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Lu-Hf Isotopic Systematics and Its Applications for Geology
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Abstract: The Lu-Hf isotope system, coupled with the advent of multiple collector inductively coupled
plasma source mass spectrometry, is now widely utilized as a tracer for geological processes. The paper
presents a comprehensive review on the principles of the Lu-Hf isotopes, and its current and potential
applications to both geochronology and petrogenesis. Finally, based on the Lu-Hf isotopic data from
Korean mafic and ultramafic rocks, its has been discussed evolution of the mantle beneath the Korean
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HfS o]23} el (658.5 ki/mol)o] ZolA] Lol
2 HEAE 8T A g oMol g3k
A7 daste] A 7o) golsiA] ¢t o
FHE72 FEAEe=et 5471 (MC-ICP-
MS)e] Zgk=n}t A2 HfY| o3l 888 ZhA
7 100 ng A= YAEE 105 QA2 ©9jo] F

U=z 74 7bssiAl Sth(Minker et al., 2001).
MC-ICP-MS®] -2 9] A|2He] 885 7REAIZ]
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THe.g., Blichert-Toft er al, 1999; Amelin et al.,
2000; Scherer et al, 2000; Choi et al., 2006).

2 AF= Lu-Hf $991289] 712 s
aAfeka, Bds AYL vIEE Azde] WAL
s} ok Aot SRS Wl WSl
A A-AAZA O] A8} s A1 Aol &
& T TACE gt 53] Sm-Nd F91€aA
"3} wap Egate] AYdiolre] SZA=S 23
< olslstaal & Al=e} A, A WE tho|uy
’\(dynamics)fl‘r AslAY S tF AT AHES N
s, B AT WIS BT

Lu-Hf SUYEA2E9 712 92

YAHE 71 Lud S8 EF(heavy rare earth
element) YA22ZA F 719 FALE(Lu 97.4%,
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"Lu 2.6%)Z T4 dtt o] FolA Ly W
A daE pEIsl] RS 7230l oY YA
"HpP) Fh 5342 ool 7tk

176 176 — =
Lu— SHf+ [ +7+0

[eq. 1]
Lu ti7f 37}e] o]0 2 HES 471e] JolS
2 EAg) L] o] 2Rbge oF 0.93A0]H, Hf
9] o]2ukgLe oF (81A0ltt HfE 3JERF Ii7}
ofum, x|past o g Zrexy 138 (high field
strength element)el] 3l @8t} Hf"9] o] 2R
Zre] o] 21H4(0.80A)2 FAlsled HES Zrs X3
sto] Aol WA= nideto| Ee} 72 FE 53
Eli=
THE'HER] W2 B@EE HR] $hRe A
A FEQ] "L/ Hf GA el wmEl A7kt 3 S
7¥eb olgle] o7 HHHTH
176Hf_ 176Hf 176Lu, ,1;
o\ T D
Hf Hp; Hf
A7 w27 %, A eEE 28 = A
AR ofm| gttt

[eq. 2]

"Lyl BIGS

Lu-Hf 59 9A125l0] 248k &8-S Flalx=
At 3T @ 4ol vig- Fas AS7A
Byg "pye] EIAdFE 1.86~1.98x10" yr'E TF
&t AR e BpES PEsh o 2
o}

Patchett and Tatsumoto (1980)= 45.59d% =2
ZHo| E(eucrite) +AES o835t Lu-Hf A SA|
g agal o]F o]&3sle] "Lue] T I S
S A=31T}. Tatsumoto er al. (1981) SHA 10
el 24 Az Al o] AAeAS FTlsle] ol
KB w717] 35.7+1.2 Byr (A=1.94x10"yr')S A1
t}. B} FZo| Bizzarro e al (2003)2 2A4AE
& HE FcFpolEe) gAEI s ES X3S
Aoz shfsle] Lu-Hf AY SAAS I8 &

