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Bizzarro, Nature (2003)

Lu-HTf isotopic data for analysed meteorites™

Excess of '"°Hf in Eucrite and chondrites

Lu (ppm) Hf (ppm) °Luw/**Hf "°Hf/'Hf 2se
Ordinary Chondrites
Alfianello (L6) 0.04225 0.1689 0.03551 0.282982 0.000013
Barrata (1.3.8) 0.03661 0.1595 0.03259  0.282732 0.000016
Belle Plaine (L6) 0.03289 0.1600 0.02919  0.282382 0.000016
0.03686 0.1484 0.03527  0.282964 0.000021
Edmonson (H4) 0.03219 0.1348 0.03389  0.282841 0.000013
0.03229 0.1413 0.03244  0.282678 0.000027
Ella Island (L6) 0.03747 0.1707 0.03116  0.282569 0.000021
Julesbourg (L3.6) 0.03601 0.1597 0.03202 0.282641 0.000025
0.03714 0.1596 0.03304  0.282772 0.000009
Hedjaz (L3.7) 0.03262 0.1410 0.03285 0.282726 0.000021
Herredia (HS) 0.03428 0.1428 0.03409  0.282821 0.000022
M'Bale (L6) 0.03016 0.1621 0.02641 0.282127 0.000011
0.03678 0.1708 0.03057  0.282552 0.000025
Tennesalim (I4) 0.03377 0.1458 0.03288 0.282720 0.000025
Waltman (L.4) 0.03701 0.1663 0.03160  0.282626 0.000018
Carbonaceous Chondrites
Allende (CV3) 0.0433 0.1857 0.03312 0.282783 0.000012
Allende CAI 0.09681 0.4248 0.03235 0.282684 0.000006
Allende matrix 0.03703 0.1562 0.03365 0.282792 0.000018
Murchison (CM2) 0.03399 0.1496 0.03225 0.282679 0.000019
Eucrites
Stannern 0.4223 2.359 0.02541 0.282037 0.000004
Ibitira 0.2740 1.221 0.03185 0.282640 0.000008
Juvinas 0.2708 1.370 0.02805 0.282267 0.000007

0.2625 1.290

0.02888

0.282348

0.000006




(% QST Excess of '°Hf in Eucrite

J. Blichert-Toft et al. | Earth and Planetary Science Letters 204 (2002) 167-181 173

0.2910 : J. Blichert-Toft et al. 2002
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Fig. 2. Lu—HT isochron diagram for basaltic and cumulate eucrites. Both x- and y-axis error bars are smaller than the symbols.
Note the relatively large spread in parent/daughter ratios among even the basaltic cucrites for the Lu—Hf system compared with
the Sm—Nd system (Fig. 1). Note also that the Lu—HI reference [or BSE as measured on 25 chondrites ol dillerent classes by [32
(BT & A97; shown in shaded inset) plots within errors on the cucrite isochron and divides cumulate (Lu/Hf ratios higher-than-
chondritic) from basaltic (Lu/Hf ratios lower-than-chondritic) eucrites. Caldéra is a highly recrystallized impact melt [19], which
could explain why this basaltic eucrite has slightly higher-than-chondritic Lu/Hf compared to the other basaltic eucrites: it may
have assimilated some local (cumulative?) and/or impactor material.
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_ I
0.2855 SAH99555 Angrite 0.291+ | 5
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Bizzarro, 2012 BOUVIER, MPS, 50, 1896 (2015).

An internal isochron of angrite SAH99555 shows the logner age of 4869 Myr.



Excess of "Hf in Eucrite Millbillillie and

Piplia Kalan

R. Bast, 43rd Lunar and Planetary Science Conference, 2542 (2012)

0.285 771 the monomict basaltic main-
px + wr pX + wr . L et
0285 | (2 points) (2 points) ox 7 group eucrites Millbillillie
4.90 +0.05 Ga 4.94 +0.06 Ga (MB) and Piplia Kalan (PK).
i = 0.27957 (6) . i = 0.27959 (5)
_F 0.283
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~ - - 2"
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176 ) TTHF 176 /T HF
Fig. 1: Lu-Hf 1sotope data for different fractions of ) : .. . 1Ly
ey : Fig. 2: The internal Lu-Hf 1sotope data for Millbillil-
Piplia Kalan, plotted on the eucrite whole-rock (wr) i dof diff ds rather
trend (grey) defined by the data of [4], [5]. and [6]. 1e appear to define two different trends rather than a

Note that most mineral fractions plot above the eucrite single isochron.

wr isochron, whereas PK’s wr and dust fractions plot They conclude that with the current data set, no meaningful isochron slopes
on this trend. can be determined and cannot yet exclude the possibility of accelerated
176Lu decay via irradiation in these samples.



