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I. Software operation procedures

1.1 Installation

Windows users can also download and run the packaged exe file directly.

Download Brama2.0.exe:

http://pan.ecut.edu.cn:80/link/F2F1BCCC219B&83D15AB0756CA9B3234D

=)
RAR

Exe package file of Brama v2.0.zip

= Preview Download /> Saveto

Fig. 1-1 Exe package files available for windows users.

data
Example of exported data format
images

[==[Brama2.0.exe |

&4 User manuals of Brama v2.0.pdf

The following steps 1.1.1-1.1.5 is run before the Brama source code runs for the

first time.
1.1.1 Install Python 3.9
Python 3.9 s

https://www.python.org/downloads/ and follow the installation guide (Fig.1-2).

necessary to run the code.

Download

Ck Python 3.9.10 (64-bit) Setup

-
A

pgth{on

windows

- ped

Install Python 3.9.10 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

= Install Now

CA\Users\Administrator\AppDatatLocal\Prog rams\Python\Pythan39

ncludes IDLE, pip and documentation
Creates shortcuts and file assaciations

= Customize installation
Choose location and features

Install launcher for all users (recommended)
{Add Python 3.9 o PATH Cancel

1.1.2 Download Brama.

Download or clone this repository: https://github.com/sndjgm/Brama.

Fig. 1-2 Install Python 3.9.

1.1.3 Open terminal/cmd and navigate to the Brama folder.

Open terminal/cmd and navigate to the Brama folder (Fig. 1-3).

® cd path/to/folder/ Brama

from


http://pan.ecut.edu.cn/link/F2F1BCCC219B83D15AB0756CA9B3234D
https://www.python.org/downloads/
https://github.com/sndjgm/Brama
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Type the name of a pregram, folder, document, or Internet

= resource, and Windows will epen it for you.

Open: |cmd

™ |

G This task will be created with administrative privileges.

inistrator?

Cancel Browse...

Fig. 1-3 Open terminal/cmd and navigate to the Brama folder.

1.1.4 Install python libraries required for Brama.

® pip install -r requirements.txt

Required modules: PyQt5, numpy, pandas, xlwt, xlrd, matplotlib, scipy, xlutils,

statistics, logging.
1.1.5 Run Brama from python.
® python Brama.py
If everything is already installed, follow only step 1.1.5.
1.2 Interface & Functionality

The main interface and functional partitions of the program are shown in Fig.1-4

after starting.

« Bramav2.0 = [m] X

1.Directory Environment Setting 2.Instrument model selection

M file % Browse Iest data/Agilent2/Calcite Line/A2. D/A2. csv | () Agilentl ® Azilent? () Thermo

List file: ¥ Browse | il [ 5td Corr?  Age of EM (Ma) 236 207?@

Export: . ¥ Browse | Save Settings Load SettingséAil @

Dwell time(s) Correction Factor Peak Rejection

@ Blank and Signal Rowl] Filter Setting @
206Ph 0.03 Q-4 zovebsz0ert [ d Blank Start | O-O) Baseline Err |2

oo G ) —

207Pb 0.063 206Pb/238U |0, 6800|| Blank End |6 U(ops)>
2381 0,016 | Ablation Cor. [1 Signel Start [20 U-Pb(counts)> |5

[[] ComPb Filterd

[[] el Spikes?

Multiples of SD

E

— P Interpolate?
Others 0.1 T Signal End 1251 Juseb > |4 |
Detestars @ 5|3 parameter Setting
I U-Pb isotope calculation @’E

4.Regression Setting | Auto Centre ]
Aze Start (fa) Bbe Start | |MexMSWD. [0 |
Age End Of) [122.98 | Phe End 0.0471
e

| Delete Spikes |

[ Bavesian Regression

Batch Process [] Bayesian Method? 7.Information

Input Dir: . | ®Browse | L{Softnn/test data/Agilent2/Calcite I.inel lﬂutdr?ncull Merze Result Plotting
S5.Multi-file processing 6.Mapping processing

Fig. 1-4 The main interface of Brama and the division of functional areas

The software is divided into 7 functional areas. The main functional areas are
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outlined as follows.
1.2.1 Directory environment setting:

set the path of mass spectrometry file, List file and output result directory.
: Select the raw MS data as CPS from the mass spectrometer output
(CSV) file. The data columns for “Time(s)”, “207Pb”, “206 Pb” and “238U”
must be included.

