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1.

Introduction

The Luminescence Dose and Age Calculator (LDAC) is a Microsoft Excel Visual Basic Application
(VBA)-based package which can be used to assemble OSL age information and associated calcu-
lations. This platform applies statistical models to determine the equivalent dose (De) values and
render corresponding OSL age estimates. This software is fully applicable for De measurements by
single grain and aliquot regeneration (SAR) and thermal transfer OSL (TT-OSL) protocols. It could
also be used to calculate the dose rate and final buried age for geology/archaeology samples. In
general, this computational system is comprised of 14 linked functional computation routines work-
sheets. However, there are only two worksheets, i.e., “Summary” and “De Calculation”, are visible
when users open the workbook.

The protection password in LDAC is “;”, which is used to protect the worksheet from unin-
tentional modifications

The logic and statistical bases for the LDAC can be found in the accompanying article: Liang, P.,
Forman, S.L., 2019. LDAC: An Excel-based program for luminescence equivalent dose and burial
age calculations. Ancient TL 37 (2), 21-40.

Annotations
» Physical worksheets (e.g., “Summary”)
(e.g., ‘(Calibration]’
Tag (e.g., “Reader Used”)
Software (e.9., Microsoft Excel)

YV V V V

Prompt message (e.9., “SECURITY WARNING Some active content has been disabled. Click for more
details.”)

> Panel (e.g., “Sample Information”)

1.1 LDAC requirements

LDAC requires Microsoft Excel 2010 or higher version (e.g., 2013, 2016, 2019) for Windows computers.
Macintosh Excel can be used to preview the data, but the Macros cannot be run. A Windows-enabling
program (e.g., Fusion, Parallels) is to run LDAC.

1.2 First running the LDAC

1.2.1 Enable running Macros

Download the LDAC software from the website of Github (https://github.com/Peng-Liang/LDAC/re-
leases) or the Geoluminescence Dating Research Lab, Baylor University (https://www.baylor.edu/ge-
osciences/index.php?id=955927).

Make sure the downloaded workbook’s name is “LDAC (v1.0).xIsm”. if not, rename it.

Open the workbook just downloaded from the internet. A warning message will show “PROTECTED
VIEW Be careful-files from the internet can contain viruses. Unless you need to edit, it’s safer to stay in Pro-

tected view”. Click lEnable Editing|’ to use this program.



https://github.com/Peng-Liang/LDAC/releases
https://github.com/Peng-Liang/LDAC/releases
https://www.baylor.edu/geosciences/index.php?id=955927
https://www.baylor.edu/geosciences/index.php?id=955927
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Luminescence Dose and Age Calculator (v1.0).xlsm [Protectey

File Home Insert Page Layout Formulas Data Review View Help Acrobat Q Tell me what you want to do

o PROTECTED VIEW  Be careful—files from the Intemet can contain viruses. Unless you need to edit, it's safer to stay in Protected View. Enable Editing

¢ On first running, the program LDAC might appear the following message “SECURITY
WARNING Some active content has been disabled. Click for more details.” This is a warning message for
using Macros and command buttons (ActiveX controls) of the Excel workbook. Click “Enable Con-|

File ~ Home  Insert  Pagelayout  Formulas  Data  Review View Developer  Add-ns  Help  Acrobat  PowerPivot £ Tell me what you want to do 1% Share 3 Comments
g Calbri A0 - ==_|% i, === | &R = = ;H - Ao
) - T Fill - &
I A ===|=3= Format Find &
; BIU-|H-|&-A-|=S==(==H $-%9 : - | ©Clear- Select~
NP oary - Lidus Tgnment Number Styles Cells Editing A
| ) SECURITY WARNING Some active content has been disabled. Click for more details. Enable Content I x
K100 - Je ©
5 : i Aliquot Recyc. Fast Ratio Fast Ratio| IR/BL HideR
A LDAC: Luminescence Dose and Age Calculator (v1.0) . G-q-fo Dels) 8 (De) Recx_«c § (Recyc] Recupe. § (Recup.) :ns & :o asB atio . Y " s Hide
“Sharp tools make good work” —The Analects of Confucius (i) atio atura En [EBE)
Geoluminescence Dating Res. Lab., Baylor University (updated 2019-06-18 by Peng Liang) 1 Show
2
Sample Information: Lozd Examole | Date Submitted: Clear All 3
a
“Lab Number: “Reader Used Gray-Direct | _*Selectone ‘ 5

o If this warning message cannot be displayed and any button on the worksheet is not responding,
check the macro settings in the Trust Center (“Excel>File>Options>Trust Center>Trust Center Set-
tings>Macro settings”) and set it as:

Trust Center ? *

Trusted Publishers
Macro Settings
Trusted Locations
Disable all macros without notification

Trusted Documents
® Disable all macros with notification

Trusted Add-in Catalogs Disable all macros except digitally signed macros
Add-ins Enable all macros (not recommended; potentially dangerous code can run)

ActiveX Settings Developer Macro Settings

Macro Settings :
- Trust access to the VBA project object model
Protected View

Message Bar

External Content

File Block Settings

Privacy Options

Cancel

(Enabling or disabling Macros in Excel refer to support document from Microsoft website https://support.office.com/en-us/arti-
cle/enable-or-disable-macros-in-office-files-12b036fd-d140-4e74-b45e-16fed1a7e5c6)

e Then, re-open the file.
o After enabling the active content, the “Summary” worksheet will appear, and all ribbons are hidden.
The appearance of the main worksheet “Summary” when open a new LDAC is shown below.


https://support.office.com/en-us/article/enable-or-disable-macros-in-office-files-12b036fd-d140-4e74-b45e-16fed1a7e5c6
https://support.office.com/en-us/article/enable-or-disable-macros-in-office-files-12b036fd-d140-4e74-b45e-16fed1a7e5c6
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@ Luminescence Dose and Age Calulato (v1.0)dsm - xcel

- x
s - £
( A LDAC: L i Dose and Age C: (v1.0) File Aiauot 6 De) | REYE |6 (Recyc) | Recupe. | § (Recupy | 25t Ratio |Fast Ratio| IR/BL -
“Sharp tools make good work” —The Analects of Confucius (Grain) 1] 010 | papip |©(Reare) pe: 8 (RectP)| i yyral Beta ™ [Ratio (%)
Dating Res. Lab., Baylor Univer: Ipd: 2019-06-18 by Peng Liang) 1
2
Sample Information: Losd Examoke | Date Submitted: Clear All 3
a .
Lab Number. “Reader Used GrayDirect |_“Sekcione 5
*Field Number. Sediment Type: 6
Locality: Analyst(s) 7
Submiter. s
|Addtional info: s
10
u
Dose Rate Information: Save Results Read 12
“Input the original analysis cata here B
[*Grain Size (um). - *Age Estimate: 14
*U (ppm) + e pom) 15
Th (ppm) + 16
K20 (%) + 7
Rb (ppm) : ry
[“Water Content (%) + 1
“Latitude (d-m-s): N B - Lat(): 20
“Longitude (d-m-s) : * [ton ¢ sou 2
*Elevation (asl m): Organic Content(%) 2
*Depth (m) + Bulk yem?) 16+ 01 23
Calculote external Rb from Kconc? ___NO__|aeff 0to %
|Conversion factors Guérin2011 _ a-Gr tenuatic Brennan1991 25
|p-Gr f. Guerin2012-Q n 5 2
|Bete Brennan2003 2 2
=
Sequence and ED Information: 2
30
Basic Protocol Information Lab Irradiation (s)  Equivalent Dose Information 31
“Irradiation Date: 10/29/2016 N Natural Data/BG (channel): 32
Stimulation Pover. R1 0 Plate Diameter (mm) 3
Pre-heat Temp (°C): R2 Mineral Used: 34
Cut-heat Temp (°C): R3 Aliquots Used: 0/0 35
Final Annealing (°C): R4 Overdispersion (%): 36
[Test Dose (s) R5 Final Dose Rate 37
Stimulatuion Time R6 Cosmic Rate: 38
B Strength (Gy/min): 60 R7 Dose Rate: 29
0
Age Models: a
a2
‘ Model Selected De (Seconds) De (Gray) Age (year) a3
Summary De Calculation
Luminescence Dose and Age Calclator 1DAC 1.0) @ Peng Uang, Departmentment of Geosclences, Baylor Uniersity, Waco Texas # @ o 1 100

1.2.2 Source strength calibration

e On the upper-right corner in the “Summary” page, there are 4 buttons that activate (or deactivate)
different actions. In the center of the second line, a button named “|Calibration/” is found.

Notes Hide Ribbon | ™ Concise Menu

Calibration Import ‘

Show Info

e By clicking the “{Calibration]” button, a window named “Calibration information of Machine (LDAC
v1.0)” will appear. This window shows the source strength information of Risg TL/OSL readers. Users
can tick the option to enter the new information for their laboratory.

¢ Note that the input reader names in this dialog box will appear in the list of the “Reader Used” cell
on the “Sample information” panel in the “Summary” page (see section 2.1). The source strength
of the reader will be used in the subsequent conversion between laboratory dose in “seconds” and
irradiation unit in “Grays”.

Calibration Information of Machine (LDAC v1.0) x

Source Halfife years ™ Edit -_

l Machine 2 ] Machine 3 I Machine 4 ] Machine 5

Reader Name

Hi,
Source Strength | + ‘ Grays/min X

Are You Sure to APPLY these new parameters to this spreadsheet? It will clear all
Calibration Date | the inputs and save as a new file

Current Time is: 6/28/2019 3:48:19 PM

Lab’s Name: ‘ Peng Hope You Have a good Day!

Apply | Exit Yes

=
[=]
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e The “Lab’s Name” is an optional input but is recommended since it will appear in the “*.pdf” version
of the final laboratory report. Click the M button to save the information in LDAC after inputting
all calibration information in this dialog box.

o After entering the password (“;”), a message box will be popped up showing “Are you sure to APPLY
these new parameters to this spreadsheet? It will clear all the inputs and save as a new file” to confirm any
calibration changes. Click “Yes” to continue, click “No” to exit without saving.
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2. Data entry
o All grey cells in LDAC are locked and protected, and the value cannot be modified.

e Users are recommended to click the “Load Example’ button to get familiar with the data format and
usage of LDAC prior to input their information for the first time. Fields marked with an asterisk (*)
(e.g., *Lab Number, *Reader Used) are required because they will affect subsequent calculations or
final report.

LDAC: Luminescence Dose and Age Calculator (v1.0) Fle ATt | Emor | Regye. | Emor | Eror  FastRatio FastRatio IRDeplet.  Emor |
“Sharp tools make good work” —The dnalects of Conficius (Grain) (De) | Ratio | (Recyc) P (Recup.) [Natural [Beta Ratio (1R-0sL)
Geoluminescence Dating Res. Lab.. Baylor University (updated 2013-06-25 by Peng Liang) | 29011 1226 104|004 008 [0.08 (4203 |53.11  |0.98 0.03
2 42001 3128 [1.00  |0.0a  [027 043 2266 3179 |0.98 0.04
Sample Information :| Load Examole |! Date Submitted:___11/30/2017 Clear All 3 31218 1661 |0.96 004 [018 016 2996 [37.88  |1.01 0.04
4 37786 1437 101 (002 (004 |0.06 3518 3587|101 0.02
*Lab Number: BG4285 *Reader Used Risoet2 lv *Select one E3 263.38  |14.5% 1.09 0.04 0.06  |0.13 86.34 45.78 0.96 0.04
“Field Number. HLI Sediment Type: 6 38579 1979 102 (004 (048 (0.1l 5395 4670  |1.00 0.04
Locality: me field, NE | Analyst(s): 7 39535 17.56  |0.99 004 |037 003 3641 2439 0.9 0.04
Submiter. Peng Liang B 43201 3057|100 |o0a  Joaa  |oas 2549 |17.08  |0.95 0.04
Additional Info: £l 34237 1402 097 (004 (125 (016 1670 1890  |1.00 0.04
10 32705 1571 102|004 033|021 3170 2167 [1.00 0.04
1 55205 3255 (096 |0.03  |025  |0.06 3894 3759|102 0.04
Dose Rate Information: Save Results Read 12 45219 (3237 |1.03 004|067 010 46.99 2276 |0.99 0.03
“Inputthe original analysis data here 13 35506 19.80 100 (005 (093 (026 2186 29.43  |0.98 0.04
*Grain Size (um) 150 — 250 |*Age Estimate: 5ka | “Selectone 1 42982 2424 [1.00  |0.0a  |0a5 |05 3668 2494 |1.00 0.04
*U (ppm) 073+ o001 £ s 38175 1625 038 (004 033 (0.0 5281 3313 |0.97 0.03
“Th (ppm) 277 & 003 Z 16 45969 2523 (098 (004|051 0.5 1845 2117 103 0.04
*K20 (%) 326 + 003 E 17 423.87 25.94 1.02 0.04 1.28 0.19 21.56 18.54 1.00 0.04
Rb (ppm) 103 £ 1 1 EOIT 19038 9.09 101 004 [110 031 237|573 0.97 0.04 Low FR
*Water Content (%) 15 £ 5 § 19 157.39 6.72 0.92 0.04 140 0.30 34.64 14.23 1.06 0.04 Low FR
*Latitude (d-m-s). 48° 27 ' 063 " [Lat() Note: north and east (+ 2 20 20817 1413 103 004|208 017 2855 1758 |0.98 0.04
*Longitude (d-m-s): S 24 " 1371 " |lon(): south and west (- 3 2 46464 (23.44  |1.02 002|035 |0.05 11281 [4879  0.97 0.03
“Elevation (asl m): 712 Organic Content (%): 9 n 28662 13.04 103 004|069 020 2668 1637 0.95 0.04
*Depth (m) 223 £ 005 Etching Time (min): £ = 30105 1624 102|005 (059 |0.28 3817 3961 |0.95 0.04
Calculate external Rb from K conc? NO__|Etching depth (um) & 2 38879 1730 101 (004 [0.03  |0.16 3426 3205|100 0.04
Conversion factors Guerin2011 | Bulk density (g/cc) g |5 39537 1368 094 (003 015 |0.04 2481 3203|100 0.02
6-Grain size attenuation f.  Guérin2012-Q | a efficiency o |26 31235 1333 102 (004|052 o3 2948 4004 097 0.03
6-Etch attenuation factor Brennan2003 | a-Grain 5 3z 48004 2408 [1.00 |00z Jo21  |0.04 3674 3055 |0.98 0.02
& 28 43600 (1925 (098 |0.03 (028 |0.08 7928 5483|101 0.02
Sequence and ED Information: 25 27821 1263 [1.03 004 |157 021 2438 (1537|102 0.04
30 28312 1275 100|004 054|021 1564 1533 |0.96 0.04
Basic Protocol Information Lab Irradiation (s)  Equivalent Dose Information 31 342.62 14.32 1.00 0.04 0.31 0.10 17.58 21.18 0.94 0.03
“Irradiation Date:  |6/24/2019 N Natural Data/BG (channel): [1-2/75-100 32 34655 1380 097 (003 [0.44 (0.0 5028 4359  |1.01 0.04
Stimulation Power. |60% R1 0 Plate Diameter (mm): |2 33 387.67 2066 |0.99 004|022 loas 3640 2424 [L01 0.04
Pre-heat Temp (C): | 200 R2 200 Mineral Used Quartz 34 a0a93 1732|102 |ooa  Jos1 (043 2160 2036 |0.96 0.04
Cutheat Temp (°C): | 220 R3 [500 Aliquots Used 39742 35 39155 1934 101 (004|016 013 4047 2964 101 0.04
Final Annealing (°C): 260 R4 900 Overdispersion (%) 36 403.34 16.62 1.02 0.04 0.14 0.11 24.98 22.91 0.96 0.04
Test Dose (s). 60 R5 1600 Final Dose Rate 37 27488 1163 097 (004  |0.45 015 3149 1568 |0.99 0.04
Stimulatuion Time |40 R6 200 Cosmic Rate: 38 381.58 17.18 1.04 0.04 0.67 0.18 16.43 16.38 0.94 0.04
{ Strength (Gy/min) |4 715697854 | R7 200 (R) __|pose Rate: 39 33951 1613 097 (004|029 016 2859 3256 |0.96 0.04
20 34640 (1594 037 (004 |-0.09 020 1645 2328|105 0.04
Age Models: a 366.77 1609 |1.04 004|033 o5 4237 3264 (098 0.04
| a2 32972 1589 101 (004 (187 0.2 9.63 5.70 0.97 0.04

