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42Ca and %3Ca: A A%

“ca: ERGE, TEIARE - “TiIEEAR ) (t,,=60 5F)
%Ca: 2hFHHIRITE (s-process)

48Ca: B H T & K (neutron-rich nucleosynthesis)
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# of protons (2)
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% electron-capture supernova explosions (Wanajo et al., 2013)
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S ANFRFH AR BA IEE 42Ca/*Ca=0.31221 (TIMS, MC-ICP-MS, SIMS)
* £4/%Ca = [(YCa/*Cag,mpie )/ (Ca/**Cagpponsa () — 11 * 104

> Jo B AH O A A7 2R AR &

* 3%4Ca = [(“Ca/¥Cay,mpe)/ (Y'Ca/*Caggpoyss) — 1] * 103

< TIMS: AXE 7T AsE FH RO R 77 2 1R
< 43Ca-*8Ca
< #Ca-*8Ca
< #Ca-*3Ca

% MC-ICP-MS: standard-sample bracketing (. T EMAFE IR E)
<> ignoring 4°Ca (Feng et al., 2018)

<> cool plasma (Fietzke et al., 2004)
<> collision cell MC-ICP-MS (Sapphire)
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BRRLFR A A EA TR H B 43 terrestrial igneous and metamorphic rocks
chondrites and their components l
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Nephelinite
O Tephri-phonolite
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© Dunite
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% carbonaceous chondrites (/i)

% ordinary chondrites (i)

% enstatite chondrites (kK #EAT)
»chondrite components

% refractory inclusions (HESSELZE/A)

<> Ca-Al-rich inclusions (CAls)

<> Amoeboid olivine aggregates (AOAs)

Clfs FUR B A B2 5440

» chondrules (ERfi)
» matrix (3£J5)

Allende CV3 meteorite, 24 gram piece
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NWA 1152
Carbonaceous
(C3-ungrouped)

chondrite
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chondrites and their components

Carbonaceous
1 Chondrites

O this study
literature
1 Ordinary
Chondrites
< this study
literature
Enstatite
Chondrites
A this study

Earth
(%]

30

) B OI.2 Ol.4 O..6 OI.8 1I.O
Refractory

. 844/40(:a
iali 1 Inclusions SRM915a
terrestrial igneous and ] LRAUSIIIIS

metamorphic rocks 1 1
IS Y U EE IS NI NI EPS
ANFE 5T = AH O< B 4TS [F) A 21 RN,
SR A A ot FE A S AR o A
IR [R)AS 28 R,

o MR AR, RBEERUN
% O0%/%Cag,.,=0.2t0 1.1

Huang and Jacobsen (2017) with data from: Jungck et al. (1984); Lee et al. (1978); Russell et al. (1978); Niederer and Papanastassiou (1984);

Clayton et al. (1988); Simon et al. (2009); Moynier et al. (2010); Simon and DePaolo (2010); Huang et al. (2012); Valdes et al. (2014); Schiller et
al. (2015); Bermingham et al. (2018)
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¢ 48/44C Bermingham et al. (2018)
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Planetary composition
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B CM chondrites
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ECM (SD10)
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X CR chondrites
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ACV chondrites
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ACV (H16)

A Allende chondrules
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¢ bulk samples + CAls
<] dissolution steps

-2000 O 2000 4000 6000

48
Schiller et al. (2015) u Ca (ppm)

> (EOCERE, & A R R 2= AR A I w-notation >R KR
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This study:
© FUN CAls
¢ FCAls

Literature data:
A FUN CAls
B PLACs &
PLAC-like CAls

—— Correlation in bulk

meteorites
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-50 0 50 100 150 200 250

5°°Ti (%o)

Koop et al. (2018)
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®EH OFEL A Aubrite
OHED A Angrite ®Ureilite
OSNC (Mars) ®Earth

Slope=1.09+0.11
Intercept=0.03+0.14
MSWD=1.9

Dauphas et al. (2014)
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Huang and Jacobsen (2017)



A EEPREAFAEXG-ARMVRRS

primitive
O C-Chondrites
O-Chondrites
A E-Chondrites

differentiated
(O SNCs

+ Angrite

X HED

& Ureilite

Earth-Moon

@

Huang and Jacobsen (2017)

48Ca st AT O 5 B AH I
A Be FHRHAEMK BH 22 B = 1 CO H BE N,
B UL, A0 JERIR 516 1 H (Krot et al., 2010; Koop et al., 2016a; b)

