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Major elements: Harker diagrams 
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Trace elements 
•  What is trace elements? 

•  Less than 1% in the bulk composition 
•  Are not stoichiometric components in the 

phase 
•  Do not affect chemical of physical properties 

of the system 

•  Obey Henry’s law: the activity of an element 
in a system is proportional to it’s 
concentration 



Trace elements 



Trace elements 
•  Why do we care? They can be used as tracers 

of the source AND of the process. 
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Trace elements 

Wt. % 

ppm 

Wt%: 10-2 vs. ppm: 10-6 



Element distribution 
Goldschmidt’s rules: 
#1 - 2 ions with the same valence and 
radius should exchange easily and enter a 
solid solution in amounts equal to their 
overall proportions 
 
Ex.: Sr vs Ca 

Olivine Pyroxene Plagioclase Fract. 
Factor 

SiO2 35% 52% 60% ≈2 
MgO 45% 20% 0.20% ≈10 
Sr 0.3 ppm 20 ppm 300 ppm ≈1000 



Batch melting 
C0: Bulk composition 
CL: liquid composition 
CS: solid composition 
F: melt fraction 
Bulk D = CS/CL 
C0 = F*CL + (1-F)*CS 
C0 = CL(F+(1-F)D) 

CL/C0 = 1/(F + D(1-F)) 



Melting and crystallization 
processes 
Batch melt: CL/C0 = 1/(F + D(1-F)) 
Instantaneous melt: CL/C0= (1/D)(1-F)((1/D)-1) 

 
Fractional crystallization: 

 Liquid: CL/C0 = F(D-1) 

 Instantaneous solid: CS/C0 = DF(D-1) 
 Total solid: CTS/C0 = (1-F)(D-1) 

How to calculate “Bulk D”? 
D = ∑DiXi 



Example for Batch Melting 

Olivine Opx Cpx Plg 
Mode 60 25 13 2 
DRb 0.00018 0.0006 0.001 0.03 
DNi 20 11 6 0.1 

D = ∑DiXi 
DRb = 0.6DRb

ol + 0.25DRb
opx + 0.13DRb

cpx+0.03DRbplg 

Bulk D 

0.000988 
14.7516 

CL/C0 = 1/(F + D(1-F)) 



Example for Batch Melting 
F	
   CL/C0(Rb)	
   CL/C0	
  (Ni)	
  
0	
   1012.15	
   0.07	
  
0.1	
   9.91	
   0.07	
  
0.2	
   4.98	
   0.08	
  
0.3	
   3.33	
   0.09	
  
0.4	
   2.50	
   0.11	
  
0.5	
   2.00	
   0.13	
  
0.6	
   1.67	
   0.15	
  
0.7	
   1.43	
   0.20	
  
0.8	
   1.25	
   0.27	
  
0.9	
   1.11	
   0.42	
  
1	
   1.00	
   1.00	
   0 
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Example for Batch Melting 

Compatible element (D>1) 

Incompatible element (D<1) 
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Example for Batch Melting 

Fig. 9.2 in Winters 
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Rare Earth Elements (REE) 



Rare Earth Elements (REE) 
Fig. 9.4 in Winters 
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Spider diagram (multielement) 
Fig. 9.6 in Winters 



Identification of 
the source rock 
Plagioclase: Eu (MREE) is 
strongly compatible  
DEu

plg = 1.5 

Garnet: HREE are 
compatible  
DYb

gt = 11.5 

Application to igneous processes 



Identification of the source rock 
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Identification of the source rock 

•  Ratio of 2 elements with similar D: CL1/CL2 

CL/C0 = 1/(F + D(1-F)) 

•  Assuming D = 0  ⇔ C0 = F * CL 

•  D = 1⇔ C0 = CL 
 

⇔ Ratio in source 

Shorttle et al., 2014, EPSL 395 



 
 
 

Isotopes 
 
 

Chapters 9 


