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Figure 4-13. NASC-normalized Rare Earth Element (REE) concentrations for Quartzose 

Recycled sedimentary rocks deposited in a passive margin tectonic setting: Hoback 

Formation, Duchesne River Formation, and Mesaverde Group.  
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Figure 4-14. NASC-normalized Rare Earth Element (REE) concentrations for 

Transitional Recycled sedimentary rocks deposited in a passive margin tectonic setting: 

Frontier Formation.  
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Figure 4-15. NASC-normalized Rare Earth Element (REE) concentrations for 

sedimentary rocks derived from Dissected Arcs deposited in an active margin tectonic 

setting: Tyee Formation and Bridger Formation.  
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Figure 4-16. NASC-normalized Rare Earth Element (REE) concentrations for 

sedimentary rocks derived from Undissected Arcs deposited in an active margin tectonic 

setting: Wagon Bed Formation and Lonesome Formation.  
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Figure 4-17. Upper crust-normalized Rare Earth Element (REE) concentrations for 

Craton Interior sedimentary rocks deposited in a passive margin tectonic setting: Dakota 

Formation and Salt Wash Member of the Morrison Formation.  
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Figure 4-18. Upper crust-normalized Rare Earth Element (REE) concentrations for 

Quartzose Recycled sedimentary rocks deposited in a passive margin tectonic setting: 

Hoback Formation, Duchesne River Formation, and Mesaverde Group.  
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Figure 4-19. Upper crust-normalized Rare Earth Element (REE) concentrations for 

Transitional Recycled sedimentary rocks deposited in a passive margin tectonic setting: 

Frontier Formation.  
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Figure 4-20. Upper crust-normalized Rare Earth Element (REE) concentrations for 

sedimentary rocks derived from Dissected Arcs deposited in an active margin tectonic 

setting: Tyee Formation and Bridger Formation.  
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Figure 4-21. Upper crust-normalized Rare Earth Element (REE) concentrations for 

sedimentary rocks derived from Undissected Arcs deposited in an active margin tectonic 

setting: Wagon Bed Formation and Lonesome Formation. 
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Figure 4-22.  Ba/La-Eu/Eu* Plot.  Arc rocks show some separation, but continental rocks 

are mixed together with no discernable separation. 
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Figure 4-23.  Ta-V Plot.  Undissected arc rocks separate well from dissected arc rocks, 

but continental rocks are still mixed with very little separation. 
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CHAPTER 5 

STATISTICAL ANALYSIS OF SANDSTONE GEOCHEMISTRY 

 
Introduction 

To recognize patterns that could lead to correlations between geochemical 

attributes and provenance the project data was analyzed using classification tree 

methodology (Breiman et al., 1984) as implemented in the rpart (recursive partitioning) 

library (Therneau and Atkinson, 1997) for the R statistical computing platform (Venables 

et al., 2008).   

Rpart provides a nonparametric alternative to multiple regression modeling by 

finding the single best variable for splitting the data into two groups.  Each of those two 

groups is again split and the process continues until no further improvement can be made 

or until some minimum group size is attained.  The resulting classification tree is too 

complex (too many branches) and needs to be pruned back to a simpler and more 

statistically defensible tree. 

Pruning the initial or maximal tree is done by a cross-validation method 

(Therneau and Atkinson, 1997).  The original data set is randomly divided into (at least) 

10 subsets.  A model fitted by leaving each subset out in turn is used to predict or classify 

the observations in the omitted subset.  An average measure of risk is then calculated and 

the “best” model is selected based on a plot of the average risk as a function of model 

complexity which is related to the number of terminal nodes.  

The complexity criterion used for this analysis is to pick the tree with the smallest 

‘xerror’, which is the average proportion of misclassified observations from the cross-

validation (D. Turner, USDA Forest Service, personal communication).   
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An rpart classification tree was fit for the major element data of this study to see if 

any particular elements stood out and helped separate the provenances from each other. 

 
Major Elements - rpart analysis 

 The observed amounts of major element oxides (SiO2, TiO2, Al2O3, Fe2O3, MnO, 

MgO, CaO, Na2O, and K2O) were used as predictor variables to classify the provenance 

of samples in an rpart analysis.  Table 5-1 shows the complexity parameter (CP) and 

xerror values for the initial 3 split/6 terminal node tree fit to the major element data.  1-

xerror is similar to R2 in a regression analysis and can be used to select tree number 3 

(with 2 splits) as the optimal tree since it has the smallest value of 1-.6122=0.3878.  This 

indicates that the 2 split/4 terminal node tree plotted in Figure 5-1 is the “best” tree using 

the major elements to predict provenance.  The classification table for this model (Table 

5-2) shows that dissected and undissected arcs are predicted very well with this model 

having misclassification rates of 0 and 4.   The results for this model show that Na2O and 

K20 are useful for discriminating provenance, primarily separating quartzose recycled, 

undissected and dissected arcs. 

 
Trace Elements - rpart analysis 

 Two models were fitted using a selected subset and all observed amounts of trace 

elements.  The first model was based on commonly used trace elements (Sc, V, Eu, La, 

Ba, Ho, and Th from the literature) to see if they could be pared down and simplified to 

the most useful elements. The second model was based on the entire trace element data 

set (Sc, V, Cr, Rb, Y, Nb, Ba, La, Ce, Pr, Nd, Eu, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 

Hf, Ta, Pb, Th, and U) measured for this study.  



 66

 The model fit statistics for selected trace elements (Table 5-3) justified a 

classification matrix and tree with only 2 splits/3nodes (Table 5-4, figure 5-2). The 

matrix and tree indicate that Vanadium (V) and Thorium (Th) may be useful geochemical 

discriminants for separating provenance, primarily quartzose recycled, undissected and 

dissected arcs.  This model did not separate craton interior and transitional recycled from 

the other provenances. 

 Using all trace elements produced a tree with 2 splits/3 nodes  (figure 5-3) but a 

different variable for the second split.  The classification matrix and tree for this model 

yield results similar to the previous model except that Tantalum (Ta) replaces Thorium 

(Th) in the right-hand branch.  This could suggest that Tantalum (Ta) might be useful for 

separating provenance suites. 

 
Summary 

 The rpart analysis provided a basis for using geochemical elements as provenance 

discriminators.  For instance, the major element oxides Na2O and K2O were used by 

Roser and Korsch (1986) to separate provenances in a broad, general sense. The same is 

true for Vanadium (V), where Bhatia and Crook (1986) used Vanadium to help classify 

provenance suites. The rpart model for these elements suggest that they would be useful 

for provenance discrimination and provides statistical support for work by previous 

authors. 

 However, it should be noted that although the rpart method works in this case, this 

data set is small (n=74) and should be considered a pilot study.  For future investigations 

a random sample of 200-300 sites would be more appropriate. 
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Table 5-1.  Model fit statistics for the initial rpart model for major elements assessed in a 

geochemical provenance study of clastic sedimentary rocks in the Western Cordillera, 

2009. 

Tree 
Number CP nsplit  rel error xerror xstd 

1 0.30612245 0 1.00000000 1.00000000 0.08303403 

2 0.20408163 1 0.69387760 0.79591840 0.08765050 

3 0.12244898 2 0.48979590 0.61224490 0.08619360 

4 0.06122449 3 0.36734690 0.63265310 0.08661700 

5 0.01000000 4 0.30612240 0.67346940 0.08726437 

 

 

Table 5-2.  Classification results from the pruned rpart tree (2 splits/3 nodes) modeling of 

geochemical provenance using major element from sedimentary rocks in the western 

cordillera, 2009.  Columns and rows are the observed and predicted provenances, 

respectively. 

Classification Matrix – Major Elements 

Observed/Predicted Craton 
Interior 

Dissected 
Arc 

Quartzose 
Recycled 

Transitional 
Recycled 

Undissected 
Arc 

Craton Interior 0 0 0 0 0 

Dissected Arc 0 14 0 0 4 

Quartzose 
Recycled 8 0 25 10 0 

Transitional 
Recycled 0 0 0 0 0 

Undissected Arc 2 0 0 0 11 
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Table 5-3. Model fit statistics for initial rpart model of selected trace element analysis in 

geochemical provenance study of clastic sedimentary rocks in the western cordillera, 

2009. 

Tree 
Number CP nsplit rel error xerror xstd 

1 0.28571429 0 1.00000000 1.00000000 0.08303403 

2 0.20408163 1 0.71428570 0.85714290 0.08697365 

3 0.10204082 2 0.51020410 0.65306120 0.08697365 

4 0.06122449 3 0.40816330 0.69387760 0.08748982 

5 0.01000000 5 0.28571430 0.71428570 0.08765050 

 

 

Table 5-4. Classification results from the pruned rpart tree (2 splits/3 nodes) modeling of 

geochemical provenance using selected trace elements from sedimentary rocks in the 

western cordillera, 2009.  Columns and rows are the observed and predicted provenances, 

respectively. 

