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Signal component analysis of IR-RF decay curves of K-feldspars

Multi-exponential fitting for enabling exploratory data science
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Scope Fitting examples
Infrared-radiofluorescence (IR-RF) dating of K-feldspars has the potential to D, = 0 Gy _ _
increase the knowledge about sedimentation processes through its extended natural dose IR-RF > IR-RF after bleaching Figure 1a,b: IR-RF.5|gnaI
s . L . components of aliquot 78 of
age range, low liability for anomalous fading and good suitability for single 1000 000 ,
. . . 10000007 ~ modern age sample Gi361,
grain measurements [1][2]. However, the composition and the underlying s 8
, , _ ) = measured on a lexsyg
physics of the IR-RF signal are still only partly understood. In our approach to T o000- £ 8000007 research device [9] using the
improve the knowledge about IR-RF, we use multi-exponential curve fitting as a ® ? RF., protocol [10], thus IR-
tool to determine curve attributes, e.g. sighal components. The statistics of 00 000 PR RF was measured at 70°C
these signal components can then be investigated further by data science 3000 4000- with a 850/40 filter. The
methods. We hypothesize that trends and correlations found in these 3000 MWWMW“ -4 000 - , l“ ' | | o | l Il sample was solar simulator
investigations will give evidence about underlying physical processes and their 0 =00 1000 0 1000 ZDZES o 3000 4000 pleached for 7 h before the
dependence on protocol parameters and sample history. Dose (&) Half-decay dose (Gy) Area below curve (cts)  S€CONd measurement (b).
Half-decay dose (Gy) Area below curve (cts) Component 1 165.6 1 246407 + 1070405  The samp|e consists of ca.
Component 1 1751 2.09e+07 £ 9.57e+04 Component 2 4714 157es083.10e+05 96 % K-feldspar (QEM).
Component 2 622.5 3.386+08 * 2.636+05 Carporid] 06 4 260108 £ 3 05008
. . Component 3 2 855¢+04 2.85e+10 + 3.29e+06
S i g na I curve flttl N g Component 4 1.982e+05 1.77e+11 £ 8.462+06
As a working hypothesis we assume that each signal curve can be described by De ~ 00 . |
the sum of several exponential decay curves. natural dose IR-RF > IR-RF after bleaching Figure 2a,b: IR'RF_ signal
800 000 components of aliquot 34 of
475 000 -
I,z IR-RF signal 2700000 dose saturated sample 326.
K g d  Accumulated dose during measurement, § 4500007 S 500 000 - Prot.ocol and measure.ment
Kk —5- given by measurement time t and g 15 006 &3 settings are equal tf) figure
IpF (d) — D_ e “k laboratory dose rate D;,;,, thus d = tD;, ? 200 0007 1. The sample consists of ca.
Y -
k=1 k K  Number of signal components 400 000 - 400000~ 89 % K-feldspar (QEM).
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n,  Signhal component intensity, equals area | | | | 0 1000 2 000 3000
below component curve 0 N 1@0330 1500 Dose (Gy)
Dk Half'decay dose of the Signal component, Half-decay dose (Gy) Area below curve (cts) Half-decay dose (Gy)  Area below curve (cts)
related to the half-life T by Dk — TDlab _ 460.9 5 276407 + 5780404 Component 1 71.41 6.37e+06 £ 4.62e+04
o . _ _ _ Component 2 264.8 6.01e+07 £ 1.48e+05
The decay constants Dy, are optimized iteratively by a genetic algorithm [3] B oo O 11eriD 3.06ev00 == s0u o 750408 2 300405
until the minimum of the residual square sum (RSS) is reached. Component 4 | 2700+05 1 O1es11 + 4 680508
The number of exponential terms K is determined iteratively. A statistical test,
e.g. an F-test, proves whether a new model with one component leads to
significantly lower residual signals.
Sample statistics
Perform first fitting with K =1 components We tested multiple K-feldspar samples of different provenance, all measured with the RF., protocol [10]:
4
Increase component umber by K=K+1 < IR-RF signal component patterns ¥ NAT curve component ® REG curve component
v B - Qoo B a e —_ B19-LU: Batagay mega-slump, Sibiria [11]
- . 8 = e e e — Multiple layers of a permafrost sediment
Perform the fitting with K components : 10 100 10'0|EJI y 106(()10 (G1<;ios 1e+06 1e+07 1e+08 Grain size 63—-100 um, age 100-500 ka
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Selected the (K - 1)-fitting as IR-RF model - T e Gi361: Cuddalore, India [12]
S S Recently formed coastal dune

This approach has already proven itself useful for CW-OSL component analyses 1 10 10 Halfdecay doss Gyy Y Grain size 150-200 pm, modern age

of quartz [4][5]. However, compared to older publications we used a novel

determinant-based algorithm for the calculation of the pre-factors n; to — ; ' Gi326: Bayreuth, Germany

improve robustness and reproducibility of the approach. Also, we deduced the | | e I | = | Crushed from Triassic sandstone
F-value threshold not from p-value considerations but from simulations 1 N o fdecaydose (Gyy e e Te® Grain size 90-200 pm, in dose saturation
focused on minimizing curve over- and under-fitting [6].

oo ... ’..

log(n)

= - @ W @ oo ¢ o ¢ L-Eva-2275 & 2277: Fordwich, UK [13]
54 = R == = ———— Fluvial sands from stone age excavation site
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U Sed SOftwa re Figure 3a-e: Intensity n; over decay constant D;, of all components of multiple aliquots of multiple samples on double-
All data processing and plotting was performed using statistical programming logarithmic scale. Red dots: Natural dose IR-RF signal component, black dots: After bleaching IR-RF signal component.

language R and mulitple R packages, especially the package Luminescence
[7]. The fitting algorithm is an adapted version of the £fit OSLcurve ()
function of the R package OSLdecomposition [8] and will be publicly

available with a future update. Observations

* In most cases, natural dose curves (NAT curves) can be sufficiently described with two signal components

 Long IR-RF curves after bleaching (REG curves) can be sufficiently described with four signal components

* Multiple specimen of signal components can be identified, where the NAT curve component with D;’s
between 200 and 600 Gy dominates the curvature and therefore the equivalent dose results.

 That part of the REG curve which matches the NAT curve in the sliding technique can also be sufficiently
described by just two components. However, the dominating component is usually shifted toward higher Dj,.

R package OSLdecomposition
Function library for the identification and
separation of exponentially decaying signal
components in CW-0OSL.

Learn more at luminescence.de

OSLdecomposition is part of the RLum.Network
Learn more at r-luminescence.org

Luminescence data analysis as a service
E E._- E The algorithms and analyses presented here are an unfunded hobbyist project of the main
I- _..I
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