: A "*xlIs" laser log file containing “File Name”, “Sample Name”,
“Laser on”, “Laser off”, “sequence”, location coordinates “X0”, “Y0”, “X1”

and “Y1” (Fig.1-5).

A B E D E F G H |

1 |FileName SampleName|Laser on Laser off dequence [X0 Y0 1 Y1

2 A1 MIST 614 - 1 127 1022 1| 138561 1604, 139216 18325
3 |A2 AHX-1D -1 1269 2599 2 60214 1805 57071 16400
4 A3 WeC-1-1 2824 3869 3 80894 1218 83390 10983
5 |Ad LD-5-1 4115 5927 4 19939 7093 21752 66475
6 |AS PTKD-2 - 1 6144 8526 5 28293 7675 31334 71194
7 |AB MNIST 614 - 2 8780 9698 6 138252 1616 138909 18507
8 |AT AHX-1D - 2 9944 11290 7 60295 1779, 57127 16112
9 |AB WC1-2 11514 12567 8 80943 1233, 83475 11114
10 |A9 LD-5-2 12814 14648 9 19771 7089 21627 66385
11 |A10 PTKD-2-2 10 1
12 A1 NIST 614 - 3 11 |Start of line |End of line Fg

Fig. 1-5 Example of List file format

: The directory where the data is exported to and saved. The default

setting is the current working directory of the software.

1.2.2 Instrument model selection:
: Reads data from line 4 (Fig. 1-6).

: Reads data from line 3 (Fig. 1-6).

: Reads data from line 14 (Fig. 1-6).
| y . A B c D X
C:'A;ilm(l[)ll'gaul 31=zakgmp1.Ps_DLimmck_ 1 |NIST 614-1 Agilent2

1

2 |Intensity ¥ CPS 2 |starf0

3 | Acquired - 072202022 03-20-13 AN nsing Batch Ans21.PS Timeri 3 |Time 206Pk  207Pb  208Pb  232Th 238U
4 ||Time 206Fb 207Pb 203Fb 232Th 2330 4 | 13.61013 0 15.87303 0 0
5 0.032355 0 0 0 0 0 3 | 15.74328 0 15.87303 0 0
6 || 0.16578 0 0 0 0 32.63169 6 | 15.87632 0 13.87303 0 0
7 020883 0 0 0 0 52.63169 7 | 16.00043 0 15.87303 0 0
8 0.43201 0 0 0 0 0 3 | 16.14252 0 0 0 0
@ 0.56519 0 0 0 0 0| 9 | 1627366 0 15.87303 0 0
10 || 060841 0 ] 0 0 0 10 | 16.40867 0 0 0 0
11 |L_083158 0 0 0 0 0 11 | 16.54169 0 _15.87303 0 0
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A B C D
NIST 614 - 1:07/22/2022 03:20:13 AM;

ConfigurationMachine=iCAP TQ;

WD B0 - Oy L b L b e

Software:Name=Qtegra;Version=2 104343 236;File Version=1;

F G H I

1

U2-5Q-N%=2FA: Additional Gas Flow 1=0;Additional Gas Flow 2=0;Q1 Entry Lens=-87 3; Angular Deflection=-383;
RF GeneratorRF Plasma Lit Readbacl=1RF FET Temperature Ok Readbacl=1Plasma Power Readbacl=1348.607]
Ion OpticzPole Bias Readback=-0.918366080136402; Torch Horizontal Position Readback=-122991202346041,Tor
Vacuum: Analyzer Vacuum Ok Readback=1;Interface Pressure Readbacl=1.80280315042038; Analyzer Pressure Reac
DetectorDetector Voltage (Counting) Readback=1340.5669399218; Detector Veltage (Analog) Readback=-1633.9389
Cooling System:Plasma Cooling Water Flow Readback=0.400411764705882 Interface Temperature Readbacl=33.75"

10 | Power Supply:Supply Voltage 500 V Readback=-344.354838709677;Supply Voltage 1 KV Readback=-1179.13000%7
11 | Gas SupplyNebulizer Supply Pressure Readback=0.0480209677419334;Nebulizer Flow Feadback=1.04602082111-

12 |Pulse Counting: Threshold=23500000;

13

14 | Time 206Pb 207Pb 208Pb 232Th 238U

15 dwell time= dwell time= dwell time= dwell time= dwell time=0.019;xcal factor=138623.2074
16] 003233 0 0 ] 0 0

17| 016378 0 0 0 0 3263169

18] 029883 0 0 ] 0 5263169

19] 043201 0 0 0 0 0

20| 0.5651% 0 0 ] 0 0

Fig. 1-6 Example of raw data format from two quadrupole mass spectrometers.

