 Th/U; 25% <0.75).  

 18MOSM20. Sample 18MOSM20 was collected from the riverbank on the Missouri 

River in Eastern Nebraska before the Platte confluence near Omaha, NB.  Pleistocene sediment 

largely cap the overlooking hills (Miller, 1964) and are underlain by 1800-1600 Ma crystalline 

bedrock that is part of the Yavapai/Mazatzal (Mackey et al., 2012). The sample contains 110 

zircons (35% >0.75 Th/U; 65% <0.75 Th/U) of which 97 falls between the ages 0-2500 Ma on 

the KDEs: Western Cordillera (n=28; 46% >0.75 Th/U; 54% <0.75 Th/U); Appalachian (n=18; 
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28% >0.75 Th/U; 72% <0.75 Th/U); Grenville (n=18; 22% >0.75 Th/U; 78% <0.75 Th/U); 

Granite Rhyolite province (n=10; 70% >0.75 Th/U; 30% <0.75 Th/U); Yavapai/Mazatzal 

(n=22; 14% >0.75 Th/U; 86% <0.75 Th/U); Trans-Hudson (n=1; 100% <0.75 Th/U); 

Wyoming/Superior (n=13; 64% >0.75 Th/U; 54% <0.75).  

 18MOSM24. Sample 18MOSM24 was collected from the riverbank on the Missouri 

River in Eastern Nebraska after the Platte confluence roughly 20 miles south of Omaha, NB. 

Pennsylvanian aged rocks are exposed nearest the river banks (Burchett et al., 1972) and are 

underlain by 1800-1300 Ma crystalline bedrock that is part of the Yavapai/Mazatzal and Granite 

Rhyolite province (Mackey et al., 2012). The sample contains 116 zircons (30% >0.75 Th/U; 

70% <0.75 Th/U) of which 102 falls between the ages 0-2500 Ma on the KDEs: Western 

Cordillera (n=37; 46% >0.75 Th/U; 54% <0.75 Th/U); Appalachian (n=10; 30% >0.75 Th/U; 

70% <0.75 Th/U); Grenville (n=15; 27% >0.75 Th/U; 73% <0.75 Th/U); Granite Rhyolite 

province (n=10; 30% >0.75 Th/U; 70% <0.75 Th/U); Yavapai/Mazatzal (n=28; 14% >0.75 

Th/U; 86% <0.75 Th/U); Trans-Hudson (n=1; 100% <0.75 Th/U); Wyoming/Superior (n=15; 

27% >0.75 Th/U; 73% <0.75).   

 18MSSM32. Sample 18MSSM32 was collected from a riverbank from the Mississippi 

River before the Missouri confluence in Northeastern Missouri near St. Louis, MO. 

Carboniferous aged sedimentary rocks flank both sides of the river (Harrison, 1997) and are 

underlain by 1500-1300 Ma crystalline bedrock that is part of the Granite Rhyolite province 

(Park et al., 2010). The sample contains 111 zircons (44% >0.75 Th/U; 56% <0.75 Th/U) of 

which 96 falls between the ages 0-2500 Ma on the KDEs: Western Cordillera (n=43; 47% >0.75 

Th/U; 53% <0.75 Th/U); Appalachian (n=10; 30% >0.75 Th/U; 70% <0.75 Th/U); Grenville 

(n=18; 33% >0.75 Th/U; 67% <0.75 Th/U); Granite Rhyolite province (n=6; 67% >0.75 Th/U; 
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33% <0.75 Th/U); Yavapai/Mazatzal (n=18; 44% >0.75 Th/U; 56% <0.75 Th/U); 

Wyoming/Superior (n=16; 50% >0.75 Th/U; 50% <0.75). 

 

Southern section (see Figure 5) 

 18BRSM37. Sample 18BRSM37 was collected from the mouth of the Brazos River right 

as it emptied into the Gulf of Mexico about 45 miles SW of Galveston, TX. This sample is 

outside the Missouri River drainage basin however it is almost identical to the Red River sample 

so is included in this study. Quaternary aged strata dominate the entire coastline of TX (Barnes et 

al., 1975) and are underlain by 750-280 Ma crystalline bedrock that is part of the Appalachian 

(Fildani et al., 2018). The sample contains 117 zircons (37% >0.75 Th/U; 63% <0.75 Th/U) of 

which 113 falls between the ages 0-2500 Ma on the KDEs: Western Cordillera (n=19; 63% 

>0.75 Th/U; 37% <0.75 Th/U); Appalachian (n=34; 35% >0.75 Th/U; 65% <0.75 Th/U); 

Grenville (n=35; 26% >0.75 Th/U; 74% <0.75 Th/U); Granite Rhyolite province (n=12; 25% 

>0.75 Th/U; 75% <0.75 Th/U); Yavapai/Mazatzal (n=11; 36% >0.75 Th/U; 64% <0.75 Th/U); 

Trans-Hudson (n=1; 100% >0.75 Th/U); Wyoming/Superior (n=5; 40% >0.75 Th/U; 60% 

<0.75).   

 18RRSM33. Sample 18RRSM33 was collected from a riverbank of the Red River on the 

border between Oklahoma and TX, 65 miles N of Dallas, TX in a small town called Denison, 

TX. Cretaceous sedimentary rocks surround the area (McGowen et al., 1967) and are underlain 

by 1200-900 Ma crystalline bedrock that is part of the Grenville (Park et al., 2010). The sample 

contains 115 zircons (33% >0.75 Th/U; 67% <0.75 Th/U) of which 113 falls between the ages 

0-2500 Ma on the KDEs: Western Cordillera (n=10; 40% >0.75 Th/U; 60% <0.75 Th/U); 

Appalachian (n=30; 37% >0.75 Th/U; 63% <0.75 Th/U); Grenville (n=42; 24% >0.75 Th/U; 
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76% <0.75 Th/U); Granite Rhyolite province (n=12; 58% >0.75 Th/U; 42% <0.75 Th/U); 

Yavapai/Mazatzal (n=13; 100% <0.75 Th/U); Trans-Hudson (n=5; 80% <0.75 Th/U; 20% 

>0.75 Th/U); Wyoming/Superior (n=3; 33% >0.75 Th/U; 67% <0.75).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 

Table 1. This table shows each sample broken into age domains for known North American 

provinces and the percentages of high vs. low Th/U values within each age domain. All 

percentages are color coded to a corresponding gray values in the legend below the table. The 

age domains are as follows: Western Cordillera (W.C.) <280 Ma, Appalachian (App.) 850-280 

Ma, Grenville (Gren.) 1250-850 Ma, Granite Rhyolite province (G.R.) 1550-1250 Ma, 

Yavapai/Mazatzal (Y/M) 1880-1550 Ma, Trans-Hudson/Penokean (T-H) 2000-1880 Ma, 

Wyoming Superior (W/S) >2500 Ma. 
 All W.C. App. Gren. G.R. Y/M T-H W/S 

N
o
rt

h
 S

ec
ti

o
n

 

18MOSM01 98 24 6 5 1 4 3 55 

%Th/U>0.75 22% 12% 33% 20% -  25% -  27% 

%Th/U<0.75 78% 88% 67% 80% 100% 75% 100% 73% 

18WYDS11 115 43 8 16 8 23 -  17 

%Th/U>0.75 13% 9% -  19% -  22% -  18% 

%Th/U<0.75 87% 91% 100% 81% 100% 78% -  82% 

18MOSM11 92 45 6 13 4 22 -  6 

%Th/U>0.75 21% 16% 33% 31% 50% 23% -  -  

%Th/U<0.75 79% 84% 67% 69% 50% 77% -  100% 

18MOSM13 87 52 7 6 5 12 1 4 

%Th/U>0.75 17% 10% 14% -  20% 33% 100% 75% 

%Th/U<0.75 83% 90% 86% 100% 80% 67% -  25% 

18YSSM10 109 55 8 7 5 17 1 16 

%Th/U>0.75 24% 22% 37% 14% 20% 24% -  31% 

%Th/U<0.75 76% 78% 63% 86% 80% 76% 100% 69% 

C
en

tr
a
l 

S
ec

ti
o
n

 

18CODS01 96 5 7 52 14 11 7 -  

%Th/U>0.75 35% 20% 43% 50% 21% -  14% -  

%Th/U<0.75 65% 80% 57% 50% 79% 100% 86% -  

18CODS02 116 23 6 14 23 40 4 6 

%Th/U>0.75 23% 61% 50% 29% 9% -  25% 50% 

%Th/U<0.75 77% 39% 50% 71% 91% 100% 75% 50% 

18KSDS01 115 17 9 58 11 15 1 4 

%Th/U>0.75 33% 53% 22% 22% 73% 20% -  75% 

%Th/U<0.75 67% 47% 78% 78% 27% 80% 100% 25% 

18MOSM20 110 28 18 18 10 22 1 13 

%Th/U>0.75 35% 46% 28% 22% 70% 14% -  64% 

%Th/U<0.75 65% 54% 72% 78% 30% 86% 100% 54% 
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Table 1. This table shows each sample broken into age domains for known North American 

provinces and the percentages of high vs. low Th/U values within each age domain. All 

percentages are color coded to a corresponding gray values in the legend below the table. The 

age domains are as follows: Western Cordillera (W.C.) <280 Ma, Appalachian (App.) 850-280 

Ma, Grenville (Gren.) 1250-850 Ma, Granite Rhyolite province (G.R.) 1550-1250 Ma, 

Yavapai/Mazatzal (Y/M) 1880-1550 Ma, Trans-Hudson/Penokean (T-H) 2000-1880 Ma, 

Wyoming Superior (W/S) >2500 Ma. 
 18MOSM24 116 37 10 15 10 28 1 15 

C
en

tr
a
l 

S
ec

ti
o
n

 

%Th/U>0.75 30% 46% 30% 27% 30% 14% -  27% 

%Th/U<0.75 70% 54% 70% 73% 70% 86% 100% 73% 

18MSSM32 111 43 10 18 6 18 -  16 

%Th/U>0.75 44% 47% 30% 33% 67% 44% -  50% 

%Th/U<0.75 56% 53% 70% 67% 33% 56% -  50% 

 18BRSM37 117 19 34 35 12 11 1 5 

S
o
u

th
 S

ec
ti

o
n

 

%Th/U>0.75 37% 63% 35% 26% 25% 36% 100% 40% 

%Th/U<0.75 63% 37% 65% 74% 75% 64% -  60% 

18RRSM33 115 10 30 42 12 13 5 3 

%Th/U>0.75 33% 40% 37% 24% 58% -  80% 33% 

%Th/U<0.75 67% 60% 63% 76% 42% 100% 20% 67% 

 

 

 

 

 

 

 

 

Th/U % 
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41-60% 

61-80% 
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Figure 3. Kernel Density Estimation (KDE) plots for U-Pb zircon ages from Quaternary sand 

deposits from the Upper Missouri and Northern Rocky Mountains. Red = >0.75 Th/U zircon. 

Green = <0.75 Th/U zircon. Black, solid line represents collected values per sample.  
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Figure 4. Kernel Density Estimation (KDE) plots for U-Pb zircon ages from Quaternary sand 

deposits from the Great Plains and Central Rocky Mountains. Red = >0.75 Th/U zircon. Green = 

<0.75 Th/U zircon. Black, solid line represents collected values per sample.  
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Figure 5. Kernel Density Estimation (KDE) plots for U-Pb zircon ages from Quaternary sand 

deposits from the Red and Brazos Rivers in the South. Red = >0.75 Th/U zircon. Green = <0.75 

Th/U zircon. Black, solid line represents collected values per sample.  
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DISCUSSION 

 

U-Pb 

 N. Rocky Mountains and Northern Plains section. (see Figure 6) Samples from the 

upper Missouri, Yellowstone, and Bighorn Rivers are dominated by zircon (n=219; 44% of total 

n) from the Western Cordillera (<280 Ma). The Cordilleran-aged zircon population in samples 

from the northwestern Plains and northern Rocky Mountains range in age from 115-50 Ma, 

which correlates to 110-40 Ma magmatism associated with the Idaho Batholith (Gaschnig et al., 

2011; Foster and Fanning, 1997). There are other coeval sources that also may be supplying 

sediment to the drainage basin such as the Boulder Batholith for example; however, the 

population of grains within the northern river samples have U-Pb ages of 115-50 Ma while the 

Boulder Batholith was only active from 81.7-73.7 Ma (Du Bray et al., 2012). Using the Boulder 

Batholith as an example of a coeval source omits the possibility of the 115-50 Ma grains to be 

sourced from small isolated plutons with strict zircon production time ranges. This population of 

115-20 Ma grains must be sourced from a large source that also had a large timeframe of zircon 

production and activity such as the Idaho Batholith. Grenville (1250-850 Ma; n=47; 9% of total 

n) and Appalachian (850-280 Ma; n=35; 7% of total n) aged grains are also present in smaller 

populations even though both provinces are exposed farther downstream. Additional components 

within the U-Pb zircon ages from the northern suite of samples include Granite Rhyolite 

province (1550-1250 Ma; n=23; 5% of total n), Yavapai/Mazatzal (1880-1550 Ma; n=78; 16% of 

total n), Trans-Hudson/Penokean (2000-1880 Ma; n=5; 1% of total n), and Wyoming/Superior 

(>2500 Ma; n=98; 20% of total n) age provinces. Both the Yavapai/Mazatzal and the Granite 

Rhyolite provinces do not directly encounter the Upper Missouri, Yellowstone, or Bighorn 
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Rivers. The Granite Rhyolite province, for example, outcrops ~2000 km downstream of the 

confluence of the Mississippi and Missouri Rivers (Rhos and Van Schmus, 2007).     

 Central Plains section. Samples located in Missouri, Iowa, Nebraska, Kansas, and 

Colorado contain variable zircon age populations with the youngest single grains having the 

following ages: 18CODS01-64.1 Ma, 18CODS02-23.06 Ma, 18KSDS01-24.49 Ma, 

18MOSM20-28.8 Ma, 18MOSM24-12.2 Ma, 18MSSM32-8.56 Ma. These grains all fall within 

the likelihood of being sourced from the Western Cordillera due to their ages (<280 Ma; n=153; 

23% of total grains). The Central Plains section of the drainage basin has no direct contact with 

the Cordilleran source yet contains two populations of grains at <50 Ma and 120-50 Ma. 

Although the Cordilleran source falls outside of the basin, there are coeval sources that could be 

supplying sediment to the system. Cretaceous-age plutons in Colorado are a viable source for 

120-50 Ma aged grains draining into both the South Platte and Arkansas Rivers, while the Rio 

Grande Rift valley is most likely the coeval source for the <50 Ma aged grains (Fririch et al., 

1998; Landman and Flowers, 2013). There are also young calderas across Wyoming and 

Colorado that were active during 37-23 Ma that could have supplied magmatic zircon to the 

Central Plains samples (Chapin, 2012). Since there are variable sources for the sediment, these 

possibilities present the complication of splitting the signature between coeval sources and 

exposes the limitations of U-Pb based provenance studies. 

 There is also a large population (n=175; 26% of total n) of Grenville (1250-850 Ma) aged 

grains which are far from the suspected source located southeast of the central region. Granite 

Rhyolite Province (1550-1250 Ma; n=74; 11% of total n) aged grains are also present in a large 

population with another large population of Yavapai/Mazatzal (1880-1550 Ma; n=134; 20% of 
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total n) aged grains present as well. These sources are within the drainage basin in the form of 

exposed bedrock and most likely were transported via fluvial processes. 

 Southwest section. The southwestern samples (232 total grains) exhibit different 

provenance trends with little to no evidence of Cordilleran source (n=29; 13% of total). 

Populations of Appalachian (850-280 Ma; (n=64; 28% of total)) and Grenville (1250-850 Ma; 

n=77; 33% of total) aged zircon represent significant age populations within the samples. Grains 

with ages ~600-250 Ma are most likely sourced from the Ouachita orogeny which encompasses 

most of central-southeast Texas and produces zircon ~500-350 Ma (Gleason et al., 2007). The 

Ouachita orogeny represents a coeval source for the Appalachian province which is more 

commonly associated with the Eastern U.S. By introducing this coeval source, it pinpoints where 

the Appalachian-aged grains are being sourced from and how they appear in the Red and Brazos 

Rivers. Grenville bedrock present in central-southwest Texas are the primary source for 

Grenville-aged grains present within the system.   

   

Th/U  

 Th/U in zircon provides an additional tool to fingerprint the sedimentary zircon signatures 

in the western U.S. (Figures 2 and 6). Th/U values can be used as a proxy for tectonic settings 

with Basin and Range settings having highly variable and Th/U values >0.75, while accretionary 

settings have relatively low variability and Th/U values <0.75 (McKay et al., 2018). The 

Missouri/Mississippi River drainage basin and all of its major tributaries provide insight into the 

history of the system, however U-Pb alone is not capable of distinguishing coeval proximal 

sources from more distant sources which could allow a better understanding of tectonic histories 

and drainage patterns. By splitting zircon populations by their U-Pb ages and Th/U composition, 
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we can improve the signatures produced in the KDEs and separate proximal sources from distal 

sources.  

 Samples from the upper Missouri, Yellowstone, and Bighorn rivers are dominated by 

Cordilleran-aged zircon (<280 Ma; n=219; 44% of total grains). Of these, 87% also have Th/U 

values <0.75, which is compatible with being sourced from a convergent magmatic arc setting 

(see Table 2; McKay et al., 2018). To calculate a mean weighted age for the last influx of arc-

derived sediment, the youngest population (n>3) of Th/U < 0.75 grains were isolated. The grains 

were excluded to achieve a weighted mean age with an mean square weighted deviation closest 

to 1, which would ideally represent a single population. Of the grains with Th/U values <0.75, a 

weighted mean was calculated to find a value of 67.65 ± 0.45 Ma (see Figure 7).With the 

adjacent Idaho Batholith producing zircon from ~110-40 Ma (Gaschnig et al., 2010; Moye et al., 

1988), this is likely the source for Cordilleran-age zircon in the northern samples.  

 The Central Plains samples located in Missouri, Iowa, Nebraska, Kansas, and Colorado 

contain varying zircon age populations with the youngest being Cordilleran in age (<280 Ma; 

n=153; 23% of total grains). Of these 153 grains, 52% had Th/U values of <0.75 (convergent 

magmatic setting; McKay et al., 2018) which occurred ~120-50 Ma and 48% had Th/U values of 

>0.75 (extensional setting or Basin and Range; McKay et al., 2018) which occurred ~<50 Ma 

(see Table 2). Of the 52% of grains exhibiting Th/U values of <0.75 a weighted mean was 

calculated to be 67.44 ± 0.60 Ma (see Figure 8). Of the 48% of grains exhibiting >0.75 Th/U 

values, another weighted mean value of 33.23 ± 0.35 Ma (see Figure 9) was calculated. 

   

Implications for drainage networks 
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 N. Rocky Mountains and Northern Plains section. By combining U-Pb and Th/U 

values in the zircon, we know that 87% of the 219 grains have Th/U values <0.75, which is 

compatible with being sourced from a convergent magmatic arc setting (McKay et al., 2018). 

With the Idaho Batholith the likely source due to active magmatism occurring 110-40 Ma 

(Gaschnig et al., 2010; Moye et al., 1988), there is a question of how these grains were 

transported into the Missouri River drainage basin. The Holocene Continental Divide separates 

the Idaho Batholith from the Missouri and Yellowstone/Bighorn River drainages; therefore, 

eastward transport of western Cordilleran grains either: (1) predates the Laramide development 

of the Continental Divide (~ 84-81 Ma, Carrapa et al., 2019; Jackson et al., 2019) or (2) 

Cordilleran age grains were transported into the Missouri River drainage as aerial volcanic ash 

prior to, during, and after development of ~80 Ma and later Laramide structures. Volcanic 

transport, however, would continue until at least 40 Ma, coinciding with the end of Idaho 

Batholith magmatism (Gaschnig et al., 2010; Moye et al., 1988), which is not observed. 

Therefore, sediment routing into the Missouri River drainage basin must predate the 

development of the Continental Divide. The weighted mean of 67.65 ± 0.45 Ma for the youngest 

grains having Th/U values <0.75 represents the cut-off of Cordilleran-aged sediment to the 

system and a suggested age of Continental Divide emplacement.  

 In order for the Grenville (1250-850 Ma; n=47; 9% of total n) and Appalachian (850-280 

Ma; n=35; 7% of total n) aged grains to appear in Montana and North Dakota requires westward 

transport prior to development of the modern drainage system and the Continental Divide 

(Figure 10; Blum and Pecha, 2014). During the Permian, westward transportation of grains is 

evident in zircon age populations within the Grand Canyon which were routed from Precambrian 

basement rocks of the Ancestral Rockies (Gehrels et al., 2011). Westward trends occurred well 
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into the Early Cretaceous when the Appalachian-Ouachita orogen acted as the continental divide 

that allowed for sediment transport from east to west to the Boreal Sea, which was the main sink 

for the system ( Blum and Pecha, 2014). 

