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1. ICPMSDataCal &4 B &3

1.1. ICPMSDataCal {4

ICPMSDataCal 3k Visual Basic & & 4%if#, 456 Excel M50
ABSEIL T XY LA-(MC-)ICP-MS 43 #7 (BB XA TR 45A %
U-Th-Pb {2 H1 HE 4% %99 Lis Sr @£, YKk SN-ICP-MS #%
ROHT) BERRER. A RIE. ERH R AGREGH I mE R L. Haj
& P (MC-)ICP-MS 384345 Agilent. Thermo. Elan. Varian. Attom.
Optimass. Neptune 1 Nu Plasma.. Y8 {#i f # 2 4t At 515 (MC-)ICP-MS
SIATEHE, DR ASER A58 VS BB AT 90 R o b At ) R A Bk A (i
Glitters GeoPro fil Lamtrace %), A#MH4A L FCA/ Fifa:

+ FERETRERIE L, BRAEGENRIMA+NRES, BT NS
AN IMbR- PARE VRT3 TSR A v A JEE 43 AT RERR #2474 (Liu
et al., 2008a)\ BEELEH #(Chen et al., 2011), Tij BT PAWERIS BT AL
Y444, Gao et al., 2010)%;

+ 4IF T Glitter 4.0 7£ U-Pb 4ERRE V0 45E (Liu et al., 2010);

+ XFEA U-Pb R @A+ E TR FN A8, ST es &8
WG R R, TG AT A, AR T TR, W HRE T
MR TLER A A U-Pb SRR EGX Bk (Liu et al., 2010a);
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WY 8a HE FAR LA-MC-ICP-MS A8 A Bz g (Liu et al.,
2010a);

BT B4 Sty Li [AfLE LA-MC-ICP-MS A #dfi Ab BEXhBE 5

A AL BEEAANEAR [ AR BRSBTS AT B 5

H 2Bt i (RILAFRTER /) , IR 75 ZUE R TIN5
EEEHE ERAT Z5Me S EREALMEE T

LEEER NS, AT RAXE AR R T2 3 RN AT AR IE 5
AT 2 AT B B REE B2yt JOR A6, 38T DA IR R
i, O B B AT A R A% KAk 5

BT AT LA-ICP-MS 3 HrplLERR 5 Ik i i 2209 2348 R 7 B s i ST sk

1.2. BpLFEMEH

1)

2)

3)

TEAN AR T DL B %3¢ Microsoft Excel.
M QQ (40230239) m ¥ E W o M W ¥

(  http://www.samplesolution.cn/download.html ) T #

“ICPMSDataCal” 453 G REE I EAE R EME. BT HHE,
BT AERE L H Al “ICPMSDataCal.exe” e o
12177 “ICPMSDataCal” , HRIEnR{EE ZRHM:-

a) AT ANHPE

TR

b) R FH A AL B B e Fw
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Bifi U-Pb/Hf FALR RAGRICR L, WIwr DL RIEM R AR -

HEA EMERIRAE DR, ks B, MW FRAER -

Information for the new user

\_?/ Do you want to use the individual wersion (mo registration and limited funtiom)?

EEREBRAED, Wadh “R” WS AaEmmA. M
“ET NP T IRRME B SRR RS BB A R sk
“Useridrecord.txt” KiAZMRHEFH (MU TAES FE B RA )

ZWEM . “Useridrecord.txt” Xfff1 ICPMSDataCal.exe F#2)3

BT — AR

Important Information

Pleasze sen d the file of USERTDEECORD. txt in E:%ICEMSDataCal to the author (yshliu@eug edu en or wyshliu@hotmail. com) for registration!

P Useridrecord — i2dia |Z||E|r5__<|
TFE REE BAQ FEFW BRa
Please send this file to the Author for Registration? -

80:22:68:18:B7:DF
SE924B11345AHSUNG HHMCOE2BG8HUP-AUA1BB7 848182

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

< |

c)  JEMHE I T AR AT B 2 i S RE A AR

| w
I|<|

4) MEEPENA, ERRENSIR, iR “ICPMSDataCal”
ST AR, B “Setting ICPMSDataCal” XFHER, M4 NELF

BREMBRALER AR E R (ETB%), KRBT B LML
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Laboratory name (4~ A P ig#%$E CUG user), i Next sgiliix B

BIRT A A

#E setting ICPMSDataCal

j Flease set the defanlt folders for saving the caleulated data file
Default folder for solutoin analysis data

&5 ICPISDataCal
D CalibratedData L&
[C ] CalibratedData_SOL

|F ICPMSDataCaliCalihratedDiata SOL

Default folder for laser analysis data

(£ CommonParameters
[C] PersonalizedSetting
[V _Esarple

D V_PreviousVersion

ave

|F ACPMSDataCal\CalibratedDiata Té

Lahoratory natoe

Mext

"

5) MWk ERFE “ICPMSDataCal”

G AR AR AL BE A P B -

(B PRAERE) BT, RIRIJT
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2. ICPMSDataCal P A H

2.1. WIspEF

II.E ICPMSDataCal 11 for Excel2016 <<<< CUG LAICPMS >>>> Yongsheng Liu X
MainFunctions SignalSelectionTips ReferencesForCitation ResetUserType UpdateRecords ®IZiE Help

ICPMSDataCal G

5
Major & trace element content :tllﬂfl‘ﬁ
U-Th-Pb isotopic dating
Li, Sr, Nd, Hf, Os & Pb isotopic ratios

Bulk analysis

Mineral & Glass

Melt/Fluid inclusion

Sulfide/carbonate inclusion LA-ICP-MS

Software for data reduction of LA-MC-ICP-MS
SN-ICP-MS

Copynght belongs to Yongsheng L, the State Key Laboratory of GPMR. China Umversity of Geosciences, 2008

#+ “MainFunctions” 3#di) “Calculate raw data off-line” FPLAb##
AR ; “Change calculate data” D&t B S W17 38088
“Calculate raw data on-line” FEZALFE LA-ICP-MS 43 #r 895 ;
“Element periodic table” BRIICEERFE; “Calculation coefficient
of element and oxide” %o K HAY 2 W R EL

4+ “SignalSelectionTips” 7EALPHE LA-ICP-MS 4 Ardiit, *Fk80riE
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SR IX TR ) — S SR E R S0
“ReferencesForCitation” 1§ B A & 18 SC i B % 51 F B SCRik o
“ResetUserType” M5 F 3580, M S o5 SRk ok v 75 R

“UpdateRecords” B RMAFHEEHNE

R SR R

“ti3/English” FEr SCRISESCH 2 Y14

2.1.1 Initial setting X iEHE

7 EREH “MainFunctions” 3¢ B i ik £ “Calculate raw data

off-line” HBUZXIHHE, FTABERIEGE AHrE B SR AR

|/ IcCPMSDatacCal - Initial Setting ST Thermo X2 1 2%, $a a5 X ‘
H I~ = /N AH

[ s = Catibration Information \__ 9 7€ 13 L[] — 3L H

=) d: [yshliu v

E3D: | Thermo X2 EWF% type Element QC
£ICPMSDataCal Sios | | [Zimeon ~| |SESESION - |
=3V _Example QC standard for isotope ratios
£ ThermoX2 (¢ U-PbAge/Ele. Cont. [~ SP [o1500 -

_ ThermoX2 csv_Age e Analyzer Sample owner
~_«FA Isotope Ratio I j |0ptional

" Calculate Fract. Factor * Prefix of Filename [ Name of First file

e

LN QLA €T

File of Analysis List

" Solution Anal.
MARII Listxls
- | T~ Oxide/Hydroxide Interfer. Corr.
"fh@c%$ﬂmﬁd{£ﬁ e :
F sl it faks Calibration + Correction

RS S BBy K o3 i 2R 6 A N\ (58) B H o R ILR A
SRR AR AR (UE B EIA S GSE-1G B SRM 610, #iliA
QC), LN NAS IEA BRI A AR A 45 o JEAT U-Pb R AR W7
M FEIEREAE MBS A M (I 91500), FIF FIALE b E BRI AR E -
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+ R R HAEER R, Thermo X2 {37 AEA 7S A B Btk X
(csv A1 fin2), WARPTALIALR 3, Sk “AlO”!

+ BPRBHRESRG, Hifi “Calculation/Calibration” JZ17H%, H
e R BUEEBALIE TRA (5583 XA BUEIOR & BMFE AR
SEIRFIZ L 2% REE Al SPIDER [, 38171 -5 73 HrR i A 80Kk W
SR AT R o

))
E% {E4b 88 LA-ICP-MS S 21, Tt RSt , 178 Je44 50t

JPHIVA <Ak _List.xls>fr% (4, JUN12C_List.xls) {RAFAERIE AR e
SRR, B R A BB <3RSk _Setting. x1s> ¥ D1 B H SR e L
fhR.  “SCML” REERB TR, ARHB 7 & 7 SRS, HARE
A “nnnnEnn” (41 1219E01 ## 1219e01) HER.

JUN12C_List.xls

Spot No. Sample Spot size HV Energy Rep. rate
JUN12C01 GSE-1G 16 26 60 5
JUN12C02 91500 16 26 60 5
JUN12C0O5 DMP552-01 16 26 60 5
------ Spot No.fil Sample 35 P H

Spot No. A GURIRAE HBCR Ak & H—3L ! !
Spot No. Wi BRI 30 245! !
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2.2. BN{E SRR

WRRIEAA R E BT H SR, MBI E S kA .
BHARAE B E ARG TRA {5 52405 D AME 5 BEE R HE.

