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
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a

b

TABLE 1.  Concentrations of Y, Th, Pb, and U, and calculated ages, for 
Elk Mt., NM and RT87-17 (Romsdalen Traverse, Norway) 
monazites using backgrounds obtained by exponential 
fi tting of background regions compared to 2-point inter-
polation

 Concentration (ppm)
      Y Th Pb U Age (Ma) N
Elk Mt. fi tted Ave 6494 119215 8453 3586 1395.2 15
  bkg. SStd 105 2172 141 218 15.3 
    StdErr 27 561 36 56 4
 
Elk Mt. linear Ave 6462 119184 8052 3560 1333.0 15
  bkg. SStd 120 2218 174 228 16.8
 Pos. 1 StdErr 31 573 45 59 4.3
       
Elk Mt. linear Ave 6462 119184 8279 3560 1368.9 15
  bkg. SStd 120 2218 136 228 15.2
  Pos. 2  StdErr 31 573 35 59 3.9
               
RT87-17 fi tted Ave 19196 48043 1094 3984 400.2 5
  bkg. SStd 3518 3043 119 1343 8
    StdErr 1573 1361 53 601 3.6
               
RT87-17 linear Ave 19194 48007 996 3958 365.4 5
  bkg. SStd 3519 3039 123 1340 10.1
    StdErr 1574 1359 55 599 4.5
Notes: The IDTIMS 207Pb/206Pb age for the Elk Mt. monazite is 1394 ± 1 Ma (J. 
Baldwin and S. Bowring, unpublished data). The IDTIMS age for RT87-17 is 394 
± 1 Ma (Tucker et al. 1990).
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
       





±

  
  
  α   
  
 

   
    
   



α

−
−



 

±


±±

±


     













     



  
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        


   



         




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 

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

     
      γ  

αβγ

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
αγ
γ
γ
β
γ
      

α
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TABLE 2.  Representative analyses and background intensities for PbMα from distinct compositional domains in monazite grains from the 
Black Hills

 Leg 8  Leg 8  Leg 8  EG 56  EG 56
 wt% prec. wt% prec. wt% prec. wt% prec. wt% prec.
P 12.96 0.12 12.45 0.12 11.83 0.11 11.86 0.11 13.11 0.12
Ca 0.06 0.01 0.84 0.02 1.49 0.03 0.51 0.02 0.64 0.02
Th 0.32 0.06 7.18 0.15 14.77 0.20 10.21 0.17 4.04 0.12
Y 0.77 0.09 0.89 0.09 0.70 0.09 0.21 0.07 0.58 0.08
La 14.04 0.36 14.49 0.37 10.35 0.30 15.20 0.38 13.77 0.36
Ce 26.29 0.45 24.95 0.44 20.40 0.38 23.68 0.43 27.26 0.46
Nd 10.53 0.26 6.24 0.20 7.42 0.21 6.28 0.20 8.16 0.23
Pr 2.64 0.21 2.11 0.20 1.98 0.20 2.07 0.20 2.27 0.20
Sm 1.94 0.20 0.54 0.18 0.93 0.18 0.59 0.17 1.32 0.19
Gd 1.67 0.47 1.23 0.46 1.04 0.46 0.00 0.00 0.00 0.00
Bkg (cps/nA) 0.207  0.217  0.223  0.212  0.218
Note: prec. = 1-σ precision based on count statistics (in wt%).

TABLE 3. Concentrations (in ppm) of Y, Th, Pb, and U, and calculated 
EPMA ages for Monazite EG56m9 from the Black Hills, SD

Concentration (ppm)
    Y Th Pb U Age (Ma) N
Core Ave 8329 97462 8607 2230 1754.8 6
high Th bkg SStd 335 6538 536 111 7.5
  StdErr 137 2669 219 45 3.1  
               
rim Ave 4862 35935 3476 2240 1698.7 7
low Th bkg SStd 404 1918 177 109 25.5
  StdErr 153 725 67 41 9.6
              
Core Ave 8201 97638 8668 2957 1722.9 6
low Th bkg SStd 332 6539 531 111 6.3
  StdErr 136 2670 217 45 2.6
             
rim Ave 4982 35770 3418 1559 1771.8 7
high Th bkg SStd 403 1904 179 111 26.6
  StdErr 152 720 68 42 10.1
Note: Backgrounds obtained separately for core and rim and applied to core and 
rim trace analyses, then background intensities were swapped, applying high Th 
backgrounds to the rim analyses, and low Th backgrounds to the core analyses.
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
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ζ




−
α

β







α
β


αβ

βγ

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


 
 