HE 1.98x10" yr'e] eI FFE ATt

whH o] Nir-El and Lavi (1998)% LuO, &9¢]
THES B R o EN ML WHE
37.3£0.1 Byr (1=1.86+0.005x10"yr")& R 33}3t}.
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Scherer et al. (20012 U-Pb Hel 9sled A o
t7F gEXl FAY AFASES UV R Lu-Hf &
AAE 2P| o2 R WS SAs] 9] A
ol A5k BHAF(A=1.865x<10" yrYE AUt
Soderlund er al (2004) SA] LA XFAF] o]
gt U-Pb W3} Lu-Hf e w3 802 1.867+
0.008x10" yr'e] I J4E RArsnt

AT} AL S e R & "Lu e #
=4 Ayte] 2ol HZo Amelin (2005)0] 2|3
AFZ ZoJHTh Amelin (2005) HE FE=glolE
oA AAE FEES YT F ol ISR U-
Pb ¥3} Lu-Hf HES A &83te] 1.864+0.016%
10" yr'e] e 4FE Ao = "Lue] eI
9 Rl =TS PSBIATE AANAFELS AL
o ¥lal] LwHM|7F wi$AA sidee] a3 2
Aol & IS s AFH oz V& AT A3
G838 739 AR S S ERIE Javt

o},

¥l

Lu-Hf EPAX A9
HAGolA Y] P8

AFA2 LwHf ¥7F =olA] Lu-Hf & ]85}
AAE S5l vl Aegt FEolnt ARA
JA] =2 Sm/Nd H|E 7FA3L 2le] Sm-Nd ¥

ol gste] WAAYSAH &8 F Aorf(eg,
Scherer et al., 2000), A AFAS LwHf H]=
Sm/Nd H] Ht} o & ®is} & /A3 Qlvke &
Aol g}, o}8 "Lue] ¥EH71(37.3 Byr)= 'YSm
o] W7](106 Byr)el <F 1/39] £33 B} &2
PAe] S WA= Boh Ae w2 AuSd
of fr=lstct.

to rlo (&

=]
w2 Fgo A AFAY Lu-Hf #d e 27
]

Sak a7 "9 Yzks Sl 9fste] AAEth(Scherer
et al, 2000). & HH L= AFA IR =
7] 2 Yz} (cooling history)ol] 3] 2]FEZH o},
Zeu gAHo 2 Sm-Nde] Hdf2xel =3 o]
B} 2F EtheE ZE2o] Scherer er al (2000)2]
AFZHE =ZHUT FAHQ A5 EXE Y
N FE 2F 10°C/my. ©lske] =& WS 7t
A= WA EAA AFA W Lu-Hf d32=s oF
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540°C(373 0.24 mm)ellAFE F 700°C(Z7 4 cm)
HA7EA AA At
25249 Lu-Hf $9940E E8ste] WA

=235 AE T A, Hf o] ml$- =2 FE(
£ 9, ATl THEZ SAE=A T S48
A AR BEFEHIA AFE WHEA] ERlste{of
3}, #olZ2e] Hf % ~10,000 ppmell E3l= Bt
W, 4F4e] Hf F% 4 ppm TFEO|cH(Scherer
et al., 2000; Choi et al, 2006). o}&2] #o]& U
Hf Hldle=s m$ =0 98 89 9 1°C/my.2
WZALE 7K+ A7 200 um Aol W Hf #Hl3f&
L= 9F 1250°Co] @3Fh(Cherniak er al, 1995).
upeba] AFA W Aol EfES] EART= Hf &
94 HE Z8dhs ATolMe tEA] BRlFojof
sk Aol WhH AFA ] Burlo|EL} <13
A XIHFELS Sm-Nd T =2 v Lu-Hf 5%
Yol Sm-Nd AlZHlo|= & 932 v|Xy Lu-
Hf A|&Flol] mX]= @k nn|sict.