(EE P Sy

@ﬂmmmmmmmwmw _ax
—D — Bi1 €1y Nl Mgl Al — —1 K5 Cawl
Bods Tidd Vi [+'LH MaS¥ FaST Cotd Wi (=1 Intd
CaTl Baes %) i 0 el Mot caly Ialls Sallt
Cal3] = Bal3T L Cald0 P4l HaL8 SmldT EalSt 4! ™
Dyléd = Holss Exl6s Tmls9 T Lal7s HA™S Taltl wisz Asl§7
s — mooe TRINS e U gl —rh
1E=05
1E=08
sear |\ Signal Selection - SRM 610 e
BHEE DTRE SBRE BF/ENSE B
e IPlease write note here! *
s B Beo AL 405 (62)
1 Bed vl IT 4 3
o oo [0 | ]
wEA—kE | 100 %
1E-03
AT o '
1502 LR« | » | FisedBG
= ABG
| (- E25 1 I gjais
1801 fgestE » -
E-00 . — - — - - = J
¢ w o » w £ w 0 0 w0 e

EHE.

PRI

73]
0EL4 | joasd
8137 aa4s
siza| TER
[T N

6047 4641

IPlease write note here!

T e Pep— - e Pe—— o
A S s g S

g R

I Na23 53818 30s (73)

- m—— ] 0] i —
Fe2+toul Fe [BECEERI - |
LEI—{LE % i

LR . N

weawe| | »|I” FiedBG :

wemme | p| e :

B4 « (R *
i
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2.2.1 Signal Selection & H T
B RAE T iy it I'HT/
— ) ) / 4
*_ ﬁj\‘i Slgnal Selection rLD Signal Selection - SRM 5]\ / —L&Q ;l':—llg %
SHEE S as ﬁl&‘&% /#ﬂaitum =2  ERER VAN
ﬁ l:l ?ﬁ%%m‘ qu-ﬁ*ﬁ‘ |P1=a53 write note here! H%j(ﬂ}’&
I =E Bed yiﬁﬁﬂa‘ﬁ:-‘:a (62) 7
RETEREEMES [Beo = [ 3| >
Fed-+/total Fe [MAT07BOL - BB Bz
BUN K IS, el || et [0 % B R
s | | o
SRS K ESE || weawd | o
iE2AE | o
B RIE “Integrating wasw | >

. a/ S N1 .
time/ BRI Ja SR R 1 T 9 B

FKHRTHRELBE TR S BRI, X TRHRETHRERMANGEN

Fe?"/totalFe MLff R /@ ALY Ei GAN R 100wt%) 5 G5k M E Y
PRIR AL BeALY, W B N BRIR SR SRR S GBSl 100wt%) ;
FE Ve 2 L NAE P ] UK 4 B 43 AT B\ 6 BER 45

B TCRFIRMET VLIRS R R RR e n R N S0 Si29), Ity
AR FITC R B RME_EJ5 ) Shown/Hided Be#HEXT 270 R 4T el ol .
WHE;

FEFEERG BT, #@id Integrating time 5 IR Eh 4 AT ABAE 58— 1)
B3 B i TR] B (40 265) 5

AT RREMA MR K AT A BSR4 REE M%&AE, %R
Bl 4% ) F AZS AR 5.7 DL T DA f6 5 %8 W /R A 43 A B4 1) REE it 43 il 2% 5

SRAEBIRAE T I7 HISCARE (40 99% |) B U-Pb [FIALE & 4F-Hr i i

(=100*(1-abs(68Age-75Age)/ ((68Age+75Age)/2)));
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2.2.2 TRASetting /8% B

4+ Fixed integrating time/ [# 01 Signal Selection - 91500 ><:
| B2 E TRE BESE FrEr THAsH ER
oy . v BEAEERSEE ‘ =
EBSMARBERERAEE  srommemn -
R ERS E‘“@ § 5 ]
i LT s W £ Y A o WA LEGE
AREEEE 2 |
N . s Bis AR
R, EESRBMEYN  jecesersc
[TEEAE » -3
58 2 ) E?—é‘*?ﬁj | if— FixedBG
SR WEME (AR BE) W H B il
memme| | B —
M R A= =l

*+ Reset integrating time/ &&= 53 X [ 2 BRI K5 2 Hiridk 5 A ik AR 2 X 1]

(LEEE NN ¥

* Isotope Ratio Setting/ [ i3 AR B & 7 AR AEAZ IE BB iHAE

(FEW. 2.4.2.F02.5.2 )

4+ Common Pb correction/ @ Pb #1EXfF U-Pb R B4 Ede

17938 Pb HIEHSE R 2.4.3.49);

* Setting uncertainty/ A & J8 BB BOE B 284k i B E B GBRIA R 1

Sigma) ;

4+ Delete redundant data/ R TCARZHE FRMBR 2 & BB (et

FURIE ) 5

4+ Calculate Inclusion/Host ratio/ & AEK/FEN W (KB

WA AEARREE) BRI AN EA TR S BRBENEHE R 2.6+
2.715);

4+ Multi-standards Calibration/ 24 M7tk IE P)4% Mk 1IE 5L 1 ;
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4+ Reset Integrate Interval E%{g 520 X0 Z ZRIARES -

2.2.3 Display/ B RiEE

. . . “_BSignal Selection - 91500 X |
+ Hide active analysis/ & P P —
e |
Y Hi4rMr F1 Show active RERCERE -
R - 34s (8 il
. o A SESE
M 4 / A =) — ‘
analysis/ /R H AT VA HE/ S FREE > [9E03 b -
REELSE ML > E 00%,
RE8 / o 45 5E 43 B Bk i 4 ErstaR
STEenEEEE s ]
SR STEETRS y | FixedBG
B (EfiSHAT) RIREE oo i amo
SrEERTTIS J =1

e 73 i 2k (78 REE #2550 m) ; I

+ Hide isotope standards/ [y [l {V Z Axn ¥t F1 Show isotope

standards/ i 7R [A] A 2 b v i DABRRE Bee / S8 B A ) A0 3R PR EAR IE A

#iAEam (i 91500, GJ-1 45);

4+ Hide element standards/ B& ji o6 X A #E M1 Show element

standards/ B R L FE i DAY B2/ R i G R & B IEMRAE

(4 NIST SRM 610, BCR-2G+ BIR-1G 4%);

4+ REE Patterns/TRA Figure/REE 43 fid 12k / TRA Elfi# £~ REE %k

8 TRA - Hrfs 5240 B 2 R Y14 5
#+ Ratio/Error/Age/ Wl /%% /Fit HTabHEEA U-Pb FALE &40

I, fEPAE/PRI% /A B 2 I U X AE#EAT U-Pb 4RRM AT IR0 5

+ Results/BaRoE R BREERIEMRLHRE;

+ ol — S WOR BB RS B RSN AT AR
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2.2.4 Filtering /[BI&&E B
b ORRRROR 0 U KA
H_D_Signal Selection - 91500 X
“3  sigma  rule” smeE SroE  SEGE ey SEen 8D
EEE > | =l
Sample Signal > SELECTED ANALYSIS
|X1-X| >3c (X j%l EF‘ ;[:é] ’fﬁ ’ Background Signal > HER=EIEE
e et VRS
X 3o pifE s | FevtoulFe | 05 B Auwanawrses
|xi-X| KT ScMBaRmsix " . sunReE
« VRS RIS
K 0.27%) o W Bk EE 2 wemed| =
Eggﬂ-qgj J _,,Ji_ FixedBG
sigma rule” , 3% 3T g e [ =
’ maaw | ;N =

HENA : [ xi-X | >20 (X HFH

i, |xi-X[ KT 20 MR MBERN 4.6%). _

# Sample signal (Active sample 8% All sample) FiPIA ik 44 8% B

A 53 Bt BRR R TU A BRE A5 B0 S B A T o DB R 1 DK

+ Background signal (Active sample 53 All sample) FPIXS P/ #r

B BT AT 20 A R A2 TC 2R B 1 RS 5 B S B A T A 8 R 1 8

2.2.5 SaveExp MF-fEH

4+ Save the calculated data/

RAFRE FR R AT AL B Y
R (T RH%Eh)

#+ Export report/#ith IE k5

i 22 Ab PEL R B e A B AR
(GnFIALER FefE 4R TR

[ Signal Selection - 91500 X ‘
SH2E TORE SERE FEEl GRSz E2H
s Wi FE=EnE |
EHIFURE
L EHESEE T
’T LS
EiHREEEEE

Fel+/total Fe

BEIT—{kE | 100 |%  EEmE
wesn < | C

wpame| | | FoedB
wemme| | | I ABG

asE | _-] =
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HEEE);

+ Export intensity /%l it {55 9B Frth AL BE S #9455 58 EEH0E 5

+ Export REE patterns/#iili REE thZ: & % #% Lol thZ & -

2.2.6 Paralnfor {EFHZ=%

BRIV T E 2 BE R -

r N
o Parameters used for correcting Hf isotope ratio_s_ lé]

T4 Parameters used for U-Th-Pb dating .