Classification Matrix – Trace Elements 

Observed/Predicted Craton 
Interior 

Dissected 
Arc 

Quartzose 
Recycled 

Transitional 
Recycled 

Undissected 
Arc 

Craton Interior 0 0 0 0 0 

Dissected Arc 0 11 1 0 1 

Quartzose 
Recycled 10 0 25 24? 10 0 

Transitional 
Recycled 0 0 0 0 0 

Undissected Arc 0 3 0 0 14 
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Table 5-5. Model fit statistics for initial rpart model of all trace element analysis in 

geochemical provenance study of clastic sedimentary rocks in the western cordillera, 

2009. 

Tree 
Number CP nsplit rel error xerror xstd 

1 0.28571430 0 1.00000000 1.00000000 0.08303403 

2 0.10204080 2 0.42857140 0.46938780 0.08125256 

3 0.01000000 4 0.22448980 0.48979590 0.08218237 

 

 

Table 5-6. Classification results from the pruned rpart tree (2 splits/3 nodes) modeling of 

geochemical provenance using all trace elements from sedimentary rocks in the western 

cordillera, 2009.  Columns and rows are the observed and predicted provenances, 

respectively. 

Classification Matrix – Trace Elements 

 Craton 
Interior 

Dissected 
Arc 

Quartzose 
Recycled 

Transitional 
Recycled 

Undissected 
Arc 

Craton 
Interior 0 0 0 0 0 

Dissected 
Arc 0 14 1 0 0 

Quartzose 
Recycled 10 0 24 10 0 

Transitional 
Recycled 0 0 0 0 0 

Undissected 
Arc 0 0 0 0 15 
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Figure 5-1.  The pruned fit tree model for the major elements.  The numbers below the 

provenances are the frequencies with which the major elements correspond to that 

provenance.
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Figure 5-2.  The pruned fit model of the rpart analysis of the trace elements using only 

selected trace elements (namely, Sc, V, Eu, La, Ba, Ho, Th). The numbers below the 

provenances are the frequencies with which the selected trace elements correspond to that 

provenance.
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Figure 5-3.  The pruned fit model of the rpart analysis for all of the trace elements.  Note 

that Tantalum (Ta) replaces Thorium (Th) in the right branch as compared to the previous 

model (figure 5-2). The numbers below the provenances are the frequencies with which 

the trace elements correspond to that provenance. 
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CHAPTER 6 

CONCLUSIONS  

 
Introduction 
 

The goal of this study was to evaluate geochemical discriminants for clastic 

sedimentary rocks that have been proposed in the literature, by applying them to rocks of 

known tectonic setting and provenance. The sample control set selected was based on the 

compilation of Dickinson et al. (1983), using the classification applied in that study 

(craton interior, quartzose recycled, transitional recycled, undissected arc, and dissected 

arc). These groups do not correspond to those used on the geochemical discriminant 

diagrams by the original authors, who commonly group settings into passive margin, 

continental arc, and island arc (Table 6-1). “Active continental margin” (ACM) is used 

by some authors as synonymous with continental arc, but Bhatia uses this term for strike-

slip basins on continental margins.  The use of the Dickinson groups within this study, 

however, is internally consistent and independent of the groups used by the original 

authors. In general, the craton interior, quartzose recycled, and transitional recycled 

groups are essentially passive margin settings, whereas dissected arcs are generally 

equivalent to continental margin arcs. Undissected arcs are more or less the same as 

island arcs in other schemes.  

 
Major Element Diagrams 

Several major elements diagrams were used to determine successful geochemical 

discriminants for provenance characterization (Table 6-2). The diagrams evaluated here 
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were (1) Harker diagrams and (2) geochemical diagrams generated using the following 

different sets of oxides: K2O/Na2O-SiO2, Ti-MgO+Fe2O3, and SiO2/Al2O3-K2O/Na2O.  

The Harker diagrams were useful for looking at the overall abundance of major 

elements within the different provenances. They are useful in providing a quick analysis 

of the data and determining overall silica enrichment, which is typically higher in passive 

margin settings. 

The K2O/Na2O-SiO2 diagram from Roser and Korsch (1986) is also useful in a 

broad sense for discriminating between the different provenances of passive margin, 

island arc, and active continental margin (used in the sense continental margin arc). 

However, its limiting factor was its inability to distinctly separate the different passive 

margin settings defined by Dickinson et al. (1983), especially the craton 

interior/continental provenances.  

The Ti-MgO+Fe2O3 diagram (Bhatia, 1983) seemed to work the best in using the 

major elements to discriminate between the different provenances.  Although there was 

some overlap (mixing) of the passive margin (PM) and continental (ACM) provenances, 

enough separation was seen to be able to separate the individual provenances. 

The SiO2/Al2O3-K2O/Na2O diagram (McLennan et al., 1990) is a variation on the 

K2O/Na2O-SiO2 diagram used by Roser and Korsch (1986). The use of the Si/Al ratio 

provides some additional spread in the data, and eliminates issues related to absolute 

abundance. It seems that the passive margin (PM) and active continental margin (ACM) 

provenances were somewhat more separated than in the original Roser and Korsch (1986) 

diagram.  
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Trace Element Diagrams 

Trace element diagrams are useful because it is often easier to obtain good trace 

element data than major element analyses, and because they can provide powerful 

discrimination in many cases (Table 6-3). However, many trace elements are 

concentrated in accessory phases that may be subject to hydraulic concentration that will 

skew results.  

The Sc-V diagram (Bhatia and Crook, 1986) was good for discriminating between 

all the different provenances.  Each provenance (passive margin, continental recycled, 

dissected arc, and undissected arcs) was well separated and plotted in definable groups. 

The La-Th-Sc diagram (McLennan et al., 1993) was good for separating the arc 

sediments (dissected and undissected), but wasn’t very useful in discriminating between 

the continental sediments.  The continental sediments appeared to have too much overlap 

for any definable separation between the different groups. 

The chondrite-normalized REE diagrams (Bhatia, 1985; McLennan et al., 1993) 

displayed very few discriminating characteristics with which to separate samples into 

unique groupings related to provenance.  Aside from the tendency of passive margins to 

exhibit small negative Eu anomalies, and the active margin sediments to show distinct 

positive Eu anomalies, the REE diagrams were a disappointment. The NASC-normalized 

REE diagrams also did not perform well in discriminating the provenances. The NASC 

diagrams had rather flat slopes with no unique characteristics, and, aside from the strong 

positive Eu anomaly in the undissected arc provenance, provided little else to separate the 

data. There is little difference between NASC and PAAS normalizing factors.  
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The upper continental crust-normalized multi-element (spider) diagrams 

(McLennan et al., 1993) did work fairly well for separating the dissected and undissected 

arc provenances. Overall, the plots showed a distinct positive Eu anomaly, and high 

Ba/La ratios.  

The Ba/La-Eu/Eu* diagram was the plot derived from the upper continental crust 

Ba/La and Eu-anomaly relationships. This plot seems to work very well for the dissected 

and undissected arc provenances, but was less successful in separating the passive margin 

subprovinces (continental interior-recycled orogen provenances).  

The Ta/V diagram was the plot derived from the statistical analysis of the trace 

elements.  This plot works very well for separating the dissected and undissected arc 

provenances, but fails in separating the passive margin and continental sediments. 

 
Summary 

Although several of the geochemical plots did not work as expected, this study 

was successful in determining some useful geochemical discriminants.  Most of the major 

element diagrams were successful to one degree or another as well as most of the trace 

element diagrams.  The major elements Ti, MgO, and Fe2O3, along with K2O and Na2O 

seemed to work the best in discriminating between the different provenances.  The trace 

elements Sc, V, La, Th, Eu, and Ba seemed to work the best in separating the different 

provenances into definable groups. 

As a result of this study, the multiple nomenclatures employed by different 

investigators leads to the concept that a standard provenance terminology is needed so 

that unnecessary and confusing terms are eliminated.  Although it may be impossible to 
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include every provenance regime, it should still be possible to devise a simple but 

accurate classification.   

A suggested nomenclature could be:  Passive Margin (includes possible subsets: 

recycled orogen and continental interior; some overlapping of the Passive Margin will be 

seen), Dissected Arc (aka Active Continental Margin), and Undissected Arc (aka Island 

Arc) regimes. This nomenclature is by no means all-inclusive, but is meant simply to 

illustrate the need for a more comprehensive and simple terminology.  
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Table 6-1.  List of provenances, depositional and tectonic settings nomenclature as used 

in literature. 

