(EGUssz, 2022

FIERCE

Frankfurt Isotope & Element Res

The petrochronologic potential of LASS-ICPMS
U—Pb dating of garnet ano
evidence for an ultra-high closure temperature

Horst Marschall,
Richard von Mutius,
Axel Gerdes,

Leo Millonig,
Richard Albert,
Aratz Beranoaguirre,

Dominik Hezel UNIVERSITAT

FRANKFURT AM MAIN




SZSd-: WA
Earth and Planetary Science Letters 552 (2020) 116589 Af 77, TSS-89.23 g\

Contents lists available at ScienceDirect EARTH

E_Iement XR Earth and Planetary Science Letters
single collector £l |
ICPMS

& 1 93 nm Exploring laser ablation U-Pb dating of regional metamorphic garnet - | m)

Check for

: The Straits Schist, Connecticut, USA e
Resonetlcs Iaser Leo J. Millonig #-°*, Richard Albert®", Axel Gerdes®", Dov Avigad ¢, Craig Dietsch 9

4 Department of Geosciences, Goethe-University Frankfurt, Altenhoferallee 1, 60438 Frankfurt am Main, Germany

b Frankfurt Isotope and Element Research Center (FIERCE), Goethe-University Frankfurt, Frankfurt am Main, Germany =1 The Strafts Schist
¢ Institute of Earth Sciences, Hebrew University of Jerusalem, Givat Ram, 9190401, Israel B Trap Falls Fm. Selected Geologic Boundaries
d Department of Geology, University of Cincinnati, P.O. Box 0013, Cincinnati, OH 45221-0013, USA ; w:f:r:;uvg;o?:t | o
B Granite, nonfoliated (270-370 Ma) @ Sample Site (Lanzirotti & Hanson, 1995)
[ Connecticut Valley-Gaspé Trough Sample Site (this study)

www.elsevier.com/locate/epsl

10 km

!

L.J. Millonig, R. Albert, A. Gerdes et al.

Screening for U-rich inclusions in the time-resolved ablation signal o —————

409 + 10 Ma & 0.8431 + 0.0018
213 X 213 um2 spots d ___MSWD=18n=135_
U] = 1-90 ng/g Bl * *

age precision appr. £2—4 %

IERC

Frankfurt Isotope & Element Research Center | | 238 | 1206
238 1 /2%5py, U/°Pb

\




NN

Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

193 nm laser ablation system
RESOLution S155

. large two-volume ablation cell
A

r

Plus

-. Ar

modified from Craig et al. (2017), ThermoScientific



NN

Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

-
193 nm laser ablation system e 130 x 130 pm2 spots
| RESOLution S155

. large two-volume ablation cell
A

r

Plus

-. Ar

modified from Craig et al. (2017), ThermoScientific



NN

Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $155

193 nm Ia_ser ablation system . 130 x 130 Lm2 spots
=i RESOLution S155 |
large two-volume ablation cell * 20 s apblation

¢)

Ar
Plus

-. Ar

modified from Craig et al. (2017), ThermoScientific



NN Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution S155 ]
= 193 nm laser ablation system e 130 x 130 um?2 spots
= RESOLution S155

. large two-volume ablation cell
Ar

e 20 s ablation

N
Neptune Plus
Neptune =
multi-collector ICPMS
with 2 SEM, 5 CDD and
HEEE SFC (107 and 10720}
HF

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $199 193 nm laser ablation system e 130 x 130 um? spots
RESOLution S155

. large two-volume ablation cell
Ar

e 20 s ablation

N
Neptune Plus .
Neptune a o 200 207 238
with'2 SEM, 5 CDD and
RN SFC (101 and 109.0)
B

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $199 193 nm laser ablation system e 130 x 130 um? spots
RESOLution S155

. large two-volume ablation cell
Ar

e 20 s ablation

N
Neptune Plus .
Neptune . o 200 207 238
multi-collector ICPMS e 00 U cOLniers
with 2 SEM, 5 CDD and s shEotEEdraday (1015:0))
NN SEC (101 and 1070
HF

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $199 193 nm laser ablation system e 130 x 130 um? spots
RESOLution S155

. large two-volume ablation cell
Ar

e 20 s ablation

N
Neptune Plus .
Neptune . o 200 207 238
multi-collector ICPMS e 00 U cOLniers
with 2 SEM, 5 CDD and s shEotEEdraday (1015:0))
NN SEC (101 and 1070
.&i Element XR
.- o single-collector ICPMS