176H{/17THf was corrected according to 179Ef177HS, and the other ratios were corrected

i ) 7
Parameters used for U-Th-Pb dating oozl BN AL

Decay constant (Ma-1)(Jaffey et al. 1971; Le Roux and Glendenin, 19 . ) R
176Lu/175Lu (Blichert-Toft =t al, 1997, CMP) = 0.02636

235U = 0.8485E-(4 238U = 1.35125E-04 232U = 4.9473E{

176Yb/173Yb (Thirtwall and Anczhiewicz, 2004) = 0.78696

| Preferred valuez of 91500 from Wiedenbeck et al. (1993, GGE) 179H{177HS (Blichert-Toft et al, 1997, CMF) = 0.73250

Taffey, AH_ Flynn K F. Glendenin L E._Bentley, W.C_ Essling A || 172T0/1717D (Blichert-Toft etal.. 1997, CMF) = 1.32640

Precision measurement of half lives and specific activities of 235U an , . A -
173Y/171Yb (Thirlwall and Anczki . 2004) =1.12650

Phys. Rev. 4, 1889-1006. all aa Sl CYSILEE

1 Le Roux LT, Glendenin LE (1963) Half-life of 232Th. Proc Natl Mest on
|| Nuclear Energy Pretoria, South. Africa, 83-04
|

: i

227 HERFEFESTEISXEFRENMPE (HRE)

BOER P 5D ITR RS FIER S RO RE R SR TIHIR -
NTEERIA TS, RN EMBORERE B B Er . ik, FEER
ZRREWA RS EIME (W1 91500) BT XT3 Bt i A R0 IE 3R A5 IE
RMEFHR OCHAENERSFMT) . X T4A U-Pb MALRESE, TR
VRSSO B I 1) B B S PR AL AR AR IE A ERRAE I 45 R K RRERS . T HL, X
Pl S P R O 3R M B AR /NBOE RBEAAF T (J1<20pm) X U-Pb 4248 il 20742
W R . S TAESCB AR BRI R B S 8 ARICIE, RS Tk

S AT YU o
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BEREE SR X IR 3R ACH: N

R4 AT RRIAE B A BT SR SRR X (LR S A B A I ) B
RATRERIE—BC, IXAEAMARAE it A 7T LA S5t T R e e e ) (638 4318 o
FF AT EIR5 -5 DX I S 5 5/ B AT s 1A st W #3158 Gk A5 B
FARTEREPREARIT, A 39 3% w0 Bk O R i) ! !

BB RS SRS XIHHPEK:

(1) 9 TAEAMR AT SRR S 23 AT SRR 43 X IRDR AT RE— B, B 1 Mg
BHHMREESEA, RN B NHKE, DORIERSHS M
R I TR B — 3

(2) FEREER IR BERGUT, & Se i1 T DABEST [0 38 43 (RS LE g A1
FikEf (31 91500) MRS X IR 4R AL ;

(3) )5, EEERSRIAKERRT, BA AT R A EUY X TH
ARIGAE, WEREESHS X WA BIBAELE 5K BN B R4 i K
JEWA AT, MAE “Comments” HiPPAbRIL;

(4) LBREERL B IHKERE, RN IR RS 5K ENT FER 5T
I T4 BE 1 43 B B BT 1S TR 345 5 S s LRI

2.3. TREBERITHE

2.3.1 Multi-standard Calibration & X1
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WS TR EETH, K L steurem -

TRA®E STeE el SUES TIUNE ®E

A E B TCR BN IE EERS [T R
#i6 0.000¢ Bi® [Na23 | Type ~

2, DA AR 5 HE 1.0000 P14 | Bk ~
. e " ¢ WB%1_BlankNa23
T & TS NAE R Al 5\ X5 2 C BRETE  EH01_Blank/Na23
C MR C WS Blnk A
. - C ARRENE C WSSWBAkNDS [ FAE
TTHEMEHE (W Good data); - mym=pe: C RALEHRETEND
r  EEEHARE

Selecting normalizing Iem datd _

element/%FH—fL L E H it

BEXFIRLE cps B, ZBMEK R ETR (1 Na23) e it mm
PRI BH— LT 5
Element/ L& FIREAL N B n k& ME P Z LR LR (Type:

major/trace, &EHN “major” Bf, MGG HKZITTR S BAAY

wt%; IEENL “trace” B, SATHRES HAZICHE S RBNN ppm) (%

HEIAAS SE R 53 AT 45 R 5

LA-ICP-MS JEFR & & 4T i S b 1E 1% 351 -

v No Calibration: RMEAEMIZIETH;

v Experiential Correct: HR#EZ%0IE X4 & BURF € 0 AL IE it e iy A
(Slope) Fi#ifHE (Intercept);

v’ Simple Linear Fit: I H84& MM E T ST IET 5

v' Content-weighted: RH&ENEL MG 7 XNBATHRIEE (K%K
HERATTR) ;

v' Time-drift correction: &% BN & & ILR M4 Hr i 24 BT IE R
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v

HEEBIZIE .
Corr oxideinterfer of all: X{+§ %€ Wi A LR HITEAY TR IE (IX
EIXT AT o

+ Standard/betEPJ5T 1 FHE AR P brAE B SCAFR 07 i Hi B2 543 43 51

PR AR R 5T o ACRE 3 KA DR SR F I 23 BRI AT R4 D B A e it AT

RIETHEE, WRA AR AR Lo AR R oA d e, D) 5 B0 X AR 1% IR T i

BIETUMEE (PREIERMER, REAZERIE) . XMkt 4T

B HRAE:

v

Delete STD of one element (4 1_Balnk/Na23) : BIBREEA ki
BB R H—AICHR (W 1_Balnk H1f#) Na23);

Add STD of one element (%l 1_Blank/Na23) : iR #4E R84 ;
Delete one STD completely (4 1_Blank) : SR REE;
Delete all of one STD of one element (4l Na23 jfiff Blank):
BIBR RN 2 TR M EEA AR BTE AT (3 Na23 [F7# Blank);
Add all STD of one element: %5 & J03 M T AL R 5
Recover to default: k& ZAHM BN FORTS, HATERAES 51

IEVHE.

Yy~ FA
)
{EEJ%I\: R EEEELAERERS, i “Confirm” 41T DLHUUT
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2.3.2 TRAnalysissTRA 2%

#+ Calibration method /APt |l sisniras X
TRASE ZFRE SEEH SUES THOE M
\ — SHFEAFEEE > v BHMF-EAFEIE !
IERA W] DA% Abi-TC N BeETHOE E5H 5 BAGRE |
THAEESERERE EERSMFERIE -E]
B ( MRMC-AYC HE | 1:0000 A1 Blank vl
. . — ~ € T [  WHF%1_Blank/Na23
Calibration) Z4Mi-BINIR | - exsr ¢ H01_BlankNa23
C EeLitins C WS 1_BlankFiEE
y C SENENS € WPE£EBlankN23 [T FRATTE
{£ ( MRMC-ISN I REEEREE © FRZEAFERE N3
E C REEIALE
Calibration ) #i1 & B8 4p #% |Goodwa| A

(SimpMRMC Calibration)  #@sian

ReET7 e ABAFERIAR T MRMC-AYC %! RFATEA RS Rk REIH—
ATCHE R A S MCR AT I —ARAE B, DARSBRAEALSS PR 3R %Y i ) A
IEMEN (BWEFEEETR, W Si29). ARk MRMC-ISN 0
TEEENRITR, JERIERAERMANA TR SR FRIMAE R
ExF MC-ICP-MS %%

#+ Delete isotope/fHlFRi% € R LR KHATHIRZER, A THERERH—

ARIDLER BIGER, W T oA F) AL 28  B2AETT R 5 FAEI 2 Jm T DA B -

4+ TRA signal selection/TRA {g5%$¢ & [Fl<Signal Selection>%L 1 ;

Yy SFA
A )
{f SO T AR, BRI A T A AR R 4 A

Bo WA TTRME T 2N FAME, M@l Delete isotope SEHMHIER! i TG

WARTT LR FER T RE S TR s RATREFEARSEAL IR A 7= 3 X # Fe
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WrEES €SP Fe2+/>Fe b (Liu et al., 2008, Chem Geol).