 The same methods apply for the grains sourced from the Granite Rhyolite province (1550-

1250 Ma; n=23; 5% of total n) and Yavapai/Mazatzal (1880-1550 Ma; n=78; 16% of total n). 

The presence of these grains requires northwest-directed (Figure 11) sediment transport in the 

geologic past, which is compatible with the model for fluvial drainage toward the Boreal Sea in 

the Cretaceous (Blum and Pecha, 2014). There is also evidence of Upper Cretaceous aged rocks 

located in Central-Western Montana near and around the northern most rivers (Gwinn and 

Mutch, 1965) which again supports northwest sediment transport. While small, unidentified 

Granite Rhyolite and Yavapai/Mazatzal age material may exist upstream, it is unlikely major 

components of a sedimentary sample would be sourced from small, isolated sources. 

 Central Plains section. The central samples contain zircon that are Cordilleran in age 

(<280 Ma; n=153; 23% of total grains). Of these grains, we know that those with ages ~120-50 

Ma have Th/U values indicating convergent magmatic settings (McKay et al., 2018). The 

youngest <0.75 Th/U population that does not correlate with known extensional magmatism has 

a weighted mean of 67.44 ± 0.44 Ma, identical to the weighted mean for the youngest (<280 Ma) 

arc magmatic sourced population in the northern samples exhibiting Th/U values <0.75. For the 

<50 Ma zircon exhibiting Basin and Range signatures a weighted mean was calculated to be 

33.23 ± 0.35 Ma. The ideal source for these grains is the Rio Grande Rift which extends from 

Northern Mexico to central Colorado seen in Figure 2. The Rio Grande Rift also falls within the 

Missouri River drainage basin which would allow for fluvial or aerial transport of sediment. It is 

also well-documented that the peak activity of the northern section of the Rio Grande Rift 



33 

occurred ~28 Ma (Landman and Flowers, 2013) which directly correlates to the population of 

grains displaying Th/U values >0.75 in the central samples. For the Rio Grande Rift valley to be 

the source, there must be a northwest trend which in turn would cut off drainage to the 

southernmost rivers such as the Red and Brazos Rivers. The presence of Grenville (1250-850 

Ma; n=175; 26% of total grains) aged grains indicates that these grains were most likely 

transported to the northwest during or prior to the Early Cretaceous when the drainage pattern 

was draining into the Boreal Sea by fluvial processes (Blum and Pecha, 2014). 

 Southwest section. Zircon grains (n=232) in southwestern samples contain relatively few 

grains of Permian or younger age even though the Rio Grande Rift Valley is a proximal source 

for Basin and Range zircon. The lack of zircon exhibiting both U-Pb ages and Th/U values 

indicating a Rio Grande Rift source, suggests that there is a northeast trend in sediment of rift 

material to the central samples. The abundance of >280 Ma grains implies (1) heavy recycling of 

material draining into the southernmost rivers and (2) rerouting of younger (<280 Ma) sediment 

to the Central Plains samples away from the Red and Brazos Rivers (see Figure 12).  

 

Tectonic development of the modern Continental Divide during Rocky Mountain 

orogenesis 

 In both the North Rocky Mountain /Northern Plains and Central Plains samples, there is a 

weighted mean of ~67 Ma for Cordilleran aged (<280 Ma) grains exhibiting magmatic Th/U 

values (<0.75). These synchronous ages suggest a time of Cordilleran sourced material being cut 

off from the Missouri/Mississippi drainage basin therefore suggesting a new age of the 

Continental Divide emplacement of ~67 Ma. There are minor magmatic Cordilleran aged grains 

in the drainage basin, but the ~67 Ma age represents the last influx of grains being transported in 
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the system even though zircon production increased from 60-30 Ma (McKay et al., 2018). We 

can also suggest that with these ~67 Ma means present in both the North Rocky 

Mountain/Northern Plains and Central Plains samples, that the Northern and Central Rocky 

Mountains developed synchronously with the Continental Divide.  

 The Central Plains samples not only contain a mean of ~67 Ma, but also contain 

Cordilleran-age rift grains (>0.75 Th/U) with a mean of ~33 Ma. This population of younger 

grains in the Central Plains samples suggest extensional setting source which is likely the Rio 

Grande Rift valley located to the southwest of the central river samples. 
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Table 2. North American provinces, their n-value, and their corresponding Th/U percentages 

with a color coded table as a legend below. 
 Arc Extension 

Province n = <0.75 Th/U % >0.75 Th/U % 

Basin and Range 67 34% 66% 

Western Cordillera 332 77% 23% 

Appalachian 159 69% 31% 

Grenville 299 72% 28% 

Granite Rhyolite province 211 38% 62% 

Yavapai/Mazatzal 236 83% 17% 

Trans-Hudson/Penokean 25 68% 32% 

Wyoming/Superior 107 67% 33% 
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Figure 6. Grouped KDEs for the north, central, and south sections. Yellow dots represent single 

zircon. Dashed line represents 0.75 Th/U boundary. 
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Figure 7. Weighted mean for zircon found in the Upper Missouri, Yellowstone, and Bighorn 

rivers. All zircon in this population represent the youngest grains within the northern samples 

containing Th/U values of <0.75. 

 

 

 

 



38 

 
Figure 8. Weighted mean for zircon found in the Platte, Kansas, Arkansas, Missouri, and 

Mississippi rivers (Central samples). This population represents part of the youngest grains 

containing <0.75 Th/U values.  
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Figure 9. Weighted mean for zircon found in the Platte, Kansas, Arkansas, Missouri, and 

Mississippi rivers (Central samples). This population represents part of the youngest grains 

containing >0.75 Th/U values.  

 

 



40 

 
Figure 10. Early Cretaceous to Paleocene continental-scale drainage reorganization (Blum and 

Pecha, 2014). 
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Figure 11. Map of sediment transport prior to the development of the Continental Divide (pre 

~67 Ma).  
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Figure 12. Map of sediment transport after the development of the Continental Divide (post ~67 

Ma). Cordillera-aged grains are not being transported into the drainage basin. 
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CONCLUSIONS 

 

 Combining U-Pb ages and Th/U values of zircon collected from modern river sediment 

has provided a detailed look into drainage patterns and the tectonic history of North America. 

Using detrital zircon, we were able to reconstruct sediment transport patterns (see Figure 11; 

Blum and Pecha, 2014) and estimate the age of Continental Divide emplacement (~67 Ma), 

which is compatible with known ages for sediment cut-off to the drainage basin. By using 

weighted means for <280 Ma zircon and separating zircon based on Th/U values, we were able 

to find tectonic histories using modern river sediment.  

 Implications include (1) Cordilleran-aged zircon (<280 Ma) were transported to the Upper 

Missouri, Yellowstone, Bighorn, Platte, Kansas, Arkansas, and Mississippi Rivers prior to 

development of the proto-Continental Divide at about 67 Ma (see Figure 11 for pre ~67 Ma, and 

see Figure 12 for post ~67 Ma). Coeval development of the Continental Divide suggests (2) Late 

Laramide uplift in the easternmost portion of the Rocky Mountains was near synchronous, as 

evidenced by similar weighted mean averages for the youngest magmatic zircon in both the 

Northern and Central samples and (3) Modern river detrital petrochronology provided better 

constraints than hard rock or stratigraphic investigations. 
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APPENDIX 

 

Zircon ages and Th/U values for sample 18MOSM01 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18MOSM01 1911 29 1923 35 1897 56 283 0.102 1897 56 0.000360424 

18MOSM01 1142 85 637 54 2334 77 4400 98 637 54 0.022272727 

18MOSM01 536 53 264 43 2182 49 7300 301 264 43 0.041232877 

18MOSM01 1198 32 457 19 3006 29 5650 240 457 19 0.042477876 

18MOSM01 2600 72 2500 94 2685 67 1520 72 2685 67 0.047368421 

18MOSM01 1654 58 1170 68 2377 32 2350 122.5 1170 68 0.05212766 

18MOSM01 2312 44 2047 79 2571 30 2220 121 2571 30 0.054504505 

18MOSM01 2070 41 1199 62 3131 34 2710 171 1199 62 0.063099631 

18MOSM01 1904 35 1462 42 2423 54 119.9 8.19 2423 54 0.068306922 

18MOSM01 2199 31 1811 44 2577 45 77.8 7.22 2577 45 0.092802057 

18MOSM01 3135 15 3083 40 3162 23 549 61.7 3162 23 0.112386157 

18MOSM01 79.6 5.8 78.7 2.2 60 150 466 54.2 78.7 2.2 0.116309013 

18MOSM01 2365 34 2132 69 2586 25 1673 212.1 2586 25 0.126778243 

18MOSM01 1605 33 815 24 2895 36 7530 1024 815 24 0.135989376 

18MOSM01 1894 30 1664 32 2152 61 154 22.7 2152 61 0.147402597 

18MOSM01 2247 96 1870 140 2724 31 1420 243.2 2724 31 0.171267606 

18MOSM01 978 16 957 23 1010 44 941 171.6 957 23 0.182359192 

18MOSM01 2807 55 2583 73 2954 65 471 86.5 2954 65 0.183651805 

18MOSM01 1229 56 534 48 2898 32 3890 761 534 48 0.19562982 

18MOSM01 2303 41 1913 69 2685 31 420 89 2685 31 0.211904762 

18MOSM01 107.5 5.9 107.8 2.9 110 120 711 162 107.8 2.9 0.227848101 

18MOSM01 41.5 4.9 45.4 2 -180 210 572 134 45.4 2 0.234265734 

18MOSM01 1666 19 1632 32 1690 34 701 165 1690 34 0.235378031 
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18MOSM01 2181 28 1912 53 2439 34 1700 402 2439 34 0.236470588 

18MOSM01 2515 71 2490 120 2573 42 387 95 2573 42 0.245478036 

18MOSM01 3075 68 2610 140 3446 29 2010 500 3446 29 0.248756219 

18MOSM01 80.2 2.9 70.5 1.9 329 74 3020 837 70.5 1.9 0.277152318 

18MOSM01 2592 47 1870 82 3230 32 2050 577 3230 32 0.281463415 

18MOSM01 2011 35 1650 50 2413 58 84.7 23.9 2413 58 0.282172373 

18MOSM01 105 10 103.5 3.2 60 190 219.6 65 103.5 3.2 0.295992714 

18MOSM01 2477 19 2473 43 2474 28 758 232.9 2474 28 0.307255937 

18MOSM01 1760 37 1519 40 2039 70 70.7 21.9 2039 70 0.309759547 

18MOSM01 3002 19 2802 52 3139 33 124.4 38.7 3139 33 0.311093248 

18MOSM01 3119 20 2961 50 3217 29 300.8 95.2 3217 29 0.316489362 

18MOSM01 72.2 9.5 71.3 2.8 0 240 207.7 68.3 71.3 2.8 0.328839673 

18MOSM01 1687 22 1681 37 1681 42 381 155.3 1681 42 0.407611549 

18MOSM01 56.2 2.2 55.5 1.6 79 74 4050 1660 55.5 1.6 0.409876543 

18MOSM01 2140 110 1810 160 2628 35 1580 650 2628 35 0.411392405 

18MOSM01 163 12 170.1 4.9 20 140 545 229 170.1 4.9 0.420183486 

18MOSM01 2654 31 2695 67 2621 40 401 176 2621 40 0.438902743 

18MOSM01 1236 23 1080 32 1517 52 235.3 105.4 1080 32 0.447938802 

18MOSM01 2484 21 2421 43 2526 31 571 259.5 2526 31 0.454465849 

18MOSM01 2491 22 2368 51 2571 31 457 223 2571 31 0.487964989 

18MOSM01 3092 20 2964 59 3160 30 765 381.1 3160 30 0.498169935 

18MOSM01 2601 27 2087 52 3030 33 790 394 3030 33 0.498734177 

18MOSM01 192 29 75.1 3.5 1520 250 2010 1020 75.1 3.5 0.507462687 

18MOSM01 95 4.6 92.1 3.7 153 91 1163 594 92.1 3.7 0.510748065 

18MOSM01 2549 35 1441 46 3631 30 5600 2910 3631 30 0.519642857 

18MOSM01 530 31 100.3 4.6 3485 94 268 141 100.3 4.6 0.526119403 

18MOSM01 119 12 91.2 3.7 550 210 252 133.9 91.2 3.7 0.531349206 

18MOSM01 2260 61 1886 92 2641 32 948 511 2641 32 0.539029536 

18MOSM01 61.1 7.3 64.9 2.5 -150 220 320 172.5 64.9 2.5 0.5390625 

18MOSM01 3210 18 3120 56 3266 27 240.1 130.2 3266 27 0.542274052 

18MOSM01 2622 31 2472 52 2731 34 359 197 2731 34 0.548746518 

18MOSM01 1458 24 1482 32 1438 43 482 274.9 1438 43 0.57033195 

18MOSM01 2564 29 2385 51 2698 36 187 114.9 2698 36 0.614438503 
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18MOSM01 1003 56 183.9 9 3957 75 497 307 183.9 9 0.617706237 

18MOSM01 39.4 4.9 47 2.2 -310 210 532 330 47 2.2 0.620300752 

18MOSM01 65.4 3.7 64.7 2.3 80 120 1579 997 64.7 2.3 0.631412286 

18MOSM01 2625 33 2568 56 2662 37 304 193.3 2662 37 0.635855263 

18MOSM01 2778 82 2610 130 2948 43 685 436 2948 43 0.63649635 

18MOSM01 88 15 45.8 1.9 930 290 472.9 302 45.8 1.9 0.638612815 

18MOSM01 2612 20 2463 49 2725 40 253.6 163.1 2725 40 0.643138801 

18MOSM01 3199 27 3081 67 3264 47 75.9 48.9 3264 47 0.644268775 

18MOSM01 2903 25 2550 61 3156 24 716 467 3156 24 0.652234637 

18MOSM01 2921 30 2514 65 3216 28 946 640 3216 28 0.67653277 

18MOSM01 90.4 6.9 96.3 2.9 -70 150 342.4 232 96.3 2.9 0.677570093 

18MOSM01 1833 25 1817 37 1848 56 99.9 67.8 1848 56 0.678678679 

18MOSM01 136 17 91.3 3 710 190 686 466 91.3 3 0.679300292 

18MOSM01 3138 17 2938 47 3262 30 271 186 3262 30 0.686346863 

18MOSM01 2912 32 2458 73 3237 27 628 432 3237 27 0.687898089 

18MOSM01 2736 20 2742 40 2724 33 107.5 74.5 2724 33 0.693023256 

18MOSM01 100.9 7.4 93.8 3.1 180 140 544 382 93.8 3.1 0.702205882 

18MOSM01 3025 20 2884 41 3120 28 358 253 3120 28 0.706703911 

18MOSM01 2165 55 1649 90 2737 32 2960 2130 2737 32 0.719594595 

18MOSM01 1492 25 1363 33 1666 45 224.4 170 1666 45 0.757575758 

18MOSM01 3159 25 3114 66 3174 29 326 248 3174 29 0.760736196 

18MOSM01 2655 22 2557 45 2724 37 129.2 98.3 2724 37 0.760835913 

18MOSM01 373 16 370 12 366 97 355.6 275 370 12 0.773340832 

18MOSM01 2623 23 2607 44 2615 35 179 141 2615 35 0.787709497 

18MOSM01 3098 30 3007 75 3163 29 721 580 3163 29 0.80443828 

18MOSM01 2586 48 2485 70 2658 43 354 289 2658 43 0.816384181 

18MOSM01 94.1 8.2 77.8 2.9 400 190 334 287 77.8 2.9 0.859281437 

18MOSM01 2663 17 2586 36 2714 30 492 431 2714 30 0.87601626 

18MOSM01 2689 19 2613 49 2736 38 105.1 92.9 2736 38 0.883920076 

18MOSM01 880 140 142 18 3070 500 78.8 80 142 18 1.015228426 

18MOSM01 2300 120 1570 180 3313 40 1250 1290 3313 40 1.032 

18MOSM01 1130 19 1112 21 1147 58 295.5 305 1112 21 1.0321489 

18MOSM01 3151 16 3046 46 3207 26 846 906 3207 26 1.070921986 
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18MOSM01 2636 22 2527 48 2716 34 240 261 2716 34 1.0875 

18MOSM01 2709 19 2650 44 2750 30 511 588 2750 30 1.150684932 

18MOSM01 2784 23 2894 44 2692 36 133 166 2692 36 1.248120301 

18MOSM01 2374 30 1913 64 2766 30 2660 3840 2766 30 1.443609023 

18MOSM01 44.3 4.6 23.2 1.2 1120 230 575 848 23.2 1.2 1.474782609 

18MOSM01 329 25 338 13 230 180 70.7 106.9 338 13 1.512022631 

18MOSM01 2665 27 2559 51 2742 36 345 553 2742 36 1.602898551 

18MOSM01 2332 42 1921 57 2705 63 39.1 92.5 2705 63 2.3657289 

18MOSM01 2042 36 1659 47 2445 57 64.1 360 2445 57 5.616224649 

 

Zircon ages and Th/U values for sample 18WYDS11 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18WYDS11 1557 28 1541 46 1583 47 770 12.84 1583 47 0.016675325 

18WYDS11 1530 42 901 41 2573 35 2600 102.7 901 41 0.0395 

18WYDS11 922 46 819 48 1581 48 4620 340 819 48 0.073593074 

18WYDS11 1654 18 1689 35 1624 50 385 31.38 1624 50 0.081506494 

18WYDS11 2272 27 1863 47 2671 35 1750 164.1 2671 35 0.093771429 

18WYDS11 387 12 363.5 8.5 517 89 867 91.7 363.5 8.5 0.105767013 

18WYDS11 3027 70 2860 130 3115 73 16.5 2 3115 73 0.121212121 

18WYDS11 85.5 5.8 89.9 4.2 400 120 2010 259 89.9 4.2 0.128855721 

18WYDS11 1525 29 1364 34 1781 51 2400 323 1781 51 0.134583333 

18WYDS11 1191 34 1142 42 1259 57 536 74.3 1142 42 0.138619403 

18WYDS11 92.2 4.4 88.9 3 170 100 1720 255 88.9 3 0.148255814 

18WYDS11 871 20 832 17 978 65 333 55.4 832 17 0.166366366 

18WYDS11 94.9 6.7 88.4 2.7 220 160 675 117 88.4 2.7 0.173333333 

18WYDS11 1737 18 1744 34 1715 40 751 136.8 1715 40 0.182157124 

18WYDS11 2449 21 2448 50 2451 33 366 66.9 2451 33 0.182786885 

18WYDS11 89.8 8.6 80.9 3.2 150 150 914 182.1 80.9 3.2 0.199234136 
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18WYDS11 1669 25 1578 40 1777 38 1055 228 1777 38 0.216113744 

18WYDS11 136 20 106.5 4.1 380 210 338.2 74 106.5 4.1 0.218805441 

18WYDS11 1340 25 1292 36 1405 44 740 165 1405 44 0.222972973 

18WYDS11 2437 28 2003 53 2839 34 903 208 2839 34 0.2303433 

18WYDS11 1443 53 1253 82 1842 46 1740 408 1842 46 0.234482759 

18WYDS11 453 16 418 12 600 120 733 179 418 12 0.24420191 

18WYDS11 1276 16 1235 26 1351 45 787 193.6 1351 45 0.245997459 

18WYDS11 1200 17 1226 26 1134 52 576 144.6 1134 52 0.251041667 

18WYDS11 2030 110 1500 160 2812 34 1540 393 2812 34 0.255194805 

18WYDS11 3017 51 2860 100 3099 42 645 168.3 3099 42 0.260930233 

18WYDS11 92.1 5.7 87.9 3.4 200 130 1390 402 87.9 3.4 0.289208633 

18WYDS11 1721 21 1681 39 1746 55 253.1 77.7 1746 55 0.306993283 

18WYDS11 1470 110 940 130 2670 41 2520 781 940 130 0.309920635 

18WYDS11 77.1 2.8 58.6 2 1078 85 2640 824 58.6 2 0.312121212 

18WYDS11 1037 24 1039 35 1032 65 428 134.3 1039 35 0.313785047 

18WYDS11 491 22 425 27 845 65 2040 668 425 27 0.32745098 

18WYDS11 494 88 129.7 9.6 2230 390 544 191 129.7 9.6 0.351102941 

18WYDS11 353 71 260 50 740 180 519 190 260 50 0.366088632 

18WYDS11 1727 26 1723 41 1725 50 198 73.2 1725 50 0.36969697 

18WYDS11 78.1 7.5 71.1 7 250 180 574 212.4 71.1 7 0.370034843 

18WYDS11 1482 20 1443 32 1550 44 841 312.9 1550 44 0.372057075 

18WYDS11 1840 25 1826 38 1854 46 132.2 50.4 1854 46 0.381240545 

18WYDS11 1183 23 1060 31 1419 48 893 346 1060 31 0.387458007 

18WYDS11 1011 21 1004 28 1048 51 405 157 1004 28 0.387654321 

18WYDS11 111.9 9.6 102.4 4.4 220 210 243 94.3 102.4 4.4 0.388065844 

18WYDS11 923 18 876 21 1028 54 725 283.4 876 21 0.390896552 

18WYDS11 103.6 6.3 93.9 3.9 350 120 2370 930 93.9 3.9 0.392405063 

18WYDS11 99.4 4.4 93.2 3.3 290 120 2090 835 93.2 3.3 0.399521531 

18WYDS11 2724 30 2502 66 2905 36 369 153 2905 36 0.414634146 

18WYDS11 91.9 5.3 88.3 2.8 160 120 1196 499 88.3 2.8 0.41722408 

18WYDS11 1700 19 1703 28 1709 38 469 196.2 1709 38 0.418336887 

18WYDS11 1184 29 1012 25 1477 77 279 118.1 1012 25 0.423297491 

18WYDS11 2452 29 2335 56 2549 39 683 290.3 2549 39 0.425036603 
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18WYDS11 999 25 969 27 1035 77 253.9 108 969 27 0.425364317 