2.1 Sample Information

Sample Information: Load Example | Date Submitted: 11/30/2017 Clear All

*Lab Number. BG4285 *Reader Used: [Risoe#2 | -] sclectone
*Field Number.: HLI Sediment Type: Gray-Direct its
Locality: ine field, NE | Analyst(s):

Submiter:

Additional Info:

o The “Lab Number” will be used to name the file and must correspond with the lab number given to
the sample during lab preparation and measurement.

o The lists of “Reader Used” are from the “Calibration’ (see section 1.2.2). If the dose values imported
from the “Analyst” program have been converted to Grays (users have input the source dose rate in
“Sequence Editor”), please select “Gray-Direct”.
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2.2 Dose Rate Information

2.2.1 Necessary dose rate information (for external dose rate)

Dose Rate Information:

*Inputthe original analysis data here

Save Results Read

*Grain Size (um): 150 — 250 |*Age Estimate: 10-15 ka *Select one
*U (ppm) 0.73 + (01 |ExernalU(ppm) 30 +  0.010
*Th (ppm 277 + (.03 |Edernal Th (ppm) +  0.030
*K20 (%) |~ 3.26 + (03 |Bxernal K (%) +  0.025
e 103 + 1 External Rb ( + 1.000
T nt(%) | 15 £ 5
*Latitude (d-m-s): 48 ° 27 ' 063 " |Lat(?): Mote: north and east (+)
*Longitude (d-m-s): | 118 = 24 ' 1371 " |Lon(°): \ south and west (-)
*Elevation (asl m): 712 Organic Content (%): 0 + 0
*Depth (m): 2.23 + 0.05 Etching Time (min): 80 with HF
Calculate external Rb from K conc? NOQ  |Etching depth {um) 18 — 22
Conversion factors Guérin2011 Bulk density {g/cc) 16 + 0.1
8-Grain size attenuation f. Guérin2012-Q  |a efficiency 0+0
8-£tch attenuation factor Brennan2003  |a-Grain attenuation f. Brennan1991

The “Grain Size” used in the analysis, along with the content of U and Th in ppm must be input for
each sample.

The potassium content can be input as either K (%) or K20 (%) via selecting from the list. If the input
is K20, it will be converted to K (%) in the right hand of the input area.

The “Water Content” must be input from the information gathered in the laboratory or derived from
the user.

The “Age Estimate” is used to correct the geomagnetic field variations through time, hence the cos-
mic dose rate. A drop-down list (see below) is offered to select an approximate age range.

*Age Estimate: 10-15 ka | ~]*Select one
External Ul (ppm) 0-5 ka
- P 5-10 ka nate
External Th (ppm) N
External K (%) 15-20 ka list
P— 20-35 ka
External Rb (ppm)} 35.50 ka
_ _ | 50-80ka
Rb [Frpm}— 38.13_#55%} 80 ka B
Lat (°): 48.45327  |Note: north and east (+)
Lon (°): 118.40189 |south and west ()

The geographic coordinates can be input in either “d-m-s” or “degree” format. If you need to input in
degree format, just input the number before “°”. North and east are positive values, while south and
west are negative values. The projected coordinates (e.g., UTM, in linear unit) should be converted
to a geographic coordinate system.

All purple values in the “Dose Rate Information” panel can be modified. Users can select or input
their preferred parameters or values.

Calculate external Rb from K conc? YES |t

Guérin2011 | : t

Adamiecl1958 |

Liritzis2013 !

Conversion factors
[i-Grain size attenuation f.
[ -Etch attenuation factor
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o If users need to calculate external Rb from K content (select “Yes”), this conversion will be done
based on an empirical equation: Rb (ppm) = 38.13 K (%) - 9.17 (Mejdahl, 1987). Thus, this Rb

content will be used in the subsequent dose rate calculation.
2.2.2 Optional input for internal dose rate calculation

Optional Input for Dose Rate Calculating

Internal Radionuclide Concentrations User external Da (mGy/yr)
Internal U (ppm)

User external DB (mGy/yr)

User external Dy (mGy/yr)
User defined Dc (mGy/yr)

Internal Th (ppm)
Internal K (25)

H+ [+ I+ I+

H I+

Internal Rb (ppm) User internal Dr {mGy/yr)

o If the internal dose rate of the mineral grain is needed to be incorporated in the dose rate calculation
(such as for K-feldspar), users can input the associated values in the “Optional input for Dose Rate
Calculation” panel, at the bottom of the “Summary” page.

¢ Inthe same manner, this panel allows for inputs of the user-specified dose rate values for subsequent
attenuation and calculation.

2.3 Sequence and ED information

Sequence and ED Information:

Basic Protocol Information Lab Irradiation (s) | Equivalent Dese Information
*Irradiation Date: 6/24/2019 N Natural Data/BG (channel): 1-2/75-100
Stimulation Power:  |60% R1 |0 Plate Diameter (mm): |2
Pre-heat Temp (°C): |200 R2 |200 Mineral Used: Quartz
Cut-heat Temp (°C): |220 R3 |500 Aliguots Used: 0/42
Final Annealing (°C):|260 R4 |900 Qverdispersion (%):

Test Dose (s): 60 R5 |1600 Final Dose Rate
Stimulatuion Time |40 RE |200 Cosmic Rate:
B Strength (Gy/min): |4.715697854 | R7 200 (IR) Dose Rate:

o The “Irradiation Date” is important if the De values are imported in “seconds”. If the default value is
not changed when you click the button to transfer the data from the “Summary” page to “De
Calculation” page, a message will automatically pop up, prompting you to enter the date of the radi-
ation.

Microsoft Excel *

Attention: please input correct irradiation date first, otherwise the final dose
might be incorrect

¢ The “Irradiation Date” can be entered manually following the date format or double click the data
entry cell to pick up a date from the pop-up calendar.
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2.4 Data entry for equivalent doses

File

Aliquot
(Grain)

== N R = R R T S I

De (s)

Error
(De)

Recyc.
Ratio

Error
(Recyc)

Error
(Recup.

Fast Ratio |Fast Ratio IR Deplet.
) [Natural | Beta Ratio

Error
(IR-05L)

Notes

e The data entry for De values and pertinent diagnostic metrics can be conveniently imported from the
“Analyst”. Users can copy data to clipboard from the “Analyst” and right click in LDAC to paste it.

oo
71400
g
210000
8 so0

2000\

Function Summary Display Curve fitting _ Options

=
|- e

"2 Single Aliquot Anslyss: BGA285 (150-250)IR-OSL depltion_ Fermifbin

Lutx

s
7
3
B
B
B
2
.
o

x

& Nodsplay
Mo Vale: 3
© Memn(ssD} 35774589
© Memn(ssE} 35772138

Ali

File
(G

rain)

Error
(De)

gquot

De (s)

©WiMean 3851

By - Copy

0 200 400 500 500 10012001 4001 600
oose (5)

LuTeDats SummaryDats |

o 1 2

EEE]
sarcyce

R

Reader D(252)

Fie e

64285 (150:250) R0 3

‘D\xc‘E\ED [ED_En [N Signal ‘BE)\QV\;A
2 szvsz %7

+ ECIm
e—r—.
= o sosnoss | R
souf 2|F 3 1s0250) ==
4285 150-250) A05L 6
s[5 3fim 3 (r=0250)
saienisominos 7 EEIT o
aran Nbes o
feg saessisoinos s [CATNMCTIN o 3
ENEERYVOR o 157 Y
o Eipo e
Y <) ED s} 29011 £1307
& 15l Recycling Recuperation:
e T04 00 RER 0Tz 01% [
218E-003 + 34004 1020003 (R 7/ 2)
X Delete 7 0582 0.03(R 7/R 6]
Avtage ence il Q0117
X Beject FReduced Chi"2: 060

Paanet

iD Paste Data

Use the Dl

ae

¢ The values will be automatically marked with red color when: the relative error of De values >10%,
De values plus the error <0, the recycling ratio limits >10%, the percentage recuperation >5%, the
fast ratio >15%, the IR depletion ratio limits >10%.

e Users can right-click on the aliquot/grain number column to manually “Reject” the aliquots or grains
which fail to pass the criteria, and the cell of rejected aliquots will be filled with

o If for any reasons, data need to be reconsidered for analysis, users can click “Accept”, the cell

color will turn grey again.

E iz 12387 |2594 (102 |0.04

& [re 190.38  9.08 101 |ooe

X Reject Tlis73s ez 0.92 0.04
V' Accept 30817 |1418 103 |0.04
BB Copy 46464 [23.44 (102 |0.03
2 PasteData 286.62  |13.04 103 |0.04
=T= 30105 |1624 102 |0.05

1.28
110
1.40
2.08
0.35
0.69
0.59

0.19 21.56
0.31 22.37
0.30 34.64
0.17 28.55
0.05 112.81
0.20 26.68
0.28 38.17

18.54
5.73

14.23
17.58
48.79
16.37
39.61

100
0.97
1.06
0.98
0.97
0.95
0.95

0.04
0.04
0.04
0.04
0.03
0.04
0.04

Low FR
Low FR

e Users can select several cells in the “File” column and right-click to “Merge]”’ (or Unmergel’) and
input a corresponding “*.binx” file name of the De values came from. It can be used to trace the raw

data from the luminescence reader.

o For the example data, the following case demonstrates that the De values for Aliquots 1-42 are

from the file “BG4285 (150-250) IR-OSL depletion FermiR.binx”.
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(v1.0) i 22?{:1: De (s) IE: File | Aliguot 5) Error  Recyc.
us (Grain) (De) Ratio ||
g Liang) o 3 &1 290.11 12.3 0 290.11 12.96 104 C
2 42000 312 2 42001 [31.28 100 C
Jl | (il : 31218  |16.€ 3 31218 1661  0.96 C
I 4 37786 |1a3 a 377.85 1437 101 C
*Select one 5 263.38 14.5 5 263.38 14.59 1.09 c
diments 6 385.79  19.7 3 38579 1879 |1.02 c
7 33535 |17 7 395.35  |17.56  0.99 C
8 43201 |30 B 43200  |30.57 100 C
El 34237  ac £ 34237 (1402 0.97 C
10 327.05 155 10 327.05  [15.71 102 C
1 552.05  |32. 1 552,05  |32.55  0.95 C
Read 12 45219 322 12 45219 [3237 103 C
13 355.06  |19. 13 355.06 |19.80 | 1.00 C
SRR 14 425.82 242 14 429.82  |2424 100 C
== Merge 15 381.75 16.2 E 15 381.75 16.25 0.98 r
£ Ed Unmerge 16 459.69 |25 g |15 459.69  |25.33  0.98 C
By Copy 17 423.87 255 E 17 423.87 (2594  1.02 t
£ % Paste Data 4 13038 3.0 O 8 190.38  |9.09 101 C
13 157.39 6.72 £ |19 15739 |6.72 0.92 C
and east (+) 20 30817 141 % = 0817 1418 103 c
R 21 454.64 234 Sl 46464 [23.44  L02 C
* 0 22 286.62  13.C S |2 286.62  |13.04 1.03 C
23 301.05 16.2 g 23 301.05 16.24 1.02 C
3 — 22 24 388.79 17.3 S | 388.79 17.30 1.01 C
5+ 01 25 395.37 13.€ E 25 395.37 13.68 0.94 C
1+0 26 312.39 13.3 5 26 312.39 13.39 1.02 C
nani1991 27 480.04 24.C g 27 A30.04 24.08 1.00 C
28 436.00 13.2 @ |28 436.00 19.25 0.98 C
29 278.21 12.€ 29 278.21 12.63 1.03 C
30 283.12 12.5 30 283.12 12.75 1.00 L
nformatien 31 342.62 143 31 342.62 14.32 1.00 C
1-2/75-100 32 346.55 13.8 32 346.55 13.80 0.97 C
2 33 387.67  20.€ 33 387.67  |20.66  |0.99 C
Quartz 34 404.93 17.2 34 404,93 17.32 1.02 C
0/42 35 391.55 19.2 35 391.55 19.34 1.01 L
36 403.34  16.€ 36 40334 |16.62 102 C
Rate 37 274.88  1L€ 37 27488 1169  0.97 C
38 38158 171 38 38158 (1718 |L.04 C
39 339.51 161 33 339.51 (1613 0.97 0
40 346.40 155 a0 34640  |15.94 097 C
a1 366.77  16.C 11 366.77 |16.09 104 C
42 329.72 15 a2 32972 |15.89 101 C

Before——= | - , after -

2.5 Expand the data entry spaces

e By default, LDAC has 100 data entry rows for inputting De values. However, users can easily ex-
pand it up to 5,000 rows by clicking the button “ADD | DEL >> at the bottom of the “Summary”

page. Pressing the “ADD | DEL >>" button will pop up a dialog box “Expanding the data entry
space (LDAC v1.0)”".

e Users can input a positive number (+) to add rows and a negative number (-) to delete rows.