2.3.3 Display/ B R3EH

4+ Results of standards/ &R  spanEes %
TRARN STRE EEEl EUES THOl 8D
. L) é:*: ». N R J-J-I_EEF-E&:‘*
bAE 45 R Z AR AE AT LS I S SRS T (et fRA— TR
STREESEASEE > [Na23 | Type |
— — vp LY [ sEHL . BRotan 7 1_Blank -
RAARRRRE RIS T | =
. . , DS J#1_BlankNa23
4+ Calibration Figure / REE SRSBRTETIER 11_BlankNa23
STFERRTETES |_Blank Fili7E
~ STmEras IR BBk NS [ FiME
Patterns / Report RJ{EAMz ;-z,;ﬁmm oo
ErSA RN EEMARE
BIE TAE & AH /REE 4k |Goodmd -

S/ 3 M R Z D) | e

+ REE Patterns &5 REE 4k, v]PLjd i Hide Analysis/Show Analysis

Wl R FeUB/ R sk G SR e AR A (A MAYO7B16) i) REE ik,
+ A REREAEEH R T ET

2.3.4 SaveExXp{RIFHiHISER

4+ Save the calculated data/  spanEes X
TRABN STeE EEEH SUES Tl 88 .
VNN . . RE AT
PR H S PRSI SCE, SHESRS AR
GSHESEE b3 [.\‘323 ;“T_vp: ;I
DA SR woces s g
. . . & [ A  WHF%1_Blank/Na23
+ Export report (intensity B( ¢ sxng ¢ SEHN1_Blank/Na23
ol [T C WIS1_Blank BiATE
C ARRENS C WRLWBnkND? [ AR
#% REE patterns) itHiIEX - syempez C FELBMEREND
r 28 : O FEEHAGE
i (E5#Es# REE f |Goodmd -

EEFR TR
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S - BOMRAFAE IR AR T AE SO e o TT AT S B SO IR AL B
(LT

Ry BHIEIRS X

a7z B ICPMSDataCal V_Example Asgilent Agilent_Age Setting of Report
I~ EfiliRSHE
I~ RS ATR
I~ sEfRERE

18973744 [DEC29B_Report_Optional
IQd: [yshliu] j

=L " A |0ptwﬂzl
£]1CPMSDataCal
£V _Example A I
£ Agitent
1REEA

((DEC29B01.D .
(L) DEC29B02D HRAA [zireon =
(_)DEC29B03D . _
i v HSNAMBEERASEEN
(_JDEC29B05D
[L)DEC29B06D
(LJDEC29B07.D v

2016/8/4

2.3.5 ModelComp/iE=4H 4

KT AL EBAIER, BOZE SN mB TR CROARE R

Fh) 2 ssmseEion x
Rtk) TRASY STRE EEEH BUES THol &R
Ty
+ Metal MM ASESS; BFS [ smes {E
#36 [— s a3 L”T}'p: ;-l
) . : B =
+ Oxide thiH&mAMH; 1 O -
€ T L Jank/Na23
+ Sulfide HM A ESBEHALY; C BRBE ¢ h01_BlankNa23
C WREHINE C WS BlankFilE
_ . C ABRRENS O WIRLFBEkND? [ FMTE
+ Fluoride #MALSBHFAY; zeeses: - RBLWAE AN
I S@EERTY O BEFWAGE
+ Carbonate £ 5 aifkig £k . |G°°“"* Wik

EEFR TR



ICPMSDatalal 1% B 9% W 24/78

2.3.6 Help/FEBh3EE

BTN B, FERBIREH (|0 Adminstator SIS =)
T i& ﬁ % IE ;)E"\ )\ I ),J—;_': f_E‘ Please input adminstrator password:

‘ $$$83$$$8$l

1 Confirm

“Administrator” 34 5 i %

T NS IEAE , Hir N A B0 e

HICIFE YNy S
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3. LA-(MC-)ICP-MS 434 3

3.1. LA-ICP-MS & & B0

SR SRS KGR , @it “Brrtss” % 0 F TRASetting/TRA

SHEERF ) “Multi-standards calibration” 3k (Z2)WMFRIER T (GERL

2.4%) :

3] 7ee sm@o WEG WA moo TRD B8O 00 NBR0  Adobs PORL

1 fesresin

tassmeepn

XFF LA-ICP-MS JLRE &5, AREARAE T MBI %, B
PIARIEFI B Y AR (R BRIA T3 SO Te AR 43 A7) « X TF45A U-Pb ALK&
AR TC 2R ) I 43 A7 30 SR FH P BRI 43 A 85 R o X T BRL A B R 2 / BRIR 04T
YK~ TEROTR & B A B AR 5 SR I TG P bR 43 B 45 SR BB IR 7 A 4 R
UNARSR A TC AR AT B AL BE O ¥, T AR il 2R 250 e 308 e TE A B A i 2R 2
83 7 Multi-standards Calibration % K& R4 43 KB (LWL 2.4.2 45) o

LA-ICP-MS 73 #0285y th RV 3005 3R 22 B9 P3AME Y 3 A riofe



9O0PMSDatalal & R H R

26/78

22 BT X L K BEAEL, B

LOD=3% |23 (x 0 x (ly xIE, /15), (' =—).
n< cps

3.2. U-Th-Pb 4EA(+TCE S B) 47
3.2.1 U-Pb B REBERE

zam REED WEY SAD ES0 IAD BED EOW RS0 Adobe DI

[
A Mw—mv“w X

- L Signal Selection - 91500
o smas

B n

7T,

BERE GEEd GRS 25

1! lPleuse write note here!

I~ F3%e

[ Na23

Na23(86)

=l

Fe2+/total Fe 0.5
SBE—{kE | 100 (%

Lo | HETHE

i
=

A5 AE]: 34s (85)

[

FRIENE

A wmame] |

2T « |

ES4F ¢

IRRY: 1 A ERey S G IA-OF

it “Integrating time/FBfH)” & B4 B I JE 5

x |
=
=i

BB H RAME SR XA E R RKE (R g — R I K
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+ WA B RALRARE S S S s, WEd “SHE” KRBT

AR A Ry R X
TERTREE
BETEH SRR AR L e
sigma

(" 3sigma

Frokdm (GGEW 2.4.2 95).
SRSk AR OE ) i 2 A 53 REGRHREIMFAITIRER
v FREFENIsEERE
K ERRE AR R 2]
v TTHEESRTWER: EETT R wE
BRIt

HEXHER 1o {5 (BOA) B oy
W& HORE) ATAE “AEERE” XERET BT

\‘ > ﬁ
‘{EE J%‘\ : QAR Nu Plasma {385, W 2AZ0AR 3R 55 B 325 % MC-ICP-MS

7 &= & W HF M &k & B W W
“...\ICPMSDataCal\PersonalizedSetting\AnalyzedElementUThPb.txt
&
AT U-Pb @ 4R S B A (5 5 AR A0 I TR B A B Rk — 3L,
VIR AR ! 1§20 2.2.6 17 (GRE ARG S KR ENFEIR) o
AER AR R IR SRR Z TR] (41, BRAE+S AL fh+ARAE+S Adh - B A7 51)
LIEHE 17 AT LR PO A 20 1AL T « G 2R % S MR B — Db Ak (B
WAL 5 WITCIRHREAE S B4, AR G5 AR B A HERFME . R,
TEIRFAF TR 5 X TR L1 SE R AR 584k (A RIS R) Soekkt

91500) &5 X,
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3.2.2 Isotope Ratio Calculation ¥Ji&HE

+ Isotope STD List/ Rk bntfE s 7 : FARGFEF AL /o BIAIE B (4

95100 B GJ-1 %) ;

* Rest isotope QC/ExtSTD/#ix QC/Abittdn: YIHelF ALz 73 B IE )

HhbAEdh e BRIA U-Pb G54 53 Hrdii 20 k4 7 MR IE
4+ Delete/Add/ ExtSTD/ M Fx/BEhAbbrAL & : MK (Cancel) kiR M

(Validate) ik [R Btz ER e AR iR E X
BiuEin 5%
E W A AL 2 18 11 [ ~]
TEATEEE
WIEAMTAE M (ER r
-
B K A B QCExtSTD: 91500
. | SRR
H Ji A4 T4 3% 2% A1 o
b 5 5 A 08 R T'IL% B MTAER —I
F); wz | mm |
3.2.3 Common Pb Correction X}1EHE
4_ FH ﬂé %IJ JEH i iﬂﬂ E]{] Pb204 . :N' Common Pb correction ﬁ
Common Pb compositions Commeon Pt Corraction
Hg201 =%, Hg202 #kf7i% @ 206Pb204Pb [13.700 Comectedby[[ -]
207Pb204Pb [15.628 Comectedat|  Ma

Pb #1E. Hr, 3@ Pb kb 208Pb204Pb  [38.630 - -~

(Common Pb compositions) ‘
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AR B E GBOABCE), Wrr LT3

V- A
{EE S ¢ XEFE P ARG, R IE Pb RIE. T 'Pb 5

BHARME, FIA P BIE TR ZE W %E P FEah (WIHEA) s P *Pb
Fedt, R O'Pb RIES TP BRORRZE, AEBUER!  XFAE P HE AT

VLA ComPbCorr (Andersen, 2002, Chem Geol) #:{73%# Pb R 1E-

3.24 U-Th-Pb BEFHTESESITRE

+ PHESMAOoOXEEFEERE, BiF “Setting” 3 M d iy
“Multi-standards calibration” # A\ (2)IMatR ES H BV AT 370 R &

BIFERHRRE R 2.4.795).