=

-11

rlr

HojZe] Hf SIPLY]

Aol ) w& Hf Tl vla) Lu TS 54
ppm ot A#H 02 Ao} W LwHf Hl= wf

$ ol AURAS B THETHE 2710 AL
Zsk A 247k Alole] WA v B Holrh,
2, HOHE 2713 AN Qo] Yt
Plefshe Hmr} mlefsich. obgel HES AejRe] F
Aa 725 PYSHE Qaolold Fsht wa el
oJAAFA WA SFgHoltt. 53] U-Pb B B
3 Aol A ARE PP YA A
A vl 93, E nEEE olxjelLduEA
(SHRIMP)H #lol 4212} fagtaelzn, A5
7|(LA-ICP-MS)2] 283} A e Aol Aol
WE el TFssted A s719 Aol )
HE 9920 2920, 2905, 99 98,
8]-—‘?'—1:]]‘%7(]71- /\4%}7] AEZ 5 FZ o WE 23}
g Aol 850l YthPatchett er al, 1981;
Amelin et al, 1999; Choi et al, 2006; Lee et
al., 2007; Cheong et al., 2013).

2982 F29 7)F0] HE BAL ZEejo|Eo]
ok EA7EA] BaE i’EE‘rO]E(CHUR Chondritic
Uniform Reservoir)?] Lu-Hf 59¢4 71232 2
oFsl Table 13} 2t Z=golE 71E3ke] 2ol
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Table 1. Present-day '"°Lu/'""Hf and "°Hf/'""Hf ratios
of the Chondritic Uniform Reservoir (CHUR)

("Lu/"H) cgur ("HE™Hf)qqur ~ References’
0.0334 0.28286 1

0.0332+0.0002 0.282772+0.000029 2
0.0342 0.282843 3

0.0336+0.0001 0.282785+0.000011 4

1. Tatsumoto et al. (1981); 2. Blichert-Toft and Albaréde
(1997); 3. Patchett et al. (2004); 4. Bouvier et al. (2008)

A EmsolEel E5ELY -‘C’—EE}OIE, uE
1

o] WA
©)9} Lu-Hf &
}.

MEZSIY Ao AL AFWES] BAEA7I
oF zlshako g AAHY. AgWEe] A AVl=
Aol s o o] Ao g ALEEA|RE, 5
FEE L] 2374 B CHUR #o Y= 5
o A3 - tHAmelin ef al, 2000; Bizzarro
et al, 2003). 2] A+ (Vervoort and Blichert-
Toft, 1999; Choi et al., 2006)° 2|3Ha AATHHE
Aaljol| o]27]|71x]e] APMEL] FspAll] HFo] B
RXg W A Z7] AFele ] A9 WEo]
AR S 7FsAdo] AAE AL Slrk. et o] A
Lye] B3A4s 2 CHUR 7] AY= 5ol A
3] FeERRE T AxwE Favt Utk

= o], Aol ﬂlié(é 2
94 dolge) ALE o 72

Nd-Hf SQg4H|2 E X7 E

3l S FAMORB) S| F=dF-L(OIB) T
?‘si "‘3Nd/““Nd-”(‘Hf7”7Hf %%1%_& ABEE Fig. |
of Jeplich sl dFFFel "H'Hf H=
NJ/MNd BI9F AAH o g ko] FaAlE Bel
ol FEg-golut viant 3l Eet 24l Lu
3 Sme] A4}l HfZ Ndoll Blal] drizle= 3
374 (compatible) ¥Ao0]7] W&l Zo2 AlsEHTh
(Patchett and Tatsumoto, 1980; Patchett, 1983;
Johnson and Beard, 1993). Z&u ZUs|HAT-AF
E 27 A8 HE Sd=d Tl vlsiA Nd/
"“Nd thH] "°Hf/'HE B]e] WSt Fo] s E #

Lu-Hf 59924282 Sm-Nd ¢ YA 281
o Z9EE YRle S84FEY FEXS Ol 1o
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Fig. 1. "*Nd/"Nd vs. "°Hf/'""Hf ratios for oceanic
basalts. Data sources: MORB (Salters, 1996; Salters
and White, 1998; Chauvel and Blichert-Toft 200);
Andres et al., 2004; Hanan et al., 2004; Blichert-Toft
et al, 2005), OIB (Patchett and Tatsumoto, 1980;
White and Hofmann, 1982; Stille et al., 1983, 1986;
Salters and Hart, 1991; Chauvel et al.,, 1992; Salters
and White, 1998; Eisele et al, 2002). The bulk Earth
(BE) compositions and the mantle array are from
Bouvier et al. (2008) and Blichert-Toft et al. (1999),
respectively. MORB = mid-ocean ridge basalt; OIB =
oceanic island basalt. The broken red line dividing the
Indian and Pacific MORBs is from Pearce et al.
(1999).