81
82
1 are protected 83
odify it by themselves 84
85
86
87
88
89

50 Expanding the data entry space (LDAC v1.0) X

91

92
9 How many rows you want to

54 ADD(+) or DELETE (-)7

95
% Cancel
| 100 ||
ADD | DEL >> ‘ ______

[ [ [ [

10
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3. Save Results

Note: Always remember to save your inputs and results.

e The LDAC hide the Ribbons of the original Microsoft Excel, which aims to protect the program from
being unintentionally modified. User can press the button |[Save Results| to save the files at any
time.

o The file will be automatically named based on the input values of “Lab Number”, “Grain Size” and
“Reader Used”, and the version of LDAC.

e For example, we have a sample and the input information as below: the lab number is “BG4285”;
the reader used is “Risoe#2”; the grain size range is “150-250"; the program version is “LDAC
(v1.0)".

¢ By clicking the button Save Results|, a “save as” dialog box will be popped up, and the file name
“BG4285 (150-250) Risoe#2 LDAC(v1.0).xIsm” has been automatically generated. Users just need to

select an appropriate save path. The file name can be changed manually if desired.

LDAC: Luminescence Dose and Age Calculator (v1.0) - Aliquot pes) Eor | Recyc. | Emor | Error | FastRatio Fast Ratio IR D¢
ﬂ “Shatp tools make good wotk® —The Andects of Confucius (Grain) (De) | Ratic  (Recyq) P (Recup.) Natural Beta  Ratic
Geoluminescence Dating Res. Lab., Baylor University (updated 2019-06-25 by Peng Liang) 1 29001 1226|104 0.04 008 008 4203  |59.11 098
2 42001 3128 100 004 027 043 3266 (3175 058
Sample Information: LoadExamole | Date Submitted: 11/30/2017 Clear Al a 2121 1681 Inas noa Ina nis a a5 21 101
Save As X |1
*Lab Number: *Reader Used LRisoe#2 ] *Selectons 6
*Field Number.: Sediment Type: Aeoli ments * -~ H . ThisPC > Desktop v | O] | Search Desktop e o
Locality: dune field, NE | Analyst(s): Organize New folder = @ P8
Submiter- N ~ Bs
Infor U Name Date modified Type
> I Desktop 5 BG4285 (150-250) Risoe2_DAC(v1.0)xlsm 672 Microsoft0
) [ Documents B Luminescence Dose and Age Calculator (.. Microsoft02
Dose Rate Information: Save Results & Dowrions 5 Damage.xism M MicrosoftB9
“Input the original analysis data here omienss M5 NAT-SAR MASTER (v3.2)asm Microsoft®8
*Grain Size (um): 150 — 250 ‘Age Estimate: 10-15 ka & Music & Downloads Shortcut O
U (ppm) %_th T T |External U (ppm: (& Pictures Temp File folded®7
"Th (ppm) 277 & 005 |ExemalTh(ppm) [ videos LDAC_Eample M File foldef@3
*K20 (%) 326 + 003 |ExemnalK(% 2 Local Disk (€3 o
Rb (ppm) 103 %+ 1 |ExemalRb(ppm Disk (D) 87
*Water Content (%) 15 : 5 - 6
"Latitude (d-m-s): 48° 27 ' 0.63 " |Lat():: 4845018 |Note: north and east (+ — WIN PENG () ¥ € >/ 3
“Longitude (d-m-s). | 718 24 ' 1371 - |Lon(): _ 11840381 |southand west (- File neme: [B64285 (150-250) Risoer2 LOAC(A O)adm | ~|p7
*Elevation (asl m) 712 Organic Content (%): [ =0 - s
"Depth (m): 223 £ 005 Etching Time (min) 80 [with HF 55
Calculate external Rb from K conc? NO _|Etching depth (um) 18— 2 Authors:  Liang, Peng Tegs: Addatag o
conversion factors Guérin2011 _|Bulk density (g/cc) 163 01 o
6-Grain size attenuationf.  Guérin2012-Q | efficiency 020 ~ Hide Folders Tools + Cancel 87
8-Etch factor a-Grain attenuation f. Brennan1951 B8
28 lazeo0 1925 058 ooz~ To2s  Toos 7928 5483 101

o Every time you save the results, the cells below the “Comments” panel will show and update a
message, i.e. “Report finished at 6/28/2019 11:46:39 AM by Liang, Peng”, which will automatically store
the date, time and analyst of the last saving.

Comments: Export Report

Notes: Report finished at 6/28/2019 11:46:39 AM by Liang, Peng

11
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4. Transfer data to the “De Calculation” page for further analyses

e Pushing the button transfers the accepted De values and associated errors (not marked as
) to the “De Calculation” page of LDAC. This data is used for subsequent calculations,
such as applying statistical age models. The data that failed to pass the criteria will not be trans-
ferred. Once the data transfer process finished, a prompt message “Execute successfully, go ahead!”
will pop up. Click “OK” to continue.

o Click the worksheet name “De Calculation” in the bottom of the workbook to go to this page.

10 327.05 15.71 1.02 0.04

Microsoft Excel XL 0.02
| oo
| 008 1B SIENgIN (LYIMIN: [9.51 Mo4uso | Ki
Execute Successfully, go zhead! 0.04
N L
£ [ o0 \ge Models:
= 1 0.04
5 0.04 Summary De Caleulation
K L
g' 18 [190.38 [9.09 [LuT 0.04 inescence Dose and Age Calculator (LDAC v1.0) @ Peng Lia

12
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5. Apply statistical models

o The statistical analyses of the equivalent dose data set are performed on the “De Calculation” work-
sheet.

o The data that failed to pass the criteria will not be transferred to this page, but all errors will show
here. Only the data passed quality control will participate in the subsequent calculation and data
visualization. For example, there are 42 measured aliquots in the example data (see figure below),
but the aliquot 18, 19 and 42 failed to pass the quality control. In this case, these aliquots are ex-

cluded from the subsequent analyses.

m Luminescence Dose and Age Calculator (v1.0).xism - Excel
cig e F | 2533
Eq ent Dose Calcula Plot Area
Disk# De De-Error Statistics
1 (29011 12.26 Galbraith Radial Plot Kemel Density Plot Profile log-Likelihood for overdispersion
5 a0 laos © Normal @ Log-Normal
3 31218 16.61 Analysis Technique
4 377.86 14.37
S o33z w4 ™ Common/Central Age Model
6 |385.79 19.79 = r
7139535 1756 I™ Minimum Age Model
8 432.01 30.57
9 34237 1802 ™ Maximum Age Model
10 327.05 15.71
205 2255 I Finite Mixture Model ™ 2-sigma
12 45213 3237 Presentation
B0 1980 I™ Radial Plot I” Kemel Density Plot
1 498 a2
15 38175 16.25 | =
16 45969 [533 | Standard Deviation
174387 B34 @ Standard Error of the Mean
18 9.09
19 6.72 [ + |
0 0817 118 T e Disply Y-scale: [ 1 ]« cefault scale Bandwidth (method: 1 Aliquots:
21 26864 [23.44
2 (28662 1304 [ | Alternate Z-value: [ Time |apparent dose (grays)| [Alternate X-value: | Time _|apparent dose (grays) ChiTestt [ ]
23 30105 16.24
4 38875 1730 Decimal places [ 2 digits of Z values Log-Normal Kemel Density Plot Skewness: [ ] ]
25 395.37 13.68 + CAM ol
2 (31239 1339 : MAM-3 | Dot Size: [ 2 Jsetthesizeofdot Dot Color (RGB) 80 80 ] 80 ] overdispersiom: [ ]
27 480.04 24.08 + MAM-4 |
28 [436.00  [19.25 : MM | Dot Color (RGB value) Curve Color (RGB) soor [ ]
29 278.21 12.63 + MAX-3 |
30 |283.12 12.75 E3 MAX-4 | ¢
31  342.62 14.32 References: References: References:
32 34655 1380 (1) Galbraith, R., 1988. Graphical display of estimates (1) Silverman, BAW,, 2018. Density estimation for statistics (1) Arnold, LJ, et al, 2009, A revised burial dose estimation
33 387.67 20.66 having differing standard errors. Technometrics 30, 271- and data analysis. Routledge. procedure for optical dating of youngand modern-age
32 (40493 17.32 281 (2) Scott, D.W., 2015. Multivariate density estimation: sediments. Quat Geochronol 4, 306-325.
35 39155 19.34 (2) Galbraith, R, Green, P., 1990. Estimating the theory, practice, and visualization. John Wiley & Sons. (2) Bailey, RM., Arnold, LJ, 2006. Statistical modelling of
36 |403.34 16.62 component ages in a finite mixture. International Journal of (3) Galbraith, R. F,, 2003. A simple homogeneity test for | [single grain quartz De distributions and an assessment of
7 27488 1169 Radiation Applications and Instrumentation. Part D, Nuclear | |estimates of dose obtained using OSL. Andient TL 21, 75-77.| - [procedures for estimating burial dose. Quaternary Sci Rev 25,
38 381.58 17.18 | Tracks and Radiation Measurements 17, 197-206. (4) Cunningham, A.C., Wallinga, J., 2012. Realizing the 2475-2502.
39 33951 1613 (3) Galbraith, RF, Roberts, RG, 2012, Statistical aspects | |potential of fluvial archives using robust OSL chronalogies. () Galbraith, RF, et al, 1999, Optical dating of single and
40 346.40 15.94 of equivalent dose and error calculation and display in OSL | |Quat Geochronol 12, 98-106. muttiple grains of quartz from Jinmium rock shelter, northern
41  366.77 16.09 dating: an overview and some recommendations. Quat Australia: Part |, experimental design and statistical models.
az 15.89 Geochronol 11, 1-27. |Archaeometry 41, 339-364.
a3
24 Clear Contents
as

| ISERRER| D- Calculation @

Luminescence Dose and Age Calculator (LDACV1.0) @ Peng Liang, Departmentment of Geosciences, Baylor University, Waco Texas

H @

5.1 Analysis technique

e There are five age models in LDAC, including Common, Central, Minimum, Maximum, Finite mix-
ture age models.
e Except for Maximum age model, all models can be applied to both normal or log-normal scale via

selecting the option button

Statistics

" Normal

Analysis Technique

I Common/Central Age Model

E
I Minimum Age Model

I Maximum Age Model

I Finite Mixture Model

13

' Log-Mormal

Normal” or “Log-Normal” at the top of the page.

[~ 2-sigma
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5.1.1 Common Age Model and Statistical parameters

o Engage the checkbox ‘Common/Central Age Model’ to apply this model to the data.

e There is a prompt message showing “Model selected: Common Age (log)”. The age is calculated and
show on the “Equivalent Exposure Time” panel and labeled as “COM”.

o At the same time, the panel below the “Profile Log-Likelihood for overdispersion” plot area, to
the right, shows the valid aliquots number, Chi-square test and weighted skewness of the data.

Statistics

Profile log-Likelihood for overdispersion

" Mormal ' Log-Normal
Analysis Technique
I ¥ :Commaon/Central Age Model I
I™ Include Overdispersion [0
™ Minimum Age Model

I Maximum Age Modl

I™ Finite Mixture Model ™ 2-sigma
Presentation
I Radial Plot I Kernel Density Plot
-

" Standard Deviation

* Standard Error of the Mean

| E |

Model Selected: Common Age (log) Aliquats: 39
| | Chi-Test: P(x2)=00000|G = 464.02
auivale posure Time ode

361.0464) + |2.7260 coM | ~ Skewness: 0.1 | Mot significant
+ MAM-. e
B MAM-4 | ¢ overdispersion: [ |
+ FMM ol
: ieal N —
S MAX-4 |

5.1.2 Central Age model (CAM) and overdispersion

e When the checkbox “lCommon/Central Age Modell’ is ticked, the grey checkbox *

[persionl” will be enabled.

o Engage the checkbox “Include Overdispersion” to apply the CAM. Applying the CAM will recalcu-
late the weighted skewness (e.g., from 0.1 of the above figures to -0.110f the below figures).

Include Overdis-|

Statistics

Profile log-Likelihood for overdispersion

" Normal & Log-Mormal

Analysis Technique

W Common/Central Age Model

 inciude Overdispersian I™ Plot Lik

™ Minimum Age Model

™ Maximum Age Model

I Finite Mixture Model ™ 2-sigma
Presentation
™ Radial Plot I Kernel Density Plat
-

" Standard Deviation

' Standard Error of the Mean

| g |

Model Selected: CAM (log) Aliquots:

| I ﬂvsrdisEErsiun: 16+2% I ‘

Chi-Test: [P (x2) = 0.0000| G = 464.02 |

guivale posure e ode
366.0540 10.0536 CAM
MAM-3
MAM-4
FMM
MAX-3
MAX-4

n Skewness:  [-0.11 | Not significant| £0.39 |

Overdispersion: ‘ 16.42887 % |

§(0-D; [ 202803110175179% |

R0 Nie N el

14
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¢ An overdispersion value will also be computed after applying the CAM. This overdispersion will be
rounded to whole percentage number and show on the left panel. The prompt message will show
“Model Selected: CAM (log)”, and the model name is labeled “CAM”.

e When the checkbox “Include Overdispersion]” is true, the grey checkbox “Plot-Lik]" will be enabled.
This checkbox is used to construct the “profile log-likelihood function” and re-estimate the standard
error of the overdispersion value.