1.2.3 Parameter settings:

% (3.1) Standard bias fractionation factor calculation.

\Age of RM (Ma)l: Age of the reference material.

207Pb|: Calculate the standard bias fractionation factor. The results of the

calculation are displayed in the information display window (Fig. 1-7). A file named

"result_all.csv" will be generated in the current working directory of the software.

When the “” checkbox is checked the age of the standard needs to

be entered, the bias fractionation factor is calculated after deduction for common

Pb in the standard (**’Pb method, Chew et al., 2014). In contrast, when the “

” checkbox is unchecked, the common Pb in the standard is ignored. The

bias fractionation factor can also be verified by the standard calculation results.

Detectors (H)
U-Fb isotope caleulation

huto Centre

Aze Start (Ma) [722. 78 Fbe Start |:| Maxe MEHD.
hze End (Ma) |722 93 Fhe End 0.0471
P Tun

Bayesian Regression

hze Hum.

& Bramav2.0 — O X

NS file [ ¥ Erowse |est datafhgilent?/Taleite Line /A2 D/AZ. csv|O Azilentl ®) Azilent? () Thermo

List file: [ *Browse | Std Corr?  Age of EM (Ma) (236 Z07Fh I

Export: [ *Browse | Save Settingz Load Settings Flot

Dwell time(s) Correction Factor Blank and Signal Rows Filter Setting Peak Rejection

—_—

06D 003 2O7Fb/206Pb | 01194 |[Blank Start [1 | Baseline Err [ Del Spikes?
[] comfb Filter?

207Fb 0.063 206Ph,/2381 . lank Bnd  [6 | Ulepsh Maltiples of SD

- o | shtetion cor Sened start 28 ] U-Pb(ormie)>
nterpolate?

Others 0.1 Signal End  [1251 U/Fb > I:I Delete Spikes

[[236.0, 0.05089329654974946, [ O00ZE25646257327523, ~
0. 0263602 78908089723, 0.00012805165263780676,

0. 17795 730966146567, 0. 00090pE5 73671463934, nan, nan,
—0. 010232656676 740734, 0. 00E1BZ2746118376303,

0. 007890274230565138, 0. 00@5526404205039201, nan, nan, ",
BE1165. 4452031964, 116, 86Z390556635939, 0.0, 753 BETZ391123622,
14024. 16737 7426564]]
"Fractionation Tacters: |
Z207Fb/206Fh: 1. 0000,
206Fb/2380 10,6301,
207FL/2351 10,6801,
208Fb/232Th: nan.

Fig. 1-7 Diagram of the calculation steps for standard bias fractionation factor.

¢ (3.2) Save or load config file.

-5-
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<‘Save Settings‘> and <‘Load Settings‘> buttons to save or load config

files(““Config.ini”’; Fig. 1-8).

D X @ Load X
€« A <« Calcite Line result » A38_result v o Search A38_result £
() hgilentl (® hgilent? () Thermo Organize v Newfolder = O @
al MName - Ty
Std Corr?  Age of EM (Ma) |236 207Fb # Quick access
B Desktop
I Save Settings| Load Settings Flot & Downloads
Filter Setting 8 Documents .
& Pictures r
Beddine B 1| Pesk Rajection
[ ComPb Filter? A
Vieps gz ot
Figures
UPh (sount=)? 2
Interpolate?
e > I Delete Spikes
B2t TE LIl TIX 8 ToT T [ This PC F
Phe(Wetheri11)=0. T9700359623554 75 +/-0. 05638187 751494757 2 B Desktop ¥ 5
MSHD=0. 6 (N=698)
#funber of Data:698 Concel
#Rav Data: 699 TINCTION ATEA 1.

Fig. 1-8 Config file to save or load data processing parameters
% (3.3) Plot signal intensity vs. rows.
Click the button <> to display the raw data signal graph (Fig. 1-9). The

blanks and signal start/stop rows can be read from the graph and be filled in (3.6).
(3.4) Dwell time.