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $199 193 nm laser ablation system e 130 x 130 um? spots
RESOLution S155

. large two-volume ablation cell
Ar

e 20 s ablation

N
Moot . Neptune Plus it i i .
ey multi-collactor ICPMS e 206Pp, 207Pp and 238U on ion counters
with 2 SEM, 5 CDD and * 2%21h on Faraday (107° ()
RN S G (107 and 10°0)
.&i Element XR e garnet major elements (Ca, Fe, Mg, Mn)
.- o single-collector ICPMS

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $155

193 nm Ia_ser ablation system . 130 x 130 Lm2 spots
RESOLution S155 |
. large two-volume ablation cell * 20 s ablation
Ar N
= m Neptune Plus

Neptune . o 200 207 2338 |
multi-collector ICPMS P0, 297Pb and 22°U on ion counters

with2 SEM,5CDD and ~ * “~*Ihonkaraday (107 ())
L
.&i Element XR  garnet major elements (Ca, Fe, Mg, Mn)

o single-collector ICPMS * frace elements as accessory mineral
Relicator (BEE Y, Zr, Ti, Nb, P)

modified from Craig et al. (2017), ThermoScientific



Laser-Ablation Split-Stream MC/SC-ICPMS

Frankfurt Isotope & Element Research Center

RESOLution $155

193 nm Ia_ser ablation system . 130 x 130 Lm2 spots
RESOLution S155 |
. large two-volume ablation cell * 20 s ablation
Ar N

Neptune Plus .
Neptune . o 200 207 238
e . G A b e Pb, 207Pb and 238U on ion counters

with2 SEM,5CDD and ~ * “~*Ihonkaraday (107 ())
L
.&i Element XR  garnet major elements (Ca, Fe, Mg, Mn)

o single-collector ICPMS * frace elements as accessory mineral
Relicator (BEE Y, Zr, Ti, Nb, P)

e frace elements as other inclusion indicator
modified from Craig et al. (2017), ThermoScientific (K Rb Sr)




Ultra-High Temperature granulite (930 °C) : - WO . e e
Dronning-Maud Land, East Antarctica LR, | amo e R

— rutile

large (s0.8 mm)
grains of rutile,
monazite and zircon

large (=6 mm) garnet
grains with low-Ca,
high-Mg cores
and rutile inclusions
and pinnite-Qtz-Bt
coronas

fragments of
gamet clasts in
rock foliation

Kuunga Orogen
520-500 Ma

Mozambique Belt
580-560 Ma

East African
Orogen —
650-620 Ma g %
~  Zambeziand
. Damara Orogen -
,* .+ (550-520 Ma)

euempuor) lseq

+ Saharan .+ Congo '
A~ H.U. Sverdrup-
~Sao~—",Riodela ﬁe“a

Francisco * *plata /

.+ Aimazon West

e ;UtL‘lII:L'tu‘JJ-uJILIDftDJIbIDJIqleQHJerHﬂ;I—Ldj

N ENEREEEE AL T L

0 1000 2000 3000 4000 5000 6000 . West Gondwana N+’ "o
Orogen | Gondwana

Distance () 3 Pauly et al. (2016), JPet 620-600 Ma




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

e Felsic granulite (feldspar + quartz)

- .H:L‘ll‘u‘I:LIJJ-L’JJIrLﬂTrRIlﬁ;mﬂJleLQ:HJJfELH'_QJ—LCP

N ENEREEEE AL T L

0

1000

2000

3000 4000 5000
Distance (um)

6000

—
W
Qo
7]
e

0.03 &
>

0.02

0.01

0.00

Pauly et al. (2016), JPet

layer with small
(=0.5 mm) grains of

Ca-rich garnet,
biotite, and ilmenite
with relics of rutile

— rutile

large (s0.8 mm)
grains of rutile,
monazite and zircon

large (=6 mm) garnet
grains with low-Ca,
high-Mg cores
and rutile inclusions
and pinnite-Qtz-Bt
coronas

fragments of
gamet clasts in
rock foliation

-

: gllllmanlte (b)

Kuunga Orogen
520-500 Ma

Mozambique Belt
580-560 Ma

East African

Orogen —

650-620 Ma

~  Zambeziand
)+ Damara Orogen
*,* (550-520 Ma) * , S

+ Saharan ' Cohgb '

West Gondwana
Orogen
620-600 Ma

' JSao\/ Rio dm

_Francisco_* * Plata /

+ Amazon: +

euempuor) lseq

H.U. Sverdrup-
flella

West
Gondwana




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

e Felsic granulite (feldspar + quartz)

Sillimanite pseudomorphs after kyanite

. "333?4! ..............

