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References about ICPMSDataCal for citing:

® Element analysis:
Liu Y.S., Hu Z.C., Gao S., Giinther D., Xu J., Gao C.G. and Chen H.H., 2008. In situ analysis of
major and trace elements of anhydrous minerals by LA-ICP-MS without applying an internal
standard. Chem. Geol., 257(1-2): 34-43.

® Zircon U-Pb dating and Hf isotopic analysis:
Liu YS, Gao S, Hu ZC, Gao CG, Zong KQ, Wang DB, 2010. Continental and oceanic crust
recycling-induced melt-peridotite interactions in the Trans-North China Orogen: U-Pb dating, Hf
isotopes and trace elements in zircons from mantle xenoliths. J. Petrol. 51(1-2): 537-571.

Please visit the MSN (http://icpomsdatacal.groups.live.com/) or QQ (40230239)
groups for update, discussion and suggestion.

Whatever you are familiar with this software, it is suggested to firstly read the
following sentences if you are planning to calculate your LA-ICP-MS data using
this software. This may make your data more reasonable and explicable!

Isotopic fractionation in LA-ICP-MS analysis is mainly related to laser
ablation depth, ablation spot size and laser energy density. For a given analysis
sequence, spot size and laser energy are generally fixed. Different ablation depths
are thus the major factor limiting effectively calibration against external standards.
For zircon U-Pb isotopic dating, nonlinear variation of isotopic fractionation with
time will restrict the accurate calibration of isotopic age, which would be
highlighted for analysis at a small spot size (e.g, <20um). In order to reasonably
and effectively calibrate the samples, the following rules are suggested for
selecting the TRA signals:

Basic rules for selecting the signals:
® The signal intervals (including start position and length) of the samples and

calibration standards should be the same as most as possible.

® Mark and describe the abnormal signal/data during setting the signal intervals,
which is helpful for you to reasonably choose or eliminate the final data!

Steps for selecting the signals:

1. In order to using a uniform integrating interval length for most analyses,
firstly look at the signals of all analyses to select a “best” length of integrating
intervals;

2. Set the signal integrating intervals of external standards (e.g., 91500) for
correcting isotopic fractionation in the mode of “Fixed integrating time”’;

3. Set the start positions of signal integrating intervals of samples one by one in
the mode of “Fixed integrating time”. Mark the samples with shorter signal
length than the “best” values in the “Comments” box;

4. Set the signal integrating intervals of marked samples with shorter signal
length than the “best” values in the mode of “Unfixed integrating time”.
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1. Introduction and Installation

1.1. Introduction of ICPMSDataCal

ICPMSDataCal is written in the Visual Basic programming language and works on
Microsoft Excel 2003. It gives users of the laser ablation ICP-MS a unique analytical
environment, based on the interactive selection of background and sample intervals from
the time-resolved signals provided by the (MC-)ICP-MS. It provides real-time, on-line
data reduction for the LA-(MC-)ICP-MS, and features linked graphics and analysis tables,
greatly improving both productivity and the flexibility of analysis. At present, data
analyzed by (MC-)ICP-MS of Agilent, Thermo, Elan, Varian, Neptune and Nu Plasma
can be directly used without additional adjustment. The following work can be done:
+ In addition to the traditional calibration method of single external standard

combined with internal standard normalization, multiple-reference material

calibration combined with ablation yield correction (MRMC-AYC) and
multiple-reference material calibration combined with internal standard
normalization (MRMC-ISN) can be used to calculate the element contents using

ICPMSDataCal (Liu et al., 2008; Liu et al., 2010a; Liu et al., 2010b);

+ Data reduction of zircon U-Pb isotopic dating and trace element analyses can be
quickly done at one time;

+ Hf isotopic data analyzed by LA-MC-ICP-MS can be processed,

£ The used external standards can be automatically identified and contents of
internal standards for the standards can be set automatically. The external
standards can be easily changed by the user;

£+ Data reduction for single melt/fluid inclusions analyzed by LA-ICP-MS can be
done easily.

TRA: Time Resolved Analysis

MRMC-ISN: multiple-reference material calibration combined with internal
standard normalization.

MRMC-AYC: multiple-reference material calibration combined with
ablation yield correction

SimpMRMC: simple multiple-reference material calibration
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1.2. Installing ICPMSDataCal

ICPMSDataCal works on Microsoft Excel 2003. Therefore, Microsoft Excel 2003 has
to be installed on the computer for ICPMSDataCal to run.

Step 1: Installing ICPMSDataCal

Download “ICPMSDataCal” directory from the MSN group
(http://icpmsdatacal.groups.live.com/) or QQ group (40230239) to the hard drive.

Step 2: Create an ICPMSDataCal shortcut on the desktop

Within Windows Explorer, select the “ICPMSDataCal.exe” file in the [ICPMSDataCal
directory by clicking on it once. From the FILE menu select “Create Shortcut”. Move
the file called “Shortcut to ICPMSDataCal.exe” onto the desktop and rename the file
ICPMSDataCal, if required.

Step 3: Registration for license or Use without registration

Although ICPMSDataCal is a free software for personal user, the user is required to
register for license. The following information for registration will appear in running
of “ICPMSDataCal.exe” if you are a new user.

Information for the new user

\_?/ Hawe wou regisztered your name for license?

If “No” is selected, the following dialog box will appear. Here, you can select
“Yes” to use this software without registration (if you calculate data of zircon
U-Pb age, trace elements and Hf isotopes, please do that.).

Information for the new user

Otherwise, if “No” is selected, please send the file “Useridrecord.text” to the author
(yshliu@hotmail.com) according to the following information to ask for the
registration file.

Important Information

Pleaze =zen d the file of USERTDEECORD. txt in E:AICPMSDataCal to the author (yshliu@eug edu. cn or wshliuBhotmail. com) for registration!

The file “Useridrecord.text” is located in the same directory as the main program
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“ICPMSDataCal.exe”.

Eb Oseridrecord — 0= 3
MHE fFwEE B0 FEEW HBho

Please send this file to the Author for Registrationt ~
09:22:68:10:B7:DF
SE924B1134 ABC-SAMSUNG MMCOQEZ8GEMUP-BUAT11-1887848182

Please contact with the author by the following e-mail address for more informationt
yshliuByip.sina.com or yshliuBhotmail.com
w*

< >

When get the registered file of “AutUseChec.exe” from the Author
(yshliu@hotmail.com), copy it to the “ICPMSDataCal” directory to replace the
existed one.