3.25 U-Th-Pb R & EFEEHI#HE

+ NERKEFIEIGIRE, @ 2.3.4 4575 b i i o
+ U-Th-Pb Rz @4 Hs a4l METR S T/ERRMFEARE
#+U. Th. Pb &2 T/EE.

v A
»
o {f,'ﬁ\: ACHPEHIH ) U-Pb 4055 S5, XER Tsoplot

U-Pb 4R34 A0 ] B} Bir 75 245 N\ BFRZH 2% R (rho) B2 T T3 iR
ZME &% (Error correlations) rho BJitHE TR :

tho = COV*PB/ZU TP/ Z5U ) /(G ey s, Gy )
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3.2.6 U-Pb e RN R T IE SRS RIRE MR i#

® [FIALER HAE M RBIE R SSB %, AKX !

d sam std
1 " —t, 1t -t
RSam _ RsaM 4 p std % (1 _ meal ) + * meal
cor mea ref R std t std t std R std t std t std
meal mea2  "meal mea2 mea2  "meal

REEM Tl REE™ 4351 Ay A 5 O 2 4 0 A6 36 AL ROV T B0 R 36 BB, RS My )
DR ME std B R PR HEREAEL, Riga i Roca, 43 1A FEAE S )5 19 U 52 )
PEER M std B RIBEER EUAE, t7 too, il toc, 43U i B EE iR PR 52 )
REFAMARIIIT ] (52 BRI DU HT U R IR 1B L) o
® [ WA A B IE T e 52 5 A SR -

2 2
sam std sam std o
(1 _ [ tmeaxl ) % Rieat + - tmeal Rieaz
o 2 O 2 o0 g Rsd 2 30 g R3¢ 2
sam REM R mea2 meal meal mea2 meal mea2
* + R std +

Trn = Reor 2

Rsam sam _ gstd sam _ ystd
mea ref _ t - tmeal t - tmeal
std std std std
tmeaZ - tmeal + tmeaz - tmeal
R std R std
meal mea2

G s O O PO SBUNRESBRGIRE L SV std PR
WA AERES R PRV LSV std R oS B
® RNk (Ludwig, 2000):

(1) U-Pb 4FIA R
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t — |n(1+206’207Pb/238’235U)//1238'235

Gy =tk TEmmpymmy (R st 2 R 2 )

206,206, /238,235
Arsgoss 1t Pb/ U

2
O 206,206 Pp/238.235

2
14.206,206p, /238,235 o, b .
—tx* | —2— (E e AT E )
o In(L 206,206 /238,235 ) ) /1238’235 % o<

(2) Pb-Pb 4E#iA %

r=u(e™' -1)/(e™" -1)
r =(207Pb/206Pb)radiogenic
u :(235U /238 )mday
- (e™' —1)%c” + (ute%‘)zajm + (rte*mt)chjB8

O,
t (u/l”235e;b235t - rﬂ‘”238e/1238t )2

Assuming no correlation in the decay-constant errors, and ignoring
the ~0.05% error in u (Garner et al., 1971), since its contribution to the

age error is always small compared to that of the decay constants.

3.3. #a HE FALR T

AEERES A HE [ AL AR B I R A 2R A 58 B o M e S S0k (Ot =k
_List.exe), B2 RKENBIE 13 NPT FEFIMHBCE RS EEF 0T
SIS RIER G, miidi “Calculation/Calibration” R mJ 58 Bl 4+

o PFRmMEN “Display” SEHnlYJHukl B Y14
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W™ B'E R e

B HE FIALR B A0 PR o DY 3 A 28 Bl om0 59 R Bk

RERET O (3SR ERHEAE T4h 4 R IE S BRI AE .
3.3.1 Hf A RSHTE5%FF

Hi FIALR o Hifs 5o XIHERE S U-Pb 4R R AR TR & BT A R
(HEW 2.2.795) .
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3.3.2 Hf RS 1ERUNARL IE

s i Isotope Ratio Setting/ [flfi 38 FLAB B B AT N HE [7] 038 43 HRISRAR

L 3 Y s L Signal Selection - 91500 X
ERBASEAL. ARy Dooisesonoi0
v eENETEsE .
BANFE S BA B AR B Y. Lu. RS RIS _
SR TRABIE L

HI RGO RIS g FoREes

N . e REEE 6HE17THE

T (FF) BHTRBRSA TR gszesersn

WERET
FOVERIE CSHME T Rg). e i

s | ;

S ML R b PR g o= =]
FrE Sl FF (8

[R B ZE LT R =

SHEEFPIIEED BUFEFESE
91500 Ave  NOV23BO3 01500
179HE1TTHE | 04990 |

L S I e v S0 AR IE R 5
—— | — p——
A 2 B IE & ﬁﬁ\ SHIRETHHT HD :: o
BTHMETRIE. o i QcEsT: 5150

Pl e S —

- C RMMEIIEEE | Avecee e
A F A b R il i 5 HIREF HH (YoLo) Sm— -'-
04N RS TF 2 & RARREE :
(I RBE A - € VLo MR it
]

ZM% 175Yh, 175Lu X} 17OHf 1y Wiz I & |
I~ Ignore 176Yb176Lu interferences on 1 76H{

T (AT TFIARIE) -

BEABRICRHAS— AT .
4+ “External Calibration” #%€/ZBIMiRIEF
+  “Time-drift correction” ¥/ I REBKIE;

+ “Reset isotope QC/ExtSTD” H#H % & 4T IEBR IEFAMREEE IE 14
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Fitt o ARERE S B FRFE Isotope STD List Hg
+ “Cancel/Validate” EFEEFEM rhg R QC Atk

3.3.3 #A Hf AN ERRSETHE AR Kb ok

T (DM) KiiE#z (BCC) AL RIAH @ BCC/DM Age
F NHEAETA - 55 41, 7 Sample Age Hra] DU 24 BIRE il B4R 0%, DURE T SLeHI(t)
fEo

+ et ben dHHPCR A A XK S 4

go(Hf) _ (176Hf /177Hf)2pl
(" HI I7HE) B

176Hf /177Hf t
( ) —1}104

—1}104

("°Hf ITH) ok
(HE /MTHE) =(YOHE /YTHE) —(YPLu/tTHE)® (e —1)

("°Hf /7THF ). = 0.282772+£0.000029,  (Y°Lu/MHf)2,, =0.0332 +0.0002
(Blichert - Toft and Albarade,1997, Earth Planet.Sci. Lett.,148 : 243 - 258)

A =1.867x10™ y™ (Soderlund et al., 2004, Earth Planet.Sci. Lett., 219 : 311-324)

gt(Hf){

+ Towi 1 Tomo ﬁ‘%iﬁﬁ%ﬁﬁ H‘J&ﬁﬁ?‘ﬂ

T ~ 1 (176Hf /177Hf )gpl _(176Hf /177Hf)(l)3M
DM1 — .

n
/1 (176Lu/l77Hf )0 _(176Lu/177Hf )ODM

spl

Tomz = Towms - (TDMl 'tspl )% ( chc B fspl )( chc - fDM )

Fuarir = [(PLUPHE ) g 1 LU THE) g —1]

("OHF /TTHE)S, =0.28325,  (YSLu/MTHF)S,, =0.0384 (XFffIf,,, =0.16)
(Griffin et al., 2000, Geochim. Cosmochim. Acta, 64 : 133-147)

foce =—0.65 (fR#fERudnick and Gao (2003, Treatise on Geochemistry) 1)
KBl b 540 BT R4S (Lu = 0.3 ppm, Hf = 3.7 ppm)

FATTE T A B 525 0 6 . =-0.44, f,,. =-0.61, f . =-0.75
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A e
1B JEE e Nu Plasma i, 7 MC-ICP-MS BRI,

v HE R AL BOUE RS S T MR BT 4 BT WAL R N, JF A
“AnalyzedElementHf.txt” A IE#EE .

Lu-Hf [F]AL5 53 R E R PSR SR T3, X1 7°Lu #1 77°Yb x¢ 17°HE
FHMBRMARFEEFZR 7°Lu/ Lu f1 7Y/ YD HfE, @i °Lu. PYb
W55 7 AR ER . B FALR I IE iR 2L 07 U5 U-Th-Pb [H
PEFEAML . A RAEKA Lu-HE FALER S IE R P 5 SCER Lia et al.
(2009, JP).

AHR A HE 7] A73R Bs A PR B0 2018 PR -3 550 SRR RIAL R FL BN T

® '""Hf/'""Hf = 0.7325 (Blichert-Toft et al., 1997, CMP)

® '"Lu/'"Lu = 0.02656 (Blichert-Toft et al., 1997, CMP)
® '"2Yb/'"'Yb =1.5264 (Blichert-Toft et al., 1997, CMP)

® '"*Yb/'"'Yb = 1.12346 (Thirlwall and Anczkiewicz, 2004)

® '"°Yb/'Yb = 0.78696 (Thirlwall and Anczkiewicz, 2004).

R TR RS A Yy LuMHIE S &, e a HEF AR S b B
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M AERREEE S InternationalMaterials. RCV.txtH 691500 f1GJ- 1% B N

TOR & B IESMRL T ).

