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Abstract

Luminescence dating researchers benefit from many community-led software packages. These packages assist with data reduction, statistical
modeling, calculation of dosimetric values, and plot production. Yet few resources are simultaneously intuitive, meant for simulating the
reduction and growth of luminescence signals, and accessible to non-specialists. The Luminescence Sample Simulator (LuSS) is an application
with a graphical user interface that simulates how apparent age and fractional saturation respond to three key scenarios in luminescence
dating: sunlight exposure, heat exposure, and burial. Users can simulate these scenarios for an individual cobble or sand grain, or for a
population of 100 sand grains. The underlying kinetic parameters can be adjusted manually or taken from a built-in library of published
values. Plots of apparent age histograms, luminescence depth profiles, or fractional saturation and apparent age histories are visualized and
can be exported. LuSS is written in MATLAB and can operate as a free-to-use, standalone application, or as an app within an existing MATLAB
installation. A typical user workflow and three worked examples show how LuSS can model luminescence signal evolution in response to
geologic scenarios. Limitations of LuSS include its inability to capture athermal fading or between-grain variability in geologic dose rate or
sensitivity.
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Introduction sunlight exposure. These functions were meant for geologists out-
side of the luminescence dating specialist community, but had no
GUI and relied on the user having a MATLARB license. In this cur-
rent study, I have incorporated this functionality into a standalone
app with a GUI, called the Luminescence Sample Simulator (LuSS).
The goal of LuSS is to be accessible enough for a non-luminescence
dating expert to use and understand, and flexible enough for a
luminescence expert to perform simple research or for educational
purposes. In this study I (i) present the equation governing the
simulated luminescence signals and the relevant kinetic parame-
ter choices, (ii) describe the basic elements of this app, (iii) give
an example workflow to illustrate app functionality, (iv) provide
three examples of using LuSS to recreate geologic datasets, and (v)
highlight some of the limitations of the app.

Luminescence dating researchers rely upon software that is devel-
oped by fellow researchers and made freely available to the com-
munity. Analyst, for example, is widely used to calculate equivalent
dose values from dose response experiments (Duller, 2015). The
‘Luminescence’ R package accommodates many facets of data anal-
ysis, including age models, fading corrections, statistical modeling
and data visualization (Kreutzer et al., 2012). The Dose Rate and
Age Calculator (DRAC) is an online calculator for estimating the
environmental dose rate (Durcan et al., 2015). DosiVox enables
researchers to calculate a dose rate field within a custom three-
dimensional geometry of radioactive voxels (Martin et al., 2015).
Many of these tools are intended primarily for the luminescence
dating specialist. This study introduces software which simulates
luminescence apparent age and fractional saturation in various
geologic contexts. Using a basic graphical user interface (GUI), Governing equation
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Table 1. Preset kinetic parameter value combinations.

N.D. Brown

Category Option Kinetic parameter value Reference

Thermal loss Bt E (eV) s(s7h)
Quartz OSL 1.0 1.59 2.8 x 1012 (Spooner and Questiaux, 2000)
Quartz 110C TL 1.0 0.89 3.8 x 10! (Spooner and Questiaux, 2000)

Optical loss B a_¢0 (ka™!)
Quartz OSL (sand) 3.7 7 x 1012 (Colarossi et al., 2015)*
K-feldspar IR, (sand) 3.2 4 x 10° (Colarossi et al., 2015)*
K-feldspar pIRIR,,5 (sand) 3.7 2 x 108 (Colarossi et al., 2015)*
K-feldspar pIRIR,, (sand) 4.2 1x 108 (Colarossi et al., 2015)*
K-feldspar IRs, (rock) 3.4 9 x 107 (Ou et al., 2018)*
K-feldspar pIRIR,,5 (rock) 4.6 3 x 107 (Ou et al., 2018)*

Dose rate D (Gy-ka~'Gy/ka)
Quartz from sand 2
K-feldspar from sand 3
K-feldspar from bedrock 4

Saturation dose D, (Gy)
Quartz OSL 150
K-feldspar IRSL 400

Rock opacity g (mm1)
Quartzite IRSL 0.24 (Ou et al., 2018)
Quartzite pIRIRSL 0.68 (Ou et al., 2018)
Granite IRSL 0.74 (Ou et al., 2018)
Granite pIRIRSL 1.86 (Ou et al., 2018)
Sandstone IRSL 3.06 (Ou et al., 2018)
Sandstone pIRIRSL 2.86 (Ou et al., 2018)
Greywacke IRSL 6.43 (Ou et al., 2018)