Statistics Profile log-Likelihood for overdispersion
¢ Normal  Log-Normal

Analysis Technique

04
¥ Common/Central Age Model
W Include Overdispersion ¥ Plot Lik 1
™ Minimum Age Model %
@ 2]
™ Maximum Age Model E
|
I Finite Mixture Mods! I~ 2-sigma B 3 o4
s
Presentation A
™ Radial Plot ™ Kemel Density Plot 013 0213
a 51 T T T T T T T
 Standard Deviation 113 137 161 185 209 233 257
Overdispersion (%)
 Standard Error of the Mean
\ B |
Model Selected: CAM (log) Aliquots: [ 38|

Chi-Test: P(x2)=00000|G = 464.02
Skewness: -0.11 | Not swgmﬁcant

‘ Overdispersion: 16 £2 % |

Equivalent Exposure Time

366.0540|+ 10.05%6 CAM o
+ MAM-3 |
+ MAM-4 | Overdispersion:
* FMM el
. s | e s 001
+ MAX-4 | ¢

e If you chose the “Normal at the top and then apply the CAM and engage the “Plot Lik]" checkbox,
the “Profile log-likelihood for overdispersion” will show the overdispersion and 95% compatibil-
ity interval in “seconds” instead of in “%”.

o This value will be converted to relative overdispersion (in %) to show in the left panel. The model
name is labeled as “CAM-ul”.

Statistics Profile log-Likelihood for overdispersion
& Normal " Log-Normal
Analysis Technique
o
W Common/Central Age Model
¥ Include Overdispersion W Plot Lik 14
™ Minimum Age Model =
E 2
™ Maximum Age Model 5
|
I Finite Mixture Model I 2-sigma T 2 59516
o
Presentation 4
I Radial Plot I Kernel Density Plot 46.799 77.511
r 5+
T T T T T T T
" Standard Deviation 4 49 98 . s7 . 7% 85 94
Overdispersion (sec)
& Standard Error of the Mean
| g |
Model Selected: CAM (unlog) Aliquots:

| Overdispersion: 16+2 % |

Chi-Test: P(x2)=0.0000|G = 45455
Skewness: 0.32 | Not significant

Equivalent Exposure Time

369.2993| + |10.0043 CAM-ul |
E3 MAM-3 |
+ MAM-4 | Overdispersion:
E3 FMM el
: e | 500
+ MAX-4 | ¢
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5.1.3 Minimum Age Model (MAM)

e After ticking the checkbox “Minimum Age Model’, a dialog box showing “Do you want to go to Mini-
mum Age Model page?” will be popped up.

o Click “Yes” if you want to apply the minimum age model analysis, click “No” if not.

Analysis Technique

W Common/Central Age Model
¥ Include Overdispersion [V Plot Lik

W Minimum Age Model Warning

™ Maximum Age Model
Do you want to go to Minimum Age Model page?

I Finite Mixture Model [ 2-sigma
Presentation

Yes No
I Radial Plot [™ Kernel Density Plot

-
" Standard Deviation

e If you click “Yes”, a new worksheet entitled “MAM-MAX" will be activated.

Minimum/Maximum Age Model

INITIAL PARAMETER ¥ Default MCMC / Slice Sampling
Parameter |Value Description Parameter Value
r Proportion of well-bleached samples Ireration rimes 1800
¥ Minimum paleodose \Burn-in (reduce initial influence) 200
u Partial bieached dose Thinning (reduce autocorrelation) 4
[ Sd of partiaily bleached dose
Recalculate
o4 and error |0.11 0.04 [ihe defenit vaiue i 0.1120.04 w
2
a
i
FINAL RESULTS Minimum Age Model E
o o S
Parameter |Value S.E. 2.5% ClI 97.5% CI £ MAM-3 (Simplified Model) 2
l; " MAM-4 (4 Parameters)
u Maximum Age Model
a " MAX-3 (Simplified Model)
Ty " MAX-4 (4 parameters)
Lmax
MAM Dose

P  Gamma { Sigma T Mu

e Users just need to input appropriate ob and error values. The default value 0.11+£0.04 can also be
used.

e If the checkbox “Defaulf’ on the “Initial Parameter” panel is ticked, the p, y, y and o are not
needed to input. The LDAC will calculate these initial values based on the valid data in the “De Cal-
culation” page.

e Click MAM-3 (Simplified Model)| or MAM-4 (4 Parameters) to execute the corresponding age mod-
els. MAM-3 will work with three parameters (p, y, o), while the MAM-4 will use four parameters (p,
Y, M, 0).

o By default, a total of 1800 iterations of Markov chain Monte Carlo (MCMC) slice sampling will be
implemented. The first 200 iterations of the MCMC will be discarded (‘burn-in’) and apply a data
thinning routine of registering every 4th value to avoid autocorrelation.

e The Iteration times, burn-in, and thinning can be modified in the “MCMC / Slice Sampling” panel to
satisfy the needs of each project.
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Minimum/Maximum Age Model

INITIAL PARAMETER ¥ Default MCMC / Slice Sampling
Parameter |Value Description Parameter Value
P 050 Proportion of well-bleached samples Ireration times 1800
7 577 Minimum paleodose |\Burn-in (veduce initial influence) 200
u NA Partial bleached dose Thinning (reduce autocorrelation) 4
[ 594 Sd of partially bleached dose
Recalculate
oy, anderror |0.11 0.04 the defenilt vahue is 0.11+0.04 w
2
[C]
[
FINAL RESULTS Minimum Age Model E
o, o,
Parameter |Value SE. 2.5% CI 97.5% CI = TANL3 (Gmpified Mode I E
5  MAM-4 (4 Parameters)
Jii Maximum Age Model
o = MAX-3 (Simplified Model)
Tp " MAX-4 (4 parameters)
Lmax
MAM Dose
P  Gamma ¢ Sigma © Mu
References:
(1) Arnold, L.J., Roberts, R.G., 2009. Stochastic modelling of multi-grain equi dose (De) distri - Implicati for OSL dating of sediment mixiures.

Quat Geochronol 4, 204-230.

(2) Cunningham, A.C., Wallinga, J., 2012. Realizing the potential of fluvial archives using robust OSL chronologies. Quat Geochronol 12, 98-106.

(3) Galbraith, R.F., Roberts, R.G., 2012. Statistical aspects of equivalent dose and error calculation and display in OSL dating: an overview and some
recommendations. Quat Geochronol 11, 1-27.

(4) 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: Part |, experimental design and statistical models. Archaeometry 41, 339-364.

(5) Galbraith, R., Roberts, R, Yoshida, H., 2005. Error variation in OSL palaeodose estimates from single aliquots of quariz: a factorial experiment. Radiat
Meas 39, 289-307.

(6) Neal, R M_, 2003. Slice sampling. Annals of statistics, 705-741

(7) Olley, J.M_, Roberts, R.G_, Yoshida, H., Bowler, J.M_, 2006. Single-grain optical dating of grave-infill associated with human burials at Lake Mungo,
Australia. Quaternary Sci Rev 25, 2469-2474.

|BSTRREA | o- Calcuistion | Minimum Age Model

I Monte-Carlo Simulation and Slice Sampling...... 38% Completed I

e After clicking the “MAM-3 (Simplified Model)”, the Monte Carlo slice sampling will be executed
based on the input iteration times.

e Due to this process is time-consuming (commonly 3-30 s, depends on the sample size and com-
puter performance), a prompt message is displayed on the bottom of the workbook to show the
progress such as “Monte-Carlo Simulation and Slice Sampling......38% Completed” (see above figure).

o After it finished, the main outputs will show on the “Final Results” panel. Users can click the option
buttons on the right-bottom to show the MCMC results as graphs and judge the convergence states
based on the trace plots, marginal densities and Autocorrelation functions (ACF).

Minimum/Maximum Age Model

INITIAL PARAMETER ¥ Default MCMC / Slice pling 408
Parameter |Value Description Parameter Value 378
P 050 Proportion of well-bleached samples Iteration times 1800 ¥ a7
bl 577 Minimum paleodose |\Birn-in (reduce initial influence) 200 z; u «
M NA Partial bleached dose Thinning (reduce autocerrelation) 4 256
4 5.94 Sd of partially bleached dose 0 80 160 240 320 400
Recalculate Iterations
oy and error |0.11 0.04 |rhe default value 15 0.11=0.04 w 15
oS 12
3|
|3 0.9
FINAL RESULTS Minimum Age Model % = 06
o, o, S| 2 0.3 /:/ ;
Parameter |Value SE. 25%Cl |97.5% Cl B T i ) g8 4 N
0.323 0.2785 0.0055 0.9688 256 286 317 347 378 408
L  MAM-4 (4 Parameters) ¥
Y 3248604 243661 (2815919 |[372.8945 1.0
U NA NA NA NA Maximum Age Model =
a 0.4904 1.2448 0.0357 48231 £ MAX-3 (Simplified Model) é
Oy A 5 s " MAX-4 (4 parameters)
Lmax 32678 0 6 12 18 24 30
MAM Dose |324.8604 + 23.291 Lag

P &|Gamma|  Sigma © Mu
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e Users can modify the initial parameters by unchecking the “Default” and inputting their own values
in the input cells. The “Recalculate]’ button is used to clear the existed results and re-run the mod-
els.

e The p is the proportion of well-bleached grains, so p should be in range 0-1; the y denotes the
lower truncation point and corresponds to the supposed youngest population, so y should be
greater than the minimum value of the data set, and less than the maximum value of the data set;
the u has the same range as y.

o |If these values are out of the supposed ranges, a message will be popped up to show “Sorry, you
give an illegal parameter” and exit the model.

e The following case shows that a warning message is popped up when we want to run the MAM-4
because one of the initial parameters y is not a numeric value.

The default values are recommended if you are not sure what initial parameters should be given.

INITIAL PARAMETER " Default MCMC / Slice Sampling
Parameter |Value Description Parameter Value
P 050 Proportion of well-bleached samples [Iteration times 1800
¥y 577 inil paleod \Brarn-int (reduce initial influence) 200
] NA Partial bleached dose Thinning (reduce autocorrelation) 4
[ 594 Sd of partially bleached dose
Recalculate
oy anderror |0.11 0.04 ‘ihe default valie is 0.11=0.04 w
2
Q
o
FINAL RESULTS Minimum Age Model E
o o
Parameter |Value S.E. 2.5% Cl 97.5% CI £ MAM3 (Simplified Model) E
1; ® MAM-4 (4 Parameters)
L - ~06 100 Microsoft Excel X
(4 " MAX-3 (Simplified Model)
Op " MAX.4 (4 parameters ) Somy, you give an illegal initial parameter!
Lmax
a  Mu

o If you get appropriate MAM results, you can go back to the “De Calculation” page via clicking the
worksheet name “De Calculation” on the bottom of the workbook.

e The final result of the MAM has been automatically transferred to the “De Calculation” page and is
labeled as “MAM-3” (if Normal’ is ticked, it should be “MAM-3ul’).

Statistics
* Normal @ Log-Normal
Analysis Technique

¥ Common/Central Age Model
¥ Include Overdispersion ¥ Plat Lik
V¥ Minimum Age Model

I Maximum Age Model

I Finite Mixture Model I~ 2-sigma
Presentation
I Radial Plot ™ Kemel Density Plat
-

" Standard Deviation

& Standard Error of the Mean

[ 3230288 [¢ 23.0594 __|MAM3_|

Model Selected: Minimum Age Model-3

Overdispersion: 16+2 %

Equivalent Exposure Time Model

369.2993|+ |10.0043 CAM-ul
324.8604] 23.2915 MAM-3
MAM-4
FMM

MAX-3
MAX-4

ja e e TR B e |
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514

5.1.5

Similarly, if /MAM-4 (4 Parameters)” function is executed, the result will show here as “MAM-4".

Maximum Age Model (MAX)

The operation of MAX is the same as the MAM. It is paramount to remember that the MAX can only
be executed to log-transformed data.

Thus, make sure to tick the “Log-Normal’ on the top before using the MAX. Otherwise, the mes-
sage box showing “The Maximum Age Model only supports the log-transformed data, please change the

statistics button to ‘Log-Normal’l” will be popped up.

Microsoft Excel x

The maximum dose model only supports the logged version, please
change the statistics button to Log-Mormal!

Tick the MAX-3 (Simplified model)’ or MAX-4 (4-Parameters)/’ in the “Maximum Age Model’
panel on the “MAM-MAX” page to execute the MAX. As with the MAM, the final result will be auto-
matically transferred to the “De Calculation” page and is labeled as “MAX-3” or “MAX-4". The pa-
rameters are the same as the MAM.

Finite Mixture Model (FMM)

Tick the “FFinite Mixture Model” checkbox to apply the FMM to the data. The results will show in the
“‘EMM components” panel. All FMM components and corresponding absolute proportion will be
listed. The youngest component which proportion >10% will be automatically picked up to the
“Equivalent Exposure Time” panel and is labeled as “FMM” or “FMM-ul” for [Log-Normal or Nor-
statistics, respectively. Depending on the characteristics of the target sample, users can also
manually pick up a preferred component.