Provenance Depositional Setting Tectonic Setting 

Undissected Arc Forearc/Backarc 

 

Oceanic Island Arc or Young 

Volcanic CMA 

Dissected Arc/CMA 

 

ACM: Active Continental 

Margin 

 

CMA or Transform Continental 

Margin 

 

Craton Interior 

Intra-Cratonic Basin 

Foreland Basin 

Continental-Slope-Rise 

Passive Margin 
Recycled Orogen 

 

Uplifted Basement 

Rock 
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Table 6-2.  List of major element diagrams and their effectiveness in resolving 

provenance. 

Diagrams Effectiveness 

Harker Diagrams 
Low resolution power. Arcs = Low SiO2; 

Passive Margins = High SiO2. 

K2O/Na2O – SiO2 

Moderate resolution power. Good for 

Oceanic Island Arcs vs. Continental 

Margins Arcs vs. Passive Margin. 

SiO2/Al2O3 – K2O/Na2O 

Moderate resolution power. Good for 

Oceanic Island Arcs vs. Continental 

Margin Arc vs. Passive Margin. 

TiO2 – MgO + Fe2O3 

Good resolution power. Separates the 

Oceanic Island Arc vs. Continental Margin 

Arc vs. Passive Margin. 

 



 80

Table 6-3.  List of trace element diagrams and their effectiveness in resolving 

provenance. 

Trace Element Diagrams Effectiveness 

Sc – V Diagram 

Good resolution power. Separates Oceanic 

Island Arc vs. Continental Margin Arcs vs. 

Passive Margin. 

La – Th – Sc Diagram 

Moderate resolution power. Good for 

Oceanic Island Arcs vs. Continental 

Margins Arcs vs. Passive Margin 

Chondrite Normalized REE Diagram 

Low resolution power. Very difficult to 

differentiate between different 

provenances. 

NASC REE Diagram 

Low resolution power. Other than Eu and 

Ho anomalies, very difficult to differentiate 

between the different provenances. 

Upper Continental Crust (Spider Diagram) 

Moderate resolution power.  Works good 

for separating Oceanic Island Arcs vs. 

Continental Margin Arcs. 

Ba/La – Eu/Eu* Diagram 

Moderate resolution power. Separates 

Oceanic Island Arc vs. Continental Margin 

Arcs vs. Passive Margin. 



 81

Ta/V Diagram 

Moderate resolution power.  Separates 

Oceanic Island Arc vs. Continental Margin 

Arc. 
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Appendix A:  Sample Labels and Locations 
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Sample # Sample 
Label Easting Northing Elevation 

(ft) 
Salt Wash 1 SW 1 556107 4303155 4293 
Salt Wash 2 SW 2 555883 4302946 4287 
Salt Wash 3 SW 3 555883 4302946 4287 
Salt Wash 4 SW 4    
Salt Wash 5 SW 5    
Dakota 1 DAKO 1 646488 4300880 4590 
Dakota 2 DAKO 2 646488 4300880 4590 
Dakota 3 DAKO 3 646488 4300880 4590 
Dakota 4 DAKO 4 646942 4301205 4503 
Dakota 5 DAKO 5 646942 4301205 4503 
Bridger Formation (1,2) TB 1 578595 4647715 6486 
Bridger Formation 3 TB 3 601555 4642382 6403 
Bridger Formation 4 TB 4 601498 4642385 6396 
Bridger Formation 5 TB 5 601490 4642366 6403 
Tyee 1 TY 1 450023 4837468 142 
Tyee 2 TY 2 450023 4837468 142 
Tyee 3 TY 3 450169 4837785 159 
Tyee 4 TY 4 425718 4834545 36 
Tyee 5 TY 5 429079 4780811 850 
Tyee 6 TY 6 429079 4782770 1270 
Farrer 1 MVG F1 581417 4326314 5127 
Farrer 2 MVG Tu 2 581427 4326314 5127 
Farrer 3* MVG Tu 3 581426 4326329 5080 
Farrer 4 (Tuscher?) MVG Tu1 582146 4325801 5217 
Tuscher 1 MVG Tu1a 587162 4325973 4983 
Tuscher 2 MVG Tu2a 587198 4325970 4989 
Tuscher 3 MVG Tu3a 587231 4325972 4992 
Tuscher 4 MVG Tu4a 584509 4328335 4817 
Tuscher 5 MVG Tu5a 584558 4328344 4850 
Tuscher 6 MVG Tu6a 584560 4328340 4850 
Mesaverde Group MVG 693041 4418034 5977 
Mesaverde Group MVG 693041 4418034 5977 
Mesaverde Group MVG 693041 4418034 5977 
Mesaverde Group MVG 693041 4418034 5977 
Mesaverde Group MVG 693041 4418034 5977 
Duchesne River Frm. DR 1 610001 4463155 5197 
Duchesne River Frm. DR 2 610001 4463155 5197 
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Sample # Sample 
Label Easting Northing Elevation 

(ft) 
Duchesne River Frm. DR 3 610001 4463155 5197 
Duchesne River Frm. DR 4 610001 4463155 5197 
Duchesne River Frm. DR 5 610001 4463155 5197 
Hoback Formation TH 1 547219 4788204 6635 
Hoback Formation TH 2 547748 4789496 6797 
Hoback Formation TH 3 547757 4789501 6835 
Hoback Formation TH 4 547754 4789505 6840 
Hoback Formation TH 5 547905 4789597 6856 
Hoback Formation TH 6 547908 4789596 6857 
Frontier 1 FRONT 1 373548 4829478 4724 
Frontier 2 FRONT 2 373537 4829456 4745 
Frontier 3 FRONT 3 373513 4829424 4755 
Frontier 4  FRONT 4 373506 4829395 4749 
Frontier 5 FRONT 5 373528 4829357 4760 

Frontier BHB BHB FRONT 
1 649753 4935007 5391 

Frontier BHB BHB FRONT 
2 649747 4935015 5392 

Frontier BHB BHB FRONT 
3 649754 4934994 5387 

Frontier BHB BHB FRONT 
4 649775 4934973 5368 

Frontier BHB BHB FRONT 
5 649776 4934968 5369 

Wagon Bed (all 
samples) 

WB 1a & b 730991 4732306 6775 

Wagon Bed (all 
samples) 

WB 2 730991 4732306 6775 

Wagon Bed (all 
samples) 

WB 3 730991 4732306 6775 

Wagon Bed (all 
samples) 

WB 4a & b 730991 4732306 6775 

Wagon Bed (all 
samples) 

WB 5 730991 4732306 6775 

Lonesome Formation 1 LS 1 307305 4882070 4150 
Lonesome Formation 2 LS 2 303528 4884825 4050 
Lonesome Formation 3 LS 3 306719 4881793 4089 
Lonesome Formation 4 LS 4 306825 4881860 4100 
Lonesome Formation 5 LS 5 310846 4881240 4120 
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Appendix B:  Rock Sample Point Count Compositions 
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BHF 4 16 402 10 4 6 24   26 
BHF 5  402 32 8 15 17   20 
Da 1  282 65 32 9 19 74  5 
Da 2  336 63 23 37 12  3 10 

K Front 
3 

8 215 13 6 39   5  

K Front 
4 

6 243 12 2 14 15  2  

Lf 1  80 184  84   20  
Lf 2 18 54 44  116  204  6 
Lf 3  50 135 17 77 52 89 44 5 

MVG 3  210 28 8 28  146 8  
MVG 5 40 210 16 20 44  106 6 6 
Tb 1  76 37 14 64  276 12  
Tb 2  68 41 13 44 8 275 20 3 
Th 4 18 185 14 4 94 91  1  
Th 5  176 7 9 96  47   
Tu 3  300 10 10 54  86  14 
Tu 6  236 10 13 42  117 5 5 
Ty 1 6 122 114 38 1 138 27 23 9 
Ty 2b  158 52 17 41 30 145 11 11 
Ty 3 27 231 48 13 9 42 21 27 31 
Ty 4 24 156 50 10 34 22 153 6 8 
Ty 6 20 214 46 15 27 55 41 11 4 
Wb 2  265 50 32 61 43 7 34 3 
Wb 3  248 74 49 23 61 8 29 2 
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BHF 4  3        

BHF 5 1 5        
Da 1  7 7       
Da 2 5 11        

K Front 
3 

1   57   156   

K Front 
4 

1 5  60   140   

Lf 1     20    112 
Lf 2 4 26 14    14   
Lf 3  5 8  18     

MVG 3  16 8 28   20   
MVG 5  52        
Tb 1 7 14        
Tb 2 6 19    3    
Th 4  6  30   52 5  
Th 5  5  36   124   
Tu 3  22 4       
Tu 6  43 3       
Ty 1 13 9        
Ty 2b 14 21        
Ty 3 25 23 3       
Ty 4 8 12 6 5 6     
Ty 6 6 3     58   
Wb 2 3 2        
Wb 3 6         
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Appendix C:  Major Element Data 
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 Provenance SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO* Na2O K2O 