Hicrosoft Excel — InternationalNaterials RCY

] r &HEE NEW HA0 ERo IAC R0 HO0@)  FEIH)  Adebe FIFE
ARNEN = NENPE WLV T < RN S A R NI YO AN 1 |7 R

1191 - A~

2 e R N T ¢ | 5 e ' | K
| 1 [Mate Hote Type  Reflls Namel  Name2|Si Sifwt?h) | Si02{wtt)Si02 Li
2
[167[Mletal  |Laser  |Element Bsf GEWI1308 1398 2.14
168 |Metal  |Laser  Element |Ref CEWI1399 1399 0,089
160 |Metal  Laser  Elewemt |Ref GEWI1400 1400 0.729
170|Zircon  |Laser  |Flement Ref 01500  91500| 152662.3 3269 326900
171|Zircon  |Laser Element Ref GJ-1 GJ1| 153073.2 3277798 3277798
172|Zireom. |Laser  Isotope | Ref 91500 91500 1526623 3260 326000
|173|Zircon. | Laser Isotope  1s 91300 21500

3.4. Srv Nd. Os ﬂ] Li ﬁﬁ%ﬁﬁ

A PRECA [ AL R BRI, AR ZAERIR A EAE ST IEF A R (BIEAL
WAFR SRR, ERREABR R RS (W Sr).

| mas Y
== ==
T — 7
= [N Plasma BEE el EETOC
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EJV Example EE EsHTOC
£ NuPlasma " UPhEl RSB spch
 ICPDATA  ESEYT -~ A a i A = # A
AT! > ional
© BEEE =hill =] Joei
anpzag Li
©EAERT ¢ TEEESME [ E—A
Nd | ’7
s
\ Os I
File of Analysis List AR \ B Iy
JO{POYY_List xls - N -
{=
i
r T—%

R4 List Xt Jg, & Calculation/Calibration 4., HEF
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Calculation X 3FHER] DAk 5 [ fir
4 RO IE T7 DA | 2 5 3t
ITAMAIRIE (RRIEARJR B 4ME) i

T IR AMRBEIE (R ] Remove
o Recover #ZHLMEATIMER Bk E
A SN IEFRE) o

St [FIHEER 20 A i) Rb T8¢
IERT DA I PRl 5 ¥5:3K4% Rb #4
WHT, B8 (1) FjlE % Rb.

[~ R EEEHIE

[ Iznore 87Rb interferences on 875«

C RASEETFE  LinearFit QC/ExtSTD: StHs6/80-G
O FEAMTR EET ) Pveraee = E nqc‘%ﬁ—ﬁ ............
| EIRQCHMiHE ¢
~HEETHE S Rb| StHs680-G) : :
— ,\."ﬂ! = O
Rl i S ANAMTHE R
« FRIMFHEE & LinearFit I :I'
CFF & [hiE " Average s | 24 |

IR BEEtERESEREE o
- HERTTAEE) N mpmens
e ( oecocor ) [—]
146MNd/ 144Nd Error -1.4201 \ =
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Jo Sr WksEYIR, B (2) FIRMSLAMREE T EFIi- 5. 28 MR IE J5 i
HAK W, Tong et al. (2016),
Nd [F Az A el DB AR A k5 Sm 148 EF kT Sm %) Nd

ATIRIE, BEARIET %W (Xu et al., 2015),

Os MR AT Re K IR seswasrsrnas >
SRR FHIEED | REERESE
EATRUE BRI Re Al | oo [ O o s i
187Re. '.S.*R( -1.3913 ) -165.9769 AIRRRHIEE
—~ -
Os W BHET-, A5 (1) Bphj | sEErtsEssos .

O R AZARIHEET

C RREET T QC/ExtSTD: OsSULZ-1

SEE Rev F Os Ml Os JF Re | © FMHAREE | e o
SHEEFHEAE Re| ReSULZ-2)

IR EDI R, B3 (2) FIFIOL | 6 reremons | [WREwkEeS

O FIRSMEHEE p— -

SRR 55— PR TE Come || s | _an

[ Ignore 187Re interferences on 1870s

75 B BAR L Zhu et al. (2016).

Li [RIAEER 2 R30S R B 1 SRR AEIE , HARIL Lin et al. (2017).
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3.5. BAVERL WA Y EEES B

Ak PR EAAS AR TR B AR AR A R B E A “Inclusion” o

|/ ICPMSDataCal - Initial Setting =5
Calibration Information Analysis ]nfgmﬁcm ~
| 1= &: [yshlin] j \
=730 ~ | |Agient ~ese <] || sompiebype [EEEEE |
ESICPMSDataCal I /
a\, E 1s Element
= Pe 3 " U-Pb age / Ele. content [~ 3P
[:I SEP03COLD (" Fircon Hf isotopic ratio External standard for isotope ratios
(] sEP03CO2D & TRA element content
[ sEPO3CO3.D
[ SEP03CO4D - * 1SOTOPIC RATIOS Analyzer =
SEP0O3C LIST xls {" Calcolate Fract. Factor Sample oWHer Dp[i-Dﬂal
SEP03C_Report_meltin xls Load pre.sxisted stti
SEP03C_Report_mixls B Lo s
SEP03C_Report_Optional xls Prefix of data filename or Analysis No.
. . SEFO3C
" Solution analysis
{*
"
~ Calculation/Calibration

3.5.1 HAAHEZE LA-ICP-MS 4+#fs 58

BB TR SR BERERER I T AN E6 4 (Host) 5 5B IX M B ik % -
“Setting” FEHRZTH “Delete redundant data” FIRMIK: L2 530

T HTEBRIERSNBIRERE R, R “Host” ¥4y M1 ST IET
%, “Sample” #FHIES
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SEIRAE TR XHEFEE, Tl Ad “Setting” AR TH

“Calculate Inclusion/Host ratio” NI EARAKTCEESERH.

3.5.2 BMERATREBRERIH

E “i‘}‘ﬁ@%’ﬁ:ﬁ%ﬁﬁ L[| Signal Selection - SRM 610 X

BIRE DrRE BERE FFEd FRAsm EE
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AT R EIRN (2) FIBRFER B T3

Ko RFAFEH Yy FIBR T
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AT B AR B B — R o i g 27

n Sulfide inclusion

4.

AR RN AR EY T Subtracting host  Help

Siliecate ity

() jﬁumﬁ/l\ﬁ%é'\i;m %%ﬂg 100,00 xof Fexs 1.00
Fluid inclusion = Bulk corponent

Hs WA 7 72 - Eletents for subtracting host Sifcps) Hast/Host+HyII
i, W S E R o AR e s o
Owvenvahe| 0
[ Use same matrix for all inclusion
Recover

% (Blit# BulkCom #47H

—Ab) TR BRI, ZTE
F2E T A R e A

o mMEHMANAERAKPAEEITR, WA ZTR FARMELE cps 0T
RO RMEBON O RANPRIEAL . 2T IEXT B A BB E ] -

X

n Sulfide inclusion

Inclusion type Subtracting host Help

EEEAFRITER, RATH
Friki}, #E$ BulkCom;
MR S
RV, R
BulkSal.

orponent for normahization

BulkCom 100.00 wof FexS 1.00

B35 = Bulk salinity: BC = Bulk component

Eletrents for subtracting host Sifops) Hosti{Haost+RD)

> | oo L

Coven walue i]
["\ Use sarne matrix for all inclusion ‘
Be 1

/
FKH cps Ji sANAEAR R,
L B A7 A B RAEES
& RRARHI AR TTR - EH A
BRI A o

B X i R AR
G — M0 Pk

® FIFITCE IEAMICER Kd EHIBREAE F T4 MR R A
® FIR Kdre/mg FERFAR BT IEDGE AT 2 FURIA AT, Kdre/mg fH— M

A 0.3 £0.03,
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XHNERIEAR 5 B AR A AR e R S B B, W L@ MRk (%
B — TR AR W ARIEAT T —ALAL B BT W ARiEE4T (34 BulkCom) (Liu et
al., 2008) . QIR T HAMEETTEH N\ Fe*'/TFe A O TRt %
I FexS w x B o Xt LR SR 10 A e B BT RUR BER AR, I
b7 BERTDUR AR, warlE “BiLE”  (BulkSal).

SERR AT X, FET YR E, BN ZIMRIER E, ik
BARRIETT X, RERANTTRMBIEMZ, JFRGEZRE ER 2.3.1).

AR =
y
{_:E IS e R SRR, AR i Heinrich et al.(2003)

W5 18, ARG R A A AR ST R A BT E Bt o AR BN SRR N
4B IR FALY R B . S8 I E AR T : NaCl equivalent
wt.% = CNaCl +0.5* [CKCI + CFeC12 + CCaC12 + oo ] (HeinriCh et a]., 1992)0

3 M WA FR A 25 20 A5 SV s v s 22 P X 2 Y TE 28 4 R A

3.6. B BB FREEE

X B AL PR & nT @ 3 B A O NakfT: (1) #E ICPMSDataCal Hr
“Main Functions” 3B Ffid “Change calculated data” (JLWFHE),
ARG _DataSummary” X #; 8 (2) #£ ICPMSDataCal 1 “Main

Functions” 3 B F % % “Calculate raw data” 5, # H “C#3k
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_Setting.xls” XHFANCHRE (A MIEERAELLD)

MainFunctions | SignalSelectionTips ReferencesForCitation ResetUserType UpdateRecords H3ZiE Help

Calculate raw data off-line Ctrl+R
Change calculated data Ctrl+C
Calculate raw data on-line

Calculation coefficient of element and oxide

Major & trace element content
U-Th-Pb isotopic dating
Li, 5r & Hf isotopic ratios

Bulk analysis

Mineral & Glass

Melt/ fluid inelusion
Sulfidescarbonate inclusion

LA-ICP-MS

|/ Select the calibrated data file [

e [yshiin] ~] Thetstfotder | ©: 5

e " Solution-ICP-MS Analysis

NICPMSData 110830_DataSummary sls .
puy [ IREBET Vb T 2007UPLDEC29B_DataSummary xls i
[_] Establishing Ff method 20118tTun23 A DataSummary xls
[JU-Pbihz 2012HAANDIA DataSummary xls |