. Figure 1

A€ PQ= A

- [m] X

¥=2 & y=v5 2539

- Rows vs. Swgnzil(cps)
—— 206Pb
207Pb
—— 238U
105 4
Blank Start Blank End
iy
g 104 A
=)
2 ¥
E 3
o 1
=]
10% 4 \/\/ﬂ/\/\_/\/\,\_,—/v’\/v\*/\/\
'[Signal Start |Signa| End |
102 4
T T T T L
-20 -10 0 10 20 30 40 50
Rowis

T TR T W LN ey Y I 1 T T

Fig. 1-9 Raw data signal display interface

The mass spectrometer detector isotope dwell time corresponding to 2°Pb,

207p} and 28U can be entered in this field, respectively. The “/Others]” contains the
sum of dwell time other than 2°°Pb, 27Pb, 2*8U. The “Detectors (N)” can be entered

as the number of masses being used.
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206Pb: Dwell time of 2°Pb (seconds).
207Pb: Dwell time of 2’Pb (seconds).
: Dwell time of 2**U (seconds).

Others: Sum of dwell time of masses other than 2°°Pb, 27Pb, 238U,

Detectors (N): The number of masses.

¢ (3.5) Correction factor.

207Pb/206Pb;: The standard bias fractionation factor for 2°’Pb/2°Pb, which
equals the measured 2°’Pb/?°Pb divided by the true value.

206Pb/238U|: The standard bias fractionation factor for 2°Pb/?*%U, which

equals the measured 2°°Pb/***U divided by the true value.

lAblation Cor.‘: Fractionation factor due to laser ablation. When set to 1,

206Pb/238U| refers to combined standard bias fractionation factor for

206Pb/238U.

" are the standard bias fractionation factors

The “207Pb/206Pb|’ and “206Pb/238U|
for 227Pb/2%Pb (Corr76) and 2°Pb/338U (Corr86), respectively. The “/Ablation Cor.)” (f)

was used to correct for the 2%°Pb/?*®U fractionation factor (Corr86’ = Corr86/f). The

value of f'is around 1, when f=1 means no ablation correction is performed.
% (3.6) Blank and signal rows.
This region is used to set the background and signal starting and ending row

number in the time-dependent spectrum.

: Background start rows.
: Background end rows.
: Signal start rows.
: Signal end rows.

¢ (3.7) Filter setting.

This region is used to sets the parameters related to data filtering.

(%): A minimum % error given by the number in “

is quadratically added to these errors to account for the reproducibility of measurements

-7-
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on signals that are oscillating because of the pulsed laser output. This is estimated to be
about 4% for 5 Hz and 1% for 10 Hz based on the scatter of non-varying ratios measured
on large peaks such as 2°’Pb/?%Pb ratios from zircon.

: The minimum U cps set by the filtered data. Rejects very low U and Pb
signals, if U & Pb <“U (cps)”.

|U-Pb (counts) >|: The minimum U and Pb counts set by the filtered data. Makes

sure every datum has this minimum number of counts.

‘Come Filter?‘: Whether to perform filtration of common Pb.

ComPDb Filter?

U/Pb >] If " is checked, signals with low 2*U/%Pb will be

99

omitted. The minimum **3U/*°Pb value is set by the number in “{U/Pb (counts) >

Ignore data with too low U/Pb (<0 if filter is off).

"’ is checked, raw data are interpolated. Quadrupole

‘Interpolate?:‘ If “Interpolate?

measurements of different masses occur at different times so interpolation should
reduce scatter. Data are compressed so that the smallest Pb mass count numbers are not
allowed to be lower than defined in “U-Pb (counts)”.
% (3.8) Peak Rejection.
: When this checkbox is checked, spike filtering is performed

before the data processing.

‘Multiples of SD‘ : The threshold number used to perform filtering of signal

spikes.
Delete Spikes|: Displays the signal plot of the data after filtering the spikes.
The “” button will give a prompt and then scans through the 206,

207 and 238 signals and compares them to the signal immediately before and after. If

the ratios of the signal over both the before and after signals exceed the threshold

number specified in “Multiples of SD|”, the data will be deleted.

* (3.9 \U-Pb isotope calculation\: Performs isotope calculations and saves

the results in the export directory of the settings (Fig. 1-10).
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A el °
« 1 Brama20 » A2 e _ »
Flotting 1 . 1
Slop:0. 006992187342162196 +/-0. 3706563121121586, Intercept: 1 .
0. 0354102453239 76895+/0. 03696 783074350729 1
Aze 1235 ABA0GE21342668+/ 26, 48711378148078, Phe: 1

1. 0372553162541547 +/~0. 04345463454651492 ;
hze (Wetherill)=235. 6040562 1342656+/~26. 48711378146075 E
Phe (Wetherill)=1. 0372553162541542 +/-0. 0434546345465 1452
MSHD=1. 0 (F=1276)

42 Dotainfo.tet 82 regress Resultaks

#Hunber of DatailZ76
H#Raw Data:1330
#Compressed Data:d. 1%

@ Oneliive - Persana
8 This P A2 Resuitals AXConcordiaCurve.png
0 ODesiop

£ tems

W

Fig. 1-10 The results are displayed in the information window and the result file is
saved after executing the U-Pb isotope calculation command.