DAKO1 Craton 
Interior 91.30 0.15 5.37 0.96 0.01 0.46 0.14 1.46 0.16 

DAKO2 Craton 
Interior 91.33 0.26 5.26 1.22 0.01 0.49 0.00 1.24 0.19 

DAKO3 Craton 
Interior 89.58 0.16 7.29 0.78 0.01 0.38 0.00 1.60 0.20 

DAKO4 Craton 
Interior 87.59 0.17 7.61 1.68 0.01 0.73 0.00 2.09 0.13 

DAKO5 Craton 
Interior 85.74 0.20 8.90 1.91 0.02 0.86 0.00 2.24 0.14 

SW1 Craton 
Interior 97.37 0.03 1.61 0.16 0.03 0.27 0.26 0.20 0.09 

SW2 Craton 
Interior 95.97 0.05 2.74 0.13 0.02 0.33 0.18 0.46 0.12 

SW3 Craton 
Interior 96.46 0.05 2.16 0.08 0.02 0.30 0.56 0.30 0.07 

SW4 Craton 
Interior 82.29 0.16 3.42 0.25 0.14 0.55 11.30 -0.03 1.90 

SW5 Craton 
Interior 83.95 0.18 4.32 0.46 0.11 0.82 7.71 0.32 2.12 

TB1 Dissected 
Arc 49.54 0.80 12.29 4.98 0.61 4.08 23.24 2.29 2.16 

TB2 Dissected 
Arc 46.61 1.01 11.50 6.82 0.54 5.71 24.01 1.97 1.83 

TB4 Dissected 
Arc 65.73 0.72 15.42 5.56 0.04 5.38 2.31 2.05 2.79 

TB5 Dissected 
Arc 51.01 1.40 11.33 9.55 0.63 6.03 15.06 2.48 2.51 

TY1A Dissected 
Arc 66.20 0.77 16.70 5.91 0.04 4.62 0.25 2.61 2.90 

TY1B Dissected 
Arc 67.32 0.66 16.78 5.50 0.04 3.82 0.00 3.04 2.84 

TY2A Dissected 
Arc 67.37 0.64 17.55 5.35 0.03 3.17 0.09 2.76 3.04 

TY2B Dissected 
Arc 66.86 0.69 17.29 5.76 0.03 3.78 0.00 2.70 2.89 

TY3A Dissected 
Arc 70.51 0.61 15.76 4.29 0.06 1.86 0.56 3.13 3.20 

TY3B Dissected 
Arc 72.32 0.57 16.02 3.01 0.04 1.21 0.33 2.92 3.57 

TY4A Dissected 
Arc 67.13 0.68 14.94 5.89 0.07 4.16 2.22 2.89 2.03 

TY4B Dissected 
Arc 66.48 0.73 14.76 6.10 0.06 4.79 2.50 2.63 1.95 

TY6A Dissected 
Arc 70.65 0.46 13.60 3.48 0.16 2.27 3.52 3.07 2.79 

TY6B Dissected 
Arc 69.88 0.54 13.80 3.93 0.16 2.58 3.44 3.06 2.62 

DR1 Quartzose 
Recycled 82.09 0.12 2.05 0.39 0.08 4.22 10.58 -0.14 0.60 
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DR2 Quartzose 
Recycled 87.53 0.12 2.91 0.40 0.06 2.95 5.33 -0.11 0.82 

DR3 Quartzose 
Recycled 82.03 0.14 2.99 0.53 0.06 3.81 9.60 -0.12 0.97 

DR4 Quartzose 
Recycled 76.85 0.16 3.29 0.52 0.08 4.38 13.77 -0.12 1.07 

DR5 Quartzose 
Recycled 75.85 0.16 3.36 0.63 0.09 5.65 13.36 -0.12 1.03 

MVG1 Quartzose 
Recycled 80.52 0.45 12.16 1.82 0.05 2.03 0.00 0.94 2.03 

MVG2 Quartzose 
Recycled 80.07 0.38 10.28 3.89 0.09 2.85 0.00 0.74 1.70 

MVG3 Quartzose 
Recycled 77.46 0.66 9.50 4.81 0.09 4.99 0.00 0.77 1.73 

MVG4 Quartzose 
Recycled 86.95 0.25 7.55 2.07 0.07 1.20 0.00 0.60 1.30 

MVG5 Quartzose 
Recycled 80.53 0.28 10.48 3.46 0.09 2.59 0.17 0.66 1.75 

MVGF1 Quartzose 
Recycled 98.14 0.04 1.53 0.05 0.00 0.24 0.00 -0.09 0.09 

MVGTU2 Quartzose 
Recycled 98.93 0.05 0.89 -0.01 0.00 0.14 0.03 -0.10 0.06 

MVGTU3 Quartzose 
Recycled 97.90 0.05 0.99 0.19 0.01 0.65 0.24 -0.11 0.07 

MVGTU1A Quartzose 
Recycled 86.82 0.39 7.86 1.85 0.03 1.53 0.00 0.16 1.37 

MVGTU2A Quartzose 
Recycled 87.77 0.23 7.36 1.28 0.02 1.85 0.00 0.28 1.21 

MVGTU3A Quartzose 
Recycled 88.26 0.18 7.25 1.84 0.06 1.25 0.00 0.04 1.12 

MVGTU4A Quartzose 
Recycled 80.05 0.22 9.77 3.22 0.07 2.22 2.47 0.28 1.71 

MVGTU5A Quartzose 
Recycled 71.85 0.29 9.82 8.03 0.14 7.68 0.00 0.17 2.02 

MVGTU6A Quartzose 
Recycled 74.21 0.26 9.85 6.76 0.12 6.56 0.00 0.19 2.04 

TH1 Quartzose 
Recycled 80.76 0.16 5.28 0.98 0.22 1.93 10.21 -0.05 0.50 

TH2 Quartzose 
Recycled 77.03 0.26 5.76 1.32 0.30 3.60 11.20 -0.01 0.55 

TH3 Quartzose 
Recycled 76.71 0.24 7.37 1.61 0.19 2.50 10.74 -0.02 0.66 

TH4 Quartzose 
Recycled 63.72 0.22 5.90 1.58 0.98 3.95 23.05 -0.03 0.62 

TH5 Quartzose 
Recycled 63.24 0.21 5.92 1.15 0.58 4.04 24.20 -0.01 0.67 

TH6 Quartzose 
Recycled 67.46 0.19 5.32 0.75 0.53 3.56 21.57 0.00 0.63 

BHBFRONT1 Transitional 
Recycled 98.31 0.14 1.29 0.17 0.00 0.11 0.00 -0.09 0.07 

BHBFRONT2 Transitional 
Recycled 98.45 0.12 1.34 0.02 0.00 0.10 0.00 -0.09 0.05 

BHBFRONT3 Transitional 
Recycled 97.68 0.10 2.03 0.07 0.00 0.12 0.00 -0.08 0.08 
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BHBFRONT4 Transitional 
Recycled 97.17 0.14 2.29 0.26 0.00 0.11 0.00 -0.09 0.11 