Statistics Statistics
| & Normal " Log-Normal | |_© Mormal & Log-Mormal |
Analysis Technique Analysis Technique
¥ CommoniCentral Age Model ¥ Common/Central Age Model
M Include Overdispersion ¥ Plot Lik I¥ Include Overdispersion M Plot Lik
¥ Minimum Age Model W Minimum Age Model
¥ Maximum Age Model W Maximum Age Model
IV Finite M_\_)gly__rg__l_‘)/l_gq_glj [~ 2-sigma W Finite Mixture Model ™ 2-sigma
Presentation Presentation
v Radial Plot ¥ Kemel Density Plot ¥ Radial Plot W Kemel Density Plot
I™ Distribution Std. Dev. (x2) I™ Distribution Std. Dev. (x2)
" Standard Deviation " Standard Deviation
{* Standard Error of the Mean & Standard Error of the Mean
[ 366.0540 %] 10059 |cam | [ 3660580 [+] 100596 [cam |
Model Selected: Central Age Model with OD Model Selected: Central Age Model with OD
‘ Overdispersion: 16 +2 % | | Overdispersion: 16+ 2% ‘
Equivalent Exposure Time Model Equivalent Exposure Time Model
366.0540| £ |10.0596 CAM o 366.0540| £ |10.0596 CAM o)
324.8604| + |23.2910 MAM-3 | ¢ 324.8604| £ |23.2910 MAM-3 |
+ MAM-4 | ¢ + MAM-4 |
290.9160| + |13.3400 FMM-ul (‘I 292.0288 £ |13.4149 FMM E‘I
410.8878| £ [25.2913 MAX-3 | 410.8878| £ |25.2913 MAX-3 |
: MAX-4 | + MAX-4 |
FMM Components FMM Compaonents Count
290.92| + |13.34 10 252.03 +|13.41 10
381.47|+|19.16 29 390.31 +|18.95 29
FMM-Normal FMM-Log
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5.1.6 Transfer the selected result to the “Summary” page

o After all statistical analysis has been performed on the data using the “De Calculation” page, users
must pick a value via the corresponding option button. This action delivers the final De value to the
“Summary” page for final age calculation. The following figures show an example, where the CAM
result is chosen as the final De value to be transferred for final age calculation via clicking the options
button after CAM.

I I
I + || | 3660540 [+] 10.0506 [cam ||
L L

Model Selected: CAM (log) Model Selected: Central Age Model with 0D
| Overdispersion: 16+ 2 % | | Overdispersion: 16 +2 % |

Equivalent Exposure Time

Equivalent Exposure Time

366.0540| + [10.0596 CAM i 366.0540| + |10.0596 CAM (i‘

324.8604| + (23.2910 MAM-3 | 324.8604| + |23.2910 MAM-3 ('“v

: MAM-4 | : MAM-4 |

292.0288| £ (13.4149 FMM o 292.0288| + |13.4149 FMM i

410.8878 + [25.2913 MAX-3 | 410.8878|+ |25.2913 MAX-3 |

Before selected: = e After selected: = o illle

e The corresponding value and error will be delivered automatically to the above final result cell as red
color. This value will also appear in the respective Age Models cell in the “Summary” page. The
overdispersion value and the number of aliquots used will be transferred to the “Summary” page in
the “Sequence and ED Information” panel.

o The “De (Seconds)” shows the values derived from the original data while the “De (Gray)” shows the
value converted from second to grays based on the source strength (See section 1.2.2). For example,
366.05 (s) /60 (s/min) * 4.715697854 (Gy/min) =28.77 (Gy). The error is propagated in quadrature.

Fre-heat 1emp (“C): [2UU RZ [20U nineral Used: Luartz
Cut-heat Temp (°C): |220 R3 500 Aliquots Used: 39/42
Final Annealing (°C):|260 R4 1900 Overdispersion (%) |16+ 2
Test Dose (s): 60 R5 1600 Final Dose Rate
Stmulatuion Time |40 R6 200 Cosmic Rate:

B Strength (Gy/min): |4.715697854 | R7 200 (IR) Dose Rate:

Age Models:
Age (year)
ICentraI Age Model 366.05/+|10.06 28770+ 0.981 +
Min Age Model (3) i i i
Min Age Model (4) i i i
FIiM Age Model i i i
Max Age Model (3) i i i
Max Age Model (4) i Fid i
Fl.ndAge ™ Wonte-Carlo simulation
4 Iteration:

¢ If we chose the result from MAM-3, the value will be transferred to corresponding cells.

[ 3248600 [+ 23.2010  [MAM-3 | Age Models:
Model Selected: Minimum Age Model-3
. . Model Selected De (Seconds) De (Gray)

‘ Overdispersion: 16 + 2 % ‘ Central Age Model ¥ ¥
Equivalent Exposure Time Min Age Model (3) 324 86|+ 2329 25532|% 1,802
366.0540| + |10.0596 CAM | ¢ Min Age Model (4) = =
324.8604| + |23.2910 MAM-3 | & FMM Age Model + +
* MAM-4 | & Max Age Model (3) + +

292.0288| + |13.4149 FMM (a Max Age Model (4) + +
410.8878| + [25.2913 MAX-3 |
+ MAX-4 | ¢ Find Age

e This chosen value can also be as a reference value to visualization the data and it can be plotted in
radial plot or kernel density plot (see section 5.2).
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5.2 Graphical Presentation

o The graphical presentation for data is performed via ticking the “Radial Plof” and
Plot” checkbox in the “Presentation” panel.

Statistics
" Mormal * Log-Mormal
Analysis Technique
¥ Common/Central Age Model

¥ Include Overdispersion

I Minimum Age Model
I Maximum Age Model

I Finite Mixture Model
Presentation
¥ Radial Plat W Kernel
[ Distribution Std. Dev. (x2)
{~ Standard Deviation

(+ Standard Error of the Mean

[ 3660540 [+]| 10.059

Kernel Density|

Galbraith Radial Plot Kernel Density Plot
BG4285 (n = 39)
Overdispersion: 16 +2 % 515.96
De (CAM) = 28.77 + 0.98 Gy
& o m
k] 43459 &
£ o8 5 3
(7 0 @
¥ Plot Lik d 2q $ g, £z
3 .7 = 366.05% B
82 g Efrat
5 8§ oo 2z
2 o 82 30833 % £
i) < x
n
Relative standard error (%) 259.70
B4 18 3
. T T T T T T T
- Z—Slgma 0 4 8 12 16 20 24 28 115.4 194.2 326.9 550.2 925.91558.42622.7
Precision Exposure time (sec)
Density Plot Disply Y-scale: < default scale Bandwidth (method:
Alternate Z-value: apparent dose (grays) | |Alternate X-value: apparent dose (grays)
Dedimal places [2 " Jdigits of Z values Log-Normal Kernel Density Plot
Dot Size: [ 2 Jset the size of dot Dot Color RGB) |80 | 80 | 80 |
Dot Color (RGB value) CurveColorRGB) [ 0 | 0 [ 255
CAM

5.2.1 Radial Plot

o If the final result cells are empty, the radial plot can be created via ticking the “Radial Plof’ checkbox

but no reference value (the band of standardized estimate) (see the figure below).

The radial plot marks the sample information, i.e., lab number, valid aliquots, overdispersion value

on the left-top of the plot.

Equivalent Dose Calculation [

Disk# De De-Error Statistics

1 |290.11 12.26 N & Log Normal Galbraith Radial Plot

2 [420.01 3128 564285 (=39

3 [31218 16.61 Analysis Technique Overdispersion: 16 £2 % £15.96

4 |377.86 14.37

5 |263.38 14.59 ¥ Commoni/Central Age Model °

6 385.79 19.79  Include Overdispersion I™ PlotLik E ° 3 43459 %‘

73535 1756 ¥ Minimum Age Model E 805w o z

8 |432.01 30.57 b } o 8 o 166,055

9 [332.37 14.02 ¥ Maximum Age Model g 5 ° o g

0 327.08 L7 ¥ Finite Mixture Model I~ 2-sigma 3 # oo b4

11 [552.05 32.55 h=! o 82 30833 %

12 45219 32.37 Presentation % o

L 355.06 15.80 I Radial Plot I Kemel Density Plot Relative standard error (%) 259.70

14 |429.82 24.24 64 16 8§ 4

15 |381.75 16.25 o

16 |as9.69  |25.33 ¢ Standard Deviation 0 4 81216 20 24 28

1287 2.94 &+ Standard Error of the Mean Precsion

18 9.09

19 6.72 [ + ]

20 |308.17 14.18 Model Selected: Minimum Age Model3 Disply Y-scale: x default scale

21 |454.64 23.44

22 |286.62 13.04 | Overdispersion: 16 2 % | Alternate Z-value: Time 1~ jparent dose (grays)

23 (30105 16.24

24 |388.79 17.30 Equivalent Exposure Time Decimal places dlglts of Z values

25 [395.37 13.68 366.0540] + [10.0596 CAM s

% [312.39 13.39 324.8604| + [23.2910 MAM-3 | ¢ Dot Size: [ 2 setthesize of dot

27 |480.04 24.08 + MAM-4 | ¢

28 43600  |19.25 292.0288+ [13.4149 MM | o Dot Color (RGB value)

29 [278.21 12,63 410.8878| + |25.2913 MAX-3 |

30 [283.12 1275 B MAX-4 | ¢

31 [342.62 14.32 References:

32 |346.55 13.80 FMM Components Count (1) Galbraith, R, 1988. Graphical display of estimates

33 387.67 20.66 292.03| +(13.41 10 having differing standard errors. Technometrics 30, 271-

34 |404.93 17.32 390.31| + [18.95 29 281,

25 201 55 1Q 24 1 Ralkheaith R Rrasn D 100N Ectimatina tha

If the value as the final De has been chosen via the corresponding option button, this value will also
be as a reference value in the plot. The final De in grays and the age model used (e.g., CAM) will be

marked on the plot as well.
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The appearance of the plot can be adjusted via changing the values, such as Y-scale, Z unit, decimal

places, dot size, dot color, below the plot.

The conversion of the dose unit for z-axis is based on the source dose rate (see section 1.2.2).

The unit of Z-axis between Time (seconds) and Dose (Grays) can easily be switched.

Equivalent Dose Calculation I I

Diskff De De-Error Statistics -
1 29011 1226 Galbraith Radial Plot Galbraith Radial Plot
 Normal & Log-Normal
2 42001 31.28 81285 (= 39) BG4285 (n = 39)
3 31218 16.61 Analysis Techni ispersi
nalysis Technique Overdispersion: 16+ 2 % S15.96 Overdispersion: 16 £ 2 %
4 37785 1437 De (CAM) = 26.77 £0.98 G 212
¥ Common/Central Age Model De (CAM) = 28.77 + 0.98 Gy - ¥
5 [263.38 14.59 o e m
6 38579 1979 M Include Overdispersion I~ PlotLik g g 43459 g‘ g Z
= 8
7 [39535  |17.56 ¥ Minimum Age Model 7 5 ° 2 @ g
\ge Model a o <o i) g
8 (43201 |30.57 g 24 LR g d <
b s 366.05 1] =
9 |3a237 14.02 ¥ Maximum Age Model g Ll £ 5 g Ei
10 327.05 15.71 5 X 5 g 8 oo @ 5 o
11 55205 3255 W Finite Mixture Model 2-sigma 8 ° gg 308335 b= §
12 45219 32.37 Presentation % g . px
355.06 |19.80 ¥ Radial Plot I Kemel Density Plat Relative standard error (%) 259.70 Relative standard error (%)
14 |429.82 24.24 64 16 8 4 64 16 8 4
I™ Distribution Std_ Dev. (x2)
1538175 1625 0 4 812 16 20 24 28
0 4 8 12 16 20 24 28
16 459.69 2533  Standard Deviation y Precision
17 |423.87 25.94 T —— Precision
= .09 tandard Error of the Mean
19 6.72 |[ 3660540 [+ 100586 [cam | I
o : Disply Y-scale: = default scale
20 308.17 14.13 Model Selected: Central Age Model with OD Disply Y-scale: x default scale
21 464.64 23.44
22 |286.62 13.04 [ Overdispersion: 16+ 2% ] Alternate Z-value: ~ |parent dose (grays) (Alternate Z-value: parent dose (grays)
23 |30L05 16.24
24 38379 17.30 Equivalent Exposure Time Decimal places digits of Z values Decimal places. ungits of Z values
25 (39537 13.68 10.0596 &
26 312.39 13.39 23.2910 MAM-3 | Dot Size: set the size of dot Dot Size: [ 25 [setthesizeofdot
27 480.04 24.08 * MAM-4 |
28 43600 1925 292.0288| = 13.4149 MM | Dot Color (RGB value) Dot Color (RGB value)
29 [27821 12.63 410.8878| + [25.2913 MAX-3 |
30 [283.12 12.75 : MAX-4_|
31 34262 14.32 References: References:
32 34655 13.80 FMM Components (1) Galbraith, R., 1988. Graphical display of estimates (1) Galbraith, R., 1988. Graphical display of estimates
33 387.67 20.66 292.03) + [13.41 10 having differing standard errors. Technometrics 30, 271~ having differing standard errors. Technometrics 30, 271-
34 404.93 17.32 390.31 + |18.95 29 281 281.
e 0t ec a0 N T (91 olhraith R Graon D 1000 Ectimstinn the

If the results from the Finite Mixture Model (FMM) are chosen, all components will be plotted on the

figure.

Statistics

" Mormal @ Log-Normal

Analysis Technique
¥ Common/Central Age Model

W Include Overdispersion I™ Plot Lik

M Minimum Age Model

¥ Maximum Age Model

¥ Finite Mixture Model I 2-sigma
Presentation

¥ Radial Plot

I™ Distribution Std. Dev. (x2)

" Standard Deviation

™ Kemel Density Plat

¢ Standard Error of the Mean

Galbraith Radial Plot

BG4285 (n = 39)
Overdispersion: 16 +2 %
De (FMM) = 22.95 + 115 Gy

Standardized Estimate

Relative standard error (%)

64 16 8 4
0 4 8 12 16 20 24 28

Precision

(A9)) asop juajeninbg

[ 292.0288 [:] 13.4149  [mvM_ |

Model Selected: Finite Mixture

‘ Overdispersion: 16 +2 %

Equivalent Exposure Time

366.0540] & [10.0596 CAM | ¢
324.8604 |+ 23.2910 MAM-3 | ¢~
+ MAM-4 | ¢
292.0288|+ 13.4149 FMM o
410.8878| £ |25.2913 MAX-3 | ¢
+ MAX-4_|

Disply Y-scale:

Alternate Z-value:

Decimal places

Dot Size:

= default scale
IEI' pparent dose (grays)
digits of Z values

set the size of dot
Dot Color (RGB value)

FMM Components

29203+ 1341 10
330.31) £ |18.35 29

When the “Radial Plot” checkbox is ticked, the

References:

281.

/2 Ralkrsith B Grean D 1000 Fetimatinn tha

(1) Galbraith, R., 1988. Graphical display of estimates
having differing standard errors. Technometrics 30, 271-

Distribution Std. Dev. (X2)’ checkbox will be ena-

bled. It can be used to identify the outliers. If the “Radial Plot” is unchecked, the Distribution Std.

will be disabled, and the radial plot will be deleted.
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¢ Both original and log-transformed data can be registered in a radial plot. Just choose via the statis-

tics buttons at the top.