1.2.4 Regression settings:

: When is clicked, the program automatically

performs Bayesian regression based on the age calculated from the Wetherill
coordinates. Users can also set the Bayesian regression age and common Pb
starting and ending values and set the maximum MSWD value of the

exported result data (Fig. 1-11).

Slop:0. 005355851 0096020665+/—0. 090076 1480270577, Intercept . Py
0. 021 TOB0E0E849534 +/—) . 1400263557 7202003

hge: 146, 5308034474652 +/ 6. 025400538969 743, Fhe:

0. BATEIAT143510971 +/—1. DAE34451 466 THES19

bz (Wetherill)=146. 63080344 74652 +/—5. 025400830962 743

Fhe (Wetherill)=0. 857596 7143510871 +/~0. 06534431468 759319

MEWD=1. 1 (H=PRg)

#Humber of Data:269
#Raw Data:B6T
#Compressed Data:BZ 6%

futo Centre

hze Start|[136.57 be Start l 0. 7363 | [Max MWD,
hze End | [156.89 be End .u.ggssl
Aze Hum. L] Fbe Fum.

Fig. 1-11 Automatic setting of Bayesian regression age and common Pb range

o
[

lAge Starﬂ and lAge End‘: Age range for Bayesian regression.

: The number of steps for Age.

‘Pbc Start‘ and ‘Pbc End‘: Common Pb (Pbc) range for Bayesian regression.

: The number of steps for Pbc.
Max MSWD.: If the datum exceeds this deviation from the best fit plane it is

rejected (strikethrough).

‘Bayesian Regression\: Determines the sum of probabilities with respect to the

-9-
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measured datum of discrete points within a linear band represented by the age

and common Pb interval.

1.2.5 Multi-file processing:
|Input Dir{ and |Bayesian Method?l: Set the MS file storage directory and choose

whether to perform Bayesian regression calculation.

|Batch Process‘: Multi-files isotope calculation or Bayesian regression

calculation. The List file (1.2.1) ) needs to be set up before the
process|

1.2.6 Merge Result Plotting
\Merge Result Plotting‘: Merges and plots the spatial distribution of isotope

counts.

1.2.7 Information

Displays operational status and information.

1.3 Single file data processing procedure-Calcite dating

1.3.1 Data Preparation
Prepare a line scan data folder containing raw mass spectrometry data for NIST
glass, matrix-matched standards, and samples (Fig. 1-12). Example files are stored

in: \data\Calcite Line\, where 'Al.csv' and 'A2.csv' refer to the Ms file of NIST 614

and matrix-matched standard AHX (age=236Ma), respectively (Fig. 1-12).

[0 Name

O Mame Date modificd

ALD 8/1/2022 3:55

A2D File folder A B c D E F
1 |AHKID-1
AD File felder 2 star167 64305
A4D File folder 3 Tme  206Pb 207Pb 08Py 232Th 238U
: 4 0 0 1387303 0 0 0
015 Asp File folder 5| o1mn 0 3174607 0 0 0
ABD File folder 6| 02662 0 0 0 0/ 5263169
ATD File folder ; DDJDPjé g 3 g g g
) 532
48D File foldes 9| 066378 0 0 2500025 0 0
A9D File folder 10] 079889 0 1587303 0 0 0
11 093204 3333338 0 0 0 1631683
A10D File folder 12] 106516 5| 2857176 1125051 0 6363525
AlD File folder i3] 119817 521 4920732 1123051 1250006 1911879
[ ALSTxs YL File . 14| 133118 7268779 1047663 1625106 0 3340359
15] 146420 1073794 1381020 200016 125.0006 4433199

Fig. 1-12 Raw mass spectrometry data folders and file formats.

1.3.2 Import Data
As shown in Fig. 1-13, Click (D<import data>—@)<select data format>

import the Ms file.

Click®<show signal plot>—@<preview spike filtering result> to determine the

-10 -
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blank and signal rows and spike filtering settings. Fill in the blanks in ®<set blank

and signal rows>.

Fill in the blanks in ©)<set dwell time> according to the time selected in the
software of the mass spectrometer and detector.

Fill in the blanks in (D<Filter setting> > according to mass spectrometry settings.