BHBFRONT5 Transitional 
Recycled 94.43 0.19 4.92 0.20 0.00 0.14 0.00 -0.08 0.20 

FRONT1 Transitional 
Recycled 74.56 0.22 9.76 1.47 0.20 0.79 9.41 1.41 2.18 

FRONT2 Transitional 
Recycled 78.62 0.30 10.73 1.51 0.03 0.64 4.23 1.52 2.41 

FRONT3 Transitional 
Recycled 73.84 0.22 10.45 1.59 0.20 0.77 8.87 1.47 2.58 

FRONT4 Transitional 
Recycled 64.89 0.25 8.55 1.89 0.44 1.09 19.12 1.29 2.47 

FRONT5 Transitional 
Recycled 70.07 0.38 9.62 2.70 0.48 1.23 11.64 1.29 2.59 

LF1 Undissected 
Arc 59.34 0.96 16.76 8.90 0.10 5.54 2.93 3.98 1.49 

LF2A Undissected 
Arc 70.57 0.80 11.82 6.02 0.24 3.14 3.87 1.64 1.89 

LF2B Undissected 
Arc 71.67 0.77 11.51 5.95 0.23 2.94 3.44 1.67 1.81 

LF3A Undissected 
Arc 55.98 1.16 16.77 9.97 0.14 5.26 6.33 2.89 1.50 

LF3B Undissected 
Arc 58.23 1.13 15.91 9.52 0.15 4.69 6.11 2.81 1.46 

LF4A Undissected 
Arc 50.09 1.34 15.62 9.07 0.31 4.37 14.92 2.90 1.39 

LF4B Undissected 
Arc 51.74 1.32 15.31 8.86 0.45 4.07 13.91 2.90 1.44 

LF5A Undissected 
Arc 58.84 1.23 19.63 9.25 0.20 4.60 0.34 3.02 2.88 

LF5B Undissected 
Arc 70.02 0.60 15.08 5.51 0.04 3.46 0.00 2.89 2.40 

WB1A Undissected 
Arc 81.17 0.14 10.48 1.82 0.03 0.93 1.55 2.24 1.64 

WB1B Undissected 
Arc 81.81 0.11 10.36 1.66 0.03 0.81 1.37 2.25 1.60 

WB2 Undissected 
Arc 83.38 0.08 9.86 1.24 0.02 0.59 1.07 2.14 1.62 

WB3 Undissected 
Arc 81.54 0.08 11.27 1.09 0.02 0.57 1.14 2.60 1.70 

WB4A Undissected 
Arc 82.70 0.15 9.70 1.82 0.03 0.79 1.30 2.02 1.48 

WB4B Undissected 
Arc 83.19 0.07 9.63 0.93 0.02 0.54 1.58 2.02 2.02 
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Appendix D:  Trace Element Data 
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Sample Label Provenance Sc V Cr Rb Y Nb 
DAKO1 Craton Interior -0.04 10.27 3.83 4.75 3.37 3.46 
DAKO2 Craton Interior -0.10 9.37 3.64 4.79 2.69 3.85 
DAKO3 Craton Interior 0.67 11.24 4.37 3.93 2.13 3.24 
DAKO4 Craton Interior 1.65 7.81 2.71 1.68 2.30 4.64 
DAKO5 Craton Interior 0.65 9.27 2.74 3.34 8.36 4.98 
SW1 Craton Interior -7.17 5.77 6.92 3.46 5.91 0.65 
SW2 Craton Interior -8.04 12.38 1.82 4.33 1.62 0.90 
SW3 Craton Interior -7.26 11.05 1.95 2.96 2.21 0.80 
SW4 Craton Interior -6.10 7.91 3.37 20.31 6.34 1.24 
SW5 Craton Interior -4.43 8.82 3.58 27.33 6.43 1.72 
TB1 Dissected Arc -4.83 37.24 31.00 26.76 7.63 9.13 
TB2 Dissected Arc -3.40 51.54 51.46 21.87 5.26 8.35 
TB4 Dissected Arc -3.56 55.29 29.49 34.97 6.04 14.15 
TB5 Dissected Arc -0.97 127.87 86.91 22.43 13.81 14.24 
TY1A Dissected Arc 2.74 66.36 52.08 44.60 6.51 13.38 
TY1B Dissected Arc 2.37 65.53 55.03 34.04 6.16 14.17 
TY2A Dissected Arc 5.05 67.16 53.21 51.71 15.86 14.54 
TY2B Dissected Arc 5.57 66.55 53.68 49.35 15.34 15.54 
TY3A Dissected Arc 4.70 68.27 61.78 48.87 6.34 14.07 
TY3B Dissected Arc 3.90 51.96 52.06 56.55 5.31 14.27 
TY4A Dissected Arc 4.95 64.27 40.37 27.63 5.69 12.77 
TY4B Dissected Arc 4.16 67.79 41.27 20.77 4.63 14.03 
TY6A Dissected Arc 4.57 41.02 37.28 45.89 6.53 7.85 
TY6B Dissected Arc 3.69 45.76 51.71 40.36 6.48 8.41 

LF1 Undissected 
Arc 4.58 174.55 19.57 10.91 5.02 4.09 

LF2A Undissected 
Arc 7.71 81.99 43.83 33.56 23.42 3.84 

LF2B Undissected 
Arc 6.84 80.06 43.83 32.87 22.78 3.86 

LF3A Undissected 
Arc 4.70 182.75 34.06 13.82 11.56 3.92 

LF3B Undissected 
Arc 4.15 186.52 35.33 14.87 11.97 3.86 

LF4A Undissected 
Arc 5.87 140.50 14.31 23.89 11.00 2.78 

LF4B Undissected 
Arc 13.99 157.87 18.78 30.58 18.65 3.11 

LF5A Undissected 
Arc 8.94 115.14 17.61 42.90 27.34 6.35 

LF5B Undissected 
Arc 5.72 99.01 99.19 37.59 10.95 6.14 

WB1A Undissected 
Arc -3.55 59.09 45.70 20.26 0.87 2.90 

WB1B Undissected 
Arc -2.46 54.41 43.43 20.17 1.04 2.44 

WB2 Undissected 
Arc -2.58 44.74 30.79 15.43 0.72 2.09 

WB3 Undissected 
Arc -3.48 44.17 25.40 24.01 0.95 3.14 



 100

WB4A Undissected 
Arc -2.36 66.34 44.72 22.18 1.92 2.73 

WB4B Undissected 
Arc -3.01 36.71 19.21 30.52 0.73 2.02 

DR1 Quartzose 
Recycled -6.47 10.19 11.52 8.39 6.50 0.94 

DR2 Quartzose 
Recycled 0.10 14.06 7.09 13.07 5.56 1.20 

DR3 Quartzose 
Recycled 0.03 12.19 5.99 12.32 5.68 1.06 

DR4 Quartzose 
Recycled 5.97 13.16 7.05 13.34 5.68 1.46 

DR5 Quartzose 
Recycled 4.52 18.62 9.95 14.17 6.98 1.53 

MVG1 Quartzose 
Recycled 3.38 29.25 20.20 49.98 11.36 6.95 

MVG2 Quartzose 
Recycled 7.60 38.92 19.97 40.22 13.11 5.41 

MVG3 Quartzose 
Recycled 3.58 32.09 17.26 33.14 22.71 6.95 

MVG4 Quartzose 
Recycled 1.43 22.53 13.78 29.41 7.98 3.35 

MVG5 Quartzose 
Recycled 4.21 28.98 16.35 37.41 12.60 4.07 

MVGF1 Quartzose 
Recycled -1.27 3.09 3.91 2.61 2.46 0.54 

MVGTU2 Quartzose 
Recycled -0.53 2.74 4.28 2.66 7.31 0.94 

MVGTU3 Quartzose 
Recycled -0.81 3.67 2.07 1.78 4.73 0.68 

MVGTU1A Quartzose 
Recycled 1.65 22.54 18.72 34.13 16.29 5.35 

MVGTU2A Quartzose 
Recycled 0.44 19.07 12.32 22.73 6.44 3.35 

MVGTU3A Quartzose 
Recycled 0.50 17.42 11.67 20.62 7.03 3.06 

MVGTU4A Quartzose 
Recycled 0.47 18.62 11.16 33.89 7.88 3.19 

MVGTU5A Quartzose 
Recycled 0.79 24.72 12.03 35.49 13.96 3.47 

MVGTU6A Quartzose 
Recycled -0.18 24.18 11.70 35.46 14.79 3.30 

TH1 Quartzose 
Recycled -4.46 14.50 8.43 10.97 14.28 2.85 

TH2 Quartzose 
Recycled -5.23 12.53 7.34 10.57 9.67 2.58 

TH3 Quartzose 
Recycled -4.65 18.85 9.42 14.77 10.97 4.20 

TH4 Quartzose 
Recycled -5.03 15.27 8.39 11.69 11.90 3.50 

TH5 Quartzose 
Recycled -4.94 14.13 7.69 11.34 9.55 2.84 

TH6 Quartzose 
Recycled -5.21 16.10 8.57 11.70 19.81 4.23 
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BHBFRONT1 Transitional 
Recycled -0.47 6.31 5.26 3.90 1.55 1.94 