18WYDS11 106.2 8.8 92.5 3.1 310 180 317.4 135.7 92.5 3.1 0.427536232 

18WYDS11 124 12 91.8 2.7 590 180 367 159 91.8 2.7 0.433242507 

18WYDS11 94.2 6 95 7 70 140 782 339.4 95 7 0.434015345 

18WYDS11 1017 19 932 22 1211 62 658 289 932 22 0.439209726 

18WYDS11 1334 25 1253 33 1468 49 299 132.3 1468 49 0.442474916 

18WYDS11 117 12 89.5 4.3 500 190 1081 487 89.5 4.3 0.450508788 

18WYDS11 105.6 6.3 93.2 3.1 340 110 1544 702 93.2 3.1 0.454663212 

18WYDS11 474 21 444 13 610 130 150.6 68.8 444 13 0.456839309 

18WYDS11 154.6 9.1 100.3 5.9 1040 140 1420 650 100.3 5.9 0.457746479 

18WYDS11 2753 28 2684 67 2824 42 686 319 2824 42 0.465014577 

18WYDS11 2423 30 2181 73 2629 39 1332 626 2629 39 0.46996997 

18WYDS11 1394 22 1380 33 1443 48 745 353 1443 48 0.473825503 

18WYDS11 96.7 5.3 87.7 3 290 110 950 453 87.7 3 0.476842105 

18WYDS11 1400 36 1349 33 1508 79 220.8 106.4 1508 79 0.481884058 

18WYDS11 1427 22 1413 33 1462 59 233 113 1462 59 0.484978541 

18WYDS11 112 16 91.4 4 350 260 167.3 82.4 91.4 4 0.492528392 

18WYDS11 2230 260 1700 200 2650 320 116 57.4 2650 320 0.494827586 

18WYDS11 89.9 6.4 89.7 3.1 40 150 571 285 89.7 3.1 0.499124343 

18WYDS11 58 11 48.7 2.7 200 320 182 91.5 48.7 2.7 0.502747253 

18WYDS11 1973 76 1430 110 2744 38 1550 806 2744 38 0.52 

18WYDS11 1758 27 1768 49 1754 61 112.6 59 1754 61 0.523978686 

18WYDS11 1033 21 990 23 1103 66 252 132.9 990 23 0.527380952 

18WYDS11 501 43 141 6.7 2790 190 210 113 141 6.7 0.538095238 

18WYDS11 440 21 430 13 450 120 160 86.4 430 13 0.54 

18WYDS11 1619 20 1551 35 1721 41 865 472 1721 41 0.54566474 

18WYDS11 1795 21 1765 45 1832 51 236 130.7 1832 51 0.553813559 

18WYDS11 84.1 4.7 81.8 2.7 120 120 1251 698 81.8 2.7 0.557953637 

18WYDS11 1776 20 1758 46 1787 41 392 219 1787 41 0.558673469 

18WYDS11 83 12 78 10 300 230 690 389.5 78 10 0.564492754 

18WYDS11 794 86 431 13 1680 270 435 247 431 13 0.567816092 

18WYDS11 1678 21 1667 34 1701 45 337.7 193.5 1701 45 0.572993781 

18WYDS11 1427 30 1342 32 1539 70 228 130.8 1539 70 0.573684211 
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18WYDS11 140 9 94.5 3.2 900 150 852 490 94.5 3.2 0.575117371 

18WYDS11 124 11 95.5 3.7 540 170 1099 640 95.5 3.7 0.582347589 

18WYDS11 126 16 86.6 2.9 700 190 883 538.7 86.6 2.9 0.610079275 

18WYDS11 1700 16 1631 30 1797 33 1282 789 1797 33 0.615444618 

18WYDS11 115.8 6 87.5 2.4 660 130 789 515 87.5 2.4 0.652724968 

18WYDS11 115.1 8.6 92.4 2.6 490 150 1136 763 92.4 2.6 0.67165493 

18WYDS11 92 5.6 93.4 3.2 50 120 818 552 93.4 3.2 0.674816626 

18WYDS11 108 11 100.7 3.9 190 200 372 252 100.7 3.9 0.677419355 

18WYDS11 2020 200 1970 210 2340 140 594 403 2340 140 0.678451178 

18WYDS11 1060 44 961 36 1250 130 71.1 48.5 961 36 0.682137834 

18WYDS11 89 10 82.4 4 140 180 363 248.5 82.4 4 0.684573003 

18WYDS11 244 14 235 6.5 330 120 419 294.5 235 6.5 0.702863962 

18WYDS11 97 10 91.1 2.8 120 120 1315 930 91.1 2.8 0.707224335 

18WYDS11 124 26 95.7 7.1 320 250 247 178 95.7 7.1 0.720647773 

18WYDS11 1731 19 1703 35 1777 35 485 350 1777 35 0.721649485 

18WYDS11 83 10 71.1 3.3 330 260 187 135 71.1 3.3 0.721925134 

18WYDS11 1693 24 1598 34 1822 52 176 127.2 1822 52 0.722727273 

18WYDS11 2582 21 2430 46 2694 29 422 315.2 2694 29 0.746919431 

18WYDS11 1135 14 1121 19 1163 42 597 467 1121 19 0.782244556 

18WYDS11 85.5 7.4 76.7 2.2 250 180 566 452 76.7 2.2 0.798586572 

18WYDS11 1593 25 1527 43 1693 54 459 371 1693 54 0.808278867 

18WYDS11 2973 49 2590 100 3249 31 594 484 3249 31 0.814814815 

18WYDS11 68.3 6.8 67.2 2.4 80 200 353 299 67.2 2.4 0.847025496 

18WYDS11 1074 42 1013 30 1183 99 169 147.1 1013 30 0.870414201 

18WYDS11 87.4 4.4 85.9 2.1 100 100 2170 1950 85.9 2.1 0.898617512 

18WYDS11 2616 19 2489 50 2719 36 264.4 243.6 2719 36 0.921331316 

18WYDS11 1455 35 1314 53 1658 82 83.9 79.4 1658 82 0.94636472 

18WYDS11 1419 23 1235 37 1733 51 605 586 1733 51 0.968595041 

18WYDS11 86.4 3.8 87.6 3.6 170 110 1680 1730 87.6 3.6 1.029761905 

18WYDS11 1540 25 1490 39 1617 45 374 392 1617 45 1.048128342 

18WYDS11 1241 15 1171 26 1354 52 495 591 1171 26 1.193939394 

18WYDS11 1664 24 1643 43 1665 53 131.3 174.7 1665 53 1.330540746 

18WYDS11 2710 150 2650 190 2670 220 3.29 6 2670 220 1.823708207 
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Zircon ages and Th/U values for sample 18MOSM11 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18MOSM11 2720 42 1932 75 3360 83 20.06 0.215 3360 83 0.010717846 

18MOSM11 1774 27 1731 37 1794 31 1074 87.2 1794 31 0.081191806 

18MOSM11 1552 12 1466 19 1647 21 2805 251.3 1647 21 0.089590018 

18MOSM11 1658 15 1574 23 1751 29 1029 101.3 1751 29 0.098445092 

18MOSM11 889 13 623 14 1640 26 1877 238 623 14 0.126798082 

18MOSM11 805 31 193.4 7.7 3370 110 126.1 17.77 193.4 7.7 0.140919905 

18MOSM11 92.9 9 71.7 5.4 830 260 1195 169.3 71.7 5.4 0.14167364 

18MOSM11 212 27 76.1 7.6 630 180 898 144 76.1 7.6 0.160356347 

18MOSM11 78.3 4 75.2 1.7 140 110 1934 337 75.2 1.7 0.174250259 

18MOSM11 69.8 9.5 68.1 5.3 190 300 2680 521 68.1 5.3 0.194402985 

18MOSM11 138.8 6.4 89.4 3.6 1040 150 2550 539 89.4 3.6 0.211372549 

18MOSM11 1258 31 985 32 1634 49 1392 297.7 985 32 0.213864943 

18MOSM11 1527 19 1361 24 1749 30 1900 428 1749 30 0.225263158 

18MOSM11 1248 39 1181 41 1375 33 2670 671 1181 41 0.251310861 

18MOSM11 211 17 153.6 6.3 760 200 324 83.4 153.6 6.3 0.257407407 

18MOSM11 90 15 72 5.1 330 190 702 187 72 5.1 0.266381766 

18MOSM11 1452 18 1249 23 1770 25 2180 581 1770 25 0.266513761 

18MOSM11 78 12 78.9 3.8 -40 290 180.1 49.1 78.9 3.8 0.272626319 

18MOSM11 1461 24 1453 28 1559 35 888 248 1559 35 0.279279279 

18MOSM11 266 36 198 22 720 110 1590 457 198 22 0.287421384 

18MOSM11 1751 16 1714 29 1775 28 498.6 148.6 1775 28 0.298034497 

18MOSM11 881 31 574 17 1696 59 522 156 574 17 0.298850575 

18MOSM11 443 35 290 27 1520 180 206 62 290 27 0.300970874 

18MOSM11 281 12 259.1 5.6 390 110 797 246.2 259.1 5.6 0.308908407 

18MOSM11 1391 48 1135 46 1794 44 490 163.9 1135 46 0.334489796 
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18MOSM11 1616 14 1568 22 1664 33 572 192.9 1664 33 0.337237762 

18MOSM11 2700 17 2635 46 2739 23 558 188.2 2739 23 0.337275986 

18MOSM11 119.5 6.9 75.7 2 990 140 3410 1152 75.7 2 0.337829912 

18MOSM11 864 27 736 21 1148 97 133.9 46 736 21 0.343539955 

18MOSM11 1641 17 1572 28 1723 30 836 295.7 1723 30 0.353708134 

18MOSM11 1735 24 1686 31 1785 36 536 191 1785 36 0.356343284 

18MOSM11 49.8 4.9 47.2 1.7 80 190 733 265 47.2 1.7 0.361527967 

18MOSM11 1585 38 1554 34 1592 82 62.9 23.5 1592 82 0.373608903 

18MOSM11 1207 37 989 43 1470 62 653 244 989 43 0.373660031 

18MOSM11 72 5.2 67.9 2.5 130 160 1170 443 67.9 2.5 0.378632479 

18MOSM11 1077 19 1044 24 1118 54 476 185.3 1044 24 0.389285714 

18MOSM11 136.7 8.5 124.2 3.4 320 130 1180 460 124.2 3.4 0.389830508 

18MOSM11 1692 13 1604 20 1787 29 520 210.8 1787 29 0.405384615 

18MOSM11 1535 17 1467 25 1616 36 433 182.6 1616 36 0.421709007 

18MOSM11 2949 30 2945 46 2929 26 211 95.3 2929 26 0.451658768 

18MOSM11 80.7 4 79.5 1.5 110 110 1895 870 79.5 1.5 0.459102902 

18MOSM11 96.1 8.5 74.4 2.5 520 200 490 231 74.4 2.5 0.471428571 

18MOSM11 2460 16 2394 35 2491 22 588 289.7 2491 22 0.492687075 

18MOSM11 1445 21 1321 25 1595 31 1183 590 1595 31 0.498732037 

18MOSM11 66.6 9.1 64.9 3 -10 250 331 169 64.9 3 0.510574018 

18MOSM11 1371 18 1222 23 1591 42 464 237 1591 42 0.510775862 

18MOSM11 86 11 77.1 4.3 170 210 382.8 195.9 77.1 4.3 0.511755486 

18MOSM11 1067 23 1033 18 1115 62 279.7 145.8 1033 18 0.521272792 

18MOSM11 90.9 4.7 86.2 2.4 170 110 1583 828 86.2 2.4 0.523057486 

18MOSM11 1167 24 1062 24 1352 70 180.3 95 1062 24 0.526899612 

18MOSM11 128 22 89.4 5.9 470 210 498 263.1 89.4 5.9 0.528313253 

18MOSM11 417 68 97.8 6 2230 360 1003 531 97.8 6 0.529411765 

18MOSM11 110 5.3 83.4 1.7 630 110 2014 1090 83.4 1.7 0.541211519 

18MOSM11 1486 13 1331 21 1705 31 900 490 1705 31 0.544444444 

18MOSM11 93.4 5.7 93.2 2.5 60 120 1315 718 93.2 2.5 0.546007605 

18MOSM11 95.1 7.2 88.5 2.7 160 150 663 365.9 88.5 2.7 0.55188537 

18MOSM11 139.4 5 63.1 1.1 1742 79 8430 4700 63.1 1.1 0.557532622 

18MOSM11 68.3 6.1 72.8 2.2 -40 170 808 452 72.8 2.2 0.559405941 
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18MOSM11 75 12 70.5 3.3 60 320 216.1 122.9 70.5 3.3 0.568718186 

18MOSM11 67 6.9 66.6 2.3 20 210 497.1 283 66.6 2.3 0.569301951 

18MOSM11 70.6 5.3 68.7 2.1 90 160 792 453 68.7 2.1 0.571969697 

18MOSM11 90.1 4.4 92 2.2 40 110 1557 916 92 2.2 0.588310854 

18MOSM11 2550 25 2433 46 2623 30 492 294 2623 30 0.597560976 

18MOSM11 60.8 5.6 60.5 2.1 80 190 517 316 60.5 2.1 0.611218569 

18MOSM11 961 22 935 19 971 69 202.9 124.9 935 19 0.615574174 

18MOSM11 74 11 70.1 3.6 230 300 649 423 70.1 3.6 0.651771957 

18MOSM11 1539 18 1400 29 1739 47 213 139 1739 47 0.65258216 

18MOSM11 74.1 8 64 2.6 280 230 492 321.5 64 2.6 0.653455285 

18MOSM11 1619 27 1567 41 1666 58 168 109.8 1666 58 0.653571429 

18MOSM11 89 6.3 79.8 1.9 240 150 791 521 79.8 1.9 0.658659924 

18MOSM11 86.7 8.1 73.7 2.7 320 200 523 350 73.7 2.7 0.669216061 

18MOSM11 1821 19 1407 27 2319 28 2758 1855 2319 28 0.672588832 

18MOSM11 1473 24 1439 26 1506 55 153.8 106.8 1506 55 0.694408322 

18MOSM11 161 47 104 21 250 320 235 163.8 104 21 0.697021277 

18MOSM11 92 6.6 88.4 2.5 100 150 747 527 88.4 2.5 0.705488621 

18MOSM11 1177 23 1025 25 1466 45 411 291.7 1025 25 0.70973236 

18MOSM11 1039 26 1025 21 1049 78 197.9 154.7 1025 21 0.781707933 

18MOSM11 1531 25 1355 42 1767 48 383 303 1767 48 0.791122715 

18MOSM11 1421 22 1289 28 1604 50 244 197 1604 50 0.807377049 

18MOSM11 1334 35 985 41 1962 29 1220 989 985 41 0.810655738 

18MOSM11 88.4 9.6 68.4 3.6 650 220 676 564 68.4 3.6 0.834319527 

18MOSM11 80.8 4 83.4 2.1 10 110 2020 1720 83.4 2.1 0.851485149 

18MOSM11 76.6 6.7 68.4 2.3 240 200 571 507.1 68.4 2.3 0.888091068 

18MOSM11 1586 26 1528 30 1710 36 760 687 1710 36 0.903947368 

18MOSM11 1147 26 885 23 1530 58 773 706 885 23 0.913324709 

18MOSM11 1294 30 821 18 2169 39 937 861 821 18 0.918890075 

18MOSM11 967 18 931 14 1019 52 428.6 412 931 14 0.961269249 

18MOSM11 141.5 8.7 101.4 2.3 840 130 1762 1858 101.4 2.3 1.054483541 

18MOSM11 67.3 6.1 71.5 2.2 -90 170 755 863 71.5 2.2 1.143046358 

18MOSM11 1399 21 1344 26 1462 39 501 621 1462 39 1.239520958 

18MOSM11 507 45 342 8.1 1110 170 1100 1372 342 8.1 1.247272727 
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18MOSM11 1498 27 1308 33 1770 36 1108 1620 1770 36 1.462093863 

18MOSM11 1377 21 1294 20 1478 53 192.2 289 1478 53 1.50364204 

18MOSM11 1520 21 1412 28 1640 39 551 969 1640 39 1.75862069 

18MOSM11 165 14 51.6 3 2270 250 292.5 536 51.6 3 1.832478632 

18MOSM11 81.6 4.4 73.6 1.7 240 120 1935 124600 73.6 1.7 64.39276486 

 

Zircon ages and Th/U values for sample 18MOSM13 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18MOSM13 555 33 535 18 560 140 69.1 0.692 535 18 0.010014472 

18MOSM13 1307 69 1240 87 1472 46 1620 104.4 1472 46 0.064444444 

18MOSM13 1038 28 997 39 1134 49 958 73.7 997 39 0.076931106 

18MOSM13 1267 58 1001 74 1830 34 2030 229 1001 74 0.112807882 

18MOSM13 1654 17 1614 31 1695 32 962 137.2 1695 32 0.142619543 

18MOSM13 110.5 9.7 83.4 2.5 610 190 428 64.9 83.4 2.5 0.151635514 

18MOSM13 52.6 3 53.6 2.3 19 94 2300 375 53.6 2.3 0.163043478 

18MOSM13 821 78 636 66 1410 74 990 166.4 636 66 0.168080808 

18MOSM13 87.8 6 83.8 2.7 170 150 482 99.8 83.8 2.7 0.207053942 

18MOSM13 1176 46 1078 53 1377 42 507 111 1078 53 0.218934911 

18MOSM13 1720 18 1720 30 1707 38 379 87.9 1707 38 0.231926121 

18MOSM13 84.8 6.6 79.5 2.5 140 160 532.4 124.4 79.5 2.5 0.233658903 

18MOSM13 66 6.4 68.3 2.8 -40 200 363 85.4 68.3 2.8 0.235261708 

18MOSM13 1687 37 1532 56 1877 40 483 116.1 1877 40 0.240372671 

18MOSM13 1375 29 1369 47 1387 41 940 229 1387 41 0.243617021 

18MOSM13 90.7 4.1 68.7 1.4 651 87 5659 1554 68.7 1.4 0.274606821 

18MOSM13 938 49 893 51 1033 67 176 48.7 893 51 0.276704545 

18MOSM13 85.5 5.6 81.1 2.3 170 150 536.9 153 81.1 2.3 0.284969268 

18MOSM13 82.5 5.8 58.1 1.8 750 170 555 163 58.1 1.8 0.293693694 

18MOSM13 71.8 5.5 70 2.3 100 160 464 138.4 70 2.3 0.298275862 
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18MOSM13 100.2 9.4 99 3.7 70 200 305 94.9 99 3.7 0.311147541 