« Bramav2.0 |—|: — O *
NS File [“Browse lest data/hgilent?/Caleite Lina/42. D/AZ. csv|H) Agilentl @J Agilent? () Thermo
List file: [¥Erovsa | || |FAstd Corr?  hge of B (Ma) [236 207FL
Export: [ *Browse Save Settings| |Load Settin: | Flot l
Twell timel Correction Factor Elark and Signal Rows(5> r Setting Peak Rejection
Z06Fb . 07Fb/206Fb | 01184 |[(Elank Start |1 \g ine Err Del Spikes?
ComFb Filter?
Z07Fb 0.063 06Fb/2380  |0.6800 |Elark End |6 Uleps)> Maltiples of SD
238U 0.016 blation Cor. [1 Signal Start [20
Interpolate?
Others \Si gnal 1351 ) flate Spikes
% Figure 1 / - o x ute 1 /D x
Q =~ > $Q =~ w22yt Bi2Tee0s ]

Rows vs. Signal{cps) Rows vs. Signal(cps)

Mo T WY

#'i‘

10

£ 10%

10%

— 206Fb h
207Pb
— 238U

— 206Pb
207Pb
—— 238U

600
Bowes.

200 1000 1200

1400
600 1
BOWS. !

800 1000 1200 1400

Fig. 1-13 Data import and signal display

Users can also load or save parameters via the <L.oad Settings> and <
> button config file.

For multiple sample processing or age distribution mapping, continuous signal
data need to be segmented and matched with the position and timestamp information
in the laser log file. The data conversion software “Continuous Data Segmentation”
(Fig. 1-14a) extracts the background and signal time of the samples (Fig. 1-14b) and
the sample position information (Fig. 1-14 d), according to the laser status, and

generates a list file (Fig. 1-14 c) to store the above information.
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R . e o x
(;) Continuous Data Segmentation — O X A€ Q= prrp—
Instrument: () Agilentl! (O Agilent? (@ Thermo (b) T
MS file: n_3. 5;_15HZ_20unS /2022072241 _1. osv | | [#Browse " ‘ |
Log file:  |0/20220722h log 20220722_112023. csv| | [#Browse Plot TP \
Export: ‘am&/Software/test data/Thermo/output | /*Browse v
Start time(s) Extended Rows |10 | Dir Filename i
| | i |
Convert 1200 1300 1400 1500 1600
Position et [ 4 e - o x
€I Q=B e
[(d)
|
(C) A B Cc | D | E F G H | 19000
1 'FileName SampleName Laseron Laser off sequence X0 YO X1 Y1 IST R aha - 2 }
2 Calcite! NIST 614 -1 133 1028 1 138561 16042 139216 18325 e IST614-1 !
3 |Calcite2 AHX-1D-1 1275 2606 2 60214 18057 57071 16400 - ]
4 Calcite3 WC-1-1 2830 3875 3 80894 12185 83390 10983
5 |Calcited LD-5-1 4122 5933 4 19939 70932 21752 66475 17500
6 Calcite5 PTKD-2-1 6150 8532 5 28293 76758 31334 71194
7 |Calcite6 NIST 614 - 2 8787 9704 6 138252 16167 138909 18507 i
8 [Calcite7 AHX-1D-2 9951 11297 7 60295 17792 57127 16112 Leso0
9 Calcite8 WC-1-2 11521 12574 8 80943 12332 83475 11114
10 Calcite9 LD-5-2 12820 14654 9 19771 70897 21627 66385 16000
11 |Calcite10 PTKD-2 - 2 14879 17298 10 28466 76852 31512 71181 158000 136250 138500 138750 139000 139250 139500 139750
12 Calcite11 NIST614-3 17553 18478 11 138108 16216 138768 18578

Fig. 1-14 Mass spectrometry file and laser log file matching interface (a), signal plot (b), List
file format (c) and sampling point location map (d).