BHBFRONT2 Transitional 
Recycled -0.68 4.85 6.13 2.88 0.63 1.53 

BHBFRONT3 Transitional 
Recycled -0.96 5.96 4.73 3.64 2.43 1.29 

BHBFRONT4 Transitional 
Recycled -1.29 7.51 4.48 3.99 1.53 1.67 

BHBFRONT5 Transitional 
Recycled -1.65 10.34 6.38 5.44 0.67 2.08 

FRONT1 Transitional 
Recycled -4.02 20.77 7.07 32.97 9.13 3.62 

FRONT2 Transitional 
Recycled -0.59 23.49 8.28 43.23 15.65 5.60 

FRONT3 Transitional 
Recycled -1.83 20.53 7.30 41.09 11.61 3.92 

FRONT4 Transitional 
Recycled -4.03 16.17 5.67 31.92 5.16 3.40 

FRONT5 Transitional 
Recycled -3.26 23.25 8.04 40.99 15.18 5.21 

 
Sample Label Provenance Ba La Ce Pr Nd Eu 

DAKO1 Craton Interior 28.98 7.44 9.65 1.69 6.14 0.23 
DAKO2 Craton Interior 32.01 4.09 5.95 1.03 3.77 0.17 
DAKO3 Craton Interior 26.08 7.31 6.91 1.18 4.22 0.16 
DAKO4 Craton Interior 23.18 4.07 6.22 1.00 3.69 0.18 
DAKO5 Craton Interior 39.50 11.02 18.05 2.81 10.42 0.45 
SW1 Craton Interior 526.03 23.09 24.02 2.75 8.99 0.38 
SW2 Craton Interior 21.78 2.44 5.41 0.55 2.06 0.10 
SW3 Craton Interior 19.54 3.09 6.06 0.72 2.81 0.13 
SW4 Craton Interior 160.03 5.61 9.89 1.30 4.91 0.27 
SW5 Craton Interior 188.33 7.92 13.40 1.79 6.59 0.32 
TB1 Dissected Arc 750.99 25.42 46.53 5.30 18.93 0.98 
TB2 Dissected Arc 554.91 23.65 43.93 5.06 18.15 0.87 
TB4 Dissected Arc 442.25 18.82 29.15 3.86 13.64 0.55 
TB5 Dissected Arc 530.12 34.54 67.27 8.34 31.71 1.28 
TY1A Dissected Arc 719.68 10.83 17.15 2.77 10.56 0.58 
TY1B Dissected Arc 394.70 11.83 13.93 2.79 10.76 0.52 
TY2A Dissected Arc 948.98 25.05 54.28 6.54 24.68 1.23 
TY2B Dissected Arc 917.54 25.23 49.56 6.34 23.90 1.13 
TY3A Dissected Arc 478.57 12.02 17.26 3.09 11.65 0.57 
TY3B Dissected Arc 551.45 10.43 15.73 2.66 10.00 0.51 
TY4A Dissected Arc 421.71 12.28 21.82 3.02 11.36 0.50 
TY4B Dissected Arc 382.13 9.04 14.98 2.21 8.33 0.39 
TY6A Dissected Arc 654.80 15.93 25.74 3.40 12.45 0.66 
TY6B Dissected Arc 567.19 19.02 31.37 4.06 14.56 0.65 
LF1 Undissected Arc 272.68 3.45 6.77 1.14 4.98 0.35 
LF2A Undissected Arc 475.13 13.64 25.71 3.50 14.54 0.99 
LF2B Undissected Arc 463.93 13.24 25.23 3.37 14.20 0.96 
LF3A Undissected Arc 681.15 8.42 20.12 2.83 12.28 0.89 
LF3B Undissected Arc 686.37 9.01 21.07 2.94 12.94 0.95 
LF4A Undissected Arc 444.38 8.25 17.79 2.28 9.80 0.65 
LF4B Undissected Arc 647.64 11.11 23.91 3.21 14.18 1.01 
LF5A Undissected Arc 925.06 19.56 39.57 5.47 23.16 1.77 
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LF5B Undissected Arc 1094.83 11.01 26.31 2.78 11.32 0.75 
WB1A Undissected Arc 301.60 1.64 1.83 0.31 1.10 0.13 
WB1B Undissected Arc 411.34 1.93 2.30 0.36 1.30 0.17 
WB2 Undissected Arc 446.30 1.44 1.31 0.27 0.96 0.14 
WB3 Undissected Arc 373.57 2.13 3.04 0.41 1.42 0.17 
WB4A Undissected Arc 407.63 2.95 4.53 0.57 2.01 0.22 
WB4B Undissected Arc 414.72 2.07 2.77 0.37 1.26 0.15 

DR1 Quartzose 
Recycled 62.61 7.19 11.99 1.63 6.07 0.28 

DR2 Quartzose 
Recycled 82.45 6.75 11.68 1.50 5.62 0.25 

DR3 Quartzose 
Recycled 88.28 7.33 13.45 1.75 6.57 0.30 

DR4 Quartzose 
Recycled 89.93 6.90 11.80 1.51 5.73 0.26 

DR5 Quartzose 
Recycled 95.41 9.07 14.44 1.95 7.31 0.32 

MVG1 Quartzose 
Recycled 300.07 26.12 52.22 6.24 22.50 0.77 

MVG2 Quartzose 
Recycled 273.43 23.59 45.30 5.31 19.10 0.73 

MVG3 Quartzose 
Recycled 236.61 26.14 72.14 6.19 22.99 0.88 

MVG4 Quartzose 
Recycled 200.88 15.25 29.73 3.57 13.36 0.52 

MVG5 Quartzose 
Recycled 371.19 18.49 36.90 4.58 17.15 0.77 

MVGF1 Quartzose 
Recycled 19.30 7.02 13.84 1.65 6.09 0.17 

MVGTU2 Quartzose 
Recycled 18.91 5.45 12.55 1.28 4.60 0.13 

MVGTU3 Quartzose 
Recycled 44.86 6.75 8.88 1.03 3.83 0.13 

MVGTU1A Quartzose 
Recycled 276.20 18.25 36.53 4.48 16.64 0.65 

MVGTU2A Quartzose 
Recycled 394.14 9.81 19.90 2.30 8.71 0.38 

MVGTU3A Quartzose 
Recycled 224.34 10.36 16.01 2.55 9.94 0.46 

MVGTU4A Quartzose 
Recycled 356.73 13.72 27.00 3.30 12.34 0.55 

MVGTU5A Quartzose 
Recycled 241.84 15.35 30.64 3.74 14.18 0.64 

MVGTU6A Quartzose 
Recycled 573.81 15.18 42.98 3.68 14.19 0.68 

TH1 Quartzose 
Recycled 210.92 18.78 29.50 3.84 13.46 0.49 

TH2 Quartzose 
Recycled 161.24 16.34 25.57 3.32 12.01 0.47 

TH3 Quartzose 
Recycled 107.24 18.81 30.53 3.93 14.14 0.50 

TH4 Quartzose 
Recycled 329.02 21.33 34.01 4.25 15.26 0.63 
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TH5 Quartzose 
Recycled 158.42 25.68 39.88 3.65 12.99 0.48 

