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Back to basics
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«  PERIODIC TABLE OF THE ELEMENTS

1A hup:iiwwwkif-split. hriperiodnifen/ 18 WIlIA

RELATIVE ATOMIC MASS (1) L Metal ['_] Semimetal

GROUP IUPAC ’ _GROUP CAS [1] Alkali metal Chalcogens element
L8t [2] Alkaline earth metal 17| Halogens element 13 lilA 14 VA 1S VA 16 VIA 17 VIIA

4 MIC NUMBE ¢ -
ATOMIC NUMBER (] Transiton metals fis] Noble gas S5 108116 12011|7 14.007|8 15.999
SYMBOL — LJ Lanthanide STANDARD STATE (25 °C; 101 kPa) B C N O
B0R [ Actinide Ne - gas Fe - soli¢ BORON | CARBON | NITROGEN | OXYGEN

Ga - liquid i@ - synthotic 13 26.932 |14 28.086 |15 30.974|16 22.065

Al

11 13 12 1B | ALuMINIUM

ELEMENT NAME

‘ viliiB
0B 4 W8 5 VB 6 VIB 7 VIE 8 9 1

0
23 50.942 | 24 51.996 | 25 54.938 | 26 55.845| 27 56.933 | 28 58,693 |29 63546 |30 6539 |31 69.723(32 7264|333 74.922|34 7896
V |Cr |[Mn| Fe | Co| Ni [Cu|Zn | Ga| Ge | As | Se
VANADIUM | CHROMIUM [MANGANESE|  IRON COBALT NICKEL COPPER ZINC GALLIUM |GERMANIUM| ARSENIC | SELENIUM
41 92906 [42 9594 |43  (98) |44 101.07 | 45 102.91|46 106.42 |47 107.67 |48 112.41| 49 114.82| 50 118.71 |51 121.76 | 52 127.60
Nb Mo | Tc | Ru | Rh | Pd | Ag Sn | Sb | Te
NIOBIUM  [MOLYBDENUM| TECHNETIUM| RUTHENIUM PALLADIUM |  SILVER TIN ANTIMONY | TELLURIUM

82 207.283 208.95 | 84 (209)

Pure Appl. Chem,, 73. No. 4, 667-683 (2001)

Relative alomsc mass is shown with five
significant figures, For elomonts have no stable
ruclides, the vale enclosed in Irackets
indicates the mass number of the longest-lived
isptope ofthe clement

Howaver three such clements (Th, Pa, ard U)

do hawe a characteristic terrestnal isolopic
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250000 yr U-234 117 min U-238

J Th-23:) ’ ”f\‘z?h.m'“’" o 2 3 8 U = > 2 O 6 Pb

80,000 yr 24 day
Ra-226

# 16021 M= 1.55125X10* (Ma)

URANIUM SERIES Radon daughters Rn-222

3.8 day

~

138 day Po-210 160 ysec Po-214 19.7 min Po-218

4 R 7 ) . # 3 min
5 day Bi-210 N Bi-214

Pb-206 N Pb-210 N Pb-214

(Stable) 21 arm 2 3 2 I h 2 O 8
1.9yr Th-228 Th-232 1.4x10"yr > Pb
’ » |
" Ac-228 6.1hr

s R A= 4.9475X10°° (Ma
'Rn-220
55 sec

THORIUM SERIES

0.3 usec Po-212

LY wang o 235 207
Pb-208 7 '\ pp212 18day Th22r 7~ > Th231 26hr - >

N 2 )
(Stable) % s 10.6 hr N Ac-227 216 yr

o o A= 9.8585X10* (Ma!)
- Rn-219
ACTINIUM SERIES 4.0 sec
Po-215
2.1 min Bi-211 7 0018 sec

r 4 y
Pb-207 N Po-211 , X, Beta Decay

(Stable) %, TI-207 36 min
4.8 min Some decays also release gamma radiation
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U-Th-Pb age equations

204 Pb

208 208 232
Pb_( Pb) T (e -1)
Il

204 Pb 204 Pb

How to solve age equations?
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[sochron age

206Pb
204Pb

initial ratio

S1,2,3 = minerals or rock samples 204Pb
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if initial Pb = 0

206Pb 206Pb

204Pb 204 Pb

I

207Pb ( 207Pb

204Pb - 204Pb

1

208Pb ( 208Pb

204Pb - 204Pb

I
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The concordia plot
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Discordant data

