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The formation of leucosomes with pronounced negative Ce anomalies from metasediment partial
melting: Implications for the origins of Ce anomalies in oceanic island arc lavas
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Abstract: As a result of protracted granitic magmatism (~ 150 myr) in the extinet Mesozoic Sierran continental are, California, the
metasedimentary framework rocks had undergone up to amphibolite facies intermediate_ to high_grade metamorphism and partial melt-
ing of labile wall rocks within the proximity of invading plutons. T hese partial melting processes resulted in the formation of a number
of migmatite complexes in the southern Sierra Nevada batholith. Such well preserved migmatite complexes provide a natural laborato-
ry to investigate the geochemistry of metasediment_derived melts. Rare earth element geochemistry data on the Goat Ranch migmatite
complex, one of the best preserved migmatite complexes, show that the leucosomes, migmatites, and metapelites have: (1) pro-
nounced negative Ce anomalies: (2) subparallel chondrite normalized REE distribution patterns; (3) leucosomes have lower LREE
contents than those in migmatites and pelites; and (4) contrary to the migmatites and pelites, leucosomes have various Eu anomalies.
The Isabella metapelites contain a fair amount of graphite as shown in whole rock dissolution experiments and petrographic observa-
tions, which suggest that they are strongly reduced metasediments. A similar conclusion was also reached from previous studies on
mineral geochemistry of biotites from these rocks and adjacent granitoids. These data and previous Sr, Nd isotopic composition data on
the leucosomes, migmatites and metapelites demonstrate that pronounced negative Ce anomalies in leucosomes were inherited from

their source rocks, not due to differential dissolution or fractionation crystallization of accessory phases ( e. g. apatite, monazite or zir_
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con) during partial melting of metapelites. The finds from this study also suggest that if sediments with Ce anomalies above a subduc

tion zone are introduced into the island arc magma source regime via either subduction or subduction erosion, and participate in island

arc magmatism, then sediment_derived melts can contribute to the formation of those arc magmas with negative Ce anomalies.
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RN TRl Sy 52 40 T, 0 HE 2 A8 SRR 8 4 s fl = 7
FE AR 1 o0 2RO A (R 67 3% 3 BR AR SR AR, AN U 3258 D0 iR
BRGS0 b R A 27 2 ) 2 5 R 1) o S — 34, iy HL ik
Ay R e B T TR B S R v TR R O ke D B 1L T
PEllE . A RRIAE B kb, B SRR A B 7 1 ik
A H B A e R B E o 8 o da il A T g ok SLRE RO
FRAIIT RS, CRAFAE BRSSP IR G 75 (92 AR5, 2004) . IX4Y
TR IS T R s A P P b R 1 27 R E B0 4 44
S Rl R A 7 R A ) B A SIERG A L ), g A R 5 [
T Sierra Nevada #5359 19 Tsabella J8 755 9 8 K5 EE Se_Nd [0
B FEWF TR R, A8 T TR0 2 M A I 5% T WK 4 ey PR A
(&va= [(ONG NG g/ (NN g = 1] % 10Y)
(19 N[5 437 2 A P85 R 0 Sr WAL 2 A8 78 ( Zeng et al .,
2005a) . HF ARz £5 RAE S T A LK I R ER A 2 K
AR A b AT EAEAE (0 Nd R 67 #ACP . S — i,
SE BE AR R (0 3R S ol 3 0k 118 b R {25 e A ml Dy
P JE 2 SR (R TR A 0 S U5 0L O E A B, itk — B
T3 M S e B, R B R A S

FITERE (0 = A0 T o0 g I LE, Ce F1 Eu (193 ER{k 2247 0
ZERVRON AR H ST, A Ce AL DYAR Ce, JE B HE A
RO AL A R A BE N, = AT Eu 38505 4 Eu, 2
Sy (A A A0S B Ba, AT SR WL Ce AN
Eu 50 o 6 TR SRR M AL 145, Ce 53 LR
IL( Elderfield and Greaves 1981; De Barr et al., 1985, 1988;
Elderfield et al., 1990; Braun et al., 1990; Taylor and
McLennan, 1995; Bau et al., 1999; Pan and Stauffer, 2000),
EAE S K b, AT AR A (O 4138 (Jakes and Gill, 19703
Heming and Rankin, 1979; Dixon and Batiza, 1979; White and
Patchett, 1984; Hole et al., 1984; Ramsay et al., 1984) . %)
HLEDE P AL A, Neal and Taylor( 1989) Fl Luo %5 2004) 43 5
fRIE T HAT Ce SR AU €L 40K, 1T Zou 25( 2004) 11 T 2K
BT3B AL B b A Ce IES W QA . 1 T3k
ek L PR AN AT i 2= 4 Ce 5% ( Schreiber et al. ,
1980) , BTN £ (Y Ce St HFEAE V45 0 028 4% 25 b5 4 e 5 B
(DR R Bl AT ) 4L 28 28 b5 et i B, o — S8 O B
IR BAT Ce 70500 IR 38 0 SR VTR 5 b5 F0 0 s i
AELGUR S I 30 20 J i 2 P 3 75 7 2 B AT Ce 3 O 1A O 2%
o A T A R 1 T R, IS AT S G 5 L, A AT I Ak 9
oM UE . i RO A ), 2 R O [ N (Y B Sierra
Nevada %7 3t () Isabella 8 75 5 47 BEAT T 402004 B 40 AL
B i SRS R 2 S R G 3 1 4 B, LG s A e ) e
AR DR 3 (0 U R4 0 1 b R Ak 2 AE , 20F i 4% 1+ 9 1