5 APR1SE DataSummary.zls 3
Copyright belongs APR27 DataSummary xls

AUGO3A_DataSummary xls
AUG29 DataSummary xls
AUG31A DataSummary xls
DEC29B_DataSummary.xls
FEB(% DataSummary.xls
FEE0YE_DataSummary.xls
FEE09C_DataSummary xls
FEB094_DataSummary xls
FEBO9E_DataSummary xls
FEB0®f_DataSummary xls
FEB0SG_DataSummary.xls
FEB(SH_DataSummary.xls <z

Next

3.7. LA-ICP-MS 43t idE Sz it i 3

£ ICPMSDataCal # J i ¥ B “Main functions” 3¢ ¥ F i £
“Calculate raw data on-line” BJA[#E LA-ICP-MS X} BAANE S 2047 58 ik

J5 e I EAT B A P 5 HoAt R B AN AL “LA-ICP-MS Ak B i i
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FF GEW 2.1.). £ “LA-ICP-MS 448l &b B F, “Signal
selection” XIEHE R P “Load data” 4. i%$%4 FIPAS:\ LA-ICP-MS
XFEANRE S R T S RN R IR B . R “Load data” #4l)5, EaHsm
RIS R L2 BN AER BLALE, AR5 T DR S AL BUS X TR #EA T IR B
ISR R4 R

MainFunctions | SignalSelectionTips ReferencesForCitation ResetUserType UpdateRecords H3ZhE  Help
Calculate raw data off-line Ctrl+R

Change calculated data Ctrl+C
Calculate raw data on-line

Calculation coefficient of element and oxide

Major & trace element content
U-Th-Pb isotopic dating
Li, 5r & Hf isotopic ratios

Bulk analysis
Mineral & Glass \
Melt/ fluid inclusion
Sulfidescarbonate inclusion
LA-ICP-MS
Software for data reduction of LA-MC-ICP-MS
SN-ICP-M$

uthorized user: Yongsheng Liu (CUG LAICPMS)

Copyright belongs to Yongsheng Liu, the State Key Laboratory of GPMR, China University of Geosciences, 2008

Yy~ A
A )
VTS momesunmmontie, 447 st st st s
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4. ICP-MS BB AP ¥ya b3

4.1. ICP-MS ¥ ¥ 48R Ak BRI 1R B A8

FEERFREEEE “Calculate raw data” J5HFl<Major setting for
calculation>XfiFHE. 1%#% “Solution Analysis” J5, HIRFEIERFIMFKIE
KH “Rock Standard” (CEAMREEREM) BHF “Multi-element Solution”

(ZLRBEEUEE ) - “Time-drift correction” {47 7 i Fifi I 1RV
BARIE 5

ICPMSDataCal - Initial Setting [

r— Calibration Information——— - Analysis Information
I = & [yshlin]

B e I Agilent jl csv j Sample type IWhnle rock vl

£ ICPMSDataCal
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(" U-Pbage / Ele. content [~ SP
External standard for isotope ratios
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{~ TRA element content

Analyzer I ,I
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R = Prefix of data filename or Analysis No.

o [Rz00t i 0680 65
{+ Solution Ana! [ Oxide IntCor.
% Rock standards

" Multi-element solution
" Ounly time-drift correction

Calculation/Calibration

+ GBI AL B A R AR AT R S 5
+ HENE R ETEAAETE RS LR it S5 o 30
+ NSRRI RS (RN QC), FRLHETITRERAIE, WA IEA
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N SLEERE AR AR TR, U BRIA N To M o 5

+ R GHTEAD TIARIE RO HEITAIE) (RAMIRRIE T W Zhao
et al., in preparation). AREFAEY)/ S TIAIE, WEHE SO
Wb L R UGS 5 T BOR AR IE AR R A B BUE (BRIA s STD1,

RAEER HEBMIE: Aid; “Calculation/Calibration” 45, HZhuE
17 B AR IE T 5

4.2. B RERE

I AR IE T LSS BUR ,  HBLANT A 5 -
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5.1. HRIXAFIER
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5.2. MEALRE
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(1) U-Pb dating and trace element analyses of zircon by LA-ICP-MS

U-Pb dating and trace element analyses of zircon were conducted
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synchronously by LA-ICP-MS at the State Key Laboratory of Geological
Processes and Mineral Resources, China University of Geosciences,
Wuhan. Detailed operating conditions for the laser ablation system
and the ICP-MS instrument and data reduction are the same as
description by Liu et al. (2010a; 2008a; 2010b). Laser sampling was
performed using a GeoLas 2005. An Agilent 7500a ICP-MS instrument
was used to acquire ion-signal intensities. A “wire” signal smoothing
device is included in this laser ablation system, by which smooth
signals are produced even at very low laser repetition rates down to 1
Hz (Hu et al., 2012b). Helium was applied as a carrier gas. Argon was
used as the make-up gas and mixed with the carrier gas via a
T-connector before entering the ICP. Nitrogen was added into the
central gas flow (Ar+He) of the Ar plasma to decrease the detection
limit and improve precision (Hu et al., 2008a; Liu et al., 2010b). Each
analysis incorporated a background acquisition of approximately
20-30 s (gas blank) followed by 50 s of data acquisition from the
sample. The Agilent Chemstation was utilized for the acquisition of
each individual analysis. Off-line selection and integration of
background and analyte signals, and time-drift correction and
quantitative calibration for trace element analyses and U-Pb dating

were performed by /ICPMSDataCal (Liu et al., 2010a; Liu et al., 2008a).
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Zircon 91500 was used as external standard for U-Pb dating, and
was analyzed twice every 5 analyses. Time-dependent drifts of U-Th-Pb
isotopic ratios were corrected using a linear interpolation (with time)
for every five analyses according to the variations of 91500 (i.e., 2
zircon 91500 + 5 samples + 2 zircon 91500)(Liu et al., 2010a).
Preferred U-Th-Pb isotopic ratios used for 91500 are from Wiedenbeck
et al. (1995). Uncertainty of preferred values for the external standard
91500 was propagated to the ultimate results of the samples.
Concordia diagrams and weighted mean calculations were made using
Isoplot/Ex_ver3 (Ludwig, 2003). Trace element compositions of
zircons were calibrated against multiple-reference materials (BCR-2G
and BIR-1G) combined with internal standardization (Liu et al.,
2010a) (## without applying internal standardization (Liu et al.,
2008a), BAR4HrR M ET a EA N BB TT XA R TR, WAE
G WL EEH R ) . The preferred values of element concentrations
for the USGS reference glasses are from the GeoReM database

(http://georem.mpch-mainz.gwdg.de/).

WFERANER P A ERMT I, NEFEB SR TRX:
*Zong KQ, Liu YS, Gao CG, Hu ZC, Gao S, Gong HJ, 2010. In situ U-Pb
dating and trace element analysis of zircons in thin sections of eclogite:

Refining constraints on the ultra-high pressure metamorphism of the
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Sulu terrane, China. Chem. Geol. 269: 237-251. DOI:

10.1016/j.chemgeo.2009.09.021.

(2) Trace element analyses by LA-ICP-MS

Major and trace element analyses were conducted by LA-ICP-MS at the
State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences, Wuhan. Detailed operating
conditions for the laser ablation system and the ICP-MS instrument
and data reduction are the same as description by Liu et al. (2008a).
Laser sampling was performed using a GeoLas 2005. An Agilent 7500a
ICP-MS instrument was used to acquire ion-signal intensities. A

“wire” signal smoothing device is included in this laser ablation
system, by which smooth signals are produced even at very low laser
repetition rates down to 1 Hz (Hu et al., 2012b). Helium was applied as
a carrier gas. Argon was used as the make-up gas and mixed with the
carrier gas via a T-connector before entering the ICP. Nitrogen was
added into the central gas flow (Ar+He) of the Ar plasma to decrease
the detection limit and improve precision (Hu et al., 2008a). Each
analysis incorporated a background acquisition of approximately
20-30 s (gas blank) followed by 50 s of data acquisition from the

sample. The Agilent Chemstation was utilized for the acquisition of



7CPNSDaralal t& R 9% 90 67/78

each individual analysis. Element contents were calibrated against
multiple-reference materials (BCR-2G, BIR-1G and BHVO-2QG)
without applying internal standardization (Liu et al., 2008a). The
preferred values of element concentrations for the USGS reference
glasses are from the GeoReM database

(http://georem.mpch-mainz.gwdg.de/).  Off-line  selection and

integration of background and analyte signals, and time-drift
correction and quantitative calibration were performed by

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

(3) In situ Hf isotope ratio analysis of zircon by LA-MC-ICP-MS

Experiments were conducted using a Neptune Plus MC-ICP-MS
(Thermo Fisher Scientific, Germany) in combination with a Geolas
2005 excimer ArF laser ablation system (Lambda Physik, Gottingen,
Germany) that was hosted at the state Key Laboratory of Geological
Processes and Mineral Resources, China University of Geosciences in
Wuhan. The energy density of laser ablation that was used in this
study was 5.3 Jcm?. A “wire” signal smoothing device is included in
this laser ablation system, by which smooth signals are produced even
at very low laser repetition rates down to 1 Hz (Hu et al., 2012b).