IKinetic parameters were estimated by fitting the datasets from these studies (Figs. 5, 6); these parameter values are not directly taken from the studies.

detrapping frequency factor (s™!), E is the activation energy (eV),
% is the optical kinetic order, 0¢, is the mean detrapping rate at
the rock surface (s ™), 11 is the light attenuation coefficient (mm™),
kp is the Boltzmann constant, ¢ is time (s), d is depth into the
rock (mm), and T is temperature (K). This expression is modified
from eq. 6 of Brown (2020) by allowing for higher-order thermal
and optical detrapping (Guralnik and Sohbati, 2019), and by omit-
ting sunlight attenuation through water, a special case with many
empirical uncertainties (Gray et al., 2017; de Boer et al., 2024).
Typical values for the individual parameters are listed in Table 1.
These values are grouped into categories of thermal loss, optical
loss, dose rate, saturation dose, and rock opacity. Within each cat-
egory, values (or value groups) are labeled according to sample
type. In some cases, these are published values, such as E and s
values for the quartz optically stimulated luminescence (OSL) fast
component and 110°C thermoluminescence (TL) peak (Spooner
and Questiaux, 2000) and p values for infrared stimulated lumi-
nescence (IRSL) and post-infrared IRSL (pIRIRSL) signals from
various lithologies (Ou et al., 2018). In other cases, published
datasets were fitted with Eq. 1 to estimate best-fit kinetic param-

eters. This was the case for 5% and ;750 values, for example, which
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describe optical loss for OSL, IRSL and pIRIRSL signals in sand
grains and rock wafers. Fits to these datasets are shown in Fig. 1.

Finally, some representative kinetic parameters were estimated
based on an informal literature survey. The characteristic dose of
saturation for quartz OSL and K-feldspar IRSL were set at 150 and
400 Gy, respectively. The geologic dose rate values for quartz and
K-feldspar within sediment grains and K-feldspar within solid rock
are approximated as 2, 3, and 4 Gy/ka. There will be significant
natural variability in these parameters, but they serve as plausible
starting points for app users who may not know approximate val-
ues. Additionally, as described in later sections, the user can modify
any of these values.

Installing the app

There are two options for installing this app. The LuSS GUI
files can be freely downloaded from the Community Surface
Dynamics Modeling System (CSDMS; Tucker et al, 2022)
GitHub repository: https://github.com/csdms-contrib/LuSS. If the
user has an existing MATLAB license, the app can simply be
installed as an app within the MATLAB toolbox environment
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Figure 1. Grain optical bleaching results (Colarossi et al., 2015) and rock wafer bleaching results (Ou et al., 2018) are fitted with Eq. 1 to estimate best-fit values

for the B and o, parameters of various luminescence signals.

by opening the file titled LuSS_GUI_vI_5.mitbx (note that the
version number within this filename may change on future
updates). This is the recommended method, but it requires
a MATLAB license, which may be cost-prohibitive for some.
Alternately, the user can install a standalone version of the app.
For this option, the user must first instal MATLAB Runtime
from the MathWorks website: www.mathworks.com/products/
compiler/matlab-runtime html. No MATLAB license is needed for
this option. Once MATLAB Runtime is installed, the user will
download and run the file titled LuSS_GUI_standalone_v1_5.exe.