1.3.2 Standard bias fractionation factor setting

206pp/238U fractionation factor: As Fig.1-15 shows, (DImport the “A2.scv”
(AHX) file according to step 1.3.2. @Check the [Std Corr?| checkbox, Benter
the age in Age of , and click the (@207Pb| button. The result is

displayed in ®Information window. Fill in the fractionation factor in ©

|Correction factor|

& Bramav20

@] o1 S
M file [¥Browse | [est datafAzilent?/Caleite Line/A2 I/AZ. cav||O) ® & O Thermo

List file: [ ¥Browse | | |2 std coree IIAge of BM (Ma) [238 I I 207Fh I
Export B Browse | |save Settings| Load Settings Flot
Dwell time(s) Corr actor Blank and Signal Rows Filter Setting Peak Rejection
206PL 003 Z07FbJZ06F 01194 |[Blank Start |1 Bazeline Err Del Spikes?
ComFh Filter?
207Pb 0. 063 208Pb/238U Blenk End 6 |Ulcps)> Multiples of SD
2361 0,016 Ablation Cor. |1 el Sierd U—Fblcounts)>
[ Tnterpol ate?
Others 01 Signal End [1337 | u/Fb > ] Delats Spikes
Detectors (N} 0. 07536362371084B392, 0. 000123966585 70024642, 2
0. 177980801 77598693, 0. 00D5695573073930442, nan nan,
U-Pb isotope calculation -0. 0094874A406676386, 0. D020024849655679022,
o007 1335455, 0 0005455571636049236, nan, nan, »
Auto Centre 571784 @ 694, 120 5407549421062, 0.0, B06. 4651385370977,
1454 it

11
Age Start Ofa) 1000 Fbo Start Max MSHD 10 Fractionation factors:
207Fb206FPb: 1. 0000,
Aze End (Ma) |z000 Pbe End FOEFLAEIEN -0, BANZ
ZOTFLS236U (0. 6802,
s Hun. Ebs Fen Pk

Bayezian Regression

Flotting
Batch Frocess [] Bavesian Method? ~

Input Dir: [¥EBrawse | a/Software/test data/Agilent?/Taloite Line| Batch Pracess Merge Result Plotting

Fig. 1-15 Calculation steps of standard bias fractionation factor for 2°Pb/23%U
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207pb/2%Pb fractionation factor: As Fig.1-16 shows, MImport the “Al.scv”
(NIST 614) file according to step 1.3.2. @Uncheck the Checkbox
and then click the @R07Pb] button. @Open the “result_all.csv” file in the
current working directory of Brama, 2°’Pb/?*Pb bias factors equals &measured

ratio (0.8813) divided by true ratio (**’Pb/2%Pb NIST 614 = 0.8710).

4 Bramav20 - O x

M file || P rorse | [shtdasathzilentz/Calei te Line/Al 1/AL osv| O &

List file: [ ¥ Browse |

[ 5td Corr?

Export: [ *Erowse |

: » lu guogi (@)

1 FETE =B ( Skiees
T E | Fmestewtonan-[s < 4 4| Z =52 g |k >
g o s==E-|%-% | Temmeet- | g - | B P~
T |[BIU-[E-[D-Ar =g 6 9% Femms - | Dt~
BRE o £ sl WFAE &l BF & == B R ~
result_all.caw
B - B 0.88127771718158% v
C D E F G H 1 J E
1 |Age 207Pb/206Pb 2s 206Pb/238 2s 207Pb/235 25 208Pb/232 2s 208Pb/206 2s
2 236(|0.88127771 | 0.001599 0542875 0.000982 65.96507 0.151568 nan nan nan nan
s [=]
result_all ® [ I | [+]
HE W GERhEs AaTE B O - ——+ 145%

Fig. 1-16 Calculation steps of standard bias fractionation factor for 2’Pb/>°Pb

1.3.3 U-Pb isotope calculation

After completing the above steps, click the button <’U—Pb isotope |

> to start the isotopic composition calculation. As shown in Fig. 1-17,

the calculation results are presented in the Wetherill diagram, the information

window and the exported "* Result.xIs".
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200ppy238

e ol v Agei236, STEO326364165+/-24, T34028572999833, Phe: "
1. DAB336T1A8934737+/-0. (1356 7084249932359

236.36Ma & 5290.35Ma i Aze(Wetherill)=236. 37E0326364155+/-24, 7340285 72099833
¢ Phe(Wetherill)=1. 0AS3367169934737+/0. 0356 7904249932359
MSWD=1. 0 (F=575)

P
S
g
awT

#Mumber of Data 578
#BRaw Data:879
#Compressed Data:0. 1%

PP
206Pb2380
e

o
H

Bazeline Frror:Z 0%
L Min. U (eps):28
| Min. U Fb {counts):15
0z o3 o4 os oe ‘ Std Bias 207/206:1.0119 W
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035741 1283751 003698 54 39 31501
0251278 1518723 08TATI S5EI2N 0 17E283 [NSH DB 2TEI2 4B