W73k (Johnson et al., 1996; Vervoort and Patchett,
1996; Schmitz er al., 2004). A& o] A FHAe]
73% Lu-HfZF #ojA1 ¥(D, /D)= oF 2491 WHA
Sm-Nd7F EujAlS= B](Dg, /D)= &F 2.5 tHeg.,
McKenzie and O'Nions, 1991). wgh AF2do] 2+
FEEA S AF WES Sm/Nd 3 R Lo/
Hf i o] Jojze g AXA =i A= 2 A
‘5'9/] l76Hﬂl77Hf H]T‘t‘ l43Nd/l44Nd H]oﬂ H]E—H }‘]Z}'ﬂ‘
) & FO=2 F7FE 4 St} Salters and Hart
(191)e TelFATINA Hol= 241 Nd-Hf
YA 7+e] AE T (decoupling) TS LF- Al
EEo] AFA A FEgF H7] el

ol

3
Nd-Hf
Qo]

O
(

E]‘l_ 143Nd/144Nd H] EHH] q_J_ E.__L:% 176Hf/
THf B]E 7FItkFig. 1). ©|& Hl"OE Pearce et
al. (1999 Q1=+ B Y FLAMFAFLFE +
ele AYAS AASAL(Fig. 1), Sr-Nd-Pb 59

¥ Weloleh HE E91914 W ol 83 Q)
9 cAoklzh BB Aok 7he] ol TFeRhe
Slelseith. G Bobrlotel AT RS- SN
5o TUWE FH7 2L ATy APREe]
HEe AT W) 9 Aolg F2E Bast 9l
HoIelse) gAMLY
Aol l3 BRAERel B Aol Tel

=
= WA Eu=TE obdd SgEETel Aol
Folth, 4o A5 Ajstaie i I
A5 B2 Adske e eeee Ae
e, BH=E2 69 o Akl ARSI th(Turner

et al, 1996; Elliott et al, 1997; Hawkesworth et
al., 1997). HENd 599 aA|28L o]e} 7he A9
tollx o] SRS Al Ak Fod BRE A
g 4 ot HfS diAFe 2 $H4=7-A (aqueous
fluid)el 213 ASAH =7} v 2Fslth(Brenan et dl,
1994, 1995; Ayers et al, 1997, Stalder et al,
1998). 2&uv} HfE 4k 8§ (siliceous melt)ol
= 7FgZ o|th(Pearce ef al, 1999). WFH| Nd&
SHEEfrAleh ke &g RiFol] HfRoh A
2 7H83 ddolt). AAF 22 HENd 5994 7H
o] AEY Fre= Aol A i &
9 7He] 7= g Bkl oA Fa3 BRE
A o Ak

SHH, Patchett et al (1984)2 E|ZA|2H o=
LwHfZ Sm/Nd H] 7he] @lo] whlgh = Q&5
Btk WSm/Nd-"Lu/"Hf ‘3= (Fig. 2)°lA],
LA ESS] Sm/*Nd Hl= digF 0.10-0.14 A}
olo] AFHA WeloA fAkehe FglolE V&g
o 22 e 7K WA, 7Ly/HE vl E=
o|E 7|ERe HFsl] & ®isl & 7EHA bk
stttk "Lu/'THE W= HA=] YEst s
Hol=tl, ARtellM M-S AX HMolqtolt W7k
G2 242 Z713htkFig. 2). Patchett e al
(1984)= ol& S3foll ZstH JeFe] HfS o-faf
= Aol ogt HE=E Myt &, Sl
Xk Aol&s ke AHREAES e W2
LwHf BIS 79, iz oz g o]k Ao
2o 7] R <lsle] & LwHf HIE 77
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Fig. 2. "CLu/""Hf vs. "'Sm/'"*Nd ratios for various
types of sediments. After Patchett ef al. (1984). CHUR
(Chondritic Uniform Reservoir) values from Bouvier et
al. (2008).