Statistics
" Normal & | og-Normal
Analysis Technigue

¥ Common/Central Age Model

M Include Overdispersion I” Plot Lik
W Minimum Age Model
¥ Maximum Age Model
W Finite Mixture Model [~ 2-sigma

Presentation
v Radial Plot I Kernel Density Plot
¥ Distribution Std. Dev. (x2)

" Standard Deviation

Galbraith Radial Plot

BG4285 (n = 39)

Overdispersion: 16 +2 % 442
De (CAM) = 28.77 + 0.98 Gy _
@ - m
g oe” T Nt d
B e 8% 5
- o @
5’ }: R I 268 2
N2 R & a® a
k<] ~~_ & o0 3
5 e 93 5
= S-a 232 3
pi] T~ =
[7]
Relative standard error (%) 18.7
B4, 16§ 4

T T T T T
0 4 8 12 16 20 24 28

Precision
¢ Standard Errar of the Mean
[ 3660540 |+| 10.0506 [cAM |
Model Selected: Central Age Model with 0D DR e=ts 7 aEElieEe
Overdispersion: 16+ 2 % | Alternate 7Z-value: T |parent dose (grays)
Equivalent Exposure Time Model Decimal places [ 1 |digits of Z values
366.0540| = |10.0596 CAM ol
324.8604 ¢ [23.2910 MAM-3 | Dot Size: [ 2 setthesize of dot
+ MAM-4 |
292.0288 ¢ [13.4149 MM | e Dot Color (RGB value)
410.8878| £ |25.2913 MAX-3 | ¢
+ MAX-4 |
References:
FMM Components Count (1) Galbraith, R., 1988, Graphical display of estimates
292.03| +[13.41 10 having differing standard errors. Technometrics 30, 271-
390.31 £ |18.95 29 281.

5.2.2 Kernel Density Plot

PR BL R Fecee ROAARR F bl e

e The operation of kernel density estimates (KDE) plot is the same as the radial plot. Tick the check-
box “Kernel Density Plof” to create a KDE graph.

e The shape of the KDE plot depends on the bandwidth which is based on the “bandwidth (method)”

used below the “Kernel Density Plot” panel.

e The default bandwidth method is “Adaptive”, which customize the kernel bandwidth locally to ac-
count for variations in the density of the data. Thus, the final bandwidths of the “Adaptive” method
are not a constant value. The bandwidth will present after the method cell on the right. There are

five bandwidth options in the list.

Kernel Density Plot

2.40

200

1604

1.204

0.80

Kemel Density

040

0.004

T T T T T T T

115.4 194.2 3269 550.2 925.9 1558.42622 7
Exposure time (sec)

Kernel Density Plot

1.44 4
1.08

072

Kemel Density

0.36

0.00 | nLim

T T T T T T T
1497 204.5 2793 381.6 521.4 7123 9732
Exposure time (sec)

Bandwidth (method): Adaptive [~] 0.1-02
Adaptive
User-Adaptive
Silverman331
Scott1992

Alternate X-value: pose (grays)

Bandwidth (method): |  Silverman331

Alternate X-value: Time hd parent dose (grays)

User-Defined
PDF Plot

Log-Nd it

Log-Normal Kernel Density Plot

I
Curve Color (RGB)

Dot Color (RGB) 80 80

Dot Color (RGB) 80

@ [ & |
Curve Color (RGE)
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o If the “User-defined” or “User-adaptive” is chosen from the drop-down list for bandwidth method,
the cell to the right of the bandwidth method must be a numeric value, otherwise, a warning mes-
sage will pop up to show “Please enter a numeric bandwidth value in a cell on the right”. In this case,
users should input a numeric value as a global bandwidth, such as 0.05, and then plot again (see
the figure below).

Kemel Density Plot Kernel Density Plot Kernel Density Plot
2.82
2.351
Z 1881
§ 1.41
T
% 0.94
b4
0.47
0.00 0
14‘?5 21‘6.8 31‘86 dEIE.B 68‘8.210“.4145‘56.3
Exposure time (sec)
Bandwidth [method): Bandwidth (method): Bandwidth (method:
Microsoft Excel % Alternate X-value: apparem dose (grays) Alternate X-value: IEL' parent dose (grays)
Log-Normal Kernel Density Plot Log-Normal Kernel Density Plot
Please enter a numeric bandwidth value in cell on the right
Dot Color (RGB) 80 80 | 80 | Dot Color (RGB) 80 | 80 |
Curve Color RGB) Curve Color RGE)
o After the KDE figure is created, the bandwidth will be automatically changed to a range (e.g., 0.0-
0.1), because the adaptive bandwidth is used.
e The original data (Normall’ is ticked) can also be plotted as KDE figure, and the prompt message
below the KDE plot will show “Normal Kernel Density Plot”.
¢ As with the radial plot, the dose unit can also be switched between “sec” or “Gy”.
o The following cases show that the adaptive bandwidth is a range between 23.6-90.2, while the

bandwidth calculated by “Silverman331” is a constant value of 28.23.

Kernel Density Plot Kemel Density Plot
0.601 5.58 1
— 0.501 ~ 4651
& @
=) = =}
= 0.401 E3 T a7z
=y =S =
2 0301 F g 2791
at 3 at
T 0.204 é T 1.86
£ E
& 010 & 083
0.004 Lo 0.00
T T T T T T T T T T T T T T
1154 242.3 369.2 496.2 623.1 750.0 8769 907 172 254 336 418 500 581
Exposure time (sec) Equivalent dose (Gy)
Bandwidth imethod): | Adaptive | [23.6-00.2] Bandwidth jmethod): | Silverman331 | [2823331]
Alternate X-value: - |parent dose (grays) Alternate X-value: Dose | ~|parent dose (grays)
Normal Kernel Density Plot Mormal Kernel Density Plot
DotColor(RGB) [ 80 [ &0 [ 80 | DotColor RGB) [ 80 | 80 | 80 |
CurveColorRGB) [ 0 | 0 | 255 | CurveColor(RGB) [ 0 | 0 [ 255 |
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o As with the radial plot, if the final De has been chosen, this value with its error will be plotted on the

KDE graph.
Statistics
Kernel Density Plot
* Normal " Log-Mormal
Analysis Technique
¥ Common/Central Age Model 0.601
¥ Include Owerdispersion I~ PlotLik . 0.50
&
=]
¥ Minimum Age Model = 0.40]
=)
¥ Maximum Age Model 3 0301
¥ Finite Mixture Model ™ 2-sigma g 0.204
Presentation g
S 0.104
I Radial Plot ¥ Kemel Density Plot x
r 0.00
T T T T T T T
 Standard Deviation 115.4 242.3 369.2 496.2 623.1 750.0 8769
Exposure time (sec)
& Standard Error of the Mean
[ 3692003 [+[ 100043 [cam-ul |
Model Selected: Central Age Model with OD Bandwidth (methodj: | Adaptive | [23.6-90.2]

| Overdispersion: 16 + 2 % |

Alternate X-value: Time 1™ parent dose (grays)

Equivalent Exposure Time Model

Normal Kernel Density Plot

369.2993| + |10.0043 CAM-ul | &
324.8604| + |23.2910 MAM-3 |
A MAMA | & DotColor(RGE) [ 80 | 80 | &0 |
2920288+ [13.4149 MM | e
410.8878| = |25.2913 MAX-3 | ¢ CurveColor RGB) [ 0 [ 0 [ 255 |
: MAX-4 | ¢

e The standard deviation also can be chosen to plot on the figure. The detail difference between
standard error and standard deviation can be referred to Galbraith and Robert (2012).

Statistics z
Kemel Density Plat
& Normal " Log-Mormal
Analysis Technique
¥ Common/Central Age Model 0601
¥ Include Overdispersion ™ Plot Lik - 0.50
¥ Minimum Age Model g 0.40
; =
M Maximum Age Model % 0.304
I Finite Mixture Model I 2-sigma % 020
Presentation £
o 0104
I™ Radial Plot ¥ Kemel Density Plot X
r 0.001 LAY

T T T T T T T
115.4 242.3 369.2 496.2 623.1 750.0 876.9
Exposure time (sec)

¢ Standard Deviation

" Standard Error of the Mean

[ 3692003 [:] 62.4767 |CAM-ul |

Model Selected: Central Age Model with OD Bandwidth method: | Adaptive | [23.6-90.2]
‘ eriisperainn A EEYe | Alternate X-value: ~ |parent dose (grays)
Equivalent Exposure Time Model 5
d i Normal Kernel Density Plot
369.2993|+ |62.4767 CAM-ul | =
324.8604 + 23.2910 MAM-3 | ¢~ — =
N AN | - DotColor(RGE) [ 80 | 80 [ 80 |
292.0288 = 13.4149 FMM C - —
410.8878 + |25.2913 MAX-3 | CurveColorRGB) [ 0 [ 0 [ 255 |
+ MAX-4 | ¢

5.2.3 Probability Density Functions (PDF) Plot

o If the bandwidth “PDF Plot” is chosen, a probability density functions figure will be created, instead
of KDE plot.

o The mathematical definition of a PDF plot closely resembles that of the KDE, the only difference
being the substitution of the bandwidth “4” by the analytical uncertainty “De-error”. From each indi-
vidual observed De value with its error a probability density function (PDF) was calculated based
on the Gaussian distribution and summed as the PDF plot.
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o The KDE plot only uses the De data, whereas the “PDF Plot” uses the De values and associated
errors.

e When the “PDF Plot” in the drop-down list is chosen, the bandwidth cell shows “De-Error” instead of
specific values. The y-axis name will be changed to “Probability” instead of “Kernel Density” as with
the KDE plot.

Disk# De De-Error KDE / PDF Plot
1 2011 1226
2 4001 3128
3 31218 1661
4 37786 1437
5 26338 1459 270
6 38579 1979
7 29535 1756
8 43201 [3057 2.251
5 34237 1402
0 2705 1571 1.80 4
1 55205 (3255 =
1 45219 3237 =
1335506 19.80 g 1391
18 a9 2024 2
15 38175 16.25 DL. 0.90
16 (45969 2533
17 4387 2594
13 5.09 045
19 6.72
20 30217 |14.18 0.00 1
21 46854 (2344 T T T T T T
2 28662 (1304 173.7 2269 2964 387.2 5057 6606 8628
23 20105 1624 .
54 a7 (1730 Exposure time (sec)
25 29537 1368
26 31233 1339
27 (48004 [2a.08
B N 22 Bandwidth (method): | PDF Plot | [De-Error]

2 27821 [12.63
30 28312 1275

31 34262 14.32
2 34655 13.60 Alternate X-value: Time ~ |parent dose (grays)

33 38767 20.66
=10498 11732 Log-Normal Proability Density Functions Plot
35 39155 19.34
36 40334 16.62
ST zass 1169 DotColorRGB) [ 80 [ 80 [ 80 ]
38 |ssiss  1as

39 33951 16.13

03040 159 CurveColor(RGB) [ 0 | 0 [ 255 |
41  366.77 16.09

a2 15.89

o Ifthere is a set of De values without associated errors, only a “KDE plot” can be generated but not a
“PDF Plot”. The prerequisite for creating PDF plot in LDAC is that there are at least 2 data points
which have values and errors.

Disk# De De-Error
5 oo | Kemel Density Plot P Kernel Density Plot
312.18
377.86
263.38
385.79 2 404
395.35
432,01 2004
9 34237
10 327.05
11 552.05
12 452.19
13 355.06
14 423.82
15 38175
16 | 459.69

ISP

1.60
1.20

0.80

Kernel Density

17 42387
5 0.404
19
20 |308.17 0.00 |nm
21 acase

T T T T T T T
2 286,62 104 170 281 462 76.0 1252 206.0

23 30105 _
24 388.79 Equivalent dose (Gy)
25 39537
%6 31239 —
27 [a80.04
R 135.00 Bandwidth (method): PDF Plot | | Aligr [Bandwidth jmethod): | Adaptive | ‘ 0.1-0.2 |
29 27821

30 28312
31 (34262 s i- Alternate X-value: | Dose | v |parent dose (grays)
32 28655 -

33 38767
34 40493
35 39155

360140334 I5 |DotColor(RGB) [ 80 [ &0
37 27488

38 38158
39 |39 oK € |CurveColor(RGB) [ 0 | 0 [ 255 |
40 346.40

41 |366.77 —— T
a

1) Log-Neormal Kernel Density Plot

5.2.4 Clear contents

o The button “|Clear Contents’ is used to clear all inputs, outputs, figures, and settings on the “De
Calculation” page if necessary.
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6. Dose Rate and Final Age Calculation

o The dose rate and final age calculation are performed on the “Summary” page. After all analyses
and visualizations have been finished on the “De Calculation” page, users can click the worksheet
“Summary” on the bottom to go back to the “Summary” page.

Sequence and ED Information:

Basic Protocol Information Lab Irradiation (s)  Equivalent Dose Information

*Irradiation Date: 6/24/2018 N Natural Data/BG (channel): 1-2/75-100
Stimulation Power.  |65% R1 0 Plate Diameter (mm): |2

Pre-heat Temp (°C): |200 R2 200 Mineral Used: Quartz
Cut-heat Temp (°C): |220 R3 |500 Aliquots Used: 39/42
Final Annealing (°C):|260 R4 900 Overdispersion (%): |16+2
Test Dose (s): 60 R5 1600 Final Dose Rate
Stimulatuion Time |40 R6 200 Cosmic Rate:

B Strength (Gy/min): 4715697854 | R7 200 (R) Dose Rate:

Age Models:
Meodel Selected De (Seconds) De (Gray) Age (year)
Central Age Model 366.05/+ 10.06 28.770 +0.981

Min Age Model (3)
Min Age Model (4)
FMM Age Model

Max Age Model (3)
Max Age Model (4)

| |

W
W

i+

. ™ Monte-Carlo simulation
find hog lteration: |1000

Summary:
Field Grain size Cosmicrate DoseRate CAM Age
Aliquots De (G 0D (%
i LR o (&) GO Gy Gy (es)
HLI-1 39/42 150-250 2877+098 16+2

Comments: Export Report

6.1 Default Dose Rate Calculations

e The next step is to calculate the dose rate and the final age via pushing the “Find Age]” button, under
the “Age Models” panel.