Step 4: Setting for the new user

Dialog box of “Setting ICPMSDataCal” will appear in the first running of
ICPMSDataCal if you are registered. Here, you can set the default directory to save
the calculated/calibrated files, and MUST select or input the correct Laboratory name
as given by the author (select “CUG user” if not stated).

# Setting ICPMSDatacal ==

| &1 [yshli] j Please set the defanlt folders for saving the caloulated data file
EHF Deefanlt folder for solutoin analysis data

&5 ICPMSDataCal |F NCPMSDataCaliCalibratedDiata SOL

D CalibratedData L&

(L] CalibratedData_SOL Diefanlt folder for laser analysis data

(] ConunonParaneters |F:IICPMSDataCallCa]J}JmtedData_LA

[L] PersonalizedSetting

[V _Example

[V _PrevinusVersion

ave

oratory natne

Step 5: Run ICPMSDataCal

Double-click the ICPMSDataCal icon on the desktop, or if no shortcut was created,
open Windows Explorer. Navigate to the ICPMSDataCal directory, and double-click
the “ICPMSDataCal.exe” file. The ICPMSDataCal screen will then appear, and the
software is ready to be used.
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2. Overview of Interactive User Interfaces

ICPMSDataCal consists of four major interactive user interfaces (“windows”):
2.1. The “ICPMSDataCal” window.

Il IcPESDataCal 7.1 X

Main functions Tips for sigmal selection References for citing Help

Trace element composition
U-Th-Pb isotopic dating
Pb isotopic ratio

Hf isotopic ratio

Software for data reduction of LA-(MC-)ICP-MS

Sulfide/Carbonate inclusion

&PMR CUG

Authorized vser: Yongsheng Liu (CUG LAICPMS)

Copyright belongs to Yongsheng Lin, the State Key Laboratory of GPME, China University of Geoszciences, 2008
Please wisit MEM (httpficpmedatacal groups ive com/) or QO (40230239 groups for update and more information!

Main Functions includes:
1) Calculate raw data off-line
2) Change calculated data
3) Calculate raw data on-line
4) Element periodic table
5) Calculation coefficient of element and oxide
Tips for signal selection gives the user some suggestions for selecting TRA signals in
reducing data of LA-(MC-)ICP-MS.
References for citing show the reference list for this software.

2.2. The “Initial setting” window

The “Initial setting” window calls for the user to input/select the information of
calibration, analysis and raw data file. Element QC is required for calibration of
element content analysis, and External standard for isotope ratios is required for
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isotopic analysis (e.g., zircon U-Pb dating). Prefix of data filename for LA-ICP-MS or
Analysis No. for solution-ICP-MS analysis must be correctly inputted. Analyzer and
sample owner are used for printing the final report.

For solution-ICP-MS analysis:

Rock standards: calibration against multiple external rock standards (e.g.,
BHVO-2, AGV-2 and RGM-2); Multi-element solution: calibration against in-house
standard solutions.

P4 ICPESDataCal — Initial Setting X

| = J Calibration Inforraation Linalysis [rformation
e: [YSHLIT] -
{AEA & |Agﬂﬁﬂt j|csv j Sample type | Zircon -
EHICPHSDataCal
ETA gald o E
iy nglent_;"‘agr:e (+ 1I-Ph age + element content . .
D DEC29B01 D  TRA element content Externial standard for isotope ratios
DEC29B02D
% DECI9B0D " Eircon Hf isotopic ratio
([ 1DEC29E04D . ¢~ Phisatopis ratio Anabyzer m

~
r Saraple owner Orptional

(" Calculate Fract. Factor

Prefix of data filenarne or Analysis Mo

DECZOE

[ Load pre-exsted setting

(" Sohition analysis

=
~ CalculatinniCalibration

At a click of the “Calculation/Calibration” button, correcting time-dependent
sensitivity-drift, selecting integration intervals for the ‘background’ and ‘signal’
counts of TRA analysis, calculating/calibrating element contents and isotopic age,
drawing REE and SPIDER diagrams will be conducted automatically. As a default
option, the integration intervals for the ‘background’ and ‘signal’ counts were selected
using a simple algorithm, and the element contents were calibrated against
multiple-reference materials without applying an internal standard. These should be
checked and re-set interactively by the user in the “Signal Selection” and
“Multi-standard Calibration” windows.
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Important information:

® Instrument, data type and analysis number (or prefix of datafile name) must be
correctly selected or inputted. The name of quality control sample (QC)
should be correctly inputted for element analysis (the default QCs are
GSE-1G or SRM 610 for LA-ICP-MS analysis and QC for solution analysis),
otherwise the time-dependant sensitivity drift will not be corrected. The
reasonable zircon reference (e.g., 91500) must be selected as external standard
for U-Pb isotopic dating.

® One EXCEL file containing analysis sequence should be saved as
Prefix_List.xls (e.g., JUN12C List.xls) or copy the pre-existed setting file
(e.g., JUN12C Setting.xls) in the directory where the datafiles are saved

before Calculate/Calibrate TRA data using ICPMSDataCal.
JUNI2C List.xls
Spot No.  Sample Spot size HV  Energy Rep. rate

JUN12C01 GSE-1G 16-7426 60 5
JUN12C02 91500 16,26 60 5
JUN12C05 DMP552-01 16 26 60 5

...... Spot No. and Sample must be inputted.
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2.3. The “Signal Selection” window

Change

Time  resolved  laser analysis.

If Signal Selection — SRE 610

signals are viewed and

- Lo Setting Display Filtering Save/Export Hel
integration intervals are | =®"T'e TRSESAF FiStERInE avef/Export Help

selected by the user in the ‘Please write note hers!
“Signal Selection ~ Shown Fleent

window. Ha23 = |? ﬂ J j

+ Comments for the

current analysis can Fe2-+itotal Fe JEC29B01 |
be inputted in the | Mermalzedts o LEummE I:I
yellow box (e.g.,
Good data), which 22 Zi:‘ :JJ | %
will be shown in the
last report. e J j
+ The integration | “'7EM J J = |
intervals of

background and signal can be selected using four scroll bars. In the
fixed-integrating-time mode, integration interval of signals can be universally
changed using the scroll bar of “Integrating time”. The integration interval length of
signal for current analysis is shown following the text of “Integrating time” (e.g.
26s).

