


1. Stable Isotope Geochemistry

2. Radiogenic Isotope Geochemistry

(1) Geochronology

(2) Isotopic Tracer
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for geochemists' interest
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Different elements have the same
weight number (A), but different Z

example: 8/Rb, Z=37, N=50
87Sr Z=38, N=49
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Analytical procedure for isotopic geochemistry

Chemical separation and purification

Sample digestion

Chromatography

Measurement of isotopic ratios

Valuation of analytical data
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Mass spectrometer

* Device used to measure the mass of a given
type of atom

* Mass spectrum:
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Electrostatic Analvzer
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For dating or calculation of: initial
ISotopic ratios, one has to know:

» |Sotopic compositions of radioactive
parent and Its radiogenic product

e Thelr concentrations




How we can know the concentration?

Sample
H# %
How many?

Red/blue
=4
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U — Th - Pb Isotope system
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U and Th Deacy
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Isotope abundance of U and Th

Atomic abundance

234U 0.0057%
235U 0.720%
2381 99.275%

232Th 100%
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Pb Isotopes

Pb produced by radioactive decay of U and Th,

238|) —— 206pp
235|) —— 207Pp

232Th — 208pp

204Pb is non-radiogenic

Increase of 206Pp/204Ph, 207/pPp/204Ph, and
208PQ/204Ph is due to U and Th decay.




Isotope abundance of Pb

Atomic abundance
202|:)b

204pp
205pp
206pp
207pph
208pp
210pp




Both U and Th generally have a valence of

+4, but under oxidizing conditions, U may

have a valence of +6.

U4t has an ionic radius of 0.89A and US%* has
an ionic radius of 0.73a in 6-fold and 0.86aA in
8-fold coordination. Th has an ionic radius of

0.94A.




Combination of relatively large radius and

high-charge is not readily accommodated
In crystal lattices of most common rock-
forming minerals, so both U and Th are

highly incompatible elements.




Th 1s relatively Iimmobile under most

clrcumstances.

In its reduced form, U4t is insoluble, but

in the US%* form, U forms the soluble

oxyanion complex, UO,?%, and then U

can be quite mobile.




U and Th can form their own phases In
sedimentary rocks, uranite and thorite

In igneous and metamorphic rocks, U and Th
are either dispersed as trace elements In
major phases or concentrated In accessory
minerals:

Zircon (ZrSi0,), U >Th

Monazite ([La,Ce, Th]PO4), Th >U

Apatite (Cag(PO,);(OH))

Sphene or titanite (CaTi(SIO4)OH)




Pb can exist in two valence states, Pb?* and
Pb4*. Pb24* is the most common state and
Pb4t state is rare and restricted to highly

alkaline or oxidizing solutions.

The ionic radius of Pb2* is 1.19a in 6-fold

coordination and 1.29a in 8-fold coordination.




As a result of its large ionic size, Pb is an
Incompatible element, though not as

Incompatible as U and Th.

The most common Pb mineral Is galena

(PbS). In  silicates, Pb substitutes
reasonably readily for K (ionic radius 1.33),

particularly in potassium feldspar.




207ply* = 235 (g5t — 1)

206pfy* = 238 (M8t — 1)

207

D

H* 235 (@5t — 1)

206

D

* 238U(ek8t _ 1)

1 (ert—1)

137.88 (e"t—1)




U-Pb £ ¢

t206Pb/238U t207Pb/235U t207Pb/206Pb

% fo F 8 (— BCF #)
Lospbiozsu = Lo7pbiezsu = to7pbi206Pb

F i Fo F #
Lospbi2zsu < Lo7pbiezsu < 1o7pbr206Pb

B A AR 15 Fa FF HA4

Lospbi2zsu = Lo7pbiezsu = Lo7pbi206Pb
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U — Pb concordia diagram
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U — Pb concordia diagram
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£ 7 Zircon

e Hf (ca. 1%)
 REE
e appreciable U and Th

238 ; 206Pp
235 ; 207Pp
232Th - 208pp
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U-Pb concordia diagram
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1. #ud # R & (Krogh, 1982)

2. & & ok ok ik ok XAR A 3Rz # k (Mattinson,
1994 )

3. £ %4 % £ (Kober, 1986, 1987)

4. AR L X148 + &Mk (Polleretal., 1997)
5. ik dh B 9~ F it (Sergeev etal., 1997)

6. § T84 #E o4 (Compstonetal., 1984)




Zircon dating

* U-PDb Isotope dilution

* Pb-Pb evaporation

e INn-situ U-Pb datin
(e.q., SHRIMP)




Zircon U-Pb
Isotope dilution




Zircon U-Pb

Isotope dilution
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lon exchange elution curves of Zr, Pb and U

Krogh, 1973

Pb off
Sample load 1 ml, 6.2N HC]

1 ml, 3.1N HCI

58% Pb
/ Sample wash ’

1 ml, 3.1N HCI

32% Pb

Schematic Zr
distribution
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1. Pack zircon
In filament

0]

v/

0

2.

Evaporate
zircon
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/
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4. Repeat steps 2 & 3

0

Dating Zircon oy Bvaporation Metnod

3. Measure Pb
Isotopes

Pb*
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Zircon dating methods

(traditional and single-grain)

Total Pb- and U-blank:
~ 1-20 pg

suitable minerals:

zircon, sphere, monazite, ...

age range:

from Cenozoic to Archean

Total Pb- and U-blank:
0 pg

suitable minerals:
zircon

age range:
from Mesozoic to Archean




In-situ zircon dating
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Applications
e Geochronology

igneous rock, metamorphism overgrowth,

provenance of magma or sediments

» Stable Isotope Geochemistry
* |sotope Anomalies

anomalies in refractory meteoritic minerals

e Trace element geochemistry

profiling rare earth elements,

isotope imaging

500 waEs IEEF Bhus




Secondary lon Mass Spetrometry (SIMS)
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Firirrigran MAT NEPTUNE

Finnigan MAT NEPTUNE



variable

multicollector SEM

(optional)

zoom optics

e e s ___________________'-__"___

isolation
valve

amplifier
housing
plasma interface
and transfer optics
ground

potential



Internal structure of zircon

- recording the geological history




Simple magmatic zoning

mmmen,  Magmatic
Sovergrowth

4

A\

core B l

Magmatic zircon with
core of recrystallization

Magmatic
overgrowth

Magmatic zircon with
core of magmatic zoning

Strong recrystallization
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1) Set zircons on the

e 00001 TIIASCENCA

S |
3 @ @ 3) After polish m *g\g\%

& &

2) Input resin in the
vessel

4) Cathodoluminescence
analysis

Energetic electron beam

Luminescence Luminescence
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BEHHTh. UL EFTh/UK/E (Th/U>0.4)
-4k h Wi 5 R 4E B K Th/U A (<0.1)

ThFq=U4 & A Th/Utb{a T 4878

BAKHITh. USZATh/U4E (Th/U<0.1)