Sequence and ED Information:

Basic Protocol Information Lab Irradiation (s)  Equivalent Dose Information

*rradiation Date: 6/24/2019 N Natural Data/BG (channel): 1-2/75-100

Stimulation Power:  |65% R1 0 Plate Diameter (mm): |2

Pre-heat Temp (°C): |200 R2 200 Mineral Used: Quartz >

Cut-heat Temp (°C). 220 R3 500 Aliquots Used 39/42

Final Annealing (°C): 260 R4 900 Overdispersion (%): |16 +£2

Test Dose (s): 60 R5 1600 Final Dose Rate

Stimulatuion Time |40 R6 200 |c«micnate: 0.18604 + 0.0186 mGy/yr

B Strength (Gy/min): |4.715697854 | RY 200 (IR} Dose Rate: |2 75499 + 012561 mGy/yr,
Age Models:

Model Selected De (Seconds) De (Gray) Age (year]
Central Age Model 366.05/+ 10.06 28.770 +0.981 1044288 | +| 594.50
Min Age Model (3) + + + [
Min Age Model (4) + + +
FMM Age Model + + +
Max Age Model (3) + + +
Max Age Model (4) + + +

Find Age I™ Monte-Carlo simulation
f ) lteration: |1000

Summary: 806 686 965 1044 1124 1203 1282
Age (ka)
Field Grain size Cosmicrate DoseRate CAM Age
Aliquots De (G; 0D (%
nomber A e B0 oy ey (e
HLI1 39/42 150-250 2877:098 1652 | 0192002 275:0.13 10445595 |

Comments: Export Report

o The results will immediately appear on the “Age Models” table, associated with the corresponding
age model chosen in the “De Calculation” page. The rounded values will be displayed in the summary
table.
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6.2 Monte-Carlo Dose Rate

e If the checkbox “Monte-Carlo simulation” is ticked before pushing the button, the uncer-
tainties of dose rate and final age will be calculated by Monte Carlo simulation.

o By default, the Monte-Carlo simulation will repeat 2000 times. This value can be modified at will.
The more iterations, the more time the program will take to generate the final result. When the
Monte Carlo simulation is executed, the status bar at the bottom will show the progress.

Age Models:
Meodel Selected De (Seconds) De (Gray) Age (year)
Central Age Model 366.05/£/10.06 28.770/+/0.981 10442.88 594.50

Min Age Model (3)
Min Age Model (4)
FMM Age Model

Max Age Model (3)
Max Age Model (4)

H
HoH
O H |

- I Monte-Carlo simulation
Find Age
L

Summary: 806 586 985 10.44 1124 1203 1282
Age (ka)
Field . Grain size Cosmicrate DoseRate CAM Age
mamber P Pe(e)  OPUR)  fugysm)  (moypm)  (vead)
HLI-1 39/42 150-250 2877098 16x2 019:0.02 2.75:0.13 10445+595

Comments: Export Report

Summary De Calculation

Monte-Carlo Simulation for uncertainties estimation......54% Completed

¢ Note that because the Monte Carlo approach is based on a stochastic sampling of all input values
based on their mean and standard deviation, the final error will vary slightly each time the Monte
Carlo routine is run. However, the central value (10442.88 yr in the example below) is based on the
input values and is not derived from the Monte Carlo results. The marginal density of the Monte
Carlo Results, 10 and 20 errors are presented above the summary table.

Sequence and ED Information:

Basic Protocol Information Lab Irradiation (s)  Equivalent Dose Information

*Irradiation Date: 6/24/12019 N |Natural Data/BG (channel): 1-2/75-100
Stimulation Power:  |65% R1 0 Plate Diameter (mm): 2

Pre-heat Temp (°C): |200 R2 |200 Mineral Used: Quartz -
Cut-heat Temp (°C). |220 R3 |500 Aliquots Used 39/42

Final Annealing (°C):|260 R4 900 Overdispersion (%) 1642

Test Dose (s). 60 R5 |1600 Final Dose Rate
Stimulatuion Time |40 R6 200 Cosmic Rate: 018588 + 0.01859 mGy/yr

B Strength (Gy/min): |4 715697854 | R7 200 (R)  Dose Rate: 275499 01403 mGyfyr

Age Models:

Model Selected De (Seconds) De (Gray) Age (year)
Central Age Model 366.05/%/10.08 28.770 £ 0.981 10442.88 | £| 629.17
Min Age Model (3) + + +
Min Age Model (4) S E i
FMM Age Model + + +
Max Age Model (3) S E i
Max Age Model (4) + + +

Find Age [¥ Monte-Carlo simulation
i : lteration
Summary: 794 878 962 1045 1130 1214 1298
Age (ka)
Field . Grain size Cosmicrate DoseRate CAM Age
numper | Aliquots (um) De (Gy) 0D (%) e I e e
HLI-1 39/42 150-250 28.77+0.98 162 0.19+0.02 275:014 10445630

Comments: Export Report
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6.3 Show the calculation processes

e Users can engage the “{Show Infa” button on the upper-right corner to display the backstage calcu-
lation processes.

Show Ribbon | ¥ Concise Menu

Calibration Import |

Parameters (LDAC v1.0) x

Please select which information you want
to display:

[~ Monte-Carlo Calculation Processes
[ Dose Rate Parameters

[ Final Report

Display Hidden

Summary

De Calculation | DRAC |

Finished

o Click the worksheet name “DRAC” to activate the “DRAC” page (default calculation method).

RAC Luminescence Dose Rate and Final Age calculation moifed from brac urcan eta. 2015, Quaternary Geochronology 2
Input Data Calculation of the external dose rate (mGy/yr)
Basic Sample Information Default information
D (Gv) 2.7 = 09807 (Calculate external Rb from K conc2] 10 ——— foctors,
external U (ppm) 073 * 001 Scale Dy at shallow depths?
external Th (ppm) 277 + 003 (conversion factors
External K (%) 2706293 + 00249 la-Grain size attenuation factors. 1 Guérin2011 [Alpha 0 Alphaerror _BetaD _ Betaerror __GammaD __Gamma error
external b (ppm) 03 %1 -Grain size attenuation factors Uranium (U] 2oss5 00208 010636 00019
[Water content (3%) 15+ 5 -£tch attenuation factor s Thorium (Th) osss  oo27  oo%n  oooss
Depth (m) 223 ¢ 0 Catcutae nternal Rbfrom K conc?  [NO Potassium (k) Py 21606 0.0278
overburden density (g.cm-3) 16 + 01 etch depth min (wm) Rubigium (R) o011 00009 () First step:
Lattude (decimal degrees) | 48.45018 etch depth max () User defined or Ivww N o N v
18,4038 |age estimation (ko) jsoss2s  oowas  2sme oo om0 oouy a0 J2se1 Josss
atitude (masi) 72
Beoermiim) %0 [HighightOutput Terrort]
rain size max (um) 20 Fnlage (y): 1034288 2 59450 569 R © used tocomet . S
[oseete (mey /s B2 54508401235 T4 50 1985,p. 289-296; Durcan et ol 2015; worksheet 11in Fig. 1)
Gptional input 25700 + 09807 341
[Aipha sfficiency : Aken, 1985 Scaling factor Scled Dy oy
internal U (ppm) + Terror(%) Uy[ 1.00000 0.08147 0.00113
nternal Th (ppm) + (Cosmic Dose rate: _0.18604 = 0.01860  10.00 Thy| 100000 03268 000154 (2) second step:
internal k(%) B lpha (external):  0.00000 * 0.00000 NULL x| 100000 0714 001436 v
internal Rb (ppm) + eta (external): 181037 + 009992 552 shallow deph scaling Dy | _ 1.00000 08829 oouaag a0 J2seJosss
User external Da (mGy/yr) B (Gamma (exteral): 073857 + 0.0%%4 5.13
User axternal DB (mGy/yr) + Internal Dose Rate:  0.00000 % 0.00000 NULL Grainsize attenuation
User external Oy (mGy/yr) B Water Content 15000 £ 5000 526 (eg.,150-250um).
User defined Dc (méylyr) + ™
user internalor (moy/yr) + f fdose
However, f
are provded, factors 3ppm U, 12ppm Thand
)

References: Grain size anenvation Gratenueted o

(1) Adamiec, G. and Aitken, M.L, 1998. Dose-rate conversion factors: update. Ancient TL, 16, 37-46. Ua| o081 o5 002800

(2) Aitken, M., 1985, Thermoluminescence Dating. Acadeic Press, London. Tha| 005018 001405 0123 007

(3) Bell, W.T, 1975. Attenuation factors for the absorbed radiation dose in quartz inclusions for up| 085707 o012 o016 000189
thermoluminescence dating. Ancient TL, 8, 1-12. ™| osoi01 o013 o045 000246

(4) Bell, W.T, 1980. Alpha attenuation in Quartz grains for Thermoluminescence Dating. Ancient TL, 12, 4.8 | o aaan LD OO

(5) Brennan, B.J, 2003. Beta doses to spherical grains. Radiation Measurements, 37, 299-303. i a2 D oUER Qs

(6) Brennan, B.J., Lyons, R.G. and Phillips, S.W., 1991. Attenuation of alpha particle track dose for spherical e DTy G G

: . " " Combineds| _0s7522 oo1308 oL o () Third step:

If users want to display more information about the dose rate calculation and parameters, tick the

associated checkbox on the “Show Infg]” dialog box.

Show Ribbon | ¥ Concise Menu

Show Info | Calibration

Import |

Parameters (LDAC v1.0) x

Please select which information you want
to display:

¥ DRAC Calculation Processes

¥ Monte-Carlo Calculation Processes

[V Dose Rate Parameters

Display | Hidden |
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Carlo Dose Rate and Final Age calcula

by Peng Liang

Calculation of the external dose rate (mGy/yr)

Basicsa Defa calculation of the infinite matrix dose rates
De (Gy) 30.55478 Calculate external Rb from K conc?] /0
External U (ppm) 0.73866 Iscale by at shallow depths? Guérin2011 [alpha b Beta D Gamma D
External Th (ppm) 2.763282 Conversion factors Uranium (U) 2.06456 010762 0.08243
External K (%) 2.700027 a-Grain size attenuation factors Thorium (Th) 2.03792 0.07654 013236
External Rb (ppm) 102.9018 B-Grain size attenuation factors Potassium (K) No Alpha 215516 0.67258
water content (%) 20.96763 B-Etch attenuation factor Rubidium (Rb) 0.03807 No Gamma
Depth (m) 224302 Calculate internal Rb from K conc? User defined D INuLL NuLL NuLL
Overburden density (g.cm-3) | 1.791349 Etch depth min (um) External IMdoserate __|2.10248 2.37730 0.85737
Latitude (decimal degrees) | 45.45018 Etch depth max (um)
Longitude (decimal degrees) | 118.4038 |age Estimation (ka) Gami i depths
Attitude (m asl) 712
Grain size min (um) 150 Highlight Output [error(%) Aiken, 1985 Scaling factor Scaled by
Grain size max (um) 250 Final Age (yr): 1024288 + 62917 6.02 Uy| 100000 0.08243
Dose Rate (mGy/yr): _2.75499 + 014030 _5.09 Thy|  1.00000 013236
Optional Input [asymmetric Age (10): [3805, 11075] ky|  1.00000 0.67258
[Alpha efficiency shallow deph scaling by | 1.00000 0.85737
Internal U (ppm) Detail parameters Jerror(%)
internal Th (ppm) CosmicDoserate:  0.18588 * 001859 10.00 Grain size attenuation
Internal K (%) |Alpha (external):  0.00000 + 0.00000 NULL
internal Rb (ppm) Beta (external): 161296 * 010130 5.59 Grain size attenuation Attenuated D
User exteral ba (mGy/yr) Gamma (external):  0.75909 + 0.03858 5.08 Ua| 007361 01519
User external B (mGy/yr) Tha|  0.07a40 015161
User external by (mGy/yr) up| 086678 0.09329
User defined be (mGy/yr) + The| 081330 0.06225
User internal br (mGy/yr) 8| 093133 2.00717
RoB| 034062 0.01297
Combineda|  0.08232 NULL
Combinedg|  0.86770 NuLL
|Nule: the final uncertainties of dose rate and age are propagated in Monte-Carlo simulation with 1o | Brennan1991 Total a 030358 0.00000
Guérin2012-Q Total DB 217567 0.00000
Etch depth attenu
ATTENTION: o stenuaton Aeratet
- - T @I AT = T A ua| o021 0.00312
THIS PAGE JUST SHOW THE RESULTS FOR | @ B
LAST TIME OF MONTE-CARLO SIMULATIONS = e
LA ! Jr VILJ] ! — Ol . <IN Thel 0979 0.06096

o o 1
De Calculation | DRAC | MonteCarloDR | Conversion factors | Alpha grain size attenuation Beta grain size attenuation |  Alpha etch depth attenuation Beta etch depth attenuation Shallow depth gamma scaling | (usm\i

o All parameters can be checked via clicking the corresponding name of the worksheet. For example,
below shows the conversion factors.

Radionuclide er factors Units

Dose Rate | Adamiecand lSources Adamiecand error (Liritzis et al.,

(mGy/yr) Aitken, 1998 | Guerinetal., 2011 | Liritzis etal,, 2013 Aitken, 1958 | Guerin et al., 2011 |Liritzis etal., 2013 |2013) Mean
value value value error u_ [Bg.kg"/ppm |[12.500 12.920 12.927 0.008 12.916

Alpha-U 2.7800 2.795 2.7930 0.0110 Th |Bg.ke™/ ppm [4.060 4.057 4.058 0.017 14.058

Alpha-Th 0.7320 0.7375 0.7375 0.0026 K |Bgkg™/% 345.269 353.921 317.380 2.800 338.857

Beta-U 0.1460 0.1457 0.1459 | 0.0004 [Rb_|Bakg™/ppm |- 0.896 0.896 0.016 0.896

Beta-Th 0.0273 0.0277 0.0275 0.0009 LDAC users will also note that 1% K,0 is equal t0 0.830151% K (39.0983%2/(39.09832+15.999)

Beta-K 0.7820 0.7982 0.8011 0.0073

Beta-Rb 0.0004 0.00037 0.0004 | 0.0000 The activity of the parent radionuclide per Bq.kg™ of sample, as described by Adamiec and Aitken (1998),

Gamma-U 0.1130 0.1116 0.1118 0.0002 Guerin et al. (2011) and Liritzis et al. (2013). LDAC requires radionuclides to be input in ppm (U, Th, Rb) and %

Gamma-Th 0.0476. 0.0479 0.0481 | 0.0002 (K) (same as DARC)

Gamma-K 0.2430 0.2491 0.2498 0.0048

Notes:

(1) Radionuclide conversion factors from Adamiec and Aitken (1998),
Guerin et al. (2011) and Liritzis et al. (2013).