App description

Upon starting the app, a window will appear with two buttons. The
button labeled “Luminescence Sample Simulator (LuSS)” lists basic
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software information. Clicking the “Sample” button allows the user
to create a sample by assigning several characteristics (Fig. 2). First,
the sample must be a single grain of sand, 100 grains of sand, or a
cobble (Fig. 2b). The number of grains is set at 100 to approximate
the number of grains that might be measured in a single grain dat-
ing application. One could also imagine these as 100 grains present
on a small aliquot, though the net signal emanating from a multi-
grain aliquot depends strongly on the sensitivity distribution of the
constituent grains (Rhodes, 2007; Duller, 2008). Cobbles will have
a prescribed radius and radial spacing. The spacing parameter dic-
tates which depth intervals will be simulated. Next, the sample can
be given a name that will be displayed on the left side of the win-
dow during simulations (Fig. 2c). Then, the user can modify any
of the shown kinetic parameters, either by manually entering val-
ues, or by clicking the “Choose preset values” button. This button
brings up a panel containing five drop-down menus: thermal loss,
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Figure 2. Sample creation display within LuSS. (a) This display is opened by clicking the “Sample” button. To create an event (Figure 3) or view the sample event
history (Figure 4), the other buttons are clicked. (b) Each sample is a single sand grain, 100 individual grains of sand, or a cobble of set radius and spacing. (c)
Sample name and kinetic parameters can be manually set. (d) Alternately, by clicking “Choose preset values,” the user can also choose from lists of preset parameter
combinations, representing common sample types (Table 1). Clicking “Done” in (d) populates the chosen preset values, and clicking “Done” in (c) creates the sample.
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Figure 3. Event creation display within LuSS. (a) Once a sample is created (Figure 2), the name and kinetic parameter values are shown. (b) The gauge displays
the fractional saturation of the traps. In the case of bedrock, the gauge will monitor the topmost depth interval. The “Empty” and “Full” buttons force fractional
saturation values of 0 or 1, respectively. (c) The user specifies whether the event is sunlight exposure, heat exposure, or burial. Event conditions are plotted in (d).

After setting the duration and, in the case of heat exposure, temperature conditions, the user clicks “Run simulation” to simulate the event.

optical loss, dose rate, saturation dose, and rock opacity (Fig. 2d).
Each of these menus offers several possible descriptions of sam-
ple and signal types. For example, within the category of “Thermal
loss” one could choose “Quartz OSL” or “Quartz 110C TL” These
choices have a unique set of values for thermal order, activation
energy, and frequency factor. “Optical loss” presets affect optical

https://doi.org/10.1017/qua.2025.10047 Published online by Cambridge University Press

order, and surficial detrapping rate; “Dose rate” affects the dose
rate; and “Saturation dose” affects the characteristic dose of satu-
ration. The preset value combinations and source publications are
listed in Table 1. Once preset value types are chosen, the user clicks
“Done” within the “Preset values” panel to populate the values and
then clicks “Done” within the middle panel to create the sample.


https://doi.org/10.1017/qua.2025.10047

MATLAB app for luminescence sample histories 223

4 MATLAB App _ O %
Lumi ence p or (LuSS)
. . -( : \
Sample ‘ ﬁmulatau sample history: \
Fill traps
Sun, 2h
Event =
‘ Burial, 35 ka =05 b
|l-lset 20 to 250 *C (k=0.39921), 10 h |
View History ‘
0
Unnamed sample 0 2 4 B 8 10
| time (h)
| sand grain

S | Copy to clipboard | | Copy to new window
Dy 150 Gy, D: 2 Gy/ka

5 280E+12s7 E: 1.59 ¢V
oy 1.05E+10 ka™'

w: 0.5 mm !
Thermal Kinetic order: |
Optical kinetic order: |

. . . 0
/ 05 0 2 4 6 8 10
\ time (h)
[Lo— 1 =

=i | Reset history [ Copy to clipboard | [ Copy to new window J

. a @

Figure 4. Simulated sample history display within LuSS. (a) By clicking on an event, the simulated luminescence signals are plotted. In the case of sand grains, (b)
fractional saturation and (c) apparent age are shown as a function of time. In the case of bedrock, fractional saturation as a function of depth is shown.
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Figure 5. The basic workflow for the LuSS app. (a) The user first initiates a sample, which must be either a cobble, 1 sand grain, or 100 sand grains. Luminescence
kinetic parameters can be assigned manually or chosen from a list of literature values (see Table 1). Clicking “Done” creates a sample with saturated luminescence
traps. (b) Next, the user defines an event: heat exposure, burial, or sunlight exposure. Once the details of this event are set, the user clicks “Run simulation” to

simulate this event. (c) Finally, the apparent age or fractional saturation, following each simulated event, can be visualized by clicking “View history.” Apparent age
or fractional saturation data can be copied to the system clipboard.