FAR PR (0 A K TR I Ce S35 1 KRN G XL
1 Mo TS 5

2[5 I M w9 Sierra Nevada 73L& Sierra Nevada & 757 Ak
f - 4, Bl AR Ol 80~ 120 Ma (978 K i 45 41 4Lk .
WFFTIX A7 T4 Sierra Nevada 7735 Isabella 3 (9 g2 ( B 1),
Jigi 1 8 A e A 74 17 43 A3 ) 1.SCR( Strongly Contaminated Re-
duced I_type) £& = 2517 (19 43 7 Sy, %407 0 1946 = 5 5 6243588
VU 48 B 2 AH L, FLAT B IR 45T AL AY, SR T o 3 i Jg
728 HURL S ( Ague and Brimhall, 1987) 76 #F 95X P, 2B JT#

|ake Isabella =
\E‘g . =
Ry

A .

3 x
\Hx;\\; - B«Qﬁﬁﬁr' .
1 -:\ /% e ]
PV 2
' \ S 8% 7 RN
Ll 3K 38%57 ) [ 8
) 9

PRI e 10

% N== 11
Qi 2312

.

Goat'Ranch {2 g A& s e T G

500 m

B 1 SEME M Sierra Nevada 46 5 5 4 5

Goat Ranch Hi < fr) 4 J 4

Fig. 1 Simplified geological map of the Goat Ranch area,
southern Sierra Nevada, California
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Table 1 Major and rare earth element compositions of metapelites, migmatites and leucosomes from the Isabella
migmatite complex, southern Sierra Nevada batholith, California
e R GRES e A e
. L0404 L0405 LO405B L0406 L0407 L0409 L0410 RO407 RO410 Li9805 Li9808 PPO101 PSO101  Li9815
Si0, 80.91 74.97 75.08 78.37 7567 T70.25 69.59 62.07 63.94 67.94 68.73 63.08 64.95 63.01
AlLOs 14. 48 16.99 17. 00 14. 37 14. 58 17. 57 17. 41 20,04  20.54 18.11 17.53 23,17 23.42 21.52
Ti0, 0. 086 0.38 0. 38 0.05 0.05 0.52 0.51 1.02 0.98 0.83 0. 85 0.99 0.93 0. 87
Fe) 0. 86 1.85 1. 87 0.62 0.76 3. 81 3.78 7.26 5.70 5.45 4. 86 6. 10 4.94 6. 82
Mn( 0.033  0.05 0. 06 0.01 0.01 0. 06 0.07 0. 11 0. 08 0.08 0. 14 0.05 0.03 0. 04
Ca0 0. 54 1.64 1. 56 0.74 0.95 0.57 0.61 0.76 0. 64 0.76 0.70 0.25 0.22 0.25
M g0 0.18 0.54 0. 56 0.10 0.14 1.02 1.00 2. 16 1. 49 1.82 1. 40 1. 64 1.59 2.09
K,0 0. 36 0. 47 0.52 1.45 4.59 3.61 3.68 3.52 3.10 2.25 2.33 2.52 1.82 2.83
NaO 0.72 2.06 2.00 2.53 2,13 1. 88 1. 89 1. 47 1.74 0.90 1. 19 0. 84 0. 54 0. 39
P20s 0. 083 0.11 0.11 0.11 0.13 0. 14 0. 14 0.12 0. 14 0.18 0. 16 0.18 0. 08 0. 32
T otal 98.25 99.06 99.14 98.35 99.01 99.43 985.68 98.53 98.35 98 3] 97.90 98 81 98.52  98.14
La 13.88  39.01 40.39 12.58 20.15 30.98 32.17 48.01 47.88 40.88 48.54 50.52 49.46 45.31
Ce 18.45 50.82 56.95 18.58 26.72 44.64 42.66 64.45 63.13 54.51 64.73 65.25 61.33 58.46
Pr 3.01 8.06 9.54 3.36 4.33 7.63 6.90 10.37 1012 8. 77 10. 18 10.70  10.19 9.42