        
     
ζα
α
ζ
α
θ
ζ
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
β
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γ

    

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

 
γ
β
γ
γ
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
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TABLE 4.  Examples of recalculated U values using diff erent correction factors (CF) for Th- UMβ overlap with diff ering Th, Pb, and U concentra-
tions 

      CF = 0.008   CF = 0.0085  CF = 0.014
Th Pb corr U (uncorr) U (corr) age (Ma) U (corr) age (Ma) U (corr) age (Ma)
125000 9098 5231 4232 1416 4169 1418 3481 1441
30000 987 5231 4991 475 4976 478 4811 481
5000 487 5231 5191 494 5189 494 5161 496
30000 987 600 360 701 345 702 180 714
30000 587 1200 960 396 945 396 780 403
All concentrations are given in ppm
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TABLE 5. Summary of analytical procedure for EPMA geochronology as currently implemented at UMass
Step Procedure Explanation
1 Full section map Carbon coat thin section (vacuum evaporation to ~250 Å) and collect map of Ce (and/or La), 
  along with base-map reference element (Mg, Al). Typically 1024  512 pixels, 35 μm pixel step size, 
  defocused beam (~35 μm). 350 nA, 15 kV, 10 ms count time/pixel.
2 Process maps for  Import raw maps into image analysis program (Adobe Photoshop or equivalent). Adjust I/O levels to 
 accessory mineral selection highlight Ce (or La) spots and import adjusted maps as layers into Adobe Illustrator or equivalent. 
  Mark spots from REE maps on separate layer with circles, dots, etc. Overlay marked layer on base map 
  (Mg or Al) to identify accessory phases in textural context.

3 Map minerals at high  Map selected grains, usually beam rastering at resolution giving step size <1 μm. 
 magnifi cation Generally YLα, ThMα, UMβ, and PbMα, (and/or other geochemically important elements). 200 nA, 
  100 ms, focused beam.

4 Generate age maps Estimate pixel U, Th, Pb, and U concentrations in high-magnifi cation maps by producing k-ratios 
  (subtract background intensities, reference to standard intensities), then applying matrix correction factors. 
  Calculate age values by iteration of age equation, then re-assemble pixels into “age map”.
5 Collect major element analyses Run major element analyses, 15 nA, 15 kV, focused beam, of monazite, xenotime, etc. Should collect analyses 
  from all domains identifi ed in maps (step 3 above).
6 Remove carbon coat,  Lightly polish section (≤0.3 μm polishing compound) to remove C-coat. Apply Au coat to thin section(s) 
 then apply gold coat and standards (stripped of coatings) by vacuum evaporation. Should be ≥80 Å.
7 Collect backgrounds for  Acquire wavelength scans of regions around YLα, ThMα, UMβ, and PbMα (8-sinθ steps over 8400 sinθ range, 
 trace element analysis 1500 ms/step, 200 nA, 15 kV, focused beam, diff erential mode PHA). Collected counts are converted to 
  dead-time corrected cps/nA. Backgrounds should be acquired for each identifi ed compositional domain, 
  particularly guided by thorium variation.
8 Extract background intensity  Apply digital noise fi lter to scan data, select appropriate background regions (avoiding interferences), 
 from scans and regress included data (exponential or polynomial best-fi t). Apply regressed line to peak position 
  to calculate intensity of background.

9 Obtain trace element analyses Enter background intensities into analysis defi nitions along with appropriate major element concentrations. 
  Calibrate (at 15 nA, 15 kV, focused beam), YLα, ThMα, UMβ, and PbMα, then analyze unknowns (200 nA, 15 kV, 
  focused beam, 600–900 s per point). Identifi ed compositional domains should be individually analyzed. 
  Multiple analyses within a domain increases the precision on the age estimate as evaluated via the standard 
  error of the mean. Concentrations are modifi ed by empirical corrections for overlaps. Such corrections are 
  done by either 1) use of correction factors calculated by spectral measurement and deconvolution, or by 
  measuring Pb in Pb-free YPO4 (accounting for the wavelength shift of YLγ between YPO4 and monazite) and 
  brabantite, and by measuring U in brabantite, scaling the intensity according to the matrix to be able to subtract 
  counts at the k-ratio level, then running corrected intensities through the matrix procedure (PAP in this case).
10 Calculate ages Calculate Pb as a function of age, Th, and U concentrations. By iteration of age, converge to the measured 
  Pb concentration. 
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
−



     
−



−

  


   



−


−



−



−



−

 

−




−



−


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



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   
      
    








    



 









   


     
  











    
   








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