% The Fe*'/totalFe ratio and total metal oxide (generally 100wt% for volatile-free
mineral and glass) should be reasonably set for element analysis with method
without using internal standard. The total carbonate or sulfide (generally 100wt%)
should be inputted for carbonate or sulfide minerals.

4+ Signal variations of one element can be highlighted by selected the element in the
element list box (e.g. Si29), and hidden/shown by clicking the Shown (Hidden)
checkbox.

4+ Concordance of U-Pb dating (e.g., ) is calculated as
100*(1-abs(206/238Age-207/235Age))/206/238 Age.

2.3.1. Menu of Setting

4+ Uncertainty, setting the uncertainty for U-Th-Pb isotopic dating (the default is
1Sigma);

+ U-Pb isotopic dating, showing the window specially for U-Pb isotopic dating and
common Pb correction;

+ Zircon Hf isotopic ratio, showing the window specially for correcting Hf isotopic
fractionation;

+ Reset the ages of BCC and DM, changing the ages of BCC and DM in plotting
the diagram of eHf(t)-age.
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=

-

Fixed integrating
time, aplying fixed /
unfixed integrating
time. In the Uncertainty " -

fixed-integrating-tim

'i‘Signal Selection — sam

Dizsplay Filtering Sawe/Export Help

Setting

Zircon Hf i=otopic ratio ting tire: 235 (2E)
S mOde? the end of Reszet the ages of BCC and DM
integration interval Fixed integrating time
of signal cannot be Delete redundant data

changed;
Delete  redundant
data, deleting the BG Start ﬂj

redundant data | B9 End 4
(useful for analyzing SIG Start ﬂ
single inclusion | SIG End ﬂ
data);

Calculate Inclusion/Host ratio, showing the window specially for calculating
element contents in single inclusion;

Multi-standards calibration, changing between “Signal Selection” and
“Multi-standard Calibration” windows.

2.3.2. Menu of Display

+

Hide/Show active
analysis: Hide/show

the age (in the signal
. Hide active analysi
selection screen) and Fleaset o oooove SREIKELS

Hide isotope standards

REE pattem (ln the |7 Shon  Hide element standards

REE pattern screen) Ha23 | TRA Figures j

of speciﬁc analysis; Ratiofhgef/Uncertainty L

Hide/show isotope | Fr2% IKEE patterns d E
) Mormali Results

standards: T hoct j

Hide/show all Show INFOEMATION sheet

standards for U-Pb T

dating (e.g., 91500

IR Signal Selection — SEE 610

Setting NEESAEVE Filtering Save/Export

These are available for the

authorized administrator. 5
and GJ_I); zizE\n‘[ oW rULCLwunl =neet
Hide/show element awdata of zelected A
standards:

Hide/show all standards for trace element analysis (e.g., SRM 610, GSE-1G and
BCR-2G);

TRA Figure/REE Patterns: Change between the TRA signal and REE pattern
screens;

Ratio/Age/Uncertainty: Change between isotopic ratio, uncertainty and age
screens (only for data reduction of U-Pb isotopic dating);

Results: Show the results that will be printed finally.
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2.3.3. Menu of Filtering

+ Filtering rules:
Select rule for mSignal Selection — S5EN 610
ﬁltering the Signal Setting Dizplay DENECEPES Save/Export Help
peaks. Foas ey PiLirine e
Filtering Peak

2 sigma rule, data xi
will be deleted if

[xi-X|>2c
(X=average,
probability of xi
with  |[xi-X|>2c s

4.6%).

3 sigma rule, data xi
will be deleted if
[xi-X|>3c
(X=average,

[ Shown

Had3

o

Recower filtering

2 ) 2

Feld+itotal Fe

DEC29B01|

Momnalized to

5]
B

| 5]
ol

probability of xi with |xi-X|>3c is 0.27%).
+ Filtering peak: Filtering signal peaks of specific element for the active analysis.
4+ Recover filtering: Recovering the filtered signals to the original state for the

specific element.

2.3.4. Menu of Save/Export

+ Save the calculated

IR Signal Selection — GJ-1

data: Saving the
calculated data, Setting Display Filtering BEPUSRASHISNIN Help
which can be |Please wite note here! Save the calculated data .A_I
Format report data
changed later; ml o Bl Export intensity
+ Format report data: | |Na3 -l Export report
Formatting the Export EEE patterns 1 1
Fel+itotal Fe Export Pb Ratio
reported data; ,
. . Horrnalized to Yo Concordance
+ Export intensity:
Exporting ‘ the T S ﬂj j
calculated signal
. . BG End ﬂ J j
intensity data;
SIS Start 4 [ 5]
+ Export report:
. 5IG End =
Exporting data of J J |
ages and/or element
contents;
4+ Export REE patterns: Saving the REE patterns as an Excel file.
LA-ICP-MS LABORATORY, CHINA UNIVERSITY OF GEOSCIENCES 11/32
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2.4. The “Multi-standard Calibration” window

External calibration
curves can be checked
and reset (if needed) in
the “Multi-standard
Calibration”
Comments for the

Corr. Coef. li
Intercept li
Slope Ii

window.

[v Tsed 5129 as normalizing element

E Hulti—standard calibration @

TEA analysiz Display Save/Export MedelComponent Help

Elervent |Si‘2§|

j|m&jor

Standard |1_E-la.r|k

=
-~

selected element could
be inputted in the yellow
box (e.g., Good data),
which will be shown in
the final report.