Once a sample is created, the chosen kinetic parameters and  to force the traps to fill or empty by clicking the corresponding but-
sample name are printed on the left panel (Fig. 3a) and the traps  ton, in case the user would prefer to begin a simulation with empty
are saturated by default. The gauge in the bottom-left corner (Fig.  traps. Next, the user can click the “Event” button (Fig. 2a), which
3b) shows the current fraction of saturation and also allows the user ~ opens a panel in which to create an event (Fig. 3¢). The three types
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Figure 6. (a) An example history is simulated for 100 sand grains, as listed in the center panel and plotted in the right-hand panel of the LuSS display window.
(b) Following a 10 s sunlight exposure event, where each grain had a 0.05 s probability of sunlight exposure, we see that 54 of 100 grains remain saturated
and unbleached. Those grains that were exposed were bleached for a random duration within the 10 s interval and at a randomized start time. The net effect is
that some grains bleached to n/N value of nearly 0 and others lost only a fraction of their signals, producing a distribution of apparent ages that are positively
skewed with a mode of zero. (c) All grains then partially regenerated during a 35 ka burial event, translating the distribution to older values while not noticeably
changing the shape. (d) Next, there was a 2-minute-long sunlight exposure event with a per grain exposure probability of 0.001 s™. Six grains that were saturated
were bleached, and five grains that were exposed to sunlight in (c) were again exposed. (e) Finally, all grains were buried for 100 ka. Notice that at the end of the
experiment, there are two subpopulations of grains. The minimum edges of these populations record the time since the respective bleaching events.

of events are sunlight exposure, heat exposure, or burial. For sun-
light exposure of a single grain or burial, only the duration needs to
be specified. Notice that the user can edit the duration number and
unit. For sunlight exposure, if the sample type is 100 sand grains,
the user can specify the probability of sunlight exposure for a given
grain, p (s™!). For a sunlight exposure event of duration d (s), the
probability of at least one bleaching event occurring is calculated
according to a Poisson distribution as p (d) 1 — exp (—pd).
For each of the 100 grains, a random number between 0 and 1 is
generated and if that number is less than p (d), sunlight exposure
is simulated for that grain. The user can also specify whether the
duration of sunlight exposure experienced by each grain should
be randomized. If duration of bleaching per grain is randomized,
for each grain that is selected to bleach, the overall specified event
duration will be multiplied by a random number between 0 and 1,
and the onset of bleaching for that grain will also be randomized.

https://doi.org/10.1017/qua.2025.10047 Published online by Cambridge University Press

For heat exposure, in addition to duration, the user specifies
whether the temperature of the infinite heat bath surrounding the
sample is constant or changing. If constant, the temperature is spec-
ified. If changing, the initial and final temperatures are prescribed,
as well as the linearity. The resulting temperature history is plotted
in the panel to the right and the time and temperature arrays can
optionally be copied to the clipboard (Fig. 3d).

Clicking “Run simulation” will simulate this event for the dura-
tion specified. Some simulations, especially those involving cobbles
experiencing heat exposure, will take significantly longer than oth-
ers. The “Calculating” light indicates that an event is still being
simulated.

After an event is simulated, the sample history panel
appears (Fig. 4a), showing all simulated events. Notice that
for every history, the first event, filling the traps, is set by default.
The right-hand panel displays the simulation results. For grain
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Table 2. Three examples of using LuSS to simulate geologic scenarios.

Example history Step Action
Two low-sunlight transport events 1 Click “Sample.” Choose sample size of 100 grains of sand. Click “Choose preset values” and
remobilizing the same sediments. select the default values for the K-feldspar IR50 signal. Click “Done” in the right-hand panel to
(fig. 4 of Goehring et al. 2021) populate the preset values and click “Done” in the center panel to finalize sample details.

2 Click “Event.” Choose sunlight exposure, duration of 5 h, probability of sunlight exposure at 1

x1075 571, check the box for randomized duration of exposure and click “Run simulation.”
3 Click “Event.” Choose burial of duration 10 ka and click “Run simulation.”
4 Click “Event.” Choose sunlight exposure, duration of 3 h, probability of sunlight exposure at 5 x
1075 571, check the box for randomized duration of exposure and click “Run simulation.”