Helium was used as the carrier gas within the ablation cell and was
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merged with argon (makeup gas) after the ablation cell. As
demonstrated by our previous study, for the 193 nm laser a consistent
2-fold signal enhancement was achieved in helium than in argon gas
(Hu et al., 2008b). We used a simple Y junction downstream from the
sample cell to add small amounts of nitrogen (4 ml min') to the argon
makeup gas flow (Hu et al., 2008a). Compared to the standard
arrangement, the addition of nitrogen in combination with the use of
the newly designed X skimmer cone and Jet sample cone in Neptune
Plus improved the signal intensity of Hf, Yb and Lu by a factor of 5.3,
4.0 and 2.4, respectively. All data were acquired on zircon in single
spot ablation mode at a spot size of 44 um in this study. Each
measurement consisted of 20 s of acquisition of the background signal
followed by 50 s of ablation signal acquisition. Detailed operating
conditions for the laser ablation system and the MC-ICP-MS
instrument and analytical method are the same as description by Hu
et al. (2012a).

The major limitation to accurate in situ zircon Hf isotope
determination by LA-MC-ICP-MS is the very large isobaric interference
from "°Yb and, to a much lesser extent '"°Lu on "°Hf (Woodhead et al.,
2004). The under- or over-estimation of the By, value would

undoubtedly affect the accurate correction of "°Yb and thus the
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determined !"°Hf/'""Hf ratio. We applied the directly obtained By, value
from the zircon sample itself in real-time (Liu et al., 2010a). The
1"9H{/1""Hf and '"*Yb/'"'Yb ratios were used to calculate the mass bias of
Hf (Bu) and Yb (Bys), which were normalized to '"°Hf/'""Hf =0.7325 and
13Yh/''Yb=1.1248 (Blichert-Toft et al., 1997) using an exponential
correction for mass bias. Interference of '"°Yb on '"°Hf was corrected by
measuring the interference-free *Yb isotope and using '"°Yb/!”*Yb
=0.7876 (McCulloch et al., 1977) to calculate '"°Yb/'"’Hf. Similarly, the
relatively minor interference of '"°Lu on '"°Hf was corrected by
measuring the intensity of the interference-free '’°Lu isotope and using
the recommended "°Lu/'”Lu =0.02656 (Blichert-Toft et al., 1997) to
calculate '"°Lu/'""Hf. We used the mass bias of Yb (By) to calculate the
mass fractionation of Lu because of their similar physicochemical
properties. Off-line selection and integration of analyte signals, and
mass bias calibrations were performed using ICPMSDataCal (Liu et al.,

2010a).

(4) Trace element analyses of whole rock

Whole rock samples were crushed in a corundum jaw crusher (to 60
mesh). About 60 g was powdered in an agate ring mill to less than 200

mesh. The samples were then digested by HF + HNO3 in Teflon bombs
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and analyzed with an Agilent 7500a ICP-MS at the State Key
Laboratory of Geological Processes and Mineral Resources, China
University of Geosciences, Wuhan. The detailed sample-digesting
procedure for ICP-MS analyses and analytical precision and accuracy
for trace elements are the same as description by Liu et al. (2008b).
WSR2 A K b LA-ICP-MS Al 2 s £ TR, AT %R

2% Hk Zhu et al. (2013),

(5) #A U-Pb RN EEMMETR SR

BAMBITR S BMU-PoRIAL R EE/AET E Ry (R MRS
TR ERERSERE (GPMR) FIHLA-ICP-MS[HI 3458 8. #0ERh
& 4i N GeoLas 2005, ICP-MSHAgilent 7500a. 3t F2 o % FH & SAE
A RO DAY R, — Bk NICPZ Rl — AN TR R A o
ESFE AL (ArtHe) HOIMAT A BESR, DIRFEMES REE. B
H FRATSE A kS % % (Hu et al., 2008a). 534, BOEHMASRE T —Ma
SRR, BEROCRK I ERARIA L Hz, RAZEE S ARG f 04
fi'g(Hu et al., 2012b). FEAW 43 B3 Hr et (45 K 2120-30s iy H -5 A
SOSHIREME 5o R AMEBER M B LA EE (REEX A FE 5 108t U5
RPJEFBHIE TLR S E R U-Th-PoRIALER AEAAERTHH) RAHAE

ICPMSDataCal(Liu et al., 2010a; Liu et al., 2008a)5¢ % MM e /E
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SRR B J7 I Liu et al. (2010a; 2008a; 2010b).
BAMBITREBMNH LA USGS 2535 (BCR-2G, BIR-1G) £k

LM~ Si M FR I T T 2 BT H(Liu et al., 2010a). X2 USGS 3

Mo B R & B M O % A #  GeoReM H #H E

(http://georem.mpch-mainz.gwdg.de/). U-Pb [6{i 2 & 49 % H 8 A b7

# 91500 FESMRREAT ALK 43R IE , 840 S MR, 434 2 ¥ 91500,
T 54 M AR U-Th-Pb [F AL LEFEE, FIH 91500 M2BILRH%
P J7 AT THSIE(Liu et al., 2010a). &5 F##E 91500 fy U-Th-Pb
[ Ar 3R HLAEHEFZ{E SR Wiedenbeck et al. (1995). #hatdhiy U-Pb 4E§RE A
P 22 AN AL P T 53R A Isoplot/Ex_ver3 (Ludwig, 2003) 58 -
WARRRAXNER hE A EESTR %, RS RW T RX:

*Zong KQ, Liu YS, Gao CG, Hu ZC, Gao S, Gong HJ, 2010. In situ U-Pb
dating and trace element analysis of zircons in thin sections of eclogite:
Refining constraints on the ultra-high pressure metamorphism of the

Sulu terrane, China. Chem. Geol. 269: 237-251.

(6) 7 XLR & & LA-ICP-MS 434t

MXTCR & B e b E Y (RD0 R S 87 SR R
9% (GPMR) A LA-ICP-MS 53/, #OtHB &S A GeoLas 2005,
ICP-MS 24 Agilent 7500a. #t#IMdfEH KA UER T B AHMES

AR R, — BN ICP Z il —4 T SR G - EEE TR0
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R (ArtHe) WA T AERS, PAIRAEES REUE. Bl b A e 2
Mrk§% B (Hu et al., 2008a). 4k, WOLHMAGRE T —Ms 5 FERE,
BIAEHOERKMRARE 1 Hz, RAZRE R WAL BT E 5 (Hu et
al., 2012b). AN ] 43 P Hr e 46 K2y 20-30s 1925 H {551 S0s HyA:
anfe . FRABIERRIE SRR Liu et al. (2008a). ML USGS 25 HH (40
BCR-2G, BIR-1G # BHVO-2G) NZIERME, K %55 TNFRE(Liu et
al., 2008a) # &AM W% (Liu et al., 2010a) X0 SR TERIHH (B
P53 AR AT 5 i 2 A N AL EBAR T AA R A 24, AR S sE
WEEHER). XL USGS B R & BMNIMEZEH GeoReM HiiF
(http://georem.mpch-mainz.gwdg.de/). XAy ML b8l (B

KA BE 5 MR UG RBUEEBRIE. TRERITE) RHARME

ICPMSDataCal (Liu et al., 2010a; Liu et al., 2008a)5g % .

(7) BAEAREYETR SR

BAEAAEA T METTRSBAEPE R RS (KRB HFE
BT REERERLRE (GPMR) FIH LA-ICP-MS 58 #OtRmE
%A GeoLas 2005, ICP-MS 3} Agilent 7500a. 3t F2 o % FH & /SAE
AR RO DA R, — & ek ICP Z il — 4 T SR
o MEFEAFHPON (ArtHe) FIMATARES, DRGSR,
WAVt PRI S 3 0 A i 26 ) (Hu et al., 2008a). Fil itk VOLM it
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(Liu et al., 2007), AREARICAICROY, FRGBRNES . HBFERERAEL,
G PRMEIORE , WOBBER M K TR A AR R ER MRS B MR R T2 s
Lo AN A PR AT B LS K2 20-30s [958 15 5H0 50-200s HIkE5h{E
5 (MBI INR R TR S B IEH A USGS 2% 3#(BCR-2G,
BIR-1G #1 BHVO-2G) R IEAHE, HETEEITRAMYERE (100%-#5%
4) H—AK(Liu et al., 2008a)fptss: (S BLRE0E, BARL R BTF
T e BA N BB T AN RS RTAZAL, MAEREEEALREEEHE
B) MGG ETTEET B YRR R & e R, BRI ETE R
(GKHER etal.,2011). jxL& USGS Bag u & B W EH GeoReM %

¥ (http://georem.mpch-mainz.gwdg.de/). X4 EdE S L3 (2

AR AN B S MRS S RBUEFEREBAE JUR& &) RAHE

ICPMSDataCal (Liu et al., 2010a; Liu et al., 2008a)5g % .

(8) £AMBTREEB

AEWETREBRAPE R (RB0 MR S5 7% E R E LR
% (GPMR) #|f] Agilent 7500a ICP-MS 4 #7528 . FIF ICP-MS 43 #r ikt
AL BRANR (1) FREOBMEZERZ) 200 H A A KR S0mg T Teflon #H:4:
Ht; (2) RH Teflon R34 A A HF + HNOs7E 195°C 445 Rl 48
/ANIE; (3) AR 120°C &4 R TBR Si Jaitein i 2%HNO, #B: 2000 14,
SERT T B TR VA PRE S W AREAL PSR 43 HORS 2% BE AN MR BE IR Liu et

al. (2008b).
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PR A a3 LA-ICP-MS 20 il i 45 EE U, BRI i)

2% Hk Zhu et al. (2013),
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