Excess of 176Hf in Eucrite QUE 97053

EVIDENCE FOR EXCESS HAFNIUM-176 IN EUCRITE QUE 97053 M. Righter, LPSC (2013).
s p
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Figure 2. Lu-Hf i1sochron diagram of unbrecciated eucrite

Figure 1. Lu-Hf 1sochron diagram of unbrecciated eucrite QUE 97053. Data points represent the average of two dupli-

CMS 04049. Data points represent the average of two dupli- cate analyses of the same mineral aliquots. Oxide = a bulk
cate analyses of the same muneral aliquots. Oxide = a bulk oxide mineral fraction; Plag = hand-picked plagioclase frac-
oxide mineral fraction; Plag = hand-picked plagioclase frac- tion; D-Plag = 2.96 < p < 4.0 fraction; Bulk = bulk rock. All

tion:; Pyroxene = hand-picked pyroxene fraction. data are presented with 2 uncertainties.
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Closing of decay acceleration of 7%Lu

Wimpenny, J., Amelin, Y. & Yin, Q. The Lu isotopic composition of achondrites:

closing the case for accelerated decay of 176Lu. Astrophys. J. 812, L3 (2015).
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T. Hayakawa, T. Shizuma, T. lizuka, Communications Physics 6, 299 (2023).
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Neutron
> =mmmemememe= Compound nucleus
Incident SSSSZSSS:  Neutron 176+
neutron energy emission Gamma decay
Isomer T,,=3.6h 123 keV
GS — 0 keV Neutron Capture
\ 4
177Lu
176Hf

The threshold energy of 176Lu(n, n’)176Lum reaction corresponding to the
excitation energy of the isomer of 123 keV.

The 176Lu(n, n’)176Lum reaction may occur in the energy range from 123 keV
to a few MeV.

For example, "%In(n, n’)"%In™ reactions are well known, but the nuclear
data for 17Lu is poor.
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(% QST Examples of neutron fluence evaluation

Hidaka, Meteo. Planet. Science 35, 581-589 (2000)

TABLE 2. Comparison of the estimated neutron fluences

“Neutron capture effects on samarium, europium,
and gadolinium in Apollo 15 deep drill-core

Iiftective thermal neutron-capture Neutron fluence

cross section*® (cm?2 [x10-20]) (n/em?2 [x10'¢]) ”
e - samples
Sample Ty )35 Uy59 W, W, Wy W, Russ ef al. (1972)
A-15
15001.375 RN 21 87 525 516 4.17 3.02 372
15002.747 53 2.0 8.0 6.21 589 525 3352 4.30
15003.734 56 22 9.0 6.71 6.86 5.60 4.20 5.06 .
15004 129 56 22 9.0 752 749 617 468 557 Thermal neutron fluence:
15005.14 5.6 22 9.0 7.02 7.07 5.80 436 524
15005.79 5.6 22 9.0 6.63 6.64 5.33 4.04 4.69 (4-7)X1016 neutrons/cm2
15006.310 56 22

89 545 547 443 330 394

* (5 40. |55, and ¢ 57 were caleulated from the method by Lingenfelter er al. (1972)

W, Sm-isotopic data and the cquation W =—1 x 10" &, 4954/t 49 Were used for the calculation

Wy The values were calculated from the comparison ot the Sm-isotopic shifts between each sample and experimentally neutron-irradiated
chemical reagent.

\If,: Gd-isotopic data normalized to V50Gd/190Gd = 0.9361 and the formalism of Eugster ef al. (1970a) were used for the W calculation.

Wy The values were calculated from the companson of the Gd-1sotopic shifts normalized to '53+136Gd/190Gd = 1,61290 between cach sample and
experimentally neutron-irradiated reagent

a00 P. Sprung, Earth Planet. Sci. Lett. 295, 1, (2010)
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