In situ cosmogenic nuclides:
extraction and measurements

Tebogo Makhubela (University of Johannesburg)
MUSTAR Geodating meeting: 06 February 2025



Production of cosmogenic

ray particle

nuclides

Targetinucleus|(c.g. O, N, Ar)

THE ATMOSPHERIC NUCLEAR CASCADE

1 [ |
I i
P, N: high-energy ' ' primary
(>10 MeV) secondary | ' cosmic
protons and neutrons i i ray particle
carrying the nuclear E '
cascade I i
E ; \4
n, p, a. secondary i :
particles not carrying 1 E @ t;:: QEtngIiL:;;
the nuclear cascade | . 8- 7% 5
i A
=, u¥, e pions, muons, I Y H
electrons, and positrons i A/ P N
[ T
I i
: ;
] -
Y i &
n
] -
l"| E l-l i N n {-)‘I p
£y ! : " \p
‘:’ e : i (v‘)‘
© e'.. i @A E N ('a
B et AU @ p
: * : il -t N o
: ] A n (_?‘
: " W
residual nuclei are “cosmogenic nuclei” f,,')} N N
i P
: I n P
[ |
<€ >'€ > €
electromagnetic mesonic nucleonic

softening of energy spectrum

increasing atmospheric depth / atm. pressure




Commonly used cosmogenic nuclides in Earth Sciences

Table 1. Cosmogenic nuclides (CNs) commonly used in Earth science applications (adapted from Dunai,
2010).

Predominant target  SLHL production rate (at

Isotope Half-life (T,,,) Main target minerals elements g 'year™)®

*He Stable Olivine, pyroxene, other He- All major elements 75-120
retentive minerals

%8 1.387 £ 0.012 Ma Quartz (rarely olivine, pyroxene) 0, Si (Mqg) 4-5

e 5730 +30a®  Quartz 0, Si 18-20

NNzg' Stable Quartz, olivine, pyroxene Mg, Al, Si 18-21

Ne

25 708 + 17 ka©  Quartz Si 35

q 301 £2ka®  Carbonates, feldspar, (rarely whole K, Ca, Cl, (Fe, Ti) 70 (Ca), 200 (K)
rock)

Half-lives from (a) (Chmeleff et al., 2010; Korschinek et al., 2010 (b) Lederer et al. (1978) (c) Nishiizumi (2004) (d) Holden,

1990). Abbreviations: a = annum, ka = kiloannum, Ma = Megaannum. SLHL (sea level-high latitude) production rates (e)
from Von Blanckenburg and Willenbring (2014).




Are there other minerals than quartz (SiO,) producing °Be and 2°Al by
muons and neutrons?

Yes, ...

* Dolostone et al.
(e.g. ankerite)

e Chert

e Sediments




... but major reactions that matter for producing '°Be and 2°Al:

Yes, but Primary spallation Thermal Negative muon

[sotope reactions neutron capture  capture

"Be '°0O(n,”Hex)'""Be or "Be(n.y)'"Be "O(u~,7pn)'"Be
1‘;’{}{11._4[}311)'”& 2Si(1.x) Be
*Si(n,x)""Be

Al “8Si(n,2np)-°Al *Si(1,2n)* Al

Dunai, 2010



1) When we try to
estimate p-values for
Instance for thermal
neutrons we look also for
cases where 10Be and
26Al could have been
created from other
minerals....does the
above statement mean
that this is irrelevant
because the other
minerals have been
separated out? It is not
completely clear to me.

Step 1: size reduction of

rock fragments
% Jaw crusher

Milling

|

Sieving

Size fractions analysed: usually
0.2-0.8 mm

Step 2: mineral separation and purification

Multiple 24-72 hours HF/HNO, etch
in different acid concentrations

Heavy liquid density separation

Step 3: mineral dissolution and ion exchange chromatography

Digestion of pure mineral
separates and addition of spike

Dry-down, redissolve and
1 I purify target fraction,

| |l —— 5 precipitate, wash and dry
precipitate. Then burn to

4 | | produce oxide, and load
ﬁ ﬁ into cathodes for AMS
measurements

Run column to separate target element




Sample after crushing before any
treatment

Sample after crushing before any treatment under the microscope.

Sample after magnetic separation under the microscope. Non-
magnetic fraction contains abundant quartz.

After numerous
HF+HNO3 leaching.
Even if all minerals
are removed there is
still quartz that
contains
contaminants within
itself, but those
contaminants are
often negligible.



2) Also there are discussions to expose
materials to the NTOF beam to try to study
production of Be and A as function of the

neutron energy... What samples should be
used ...pure Silicon or?

| am not sure. Maybe pure SiO,?
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