N ENEREEEE AL T L

- .H:L‘ll‘u‘I:LIJJ-L’JJIrLﬂTrRIlﬁ;mﬂJleLQ:HJJfELH'_QJ—LCP

0O 1000 2000 3000 4000 5000 6000
Distance (um)

—
W
Qo
7]
e

0.03 &
>

0.02

0.01

0.00

Pauly et al. (2016), JPet

layer with small
(=0.5 mm) grains of

Ca-rich garnet,
biotite, and ilmenite
with relics of rutile

— rutile

large (s0.8 mm)
grains of rutile,
monazite and zircon

large (=6 mm) garnet
grains with low-Ca,
high-Mg cores
and rutile inclusions
and pinnite-Qtz-Bt
coronas

fragments of
gamet clasts in
rock foliation

-

: gllllmanlte (b)

Kuunga Orogen
520-500 Ma

Mozambique Belt
580-560 Ma

East African

Orogen —

650-620 Ma

~  Zambeziand
)+ Damara Orogen
*,* (550-520 Ma) * , S

+ Saharan ' Cohgb '

West Gondwana
Orogen
620-600 Ma

' JSao\/ Rio dm

_Francisco_* * Plata /

+ Amazon: +

euempuor) lseq

H.U. Sverdrup-
flella

West
Gondwana




wr ow B
sﬂllmanlte

Ultra-High Temperature granulite (930 °C) , e T S D 55 A

layer with small
(=0.5 mm) grains of

Dronning-Maud Land, East Antarctica A, L me

biotite, and ilmenite
with relics of rutile

— rutile

.

) B 1, <" sillimanite
large (s0.8 mm) S e N R

» Felsic granulite (feldspar + quartz) : & O

monazite and zircon

e Sillimanite pseudomorphs after kyanite - Pl

high-Mg cores

and rutile inclusions
and pinnite-Qtz-Bt

* Rutile + monazite + zircon + apatite e T W

fragments of
gamet clasts in
rock foliation

0.07 (

Kuunga Orogen

0.06 520-500 Ma

Mozambique Belt

0.05 580-560 Ma
w
Q

0.04 0
4

East African
Orogen —
0.03 52. 650-620 Ma e
> ~  Zambeziand
. Damara Orogen -
,+ .+ (550-520 Ma) * . *S

eURMPUOE) 1583

0.02 :
. Saharan ‘.o Cohgb .
) Mt O H.U. Sverdrup-
/ ~Sao~~—"_Riodela
/ ‘\_{rancis_co_ * *Plata / fJEIIa

av i iy

' 0.00 / R

0 1000 2000 3000 4000 5000 6000 - ngdwana BN Erian, West

Orogen ~ - Gondwana

Distance () 3 Pauly et al. (2016), JPet 620-600 Ma

0.01
- .H:L‘ll‘u‘I:LIJJ-L’JJIrLﬂTrRIlﬁ;mﬂJleLQ:HJJfELH'_QJ—LCP

N ENEREEEE AL T L




wr ow B
sﬂllmanlte

Ultra-High Temperature granulite (930 °C) A T s e

layer with small
(=0.5 mm) grains of

Dronning-Maud Land, East Antarctica A, L me

biotite, and ilmenite
with relics of rutile

— rutile

.

) B 1, <" sillimanite
large (s0.8 mm) S e N R

Felsic granulite (feldspar + quartz) : & O

monazite and zircon

high-Mg cores

Sillimanite pseudomorphs after kyanite - Pl

and rutile inclusions

and pinnite-Qtz-Bt

Rutile + monazite + zircon + apatite e T W

fragments of

Gal’ﬂet (Up tO 6 mm Iﬂ dlameter) ‘ ’ gamet clasts in

rock foliation

0.07 (

Kuunga Orogen

0.06 520-500 Ma

Mozambique Belt

0.05 580-560 Ma
w
Q

0.04 0
4

East African
Orogen —
0.03 5_5,. 650-620 Ma /7 v o N Ul
> ~  Zambeziand
. Damara Orogen -
0.02 -+ (550-520 Ma) .