18MOSM13 900 110 743 92 1330 140 452 146 743 92 0.32300885 

18MOSM13 82.3 4.8 68.6 2.8 430 120 1379 451 68.6 2.8 0.327048586 

18MOSM13 970 140 880 130 1170 180 580 193.2 880 130 0.333103448 

18MOSM13 114 7.6 106.1 3 210 140 523 189 106.1 3 0.361376673 

18MOSM13 98.7 6.1 94.9 2.6 170 130 521 194.3 94.9 2.6 0.37293666 

18MOSM13 1720 18 1656 29 1789 37 495.7 185.5 1789 37 0.374218277 

18MOSM13 73.5 2.6 66.1 1.5 268 84 3750 1440 66.1 1.5 0.384 

18MOSM13 93.2 5.1 90.7 2.8 120 110 740 299 90.7 2.8 0.404054054 

18MOSM13 167 17 166.4 7 100 230 73.3 30.7 166.4 7 0.418826739 

18MOSM13 1655 17 1676 29 1619 30 567 239 1619 30 0.421516755 

18MOSM13 147 16 86.4 3.2 960 210 471 199.1 86.4 3.2 0.422717622 

18MOSM13 1223 31 1052 26 1528 90 103.7 44 1052 26 0.424300868 

18MOSM13 80.4 2.4 63.7 1.6 587 86 3990 1700 63.7 1.6 0.426065163 

18MOSM13 115 13 64.7 2.3 1150 180 798 354 64.7 2.3 0.443609023 

18MOSM13 75.9 4.8 69.6 2.7 230 110 1680 758 69.6 2.7 0.451190476 

18MOSM13 1669 19 1640 31 1697 42 237.2 110 1697 42 0.463743676 

18MOSM13 178 16 170.5 6 170 190 281 131 170.5 6 0.466192171 

18MOSM13 86.3 5.7 87.9 2.3 20 150 427 200.5 87.9 2.3 0.469555035 

18MOSM13 1354 17 1255 21 1501 33 599 290 1501 33 0.484140234 

18MOSM13 96.2 7 92.6 3 140 150 463 227 92.6 3 0.490280778 

18MOSM13 70.5 7 67.3 2.3 120 210 286 142 67.3 2.3 0.496503497 

18MOSM13 72.2 2.7 70.7 2.1 121 79 2900 1449 70.7 2.1 0.499655172 

18MOSM13 65.6 4.3 60.4 1.8 170 130 935 469 60.4 1.8 0.501604278 

18MOSM13 141 13 147.4 4.3 40 180 187 94.2 147.4 4.3 0.503743316 

18MOSM13 95.8 4.7 88.6 2.4 240 120 981 500 88.6 2.4 0.509683996 

18MOSM13 88.3 4.5 88.8 2.2 50 110 832 430 88.8 2.2 0.516826923 

18MOSM13 161 11 161.7 4.8 120 140 315 164.3 161.7 4.8 0.521587302 

18MOSM13 72.4 4 67.7 2.4 170 120 1183 619 67.7 2.4 0.523245985 

18MOSM13 110 6.7 89.5 2.7 510 150 524 287 89.5 2.7 0.547709924 

18MOSM13 103.2 5.9 79.2 2.1 590 130 721 405 79.2 2.1 0.561719834 

18MOSM13 321.4 9.8 311.3 8.2 370 69 821 463 311.3 8.2 0.563946407 

18MOSM13 125.9 7 87.3 2.2 880 120 716 413 87.3 2.2 0.576815642 
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18MOSM13 135 12 94.1 4 790 160 780 451 94.1 4 0.578205128 

18MOSM13 60.4 3.4 59.5 1.5 100 120 1142 662 59.5 1.5 0.579684764 

18MOSM13 102 5.3 104.4 3.1 20 100 973 567 104.4 3.1 0.582733813 

18MOSM13 106 15 84.7 3.9 520 270 171 99.8 84.7 3.9 0.583625731 

18MOSM13 67.8 6 66.5 2 30 180 414 243.4 66.5 2 0.587922705 

18MOSM13 449 22 404 23 640 86 366 217.4 404 23 0.593989071 

18MOSM13 1353 15 1341 23 1362 39 336 203 1362 39 0.604166667 

18MOSM13 77.1 4.8 74.5 2 140 130 578 352 74.5 2 0.60899654 

18MOSM13 70 8 61.8 2.6 240 230 279 172 61.8 2.6 0.616487455 

18MOSM13 1712 25 1687 30 1735 55 126.5 78.8 1735 55 0.622924901 

18MOSM13 1612 22 1540 43 1708 35 672 423 1708 35 0.629464286 

18MOSM13 104.2 6.2 94.4 2.5 300 130 833 529 94.4 2.5 0.635054022 

18MOSM13 1080 97 744 85 2120 100 475 306 744 85 0.644210526 

18MOSM13 95.8 4.2 94 2.7 126 99 1130 737 94 2.7 0.652212389 

18MOSM13 2344 34 1976 59 2685 28 549 365.6 2685 28 0.665938069 

18MOSM13 64.2 7.7 67 2.2 -100 220 346 237 67 2.2 0.684971098 

18MOSM13 89.4 4.8 86.6 2.4 150 120 566 401 86.6 2.4 0.708480565 

18MOSM13 72.3 5.5 66.6 2 210 160 509 361 66.6 2 0.709233792 

18MOSM13 84.3 5.2 84.7 2.4 60 130 777 578 84.7 2.4 0.743886744 

18MOSM13 2526 67 2330 120 2735 26 1060 820 2735 26 0.773584906 

18MOSM13 530 130 480 120 580 220 278 219 480 120 0.787769784 

18MOSM13 101 5.6 99.6 3.2 90 110 684 547 99.6 3.2 0.799707602 

18MOSM13 1505 31 1270 36 1850 44 731 600 1850 44 0.820793434 

18MOSM13 1394 37 1208 58 1707 31 1430 1210 1707 31 0.846153846 

18MOSM13 281 40 117.9 5.3 1480 290 579 526 117.9 5.3 0.908462867 

18MOSM13 1601 22 1463 35 1776 37 568 520 1776 37 0.915492958 

18MOSM13 1535 20 1483 28 1601 41 259.7 243.7 1601 41 0.938390451 

18MOSM13 197.4 7.8 193.8 6.2 213 76 1256 1242 193.8 6.2 0.988853503 

18MOSM13 117.5 6.8 110.8 3.4 190 130 551 545 110.8 3.4 0.989110708 

18MOSM13 2428 27 2437 46 2390 38 61.1 80.5 2390 38 1.317512275 

18MOSM13 1563 22 1612 35 1489 43 453 625 1489 43 1.379690949 

18MOSM13 57 5.4 55.7 2 40 190 440 625 55.7 2 1.420454545 

18MOSM13 1593 31 1364 53 1927 36 846 1360 1927 36 1.607565012 
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18MOSM13 2703 25 2650 54 2738 45 52.99 146.4 2738 45 2.762785431 

 

Zircon ages and Th/U values for sample 18YSSM10 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18YSSM10 465 47 284 32 1567 41 3220 30.2 284 32 0.009378882 

18YSSM10 1194 41 1108 57 1323 37 1580 120 1108 57 0.075949367 

18YSSM10 357 86 292 73 620 150 1436 121 292 73 0.084261838 

18YSSM10 2146 30 1655 50 2669 29 1920 298 2669 29 0.155208333 

18YSSM10 2640 18 2434 44 2797 23 532.7 87.2 2797 23 0.163694387 

18YSSM10 1581 28 1496 47 1701 29 1240 237 1701 29 0.191129032 

18YSSM10 78.3 4.5 76.4 2 110 130 505 99 76.4 2 0.196039604 

18YSSM10 1545 48 1259 72 2001 63 1440 293 2001 63 0.203472222 

18YSSM10 1706 26 1649 42 1766 42 685 153.8 1766 42 0.224525547 

18YSSM10 84.6 5.5 84.4 2.5 60 130 569 131.2 84.4 2.5 0.230579965 

18YSSM10 100.5 9.8 77 2.2 570 200 434 102.4 77 2.2 0.2359447 

18YSSM10 1728 45 1686 66 1802 31 803 192.8 1802 31 0.240099626 

18YSSM10 1542 30 1434 47 1703 34 724 175 1703 34 0.241712707 

18YSSM10 75 5.2 74.5 3.2 80 140 1140 276 74.5 3.2 0.242105263 

18YSSM10 84.4 5.6 84.3 2.4 60 130 597 147.1 84.3 2.4 0.24639866 

18YSSM10 1602 15 1531 25 1687 32 785 203.8 1687 32 0.259617834 

18YSSM10 70.8 3.6 67.9 2.8 112 93 1716 467 67.9 2.8 0.272144522 

18YSSM10 74 4 74.8 3.6 88 85 1860 516 74.8 3.6 0.277419355 

18YSSM10 2626 43 2464 98 2793 35 2150 603 2793 35 0.280465116 

18YSSM10 92.1 5.5 88.7 3.2 190 140 568 160.8 88.7 3.2 0.283098592 

18YSSM10 79.5 7.1 83.2 2.6 -50 180 362 102.5 83.2 2.6 0.283149171 

18YSSM10 1737 70 1207 90 2518 30 2820 820 2518 30 0.290780142 

18YSSM10 425 62 338 48 824 93 1590 463 338 48 0.291194969 

18YSSM10 1669 18 1635 33 1699 36 469 138.3 1699 36 0.294882729 



69 

18YSSM10 92.3 5.6 84.1 2.6 260 130 667 198 84.1 2.6 0.296851574 

18YSSM10 110 7.7 94.4 2.8 380 160 508 157 94.4 2.8 0.309055118 

18YSSM10 2408 42 2001 76 2785 36 1076 334 2785 36 0.310408922 

18YSSM10 3151 32 3007 74 3245 27 501 160 3245 27 0.319361277 

18YSSM10 211 20 155 12 790 130 400 128.4 155 12 0.321 

18YSSM10 202 7.4 196.8 5.1 232 90 573 184 196.8 5.1 0.321116928 

18YSSM10 1639 34 1663 56 1620 43 305 98.6 1620 43 0.323278689 

18YSSM10 2852 21 2791 56 2899 33 198.7 66 2899 33 0.332159034 

18YSSM10 1246 27 1182 39 1362 44 903 311 1182 39 0.34440753 

18YSSM10 179.1 7.1 182.5 4 140 110 576 203.2 182.5 4 0.352777778 

18YSSM10 3037 64 3490 160 2787 26 531 189 2787 26 0.355932203 

18YSSM10 110 11 88.6 3.3 410 170 930 332 88.6 3.3 0.356989247 

18YSSM10 993 18 996 17 986 56 278 99.5 996 17 0.357913669 

18YSSM10 1723 19 1747 39 1694 40 512 188.2 1694 40 0.367578125 

18YSSM10 122.3 8.6 83.7 3.2 940 170 1151 431 83.7 3.2 0.374456994 

18YSSM10 1667 14 1628 29 1710 32 534.9 202.5 1710 32 0.378575435 

18YSSM10 77.2 6.3 85.6 3.2 -120 160 270 102.6 85.6 3.2 0.38 

18YSSM10 169.2 6.7 166.1 4 179 86 655 252 166.1 4 0.384732824 

18YSSM10 214 14 207.5 5.4 230 140 180 69.3 207.5 5.4 0.385 

18YSSM10 1120 28 1128 32 1130 76 107 41.6 1128 32 0.388785047 

18YSSM10 100.1 6.8 95.1 3.5 180 140 574 224 95.1 3.5 0.390243902 

18YSSM10 75.1 3.7 67.8 2.5 269 90 2130 833 67.8 2.5 0.391079812 

18YSSM10 1701 19 1697 30 1699 43 237.5 94.3 1699 43 0.397052632 

18YSSM10 1516 28 1575 36 1439 42 300 121.9 1439 42 0.406333333 

18YSSM10 2295 89 1740 150 2942 32 1100 451 2942 32 0.41 

18YSSM10 98.8 8.1 99.7 3.4 80 170 449 185 99.7 3.4 0.412026726 

18YSSM10 68.8 3.5 71.1 2.5 2 99 2180 906 71.1 2.5 0.41559633 

18YSSM10 71.6 5 71 2.6 60 120 1300 556 71 2.6 0.427692308 

18YSSM10 80.3 7.8 78.9 2.5 70 200 215.9 92.4 78.9 2.5 0.427975915 

18YSSM10 206 23 100.8 4.2 1340 200 1070 468 100.8 4.2 0.437383178 

18YSSM10 1273 22 1131 21 1513 43 242.4 107.4 1131 21 0.443069307 

18YSSM10 99.1 7 92.6 2.3 190 130 1066 482 92.6 2.3 0.452157598 

18YSSM10 80.5 4.7 79.4 3 110 120 934 432 79.4 3 0.462526767 
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18YSSM10 2468 24 2487 47 2438 36 308 147.9 2438 36 0.480194805 

18YSSM10 372 12 368.3 9.3 366 75 687 333 368.3 9.3 0.484716157 

18YSSM10 96.2 5 97.1 2.8 50 110 1023 505 97.1 2.8 0.493646139 

18YSSM10 86.6 5 86.4 3.1 70 100 1088 540 86.4 3.1 0.496323529 

18YSSM10 78.1 6.6 74.5 2.3 110 170 290 148.3 74.5 2.3 0.51137931 

18YSSM10 112.5 7.2 106 3.5 190 140 570 293 106 3.5 0.514035088 

18YSSM10 1479 20 1468 28 1489 43 407 209.5 1489 43 0.514742015 

18YSSM10 1741 25 1703 44 1769 31 1094 568 1769 31 0.519195612 

18YSSM10 1398 20 1347 33 1475 44 801 418 1475 44 0.52184769 

18YSSM10 103.9 7.5 101 3 130 150 294 153.5 101 3 0.522108844 

18YSSM10 97 5.1 93.7 3.1 160 100 1090 588 93.7 3.1 0.539449541 

18YSSM10 112.1 7.2 92.1 3 480 120 956 517 92.1 3 0.540794979 

18YSSM10 1063 18 1048 19 1076 49 482.3 276.8 1048 19 0.573916649 

18YSSM10 2486 41 2369 67 2585 44 283 163.1 2585 44 0.576325088 

18YSSM10 169 11 74.5 2.8 1760 120 393 226.6 74.5 2.8 0.576590331 

18YSSM10 1293 19 1220 28 1411 46 425 252.9 1411 46 0.595058824 

18YSSM10 94.6 9.3 93.5 3.4 40 190 242 145 93.5 3.4 0.599173554 

18YSSM10 1656 19 1724 35 1565 43 329 204 1565 43 0.62006079 

18YSSM10 94.9 5.1 94 2.3 100 120 579 361 94 2.3 0.623488774 

18YSSM10 71.3 4 75 2.1 -30 110 871 558 75 2.1 0.640642939 

18YSSM10 99.6 6.3 94 2.4 180 140 572 374.2 94 2.4 0.654195804 

18YSSM10 614 14 627 12 545 63 415 274 627 12 0.660240964 

18YSSM10 1598 18 1581 35 1610 43 208 141 1610 43 0.677884615 

18YSSM10 460 100 384 87 690 190 316 225 384 87 0.712025316 

18YSSM10 168 17 99.3 2.9 1040 180 599 430 99.3 2.9 0.717863105 

18YSSM10 72 4.3 72.4 2.5 50 130 443 323 72.4 2.5 0.729119639 

18YSSM10 67.1 6.4 67.9 2.8 30 180 323 244.9 67.9 2.8 0.758204334 

18YSSM10 1069 24 1062 23 1054 77 107 82.2 1062 23 0.768224299 

18YSSM10 1313 17 1274 26 1377 47 399.3 308 1377 47 0.771349862 

18YSSM10 136.5 9.5 137.6 4.3 80 150 287 224 137.6 4.3 0.780487805 

18YSSM10 68.3 4.9 64.5 1.7 130 150 557 436 64.5 1.7 0.782764811 

18YSSM10 160.5 8.1 66.4 2.6 1912 89 865 689 66.4 2.6 0.796531792 

18YSSM10 77.9 5.6 74.1 2.4 200 170 386 313 74.1 2.4 0.810880829 
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18YSSM10 69.3 6.2 77.1 2.6 -170 160 458 374 77.1 2.6 0.816593886 

18YSSM10 77.2 7.5 70.5 3.6 210 210 463 386 70.5 3.6 0.833693305 

18YSSM10 2287 32 1800 69 2758 33 716 624 2758 33 0.87150838 

18YSSM10 104.2 7.8 100.5 3.2 140 160 358 313 100.5 3.2 0.874301676 

18YSSM10 2657 20 2699 48 2621 32 255 226 2621 32 0.88627451 

18YSSM10 2761 31 2664 67 2798 37 408 394 2798 37 0.965686275 

18YSSM10 1654 23 1678 31 1617 45 176.3 181.2 1617 45 1.027793534 

18YSSM10 155 19 87 3 1040 250 273 291 87 3 1.065934066 

18YSSM10 773 14 450 12 1870 40 2357 2585 450 12 1.096733135 

18YSSM10 2677 23 2631 49 2716 33 111.2 123.2 2716 33 1.107913669 

18YSSM10 1874 21 1899 35 1841 42 231 266 1841 42 1.151515152 

18YSSM10 1709 30 1725 43 1675 57 85.5 122.3 1675 57 1.430409357 

18YSSM10 1224 81 712 77 2352 35 2610 3780 712 77 1.448275862 

18YSSM10 617 50 778 67 50 140 84.8 133.1 778 67 1.569575472 

18YSSM10 1831 24 1813 37 1853 41 156.6 248 1853 41 1.583652618 

18YSSM10 2681 25 2642 45 2705 39 79.3 128.4 2705 39 1.619167718 

18YSSM10 249 13 198.6 6.2 690 130 313.5 1096 198.6 6.2 3.496012759 

18YSSM10 693 29 111.4 6 3970 120 53.2 250.3 111.4 6 4.704887218 

 

Zircon ages and Th/U values for sample 18CODS01 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18CODS01 73.6 7.7 65.9 2.8 230 210 325 30 65.9 2.8 0.092307692 

18CODS01 1647 23 1351 24 2046 51 86.7 12.05 2046 51 0.138985006 

18CODS01 924 26 627 25 1761 50 2350 363 627 25 0.154468085 

18CODS01 1239 23 1012 28 1676 34 895 146 1012 28 0.163128492 

18CODS01 1371 12 1315 24 1486 25 2380 477.9 1486 25 0.200798319 

18CODS01 1621 16 1552 22 1717 27 789 168.2 1717 27 0.213181242 

18CODS01 1410.8 9.1 1392 15 1427 26 635 146.4 1427 26 0.230551181 
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18CODS01 1503 15 1513 25 1484 30 538 128.4 1484 30 0.23866171 

18CODS01 1773 32 1716 53 1847 47 562 143.8 1847 47 0.255871886 

18CODS01 1100 36 203.7 4.2 4072 83 4290 1118 203.7 4.2 0.260606061 

18CODS01 1515 24 1357 35 1753 35 560 148.8 1753 35 0.265714286 

18CODS01 1498 33 1465 35 1576 67 492 141 1576 67 0.286585366 

18CODS01 1709 11 1714 18 1689 23 600 178.9 1689 23 0.298166667 

18CODS01 1767 15 1805 21 1733 30 419 125.4 1733 30 0.29928401 

18CODS01 1283 21 1168 23 1540 42 1409 428 1168 23 0.303761533 

18CODS01 1592 28 1286 18 2022 72 540 164.5 2022 72 0.30462963 

18CODS01 1388 15 729 38 2650 73 1495 456 729 38 0.305016722 

18CODS01 1413 14 1373 13 1456 35 260.5 83.5 1456 35 0.320537428 

18CODS01 1673 16 1664 25 1690 25 755 254 1690 25 0.336423841 

18CODS01 1558 11 1482 18 1666 17 19150 6607 1666 17 0.345013055 

18CODS01 1238 19 957 28 1779 62 285 101 957 28 0.354385965 

18CODS01 1087 11 1086 13 1098 32 1050 373 1086 13 0.355238095 

18CODS01 1001 12 794 12 1492 38 955 347.8 794 12 0.364188482 

18CODS01 1324 27 1308 25 1329 72 98.3 38 1329 72 0.386571719 

18CODS01 1091 16 1071 14 1110 46 263.6 106.5 1071 14 0.404021244 

18CODS01 951 18 781 21 1377 50 509 206.7 781 21 0.406090373 

18CODS01 68 11 64.1 2.2 60 210 378 157.3 64.1 2.2 0.416137566 

18CODS01 1655 18 1466 31 1902 45 518 216 1902 45 0.416988417 

18CODS01 1384 15 1350 15 1412 35 334.3 144.9 1412 35 0.433443015 

18CODS01 1367 10 1335 16 1419 24 1330 584.6 1419 24 0.439548872 

18CODS01 1511 21 1531 25 1475 39 197 88.4 1475 39 0.448730964 

18CODS01 1429 13 1424 17 1419 36 215.2 99 1419 36 0.460037175 

18CODS01 1077 22 1118 21 1079 60 451 208 1118 21 0.461197339 

18CODS01 1084 23 1076 28 1118 55 388 183.7 1076 28 0.473453608 

18CODS01 75.3 5.8 67.9 1.8 220 150 975 466.5 67.9 1.8 0.478461538 

18CODS01 1389 68 1185 31 1640 110 198.1 98.2 1185 31 0.495709238 

18CODS01 1077 13 1084 13 1077 36 389.8 193.6 1084 13 0.496664956 

18CODS01 1760 48 1376 31 2241 91 111.8 56.1 2241 91 0.501788909 

18CODS01 1188 29 1102 31 1441 76 407 216 1102 31 0.530712531 

18CODS01 1093 14 1099 13 1085 40 378 203 1099 13 0.537037037 
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18CODS01 1551 15 1464 23 1679 25 1107 604 1679 25 0.54561879 