206Ph/238U 207pp/206pp age e Concordia

207Pb/235U age

206p,/238() ¢ . _ . Upper intercept
¢~ Discordia age

Pb-loss trajectory

0.6

7
7

s Lower intercept
age

15
207Pb /235U
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Suitable

high U or Th
low 1nitial Pb
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When Pbg 1s low?
U <=5 ZI‘ Pb i3 Ca

1.00 (A) 089 129 112( )

in highly selective structures
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Mineral U content Common Pb
(ppm) (% of total Pb)
Zircon 1 to >10 000 <2%
Monazite 282 to >50 000 <2%
Baddeleyite |S8 to 3410 <2%

Rutile <1 to 390 <2 to 95%
Xenotime 5000 to 29 000 <5%

Titanite 4 to 500 5to 40%
Allanite 130 to 600 5to 30%

Data from Heaman and Parrish (1991), Parrish and Tirrul (1989) and Noble and Searle (1995)
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Zlrcon

(tetragonal)

— [4]Si4+

8Zr4+ (HREE3*), U%*, Th*
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Monazite

(monoclinic)

[4]PoT

|
l

LREE3*, Th**

(U™, Cazf sSr- L 8Ph B a )
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Titanite




Different

different P, T, x stability fields
different closure temperatures

different ages



“What is closing
temperature??? ©

“Closing temperature 1s an
individual concept !!!”
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closure temperature

The closure temperature of a osure temperature concept
geochronolgical system may be defined as s parent conc
; : W
the temperature at the time corresponding w3 pooone
to the apparent age... SO BRO
a J
<O ,
The temperature recorded by a "frozen decay ut daughter
h i : e ok a5 : daughter diffuses out
chemical system, 1n which a solid phase in so daughter atoms not retained

contact with a large reservoir has cooled until diffusion slows down - the mineral cools
slowly from high temperatures, is formally
identical with geochronological closing

temperature
composition
M.H. Dodson (1973), DATES AGE MINERAL PASSES
Contrib. Min. Pet., 40, 259-274 THROUGH CLOSURE TEMPERATURE

Once a mineral cools enough, then the daughter
product can accumulate, and the radiometric "clock"
has started.
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T. vs. minerals
o
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Approximate Closure Temperature (°C)
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Cooling rate: 10°C/m.y.
200 Pb Closure Temperatures

104 10 107 10
Effective Diffusion Radius (cm)

Cherniak & Watson, 2003 after Dodson (1973),
Contrib. Min. Pet., 40, 259-274
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High U = radiation damage

Low-Uranium Zircon — High-Uranium Zircon
Starting PR, B0 :
point ~

L
§.8 L3
20 (3 <3
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Radiation' damage in
grain is low but damage in grain
in the atom-proximal is medium to
area it is high a- high but in the

Potential radiation and fission track atom-proximal
damage volume PR .
area it is high

damage domain
around the intact U/Th

El Local high radiation
damage domain
around the previous atom-proximal
U/Th atom (here (recoil-affected area)

Marsellos and Garver American Mineralogist. 2010; 95: 1192-1201

— PDb loss
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Pb loss 1n zircon

(c) 100 um

radiation-damaged zircon

T-t conditions under whi
zircons in geologic environmen
become metamict

(Meldrum et al., 1998)

10' 107 10° 10* 10° 10° 10
time (years)

10" 10° 100 10* 10 10" 10" 10" 100

10" 10° 107 10* 10° 10° 10" 10* 10°
time (years)
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beam

Zircon structure gl
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o
erCO n Corfu et al., RIMG 2003

CL images

Xenocrystic cores in magmatic zircons
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Zlrcon textures

High grade metamorphic rockd#lighly fractured zircons

Corfu et al., RIMG 2003 Corfu et al., RIMG 2003
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The analytical
point of view
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“Wish list”

 Submicron spatial resolution

 nm scale depth profiling

» Stoichiometric sampling

* 100% transport efficiency

* ppm precision and accuracy

To distinguish
age domains

To avoid
parent/
daughter
fractionation



ISPRA 14-15-16 giugno 2011
Corso di formazione ambientale:
Geocronologia: tecniche di datazione e metodi di correlazione

In situ vs. bulk analysis

Isotopic ratio 1

. Isotopic ratio 2

. Isotopic ratio 3

Isotopic ratio 4

7

Bulk separates Whole (single) grains Sub-grain microsampling
A B C D

¢ %o

WR

Isotopic ratio
Isotopic ratio
Isotopic ratio

20
a5

Analysis # Analysis # Analysis #

Davidson et al., 2007