(self-shielding) &A= IS ]
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A E-Chondrites

differentiated
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+ Angrite

X HED g _
® Ureilite Angrite

parent body
Earth-Moon
(4]

Regression with
Earth
Ureilite PB 0.5Meqrth

21 22
log[Mass (kg)]

Schiller et al. (2018)

> BCa BE) MR RZAARITEY (eg., Leeetal., 1978; Chen et al., 2011;
Huang and Jacobsen, 2017; Schiller et al., 2018)
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chondrites and their components terrestrial igneous and metamorphic rocks
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Huang and Jacobsen (2017)
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isotopes |, j, k

R,: isotope ratio of i and k
TR, true isotope ratio

FR,: fractionated isotope ratio
"Ri/ Ry = (FRjk/ TRjk)B

¢ TaSingle Filament, H;PO, loading, 200 ratios
O Re Triple Filaments, HNO, loading, 200 ratios

B=(m"-mn)/(m" - mjn)

S
m: mass of isotopes i, j, k o

S
n=-1 equilibrium law :,'.;
n=+1 power law ©
n->0 exponential law é’
n=-0.5 Rayleigh law

0.68 0.70 0.72
43Ca/*8Ca raw
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isotopes |, j, k > TPk &

R,: isotope ratio of i and k > RMNAERDIERE, D FEFiAR
TR, true .isotope .ratio . » R, /R, = floikd)

FR,: fractionated isotope ratio > f=0-1 TRAE

Rie/ Ric= (Ry/ TRy )P » aik = (m,/m)°>

> FRE=AFEMER (WADRAGREED) Ry, Ry
> Ry/ Rik,o=f(aik_1)
R /R = kD)

m: masses of isotopes |, j, k > '
> R./R. =(R./R. )P
n=-0.5 Rayleigh law \ ko T ke

B =(m"-m)/(m"-m")

> B — (OLII(-].)/(OC]/(-].) — (ka.S - miO.S)/(ka.S - ij.S)
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] Davis et al. (1995)
Zhang et al. (2014)
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Chondrules Connelly etal. 2008

Amelin et al. (2010)
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chondrites and their components
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Huang and Jacobsen (2017) Shu et al. (1997)
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-10°C
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= molecular diffusion

= = = diffusion-limited
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Temperature (K)

Simon and DePaolo (2010)

o MR EMRLAETS (super cooling) HIKFH R E =ik 1k
o FNSIFRN (kinetic isotope effect) : Ca diffusion in the solar nebula






GBW07106

dstone, 0.22+0.02%o,

(sands
.*. }/Mb\\ /D = 0.00)

=O—1 COQ 1
rbonatite, 0.34+0.02%o,
MSW D =0.14)

GBWO07103(GSR-1)

(granite, 0.37+0.01%o, q._.

GSP-2 ( b’ldn(\dlollk 0.32+0.01%o

MSWD
GB" 07104(GSR 2)

.3140.02%o,

, 0.35+0.02%o,

_ GBW07105(GSR-3)

(basalt, 0.27+0.01%o,
MSWD = 0.19)

MC
MC

(basalt)

==

2 ): MC
BHVO-2

(basalt, 0.37+0.01%o,

MSWD = 0.30)

JP-1
(peridotite, 0.54:+0.01%o,
MSWD = 1.04)

0.4
S#4/42Cq
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_ . 2%o variation in 44/40Ca
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inter-mineral fractionation R
partial melting / crystal fractionation o e I (v~
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Soret effect: thermal diffusion cis bk
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:IKilbourne Hole
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> R MM A olivine, orthopyroxene, clinopyroxene, spinel

»  Caisotopic measurement of orthopyroxene-clinopyroxene pairs from Kilbourne
Hole and San Carlos spinel peridotites
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i orthopyroxene
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at ~1000 °C

clinopyroxene
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2.3 2.4 2.5 o 2.6 2.7

C a_O len th Huang et al. (2010)

Ca isotopic fractionation between CPX-OPX is comparable to low T inter-
mineral fractionation

Ca isotopic fractionation between minerals is controlled by their Ca-O bond
lengths: mineral with shorter Ca-O bond tends to have heavier Ca isotopes
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* 0.8% ancient carbonate in the Hawaiian plume
* Estimated CO, emission rate: 3 x 108 kg CO, per year
* Direct measurement: 0.2 x 102 kg CO, per year at Mauna Loa (Ryan, 2001)
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The coupled, light Ca-Fe isotopic endmember was produced during melts
percolating through peridotites at a time scale of <10 to 10,000s of years
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