Announcements

*Reading: p.167-179 (tough stuff)

eFocus on Rb-Sr system (p.172-
175)

Homework issues after lecture



Partition coefficients

e For dilute solutions:

Where C¢ = the concentration of some
element in the solid phase

C, = the concentration of the element in the
liquid phase



e Incompatible elements are concentrated In
the melt

(KporD) «1

e compatible elements are concentrated In
the solid

KporD»1



Incompatible elements commonly divided
Into two subgroups

— Smaller, highly charged high field strength
(HFS) elements (REE, Th, U, Ce, Pb**, Zr,
Hf, Ti, Nb, Ta)

— Low field strength large ion lithophile (LIL)
elements (K, Rb, Cs, Ba, Pb?*, Sr, Eu?*) are
more mobile, particularly if a fluid phase Is
iInvolved
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Compatibility depends on minerals and melts involved.

Which are incompatible? Why?

Table 9-1. Partition Coefficients (Cs/C.) for Some Commonly Used Trace
Elements in Basaltic and Andesitic Rocks
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REE Diagrams

Plots of concentration as the ordinate (y-
axis) against increasing atomic number

—Degree of compatiblility increases from
left to right across the diagram

LREE HREE

Concentration
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— Eliminate Oddo-Harkins effect and make y-scale more
functional by normalizing to a standard

« estimates of primordial mantle REE
e chondrite meteorite concentrations




What would an REE diagram look
like for an analysis of a chondrite

meteorite?
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sample/chondrite

REE diagrams using batch melting model of a
garnet lherzolite for various values of F:

14.00
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10.00
Figure 9-4. Rare Earth
8.00 concentrations (normalized to
chondrite) for melts produced at
6.00 various values of F via melting of a
" hypothetical garnet Iherzolite using
the batch melting model (equation
4.00 9-5). From Winter (2001) An
g Introduction to Igneous and
Metamorphic Petrology. Prentice
200 Hall.
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i Caribbean Plate ’

Continental Arc | .«
Magmatism: South
American Arc

A Active volcanoes

A alkaline volcanoes

Precambrian crust
> 50 km thick
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Aﬂ;?;;‘;a“ Cretaceous or
younger crust
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Spreading
Bolivia ridge

Figure 17-1. Map of western South America showing
the plate tectonic framework, and the distribution of
volcanics and crustal types. NVZ, CVZ, and SVZ are Plate
the northern, central, and southern volcanic zones.
After Thorpe and Francis (1979) Tectonophys., 57, 53-
70; Thorpe et al. (1982) In R. S. Thorpe (ed.), (1982).
Andesites. Orogenic Andesites and Related Rocks. John
Wiley & Sons. New York, pp. 188-205; and Harmon et
al. (1984) J. Geol. Soc. London, 141, 803-822. Winter
(2001) An Introduction to Igneous and Metamorphic
Petrology. Prentice Hall.

Argentina
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Figure 17-4. Chondrite-normalized REE diagram for selected Andean volcanics. NVZ (6 samples, average SiO, = 60.7, K,O = 0.66, data
from Thorpe et al. 1984; Geist, pers. comm.). CVZ (10 samples, ave. SiO, = 54.8, K,O = 2.77, data from Deruelle, 1982; Davidson, pers.
comm.; Thorpe et al., 1984). SVZ (49 samples, average SiO, = 52.1, K,O = 1.07, data from Hickey et al. 1986; Deruelle, 1982; Lopez-
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Escobar et al. 1981). Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



Lunar rocks

 Model igneous processes with REE



* Europium anomaly when plagioclase is
— a fractionating phenocryst
or
— a residual solid in source

10.0
8.0

o
° 6.0 Figure 9-5. REE diagram for 10%
= o batch melting of a hypothetical
E Iherzolite with 20% plagioclase,
Lo resulting in a pronounced negative
9 40 Europium anomaly. From Winter
g- (2001) An Introduction to Igneous
@© and Metamorphic Petrology.
®w 20 Prentice Hall.
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Summary of important points

e Partition coefficients
e Rare earth elements (REE)
Normalization to chondritic values

Model melting or fractional crystallization
INn presence of certain minerals (garnet,
plagioclase)
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