18CODS01 1050 18 1006 15 1133 59 161.8 88.7 1006 15 0.548207664 

18CODS01 1051 17 1058 15 1000 59 127.3 70.5 1058 15 0.553809898 

18CODS01 1266 20 971 17 1838 49 528 295 971 17 0.558712121 

18CODS01 1799 37 1698 50 1893 50 467 271 1893 50 0.580299786 

18CODS01 1732 12 1665 20 1828 22 1118 666 1828 22 0.595706619 

18CODS01 1120 35 1165 27 1040 100 46.2 27.7 1165 27 0.5995671 

18CODS01 1372 14 1336 20 1443 39 297.6 180 1443 39 0.60483871 

18CODS01 1255 37 1034 19 1637 76 416 257 1034 19 0.617788462 

18CODS01 1104 25 1108 18 1142 71 247 156 1108 18 0.631578947 

18CODS01 1183 16 1043 21 1435 40 937 594 1043 21 0.6339381 

18CODS01 1047 17 1037 17 1043 62 182 118.7 1037 17 0.652197802 

18CODS01 1026 18 1025 20 1017 58 215 142.6 1025 20 0.663255814 

18CODS01 1706 16 1711 24 1708 34 226 154 1708 34 0.681415929 

18CODS01 1098 35 1095 27 1100 100 84.6 58.1 1095 27 0.686761229 

18CODS01 1066 21 1081 21 1060 67 126.7 87.5 1081 21 0.690607735 

18CODS01 1016 14 993 14 1072 45 319 227.2 993 14 0.712225705 

18CODS01 1052 18 1054 17 1030 64 224 161.3 1054 17 0.720089286 

18CODS01 1074 15 1039 14 1154 48 405 292 1039 14 0.720987654 

18CODS01 1085 24 1050 19 1142 65 312.4 230.3 1050 19 0.737195903 

18CODS01 1391 23 1385 26 1404 56 214 158 1404 56 0.738317757 

18CODS01 1736 63 1426 57 2110 120 23.2 17.2 2110 120 0.74137931 

18CODS01 1431 15 1426 22 1450 38 386 294 1450 38 0.761658031 

18CODS01 86.8 6.3 85.1 3.7 130 130 2770 2120 85.1 3.7 0.76534296 

18CODS01 1144 19 1070 13 1308 53 328 253 1070 13 0.771341463 

18CODS01 1048 19 1065 17 1021 63 166 129 1065 17 0.777108434 

18CODS01 1038 26 1061 23 981 78 132.8 104 1061 23 0.78313253 

18CODS01 1016 21 1042 20 965 72 212 173 1042 20 0.816037736 

18CODS01 1085 18 1079 17 1077 55 195 162 1079 17 0.830769231 

18CODS01 464 24 435.3 9.1 610 130 135.1 112.8 435.3 9.1 0.834937084 

18CODS01 1045 27 711 16 1886 63 472 400 711 16 0.847457627 

18CODS01 1035 25 1029 21 1101 60 128.2 109 1029 21 0.850234009 

18CODS01 1082 25 1060 18 1163 71 121.3 105 1060 18 0.865622424 
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18CODS01 1082 21 1036 20 1153 60 192.9 171.5 1036 20 0.88906169 

18CODS01 1085 16 1072 15 1099 51 161 144.2 1072 15 0.895652174 

18CODS01 1115 23 1074 18 1197 59 177 165.4 1074 18 0.934463277 

18CODS01 1053 30 1046 24 1078 85 93.9 88.2 1046 24 0.939297125 

18CODS01 1059 25 1046 21 1095 77 87.5 82.8 1046 21 0.946285714 

18CODS01 1005 27 1015 21 949 96 89.5 85 1015 21 0.94972067 

18CODS01 1190 34 1054 25 1455 97 75.5 72.2 1054 25 0.956291391 

18CODS01 1076 17 1001 14 1236 48 267.3 257.5 1001 14 0.963337074 

18CODS01 1020 18 988 15 1110 52 208 203 988 15 0.975961538 

18CODS01 1034 17 1005 16 1073 53 200 195.9 1005 16 0.9795 

18CODS01 1026 23 985 19 1103 73 107.1 105 985 19 0.980392157 

18CODS01 1069 25 1063 19 1052 85 73.5 75.1 1063 19 1.021768707 

18CODS01 1087 20 1083 17 1095 57 130 133.9 1083 17 1.03 

18CODS01 1109 20 1105 16 1092 60 130.3 138.5 1105 16 1.062931696 

18CODS01 1044 19 1037 17 1042 64 101.8 112.5 1037 17 1.105108055 

18CODS01 1046 17 1043 17 1046 56 199 221 1043 17 1.110552764 

18CODS01 1020 25 1015 20 1032 78 126 141.5 1015 20 1.123015873 

18CODS01 1335 14 1259 17 1461 35 577 695 1461 35 1.204506066 

18CODS01 1117 13 958 25 1438 65 614 900 958 25 1.465798046 

18CODS01 1423 21 1420 21 1445 49 184 273 1445 49 1.483695652 

18CODS01 1044 33 1037 18 1020 100 56 99 1037 18 1.767857143 

18CODS01 947 10 575 10 1942 25 1532 2850 575 10 1.860313316 

18CODS01 1787 32 1640 25 1987 64 42.83 88.4 1987 64 2.06397385 

  

Zircon ages and Th/U values for sample 18CODS02 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18DSCO02 1557 20 1490 25 1631 26 1866 29.6 1631 26 0.015862808 

18DSCO02 1398 17 1432 22 1405 27 1980 90.8 1405 27 0.045858586 
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18DSCO02 1316 16 1277 20 1375 35 952 54 1375 35 0.056722689 

18DSCO02 1598 15 1527 32 1712 29 2112 120.1 1712 29 0.05686553 

18DSCO02 1557 18 1478 28 1673 30 2021 156.4 1673 30 0.077387432 

18DSCO02 1429 21 1346 28 1558 34 1648 129.9 1558 34 0.078822816 

18DSCO02 2187 82 1425 50 2990 140 77 6.23 2990 140 0.080909091 

18DSCO02 1387 23 1077 40 1912 47 1330 136 1077 40 0.102255639 

18DSCO02 766 19 542 26 1517 38 6150 669 542 26 0.108780488 

18DSCO02 1593 20 1517 30 1715 32 3130 352 1715 32 0.112460064 

18DSCO02 1618 35 1577 38 1664 35 1770 250 1664 35 0.141242938 

18DSCO02 796 23 344 15 2407 31 2170 332.1 344 15 0.153041475 

18DSCO02 1305 13 1192 31 1487 30 4100 637 1192 31 0.155365854 

18DSCO02 1376 28 1255 32 1544 52 1681 278 1544 52 0.165377751 

18DSCO02 1642 16 1576 29 1702 31 2010 342 1702 31 0.170149254 

18DSCO02 46.1 3.3 34.5 1 550 140 7900 1455 34.5 1 0.184177215 

18DSCO02 1414 29 1268 39 1649 52 2250 443 1649 52 0.196888889 

18DSCO02 1480 38 1126 40 2004 28 1190 240 1126 40 0.201680672 

18DSCO02 216 26 139 14 940 110 1930 461 139 14 0.238860104 

18DSCO02 1626 17 1584 25 1660 35 677 162.9 1660 35 0.240620384 

18DSCO02 1696 23 1552 25 1857 42 1360 339.4 1857 42 0.249558824 

18DSCO02 1471 67 1170 110 2220 130 2180 547 1170 110 0.250917431 

18DSCO02 1436 24 1407 26 1452 44 790 201 1452 44 0.25443038 

18DSCO02 1583 31 1566 41 1624 28 1030 267.4 1624 28 0.25961165 

18DSCO02 1644 18 1554 28 1745 39 892 238 1745 39 0.266816143 

18DSCO02 1630 20 1555 22 1694 33 519 138.9 1694 33 0.267630058 

18DSCO02 1607 20 1546 29 1676 36 939 252 1676 36 0.268370607 

18DSCO02 1634 18 1588 27 1680 35 1412 397.7 1680 35 0.281657224 

18DSCO02 1380 35 1101 37 1816 30 3710 1063 1101 37 0.286522911 

18DSCO02 1672 19 1653 25 1689 31 605 185.3 1689 31 0.306280992 

18DSCO02 1519 26 1445 28 1615 45 510 157 1615 45 0.307843137 

18DSCO02 1413 17 1401 22 1415 42 349 108.5 1415 42 0.310888252 

18DSCO02 1654 24 1654 26 1633 39 410 130.1 1633 39 0.317317073 

18DSCO02 1364 20 1332 28 1416 38 1485 479 1416 38 0.322558923 

18DSCO02 1328 20 1261 26 1423 47 402 130.9 1423 47 0.325621891 
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18DSCO02 1620 23 1580 28 1669 36 1347 452 1669 36 0.335560505 

18DSCO02 1455 18 1391 25 1510 30 1526 518 1510 30 0.339449541 

18DSCO02 1612 17 1553 24 1657 34 557 190.1 1657 34 0.341292639 

18DSCO02 1117 39 456 27 1581 39 5460 1910 456 27 0.34981685 

18DSCO02 1033 20 1054 21 971 48 697 244.2 1054 21 0.35035868 

18DSCO02 1771 19 1708 23 1827 29 724 254 1827 29 0.350828729 

18DSCO02 1717 18 1687 24 1724 40 354 125.5 1724 40 0.354519774 

18DSCO02 1599 20 1523 29 1681 33 934 338.5 1681 33 0.3624197 

18DSCO02 1022 21 922 17 1200 63 567 208 922 17 0.366843034 

18DSCO02 1426 26 1389 27 1463 52 433 161.4 1463 52 0.372748268 

18DSCO02 1355 18 1323 22 1424 31 1490 561 1424 31 0.376510067 

18DSCO02 1570 15 1491 31 1672 20 2910 1099 1672 20 0.37766323 

18DSCO02 1370 27 1142 38 1738 32 2870 1088 1142 38 0.379094077 

18DSCO02 1645 21 1438 24 1915 29 1139 433 1915 29 0.380158033 

18DSCO02 1552 19 1385 38 1792 37 711 278 1792 37 0.390998594 

18DSCO02 1677 26 1264 32 2183 52 527 209.2 2183 52 0.396963947 

18DSCO02 1519 34 1351 48 1781 36 1960 788 1781 36 0.402040816 

18DSCO02 1346 16 1302 24 1412 39 1189 489 1412 39 0.411269975 

18DSCO02 1552 20 1482 25 1612 46 488.6 209.8 1612 46 0.429390094 

18DSCO02 1586 24 1499 37 1692 44 385 166.1 1692 44 0.431428571 

18DSCO02 1561 20 1484 28 1659 32 1576 682 1659 32 0.432741117 

18DSCO02 34.5 1.9 35.3 0.79 -10 110 4660 2087 35.3 0.79 0.447854077 

18DSCO02 1613 20 1539 25 1720 32 1820 817 1720 32 0.448901099 

18DSCO02 1425 28 1095 36 1962 38 2490 1127 1095 36 0.452610442 

18DSCO02 1823 22 1792 31 1840 37 478 216.8 1840 37 0.453556485 

18DSCO02 29.2 1 27.22 0.5 202 73 13340 6120 27.22 0.5 0.458770615 

18DSCO02 1462 19 1314 27 1660 44 438 207.1 1660 44 0.47283105 

18DSCO02 1417 17 1370 31 1453 41 1232 586 1453 41 0.475649351 

18DSCO02 1518 30 1472 35 1545 42 586 280 1545 42 0.4778157 

18DSCO02 1622 21 1581 25 1652 37 821 394 1652 37 0.479902558 

18DSCO02 1385 16 1324 26 1458 32 1163 566 1458 32 0.486672399 

18DSCO02 1700 21 1723 32 1672 37 880 437 1672 37 0.496590909 

18DSCO02 1864 42 1313 35 2516 86 59.4 29.6 2516 86 0.498316498 
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18DSCO02 1391 15 1387 23 1376 40 749 379 1376 40 0.506008011 

18DSCO02 1426 17 1415 21 1408 36 504 259 1408 36 0.513888889 

18DSCO02 1646 18 1591 28 1691 33 809 416 1691 33 0.51421508 

18DSCO02 1181 21 891 29 1767 29 1139 597 891 29 0.524143986 

18DSCO02 1688 25 1691 28 1678 32 890 489 1678 32 0.549438202 

18DSCO02 1669 19 1610 33 1719 34 3370 1870 1719 34 0.554896142 

18DSCO02 1364 25 1360 32 1358 59 393 220 1358 59 0.559796438 

18DSCO02 32.4 3.2 34.5 1.2 -150 180 1066 601 34.5 1.2 0.563789869 

18DSCO02 1560 18 1475 34 1676 28 2033 1184 1676 28 0.582390556 

18DSCO02 1658 26 1589 39 1728 55 409 239 1728 55 0.584352078 

18DSCO02 107 7.2 89.9 2.4 420 150 1121 674 89.9 2.4 0.601248885 

18DSCO02 1629 19 1583 26 1671 33 1095 662 1671 33 0.60456621 

18DSCO02 1486 27 1370 47 1660 71 392 247.2 1660 71 0.630612245 

18DSCO02 1360 23 1310 32 1453 56 352 227 1453 56 0.644886364 

18DSCO02 51.4 4.9 33.5 1.1 850 180 1889 1224 33.5 1.1 0.647961885 

18DSCO02 1440 26 1405 27 1437 53 275 188 1437 53 0.683636364 

18DSCO02 1744 20 1481 31 2054 46 302 213 2054 46 0.705298013 

18DSCO02 33.1 2.4 30.7 1.1 200 150 2540 1815 30.7 1.1 0.714566929 

18DSCO02 2850 150 1470 70 3700 150 22.5 16.7 3700 150 0.742222222 

18DSCO02 1321 20 1259 27 1413 50 666 496 1413 50 0.744744745 

18DSCO02 412 16 158.1 8.4 2316 63 1532 1148 158.1 8.4 0.749347258 

18DSCO02 154 12 39.7 2.3 2710 180 330 248 39.7 2.3 0.751515152 

18DSCO02 310 21 172 12 1554 58 2630 2010 172 12 0.764258555 

18DSCO02 2270 140 1651 59 2810 180 603 469 2810 180 0.777777778 

18DSCO02 33 3.8 31.9 1.3 40 230 1003 797 31.9 1.3 0.794616152 

18DSCO02 1401 30 1316 36 1497 70 140.1 113.5 1497 70 0.810135617 

18DSCO02 45 4.8 34.3 1.2 460 200 1470 1213 34.3 1.2 0.825170068 

18DSCO02 1327 28 1113 46 1678 23 2288 1970 1113 46 0.861013986 

18DSCO02 1090 34 1061 21 1090 110 107.1 93.7 1061 21 0.874883287 

18DSCO02 37.1 3.4 33 1.3 200 190 1850 1800 33 1.3 0.972972973 

18DSCO02 35.9 4.5 32.3 1.3 110 250 730 729 32.3 1.3 0.998630137 

18DSCO02 195 23 41.1 1.8 2800 210 831 852 41.1 1.8 1.025270758 

18DSCO02 36.6 4 33 1.3 180 210 1316 1434 33 1.3 1.089665653 
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18DSCO02 44.7 5.3 35.7 1.8 340 260 918 1040 35.7 1.8 1.132897603 

18DSCO02 37.3 3.2 30.1 1.1 450 200 1548 1824 30.1 1.1 1.178294574 

18DSCO02 30.9 2.7 30.5 1.3 80 180 1800 2400 30.5 1.3 1.333333333 

18DSCO02 1870 130 946 54 2190 170 186 251 946 54 1.349462366 

18DSCO02 36.1 4.4 33.1 1.1 110 240 805 1145 33.1 1.1 1.422360248 

18DSCO02 1356 14 1318 20 1420 36 854 1217 1420 36 1.425058548 

18DSCO02 37.2 6.3 32.9 1.7 50 310 451 683 32.9 1.7 1.514412417 

18DSCO02 1248 17 547 14 1920 44 1039 1680 547 14 1.616939365 

18DSCO02 993 27 823 32 1394 30 3470 5900 823 32 1.700288184 

18DSCO02 64.4 4.5 23.06 0.8 960 170 3150 5490 23.06 0.8 1.742857143 

18DSCO02 3037 69 1025 73 5100 130 16.02 31.24 1025 73 1.950062422 

18DSCO02 1709 65 1236 34 2320 100 236.1 497 2320 100 2.105040237 

18DSCO02 2316 85 1404 51 3030 110 52.4 143 3030 110 2.729007634 

18DSCO02 1003 52 514 27 2260 150 104.9 290 514 27 2.764537655 

18DSCO02 1960 59 1306 39 2720 90 1654 7040 2720 90 4.256348247 

 

Zircon ages and Th/U values for sample 18KSDS01 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18KSDS01 444 19 431 12 490 110 236.7 5.04 431 12 0.021292776 

18KSDS01 1079 20 1124 28 1007 47 1417 69 1124 28 0.048694425 

18KSDS01 1580 18 1582 33 1571 35 974 50.9 1571 35 0.052258727 

18KSDS01 1454 24 1435 34 1481 57 190.8 16.12 1481 57 0.084486373 

18KSDS01 1049 21 1052 31 1040 46 576 56.6 1052 31 0.098263889 

18KSDS01 1883 23 1746 36 2049 41 225 25.6 2049 41 0.113777778 

18KSDS01 1064 37 951 36 1350 110 465 63 951 36 0.135483871 

18KSDS01 1454 60 1405 76 1567 48 1540 225.8 1567 48 0.146623377 

18KSDS01 1777 36 1868 60 1676 73 210 33.4 1676 73 0.159047619 

18KSDS01 1248 27 1267 32 1211 61 218 40.5 1211 61 0.185779817 
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18KSDS01 1093 29 1063 34 1152 45 582 120 1063 34 0.206185567 

18KSDS01 372.3 9.9 382 8 325 72 965 201 382 8 0.208290155 

18KSDS01 1300 19 1293 24 1315 45 239 52.6 1315 45 0.220083682 

18KSDS01 1607 21 1600 33 1624 46 704 160.3 1624 46 0.227698864 

18KSDS01 1477 21 1481 34 1448 52 412 94.7 1448 52 0.229854369 

18KSDS01 3080 77 3240 130 3007 65 186 43.1 3007 65 0.23172043 

18KSDS01 1438 20 1431 33 1452 40 1038 258.2 1452 40 0.248747592 

18KSDS01 1041 23 1052 28 1006 71 239 65.1 1052 28 0.272384937 

18KSDS01 1106 21 1079 35 1170 54 1009 297 1079 35 0.294350842 

18KSDS01 1184 23 1196 30 1134 57 370 109.9 1196 30 0.297027027 

18KSDS01 1039 25 1041 26 1014 76 191 56.8 1041 26 0.297382199 

18KSDS01 1287 31 943 39 1969 60 999 301 943 39 0.301301301 

18KSDS01 1088 23 1132 35 1055 53 701 224 1132 35 0.319543509 

18KSDS01 766 27 568 31 1473 50 2250 752 568 31 0.334222222 

18KSDS01 79 11 76.9 2.7 20 190 460 156.2 76.9 2.7 0.339565217 

18KSDS01 1076 24 1072 26 1085 68 252 86.2 1072 26 0.342063492 

18KSDS01 942 54 700 52 1622 69 418 148 700 52 0.354066986 

18KSDS01 1175 21 1174 34 1191 50 641 243.7 1174 34 0.380187207 

18KSDS01 1727 21 1709 40 1764 46 613 245 1764 46 0.399673736 

18KSDS01 1109 24 1122 31 1094 60 248 103.3 1122 31 0.416532258 

18KSDS01 947 25 955 27 916 68 210 92 955 27 0.438095238 

18KSDS01 1136 19 1120 22 1173 59 188.5 83.3 1120 22 0.441909814 

18KSDS01 1053 27 991 21 1168 77 298 135 991 21 0.453020134 

18KSDS01 1059 32 1082 31 970 99 90 41.2 1082 31 0.457777778 

18KSDS01 1458 21 1494 44 1415 39 813 380 1415 39 0.467404674 

18KSDS01 956 22 933 22 1019 61 244 116.8 933 22 0.478688525 

18KSDS01 30.7 4.6 32.6 1.5 -200 240 641 309 32.6 1.5 0.482059282 

18KSDS01 1062 20 1063 27 1055 55 398 199.3 1063 27 0.500753769 

18KSDS01 1695 24 1706 39 1684 46 403 202 1684 46 0.501240695 

18KSDS01 1038 26 1057 24 1012 63 182.1 91.8 1057 24 0.504118616 

18KSDS01 1597 18 1495 31 1710 35 742 381.6 1710 35 0.514285714 

18KSDS01 1046 20 1032 21 1074 60 302.9 157.2 1032 21 0.518983163 

18KSDS01 1009 33 1004 29 1020 110 64.9 33.7 1004 29 0.519260401 



80 

18KSDS01 32.8 5.3 35.1 2.2 -160 280 326 169.5 35.1 2.2 0.51993865 

18KSDS01 1860 24 1901 42 1827 47 397 208 1827 47 0.523929471 

18KSDS01 921 22 883 20 1008 72 307 160.9 883 20 0.524104235 

18KSDS01 1096 19 1112 25 1059 57 333 176 1112 25 0.528528529 

18KSDS01 1204 33 1220 34 1162 93 82.8 43.9 1162 93 0.530193237 

18KSDS01 128.7 8.6 125.3 3.6 180 150 645 342 125.3 3.6 0.530232558 

18KSDS01 1091 20 1094 25 1079 64 319 169.6 1094 25 0.531661442 

18KSDS01 1637 21 1596 34 1689 51 271.4 145 1689 51 0.534266765 

18KSDS01 1104 19 1098 27 1094 62 318 171.3 1098 27 0.538679245 

18KSDS01 1024 22 1017 25 1042 56 510 280.1 1017 25 0.549215686 

18KSDS01 1062 24 1083 24 999 66 312 172.8 1083 24 0.553846154 

18KSDS01 593 21 583 15 610 110 184.6 103.3 583 15 0.559588299 

18KSDS01 1138 27 1148 29 1093 87 79.3 44.4 1148 29 0.559899117 

18KSDS01 1741 18 1735 35 1736 38 659 373 1736 38 0.566009105 

18KSDS01 1044 36 1034 32 1060 100 135.3 76.8 1034 32 0.567627494 

18KSDS01 84.1 9.9 78 3 100 220 295 169 78 3 0.572881356 

18KSDS01 983 23 962 26 1039 72 145.7 86.5 962 26 0.593685655 

18KSDS01 332 11 244 18 1100 110 2990 1800 244 18 0.602006689 

18KSDS01 500 16 490 13 530 100 298.8 183.2 490 13 0.613119143 

18KSDS01 1055 28 1039 31 1040 100 118.9 75.1 1039 31 0.631623213 

18KSDS01 1039 17 1039 23 1045 51 330.3 211.1 1039 23 0.639115955 

18KSDS01 35.9 3.6 37.2 1.3 -90 190 666 430 37.2 1.3 0.645645646 

18KSDS01 1414 32 1244 41 1700 40 1524 996 1700 40 0.653543307 

18KSDS01 1714 21 1714 34 1718 47 396.6 260.9 1718 47 0.657841654 

18KSDS01 1060 20 1027 22 1121 54 305.6 205 1027 22 0.670811518 

18KSDS01 985 27 971 26 1017 79 148.6 100 971 26 0.67294751 

18KSDS01 361 10 337 10 490 68 1180 795 337 10 0.673728814 

18KSDS01 1082 30 1041 27 1152 93 91.4 61.9 1041 27 0.677242888 

18KSDS01 1133 19 1129 36 1103 67 148.1 101.3 1129 36 0.683997299 

18KSDS01 1113 25 1138 24 1061 82 123 84.2 1138 24 0.684552846 

18KSDS01 1503 22 1495 34 1515 59 129.3 88.8 1515 59 0.686774942 

18KSDS01 1128 24 1116 28 1117 78 128.8 88.7 1116 28 0.688664596 

18KSDS01 87 12 30.8 1.8 1830 300 642 445 30.8 1.8 0.693146417 
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18KSDS01 1109 49 1109 35 1120 130 45.3 32.1 1109 35 0.708609272 

