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3¢C| spallation production rate
calibration from Ca and K in lava flows

Irene Schimmelpfennig
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Sl Cosmogenic in-situ ¢CI
production mechanisms:

e Fast neutrons: Spallation of target
elements Caq, K, (Ti, Fe)

* Low-energy (thermal and
epithermal) neutrons: Capture by 35Cl

e Slow negative muons: Capture by

Caand K

. fast neutrons

exposure




36C| spallation production rates (SLHL

Stone et al. 1996

Phillips et al. 2001

Swanson and Caffee 2001

Evans et al. 1997

Phillips et al. 2001

Swanson and Caffee 2001

atoms 3¢Cl (g K)! a’'

l. Track 3¢Cl in whole rock and separated minerals
1. 3¢Cl production rate calibration for spallation of Ca and K




Calibration sites
Mt. Etna (Sicily, 38°N

Payun-Matru
(Argentina, 36°S)

9 samples - frqsq % f‘ 2 samples frachyte
_Carich plagioclase X s sanidine (K)




Tracking **Cl in whole rock and separated
Mt. Etna (Sicily, 38°N minerals

Eo o

S143:

e abundant Ca-plagioclase phenocrysts

e exposure age: 10x3 ka (K/Ar)

e 3He exposure age (pyroxene phenocrysts):

9.6%0.9 ka




Comparison:
Whole Rock and Plagioclase

Whole Rock Plagioclase calculation

2.17x10¢ How much 3¢Cl in

whole rock and
plagioclase?

measvured
6
**Cl 1.26x10 Calculations

1.50x10°% T Gosse & Phillips 2001

PRco Stone et al. 1996
PRk Evans et al. 1997
PRneutr Phillips et al. 2001

0.75x10¢ scaling Stone 2000

n— 2.33x10°

199% measured 92%
oallation 3¢Cl spallation

920 Ppm Cliotal 3 Ppm Cliotal



Comparison:
Whole Rock and Plagioclase

Whole Rock Plagioclase calculation

2.17x10° How much 3¢Cl in

whole rock and
plagioclase?

measvured
6
3¢Cl 1.25x10 Calculations

1.50x10°% T Gosse & Phillips 2001

PRco Stone et al. 1996
PRk Evans et al. 1997
PRneutr Phillips et al. 2001

0.75x10¢ scaling Stone 2000

R 2.33x10°

measured 92%

underestimation of 3¢Cl production = complex behaviour of low-

energy neutrons at land/atmosphere boundary




36C| production rate calibration for
spallation of Ca and K

Mi. Eina Payun-Mairu

Ca rich [Ca] =7.1-8.9% sanidine (K)

| iocl [K] =0.3 - 0.5% [Ca] = 0.6%
PIAJIOCIASE |  [Chotal] = 1-6 ppm [K] = 5.4%

[Cliotal] = 8-13 ppm

2300m

3x10¢ 6x10°¢

1750m

0.4ka 6*1ka 10+¥3ka 33*2ka




Production rate determination

measured 3¢Cl| chemical

concentration \ / composition

calculation

/ spallation production
independent age rates from Ca and K tion fact
(+ radioactive decay '\correc .

+ erosion) scaling
thickness
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Production rate determination

[36C|]meas = (Fs (]Ca] PRca + [K] PRk) + Fn Pn + Fyy Pp) tindep

2 statistic methods:

1. “Best fit” linear model (least square)
[36C|]meas = AtPRca *+BtPRk+Ct+A
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Production rate determination

[**Cl]lmeas = (Fs ([Ca] PRca + [K] PRk) + Fn Pn + Fyy Py) tindep

2 statistic methods:

2. Nonlinear mixed model (MCMC - Bayesian)

[3Cl]meas = A (t + Af) PRca + B (t + Af) PRc+ C (1 + Af) + A

PRCq — 42 i 5 atoms 3¢Cl (g Ca)'a! { _P RK — 1 42 i 1 3 atoms 3¢Cl (g K)' a’!

production production



36C| spallation production rates (SLHL

[Cltoiall

Stone et al. 1996 48.8 +— 2-7 ppm

Phillips et al. 2001 66.8 6-350 ppm

Swanson and Caffee 2001 82 o 42-290 ppm

this study I—‘ 1-13 ppm
I

atoms 3¢Cl (g Ca)' a’’

|
Evans et al. 1997 162 ¢ ¢ 0-315 ppm

Phillips et al. 2001 137 o+ 6-350 ppm

Swanson and Caffee 2001 217 +—42-290 ppm

this study E-O 1113 ppm

atoms 3¢Cl (g K) ! a*!

high Cliotal contents = overestimation of spallation production rates???




Conclusions

* calculations of 36Cl production due to low-energy capture very
uncertain = avoid Cl-rich samples

* spallation production rates - from simple linear model:
PRca = 50 * 4 atoms 3¢Cl (g Ca)' a’!
PRk = 142 £ 5 atoms 3¢Cl (g K)'' a’!

* spallation production rates - from non-linear mixed model:
PRca =42 £ 5 atoms 3¢Cl (g Ca) ! a’!
PRk = 142 = 13 atoms 3¢Cl (g K)! a’!

3K input 3 more sanidine (K) samples




