U-Pb (and U-Th) dating of
micro-baddeleyite
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Baddeleyite (BAD-ii-LE-ite)* basics

e chemical formula: ZrO,

» monoclinic (commonly twinned)
* minor HfO,, T10,, FeO, SiO,

» U between ~200 — 1000 ppm

o low cammoen Ph, Th/U <<0.2

o Wide range of occurrences

(terrestrial and extraterrestrial)
s mafic and ultramaiic recks
(basalt, gabbro;, diakhase)
s alkalifrecks (carbonatiie, syenitie)
s manilexenoliths (lrenm kimbesrlites)
s metacarhenaies

simpaci-related rocks (tekiies)
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Baddeleyite dating: applications and examples

FRANKLIN COMPOSITE
(baddeleyite)

Bulk analysis (TIMS) | m@;ﬁj :
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Micro-baddeleyite analysis: in-situ advantages

e Bulk analysis difficulties:

e time-intensive, highly inefficient
mineral separation

» 100’s of grains (<20 pm) required
e contamination risk (though
Inheritance unknewn)

o abrasion Impossible (Pb-loss)

o |nEsitu advantages:

* glrainsican e located and
aialy/zed NarthinEsSEciion
s IGISEpaaGRIrEqUIEd

s PEeEIraphIcC Contex presened
slimitedrsamplersizeNe:ar; diili
SampIes; extratenestial)
sISCIEEnNE eI CoNCErEaNIaIEINS




Micro-baddeleyite analysis: in-situ advantages
- Bulk analysis difficulties: | "

 time-intensive, highly inefficient
mineral separation

« 100’s of grains (<20 pm) required
e contamination risk (though
Inheritance unknewn)

o aprasion Impossible (Pb-loss)

o |nEsitu advantages:

* glrains;canibe located and
analy/zed i thin=seciion
s [10) SEparaenR required

* PELreEIraphic Contexy presened
slimitedrsample size(e:al, diill
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Zirconium X-ray map of mafic dike rock




Previous SIMS U-Pb dating of baddeleyite
« SHRIMP Il (Wingate and Compston, 2000)

» Phalaborwa baddeleyite standard

o 207Pp/206Ph ages accurate

o 206p[y /238 ages deviate by up to -13% and +17%

o crystal orientation affects U-Pb sensitivity

e Severe limitation on accuracy ofi U-Ph baddeleyite ages
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Baddeleyite U-Pb analysis with the ims 1270

e cross-calibration of three baddeleyite standards
 randomly oriented grains, NIST SRM 610 glass on same mount

» 144 spot analyses total

» two sessions (overnight, fully automated beam centering and

charge-compensation): rotate mount 90°
* ~8-11 nA °0Or primary beam, 25-30 um spot size, MRP = 4500

» O,- flooding (700% Increase in Pb*)

*®Pb" intensity [cps]

1 Phalaborwa

1baddeleyite

1x10°

i

3x10° <«— increasing O, flooding
(total sample chamber
pressure in Torr)

time [sec]
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U-Pb calibration results

NIST SRM 610 glass
“*Pb /**U =0.2249

“®Pp* / ®°U standard dev.

2.2% (session1)
2.6% (session 2)

**Pb* / #*U standard dev.
2.7% (session1)
3.9% (session 2)

1.

1 Phalaborwa baddeleyi’t't;”'m'm"m:E

1 *"Pb / ®Pb age = 2059.8+0.8 Ma
1 *Pb /**U = 0.3765

3.6% (session1)
2.9% (session 2)

*®pp* / #*U age standard dev.
7.2% (session1)
6.9% (session 2)

@ session 1, n =20
@ session 2 (mount rotated 90°); n = 16




|—3%+6®'Ma :

207 206 = =
:)b/ Pb (MSWD 1.0, :36)

FC4
D1098+4Ma

MSWD = 22;n= !36)

2058+2 Ma
(MSWD 3. 7 n= 36)

I Phalaborwa

NIST SRM 61 0
0.909+0.002
" (MSWD = 1.1; n = 36)

Kovdor
; 37416 Ma
(MSWD = 0.9; n = 36)

206 238
Pb / **U o
| I 1103+14 Ma
(MSWD =1.1;n
Phalaborwa
MSWD 0.8; n = 36)

NIST SRM 610

|:|0 224+0.002
(MSWD = 0.7; n = 36)

errors 2c

-4 -3 -2 -1 0 1 2 3 4 5

% relative deviation from reference

= 36)

Standard
intercomparison

e new TIMS results for Kovdor and
FC4 (Duluth)

e differences In calibration after
rotation unrelated to crystal-
orientation

o repreducibility on baddeleyite
slightly: poorer compared te glass

s highly: accurate 227Ph/°Phrages
o Precaminian vaddeleyite

o1 20615 /2580 g ies agree within
measuiremeniuRCEraInes (S1=2
%) 2 o)

Phalaborwa: Heaman and LeCheminant, 1993
NIST SRM 610: Walder et al., 1993; Hirata and Nesbitt, 1995




Baddeleyite U-Th dating

\ 232Th0+/ 238U0+

RSF = 1.15+0.06
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siViulticellectionr analysis ol Phalabemnva baddeleyite (SOMmA O seam)
s WS relativersensitvitys calioraion  compaianieer Zircen
siYjelldsreauniipmumpEan)/iEseu)

s RPoieRtaNeIRyelUne maicVelcagics (E:ar, HawaitEriel)




Micro-baddeleyite: analytical parameters

~25 um primary beam spot

* Pb useful yield ~0.4 % (similar to
zircon)

e for 100 Ma baddeleyite, 500 ppm
U, 295Pp/?28U counting error of 1%
requires ~25 pume baddeleyite
FA width: 3000 FA width: 1500

o [n-Situ thin-section analysis

[{e]
o

s Use field aperture to exclude
common Phiiem crater margins
and matrx minerals

o = o
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Micro-baddeleyite: preliminary results

] ®Pb /U age = 405+24 (6.0% 20)
1 MSWD=1.1,n=6

weighted average

sihaddeleyiteremrSene Danani(INSSIera)

simaic siilispwvithinicaenaterplatiCimisEqUERCE
sanalyzedrgraisietween soranc Lo mNShHeeimeERSIon))
GepthreselutienEs1=2imn




SIMS micro-baddeleyite geochronology:
future developments

- more testing of crystal-orientation  Secondary | | |
effects on Pb-U sensitivity (EBSD EEREEE :"
analysis underway) '

e multi-collection ofi Pb Isotopes to
Increase duty cycle

o Implement sample maps
(e.g., by SEM)iinte sample stage Reflected
contrel

s ExXplorepotenal oiien-nean
gEnerated secondany/ election
Imaging (UCLEANRMSLZ7ONEatlies
Galliguid-metali sSeUIrce; and RIew,
Clhianneltren particierderecion)

scanning electron images of Ta-Si grid, 2 pA Cs* (1.5 um lateral resolution)




Conclusions

» SIMS U-Pb dating of baddeleyite possible at ~3-4% (rel.
uncertainty) level

o crystal-orientation effects under investigation, but
appear to be minor/absent (O,-flooding? secondary ion
extraction geometry?)

o U-P ages, acculrate within internal repreducibility: for
randoemly: eriented crystals (e.g., In-situ haddeleyiiein
thim-section)

o U=l calierationrceniparanleto Zircon

spelerRtaNer U=senes daie eiryeung mailc\VelcCamics