Hrh= Zlolnt.

FallEd) Hste] A vt A37] #A
LA o} FFEA AFURES] Nd-Hf $91€
FAEE Fig. 39 YERHITE BHlE flsiA ¢
vt A7) 7Y dekRek MeE Y
o] A HAZC] FAAAHIE I =AIEAT
T 7Y AFdFeE dAHez AE wEA
(mantle array)2 WA TAREC A|37] A dF
Aol A, EFEA dFFE Nd-Hf 9E v
AE oet EAEE 9, FHEA dFR= Nd-
Hf S9da7be] AEHS BAth(Fig. 3). 9444 =
A &0 Nd-Hf $9€94 =aaA 9A] Ak 24
g #Z o] EAHo|th(Fig. 3). PIHFUxe] A+
& B olatd 3R] AFG2 iR 71
ojuf, Al AR A 719 shiEe &
A5 7 tHChoi er al, 2013). $1 A3t A
Choi et al. (20132 FEA AFete] 2LELLS
B e] YoM 358 A8 HHE9
Fdol 2)3te] WA W) 28 (metasomatism)S 1k
NE %] (mantle wedge)ol™, S3l71 Ed=x
A= Aol = Bl ge] dY= FHd

AHEo] A&EAL S Tt

T

b

i

-

@ I b do
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Fig. 3. "Nd/"Nd vs. "®Hf/'""Hf ratios for Korean
basalts (Late Cenozoic intraplate basalts (Choi et al.,
2006), Tertiary Pohang Basin basalts (Choi et al,
2013), Tertiary Yangnam Basin basalts (Choi et al,
2013)). For comparison, Nd and Hf isotopic compositions
for western Pacific pelagic sediments (Godfrey et al.,
1997; Pearce et al., 1999; Vervoort et al., 1999) are
also shown. The bulk Earth (BE) compositions and
the mantle array are from Bouvier et al. (2008) and
Blichert-Toft et al. (1999), respectively. MORB=mid-
ocean ridge basalt. Data sources for MORB as in Fig. 1.

FHABEAAY
Lu-Hf EQQAA| A0 gg

m

SAHNES] BPA7NE 3= AL WE X3
AR olafigtel] Slo wig- Fogk HRE A
dE £ HEF=AFNorth China craton) &%
o] A5, S=2xn|27]o] hEE oF 200 km
AR e AZFEFEH(~40 mW/m?S 7 ARt
A ol sHQl Yart e AaE ARl oA
HWE ollont, AAe] hAaS iAo 3
2(~60-80 mW/m?)] ¥ F7(~60-80 km)Z -3}
H AR AMANER HsEAsel gHA Ut
(Griffin et al, 1998; Menzies et al, 1993, 2007).
PAAMES] AT wist B g Ige Aokl
Zsle} AEo] JJoB=E Folrlolel Yolrba= A
T A WES EAES olagtel ojx dAAWME
o] A sletE EAS et gk A S4S
st A2 w9 F88 AAKES AlFeit