5 Click “Event.” Choose burial of duration 3 ka and click “Run simulation.”
Complex exposure burial history of 1 Click “Sample.” Choose cobble of radius 30 mm in 0.1 mm increments. Assign these kinetic
bedrock surface. (fig. 1 of Brown parameter values: D, = 250 Gy, D = 6 Gy/ka, s =3 x 105 s}, E=2 eV, u = 0.6 mm™}, 55,
2024) = 2200 ka™. Click “Done.”

2 Click “Event.” Choose sunlight exposure for 5 ka and click “Run simulation.”

3 Click “Event.” Choose burial of duration 30 ka and click “Run simulation.”

4 Click “Event.” Choose sunlight exposure for 20 a and click “Run simulation.”

5 Click “Event.” Choose burial of duration 5 ka and click “Run simulation.”
Thermochronology of quartz fast 1 Click “Sample.” Choose sample size of 1 sand grain. Assign these kinetic parameter values: D, =
component heating from 0 to 100°C 190 Gy, D = 2 Gy/ka, s = 8E13 5™\, E = 1.74 V. Click “Done.”
over 1 Ma (fig. 3a of Guralnik et al.
2015a). 2 Click “Empty” at the bottom-left corner to begin with empty traps.

3 Click “Event.” Choose heat exposure of duration 1000 ka. Select “Changing temperature” with an

initial temperature of 0°C and a final temperature of 100°C. Click “Run simulation.”

events, fractional saturation (Fig. 4b) and apparent age (Fig.
4c) will be plotted as a function of time. For cobble events, the
fractional saturation as a function of depth at the final timestep
will be plotted. These plots can be opened in separate windows or
the datapoints can be copied to the clipboard using the respective
buttons. Each subsequent event will be added to this sequence and
will inherit the current fractional saturation value. For example,
if 3 seconds of sunlight exposure is simulated and the fractional
saturation is reduced to 0.24, the next event will begin with a frac-
tional saturation of 0.24. For cobble samples, the depth-specific
fractional saturation values also persist from one event to the next.
Clicking “Reset history” will refill the traps and erase all created
events.

At any point, the user can view the history of events, create
a new event, force the traps to fill or empty (Fig. 3b), or mod-
ify the sample properties by clicking the respective buttons in the
left-hand panel (Fig. 2a). Editing sample properties will erase any
existing history of events, however, as changing sample kinetic
properties will change a sample’s response to simulated conditions.
This overall app functionality is also summarized in flowchart
format in Fig. 5.

Example workflow

Here is an example workflow to illustrate how one might use
LuSS to simulate the luminescence signal response to an arbitrary,
prescribed geologic history. First, launch the app. Click “Sample”
and select “100 grains of sand” as the sample size. Click “Choose
preset values” Use the default values here to simulate a typical fast-
component-dominant blue-light OSL signal from quartz. Click
“Done” in the right-hand panel to use the selected preset values and
then click “Done” in the middle panel to initiate the sample. Notice
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that the luminescence traps for all 100 grains are full to begin with
(see the dial in Fig. 3b).

Now that the sample is created, click “Event.” We will first sim-
ulate a sunlight exposure event, one wherein only some grains are
exposed to sunlight. The default option in the drop-down menu
is “Sunlight exposure” so that will be unchanged. For duration,
choose 10 s. For the probability of sunlight exposure, enter 0.05
s7!, meaning that, on average, grains would be exposed to sunlight
after 20 s. Tick the box to randomize the duration of exposure for
individual grains and then click “Run simulation”” In this example,
46 of the 100 grains were bleached and 54 remained unbleached
and saturated (Fig. 6b). Some were exposed long enough to bleach
almost entirely and others only bleached briefly, long enough to
partially reduce the fractional saturation. Of course, each time this
same routine is followed, there will be slight random variations in
the outcome.

Click “Event” again to simulate a period of burial to follow this
10 s bleaching event. For the duration, type “35,” and then select
“ka” for the unit, to mimic a period of signal growth during burial
lasting 35 ka. Click “Run simulation.” The fractional saturation val-
ues of all grains will regenerate during this 35 ka interval, though
notice that the growth rate depends on the starting n/N value:
grains nearer to saturation will accumulate this signal slower than
grains that begin at low n/N values (Fig. 6¢). Notice that since some
of the grains were almost entirely reset during the preceding sun-
light exposure, the minimum edge of this apparent age distribution
corresponds to the true burial duration. This is the basis for the
widely used minimum age model (Galbraith et al., 1999).