18KSDS01 1039 25 1067 24 978 83 112.5 80.2 1067 24 0.712888889 

18KSDS01 1399 41 1395 41 1360 110 90 64.3 1360 110 0.714444444 

18KSDS01 1102 17 1080 26 1141 52 476 341.5 1080 26 0.717436975 

18KSDS01 1615 22 1578 42 1663 48 216.9 159.4 1663 48 0.734900876 

18KSDS01 1125 18 1104 23 1163 47 519 383 1104 23 0.737957611 

18KSDS01 1013 16 988 22 1054 49 577 437 988 22 0.757365685 

18KSDS01 504 19 499 16 523 89 432 329 499 16 0.761574074 

18KSDS01 1981 28 2032 58 2503 44 175.8 135.2 2503 44 0.769055745 

18KSDS01 1094 32 1079 33 1140 110 140 109.8 1079 33 0.784285714 

18KSDS01 27.7 2.9 28.8 1.2 -10 220 450 354 28.8 1.2 0.786666667 

18KSDS01 1447 19 1458 26 1439 51 359 292 1439 51 0.813370474 

18KSDS01 1087 25 1095 24 1049 63 213.2 175 1095 24 0.820825516 

18KSDS01 1390 22 1394 32 1402 54 275 230 1402 54 0.836363636 

18KSDS01 1094 32 1113 29 1060 100 88.5 75.8 1113 29 0.856497175 

18KSDS01 81 14 79 15 240 330 103.1 88.5 79 15 0.858389913 

18KSDS01 1089 20 1111 26 1046 56 362 323 1111 26 0.892265193 

18KSDS01 1082 15 1073 23 1092 52 856 768 1073 23 0.897196262 

18KSDS01 1367 19 1357 28 1386 51 297 276 1386 51 0.929292929 

18KSDS01 74 7.4 61 2.9 410 240 186.1 182.6 61 2.9 0.981192907 

18KSDS01 1104 26 1135 28 1040 68 201 200 1135 28 0.995024876 

18KSDS01 236 20 173.1 6 770 180 272.5 272 173.1 6 0.998165138 

18KSDS01 1682 30 1656 35 1703 74 68.2 68.3 1703 74 1.001466276 

18KSDS01 957 24 954 27 943 84 207.8 213 954 27 1.025024062 

18KSDS01 1747 32 1773 46 1705 67 91.5 94.5 1705 67 1.032786885 

18KSDS01 167 12 166.8 4.7 130 150 439 456 166.8 4.7 1.038724374 

18KSDS01 1625 43 1154 33 2293 87 52.7 55.4 1154 33 1.051233397 

18KSDS01 1089 22 1047 26 1179 64 312.6 340.1 1047 26 1.087971849 

18KSDS01 189 27 179 46 390 280 96 114.6 179 46 1.19375 

18KSDS01 1117 25 1138 30 1066 80 117 144.5 1138 30 1.235042735 

18KSDS01 2635 23 2568 51 2690 41 178.5 224.4 2690 41 1.257142857 

18KSDS01 1330 220 304 65 3600 450 94 125 304 65 1.329787234 

18KSDS01 2364 26 2093 42 2612 40 327 444 2612 40 1.357798165 



82 

18KSDS01 1779 23 1778 34 1783 43 187.8 274.9 1783 43 1.463791267 

18KSDS01 977 24 893 24 1171 74 194.1 296 893 24 1.52498712 

18KSDS01 63.3 7.1 61.5 2.6 40 220 280.5 463.4 61.5 2.6 1.652049911 

18KSDS01 26 2.4 24.49 0.92 120 180 987 1854 24.49 0.92 1.878419453 

18KSDS01 409 19 63.6 5.5 3820 140 152.4 1122 63.6 5.5 7.362204724 

18KSDS01 1283 15 1192 24 1435 39 7520 310200 1192 24 41.25 

 

Zircon ages and Th/U values for sample 18MOSM20 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18MOSM20 1212 21 429 10 3130 28 3670 212.7 429 10 0.057956403 

18MOSM20 454 38 409 21 700 170 1952 150 409 21 0.076844262 

18MOSM20 945 12 832 17 1222 31 2600 209 832 17 0.080384615 

18MOSM20 1635 15 1648 16 1612 35 519 48.8 1612 35 0.094026975 

18MOSM20 1262 17 1048 16 1656 28 2221 210 1048 16 0.094552004 

18MOSM20 1011 17 961 19 1111 45 977 127.3 961 19 0.130296827 

18MOSM20 1957 49 925 39 3350 110 33.2 4.55 925 39 0.137048193 

18MOSM20 1157 23 1171 31 1133 42 840 146.6 1171 31 0.17452381 

18MOSM20 1174 20 1158 21 1198 56 258.3 52.2 1158 21 0.202090592 

18MOSM20 668 35 624 35 793 88 598 127.4 624 35 0.213043478 

18MOSM20 1745 20 1796 31 1696 28 980 209 1696 28 0.213265306 

18MOSM20 1751 13 1765 24 1729 28 1284 300 1729 28 0.23364486 

18MOSM20 1744 13 1683 22 1817 29 638 164.8 1817 29 0.25830721 

18MOSM20 472.7 7.4 201.1 3.5 2162 35 5614 1500 201.1 3.5 0.26718917 

18MOSM20 129 10 104.1 3 470 160 572 161.2 104.1 3 0.281818182 

18MOSM20 1038 20 1039 18 1001 66 247.7 70.2 1039 18 0.283407348 

18MOSM20 73 10 76.6 3.3 -120 250 274.9 87.5 76.6 3.3 0.318297563 

18MOSM20 319 11 327.5 7.4 252 94 666 216 327.5 7.4 0.324324324 

18MOSM20 1625 16 1550 22 1714 32 405 132.3 1714 32 0.326666667 
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18MOSM20 2521 21 2116 31 2698 29 336 111 2698 29 0.330357143 

18MOSM20 955 62 588 46 1976 84 175 58.9 588 46 0.336571429 

18MOSM20 1881 86 1410 100 2539 28 1840 627 2539 28 0.34076087 

18MOSM20 876 26 899 16 815 91 321 111.1 899 16 0.346105919 

18MOSM20 1793 17 1079 26 2770 25 2465 888 1079 26 0.360243408 

18MOSM20 1384 20 1332 24 1472 43 485 177 1472 43 0.364948454 

18MOSM20 416 22 389 11 480 140 251 94.3 389 11 0.375697211 

18MOSM20 568 14 562.5 8.7 554 77 606 230 562.5 8.7 0.379537954 

18MOSM20 1365 36 1180 47 1682 40 883 336 1180 47 0.380520951 

18MOSM20 115.3 7.2 116.4 2.9 100 140 636 249.2 116.4 2.9 0.391823899 

18MOSM20 1769 21 1775 28 1754 30 921 362 1754 30 0.393051031 

18MOSM20 2070 22 2078 37 2058 37 244 100.4 2058 37 0.41147541 

18MOSM20 835 25 392 13 2280 81 608 257 392 13 0.422697368 

18MOSM20 1611 16 1491 21 1772 27 1740 773 1772 27 0.444252874 

18MOSM20 1320 130 909 84 2080 230 18.6 8.4 909 84 0.451612903 

18MOSM20 59.8 7.1 68.6 2.8 -210 210 397 184 68.6 2.8 0.463476071 

18MOSM20 1671 11 1702 25 1634 27 654 309 1634 27 0.472477064 

18MOSM20 1372 15 1150 26 1739 24 2231 1074 1150 26 0.481398476 

18MOSM20 92.9 9.2 95.4 4.8 -20 160 834 403 95.4 4.8 0.483213429 

18MOSM20 1700 16 1731 24 1656 34 474 231 1656 34 0.487341772 

18MOSM20 104.5 5.2 102.6 2.7 130 110 1131 557 102.6 2.7 0.492484527 

18MOSM20 30 4.3 30.3 1.5 -30 270 484 239 30.3 1.5 0.493801653 

18MOSM20 931 22 913 20 960 86 211 104.6 913 20 0.495734597 

18MOSM20 1803 24 1731 20 1877 46 1525 770 1877 46 0.504918033 

18MOSM20 118.9 8.7 97.5 3.3 480 170 551 278.6 97.5 3.3 0.505626134 

18MOSM20 1483 16 1317 18 1717 32 860 437 1717 32 0.508139535 

18MOSM20 111 5.8 93.4 2 450 120 1414 752 93.4 2 0.531824611 

18MOSM20 442 12 393.5 8.2 680 76 758 408 393.5 8.2 0.538258575 

18MOSM20 1715 17 1716 27 1709 30 849 460 1709 30 0.541813899 

18MOSM20 97.3 6.3 85.8 2.3 310 140 979 531 85.8 2.3 0.542390194 

18MOSM20 325.9 9.8 321.7 5.5 336 74 1013 565.2 321.7 5.5 0.557946693 

18MOSM20 76 11 74.3 3.2 -10 260 308.2 172 74.3 3.2 0.558079169 

18MOSM20 1204 23 1087 21 1459 74 267.1 152.4 1087 21 0.570572819 
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18MOSM20 2588 13 2451 32 2691 23 344 197.5 2691 23 0.574127907 

18MOSM20 1352 16 1325 19 1389 38 422 244.4 1389 38 0.579146919 

18MOSM20 99.4 4.7 92.4 2.5 260 120 1360 843 92.4 2.5 0.619852941 

18MOSM20 1612 13 1544 19 1695 34 638 397 1695 34 0.622257053 

18MOSM20 1700 16 1670 27 1731 32 576 360 1731 32 0.625 

18MOSM20 377 11 368.2 8.1 405 80 882 559 368.2 8.1 0.633786848 

18MOSM20 636 22 597 12 740 100 210.1 136 597 12 0.647310804 

18MOSM20 155 20 87 3.1 1150 230 443 288 87 3.1 0.650112867 

18MOSM20 1642 18 1616 21 1663 42 357 234 1663 42 0.655462185 

18MOSM20 1566 12 1476 20 1689 22 1145 770 1689 22 0.672489083 

18MOSM20 2300 36 1965 67 2634 18 2731 1860 2634 18 0.681069205 

18MOSM20 1538 15 1315 24 1849 30 810 559 1849 30 0.690123457 

18MOSM20 63.7 7.1 66 2.4 -90 210 492 340 66 2.4 0.691056911 

18MOSM20 1389 25 1277 30 1565 42 279 195 1565 42 0.698924731 

18MOSM20 2562 24 2521 40 2588 39 254 178 2588 39 0.700787402 

18MOSM20 2294 20 1901 32 2660 27 867 609 2660 27 0.702422145 

18MOSM20 1897 46 1234 87 2797 43 1694 1190 2797 43 0.702479339 

18MOSM20 1064 17 1069 16 1045 57 417.6 298.3 1069 16 0.714319923 

18MOSM20 1550 31 1468 34 1649 76 67 49.8 1649 76 0.743283582 

18MOSM20 1438 38 1394 32 1501 77 163.2 122.1 1501 77 0.748161765 

18MOSM20 59.2 9 66.3 3.2 -240 260 288.9 219 66.3 3.2 0.758047767 

18MOSM20 1602 15 1487 22 1750 27 923 709 1750 27 0.768147346 

18MOSM20 1580 18 1590 21 1549 49 291.6 225.7 1549 49 0.774005487 

18MOSM20 361 10 285 13 902 69 2540 2020 285 13 0.795275591 

18MOSM20 1333 18 1333 20 1322 47 406 326 1322 47 0.802955665 

18MOSM20 221.5 6.5 220.9 3.9 221 82 1299 1045 220.9 3.9 0.804464973 

18MOSM20 1076 29 827 21 1620 60 768 626 827 21 0.815104167 

18MOSM20 37.2 5.2 34.2 1.4 90 260 687 567 34.2 1.4 0.825327511 

18MOSM20 2551 18 2177 39 2893 26 343 284 2893 26 0.827988338 

18MOSM20 1433 14 1377 18 1509 36 453 382 1509 36 0.843267108 

18MOSM20 901 20 501 18 1902 29 5260 4470 501 18 0.849809886 

18MOSM20 2642 16 2470 31 2773 23 486 429 2773 23 0.882716049 

18MOSM20 1211 16 1190 16 1243 45 344.4 325.8 1190 16 0.945993031 
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18MOSM20 57 12 49.7 2.9 80 350 215.8 206 49.7 2.9 0.954587581 

18MOSM20 1595 19 1554 23 1644 46 250.8 239.5 1644 46 0.954944179 

18MOSM20 124.2 8.5 90.3 2.5 760 150 920 880 90.3 2.5 0.956521739 

18MOSM20 966 39 894 14 1100 120 193.7 194 894 14 1.001548787 

18MOSM20 1636 21 1565 26 1712 50 217 222 1712 50 1.023041475 

18MOSM20 432 10 433 7.4 432 67 1014 1055 433 7.4 1.040433925 

18MOSM20 2679 19 2679 39 2672 32 160.2 174.4 2672 32 1.088639201 

18MOSM20 1335 17 1311 25 1367 42 561 616 1367 42 1.098039216 

18MOSM20 1332 15 1140 18 1648 39 662 740 1140 18 1.117824773 

18MOSM20 93 10 35 1.8 1770 230 559 634 35 1.8 1.134168157 

18MOSM20 316 21 319.2 9.4 220 160 238.4 274.1 319.2 9.4 1.149748322 

18MOSM20 2640 15 2603 36 2680 26 613 722 2680 26 1.177814029 

18MOSM20 954 32 953 28 950 100 92.3 109.9 953 28 1.190682557 

18MOSM20 284 24 187.4 5 1000 190 424 523 187.4 5 1.233490566 

18MOSM20 1369 20 1377 22 1358 50 402 496 1358 50 1.233830846 

18MOSM20 48 12 23.8 1.9 580 510 253 322 23.8 1.9 1.272727273 

18MOSM20 610 25 369 18 1654 25 5430 7440 369 18 1.370165746 

18MOSM20 2564 14 2348 36 2740 20 920 1332 2740 20 1.447826087 

18MOSM20 1363 33 1367 29 1335 85 90.8 148.6 1335 85 1.636563877 

18MOSM20 405 11 222.7 5.5 1623 79 1177 2260 222.7 5.5 1.920135939 

18MOSM20 2658 17 2630 34 2684 31 228.7 456.5 2684 31 1.996064714 

18MOSM20 1340 18 1298 19 1412 46 488 1018 1412 46 2.086065574 

18MOSM20 59 13 41.4 2.1 320 360 567 1480 41.4 2.1 2.610229277 

18MOSM20 179 19 88.5 3.9 1360 260 181.1 510.8 88.5 3.9 2.820541137 

18MOSM20 142 24 94.2 3.9 650 260 491 1393 94.2 3.9 2.83706721 

 

Zircon ages and Th/U values for sample 18MOSM24 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  
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18MOSM24 1044 44 1068 45 920 120 42.4 0.87 1068 45 0.020518868 

18MOSM24 1441 22 1318 33 1612 38 2291 179.9 1612 38 0.078524662 

18MOSM24 65.2 3.9 65.9 2.3 60 120 1074 102.1 65.9 2.3 0.095065177 

18MOSM24 1671 25 1631 36 1715 38 1317 129.4 1715 38 0.098253607 

18MOSM24 1520 24 1470 36 1588 45 323 32.4 1588 45 0.100309598 

18MOSM24 1110 23 1106 24 1088 48 428 47.1 1106 24 0.110046729 

18MOSM24 952 20 932 19 981 58 437 61.4 932 19 0.140503432 

18MOSM24 1607 24 1580 42 1623 41 656 127.5 1623 41 0.194359756 

18MOSM24 1558 39 1385 58 1801 39 1240 247 1801 39 0.199193548 

18MOSM24 1476 23 1341 36 1665 41 2140 441 1665 41 0.206074766 

18MOSM24 1645 19 1653 34 1606 38 984 209.6 1606 38 0.21300813 

18MOSM24 1666 22 1650 39 1649 50 405 86.4 1649 50 0.213333333 

18MOSM24 1708 23 1716 44 1694 46 388 89.2 1694 46 0.229896907 

18MOSM24 1848 43 1267 59 2594 36 3080 725 2594 36 0.23538961 

18MOSM24 1171 20 1188 26 1125 63 229 54.8 1188 26 0.23930131 

18MOSM24 196.3 9.9 213 10 433 76 1387 349.4 213 10 0.251910598 

18MOSM24 30.6 3.5 31.7 1.1 -100 190 952 241.4 31.7 1.1 0.253571429 

18MOSM24 1186 31 1091 36 1387 62 645 164 1091 36 0.254263566 

18MOSM24 2252 24 2256 43 2223 36 230.6 59.6 2223 36 0.258456201 

18MOSM24 396 21 393 12 350 140 176 45.5 393 12 0.258522727 

18MOSM24 62.2 6.6 66.2 2.4 -110 190 466 123 66.2 2.4 0.263948498 

18MOSM24 1775 18 1783 33 1773 42 689 193 1773 42 0.28011611 

18MOSM24 349 15 348.2 9.8 360 110 243.8 68.7 348.2 9.8 0.281788351 

18MOSM24 77.5 3.3 77.4 2 41 77 3870 1101 77.4 2 0.284496124 

18MOSM24 35.1 2.5 34 1.2 120 150 1679 486.3 34 1.2 0.289636689 

18MOSM24 122 13 118.4 4.4 90 210 209.5 61 118.4 4.4 0.291169451 

18MOSM24 2374 52 1610 69 3060 120 14.25 4.33 3060 120 0.303859649 

18MOSM24 169.8 7.4 168.4 5.1 183 92 1046 332 168.4 5.1 0.317399618 

18MOSM24 97.3 7.2 110.3 6.5 180 170 479 159 110.3 6.5 0.331941545 

18MOSM24 81.1 7.3 82.1 7.3 40 170 858 286 82.1 7.3 0.333333333 

18MOSM24 1458 24 1424 38 1512 53 430 144.7 1512 53 0.336511628 

18MOSM24 1734 31 1764 58 1700 40 808 273 1700 40 0.337871287 

18MOSM24 2708 24 2432 40 2907 39 360 122 2907 39 0.338888889 
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18MOSM24 1796 27 1732 42 1845 50 210 71.3 1845 50 0.33952381 