As a required option,
one element (e.g., Si29)
must be set as a
normalizing element or
internal  standard by
check box of Used as

" " Deelete one STD of one element
(" Experiential Correct " &dd one 5TD of one elernent
(" Simple Linear Fit (" Delate one STD completelsy

" Content-weighted " bdd all 5TD of one element

[ Titre-drift correction " Becover to default

Good data

E Hulti—=standard calibration

Display Sawe/Export Setting Help

normalizing (internal
standard) element. Com Coef. [ 1000 7
For LA-ICP-MS Ingercept Elernent [ oneentration

=]

" Delete one STD of one elerment
" Ldd one STD of one element
(" Delete one STD completely

™ Add all STD of one element

" Recowver to defanlt

Confirm

Slope

—

" Mo Calbration | All
(" Experiential Correct
" Sirnple Linear Fit

(" Content-weighted

[v Time-drift correction

data, unit of elements in Standard |1 BLANK

the final report can be set
as wt% (major element)
or ppm (trace element)
using the list box of
“Major/Trace”. For
Sol-ICP-MS data, data
calibration style can be
set using the list box of
“Count/Concentration”.
+ External calibrations for element contents:
<> No Calibration, no additional external calibration is applied,
< Experiential Correct, manually modifying the slope and intercept of external
calibration curves;
< Simple Linear Fit, calculating the external calibration curves by simple linear
fitting;
< Content-weighted, calculating the
concentration-weighted linear fitting.
+ Time-drift correction, Correct time-dependent mass discrimination.
+ “Standard list box” lists all the analyzed reference materials, which were used as
the default external calibration standards. The following five operations can be

external calibration curves by
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done on these reference materials:

<>

> <

Delete one STD of one element, Remove the selected element of the selected
reference material;

Add one STD of one element, Recover the selected element of the selected
reference material;

Delete one STD completely, Remove the selected reference material;

Add all STD of one element, Recover all reference materials for the selected
element;

Recover to default, Recover to the default setting.

2.4.1. Menu of TRA analysis

+ Calibration type, set
the

Strategy as you want Calibration type L8 v MEMC-AYC Calibration |
Delete izotope MEMC-ISH Calibration element

(MRMC-AYC = TRA signal selection SimpMEMC Calibration —_|
Calibration against Sinpe ] ii Standard 1;1;m_]1 -, E
multiple  reference
materials without " AL " Deelete one STD of one element

. . (" Expeniential Correct " &dd one 5TD of one element
using an internal =0 o

Sitnple Linear Fit (" Delate one STD completelsy

standard, " Content-weighted (™ &dd all STD of one element
MRMC-ISN - [ Tie-drift corection " Recover to default

Calibration against | |Comments oot
multiple  reference

E Hulti—standard calibration

calibration Dizplay Save/Export ModelComponent Setting Help

materials with

internal standard normalization and SimpMRMC = Simple calibration against

multiple reference materials). The default option is ES-AYCF Calibration!
SimpMRMC is designed for MC-ICP-MS.
+ Delete isotope/Add isotope, deleting/adding the selected isotope, which is

specifically designed for MRMC-AYC calibration. One isotope for one element
must be used for MRMC-AYC calibration. The unwanted isotopes must be deleted

by “Delete isotope”.
4+ TRAsignal selection, go back to the “Signal Selection” window.

2.4.2. Menu of Display

+ Show results of standards, show the final results of the selected element for all
analyzed standards, which is specifically designed for solution-ICP-MS analysis.
+ Calibration Figure, showing the calibration figure.
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+ REE Patterns, E Hulti—=standard calibration
ShOWing the REE TEA analysiz BESSAEUS Save/Export ModelComponent Setting Help
patterns  of  all
analyses. Corr. Coef. Calibration Figure
. . EEE patternz L3 -
“Hide analysis/Show Intercept 5
i eport
analysis” under the Slape | B )50 -]
<REE Patterns>,
showing/hiding the o &l ™ Delete one STD of one element
REE pattern of (™" Experiential Correct 7 Add one 3TD of one element
. . 51 i i -
analys1s selected in Siraple Linear Fit Dielete one 5TD corapletely
the blue list b ( (™ Content-weighted (~ &dd all STD of one element
X (€C.E.
¢ bluc 1st box (€.g., [v Time-drft comection " Hecover to default
MAYO07B16).
< Report, showing the Confirm
final data.

2.4.3. Menu of Save/Export

+ Save the calculated
data /  Export
intensity / Export

E Hulti-—standard calibration

TEh analysiz Display

Zawve the caleulated data
I’eport / EXport REE Corr, Coef, li Uncertainty b et
patterns same as Int A Format report cowver
225 ’ HISIEER Format report data ]v
T . Slope Format fare table | -
+ Uncertainty, setting Export intensity
the uncertainty for p — | Export repert et
Export EEE patterns
the final report. " Eaperiential Correct tient

+ Format report cover
/ Format report data
/ Format fare table,
formatting the cover,

™ Siraple Linear Fit
" Content-weighted
[ Time-drift correction

(" Delate ome STD complatelsy
" A&dd all STD of one element
" Recover to defanlt

Comments Confimm
data and charging
notice for the final
repott.
+ Export intensity / :
Saving path |E:UCPMSDataQUlDSolut10n
report / R E E Fils e |51003_Repont (EHE
patterns, ?Xportmg Ermg T o
the intensity data =)

. Lralyzer ’—
(specifically for T
LA-ICP-MS (] 50964 _S1003&04807 S IREIT! Date [2010-1-20
analysis)’ ﬁnal [~ Samples were prepared by the owner
report and REE
patterns. Mext
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2.4.4. Menu of ModelComponent

This is
designed for

specially
LA-ICP-MS
analysis and calibration with
method of MRMC-AYC to
set the model component
type of the
(e-g.,
carbonate, sulfide).

analyzed

minerals silicate,

TEA analysis

Corr. Coef. Ii
Intercept Ii
Slope li

i [~ Al
" Eaperiential Corect
¢ Siraple Linear Fit

" Content-weighted

[ Time-drift correction

E Hulti-—standard calibration

Dizplay Sawe/Export

Comrments

MadelComponent
Matal
[~ s Ozxide toent
i W =
Stands  Carbonate

" Delete one STD of one elerment
" Add one STD of one element
(" Delate ome STD complatelsy

" Ldd all STD of one element

" Recover to default

Confirm
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3. Getting started

3.1. Element content calibration of TRA

ICPMSDataCal provides two calibration methods for element contents: (1)
multiple-reference material calibration combined with internal standardization
(MRMC-IS)(Liu et al., 2010a, J. Petrol.), and (2) multiple-reference material
calibration combined with ablation yield correction (MRMC-AYC)(Chen et al., 2011;
Liu et al., 2008). Sample type or model component must be correctly set for
MRMC-AYC. Detection limits of element analysis (LOD) by LA-ICP-MS are
calculated using the following equation:

Chm
CPSky
Element contents can then be calculated and checked in the window of

“Multi-standards calibration” (section 2.4.) after finishing the selection of signal
integration interval.