Next, simulate another sunlight exposure for 120 s with a 0.001
s ! of sunlight exposure and randomized duration (Fig. 6d). Unlike
in the earlier sunlight exposure event (Fig. 6b), where all grains
began at the same n/N value of 1, in this event (Fig. 6d) some
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Figure 7. Simulated luminescence responses for the three geologic scenarios detailed in Table 2. (a) Apparent single grain age distribution following two cycles of
sunlight exposure and burial, where only some of the grains are exposed to sunlight. These results resemble those in figure 4 of Goehring et al. (2021). (b) The
luminescence depth profile of a bedrock surface exposed to 5 ka of sunlight, buried for 30 ka, exposed to sunlight again for 20 a, then buried for 5 ka. Based on
figure 1 of Brown (2024). (c) Fractional saturation for a quartz grain experiencing linear heating from 0°C to 100°C over 1 Ma. This represents the thermochronology

result in figure 3a of Guralnik et al. (2015a).

grains begin the event at full saturation (n/N = 1) but others
are distributed at intermediate n/N values. Because sunlight expo-
sure was prescribed to be relatively unlikely relative to the duration
of exposure, many grains are not exposed to sunlight during this
event. But some grains that were fully saturated, and others with
apparent ages >35 ka, were reset by sunlight exposure. Most were
entirely reset, but notice that the blue curve that begins bleaching
around 40 s stops reducing before all signal is lost. This is because
the bleaching duration of each grain that was selected to bleach was
randomized within the 40 s period.

Finally, simulate another burial period of 100 ka (Fig. 6e).
Following this, many grains that gave finite ages after the preceding
sunlight exposure now are saturated. The text in the upper-right
corner of the apparent age histogram of Fig. 6e displays that 48
grains were saturated before this burial event and 64 grains are
saturated after the event. As at least some of the grains were fully
bleached prior to deposition in both sunlight exposure events, the
minima of the two distributions in Fig. 6e do correspond to the
time since exposure. In the natural world, the environmental dose
rates during the first and second burial periods may not be similar
enough to accurately recover older events.

Possible applications

Table 2 details three applications of LuSS to simulate published
datasets. In the first application, single grains of K-feldspar are
exposed to sunlight for 5 h, buried for 10 ka, exposed for 3 h,
then buried for another 3 ka. Both sunlight exposure events only
affect some grains, as the probabilities of exposure are 1 x 107°
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and 5 x 107 s71, respectively. The resulting distribution (Fig. 7a)
resembles the single grain ages from an alluvial fan in southern
California shown in fig. 4 of Goehring et al. (2021). This illustrates
how incomplete bleaching over multiple depositional cycles could
manifest as a multimodal age distribution. To extend this applica-
tion, users could investigate the relative importance of bleaching
duration, sample bleaching rate, or grain exposure probability
on the resulting age distribution, by adjusting these parameters
individually.

The next example mimics fig. 1 of Brown (2024). A bedrock sur-
face is exposed to sunlight for 5 ka, buried for 30 ka, exposed for
20 a, then buried for 4 ka. The resulting luminescence depth profile
is shown in Fig. 7b. Here also, the user can tweak various param-
eters like rock opacity or the duration of bleaching events to do
simplistic sensitivity analysis.

For the third example, a quartz grain is heated linearly, from
0°C to 100°C, over 1 Ma. The resulting fractional saturation his-
tory is shown in Fig. 7c, and reproduces the heating curve in fig. 3a
of Guralnik et al. (2015a). Changing the trap depth, heating rate,
heating linearity or final temperature would produce observably
different histories. Other geologic scenarios that could readily be
modeled are suggested in Brown (2020).