TH6 Quartzose 
Recycled 432.98 27.59 48.46 6.13 21.81 0.80 

BHBFRONT1 Transitional 
Recycled 40.12 3.79 9.33 0.99 3.75 0.14 

BHBFRONT2 Transitional 
Recycled 32.84 1.47 4.14 0.40 1.50 0.06 

BHBFRONT3 Transitional 
Recycled 38.04 6.12 14.80 1.65 6.29 0.23 

BHBFRONT4 Transitional 
Recycled 39.69 4.48 10.87 1.13 4.25 0.15 

BHBFRONT5 Transitional 
Recycled 47.58 1.90 2.62 0.51 2.00 0.08 

FRONT1 Transitional 
Recycled 429.60 19.43 33.92 3.90 13.57 0.69 

FRONT2 Transitional 
Recycled 505.85 19.72 34.32 4.14 14.73 0.82 

FRONT3 Transitional 
Recycled 496.15 23.37 29.01 3.43 12.24 0.68 

FRONT4 Transitional 
Recycled 433.54 13.59 23.89 2.73 9.38 0.50 

FRONT5 Transitional 
Recycled 474.77 20.01 36.07 4.20 14.94 0.71 

 
Sample Label Provenance Sm Gd Tb Dy Ho Er 

DAKO1 Craton Interior 1.05 0.88 0.12 0.60 0.12 0.35 
DAKO2 Craton Interior 0.72 0.77 0.12 0.60 0.11 0.28 
DAKO3 Craton Interior 0.73 0.56 0.07 0.42 0.08 0.25 
DAKO4 Craton Interior 0.72 0.66 0.09 0.51 0.10 0.26 
DAKO5 Craton Interior 1.92 1.71 0.23 1.22 0.23 0.61 
SW1 Craton Interior 1.64 1.43 0.20 1.08 0.21 0.59 
SW2 Craton Interior 0.41 0.37 0.05 0.29 0.06 0.17 
SW3 Craton Interior 0.54 0.49 0.07 0.38 0.07 0.20 
SW4 Craton Interior 0.98 0.97 0.15 0.92 0.21 0.62 
SW5 Craton Interior 1.26 1.19 0.18 1.11 0.24 0.70 
TB1 Dissected Arc 3.28 2.62 0.35 1.85 0.37 1.11 
TB2 Dissected Arc 3.18 2.50 0.32 1.68 0.32 0.91 
TB4 Dissected Arc 2.29 1.81 0.23 1.25 0.24 0.68 
TB5 Dissected Arc 5.83 4.91 0.65 3.59 0.71 2.00 
TY1A Dissected Arc 2.27 1.84 0.26 1.41 0.27 0.73 
TY1B Dissected Arc 2.03 1.75 0.22 1.20 0.23 0.61 
TY2A Dissected Arc 4.91 3.84 0.53 2.89 0.55 1.54 
TY2B Dissected Arc 4.57 3.66 0.50 2.68 0.50 1.41 
TY3A Dissected Arc 2.31 1.83 0.26 1.40 0.26 0.72 
TY3B Dissected Arc 2.00 1.54 0.23 1.23 0.24 0.67 
TY4A Dissected Arc 2.14 1.69 0.23 1.23 0.24 0.66 
TY4B Dissected Arc 1.63 1.27 0.18 1.00 0.20 0.53 
TY6A Dissected Arc 2.36 1.87 0.25 1.34 0.26 0.71 
TY6B Dissected Arc 2.55 1.95 0.26 1.39 0.26 0.71 
LF1 Undissected Arc 1.21 1.16 0.18 1.08 0.22 0.63 
LF2A Undissected Arc 3.32 3.53 0.58 3.70 0.80 2.38 
LF2B Undissected Arc 3.21 3.46 0.57 3.62 0.79 2.34 
LF3A Undissected Arc 2.99 2.86 0.46 2.77 0.56 1.59 
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LF3B Undissected Arc 3.16 3.00 0.48 2.92 0.60 1.71 
LF4A Undissected Arc 2.27 2.20 0.34 2.07 0.44 1.27 
LF4B Undissected Arc 3.49 3.43 0.57 3.42 0.72 2.10 
LF5A Undissected Arc 5.25 5.23 0.83 4.96 1.03 2.95 
LF5B Undissected Arc 2.62 2.23 0.37 2.24 0.46 1.35 
WB1A Undissected Arc 0.28 0.18 0.03 0.18 0.04 0.12 
WB1B Undissected Arc 0.35 0.23 0.04 0.21 0.05 0.14 
WB2 Undissected Arc 0.30 0.16 0.03 0.15 0.03 0.10 
WB3 Undissected Arc 0.35 0.22 0.03 0.21 0.04 0.13 
WB4A Undissected Arc 0.48 0.36 0.06 0.38 0.08 0.25 
WB4B Undissected Arc 0.31 0.17 0.03 0.15 0.03 0.10 

DR1 Quartzose 
Recycled 1.20 1.21 0.18 1.03 0.21 0.59 

DR2 Quartzose 
Recycled 1.10 1.03 0.15 0.86 0.18 0.49 

DR3 Quartzose 
Recycled 1.29 1.19 0.17 0.95 0.19 0.51 

DR4 Quartzose 
Recycled 1.11 1.06 0.16 0.92 0.19 0.53 

DR5 Quartzose 
Recycled 1.39 1.35 0.19 1.09 0.23 0.63 

MVG1 Quartzose 
Recycled 4.02 3.26 0.41 2.17 0.43 1.21 

MVG2 Quartzose 
Recycled 3.50 2.93 0.41 2.37 0.50 1.48 

MVG3 Quartzose 
Recycled 4.31 3.67 0.53 3.05 0.59 1.69 

MVG4 Quartzose 
Recycled 2.50 2.05 0.28 1.47 0.30 0.84 

MVG5 Quartzose 
Recycled 3.41 2.99 0.41 2.30 0.45 1.28 

MVGF1 Quartzose 
Recycled 0.97 0.75 0.09 0.48 0.08 0.23 

MVGTU2 Quartzose 
Recycled 0.76 0.60 0.08 0.49 0.10 0.27 

MVGTU3 Quartzose 
Recycled 0.71 0.63 0.10 0.55 0.11 0.30 

MVGTU1A Quartzose 
Recycled 3.20 2.81 0.38 2.07 0.40 1.13 

MVGTU2A Quartzose 
Recycled 1.73 1.51 0.20 1.09 0.22 0.63 

MVGTU3A Quartzose 
Recycled 2.03 1.76 0.24 1.33 0.26 0.70 

MVGTU4A Quartzose 
Recycled 2.38 2.02 0.27 1.42 0.28 0.82 

MVGTU5A Quartzose 
Recycled 2.75 2.54 0.36 1.86 0.35 0.98 

MVGTU6A Quartzose 
Recycled 2.92 2.46 0.34 1.91 0.37 1.04 

TH1 Quartzose 
Recycled 2.32 2.06 0.28 1.48 0.30 0.83 

TH2 Quartzose 
Recycled 2.07 1.87 0.25 1.41 0.28 0.79 
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TH3 Quartzose 
Recycled 2.47 2.25 0.31 1.71 0.34 0.93 

TH4 Quartzose 
Recycled 2.68 2.45 0.33 1.78 0.36 0.99 

TH5 Quartzose 
Recycled 2.24 1.91 0.27 1.49 0.30 0.81 

TH6 Quartzose 
Recycled 3.86 3.36 0.44 2.34 0.45 1.19 

BHBFRONT1 Transitional 
Recycled 0.71 0.52 0.07 0.36 0.07 0.18 

BHBFRONT2 Transitional 
Recycled 0.30 0.20 0.03 0.16 0.03 0.08 

BHBFRONT3 Transitional 
Recycled 1.22 0.92 0.11 0.55 0.10 0.26 

BHBFRONT4 Transitional 
Recycled 0.80 0.55 0.07 0.37 0.07 0.18 

BHBFRONT5 Transitional 
Recycled 0.38 0.26 0.03 0.16 0.03 0.08 

FRONT1 Transitional 
Recycled 2.46 2.03 0.29 1.64 0.32 0.87 

FRONT2 Transitional 
Recycled 2.79 2.50 0.40 2.40 0.51 1.46 

FRONT3 Transitional 
Recycled 2.28 1.97 0.29 1.71 0.36 1.02 

FRONT4 Transitional 
Recycled 1.68 1.30 0.18 0.94 0.19 0.53 

FRONT5 Transitional 
Recycled 2.70 2.23 0.32 1.82 0.37 1.06 

 
Sample Label Provenance Tm Yb Lu Hf Ta Pb 

DAKO1 Craton Interior 0.05 0.31 0.05 0.84 0.28 7.46 
DAKO2 Craton Interior 0.04 0.23 0.04 0.75 0.27 5.16 
DAKO3 Craton Interior 0.04 0.24 0.04 0.80 0.27 4.28 
DAKO4 Craton Interior 0.04 0.25 0.04 0.79 0.33 6.28 
DAKO5 Craton Interior 0.08 0.52 0.08 0.87 0.36 6.85 
SW1 Craton Interior 0.08 0.52 0.08 0.47 0.06 6.16 
SW2 Craton Interior 0.03 0.18 0.02 0.43 0.12 1.32 
SW3 Craton Interior 0.03 0.19 0.03 0.36 0.09 0.81 
SW4 Craton Interior 0.09 0.60 0.09 0.64 0.13 3.49 
SW5 Craton Interior 0.11 0.72 0.11 0.70 0.17 4.38 
TB1 Dissected Arc 0.17 1.09 0.17 1.94 0.62 10.34 
TB2 Dissected Arc 0.13 0.80 0.12 1.71 0.59 10.59 
TB4 Dissected Arc 0.10 0.63 0.09 2.81 1.02 14.34 
TB5 Dissected Arc 0.28 1.71 0.26 2.39 0.88 9.79 
TY1A Dissected Arc 0.10 0.63 0.10 2.17 1.06 12.57 
TY1B Dissected Arc 0.08 0.49 0.08 2.16 1.11 12.84 
TY2A Dissected Arc 0.21 1.39 0.21 2.41 1.21 14.13 
TY2B Dissected Arc 0.19 1.18 0.19 2.42 1.20 14.19 
TY3A Dissected Arc 0.10 0.63 0.09 1.90 1.18 13.63 
TY3B Dissected Arc 0.10 0.61 0.09 1.83 1.21 13.27 
TY4A Dissected Arc 0.09 0.57 0.09 2.18 1.07 12.92 
TY4B Dissected Arc 0.07 0.48 0.07 2.16 1.27 12.97 
TY6A Dissected Arc 0.10 0.64 0.10 1.45 0.68 11.68 
TY6B Dissected Arc 0.10 0.63 0.09 1.44 0.73 11.12 