_ i
LOD =3e Gbackground X

i3] D ESD RSV BAD WL TAD ERO ®OW WD Adobe FORD) =L &
[ Calibenticn Figum of Cadd 1
TOEM L1
—e— MAYITBLL
- MAYOTBILIL
AOED1 MAYOTBINZ
105
SOE01
3 sopm
i
i [ T T LT LT T T r
H
£ o
| Mudth-standards calibration ==
095 b | TRA snalysis Display  Save/Export ModelCompanent - Help
Com Coef. [ | 000 ™ Uleeed 529 an normmalizing slemest
10E-01 r 1 . .
Intmpoapt L P vl |
Sape sk [FTEES -
El i
O0E00 4 - . - - . - . . (TR ~ Dulals e STD o I ) PO
- 8 5 m = pes = = = o B i by b s Mot iy
S h o . = I -3 = g T Exparientill Cotrect T Add o 5TD of one bmend VR BRI ST 208
E E = = & b X = = ™ Sk Lineat Pt ™ Dalele cne STD ccmmpliely
Chtied iy © Conteat-wighted T A3 AlISTD of ot slenutnt
& Howtion " Recoverto dfit 7 Nosction
* 1Bl & IBCR-2G o IBCR-20 MEHVOXS e JEMVO2G SBER-IG & TBIE1G
Confim
L L ] 1]
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3.2. Zircon U-Th-Pb dating & element content analysis

Liu et al. (2010a; 2010b) developed an analytical protocol for U-Pb isotopic
dating and element analyses of single zircons analyzed in situ with the LA-ICP-MS.
ICPMSDataCal allows the rapid reduction of these data, calculating element contents,
U-Th-Pb isotopic ages and plotting a concordia diagram. The significant U-Pb
fractionation necessitates selecting the same part of the signal (relative to the rise-time
of the signal) for standard analyses and unknowns, which is set as a default option by
ICPMSDataCal. The detailed description of calibration strategy of isotopic
fractionation and uncertainty propagation were reported by Liu et al. (2010, J.
Petrol.).

3.2.1. Setting of U-Th-Pb isotropic dating

PEmD SEE EEG EAD WU TAD BEQ ®OW WmE Adebe PDRD)
B RIS PAUE PWTRD  Commant .
S v B
CECD0 M0 s D062 1073 GELIE Cald
DECHDUZ S1500sd  L0TIE LOSET 0TI 10857 -

il
E] TR Ea Yo

EotYe

SO0 I06LY LOME 101 105 Geeldia P 3 20 P T T INURNTh == =labegl

LM Gl WAF  GWOD GG TS L e
pECHs Gl T T T [T o
pEcmms Gl A W7 Wk WA | |
LECHT G GG BOLE 6D 450 - Y
LS Gl 6T WS 64T s 'l
LS G G4 B3 WEI S “‘ TR "hl‘
LCHI0 SIONM LIOMD W0ME M55 10050 1k AT W
TSIl SION WD WTEL %S 1055 AT T
LG G M7 A MWEL G35 1B fmemeg R4
LS G WEIEMD WEA  EIED o | | i
LS GHL wAE G2 - | '
LSS G e s 6 i | ’ AI‘
LCHlE GHL GeT EX3 BIE w6 = \ | p——
LCHUIT BIOGM LDME W70 183 1000 g |
TCHUIE SIGM  L0ME WSS 10857 102 wan | | [
DECHUIG SEMEI0 e D53 1408 GEID | I

u ! I I

e P S
L\/signal selection of 91500 == & 2 R R § & 8 B 8 & &

setting ispley Filtering  Save/Bapart  Help

Timm -
= =4 Al 105
I~ Sheren
=
Fel4hotal Fe
Hommalzed to |%  Concordanes

00

ral | g 60

] 15 :1: 2 Lo Co Pr W Sm Bu G Te Dy Ho B Tm ¥ La

Time-resolved signal and ratio variations, calculated isotope ratios, age estimates
and age uncertainty estimates are displayed in this window. The position of the
analyses on the Concordia diagram and REE pattern plot is also shown.

The position and integrating length of the background and sample signals can be
easily changed. If the integrating length was set to be fixed, the start position of
sample signals can only be changed, and the total integrating length can be set by
“Integrating time” slider bar. If signals of one analysis of reference zircon for
correcting isotopic fractionation are probably wrong, it can be easily deleted in the
dialog box of “U-Pb Isotopic Dating” (Section 3.2.2). Common Pb can also be
corrected using the counts of “**Pb by this software, which is generally useful for the
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high ***Pb sample (e.g., titanite). Common Pb correction using ***Pb could cause large

uncertainty for the low “**Pb sample, and thus is not recommended. Common Pb of

low ***Pb sample can be corrected using ComPbCorr (Andersen, 2002, Chem Geol).

3.2.2.*U-Pb Isotopic Dating” window

Reference  zircon |0 U-Ph Isotopic Dating BT
(e.g., 95100 or GIJ-1)
. Zircon standards Comenon Pb Correction
used for  correcting

-
[ Conected by 204Fh

Corr at Iula

isotopic fractionation can
be freely changed using
the list box of Zircon

|91snn j

Standards. As the default, Cancel = &
all analyses of the | | Fmmmmes
. Validate ‘
selected reference zircon | | |
are used in correcting Uncertainty of external standard Corarnon Ph compositions

isotopic  fractionation.
Anyone analysis of the
reference zircon can be

v Use 1z of the preferred ratios

206Fbi204F0 1= 700
20TPR204Fh |5 g0s

deleted (added) using the | | < | || 2osre0aRs o
button of Cancel
(Validate).

Uncertainty of preferred values for the external standard propagated to the
ultimate results of the samples can be changed using the slide bar of Uncertainty of
external standard. 1o values of the preferred ratios are used as default.

Common Pb Correction: Correcting the common Pb using the measured P
Hg™' or Hg?™. The common Pb compositions can be manually changed or
theoretically calculated (default setting).

204
b Al

3.2.3. Element content analysis in U-Th-Pb isotopic dating

Please see section 3.1.

