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Introduction: As for other nuclides decaying by 

beta emission, such as 87Rb or 187Re, the half-life of the 
decay of 176Lu to 176Hf (see review in [1]) is notori-
ously difficult to measure. Patchett and Tatsumoto [2] 
and Blichert-Toft et al. [3] on eucrites, and Bizzarro et 
al.[4] on a combination of chondrites and eucrites ob-
tained reasonably good alignments in the 176Lu-176Hf 
isochron diagram which yielded a decay constant λ of 
~ 1.93-1.98 × 10-11 a -1 consistent with the counting 
experiment value of Sguigna et al.[5]. Scherer et al. [6] 
and Söderlund et al. [7] measured Lu-Hf in old terres-
trial minerals and rocks previously dated by U-Pb and 
obtained a much lower decay constant value 
(1.867 × 10-11 a-1) which would make the meteorite Lu-
Hf ages unacceptably old (~4.75 Ga).  

It is unlikely that the persistence of large-scale Hf 
isotopic heterogeneities pre-dating the Solar System 
can account for this discrepancy. Neutron irradiation 
would result in an excess of 177Hf rather than 176Hf, 
which is effectively shielded by 176Lu, and would 
make a Lu-Hf meteorite isochron appear younger, not 
older than the meteorite formation age. We examine 
therefore the possibility that irradiation by photons has 
accelerated 176Lu decay during the first few million 
years of the life of the Solar Nebula. It has indeed been 
shown experimentally that irradiation by photons cre-
ates a measurable excess of 176Lu decay events [8, 9]. 
Because the number of 176Hf atoms created in such a 
process would be proportional to the amount of 176Lu 
present at the time of irradiation, apparent isochron 
relationships in meteorites would be preserved albeit 
with slopes that reflect the compounded effect of ra-
dioactive decay and irradiation. Only two nuclides, 
176Lu and 182Hf, are prone to such nuclear effects upon 
irradiation by ~1 MeV γ-rays. Photons do not induce 
other (γ,n) or (γ,p) reactions unless their energy ex-
ceeds the >5 MeV particle evaporation threshold[10].  

Discussion: The presence of a fast decaying isomer 
(T1/2=3.7 hours) is a rare occurrence, but direct elec-
tromagnetic transition to the 176Lu isomer is ‘forbid-
den’ by nuclear selection rules of spin. However, the 
isomer level can be populated via gamma transition 
from the ground state through a ‘mediating’ level at 
838 keV [11, 12] and then promptly de-excites by β- 
emission to 176Hf. Experimental irradiation of natural 
176Lu within an intense flux of γ-rays [8, 9] by 60Co 

(1332 keV) and 24Na (1369 keV) produced the short-
lived 176Lu isomer identifiable by its decay gamma 
spectrum.  

It can be calculated that 26Al and 60Co were not 
abundant enough to account for the 176Hf excess ob-
served in meteorites. We therefore conclude that the 
accreting material was exposed to heavy doses of γ-
rays from external sources. The exposure of material to 
irradiation by magnetic reconnection flares at the inner 
edge of the protosolar accretion disk has rehcently re-
ceived much attention [13] and we suggest that such a 
process involves production of γ-rays as well. Brems-
strahlung of high-energy electrons accelerated by solar 
flares and absorption of thermalized neutrons, notably 
in the 1H(n,γ)2H reaction at 2.223 MeV are other po-
tential sources of γ-rays. Because silicate material ab-
sorbs ≈ 1 MeV photons within a few cm of the ex-
posed surface [14], irradiation does not affect rocks of 
larger dimensions, but is exclusively effective before 
coalescence of the condensed grains and in the imme-
diate vicinity of the source.  

Hf isotopic data therefore provide a potential con-
straint on the relative doses of γ-rays emitted by the 
nascent Sun. Figure 1 shows the theoretical 4.56 Ga 
isochron for non-irradiated material together with the 
chondrite and eucrite data and the Bulk Silicate Earth. 
The existence of an error-(pseudo) isochron for mete-
orites requires that all the raw material in the Asteroid 
Belt was exposed to a nearly constant fluence of γ-rays 
or that the material was efficiently mixed prior to 
Lu/Hf fractionation by nebular processes. The mean 
176Hf/177Hf value for the Earth (0.282854±3) is evalu-
ated from the correlation of 176Hf/177Hf with 
143Nd/144Nd for more than 2000 terrestrial basalts 
(mantle array) at the chondritic value of their Nd iso-
tope compositions. This 176Hf/177Hf value is about 
3×10-4 above the meteorite Lu-Hf array which suggests 
that the material that accreted to form the Earth re-
ceived stronger irradiation by γ-rays (176Hfexcess/176Lu = 
0.008) than the precursors of chondrites and eucrites 
(176Hfexcess/176Lu = 0.005). ALH 84001 with its Sm-Nd 
age of 4.56 Ga [15] is unique among Martian meteor-
ites and its 176Hf/177Hf ratio also plots above the 
isochron of non-irradiated material.  
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182Hf is another nuclide of considerable chrono-
logical importance which, in particular, provides a 
time scale for planetary core formation [16, 17]. This 
nuclide also has an isomer with a half-life much 
shorter (62 mn) than that of the ground state (9 × 106 
y). The difference between the energy levels of the two 
states is much larger (1173 keV) than in the case of 
176Lu but still remains well below the energy of the γ-
rays resulting from the presence of 60Fe and 26Al in the 
Solar Nebula. Unfortunately, 182Hf has not yet bene-
fited from the same intensive studies as 176Lu and the 
possible mediating levels are not known.  
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Figure 1. Lu-Hf isochron plot of chondrites [4, 18] and 
basaltic eucrites [3, 4]. Error bars are slightly larger 
than the symbol size. The dotted straight-line is a 
straight-line fitted through the chondrite and eucrite 
data and indicates a Lu-Hf age of 4.75 Ga. The solid 
4.56 Ga isochron of non-nirradiated material is cal-
culated from the intercept (0.279647 ± 69) of the dot-
ted line and the ‘terrestrial’ decay constant [6, 7] of 
1.867 × 10-11 a-1. The excess 176Lu decay observed in 
meteorites is ascribed to irradiation by γ-rays of the 
first condensates of the solar nebula. The 176Hf/177Hf 
ratio of the Bulk Silicate Earth is calculated by re-
gressing over 2000 Nd-Hf isotopic data of terrestrial 
basalts and assuming a chondritic 143Nd/144Nd value of 
0.512638. The 176Lu/177Hf of the Bulk Silicate Earth is 
assumed to be identical to the mean ratio of chondrites 
(0.0332) [18, 19]. The material that eventually consti-
tuted the Earth therefore seems to have been signifi-
cantly more irradiated than the precursors of chon-
drites and eucrites. Unpublished data for ALH84001 
by Blichert-Toft are shown for reference: this ~4.56 
Ga-old Martian meteorite [15] represents the primor-
dial lithosphere of Mars. Its position above the 
isochron of non-irradiated material indicates that Mars 
also was irradiated by γ-rays.  
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