Limitations

A key limitation of LuSS is that anomalous fading is not simulated,
despite the fact that many natural feldspar signals are observed to
fade, meaning that a laboratory-induced signal will decay measur-
ably on short timescales (Huntley and Lamothe, 2001). A fading
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sample that is irradiated at a typical laboratory dose rate will yield
a larger sensitivity-normalized luminescence response for a given
dose than that same sample irradiated at a geologic dose rate.
This effect requires a critically important correction when esti-
mating burial ages, as the natural signal is induced by a natural
dose rate but the laboratory signals are induced by a dose rate
that is many orders of magnitude greater. For example, a typi-
cal natural dose rate is several Gy/ka and the dose rates on most
automated luminescence readers are on the order of 0.1 Gy/s,
greater by a factor of more than 10°. But this effect matters less
for simulating a geologic history, where the natural dose rate is not
likely to change dramatically. Anomalous fading is not currently
simulated in LuSS due to the added complexity and computa-
tional cost. To monitor fading by nearest neighbor recombination
(Huntley, 2006), which is the conventional interpretation of the
process (Kars et al., 2008), one must integrate over time, depth (in
the case of cobbles), and also recombination distance. Likewise,
the thermal decay behavior of feldspars is not included, as there
are many competing and computationally intensive interpreta-
tions for these kinetics (Jain and Ankjaergaard, 2011; Guralnik
etal, 2015b).

Other important features that cannot be modeled with LuSS
include the luminescence sensitivity variation among grains
(Rhodes, 2007) or grain-specific dose rates (Nathan et al., 2003;
Smedley et al., 2012). Nor can the user investigate significant con-
trols on the geologic dose rate, like moisture content, overburden
thickness, or disequilibrium in the 2*U decay chain (Olley et al,,
2004). These are simplifications that prioritize user friendliness but
obscure the importance of these variables.

Conclusions

The Luminescence Sample Simulator (LuSS) is an accessible and
flexible tool for simulating luminescence signals which are com-
monly measured within the Quaternary geoscience community.
By providing a graphical user interface and a library of represen-
tative kinetic parameters, LuSS offers luminescence dating spe-
cialists, and also non-specialists, the ability to model how sand
grains and rock surfaces accumulate and lose luminescence sig-
nals in response to sunlight exposure, heat exposure, and burial.
Additionally, the user can simulate how single grain populations
respond to incomplete bleaching scenarios. To prioritize ease of
use, this app omits some important natural luminescence phenom-
ena, such as luminescence sensitivity variability, athermal fading
behavior, and environmental dose rate calculations. This makes
LuSS particularly suited for educational use, hypothesis testing,
and method exploration. LuSS is available both as a standalone
app that does not require a MATLAB license, and as a lightweight
(<2 MB) installable app within an existing MATLAB installa-
tion. LuSS can be freely downloaded at https://github.com/csdms-
contrib/LuSS.

Acknowledgments. The author thanks the participants of the 15th
New World Luminescence Dating Workshop for suggestions on improving
this app.

References

Brown, N.D., 2020. Which geomorphic processes can be informed by lumines-
cence measurements? Geomorphology 367, 107296.

https://doi.org/10.1017/qua.2025.10047 Published online by Cambridge University Press

227

Brown, N.D., 2024. Luminescence and ESR dating applied to cobbles and
bedrock. In: Elias, S. (Ed.), Encyclopedia of Quaternary Science. 3rd ed.
Elsevier, Amsterdam, pp. 782-791.

Colarossi, D., Duller, G.A.T., Roberts, H.M., Tooth, S., Lyons, R., 2015.
Comparison of paired OSL and feldspar post-IR IRSL dose distribu-
tions in poorly bleached fluvial sediments from South Africa. Quaternary
Geochronology 30, 233-238.

de Boer, A.-M., Seebregts, M., Wallinga, J., Chamberlain, E., 2024. A one-
day experiment quantifying subaqueous bleaching of K-feldspar lumines-
cence signals in the Wadden Sea, the Netherlands. Netherlands Journal of
Geosciences 103, e22.

Duller, G.A.T., 2015. The Analyst software package for luminescence data:
Overview and recent improvements. Ancient TL 33, 35-42.

Duller, G.A.T., 2008. Single-grain optical dating of Quaternary sedi-
ments: Why aliquot size matters in luminescence dating. Boreas 37,
589-612.

Durcan, J.A., King, G.E., Duller, G.A.T., 2015. DRAC: Dose Rate and
Age Calculator for trapped charge dating. Quaternary Geochronology 28,
54-61.

Galbraith, R.F, Roberts, R.G., Laslett, G.M., Yoshida, H., Olley, J.M., 1999.
Optical dating of single and multiple grains of quartz from Jinmium rock
shelter, northern Australia: Parti, experimental design and statistical models.
Archaeometry 41, 339-364.