3.2.4. Export data of U-Th-Pb isotopic dating

Please see sections 2.3.4. and 2.4.3.
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Standard bracketing and linear fitting of adjacent standards are applied to correct
the isotopic fractionation by this software. If the external standard was analyzed
once (=2 analyses were suggested) before and after the samples, the age results of
the external standards will be always the preferred values. Thus, it is suggested to
set the signal integrating intervals of external standards (e.g., 91500) according to
the signal variations rather than the calculated ages.

In addition to the U-Th-Pb isotopic ratios, ages and element contents, error
correlation coefficients used for plotting Concordia diagram were also given in the

final report.
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3.3. Zircon Hf isotopic analysis

3.3.1. Signal selection for zircon Hf isotopic analysis

Signal selection for zircon Hf isotopic analysis is the same as U-Th-Pb isotopic dating
and element analysis (Section 3.2.). The following two windows can be easily
changed using the display menu of “Signal selection”. Ages of bulk continental BCC
and DM in the figure of Age-¢Hf{(t) can be reset by “Reset the ages of BCC and DM”.
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3.3.2. Correction of Hf isotopic fractionation

& ‘“Zircon standards”:

|:I| Setting of Hf isotope calculation
SeleCtlng the zircon Hormalllzer Administrator Information

standard for

. Zircon standards —3 Calibration and Correction
calculating

[ External calibration

fractionation factor Comparison between the standard and sample W Tite-drift comection

(FF)(only for a 91500  Hf20081206E 4 TR
iven sample) and T

g p ) . FF by 179/ 77HE | -1.3548 _ Reset Hi isotope
external calibration. QCEASTD

FFhy 173/171¥h | -19843
FF of each sample LE
(red box) is rrey1ranmive | 20670 [ I -

Cancel
calculated according — e zitcon standlaxd to caloulate the |
to the measured fractionation factors Validate
isotopes of Yb, LU | uzp. practionation Factor (9
and Hf of this
(R )
sample to correct Y (R o log
i R o M= log - o log] - 2] y R
interference of '7°Yb we = Rt ¥ 1y | s I R VT oo M2)
176 176 °2 31
and "Luon "Hf.
- ?l
+ “Use zircon standard R _ 0.7325(Blichert - Toft etal.. 1997), 1%_’ = 1011318
F L i i MI1T73
to calculate the | |;onon ) oyspiicher - Toft eral. 1997) oy Lol
fractionation i i
‘BB _y <964Blichert - Toft et al., 1997), 2 00585
factors™ FF . 1.5264Blichert - Toft et al., 1997) Yo 1003851
calculated according R, 20,7876 (MeCulloch et al, 1977, GCA)
to the zircon R = 002656 (Blichert - Toft et al.. 1997, CMP)

standard (e.g., 91500)
are used to correct interference of '"°Yb and '"°Lu on '"Hf. Effective signal
length and ablation rate, and thus mass discrimination caused by laser ablation
may vary from one sample to another. Therefore, it is not suggested to use the FF
calculated according to the zircon standard unless Yb and Lu contents of the
sample are too low to correctly calculate FF.

+ “External Calibration”: Calibrate Hf isotope ratio against the selected zircon
standard if it is checked.

4+ “Time-drift correction”: Time-dependent drift of mass discrimination is correct if
it is checked;

#+ “Rest Hf isotope QC”: Reset the standard used for external calibration and
time-drift correction;

+ “Cancel/Validate”: Delete or add the selected QC standard in the blue box;

+ “*FF: Fractionation Factor (f)”: Show or hide the detailed information about
calculating fractionation factor.
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The detector settings of different MC-ICP-MS instruments are different.
Isotope sequence analyzed by the specific instrument should be correctly set in the
following file for Hf isotopic analysis with Nu instrument,
“...\ICPMSDataCal\PersonalizedSetting\AnalyzedElementHf.txt”

Exponential rule is used for correcting Lu-Hf isotopic fractionations.
Interferences of '"“Lu and '°Yb on '"Hf are corrected according to the
recommended '"°Lu/'"’Lu (0.02656, Blichert-Toft et al., 1997, CMP) and
76y /'3 YD ratios (0.7876, McCulloch et al. 1977, GCA) and measured signals of
"Lu and '”Yb. The detailed description of calibration strategy of isotopic
fractionation and uncertainty propagation were reported by Liu et al. (2010, J.
Petrol.).

Rtrue
2) R M2 log R
M measured
Riuv=R * —— | =10 Y iy (R e e | (S R ey B g sl
true measured ( Ml ) g( j g( 1 j

M2
measured 10 .
g(MJ
R, M/THE — 0.7325(Blichert - Toft et al., 1997), M7 gitats
M177
Ry =1.1248(Blichert - Toft et al., 1997), A i ar
M171
172y /17y 55 n M 172 A
R,./®""Y0 = 1.5264Blichert - Toft et al.,1997), oy ~1:005851

R, Y'Y — (.7876 (McCulloch et al, 1977, GCA)

true

R o ™ =0.02656 (Blichert - Toft et al., 1997, CMP)

true
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3.4. Data reduction of melt, fluid and mineral inclusion

Sample type must be set to be “Inclusion”, as shown in the following figure.

E ICPESDataCal — Initial Setting

Calibration Inforraation & nalysis Information
| e [¥SHLI |
EE:I ~ |Ag:ilmt j|csv j Sarrple type
EICPMEDataCal - .
SV Example - ment Q
T 7 fide f+ U-Fb age +element content
External standy Silicat
% JAN23HOLD "~ TR elerent content =
T&NAZH02.D
~ 7 . S
D TANT3HTE D Zircon Hf isotopic ratio
[C7aN23H04D 3 ¢~ Fh isotopic ratio Analyzer
i
JAN23H_LIST s r Sarple 0wner |Optinnal
J&NI3H_Report_t)xds
JANZIH Report tis s (" Caleulate Fract, Factar
HE Microsoft Fael TTERR s i i Prefix of data filename or Lnalysis Ho.
[ Load pre-existed setting
THHZ3H
(™ Solution analysis
=
' CaloulatinniCalbration
-A_l]m BRE WEM WAD WD IAD EERD ROM MM Adobe PORE) -
La? Hald Hed Al —— L) — L Cadd Sl e il

1Es07 53
e e« = s |
s || I Entmgrationg time: 23 (31}
| . [F <l :
: H A raedre [ 075 | (GO -]
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. f .
! . Bost 4| | »E—
4 1 LA BoEsd o | o[
B 1B -._,iA_J\:,aV,V\.»___l‘I\J. 5 ims-,mﬂ | J ﬂ H|
p At i MM End 1« | »
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3.4.1.Signal selection of melt inclusion analysis

In addition to setting integration intervals of BG and inclusion, integration
interval of the host mineral is required to be selected in the dialog box of signal
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selection for melt inclusion analysis (Section 3.4.2).