Nd 11.92  30.68 34.21 12,72 16.74  27.93  26.67 40.43 39.81 34,84 39.63 41.42 38.81 36.63
Sm 3.07 6.70 7.05 3.66 4.22 6.12 6,20 8.95 874 7.77 8.78 9.03 8. 10 7.98
Eu 0. 60 1. 80 1.20 1.50 2.58 1.55 2.48 1. 81 2.50 1. 16 1.74 1.79 1.61 1. 50
Gd 3.20 5.79 5.39 3.97 4.24 4. 83 5.67 7.59 7.36 6.73 7. 36 7.51 6.29 6. 96
Th 0.57 0.96 0.98 1.06 0. 88 0. 98 101 1.21 1. 16 1.11 1.17 1.20 1.01 1. 15
Dy 3.58 5.83 5.22 7.12 6.02 5.55 6.37 7.11 6.72 6.73 6. 84 7.13 6.13 6. 80
Ho 0.73 1.19 .03 1. 60 1.35 1. 14 1.34 1. 43 1.32 1.34 1.39 1.43 1.27 1.36
Er 2512 3.31 2,02 4.89 4.03 3.28 3.81 3.94 3.60 3.73 3.69 3.84 3.49 3.68
Tm 0.35 0.50 0. 56 1.02 0.63 0. 66 0.59 0.58 0.51 0.55 0.55 0.58 0.52 0. 54
Yh 2,28 3.06 3.08 5.78 4. 14 371 3.67 3. 68 3.26 3.42 3.53 3. 62 3.35 3.42
Lu 0.37 0.49 0.51 0.94 0. 66 0. 61 0.58 0. 58 0.51 0.54 0. 55 0.58 0.53 0.53
Ce/Ce”  0.6844 0.6871 0.6955 0.6855 0.6857 0.6960 0.6864 0.6925 0.6876 0.6902 0.6981 0.6728 0.6570 0.6784
Eu/Eu"  0.5813 0.8776 0.5888 1.1968 1.8522 0.8684 1.2641 0.6669 0.9466 0.4871 0.6573 0.6601 0.6850 0.6112
Sm/Nd  0.2576 0.2184 0.2062 0.2877 0.2521 0.2192 0.2347 0.2214 0.2195 0.2230 0.2215 0.2180 0.2087 0.2179
(La/Gd)x  3.63 5.64 6. 28 2.65 3.98 5.38 4.75 5.30 5.45 5.09 5.52 5.63 6. 59 5.45
(La/Yb)n 4.21 8.83 9. 08 1.51 3.37 5.78 6.07 9.03 10. 17 8.28 9.52 9. 66 10,22 9.17
LREE 5413 142.86 154.72 56.37 78.98 123.67 122.81 181.61 179.54 154.66 180.96 186.22 175.99 166.26

Ce SEHE(Cel Ce™ ) F Eu 530 (Eu/ Eu® ) 43 5142 2

v 3% Cel/ Ce’ = (Ce) /[ (La) x % ( Pr) x]"?H1 Eu/ Eu”

= (Eu)n/[(Sm)x x (Gd) 5] 2251, N

S BRI AT R E A, BB A b ER K T Sun and M cDonough ( 1989) .

GERGA AT HUERAE SBT3 (o AR AR R AT OB 30 40 1
R P L R A AR I A B K (Zeng et al.
2005a, 2005¢): 4105+ FHE A+ HL0 ~ AR 8+ A
+ Iz B+ HoO = Jifh+ TR . JXPIA 40 485 R S 1 19
ISR 5 11 2 B IR A0 45 Bl S I P S R A . A X e S B

L REAR S 05 ) R, TP T

AR GRS MR U I SN [F 47 = WF 5T A ik
A Nd AL 2 LEA A PoOs Sm/ Nd il 5 1M KK R ( Zeng et
al., 2005a), i LREE 4 A4ii tl £ JL T F1 4% 3 o 4 7 47, 2
LREE S /& REEG T RES . BX SRR AR o SR W AR ik (1
JRCEL R e, R T bR A, AT T AR R R Zeng et
al., 2005a, 2005b) . B HCATE A LAY I AT 1 ERORE B3 A 1 Ay o

fk REE 43 A 5 3 f A% 19 ( La/ Yb) § {fi( Bea et al., 1994),
4\IuJF;' IR K A R T A s R P 2 3 U A Y REE