eURMPUOE) 1583

+ Saharan .+ Congo '
‘ O ooy H.U. Sverdrup-
—~~ _« Sao™~—~"Riodela ﬁe”a

g Francisco *  * plata /

5 4 0.00 . "o, =~
0 1000 2000 3000 4000 5000 6000 LTI v | West

Orogen ~ - Gondwana

Distance () 3 Pauly et al. (2016), JPet 620-600 Ma

0.01
- .H:L‘ll‘u‘I:LIJJ-L’JJIrLﬂTrRIlﬁ;mﬂJleLQ:HJJfELH'_QJ—LCP

N ENEREEEE AL T L




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

e 790 °C, 0.95 GPa




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt f
e metamorphic-age previously:unknowni(=593Via

500 um ¥%




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

500 um ¥%




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims

500 um ¥%




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims Stage M2

500 um ¥%




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

arnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 vol.Y% garnetin rock ittt

Garnet high-Ga rims =~ stage M2b S ‘
S e B A




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

arnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 vol.Y% garnetin rock ittt

Garnet high-Ga rims Stage M2

. BA5OC A A CPE it e,
« ‘metamorphic age (U=Pb zircon)593=570-Ma




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims Stage M2

« BA50C A A5 CPA e i
* metamorphic age(U=-Pbzircon):593-570-Ma
* Garnetmode increased10:6:5 Vol-9o




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

(Garnet low-Ca cores

Garnet high-Ga rims

Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Stage M20
s BAnCIANGRE
* metamorphiciage (U=Pb zircon)593-570Ma
e Garnet: mode increased1o:6.:5 vol.%

Stage M2¢ (UHT)

500 un




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims Stage M2

« BA50C A A5 CPA e i
* metamorphic age(U=-Pbzircon):593-570-Ma
* Garnetmode increased10:6:5 Vol-9o

Stage M2¢ (UHT)

¢ 93076, 1545 GPa




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims Stage M2

« 845 °C 145 GPa i i e
* metamorphic age(U=-Pbzircon):593-570-Ma
* Garnet: modeincreased10:6.:5 vol.%

Stage M2¢ (UHT)

i IG{BEs(recsiscu in 1 ok
e metamorphic:age: (U=Pb-zircon):5/0+7 NMa




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

SRTAS Qe @i Bl O lasi Gt %
e metamorphic-age previously:unknowni(=593Via
e appr. 4.5 Vol:%-garnetin rock ittt

Garnet high-Ga rims Stage M2

« 845 °C 145 GPa i i e
* metamorphic age(U=-Pbzircon):593-570-Ma
* Garnet: modeincreased10:6.:5 vol.%

Stage M2¢ (UHT)

¢ O3 R A OGP
e metamorphic:age: (U=Pb-zircon):5/0+7 NMa
o duration:of:Uttl:stage appr.-1 million-years




Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

e 790 °C, 0.95 GPa w 53
o metamorphic-age previously:-tinknown:(=593:Ma)::
o APPRA SO A RE BRI O G R

Garnet high-Ga rims Stage M2
SL s e S
* metamorphiciage (U=Pb zircon) 693-570-Ma
o Garnet'modeiincreased to6:5vol:%:

Stage M2c (UHT)::

¢ O3 R A OGP

e metamorphic:age: (U=Pb-zircon):5/0+7 NMa
o duration:of:Uttl:stage appr.-1 million-years
e Garnetmode constant:at 6.5 vol.%




Ca Level
5500

Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

e 790 °C; 0.95 GPa
* metamorphic:agepreviously:unknown:(=593:Via
e appr. 4.5 vol:% garnetinrock

Garnet high-Ga rims Stage M2

BiEsalA e sl et e d syl (1 Eat )
e metamorphicage (U=Po zircon):593=570:Ma
s Garnet modeincreased to:6.5:Vol:%

Stage M2c (UHE

SO ST G

e metamorphiciage (U=Pb zircon) 570 =+ 7 NMa
e duration-ot:Uklrstage appr..1:million years
e Garnetmode constant at 6.5 vol.%




Ca Level
5500

Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

e 790 °C; 0.95 GPa
* metamorphic:agepreviously:unknown:(=593:Via
e appr. 4.5 vol:% garnetinrock

Garnet high-Ga rims Stage M2

BiEsalA e sl et e d syl (1 Eat )
e metamorphicage (U=Po zircon):593=570:Ma
s Garnet modeincreased to:6.5:Vol:%