3.4.2. Calibration of element contents in inclusions

Setting for
quantitative  calculation
of element contents in iy : v |

necertainty =
the inclusion could be :‘
done in the interface of
“Calculate
I 1 . n/H . . Telete redundant data
nclusio ost ration”. W Calenlate Inclusion/Host ratio
(“Delete redundant data” Multi-standards ecalibration
could be used to delete

IR Signal Selection — SEE 610

S%8 M Nisplay Filtering Sawe/Export Help

Fixed integrating time

the redundant data of | Bc st « J N
host mineral.) BO End 4| J W
The inclusion type | tnisiat « | [ T
and  subtracting  host | gl J o
method @ust b'e firstly T J R
selected in the interface = =
SIG End 4 J > v

of “Calculate —
Inclusion/Host ration”.

The contribution of host mineral could be subtracted using one of the following
parameters: count of selected isotope, content or partition coefficient of one element,
element ratio, Kdrenme If “Use same matrix for all inclusion” is checked,
contribution of host mineral is subtracted applying a specific analysis of the host
mineral for all inclusions.

n S5ulfide inclusion &|

Select internal

Inclusion type Subtracting hest Help

standard (B'qusal - Coraporent for norrnalization
bulk Sahth)§ 100.00 xofFexd [ 100
MRMC-AYC IS' BS5 = Bulk salinity: BC = Bulk component
used if BulkCom 1S | /ool

Elerents for subtracting host Siicps) Hosti{Host+LT)

r | om WEE
/

selected.

Gimen wvalue

[Jge same matrix for all mclusio

T

If count is used to subgract
the matrix, element with
extremely low content in

the inclusion should be
selected.

Theoretical or .
Proportion of

measured value. i
the host mineral

in the mixture.
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® If content of one element is used to subtract the contribution of host mineral,
normalization method must be firstly set to be BulkCom (i.e., “MRMC-AYC”),
which is mainly suitable for mineral and melt inclusions;

® [f the content of one element in the inclusion is very low but high in the host
mineral, contribution of the host mineral could be subtracted assuming the
content of this element (or count of one isotope of the element) in the inclusion is
zero, which is suitable for all kinds of inclusions;

® Partition coefficient of one element and element ratio is suitable for subtracting
contribution of host mineral for all kinds of inclusions;

® Kdremg 1s suitable for subtracting contribution of host mineral for the basaltic
melt inclusions, and Kdrewmg values are generally set to be 0.3 +0.03.

Metal element contents in the melt or mineral inclusions can be quantitatively
determined by internal standard normalization (MRMC-ISN) or ablation yield
correction (MRMC-AYC)(BulkCom) methods. If MRMC-AYC method is used,
Fe*"/TFe ratio (x value of Fe,S for sulfide) must be given. Metal element contents in
the fluid inclusion can only be determined by internal standard (IS) method. IS could
be one element or the bulk salinity (BulkSal).

Please see section 2.4. for multiple-reference material calibration, data checking
and final data exporting/saving.

The element compositions of single fluid inclusion were determined according to
the bulk salinity using the method of Heinrich et al.(2003). The bulk salinity is
assumed to be the sum of all metal chlorides. The equivalent bulk salinity is
calculated according to the following equation: NaCl equivalent wt.% = Cnac1 +
0.5 * [Ckc1 + Creciz T Ccaciz * +.-..... ] (Heinrich et al., 1992).
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3.5. Calibration of solution-ICP-MS analysis data

P4 ICPESDataCal — Initial Setting %

| =Je: [YSHLIT] Calibration Infommation Lralysis Inforation

[N -

e [gitent e <] | Suwbtme [Whobod |
EAICPMSData

& 20105alution Elerent QC _3
[L]50964 S1003804807 FHAH T1-Fh age + elernent content _ _

D winn7 02 00EERESTHRA External standard for isotope ratios
[ #ieiree

TR elernent content

1500

Zircon Hf isotopic ratio

~
~
-~
" Ph isotopic ratio Analyzer ﬁ
-~
~
~

Saraple owner Optional

51001 CalibratedData xls
31001_Report ZEW AR, e
51001 Report ZEEW XD B Frefix of data filename or Analysis Mo

Caleulate Fract. Factor

51001_Report_#Xd ¢ 5T ) [ Load pre-exsted setting
31001_Report X074k R (& F
S1002RE xs
S1002EF_CalibratedData xls
S1002RE_Report #0FERE A2 s
51003 s

31003 _CalibratedData xls b

S1001

(v Solution analysis

f+ Rock standards

" TvTulti-elerment solution CaleulatinniCalibration

Rock standards: calibration against multiple external rock standards (e.g.,
BHVO-2, AGV-2 and RGM-2); Multi-element solution: calibration against in-house
standard solutions. Please input the right name of Element QC if “QC” is not used.

® At a click of the “Calculation/Calibration” button, correcting time-dependent
sensitivity-drift,
calculating/calibratin
g element contents

E Hulti—=standard calibration

Dizplay Sawe/Export ZSetting Help

and drawing REE Com Coef. li -
and SPIDER Intercept Element |17238 || BT Arehien,
diagrams will be Sy [T | st [{RIARK
conducted
automatically. " Mo Calibration [ A1 " Delete one STD of one element
" Eaperiential Correct " Add one STD of one elemrent

® Check the ™ Siraple Linear Fit (" Delate ome STD complatelsy

calibration line of " Content-weighted " &dd all 5TD of one element

N . ~
each element. (See [v Tirne-drift correction Recover to defanlt

section 2.4.) o
OIIITTI

® Save or export the
final report. (See section 2.4.3.).
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3.6. Change the saved calculated data

The saved calculated data can be revised by the following two methods: (1)
Select “Change calculated data” in the “Main Functions” menu of ICPMSDataCal
window, or (2) Select “Calculate raw data” in the “Main Functions” menu of
ICPMSDataCal window, and then load the saved setting using the file of “Prefix of
datafile Setting.xIs”.