1 17 4854218

Fig. 1-17 Results of U-Pb isotope calculation
AHX yielded an age of 236.38 Ma, demonstrating that the calculated
standard bias fractionation factor (step 1.3.2) is appropriate. The we-1 yields an
age of 255.3 +5.3Ma and 252.6 = 5.4Ma using Wetherill and Tera-Wasserburg
regressions (Fig. 1-18), which is consistent with the ID-IRMS method (254.4

0.060
“‘ 0.24 k ! Intercepts at
0.056 / 252.675.4 & 46782180 Ma
340 MSWD = 4.6
/ \
0.052 0.20
0048 + 300, W R &
i g 016 + i
. 5
0.044 f .’ a
. < B
260 R XPR
0.040 +~
Intercepts at 4
0.03679 255.375.3 & 48537200 Ma .08
i MSWD =4.7
0.032 4007 - - - T
02 04 06 08 10 12 14 16 004 320 ‘ 240
207pp/[235Y 15 17 19 3 25 27 29

21 2
238|/206pp

Fig. 1-18 Wetherill and Tera-Wasserburg diagram of wc-1 by Isoplot

6.4Ma, Roberts et al., 2017).
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1.3.4 Bayesian Regression

According to the age and common lead composition from step 1.3.3, click

the <|Bayesian Regression‘> or JAuto Centrep>, Bayesian regression results will

be presented in three forms: probability density surface plots, probability density

profiles, and information windows (Fig. 1-19, Fig. 1-20).
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Age start:240

Age end:265

Num. Ages:101

Pbc76 start:0.6
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Num. Pbc76:101

Peak age:253.2 +4.75/-7.00 Ma
Peak PbC:0.7225 +0.1150/-0.0950
MSWD=2.73 (Num.Data=795)
Mean age:253.0 +5.00/-6.75 Ma
Mean PbC:0.7300 +0.1075/-0.1025

Ending time:2022-12-25 21:11:55

Fig. 1-19 Bayesian regression of all isotope data relative probability density surface plot

Peak Age:251.2Ma

Peak PbC:0.7225
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Fig. 1-20 Integrated relative probability density for the age and common Pb

1.4 Multi-file data processing procedure
1.4.1 Import Data

Import the list file as described in 1.2.1 and 1.2.2.

Import Ms files as described in 1.2.5.
1.4.2 Parameter Setting

Files used for batch processing should have the same settings, which are set in the

same way as for single file processing. For details, see 1.3.2~1.3.2.

-15 -




User Manual of Brama v2.0

1.4.3 Batch Process

Click the button <‘Batch Process‘> for multi-files isotope calculation or Bayesian

regression calculation.

1.4.4 Mapping

Click on the button <|Merge Result Plotting|> to map isotope ratios, mode ages

and element counts (Fig. 1-21).

Pb206

Pb207

u23s8

Fig. 1-21 Spatial distribution of U-Pb isotope ratios
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I1. Description of the results document

The result files are stored in the output folder, and the name of the folder is: mass
spectrometry file name + " result". Take the mass spectrometry file as "A00.csv" (the
folder is "A0O result"), the output file name and content are as follows (Fig. 2-1) :

A00 Datalnfo.txt: Parameters of software settings and operation results (Fig. 2-

2 ¢).

A00 Result.xls: U-Pb isotope calculation results.

A00_3D.png: Surface plot of relative probability density of all isotope data (Fig.
2-2 a).

A00_Scatter.png: Integrated relative probability density plots for the age and

common Pb (Fig. 2-2 b, d).

A00ConcordiaCurve.png: Wetherill regression plot.

A00 regress Result.xls: After Bayesian regression processing, the data were

filtered according to Max MSWD.

AO00AHX.ini: configuration file for data processing parameters.

j - Manage

- Home Share View Picture Tools

« - 4 > ThisPC > A0 (D) > Brama > Brama2.0 > A0Q_result » v O Search ADD_result
# Quick access

23155,

ADD._result A00_3D.png A00_Datalnfo.txt AD0_regress_Resultxls

O
iy A N
B videos .
‘i Local Disk (C:)
- I (0 r
- FhE E) T o o we W W -

B Network AD0_Resultils ADD Scatter.png AD0ConcordiaCurve,png configini

Fig. 2-1 Data format exported by Brama
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Fig. 2-2 Plots of the results acquired by Bayesian regression methods (data from Davis and

Rochin-Baiaga, 2021).

(a) Relative probability density (RPD) surface.
(b) Relative probability density of age integrating along the axis of common lead.

(c) Log file of Bayesian regression results.

(d) Relative probability density of common lead integrated along the age axis.
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