Trace Element Variation

Reading:
Winter Chapter , pp. 155-166

Goldschmidt’'s First Rule

lons with the same valence and radius should
exchange easily and enter a solid solution in
amounts equal to their overall proportions

What major element does Rb follow?
What major element does Ni follow?

Goldschmidt's Third Rule

If 2 ions have asimilar radius, but different valence:

theion with the higher chargeis preferentially
incorporated into the solid over the liquid

Note magnitude of

trace element
changes

Harker Diagram for Crater
Lake from Winter (2001)

Goldschmidt’s Second Rule

If 2 ions have a similar radius and the same valence: the smaller
ion is preferentially incorporated into the solid over the liquid

Isobaric T-X phase
diagram at atmospheric
pressure After Bowen and
Shairer (1932), Amer. J.
Sci. 5th Ser., 24, 177-213.

Chemical Fractionation

Uneven distribution of an ion between
two competing (equilibrium) phases

Produces different concentrations and
ratios of elementsin the final product



Exchange equilibrium of a component i between
two phases (solid and liquid)

[ (liquid) = [ (solid)

a,lid yX i
aillqwd ;i/xihqwd

K = equilibrium constant

Incompatible elements are concentrated in the
melt

(KporD) «1

Compatible elements are concentrated in the solid
KporD»1

I ncompatible Element 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 afluid phaseis
involved

« Trace element concentrations are in the Henry's
Law region of concentration, so their activity
variesin direct relation to their concentration in
the system

» Thusif X,; inthe system doublesthe X ; in all
phases will double

— This does not mean that X; in al phasesisthe
same, since trace elements do fractionate.

— Rather the X; within each phase will vary in
proportion to the system concentration.

For dilute solutions we can substitute D for Kp:

Where Cq = the concentration of some element in
the solid phase

Compatibility depends on minerals and meltsinvolved
Which areincompatible? Why?

Table 9-1. Partition Coefficients (Cs/C,) for Some Commonly Used Trace
Elements in Basaltic and Andesitic Rocks
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» For arock, determine the bulk distribution
coefficient D for an element by calculating
the contribution for each mineral

eq. 94 D= ZW,D;,
W, =weight % of minera A in the rock

D, = partition coefficient of element i in
minera A

Strong Partition of Ni in Olivine
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Ni Harker Diagram for Crater Lake from Winter (2001)

The concentration of amajor element in a
phaseis usualy buffered by the system, so
that it varieslittle in a phase as the system
composition changes

At agiven T we could
vary Xmelt from between
20 and 60 % Mg/Fe
without changing the
composition of the melt
or thealivine

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

Eﬂ Earth Elements

Example: hypothetical garnet Iherzolite = 60% olivine, 25%
orthopyroxene, 10% clinopyroxene, and 5% garnet (al by weight),

Dg, = (0.6 - 0.026) + (0.25 - 0.23) + (0.10 - 0.583) + (0.05 - 4.7) = 0.366

Incompatible trace elements concentrate in the liquid

They reflect the proportion of liquid at a given state of
crystallization or melting

Zr Harker Diagram
for Crater Lake
from Winter (2001)

Henry'sLaw Effect

Because trace element aabundances are in the Henry's
Law region of concentration, their activity variesin
direct relation to their concentration in the system

Thusif Xy; in the system doubles the X; in al phases
will double

Therefore, ratios of trace el ements are often more
appropriate than the concentration of asingle
element in identifying the role of a specific mineral



Amphibole hasa D of about 1.0 for
Use of K/Rb Ratio K and 0.3 for Rb

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

« K/Rb often used to estimate the importance
of amphibole in a source rock

¢ K & Rb behave very similarly, so K/Rb
should be ~ constant

« If amphiboleis present, it contains almost
al the K and Rb in the source rock

Rare Earth Elements

Most common minerals except, plagioclase, exclude Sr Compati ble Element Exampl e
Baissimilarly excluded, except in alkali feldspar < Ni isstrongly fractionated, in olivine > pyroxene
¢ Cr and Sc are more in pyroxenes » olivine

Table 9-1. Partition Coefficients (Cs/C;) for Some Commonly Used Trace . . . . ..
Elements in Basaltic and Andesitic Rocks ¢ Ni/Cr or Ni/Sc can distinguish the effects of olivine and

augitein apartial melt or a suite of rocks produced by
fractional crystallization

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

8
c
g
o)
w
£
S
w
8