Stage M2c (UHE

SO ST G

e metamorphiciage (U=Pb zircon) 570 =+ 7 NMa
e duration-ot:Uklrstage appr..1:million years
e Garnetmode constant at 6.5 vol.%




Ca Level
5500

Ultra-High Temperature granulite
Dronning-Maud Land, East Antarctica

Garnet low-Ca cores Stage M2a

e 790 °C; 0.95 GPa
* metamorphic:agepreviously:unknown:(=593:Via
e appr. 4.5 vol:% garnetinrock

Garnet high-Ga rims Stage M2

BiEsalA e sl et e d syl (1 Eat )
e metamorphicage (U=Po zircon):593=570:Ma
s Garnet modeincreased to:6.5:Vol:%

Stage M2c (UHE

SO ST G

e metamorphiciage (U=Pb zircon) 570 =+ 7 NMa
e duration-ot:Uklrstage appr..1:million years
e Garnetmode constant at 6.5 vol.%




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

0
o
©
&
~
O
o
N
&

238U /206Pb




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

e large scatter (large MSWD)

0
o
©
&
~
O
o
N
&

238U /206Pb




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

e large scatter (large MSWD)

0
o
©
&
~
O
o
N
&

e many analyses with very low 238U/206Pp (<0.5)

238U /206Pb




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

e large scatter (large MSWD)

o
o
©
S
~
o
o
N
&

e many analyses with very low 238U/206Pp (<0.5)

e some spots with apparently old inheritance

238U /206Pb




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

e large scatter (large MSWD)

o
o
©
S
~
o
o
N
&

e many analyses with very low 238U/296Pp (<0.5)
e some spots with apparently old inheritance

* NO Mmeaningful age

238U /206Pb




Ultra-High Temperature granulite (930 °C)
Dronning-Maud Land, East Antarctica

Uncertainty ellipses are 20

unfiltered analyses

Age =796.5 +415/43.7 Ma Ana‘yses of Inclusion-rich

Y-intercept = 0.8848 + 0.0053

MSWD = 18.28 (n = 180) dOma|ﬂS |ﬂ garnet

e large scatter (large MSWD)

o
o
©
S
~
o
o
N
&

e many analyses with very low 238U/296Pp (<0.5)
e some spots with apparently old inheritance

* NO Mmeaningful age

238U /206Pb




L ASS-ICPMS data filtering scheme

rejected analyses

- Mn > 2,500 ug/g
- T1>400 ug/g

- Zr > 200 ug/g

- Ce >0.85 ug/g

- Rb>0.12 ug/g

- K>2.4 ug/g

- Sr>0.06 ug/g

+ (Ce/Pr)n > 1

rejected
analyses

<
=
o
Q
@
[
3
]
7))

No filtering for U or Pb

accepted
analyses

=940




L ASS-ICPMS data filtering scheme

rejected analyses Garnet low=Ga Cores

- Mn > 2,500 ug/g
- T1>400 ug/g

- Zr > 200 ug/g

- Ce >0.85 ug/g =169
- Rb>0.12 ug/g

- K>2.4 ug/g

- Sr>0.06 ug/g

+ (Ce/Pr)n > 1

rejected
analyses

<
=
o
Q
@
a
3
]
7))

No filtering for U or Pb

accepted
analyses

=940




L ASS-ICPMS data filtering scheme

rejected analyses Garnet low=Ga Cores

Mn > 2,500 ug/g
Ti > 400 ug/g

Zr > 200 ug/g
Ce > 0.85 ug/g =169
Rb > 0.12 ug/g

K>2.4 ugl/g

Sr> 0.06 ug/g

(Ce/Pr)n > 1

transitional

rejected
analyses

No filtering for U or Pb

Sample/PRIMA

accepted
analyses

=940




L ASS-ICPMS data filtering scheme
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Conclusions

* garnet U-Pb dating of metamorphic garnet with [U] = 0.06-95 ng/g by LA-MC-ICPMS
* age precision better than +1.5 %

 split-stream analyses allow for distinction of different garnet zones

* split-stream analyses allow for discrimination against inclusions

e garnet U-Pb system has a very nigh closure temperature — no resetting at
930 °C nor at long-lasting (>40 million years) >800 G metamorphism

 crustal garnet records crystallization ages (no diffusive resetting)

e garnet growth potentially records prograde metamorphic history, where
other chronometers (e.g. zircon) mostly record the onset of cooling

e finally a petrochronometer that records mountain building (not just collapse
and exhumation)