ey ERES Bl 1,000°C Ao 2 A
Blolm 2]-35}8HA] 7l (open system)E A sh=

i
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A97F ot AdiEFAol fA & th(Choi and
Kwon, 2005; Choi and Mukasa, 2012). Rb-Sr,
Sm-Nd % U-Pb F994 Al=dle] 79, 2o}
AR B WIS ]] AR A EA
o]z} AW ZE-5<t FA AE3H(Downes, 2001;
Wittig et al, 2007; Choi and Mukasa, 2012). Re-
Os 994 Al2=de] e WE dHY O0s &
7 WA ARE-S L oT= wiA| (o], T-RAl, B
A A E= E 9A 5)E F 10-10,0004)
AEg FobA o]z} Awel tiste] FHH o= ¢y
3 Ho|tl(Walker et al, 1989; Pearson et al.,
1995; Reisberg and Lorand, 1995). Z# 4 Re}
Os 7+ WEEdae g As AW 783 E
Q1 FsldEel FFE o] o]5e] olxAFl Hl
S Wsleg o071 Q31 Gao et al, 2002;
Lorand et al., 2013). # A7 Ao 2J31H Lu-
Hf 99/ 25e dE o HAAw g 52t 4
A 75EA] goug Re-OsHF wx} &35k H
A e e MFo dgEAe] rkssitial &
2] % tH(Pearson and Nowell, 2003; Lapen et al.,
2005; Wittig et al, 2007; Choi et al, 2010;
Choi and Mukasa, 2012). W& ©ALSA W Lu-Hf
A r= 9F 900°CE FHETH(Choi et al, 2008;
Choi and Mukasa, 2012). Lu-Hf & Re-Os 59¥
2AIEEE B85 Arddel] oJshd vt A
AHEL F 1.940.1 Gaoll AFE Aoz AlRHTH
(Lee and Walker, 2005; Choi et al, 2010). ©]
s vt AYelld RaEy Qe oF 1.8-2.1
Gadll A% AzPA5 A7](Sagong et al, 2003; Kim
et al, 2008)9} YXgro 7 )Xzt YduE2]
Aol ARlAeE AAlHEY S & T Utk
ATt Mg e A7 ARl 298]
o] & MANE 71 HBA HE=El|E g
Nd-Hf 59194 A4S Fig. 49 Yeigich 174
A F2 Bl ES FE=XHEA APERIA -GS
A AR sREE) FollA Nd=k HES E3shal Q)
© FE FES AR olth Fig. 4 HEEERIE

oA Eelg BRI e B9l 3 ARE
EAIR Rolt). Mms SN s MLz o
ATAR WFE WA =N ATE AP

Elo|E A4 2] 79 Nd-Hf 940 AUgA
T(Bulk Earth) oM FE T8 @S Hol
-7 ET:]' H é%% é, =0 143Nd/144Nd9+ 176/

€
Nd
-10 0 10 20 30
02860 T T T I T T N
T A Baengnyeong Peridotite CPX
W/ Jeju Peridotite CPX —+ 100
1 A
0.2850 + A 180
A 460
176Hf 1 e
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Fig. 4. "*Nd/"Nd vs. "™Hf/"""Hf ratios for clinopyroxenes
separated from Korean spinel peridotite xenoliths (after
Choi and Mukasa, 2012). The bulk Earth (BE)
compositions and the mantle array are from Bouvier
et al. (2008) and Blichert-Toft et al. (1999), respectively.
MORB=mid-ocean ridge basalt; OIB = oceanic island
basalt. Data sources for MORB and OIB as in Fig. 1.

'THE vof] o] 27|71A] thekgt Helol] A9
Aoz WE wEHdE webr] =AET vhHo
HrEo] 795 Nd-Hf 59947 gE3o)

t}. Choi and Mukasa (2012)= ©|¢} 7+ EA9|
71Z3k] Nd& GAdmEo| o] o]z} WA wr)2-&
ot 94 Asshe v HES AFErt Woi
E319t). o]} 722 #gL slefo] dAAME A
T AFAKBizimis ef al., 2003). Y5 AWM
Eol|x] Kol o]9} 2-& Nd-Hf 59947 #Ed
e R stEEe 29EE FH0A iE
(delamination)=|o] AL E FFE AW ES]
AN ool A3 T Q3 AAES AT 5 Uk

2 B

"Lue] B E ~1.865x10" yrlolt}. WA
F4 W Lu-Hf &2 H32%= Sm-Nd¢] 7o)
AU okt 27 =t 3M71Y AojE W Hf
A= 2UEE T WE syl &
ARE AF3} Nd-Hf 994 AAwolr 9xe
I R AHe A2 FREh JHEAEE
Nd-Hf 59194 oA g e =aAlE
ol A3 EFHE WA= 4F HAREANA

off N

-

P

Mo o2
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Lu-Hf 59941 2H] A28k &g 235

Nd-Hf $91947F #Ego] Haeeh. Lu-Hf 5919
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