 106

LF1 Undissected Arc 0.09 0.59 0.09 2.70 0.38 5.57 
LF2A Undissected Arc 0.34 2.21 0.36 1.74 0.32 5.02 
LF2B Undissected Arc 0.34 2.23 0.36 1.73 0.33 4.88 
LF3A Undissected Arc 0.23 1.49 0.23 2.80 0.35 4.59 
LF3B Undissected Arc 0.25 1.58 0.24 2.92 0.33 4.85 
LF4A Undissected Arc 0.18 1.16 0.18 1.63 0.26 3.16 
LF4B Undissected Arc 0.31 1.98 0.32 2.38 0.30 3.56 
LF5A Undissected Arc 0.42 2.65 0.41 3.41 0.53 21.61 
LF5B Undissected Arc 0.20 1.31 0.20 2.08 0.54 11.60 
WB1A Undissected Arc 0.02 0.12 0.02 1.42 0.42 12.93 
WB1B Undissected Arc 0.02 0.15 0.02 1.16 0.30 12.79 
WB2 Undissected Arc 0.02 0.11 0.02 0.96 0.28 9.95 
WB3 Undissected Arc 0.02 0.14 0.02 1.28 0.36 10.16 
WB4A Undissected Arc 0.04 0.27 0.05 2.11 0.33 10.39 
WB4B Undissected Arc 0.02 0.11 0.02 1.19 0.31 10.21 

DR1 Quartzose 
Recycled 0.08 0.51 0.07 0.50 0.12 3.35 

DR2 Quartzose 
Recycled 0.07 0.43 0.06 0.50 0.15 3.62 

DR3 Quartzose 
Recycled 0.07 0.43 0.07 0.51 0.12 3.83 

DR4 Quartzose 
Recycled 0.08 0.49 0.08 0.72 0.94 4.26 

DR5 Quartzose 
Recycled 0.09 0.57 0.09 0.65 0.26 4.84 

MVG1 Quartzose 
Recycled 0.18 1.17 0.19 1.81 0.67 9.21 

MVG2 Quartzose 
Recycled 0.22 1.38 0.22 1.48 0.57 19.63 

MVG3 Quartzose 
Recycled 0.24 1.54 0.24 1.78 0.68 6.52 

MVG4 Quartzose 
Recycled 0.12 0.76 0.12 1.02 0.31 5.73 

MVG5 Quartzose 
Recycled 0.18 1.09 0.17 1.06 0.42 9.91 

MVGF1 Quartzose 
Recycled 0.03 0.19 0.03 0.33 0.07 1.19 

MVGTU2 Quartzose 
Recycled 0.04 0.28 0.05 0.89 0.12 1.81 

MVGTU3 Quartzose 
Recycled 0.04 0.29 0.04 0.49 0.09 1.46 

MVGTU1A Quartzose 
Recycled 0.16 1.13 0.17 1.72 0.49 9.19 

MVGTU2A Quartzose 
Recycled 0.09 0.60 0.09 1.18 0.33 5.27 

MVGTU3A Quartzose 
Recycled 0.10 0.63 0.10 0.77 0.30 6.11 

MVGTU4A Quartzose 
Recycled 0.11 0.72 0.11 0.85 0.34 4.87 

MVGTU5A Quartzose 
Recycled 0.14 0.83 0.13 0.88 0.36 5.83 

MVGTU6A Quartzose 
Recycled 0.14 0.92 0.13 0.85 0.33 6.08 

TH1 Quartzose 0.11 0.70 0.10 0.69 0.25 4.94 
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Recycled 

TH2 Quartzose 
Recycled 0.11 0.65 0.10 0.62 0.24 4.32 

TH3 Quartzose 
Recycled 0.13 0.82 0.13 0.93 0.36 4.46 

TH4 Quartzose 
Recycled 0.13 0.84 0.13 0.81 0.30 7.22 

TH5 Quartzose 
Recycled 0.11 0.70 0.11 0.72 0.26 5.32 

TH6 Quartzose 
Recycled 0.16 0.97 0.14 1.03 0.34 7.11 

BHBFRONT1 Transitional 
Recycled 0.03 0.17 0.03 0.80 0.25 8.90 

BHBFRONT2 Transitional 
Recycled 0.01 0.08 0.01 0.59 0.16 5.89 

BHBFRONT3 Transitional 
Recycled 0.04 0.24 0.04 0.50 0.17 5.82 

BHBFRONT4 Transitional 
Recycled 0.03 0.17 0.03 0.60 0.18 7.88 

BHBFRONT5 Transitional 
Recycled 0.01 0.08 0.01 0.70 0.19 8.73 

FRONT1 Transitional 
Recycled 0.12 0.72 0.10 0.70 0.41 6.83 

FRONT2 Transitional 
Recycled 0.21 1.29 0.19 0.89 0.53 8.37 

FRONT3 Transitional 
Recycled 0.14 0.85 0.13 0.80 0.41 8.04 

FRONT4 Transitional 
Recycled 0.07 0.47 0.08 0.70 0.35 6.88 

FRONT5 Transitional 
Recycled 0.15 0.91 0.13 0.88 0.50 7.98 

 
Sample Label Provenance Th U 

DAKO1 Craton Interior 1.57 0.71 
DAKO2 Craton Interior 1.35 0.79 
DAKO3 Craton Interior 1.17 0.67 
DAKO4 Craton Interior 1.13 0.83 
DAKO5 Craton Interior 2.98 0.90 
SW1 Craton Interior 1.38 0.88 
SW2 Craton Interior 0.67 0.62 
SW3 Craton Interior 0.72 0.54 
SW4 Craton Interior 1.06 0.42 
SW5 Craton Interior 1.33 0.52 
TB1 Dissected Arc 3.58 2.46 
TB2 Dissected Arc 2.26 2.17 
TB4 Dissected Arc 4.75 2.13 
TB5 Dissected Arc 3.39 1.72 
TY1A Dissected Arc 3.85 1.98 
TY1B Dissected Arc 2.89 2.00 
TY2A Dissected Arc 5.11 2.42 
TY2B Dissected Arc 4.49 2.09 
TY3A Dissected Arc 3.70 2.05 
TY3B Dissected Arc 3.46 1.99 
TY4A Dissected Arc 3.31 1.99 
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TY4B Dissected Arc 2.61 1.98 
TY6A Dissected Arc 3.52 1.25 
TY6B Dissected Arc 3.90 1.13 
LF1 Undissected Arc 1.23 1.44 
LF2A Undissected Arc 2.74 1.36 
LF2B Undissected Arc 2.70 1.34 
LF3A Undissected Arc 2.04 1.74 
LF3B Undissected Arc 1.92 1.69 
LF4A Undissected Arc 1.83 1.12 
LF4B Undissected Arc 2.64 1.27 
LF5A Undissected Arc 4.89 2.21 
LF5B Undissected Arc 3.18 1.49 
WB1A Undissected Arc 0.55 1.97 
WB1B Undissected Arc 0.65 1.78 
WB2 Undissected Arc 0.64 6.44 
WB3 Undissected Arc 0.88 2.55 
WB4A Undissected Arc 1.07 3.61 
WB4B Undissected Arc 0.64 6.89 
DR1 Quartzose Recycled 0.99 1.03 
DR2 Quartzose Recycled 1.22 0.81 
DR3 Quartzose Recycled 1.08 0.73 
DR4 Quartzose Recycled 1.27 0.85 
DR5 Quartzose Recycled 1.51 1.19 
MVG1 Quartzose Recycled 7.10 1.99 
MVG2 Quartzose Recycled 5.68 1.74 
MVG3 Quartzose Recycled 6.56 2.23 
MVG4 Quartzose Recycled 3.83 1.19 
MVG5 Quartzose Recycled 4.16 1.58 
MVGF1 Quartzose Recycled 1.23 0.45 
MVGTU2 Quartzose Recycled 1.10 0.56 
MVGTU3 Quartzose Recycled 0.89 0.43 
MVGTU1A Quartzose Recycled 4.95 1.67 
MVGTU2A Quartzose Recycled 2.58 1.14 
MVGTU3A Quartzose Recycled 2.31 1.07 
MVGTU4A Quartzose Recycled 3.13 1.09 
MVGTU5A Quartzose Recycled 3.71 1.59 
MVGTU6A Quartzose Recycled 3.79 1.44 

TH1 Quartzose Recycled 3.36 1.74 
TH2 Quartzose Recycled 2.67 1.64 
TH3 Quartzose Recycled 4.77 1.85 
TH4 Quartzose Recycled 3.98 1.76 
TH5 Quartzose Recycled 3.10 1.53 
TH6 Quartzose Recycled 6.30 1.93 

BHBFRONT1 Transitional Recycled 0.85 0.68 
BHBFRONT2 Transitional Recycled 0.32 0.62 
BHBFRONT3 Transitional Recycled 1.50 0.67 
BHBFRONT4 Transitional Recycled 1.04 0.73 
BHBFRONT5 Transitional Recycled 0.43 0.84 

FRONT1 Transitional Recycled 3.61 1.06 
FRONT2 Transitional Recycled 4.99 1.46 
FRONT3 Transitional Recycled 4.06 1.21 
FRONT4 Transitional Recycled 3.40 1.00 
FRONT5 Transitional Recycled 4.92 1.38 
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