(2) Dose rate value are given in mGy/yr for concentration of 1 ppm U,
Thand Rb, 1% K.

(2) The given values of U and Th series suppose no Radon loss.

6.4 Hide the extra worksheet

e Users can push the " button on the “Show Info” dialog box to hide all extra worksheet (except
the “Summary” and “De Calculation” page).

30



Luminescence Dose and Age Calculator (LDAC v1.0) User Manual

7. Export Report
Note: Remember to click the “/Save Results’ button at any time.

e When all analyses and calculation have been finished, users can push the “Export Report” button
to export the highlighted results as a “*.pdf’ lab report.

e When this exporting process is finished, the status bar at the bottom will show a prompt message
“Finished, your lab report has been exported as a pdf file in the same folder with this spreadsheet”.

Summary De Calculation |

Finished, your lab report has been exported as a pdf file in the same folder with this spreadsheet!

o This lab report will be named as “BG4285 Luminescence Dating Lab Report (LDAC v1.0).pdf” based on
the “Lab number” input in the “Sample Information” panel, and it will be automatically saved in the
same folder with this Excel file. The laboratory’s name shown on this report is from the lab’s name
of the (see section 1.2.2). All information, graphs, and parameters used are explicit in
this lab report.

BG4285_Luminescence Dating Lab Report (LDAC v1.0).pdf - Adobe Acrobat Pro DC - ] x
File Edit View Window Help

Home  Tools BG4285_Luminesce... X ‘ @ Sign In
P B X Q ® U ga L) @ QO ® s - - = B & [24 th Share
s | @
B
SINGLE ALIQUOT REGENERATION METHOD USING RIS® - OSL/TL SYSTEM
L i Age Comp ive Report E;‘
I Geoluminescence Dating Research Lab., Department of Geosciences, Baylor University, Waco, TX, USA I
Field Basic Information: Equivalent Dose Information:
Field number: HLI-1 Lab number: BG4285 EE)
Sediment type: Aeolian Sediments Mineral used: Quartz
Locality: Hulunbuir dune field, NE China Pre-heat temperature: 200 °C
Latitude: 48.45018° Cut-heat temperature: 220 °C
Longitude: 118.40381° Test Dose: 4.72 Gy
Elevation: 712 m as.l Grain size fraction: 150-250 pm
Depth: 223+ 002 m Aliquots used: 39/42

Data/background: 1-2/75-100

Dose Rate Information: Plate diameler- 2 mm

Uranium (U): 0.73 + 0.01 ppm Overdispersion: 16 +2 % ﬁ
Thorium (Th): 2.77 + 0.03 ppm Age model used: Central Age Model
4 Potassium (K): 271 +0.02 % Equivalent dose: 28 77 + 0.98 Gy 4 o
Rubidium (Rb): 103 + 1 ppm Uncartainti lysis: =
Water content: 15+ 5 % R
Dose rate: 2.75499 + 01403 mGyfyr Luminescence measurements: 3.41 % O
Cosmic dose rate: 0.18588 + 0.01859 mGy/yr Dose rate measurements: 5.09 %
Etching time: 80 min | with HF Total Age errors: 6.02 % ,
Dose rate conversion factors:  Guérin2011 Final Age: 10445 + 630 yr (]
Beta grain attenuation factors: Guérin2012-Q Asymmetric Age (1o): [9805, 11075] |
Beta efch attenuation factors:  Brennan2003
L i imation method: Monte-Carlo si lion (repeats 1000)
. T T Submitter: Peng Liang
Summary Table: 794 878 962)\;3??“)11,3[1 1214 1298 Analysist: Peng Liang
Lab No Depth Aliquots Grain size Equivalent 0D u Th K Rb H20  Cosmic dose Dose Rate  CAM Age
(m) (um)  dose(Gy) (%) (ppm) (ppm) (%) (pPm)} (%) (mGylyr) (mGyhyr) (year)
073+ 277+ 271+
BG4285 223 39142 150-250 28772098 16£2 " " “gna “gpp 1031 15:5 019£002 275£0.14 10445630
Submit date: 2017-11-30 Iradiation Date: 2019-08-24 Report finished at 6/26/2019 11:32:01 AM by Liang, Peng
“Sharp tools make good work”™—The Analects of Conficius Report produced by LDAC (v1.0) ©@Peng Liang

- ___________________________________________________________LEI.
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BG4285_Luminescence Dating Lab Report (LDAC v1.0).pdf - Adobe Acrobat Pro DC - [m] X
File Edit View Window Help

Home  Tools BGA4285_Luminesce... X -] @ Sign In

S B HEQ ® 2 /2 A MO @ s=- B F B £ & 11 Share

SINGLE ALIQUOT REGENERATION METHOD USING RIS@ ~ OSL/TL SYSTEM
Lumil Age Compreh ive Report
Geoluminescence Dating Research Lab., Department of Geosciences, Baylor University, Waco, TX, USA

ok &

Appendix Figures:

BGA4285 (n = 39)

B

Overdispersion: 16 +2 % 4055 240

o D= (CAM)=28.77 £098 Gy - -

3 ° 9 116 2 2.00

= o ) =

® S >

it} z-l & 0009&800 o s & E 1.60

E o1 RS e 3 120

N 2 5 ]

E S g 2 0.80-

= o 82 2423 = 5

] g <

& = 0.40-

» Relative standard error (%) 2041 Fi 4

64 16 8 4 0.00- Tunwlmnn
0 4 8 12 16 20 24 28 907 153 257 432 728 1225 2061

Precision Equivalent dose (Gy)

References:

(1) Covers_ Factors’  Guérin, G, Mercier,

., Adamiec, G., 2011 Ancient TL 29, 5-8

(2) B Grain Size: Guérin, G, Mercier, N., Nathan, R., Adamiec, C., Lefrais, Y., 2012. Radiation Measurements, 47, 778-785.

(3) B Etch Depth: Brennan, 8.1, 2003. Radiation Measurements, 37, 295-303.

(4) a Grain Size: Brennan, B.1., Lyons, R.G. and Phillips, S.W., 1991 Part D. Nuclear Tracks and Radiation Measurements, 15, 248-253
(5) a Etch Depth: Bell, W.T,, 1979. Ancient TL, 8, 112

(6)y Dose Scaling:  Aitken, M.J,, 1985. Thermoluminescance dating. Acadamic Press, Orlando, Florida. P.289 Table H.1.

Report finished at 6/28/2019 11:32:01 AM by Liang, Peng

“Sharp tools make good work™—The Analects of Confucius Report produced by LDAC (v1.0) ®Peng Liang

I»

e If users want to copy the full version of the summary table for publishing, click the “Show Info" but-
ton and tick the “Final Report’ checkbox and display it. The password here is “;”.

o A “Report” worksheet will be activated. Users can copy the table or change the laboratory’ name.
Changing the lab’s name via the “|Calibration” is a better way (see section 1.2.2).

SINGLE ALIQUOT REGENERATION METHOD USING RIS® - OSL/TL SYSTEM SINGLE ALIOUOT REGENERATION METHOD USING RIS® - OSL/TL SYSTEM
Luminescence Age Comprehensive Report Luminescence Age Comprehensive Report
GeoLuminescence Dating Research Lab., Department of Geosciences, Baylor University, Waco, TX, USA Geoluminescence Dating Research Lab., Department of Geosciences, Baylor University, Waco, TX, USA
Field Basic Information: Equivalent Dose Information: Appendix Figures:
Field number- HLI- Lab number BG4265 80205 (0=39)
Sediment type: Asolian Sediments Mineral used: Quartz Ovetoparion 16 £2% wss
Localty:Hulnour dne i, NE China Pre-heat temperature: 200 °C Do oA 3077 2098 6y
Lattude: 48 45016 Cutheat temperature: 220 °C ° o o
oo 11040501 S § 15 B
Elevation: 712 m a.s.| Grain size fraction: 150-250 ym 3, % z
Depth: 223£0.02m Aliquots used: 39142 3 63§
Data/background: 1-2/75-100 S 2 g S
Dose Rate Information: o g iz
. £ un g 5
anium (U): 073 £ 0.01 ppm Overispersion: 16.£2 % z 2 ¢
‘Thorium (Th): 2.7 £ 0.03 ppm Age model used: Central Age Mode! o Relative standard % =
Potassium (K): 271 0.02 % Equivalent dose: 26.77 + 0.98 Gy o e stondadenor () f2041
P (R) 103+ 1o Uncertainti lysi 907 158 257 432 728 1225 2061
Water content: 16 £ 5 % ncertainties analysis: 0 4 8 121620 24 28 o w2
Dose rate: 275499 £ 0.1403 mGy/yr Luminescence measurements: 341 % Precision quivalent dose (Gy)
Cosmic dose rate: 018588 + 0 01859 mGylyr Dose rate measurements: 5.09 % Ret
Etching ime: 80 min | vith HF Total Age erors: 6.02 % eferences
Dose rate conversion factors:  Guérin2011 Final Age: 10445 £ 630 yr (1) Covers Faclors  Guérin, G, Mercier, N, Adamiec, G., 2011 Ancient TL 29, 5-8
Beta grain attenuation factors: Guérin2012-Q [Asymmetric Age (10): [9805, 11075] (2) B Grain Size: Guérin, G., Mercier, N., Nathan, R., Adamiec, C, Lefrais, Y, 2012. Radiation Measurements, 47, 778-785.
Beta etch attenuation factors:  Brennan2003 () ECnDegtn Brennan, 5.1, 2003 Radiation Measurements, 37, 299303
Uncertainty estimation method: Monte-Carlo simulation (repeats: 1000} (4) 0 Grain Size: Brennan, B, Lyons, R.G. and Phillips, SW., 1991. Part D. Nuclear Tracks and Radiation Measurements, 18, 249-253.
Tor 870 962 1046 1130 hs o Submitter: Peng Liang | (5) aEtch Depth:  Bell, W.T, 1972, Ancient TL, 8, 1-12.
o1 878 52 1046 1130 thud 50 W, g
Summary Table: Age () Analysist: Peng Liang | (5)YDose Scaing.  Aitken, M., 1985, Thermoluminescence dating. Academic ress, Oriando, Flord. 289 Table 1
ome. DN L Gansze Eqwam 0D U T K Rb MO Cosmicdoss DosoRale CAMAGe
(m) “ (um)  dose (Gy) (%) (ppm) (ppm) (%) (ppm) (%) (mGyly) (mGyy)  (vean
BoM8s 223 3gd2 150260 ZTTE qgyp 073 2774 2718 A03% 4o o 049,000 2752014 104452630
098 001 003 1
Submitdate: 20171130 madiaion Date: 2019-06-24 Report fnished ot 672672019 11:46:39 A by Lang, Peng Reportnished o 672672019 11:46:39 AU by Liang, Peng
SimaRl e Calculation _Report
Luminescence Dose and Age 10AC V10 @ peng Long, Geoscences, WacoTemas & o -
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8. Additional information

o |If there is any supplementary information related to the analyzed sediments, a “Comments” space
below the summary table can be used to input.

Summary: 794 878 962 1045 1130 1214 1298
Age (ka)
Field . Grain size Cosmicrate DoseRate CAM Age
mumber AT De@) ODOB)  (fugyyr)  (mGyjyr)  (year)
HLI-1 39742 150-250 28770098 16zx2 0.19+0.02 2.75+014 10445+630

Comments: Export Report

o Sometimes the stored file cannot be further operated, and it can just be previewed. In this case,
users can modify the name of that file to “Damage.xlsm”, and then open a new LDAC to import the
data from the damaged file via the “Import]” button on the right-top corner.

o Please keep the damaged file “Damage.xlsm” open when import the data, otherwise a prompt mes-
sage will be popped up.

es ¥ Concise Menu

Import |

Microsoft Excel x
Show Ribbon | ¥ Concise Menu ATTENTION: Please rename the target file 35 [Damagexism] and open it

« The checkbox ‘/Concise Menu” is used to change the Right-click menu.

e The original right-click menu of the Microsoft Excel is modified to a concise version in the “Sum-
mary” page of LDAC to ensure that the structure of the worksheet cannot be changed.

¢ This concise version of the Right-click menu ensures all paste operations in LDAC is plain text, but
the original functions of right-clicking can also be used via unticking the checkbox “Concise Menu”.

e This operation is NOT recommended due to it increases the risk to change the potential structure
of LDAC and then affect the correctness.
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e
@ copy
f Paste Options:
O
Paste Special...
£ Smart Lookup
Clear Contents
Filter »
Sort »
"
By Copy 7 New Comment
iy PasteData

Pick From Drop-down List..

9. Feedback

¢ Although we have tried this program in lots of computers with different language version of Win-
dows and Microsoft Excels, we believe that users may still encounter some unknown errors and
bugs.

e Users can click help?? on the “Notes” panel of the “Summary” page to send a feedback email or
can directly email to Peng Liang (Peng_Liang1@baylor.edu; LiangPeng2012@live.cn;
LiangPeng@mail.iggcas.ac.cn). We will get back to you as soon as possible.

Notes:

) Please don't change any sheets name.

) * marks the field you have to input the necessary information.

) Black and gray field mark the cells you don't need to input and they are protected.

) Purple values means they are default values and the users can modify it by themselves.
5) More questions? Please click help??

(1
@
(3
(4
(

e Any bug-reports, suggestions, and even requirements for further developing the LDAC are warmly
welcome.
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