IR IcPESDataCal 7.1

UESETNAERSEN Tips for signal selection References for eciting Help

Calculate raw data off-line Ctr1+R

ats CtrltC
Calenlate raw data on~line

s » element composition
Element periodic table p 2 2
Caleulation coefficient of element and oxide Th‘Pb ISOtnp'C danng
Pb isotopic ratio
Hf isotopic ratio
Software for data reduction of LA-(MC-)ICP-MS

i i -

ESelect the calibrated data file

& LA&-ICP-IVS Analysis

FSEA ¢ Solution-ICP-MS Lnalysis

EHICPMEData
&r LAICPMSData

200909301 _DataSurmmary xls
201004185 _DataSurmraary xls
ATIGO2A _DataSurnrary xls
ATIGOTC_DataSurrrmary . xls
ATGAD DataSurnriary xls
DEC13C_DataSurnnary xls
DEC14B_DataSurnnary xls
DEC14C_DataSurnnary xls
DEC14D_DataSurarnary.xls

b4

E ICPESDataCal — Initial Setting

~ Caltbration Information —————  Lnalysis Information
| &e: [vsHLIT |
CAE IOptimass jltms j Sarple type IZJ'rcnn vI
A ICPMSData

# U-Ph age +element content

External standard for isotope ratios
" TRA element content

" Zircon Hf isotopic ratio

" Ph isotopic ratia Lnalyzer I ,l

" Mdisotopic ratio
DEC14B Sett P L Saraple owner IOptiDna.l
DEC14C Setting CSV Sz

DEC14D_Setting CSV Caleulate Fract, Facta)
TUL14A Setting CSY

TTTN30E_Setting CSY
MARDLE_Setting CSV

SEF14D_Setting CSV Solution analysis
L ]

€ Ilulti-element solution Calculation/Caliration

Prefix of data filename or Analysis Ho.

IDECHB

v Load pre-existed setting
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3.7. On-line calibration of LA-ICP-MS data

IR IcPESDataCal 7.1

UESETNAERSEN Tips for signal selection References for eciting Help

Caleulate raw data off-line Ctr1tR
Change caleulated data Ctrl4C
Calenlate raw data on—line ay s
e et T Aot Trace element composition

ement periodic Al L] : » 2
Calculation coefficient of element and oxide U'Th'Pb ,SOIOPIC danng
Pb isotopic ratio

Hf isotopic ratio
Software for data reduction of LA-(MC-)ICP-MS

Sulfide/Carbona

&PMR CUG

Authorized user: Yongsheng L (CUG LAICPMS)

Copyright belongs to Yongsheng Liu, the State Key Laboratory of GPME, China University of Geosciences, 2008
Please wisit MEN (hitp Mcpmsdatacal groups hive comdy or Q0 (40230239 groups for update and more information!

Select “Calculate raw data on-line” in the “Main Functions” menu of
ICPMSDataCal window. The LA-ICP-MS raw data can then be checked and
calibrated “on-line” if the software is installed in the computer controlling the
ICP-MS.

In the mode of “Calculate raw data on-line”, the raw data of each analysis can be
loaded by click the “Load Data” button in the window of “Signal Selection” (The
complete analysis sequence must be built before loading the raw data!). The other
initial setting and operation is the same as section 3.
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4.

(13

P ke B0 WEW BAD HERo

Maintenance and personalized setting

® Add more instrument:
. \ICPMSDataCal\CommonParameters\ICPMSInstrument.txt”

® Add sample type:
“o \ICPMSDataCal\CommonParameters\SampleType.txt”

® Add laboratory assistant:
“o \ICPMSDataCal\PersonalizedSetting\Analyzer.txt”

® Add isotope standard:
“o \ICPMSDataCal\PersonalizedSetting\IsotopeStandard.txt”

® Revise the sequence of analyzed isotopes by Nu instrument for Hf isotopic
analysis:

“o \ICPMSDataCal\PersonalizedSetting\ AnalyzedElementHf.txt”

® Revise the length of datafile for
LA-ICP-MS/Sol-ICP-MS analysis

“o \ICPMSDataCal\PersonalizedSetting\DataFileNameSetting.txt”

prefix FEB26A)

(e.g.,

® Add standard for element content or element of standards:

...... \ICPMSDataCal\CommonParameters\InternationalMaterials RCV.txt”

180 #H&eD) &M #EIH)

4 | B C D E F G P 1 |
1 |Mote Mote Trpe Reflls Marnel Harne2 il Silwrtie)  SI0E0w
2
3 |Blank Solntion  Flement  Ref BLANE Blank 1] 1] 1]
4 |&ndesite Solution  Element  Ref AGY-1  AGY] 205077 275077 58 24
5 |Andesite  Solution | Element 1s GV AL 058
A [Andesite Solution Element  Ref AGY-2 AGV2 277000 217 593
T |&ndesite Solution  Element 1z LGYV-2 AGV2 035 07
2 |Pasalt, Ha Solution  Element  Ref BHVO-1 BHVO1 233460 50 2334605 49 94
2 |Basalt, Hay Solution  Elerent  |1s BHVO-1 BHWVOL 0.54
110|Blank Lager Elernent  Ref Blank BLANKE DI ol 1]
111 | Glass Laser Elernent  Fef BCR-2G  BCR2G 254320 1 544
112 | Glass Laser Elerent 1= BCR-2G  BCE2G 170 04
113 |Glazss Lazer Element  Mote BCE-2G BCRIG

114|Flass Lager Eletnent  Fef BHVO-23 BHVO2G | 2304775 423
115|Glass Laser Elerent | 1s BHVO-25 BHVO2G 4467 .5 01

116 | Glass Laser Elernent  Mote BHVO-25 BHVO2G v i
117 | Glass Lager Elernent  Ref BIR-1G  BIR1G 222062 5 415
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® Revise the default folder for saving the calculated file:
“o \ICPMSDataCal\PersonalizedSetting\Setting.txt”

-

| Setting - iBFE+ || - | (eS|
IEE #wEE B =F RN
E:WICPMSDataLaser ICFMSDatalal *

E:WICFMSDatah200950lution

® (Customize the content of final report:
“o \ICPMSDataCal\PersonalizedSetting\LaboratoryInformation.txt”
If a specific report format is required, please contact with the author.
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