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Introduction: What is the mean isotopic

composition of oxygen in the solar system is one of

the most important problems in modern

cosmochemistry. Oxygen is the third most abundant

element in the Universe next to H and He. Given the

Sun contains more than 99% of the mass of the solar

system, the Sun’s oxygen isotopic composition must

represent the average solar nebular composition.

However, this important parameter is not known

precisely enough to determine how the planetary

systems evolved from the bulk reservoir [1].

GENESIS spacecraft collected and returned solar

wind samples (http://genesismission.jpl.nasa.gov) for

direct and precise measurements in the Earth-based

laboratories. Crush landing of the returned sample

capsule on Sept. 8, 2004 complicates the prospect of

analyses leading to unfortunate delay.

While waiting for the final verdict from Genesis

mission for ground truth, multiple alternative

approaches have been pursued experimentally and

theoretically [2-7] to obtain the best estimate for the

bulk solar oxygen isotope composition. There are

now three end member predictions for the Sun’s

oxygen isotope composition, with �
17
O value

(defined as the deviation from the mass dependent

terrestrial fractionation line) range from -20‰ [2, 5-

7], 0‰ [4, 1], and +20‰ [3].

(a) Based on statistical arguments and the current

prevailing planet formation theory from the solar

nebula disk, Ozima et al (2007) [4] suggested that the

average solar nebula composition should be close to

�
17
O = 0‰ and most closely represented by the

Earth’s composition;

(b) Hashizume and Chaussidon [2] on the other

hand have measured oxygen isotopes in iron and

iron-nickel grains recovered from lunar soil that were

exposed to solar wind between 1-2Ga ago. Of the

four components identified in the data of [2], three

were plotting along the terrestrial fractionation line,

whereas the fourth component plots off the terrestrial

fractionation line with �
17
O = -20‰. This component

appears to be consistent with the theory of shielding

of CO molecules subjected to UV radiation in the

early solar nebula and/or presolar molecular clouds

[5-7], which all predict the solar nebula started with

�
17
O = -20‰. Hashizume and Chaussidon [2]

attributed the �
17
O = -20‰ component to SEP (solar

energetic particle, [8]), assuming that SEP better

represents indigenous solar component. However, the

reality of SEP is now seriously questioned by

Grimberg et al [9] on the basis of recent computer

simulation of ion implantation in matter.

Grimberg et al [9] report the results obtained from

bulk metallic glass (BMG) target exposed to solar

particles for 27 months on NASA’s Genesis

spacecraft. From the Ne isotope measurements, the

authors conclude that no extra high-energy

component (SEPs) is required and that the solar neon

isotope composition of lunar samples can be

explained as implantation-fractionated solar wind.

They further conclude that outermost layers of lunar

samples may in fact conserve the true isotopic

composition of the solar wind and SEP-Ne inferred

earlier from the lunar samples actually does not exist.

This new result requires a reevaluation of the oxygen

SEPs component in [2], which was interpreted as

fractionated solar nebula composition.

(c) Ireland et al. [3], who have also measured

implanted oxygen isotope composition in the lunar

metal grains concluded that the indigenous solar wind

oxygen had significantly positive �
17
O values up to

about +20�. Their metal grains were recovered in

lunar soils only recently exposed to the solar wind

The oxide layer that could potentially interfere with

the implanted solar wind signals is very thin in their

sample and the
16
O-poor signal is found at the

expected solar wind implantation depth (around 20

nm).

Discussions: Ireland et al [3] contend that it is

difficult to understand their results within the context

of any known models because there is no clear way

to make
16
O more abundant in Solar System rocks

than in the Sun. Before Genesis oxygen isotope data

is available and accepting the conclusion in [3] that

the mean oxygen isotopic composition of the Sun is

significantly heavier than those in planetary objects

including the Earth, the Mars, the Moon, and

meteorite parent bodies (�
17
O ~ 0) [4], we explore

here the alternative interpretation of the Ireland et al

result [3] as possible biotic Earth origin.

Fig. 1 shows oxygen isotopic compositions in

lunar metal particles from Apollo 10084 of a
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relatively recent age, which Ireland et al. [3]

attributed to indigenous SW component. In Figure 1,

we compare the range for oxygen isotopic

composition observed in the Ozone layer [10]. The

almost perfect overlap between two components lead

us to examine the possibility of whether or not the

implanted oxygen came from the Earth’s Ozone layer.

Fig. 1 Oxygen isotope composition measured in

contemporary lunar metal grains [3] overlain by the

oxygen isotope composition observed in the NO3 and

O3 from stratosphere and troposphere [10]

Recently, Ozima et al. [11] showed that a

detectable amount of N and light noble gases could

be transported from an abiotic Earth with putative

primordial CO2 atmosphere, if the Earth had no

magnetic field. On the basis of recent spacecraft

observations, Seki et al. [12] estimated the O
+
flux

escaping from the Earth to be 4 x 10
4
ions cm

-2
s
-1
at

the Moon orbit, of which about 10% (i.e. 4 x 10
3
ions

cm
-2
s
-1
) hits the Moon surface (about 0.1% if there is

no geomagnetic field [11]). This further supports the

possibility of the terrestrial origin of the anomalous

oxygen in the lunar metal particles. To confirm this,

however, we need to address the following problems,

which will be discussed below.

#1. What is the amount of ‘the Solar Wind’

oxygen implanted in a lunar metal particle?

Assuming that the average energy of 1 KeV for ‘the

Solar Wind’, we estimate with the use of SRIM-

vr.2003.26(www.SRIM.org.) that the implanted

oxygen is distributed around about 20 nm with a

normal distribution of � ~ 10 nm. Ireland et al.

observed 2 wt% of implanted oxygen at 20 nm depth.

Therefore, we estimate that about 10
16
oxygen ions

per cm
2
surface column ((20 x 10

-7
)cm x (0.02 x

7.87)g /cm
3
x (6.03 x 10

23
)/16 atoms/g = 1.1x10

16

atoms/cm
2
) were implanted in the metal particle.

#2. How much is the flux of ‘the Solar Wind’,

which can account for the implanted amount (#1)?

The surface exposure time duration for a grain

particle (mm size) was estimated to be ~1.5 x 10
5
y

by Monte Carlo simulation (e.g. [13]). We estimate

the exposure time duration to be ~10
6
y from the

amount of SW-implanted Ne in lunar ilmenite grain

divided by SW-Ne flux at the Moon orbit. These

values correspond to the flux of ‘the Solar Wind’ of

about 2.3 x 10
3
and 3.5 x 10

2
atoms cm

-2
s
-1
, which

are close to the above estimated Earth- escaping flux

of about 4 x 10
3
ions cm

-2
s
-1
.

#3. Does the Earth-escaping oxygen have the

same isotopic composition as the oxygen in the

Ozone layer? Currently available observational data

show roughly linear increase of �
17
O from 20 km to

60 km [14]. Ion escape occurs at the exobase (~ 150

km). We may assume that oxygen isotopic

composition at the exobase reflects the fractionated

ozone oxygen in the Ozone layer, provided that the

escape rate at the exobase is much faster than the

supply rate from the ozone layer.

Conclusions: We conclude that the anomalous

oxygen found in metal particles in lunar soils can be

reasonably attributed to oxygen generated in the

Ozone layer and transported to the Moon from a

biotic Earth (with the present N-O atmosphere). This

further implies that the anomalous oxygen with

positive �
17
O values identified in lunar metals does

not contradict with a recent statistical conclusion that

the solar oxygen isotopic composition is the same as

those in planets [4].
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