18MOSM24 1659 27 1600 45 1705 41 906 312 1705 41 0.344370861 

18MOSM24 1216 34 1126 50 1382 97 920 341 1126 50 0.370652174 

18MOSM24 2568 20 2559 45 2557 34 352.4 132.8 2557 34 0.376844495 

18MOSM24 353 35 336 12 310 200 100.5 38 336 12 0.378109453 

18MOSM24 97.9 9.4 90.3 3.8 260 220 269.1 102.5 90.3 3.8 0.380899294 

18MOSM24 167 11 153.4 5.1 320 160 255.1 101.7 153.4 5.1 0.398667189 

18MOSM24 47.4 3.1 49.7 1.9 -80 130 1359 545 49.7 1.9 0.401030169 

18MOSM24 1726 28 1720 46 1721 50 152.1 62.6 1721 50 0.411571335 

18MOSM24 405 17 406 11 370 100 355 146.9 406 11 0.413802817 

18MOSM24 1481 19 1498 32 1450 37 779 341.3 1450 37 0.438125802 

18MOSM24 71.4 5.1 71.1 2.2 90 140 1560 690 71.1 2.2 0.442307692 

18MOSM24 1554 18 1503 30 1611 41 324.8 145.6 1611 41 0.448275862 

18MOSM24 1703 19 1557 36 1878 33 904 409 1878 33 0.452433628 

18MOSM24 1124 22 1115 25 1140 59 299 135.7 1115 25 0.453846154 

18MOSM24 1631 19 1609 28 1649 50 301.6 137.5 1649 50 0.455901857 

18MOSM24 1671 20 1673 29 1654 41 329.8 151.8 1654 41 0.460278957 

18MOSM24 1403 24 1383 32 1427 54 524 241.2 1427 54 0.460305344 

18MOSM24 1474 33 1345 46 1650 56 192 90.4 1650 56 0.470833333 

18MOSM24 2698 17 2694 41 2695 29 326 155.8 2695 29 0.47791411 

18MOSM24 1113 28 946 26 1453 79 247.2 119.7 946 26 0.484223301 

18MOSM24 2826 23 2838 55 2805 30 695 338 2805 30 0.486330935 

18MOSM24 1800 36 1382 37 2395 69 253 123.5 2395 69 0.488142292 

18MOSM24 2689 42 2801 83 2594 35 325 160 2594 35 0.492307692 

18MOSM24 1672 24 1636 31 1709 50 242 123.4 1709 50 0.509917355 

18MOSM24 2503 18 2441 48 2538 38 400.1 207.3 2538 38 0.51812047 

18MOSM24 1728 18 1799 40 1616 46 415 217.7 1616 46 0.524578313 

18MOSM24 1684 26 1690 43 1654 48 254 136 1654 48 0.535433071 

18MOSM24 609 12 597 14 596 71 454.2 251.2 597 14 0.553060326 

18MOSM24 2575 23 2359 53 2736 34 2084 1159 2736 34 0.556142035 

18MOSM24 1443 17 1374 32 1527 41 875 494 1527 41 0.564571429 

18MOSM24 507 20 479 11 620 120 291.4 166 479 11 0.569663693 

18MOSM24 2668 29 2582 61 2718 39 100.2 57.4 2718 39 0.572854291 
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18MOSM24 1014 23 1036 23 951 70 300 174 1036 23 0.58 

18MOSM24 1657 20 1646 31 1653 48 250 147 1653 48 0.588 

18MOSM24 1269 17 1293 28 1225 35 683 403 1225 35 0.590043924 

18MOSM24 98.2 7 94.1 2.9 170 150 568 336 94.1 2.9 0.591549296 

18MOSM24 111 10 98.7 3.6 250 170 607 366.6 98.7 3.6 0.603953871 

18MOSM24 1427 17 1409 28 1437 41 500 312 1437 41 0.624 

18MOSM24 1745 29 1800 52 1671 75 290 183 1671 75 0.631034483 

18MOSM24 123 14 113 15 330 160 571 361 113 15 0.632224168 

18MOSM24 647 17 652 16 613 69 282 180.4 652 16 0.639716312 

18MOSM24 1317 21 1274 43 1391 55 274.5 177.1 1391 55 0.645173042 

18MOSM24 41.4 7.3 38.4 1.9 -60 220 745 484.5 38.4 1.9 0.65033557 

18MOSM24 85.9 9.3 83.6 3 30 160 506 332 83.6 3 0.656126482 

18MOSM24 1476 29 1514 35 1395 70 104 71.9 1395 70 0.691346154 

18MOSM24 70.3 8.7 70.4 3.7 -60 240 194.4 141.7 70.4 3.7 0.728909465 

18MOSM24 1122 25 1164 27 1024 83 154 114.4 1164 27 0.742857143 

18MOSM24 1450 20 1450 34 1453 45 493 371 1453 45 0.752535497 

18MOSM24 1117 43 1195 37 920 120 51.9 39.3 1195 37 0.757225434 

18MOSM24 65.8 4 57.3 2 320 140 1490 1170 57.3 2 0.785234899 

18MOSM24 65.5 7.6 71.5 3 -180 200 351 284 71.5 3 0.809116809 

18MOSM24 35 12 12.2 4.5 1550 660 303 251 12.2 4.5 0.828382838 

18MOSM24 77.5 6.7 75.8 2.1 60 180 590 493 75.8 2.1 0.83559322 

18MOSM24 2702 18 2698 48 2694 32 358 305.7 2694 32 0.853910615 

18MOSM24 1724 23 1768 41 1679 48 574 495 1679 48 0.862369338 

18MOSM24 2456 22 2394 49 2840 34 537 469 2840 34 0.873370577 

18MOSM24 1447 26 1484 39 1392 54 369 325 1392 54 0.880758808 

18MOSM24 1886 21 1889 39 1881 35 349 309 1881 35 0.885386819 

18MOSM24 71 9.1 43.1 3 880 260 450 400 43.1 3 0.888888889 

18MOSM24 475 35 495 20 360 190 73.5 65.4 495 20 0.889795918 

18MOSM24 35.2 5.3 34.5 1.9 -30 260 314 280 34.5 1.9 0.891719745 

18MOSM24 48.7 8.2 44 11 330 340 259 231 44 11 0.891891892 

18MOSM24 18.5 6.2 14.9 1.6 -660 600 151.7 137.2 14.9 1.6 0.904416612 

18MOSM24 86.3 6.9 84.4 4.2 60 170 702 661 84.4 4.2 0.941595442 

18MOSM24 1732 19 1104 23 2609 30 3620 3410 1104 23 0.94198895 
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18MOSM24 27.8 4.2 21.6 1.1 280 290 507 481 21.6 1.1 0.948717949 

18MOSM24 46 16 28.9 5.3 140 470 242 236 28.9 5.3 0.975206612 

18MOSM24 217 57 194 22 -150 570 19.6 19.2 194 22 0.979591837 

18MOSM24 28.7 2.6 26.2 1.1 190 180 824 820 26.2 1.1 0.995145631 

18MOSM24 81 19 38.8 4.6 870 360 662 678 38.8 4.6 1.024169184 

18MOSM24 532 24 491 17 688 94 227 235.7 491 17 1.038325991 

18MOSM24 1047 28 1055 28 1010 100 101.8 111.2 1055 28 1.092337917 

18MOSM24 2778 23 2658 46 2853 36 157.9 188.7 2853 36 1.195060165 

18MOSM24 14.3 1.8 13.73 0.54 -10 230 1283 1619 13.73 0.54 1.261886204 

18MOSM24 35.9 3.6 33.3 1 80 160 1527 1950 33.3 1 1.277013752 

18MOSM24 1456 39 1278 58 1741 40 809 1100 1741 40 1.359703337 

18MOSM24 1669 27 1673 41 1663 59 111.4 159.3 1663 59 1.429982047 

18MOSM24 194 16 147.3 6.4 660 180 210 303 147.3 6.4 1.442857143 

18MOSM24 943 26 913 31 1078 88 217 352 913 31 1.622119816 

18MOSM24 1911 44 1446 62 2812 38 1810 3420 2812 38 1.889502762 

18MOSM24 1353 26 1270 25 1463 68 119.7 325.8 1463 68 2.721804511 

18MOSM24 355 21 365.8 9.8 200 150 166.1 555 365.8 9.8 3.341360626 

 

Zircon ages and Th/U values for sample 18MSSM32 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18MSSM32 1865 13 1857 24 1862 24 939 12.9 1862 24 0.013738019 

18MSSM32 965 69 199 18 3770 210 50.6 3.79 199 18 0.074901186 

18MSSM32 2248 16 1699 29 2616 17 2323 218.3 2616 17 0.09397331 

18MSSM32 1596 17 1126 30 2296 35 1333 145 1126 30 0.108777194 

18MSSM32 813 33 436 28 1952 28 7370 1760 436 28 0.23880597 

18MSSM32 74.4 3 75.3 1.4 50 85 2730 704 75.3 1.4 0.257875458 

18MSSM32 317 13 269.5 5.6 370 100 614 170 269.5 5.6 0.276872964 

18MSSM32 1742 13 1695 27 1798 28 1054 297 1798 28 0.281783681 
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18MSSM32 933 34 861 21 1080 100 184 53.3 861 21 0.289673913 

18MSSM32 1029 28 1031 20 994 90 169.6 50.3 1031 20 0.296580189 

18MSSM32 127 11 99.3 4 520 170 792 235 99.3 4 0.296717172 

18MSSM32 1622 18 1529 29 1737 39 330 100.7 1737 39 0.305151515 

18MSSM32 984 33 977 22 960 120 93 29.4 977 22 0.316129032 

18MSSM32 1605 25 1580 48 1661 46 862 278.7 1661 46 0.323317865 

18MSSM32 1405 16 1372 25 1440 38 441 144 1440 38 0.326530612 

18MSSM32 273 22 277 12 140 170 268 88.3 277 12 0.329477612 

18MSSM32 2032 61 1288 41 2934 99 26.34 8.69 2934 99 0.329916477 

18MSSM32 2462 39 1585 67 3154 25 1720 575 3154 25 0.334302326 

18MSSM32 1302 26 1154 27 1541 58 283 96.7 1154 27 0.341696113 

18MSSM32 29.1 1.4 25.61 0.53 280 100 7190 2470 25.61 0.53 0.343532684 

18MSSM32 113 15 109.7 5.1 10 260 191.8 70.1 109.7 5.1 0.36548488 

18MSSM32 1704 18 1738 29 1673 36 382 149.6 1673 36 0.391623037 

18MSSM32 1436 20 1431 23 1439 52 313 123.5 1439 52 0.39456869 

18MSSM32 956 22 924 21 1019 88 255 101.2 924 21 0.396862745 

18MSSM32 72.7 5.4 68.7 1.7 130 150 911 364 68.7 1.7 0.399560922 

18MSSM32 125.2 7.2 116.9 2.5 240 120 1274 529 116.9 2.5 0.41522763 

18MSSM32 622 19 567 12 790 82 712 301 567 12 0.422752809 

18MSSM32 65.5 3.9 64.8 1.5 70 130 1521 677 64.8 1.5 0.445101907 

18MSSM32 2698 17 2687 37 2703 28 613 308 2703 28 0.502446982 

18MSSM32 33.6 5.5 22.3 1.2 540 340 549 276 22.3 1.2 0.50273224 

18MSSM32 1031 23 1019 20 1045 74 211 108 1019 20 0.511848341 

18MSSM32 1132 21 1091 25 1194 46 461 237.3 1091 25 0.514750542 

18MSSM32 446 17 434.8 8.8 456 92 432 222.9 434.8 8.8 0.515972222 

18MSSM32 2296 45 1805 65 2773 31 415 216 2773 31 0.520481928 

18MSSM32 1679 19 1634 27 1723 37 311 163.8 1723 37 0.526688103 

18MSSM32 1271 32 1280 25 1233 94 80.6 43.9 1233 94 0.544665012 

18MSSM32 121 18 76.7 4.7 670 350 151.5 83.3 76.7 4.7 0.549834983 

18MSSM32 241 66 45.8 9.1 2210 530 199 109.8 45.8 9.1 0.551758794 

18MSSM32 2550 21 2335 49 2722 33 175 97.1 2722 33 0.554857143 

18MSSM32 307.9 8.6 293.8 5.2 374 81 1085 607 293.8 5.2 0.559447005 

18MSSM32 2471 45 2150 74 2756 33 195 110.4 2756 33 0.566153846 
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18MSSM32 2603 15 2555 34 2634 21 661 375 2634 21 0.567322239 

18MSSM32 12 10 10.5 1.9 -7100 6900 109.8 62.3 10.5 1.9 0.567395264 

18MSSM32 1613 23 1572 29 1672 52 212 121.8 1672 52 0.574528302 

18MSSM32 35.2 6.3 28.5 1.8 80 370 398 229.3 28.5 1.8 0.576130653 

18MSSM32 99.8 7.6 89.9 2.6 270 150 874 511 89.9 2.6 0.584668192 

18MSSM32 1864 22 1851 31 1871 43 146.1 86.5 1871 43 0.592060233 

18MSSM32 1051 14 1052 16 1032 42 581 347 1052 16 0.597246127 

18MSSM32 99.2 9.1 91.5 3.3 230 200 365 219 91.5 3.3 0.6 

18MSSM32 33.8 5.3 31.4 1.4 10 280 639 385 31.4 1.4 0.602503912 

18MSSM32 635 15 634 14 625 69 871 533 634 14 0.611940299 

18MSSM32 1705 32 1721 47 1688 55 373 229 1688 55 0.613941019 

18MSSM32 23.2 5 8.56 0.83 750 590 401.5 249.7 8.56 0.83 0.621917808 

18MSSM32 1530 30 1421 32 1658 71 153 97 1658 71 0.633986928 

18MSSM32 438 20 399.6 9.3 570 110 221 147.3 399.6 9.3 0.666515837 

18MSSM32 73 7.5 70.9 2.5 30 210 577 401 70.9 2.5 0.694974003 

18MSSM32 583 14 575 13 600 62 881 627 575 13 0.71169126 

18MSSM32 1150 39 1023 23 1410 110 272 193.8 1023 23 0.7125 

18MSSM32 75 14 76.4 4.3 -170 310 203 144.9 76.4 4.3 0.713793103 

18MSSM32 1086 24 1056 20 1120 91 164.5 119.3 1056 20 0.725227964 

18MSSM32 97 17 70.9 4.4 540 370 274 199.2 70.9 4.4 0.727007299 

18MSSM32 68 11 63.9 3.5 -10 310 178.5 131.7 63.9 3.5 0.737815126 

18MSSM32 1737 17 1646 24 1845 41 457 345 1845 41 0.754923414 

18MSSM32 967 42 960 32 910 150 58.1 44.1 960 32 0.759036145 

18MSSM32 422 14 415.2 8.5 427 97 397 305 415.2 8.5 0.768261965 

18MSSM32 82 16 72.6 5.4 20 370 109.3 84.8 72.6 5.4 0.775846295 

18MSSM32 155 15 161.6 4.4 0 180 304.1 236 161.6 4.4 0.776060506 

18MSSM32 2541 18 2346 41 2698 27 268.3 210.5 2698 27 0.784569512 

18MSSM32 92.1 6.6 96 2.6 10 140 693 547 96 2.6 0.789321789 

18MSSM32 1585 27 1497 38 1695 66 163 128.8 1695 66 0.790184049 

18MSSM32 1644 28 1661 29 1606 62 135.1 109.2 1606 62 0.808290155 

18MSSM32 1141 19 1109 23 1209 57 186.7 151.2 1109 23 0.809855383 

18MSSM32 454 15 432 10 561 85 719 589 432 10 0.819193324 

18MSSM32 989 23 1002 17 948 69 224.4 184.8 1002 17 0.823529412 
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18MSSM32 82.5 8 70.1 2.7 330 200 389 323 70.1 2.7 0.83033419 

18MSSM32 415 28 59 2.9 3846 89 954 795 59 2.9 0.833333333 

18MSSM32 1317 20 1306 20 1318 47 247.8 207 1318 47 0.83535109 

18MSSM32 1541 72 960 74 2530 33 1630 1382 960 74 0.847852761 

18MSSM32 1737 25 1729 34 1738 56 122.6 104 1738 56 0.848287113 

18MSSM32 404 21 405.4 8.3 350 130 246 210 405.4 8.3 0.853658537 

18MSSM32 97 16 75.9 3.5 330 320 261 223 75.9 3.5 0.85440613 

18MSSM32 1245 34 1200 30 1337 89 92.6 82.2 1337 89 0.887688985 

18MSSM32 77 6 62.9 1.8 460 150 3440 3060 62.9 1.8 0.889534884 

18MSSM32 25 3.4 23.3 0.93 0 230 914 814 23.3 0.93 0.89059081 

18MSSM32 27.2 3.6 25.7 1.1 20 250 864 777 25.7 1.1 0.899305556 

18MSSM32 1156 36 1071 22 1290 110 98 89 1071 22 0.908163265 

18MSSM32 1698 18 1670 23 1723 34 271 250.7 1723 34 0.925092251 

18MSSM32 38.9 6.7 41.3 2.1 -240 270 720 688 41.3 2.1 0.955555556 

18MSSM32 1555 24 1495 24 1622 52 241.3 232.1 1622 52 0.961873187 

18MSSM32 2728 16 2749 40 2708 26 253.7 248.8 2708 26 0.980685849 

18MSSM32 2660 23 2695 40 2629 36 97.2 99.9 2629 36 1.027777778 

18MSSM32 1392 37 1390 38 1401 89 64.8 67 1401 89 1.033950617 

18MSSM32 35.5 5.4 29.2 1.6 200 300 527 545 29.2 1.6 1.034155598 

18MSSM32 159 33 39.1 3.2 1790 460 211 229 39.1 3.2 1.085308057 

18MSSM32 246 18 227.4 6.4 370 160 291 319 227.4 6.4 1.096219931 

18MSSM32 61 13 47.6 2.9 110 360 280 312 47.6 2.9 1.114285714 

18MSSM32 139 34 32.2 3.2 1550 410 641 727 32.2 3.2 1.134165367 

18MSSM32 36.8 5.9 27.6 1.2 360 320 516 589 27.6 1.2 1.141472868 

18MSSM32 1617 28 1651 31 1543 76 100.4 115.5 1543 76 1.150398406 

18MSSM32 2633 19 2520 38 2715 28 210.6 243.4 2715 28 1.155745489 

18MSSM32 2199 41 2112 50 2268 45 227 265 2268 45 1.167400881 

18MSSM32 2767 20 2739 39 2777 31 208.4 249 2777 31 1.194817658 

18MSSM32 1171 28 915 27 1694 68 208 261.4 915 27 1.256730769 

18MSSM32 43.3 4.1 44.7 1.6 -60 190 1008 1274 44.7 1.6 1.263888889 

18MSSM32 2809 21 2768 43 2830 38 82.1 104.4 2830 38 1.271619976 

18MSSM32 39.2 6.9 26.4 1.6 610 400 598 778 26.4 1.6 1.301003344 

18MSSM32 1633 40 1605 48 1686 54 180 253 1686 54 1.405555556 
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18MSSM32 1661 23 1634 24 1670 59 149 233 1670 59 1.563758389 

18MSSM32 2636 25 1816 36 3339 42 79.5 156.3 3339 42 1.966037736 

18MSSM32 74 30 36.8 6.6 90 840 73.4 167 36.8 6.6 2.27520436 

18MSSM32 590 35 59.6 5.2 4880 320 68.4 326.2 59.6 5.2 4.769005848 

 

Zircon ages and Th/U values for sample 18RRSM33 

 

Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18RRSM33 757 29 604 22 1270 110 1003 14.8 604 22 0.014755733 

18RRSM33 818 11 807 12 845 37 1777 58.1 807 12 0.032695554 

18RRSM33 1007 16 954 17 1115 42 896 72 954 17 0.080357143 

18RRSM33 952 12 934 12 981 39 1410 127 934 12 0.090070922 

18RRSM33 1054 14 1041 17 1068 39 1000 98.7 1041 17 0.0987 

18RRSM33 501 24 487 11 550 150 456.4 50.6 487 11 0.11086766 

18RRSM33 1876 20 1755 40 2024 26 1052 117 2024 26 0.11121673 

18RRSM33 460 11 399.5 8.1 755 81 1028 139.6 399.5 8.1 0.135797665 

18RRSM33 811 29 776 39 952 57 693 100.3 776 39 0.144733045 

18RRSM33 1724 17 1769 34 1689 22 2130 315 1689 22 0.147887324 

18RRSM33 1038 25 1024 27 1062 51 399.3 67.8 1024 27 0.169797145 

18RRSM33 372 16 374.2 7.9 340 110 418 71.3 374.2 7.9 0.170574163 

18RRSM33 1057 27 1057 24 1052 87 195 33.7 1057 24 0.172820513 

18RRSM33 1800 13 1816 25 1785 26 736 147 1785 26 0.199728261 

18RRSM33 1022 16 1038 16 982 50 617 129.3 1038 16 0.209562399 

18RRSM33 1109 23 1091 22 1154 51 746 168 1091 22 0.225201072 

18RRSM33 1647 24 1534 41 1801 30 920 210 1801 30 0.22826087 

18RRSM33 902 18 881 23 974 42 870 208 881 23 0.23908046 

18RRSM33 1013 24 974 28 1101 32 1830 439 974 28 0.23989071 

18RRSM33 1675 16 1644 25 1704 35 741 188.6 1704 35 0.254520918 

18RRSM33 842 33 752 48 1160 77 1150 301 752 48 0.26173913 
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18RRSM33 957 37 773 31 1414 66 262 72.1 773 31 0.27519084 