P43 2600 T AR T 08 B Bl R AT ID B, IRk (1
A 11 5 S 28 A AE KT A A1 1R ( L/ Yy w {8 — 2. (LB A A7 A
AE AT A LA BLIR) Ce S8, RV (1) Ce T 58 AN
A S A T A A A P A e B ) L B A A AR
B SRR P2 —, KB R T8 A B AT )
B0 Ce 1F 5% JF Hi B2 % 1 HREE (Heaman et al., 1990;
Rubatto, 2002) . W8S A5k 5k B MIAE AR, I8 4k iy L
A Ce H5w 5 H HREE @ 5 5 44, {EL T AF 58 10 30 43 8K (0 14
FLAT RS SO BIIR 6 4 & BERT 2 0 HREE( & 2) . 7 BLaf
CAFEBRBS A 1E H .
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Cesare ¥ ( 2005) 3 iof B2 W fifd 7 3% 20 B 7 S B0 90
Fe® | Fey, fHAFE, 13 £ 47 S0 TR v 2B 25 BEAE K #84>
S T L R v AR Ik Ak, e R A e 3
JEERHE . Ague 1 Brimhall( 1987) WF97 T %15 € B4 5 ob i B2
ZoBEW AR S A, e I AZ A b A A JEURR i, 8 A B
JEE (R AR A 5e 2 (TR A T . a2 S )l e ]k e e 5e 9
)8 4 5 Rl A D B A A SO 4R 1 R, = Ce AN T RESU AL
PYLR Ce, JE AN B #5 AR T DU AT Ce U4k . B3 A1, S5 A0 2 W 42
A2 () A 90 0 910 6 W = % 20 B L 1 O U AR i T AR
A7 I AT B, S I e A U R L L B SR AR BE . TR
A, B ST ) AR R TR 4 e e R b R R ) Ce

3.2 REMOREREHMHEN

FERUREREE T, = A 6l S04k T8 1k DY A b, 3T S5z I A 27 5K
J3: Ce™ + 0% <= Ce0y, il CeOy EHIAK TR H AR, F 80K I
i 070 BRI R OB LB O L RO, AR R
BER K Ce AN RAESUR RN, BT I Ce T2
W o L LA AL RTE B AN g v BAT Ce TR
3, : Lesser Antilles ( White & Patchett, 1984) .2 L iF g}
( Dixon and Batiza, 1979: White and Patchett, 1984: Hole et
al., 1984) [9AF B JLA W Heming and Rankin, 1979) X it
T HE B ( Jakes and Gill, 1970; Ramsay et of .. 1984) .
Schreiber %5 ( 1980) [ 52 4% &5 UL W 71 Wl FAA vl fig 16 L Ce
SR8 0 VA BB 8 9 S L A AT Ce 533
Mg o LTI AT (0 3 9 AR A AL A i i) — A gk, i T
Ce + Fe'' = Ce™* + Fe™* RBMZE i L, BLIE T = 4 i 4
R IE e DY A B, HIEBR T 25 J PR AR Ce S0 Ak pad B b (AT 40
DIk .

T 26 T~ B R S P 1) Ce A0 S 5 110 1 DT A A T 2

et al., 1984): &y — IR W LA Sy 40 o s 5 742 38 4l 1) e g 92
S ER H s B R ACGAUEN, FECE KM K A Ce

02 OR 05 b v TR KA TP = A R R L AT Ce TSRS . K
PR AT IR b DOBLAL 23 00 AU A I o o' T 408 20 1 3R
P DR B b 320 bl 4 3 SO L AR e 5S4 IO AAF o 3 iR
{#( Clift and Vannucchi, 2004) . AN o] fioky 3 45 F 2 Al e
B 5| 20 3 B i) 0 20 el X, 9 4 R,
1 Ce f1 505 MUTRBUE S Y5 PE RIS JEAE RL, BT TR IR 6 9%
o BLEAT A R EE () Ce U5

g6 35 [ I M g Sierra Nevada 77 3k b g op 22 A A% i
i R A 4 A VE AN (1) BT A0 W %2 B o0 & MR 1k 2E BF 9T
B FERE A KETh 150 Ma) M8 2 G AE T, B

AR e T A A o R ST R 43l 3 20 Tsabella 1R 77
T pls R e I A BL, TR 5 o i R (AR L AT 3
Ce B 50 PO B 10 Ce S MR 4K T J5UA 1Y Ce 4757
REAE, T AN T B4 1) 2 S A T3 e B AR e
T RO 19 Sty 3 i e BT B b I MDA ALk, SR
P I SOl AR K R B JB B T 5 K Il 88 93 1) A K 1)

AT Ce S50 06 1R B C0 A 1 5 B W, dun SRS o opr RO TR
R e A o 2 B 20 A A T OE BB P AR i e 4 2 5 B i
FrHAE T, B2 n] U U AT Ce S I IETE A 98 .

Bift: AWEST 0 0 20 e 3 T [ 5 AT AERRT 9T 973)
51 [ ( 2003CB716500) K ot [6) His o7 i £ Jap 18] | 25 95 i A Ha
FRHA I (121201056606) (14 %8 B . i o4 166 B -1 fAT
AR E AT D AR SCHE R IR AT A6 10 R PR R L
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