Goehring, B.M., Brown, N.D., Moon, S., Blisniuk, K., 2021. The
transport history of alluvial fan sediment inferred from multiple
geochronometers. Journal of Geophysical Research: Earth Surface 126,
€2021JF006096.

Gray, H.J., Tucker, G.E., Mahan, S.A., McGuire, C., Rhodes, E.J., 2017. On
extracting sediment transport information from measurements of lumines-
cence in river sediments. Journal of Geophysical Research: Earth Surface 122,
654-677.

Guralnik, B., et al., 2015a. OSL-thermochronometry using bedrock quartz: A
note of caution. Quaternary Geochronology 25, 37-48.

Guralnik, B., et al., 2015b. Radiation-induced growth and isothermal decay
of infrared-stimulated luminescence from feldspar. Radiation Measurements
81, 224-231.

Guralnik, B., Sohbati, R., 2019. Fundamentals of luminescence photo- and
thermochronometry. In: Chen, R., Pagonis, V. (Eds.), Advances in Physics
and Applications of Optically and Thermally Stimulated Luminescence. World
Scientific, pp. 399-438.

Huntley, D.J., 2006. An explanation of the power-law decay of luminescence.
Journal of Physics: Condensed Matter 18, 1359-1365.

Huntley, D.J., Lamothe, M., 2001. Ubiquity of anomalous fading in K-feldspars
and the measurement and correction for it in optical dating. Canadian
Journal of Earth Sciences 38, 1093-1106.

Jain, M., Ankjaergaard, C., 2011. Towards a non-fading signal in
feldspar: Insight into charge transport and tunnelling from time-
resolved optically stimulated luminescence. Radiation Measurements 46,
292-309.

Kars, R.H., Wallinga, J., Cohen, K.M., 2008. A new approach towards anoma-
lous fading correction for feldspar IRSL dating: Tests on samples in field
saturation. Radiation Measurements 43, 786-790.

Kreutzer, S., Schmidt, C., Fuchs, M.C., Dietze, M., Fischer, M., Fuchs, M.,
2012. Introducing an R package for luminescence dating analysis. Ancient
TL 30, 1-8.

Martin, L., Incerti, S., Mercier, N., 2015. DosiVox: Implementing Geant 4-
based software for dosimetry simulations relevant to luminescence and ESR
dating techniques. Ancient TL 33, 1-10.

Nathan, R.P,, Thomas, PJ., Jain, M., Murray, A.S., Rhodes, E.J., 2003.
Environmental dose rate heterogeneity of beta radiation and its implica-
tions for luminescence dating: Monte Carlo modelling and experimental
validation. Radiation Measurements 37, 305-313.

Olley, ].M., Pietsch, T., Roberts, R.G., 2004. Optical dating of Holocene sed-
iments from a variety of geomorphic settings using single grains of quartz.
Geomorphology 60, 337-358.

Ou, X.J., Roberts, H.M., Duller, G.A.T., Gunn, M.D., Perkins, W.T., 2018.
Attenuation of light in different rock types and implications for rock surface
luminescence dating. Radiation Measurements 120, 305-311.


https://github.com/csdms-contrib/LuSS
https://github.com/csdms-contrib/LuSS
https://doi.org/10.1017/qua.2025.10047

228 N.D. Brown

Rhodes, E., 2007. Quartz single grain OSL sensitivity distributions: Spooner, N.A., Questiaux, D.G., 2000. Kinetics of red, blue and UV thermolu-

Implications for multiple grain single aliquot dating. Geochronometria minescence and optically-stimulated luminescence from quartz. Radiation
26, 19-29. Measurements 32, 659-666.

Smedley, R.K., Duller, G.A.T., Pearce, N.J.G., Roberts, H.M., 2012. Tucker, G.E., et al,, 2022. CSDMS: A community platform for numerical
Determining the K-content of single-grains of feldspar for luminescence modeling of Earth surface processes. Geoscientific Model Development 15,
dating. Radiation Measurements 47, 790-796. 1413-1439.

https://doi.org/10.1017/qua.2025.10047 Published online by Cambridge University Press


https://doi.org/10.1017/qua.2025.10047

	Introducing a MATLAB-based app for simulating luminescence sample histories
	Introduction
	Governing equation
	Installing the app
	App description
	Example workflow
	Possible applications
	Limitations
	Conclusions
	Acknowledgments
	References