18RRSM33 1080 19 1085 16 1049 55 404.3 111.9 1085 16 0.276774672 

18RRSM33 827 51 788 43 880 120 251 73 788 43 0.290836653 

18RRSM33 1240 20 1271 23 1180 56 339 103 1180 56 0.303834808 

18RRSM33 68 13 71.1 3.7 -180 340 150.8 46.1 71.1 3.7 0.305702918 

18RRSM33 2263 22 1539 28 3004 25 272.2 89.9 3004 25 0.330271859 

18RRSM33 1092 13 1096 16 1078 35 877 295.7 1096 16 0.337172178 

18RRSM33 1360 33 1409 35 1273 79 120 40.9 1273 79 0.340833333 

18RRSM33 1586 21 1407 50 1848 47 1290 447 1848 47 0.346511628 

18RRSM33 1118 15 841 15 1701 37 1961 681 841 15 0.3472718 

18RRSM33 217.1 6.2 222.4 4 145 80 1241 443 222.4 4 0.356970185 

18RRSM33 1001 18 974 18 1059 35 1795 649 974 18 0.361559889 

18RRSM33 1689 17 1735 30 1650 27 1034 386 1650 27 0.373307544 

18RRSM33 1206 29 1174 29 1257 79 130.1 48.9 1174 29 0.375864719 

18RRSM33 266.6 9.4 267.8 4.5 229 90 951 365 267.8 4.5 0.383806519 

18RRSM33 1329 21 1305 24 1360 51 316 122 1360 51 0.386075949 

18RRSM33 93 15 67.2 4.1 450 310 175.2 68.7 67.2 4.1 0.392123288 

18RRSM33 223 37 103.2 4.2 1110 320 379 149.7 103.2 4.2 0.394986807 

18RRSM33 1003 33 999 22 970 120 96.8 38.5 999 22 0.397727273 

18RRSM33 2376 48 2083 84 2633 58 139 55.6 2633 58 0.4 

18RRSM33 400.5 9 295 10 1076 68 1826 747 295 10 0.409090909 

18RRSM33 1699 17 1694 25 1702 36 415 178.8 1702 36 0.430843373 

18RRSM33 1391 18 1194 29 1717 34 2204 963 1194 29 0.436932849 

18RRSM33 1002 38 1005 28 960 120 85.7 37.8 1005 28 0.441073512 

18RRSM33 1038 35 1018 27 1040 120 107.7 48.5 1018 27 0.450324977 

18RRSM33 952 17 938 16 976 58 478 223.7 938 16 0.467991632 

18RRSM33 1120 28 1081 35 1165 66 339 158.7 1081 35 0.468141593 

18RRSM33 1030 16 877 17 1362 49 487.2 229.7 877 17 0.471469622 

18RRSM33 1708 21 1604 23 1823 48 384 191.3 1823 48 0.498177083 

18RRSM33 1626 20 1597 22 1653 44 316.4 158.9 1653 44 0.502212389 

18RRSM33 981 23 936 22 1077 75 297 151.1 936 22 0.508754209 

18RRSM33 1006 18 1019 18 955 67 244.3 125.1 1019 18 0.512075317 

18RRSM33 1080 31 1133 28 970 93 263 135 1133 28 0.513307985 
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18RRSM33 1312 15 1271 22 1376 31 785 405.6 1376 31 0.516687898 

18RRSM33 1554 20 1513 28 1606 46 507 268 1606 46 0.528599606 

18RRSM33 916 18 818 22 1169 44 1724 920 818 22 0.533642691 

18RRSM33 1382 20 1357 23 1423 44 368 201.4 1423 44 0.547282609 

18RRSM33 1491 14 1463 23 1524 32 748 416 1524 32 0.556149733 

18RRSM33 574 14 548 11 670 66 650 362 548 11 0.556923077 

18RRSM33 412 11 404.9 8.5 445 76 864 487 404.9 8.5 0.563657407 

18RRSM33 1097 18 1094 18 1088 51 435 246 1094 18 0.565517241 

18RRSM33 929 21 931 15 914 69 312.7 179.4 931 15 0.573712824 

18RRSM33 1587 20 1569 25 1600 44 345 205.9 1600 44 0.596811594 

18RRSM33 983 14 970 16 1011 46 805 490 970 16 0.608695652 

18RRSM33 101 10 102.4 3.8 20 210 369.8 229.7 102.4 3.8 0.621146566 

18RRSM33 534 17 530 12 525 98 314 197 530 12 0.627388535 

18RRSM33 468 14 395.2 8.1 855 75 641 403 395.2 8.1 0.628705148 

18RRSM33 444 26 319.5 7.7 1050 140 465 294.7 319.5 7.7 0.633763441 

18RRSM33 1667 20 1664 22 1668 45 281.4 183 1668 45 0.650319829 

18RRSM33 448 25 414 11 570 150 195.2 127.7 414 11 0.65420082 

18RRSM33 1111 35 959 20 1387 98 303.6 200.7 959 20 0.661067194 

18RRSM33 779 28 785 21 710 110 128 87.5 785 21 0.68359375 

18RRSM33 1037 17 1015 17 1063 52 683 479 1015 17 0.701317716 

18RRSM33 1105 22 1100 21 1099 65 239.4 171.1 1100 21 0.714703425 

18RRSM33 1677 17 1636 25 1723 36 305 221.9 1723 36 0.727540984 

18RRSM33 1294 18 1251 22 1368 46 419 306 1368 46 0.730310263 

18RRSM33 896 27 906 21 825 98 149.1 110.5 906 21 0.741113347 

18RRSM33 946 21 911 15 1002 71 324.8 244.2 911 15 0.751847291 

18RRSM33 1371 16 1376 19 1354 40 401.3 304 1354 40 0.757538001 

18RRSM33 985 15 743 28 1590 53 2100 1630 743 28 0.776190476 

18RRSM33 626 44 382 17 1630 180 254 198 382 17 0.779527559 

18RRSM33 431 26 397 9.6 520 150 247.7 194 397 9.6 0.783205491 

18RRSM33 1713 21 1421 30 2093 32 988 777 2093 32 0.786437247 

18RRSM33 993 54 1003 38 900 180 23.5 18.57 1003 38 0.790212766 

18RRSM33 452 11 444.1 8.7 465 72 1056 835 444.1 8.7 0.790719697 

18RRSM33 1473 28 1167 27 1932 89 453 368 1167 27 0.812362031 
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18RRSM33 1348 22 1273 24 1463 44 486 396 1463 44 0.814814815 

18RRSM33 104 10 83.3 6.3 460 220 577 501 83.3 6.3 0.868284229 

18RRSM33 454 13 411.2 8.3 661 83 706 614 411.2 8.3 0.869688385 

18RRSM33 441 26 465 13 320 160 119.7 104.9 465 13 0.876357561 

18RRSM33 1299 20 1259 20 1366 53 343 307 1366 53 0.895043732 

18RRSM33 1994 17 2021 32 1970 27 417 376 1970 27 0.901678657 

18RRSM33 379 12 359.7 8.4 477 77 814 734 359.7 8.4 0.901719902 

18RRSM33 1344 49 1187 18 1580 120 230.4 210 1187 18 0.911458333 

18RRSM33 1018 19 1024 16 994 62 303 277 1024 16 0.914191419 

18RRSM33 1232 36 1127 28 1394 99 100.1 93.1 1127 28 0.93006993 

18RRSM33 1964 26 1905 36 2027 49 112.9 105.5 2027 49 0.93445527 

18RRSM33 885 59 871 35 860 240 29.7 28 871 35 0.942760943 

18RRSM33 203 17 212.5 8 100 190 220 208 212.5 8 0.945454545 

18RRSM33 1338 19 1305 22 1380 46 508 521 1380 46 1.025590551 

18RRSM33 1458 28 1398 31 1541 46 601 618 1541 46 1.02828619 

18RRSM33 1339 39 1322 34 1356 96 85.3 88.4 1356 96 1.036342321 

18RRSM33 984 42 940 27 1020 150 60.2 63.5 940 27 1.054817276 

18RRSM33 538 20 511 14 640 110 244.6 278.9 511 14 1.140228945 

18RRSM33 641 16 589 10 826 64 522 614 589 10 1.176245211 

18RRSM33 678 19 425 14 1640 86 2110 2530 425 14 1.199052133 

18RRSM33 1107 19 1039 23 1248 48 310 374 1039 23 1.206451613 

18RRSM33 1112 36 1106 25 1090 110 75.8 94.8 1106 25 1.250659631 

18RRSM33 225 13 223.3 5.7 210 130 430 616 223.3 5.7 1.43255814 

18RRSM33 1871 23 1623 32 2154 47 398 577 2154 47 1.449748744 

18RRSM33 2283 27 2117 36 2426 50 81.5 120.8 2426 50 1.482208589 

18RRSM33 443 30 183.6 5.3 2070 160 1353 2020 183.6 5.3 1.492978566 

18RRSM33 1346 30 1227 27 1544 73 102.6 174.3 1544 73 1.698830409 

18RRSM33 525 19 539 12 420 100 236.6 804 539 12 3.398140321 

 

Zircon ages and Th/U values for sample 18BRSM37 
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Sample ID 207Pb/235U ± 206Pb/238U ± 207Pb/206Pb ± U Th Best Age ± Th/U 

 Age (Ma) (Ma) Age (Ma) (Ma) Age (Ma) (Ma) ppm ppm (Ma) (Ma)  

18BRSM37 1186 28 429 12 3075 70 163.2 2.27 429 12 0.013909314 

18BRSM37 334.6 7.1 278.4 4.9 737 50 4150 95.4 278.4 4.9 0.022987952 

18BRSM37 438 16 403 10 599 57 2035 108 403 10 0.053071253 

18BRSM37 1774 18 1770 31 1773 39 393 64.5 1773 39 0.164122137 

18BRSM37 999 35 822 48 1437 44 3280 559 822 48 0.170426829 

18BRSM37 1046.9 9.7 896 13 1370 28 1860 373.6 896 13 0.200860215 

18BRSM37 1062 26 963 15 1256 76 358 79 963 15 0.220670391 

18BRSM37 585 17 405.6 9.9 1342 49 2359 595 405.6 9.9 0.252225519 

18BRSM37 1264 20 1210 18 1341 41 642 164 1341 41 0.255451713 

18BRSM37 1082 19 957 15 1338 78 1210 337 957 15 0.278512397 

18BRSM37 981 12 957 11 1023 40 813.1 258.4 957 11 0.317796089 

18BRSM37 1635 16 1567 25 1715 33 485 155.7 1715 33 0.321030928 

18BRSM37 985 14 977 15 993 44 552.3 185.8 977 15 0.336411371 

18BRSM37 975 17 958 14 1008 55 532 187.4 958 14 0.352255639 

18BRSM37 909 17 825 33 1163 66 1091 391 825 33 0.358386801 

18BRSM37 1042 11 1030 11 1069 30 1064 384 1030 11 0.360902256 

18BRSM37 1686 19 1702 29 1665 34 522 192 1665 34 0.367816092 

18BRSM37 1081 14 1070 17 1104 35 1042 389 1070 17 0.373320537 

18BRSM37 1637 40 1670 63 1612 35 1250 475 1612 35 0.38 

18BRSM37 379.9 7.5 211.9 7.1 1604 48 4450 1708 211.9 7.1 0.383820225 

18BRSM37 407 12 349 10 735 67 1900 731 349 10 0.384736842 

18BRSM37 914 21 897 14 942 69 230 90.4 897 14 0.393043478 

18BRSM37 565 21 558 14 550 100 340 134.7 558 14 0.396176471 

18BRSM37 985 32 965 22 980 110 111.3 44.21 965 22 0.397214735 

18BRSM37 1388 13 1355 22 1432 37 939 382.7 1432 37 0.407561235 

18BRSM37 1061 22 1070 17 1023 80 194.4 83.1 1070 17 0.427469136 

18BRSM37 1199 24 1155 19 1266 67 160.8 68.9 1155 19 0.428482587 

18BRSM37 2412 37 1858 44 2919 64 49.3 21.4 2919 64 0.434077079 

18BRSM37 995 18 978 13 1017 68 313 137.6 978 13 0.439616613 

18BRSM37 123 10 96.2 2.9 510 180 757 336.2 96.2 2.9 0.444121532 

18BRSM37 596 32 602 15 500 150 102.3 45.5 602 15 0.444770283 
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18BRSM37 1463 19 1042 29 2146 35 1011 454 1042 29 0.449060336 

18BRSM37 989 22 915 12 1128 62 620.6 278.9 915 12 0.449403803 

18BRSM37 1457 15 1443 20 1469 38 441 202 1469 38 0.458049887 

18BRSM37 1027 20 995 17 1083 60 303 139 995 17 0.458745875 

18BRSM37 866 21 813 18 986 63 592 272 813 18 0.459459459 

18BRSM37 1673 21 1571 27 1798 33 521 243 1798 33 0.466410749 

18BRSM37 1170 14 1079 17 1332 35 916 427.3 1079 17 0.466484716 

18BRSM37 1049 10 1023 12 1091 33 1028 499 1023 12 0.48540856 

18BRSM37 370 17 357.2 8.5 410 120 317 156.6 357.2 8.5 0.494006309 

18BRSM37 1327 15 1295 20 1370 35 1136 562 1370 35 0.49471831 

18BRSM37 1409 18 1380 23 1435 55 218.1 108.2 1435 55 0.496102705 

18BRSM37 1313 20 1295 18 1331 57 304.6 151.6 1331 57 0.497701904 

18BRSM37 600 13 589 10 625 57 902 460 589 10 0.509977827 

18BRSM37 605 20 564 19 760 110 288 148.5 564 19 0.515625 

18BRSM37 993 24 957 15 1040 77 169.8 89.3 957 15 0.525912839 

18BRSM37 1004 12 1007 15 997 38 1013 536 1007 15 0.529121422 

18BRSM37 497 24 493 13 460 140 191.5 101.4 493 13 0.529503916 

18BRSM37 480 16 451.3 8.5 574 95 412.3 219 451.3 8.5 0.531166626 

18BRSM37 478.8 9.7 323.9 5.1 1300 59 1407 749 323.9 5.1 0.532338308 

18BRSM37 1388 16 1359 24 1418 38 762 407 1418 38 0.534120735 

18BRSM37 1035 20 1022 19 1044 69 203.5 110.4 1022 19 0.542506143 

18BRSM37 74.9 5.8 69.9 1.7 0 160 902 490 69.9 1.7 0.543237251 

18BRSM37 1170 120 511 30 2440 290 288 157.9 511 30 0.548263889 

18BRSM37 639 12 505.5 7 1133 46 1638 902 505.5 7 0.550671551 

18BRSM37 1193 10 990 19 1577 35 1440 804 990 19 0.558333333 

18BRSM37 1027 14 953 14 1175 38 692 389 953 14 0.562138728 

18BRSM37 962 15 940 14 996 45 688 407 940 14 0.591569767 

18BRSM37 2775 18 2686 37 2836 30 198 119 2836 30 0.601010101 

18BRSM37 494 13 448.2 8.3 697 79 763 460 448.2 8.3 0.602883355 

18BRSM37 1814 27 1883 34 1739 59 165 100 1739 59 0.606060606 

18BRSM37 111.9 8.9 87.2 3 650 190 934 567 87.2 3 0.607066381 

18BRSM37 553 21 574 12 420 100 256 162.9 574 12 0.636328125 

18BRSM37 575 16 538.9 8 704 81 465 298 538.9 8 0.640860215 
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18BRSM37 1810 150 1420 150 2476 69 800 519 2476 69 0.64875 

18BRSM37 235 17 146.4 3 1070 160 843 548 146.4 3 0.650059312 

18BRSM37 1482 74 290 20 4316 69 205 134 290 20 0.653658537 

18BRSM37 1150 16 999 17 1429 49 784 515 999 17 0.656887755 

18BRSM37 1384 24 1224 35 1651 32 695 471 1651 32 0.677697842 

18BRSM37 540 17 538 8.8 511 92 553 388 538 8.8 0.701627486 

18BRSM37 1458 31 1463 32 1417 83 86.1 60.6 1417 83 0.703832753 

18BRSM37 1142 21 1122 18 1171 63 234.9 169.1 1122 18 0.7198808 

18BRSM37 1285 17 1289 18 1272 48 356.4 261.4 1272 48 0.733445567 

18BRSM37 273 11 276 4.3 224 98 860 634 276 4.3 0.737209302 

18BRSM37 1533 19 1479 20 1606 45 229.3 175.5 1606 45 0.765372874 

18BRSM37 96.2 4 71.2 1.2 449 93 3160 2440 71.2 1.2 0.772151899 

18BRSM37 77.1 7.5 70.7 2.5 220 220 608 469.9 70.7 2.5 0.772861842 

18BRSM37 408 25 411 12 380 150 175 135.4 411 12 0.773714286 

18BRSM37 1284 19 1261 20 1316 49 292.2 228.3 1316 49 0.781314168 

18BRSM37 1253 21 1123 33 1475 44 421 329 1123 33 0.781472684 

18BRSM37 1331 13 1344 16 1312 31 1031 815 1312 31 0.790494665 

18BRSM37 36.5 2.5 32.69 0.83 230 140 2680 2120 32.69 0.83 0.791044776 

18BRSM37 214 17 225.9 6.9 50 170 304.8 244 225.9 6.9 0.800524934 

18BRSM37 1435 19 1412 21 1453 50 300 240.4 1453 50 0.801333333 

18BRSM37 1380 110 1034 33 1840 190 391 326 1034 33 0.833759591 

18BRSM37 74 6.7 68.5 1.9 170 190 627 532 68.5 1.9 0.848484848 

18BRSM37 563 13 480 11 897 61 806 690 480 11 0.856079404 

18BRSM37 47.6 5.4 33.1 1.4 600 250 813 706 33.1 1.4 0.868388684 

18BRSM37 611 36 301 10 1910 200 1383 1210 301 10 0.874909617 

18BRSM37 396 13 410.2 7.5 292 90 663 583 410.2 7.5 0.87933635 

18BRSM37 193 29 75.4 3.6 1610 240 603 538 75.4 3.6 0.892205638 

18BRSM37 1243 13 1238 19 1239 38 938 842 1239 38 0.897654584 

18BRSM37 201.5 8.9 191.9 3.9 280 100 898 825 191.9 3.9 0.918708241 

18BRSM37 226 11 209.9 4.6 330 110 534 492 209.9 4.6 0.921348315 

18BRSM37 2400 64 2120 110 2698 37 109 102 2698 37 0.935779817 

18BRSM37 2072 22 2088 32 2054 41 128.9 130 2054 41 1.008533747 

18BRSM37 1532 20 1472 23 1648 38 372 381 1648 38 1.024193548 
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18BRSM37 1037 33 1034 22 1010 110 74.9 78 1034 22 1.041388518 

18BRSM37 486 18 497 11 390 100 356.9 376.6 497 11 1.055197534 

18BRSM37 1040 22 1038 19 1029 62 175.7 198.9 1038 19 1.132043256 

18BRSM37 1079 53 1083 46 990 180 40.7 46.3 1083 46 1.137592138 

18BRSM37 1148 50 1103 29 1170 150 53.6 62.3 1103 29 1.162313433 

18BRSM37 693 26 614 14 910 110 167.4 199.5 614 14 1.191756272 

18BRSM37 170 11 165.2 5 200 140 523 628 165.2 5 1.200764818 

18BRSM37 312 17 300.7 7.2 340 130 256.7 311.8 300.7 7.2 1.214647448 

18BRSM37 1779 23 1756 26 1799 58 147.4 181.4 1799 58 1.230664858 

18BRSM37 1141 21 1101 17 1201 63 279 370.1 1101 17 1.326523297 

18BRSM37 626 21 597 13 686 99 222.7 322 597 13 1.445891334 

18BRSM37 1004 29 992 22 1010 100 127.6 193.8 992 22 1.518808777 

18BRSM37 425 13 424.5 7.7 429 82 503 797 424.5 7.7 1.584493042 

18BRSM37 447 13 444.5 6.3 426 75 628.8 1185 444.5 6.3 1.884541985 

18BRSM37 843 45 830 28 790 160 65.3 126 830 28 1.929555896 

18BRSM37 199 21 166.3 6.1 390 230 229 460 166.3 6.1 2.008733624 

18BRSM37 1580 15 1556 24 1611 31 342.5 693 1611 31 2.023357664 

18BRSM37 942 77 213 12 3520 160 195.8 440 213 12 2.247191011 

18BRSM37 917 25 377.7 7.8 2587 95 1045 2740 377.7 7.8 2.622009569 

18BRSM37 3360 51 2810 110 3723 85 14.66 59.7 3723 85 4.072305593 
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