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NOBLE GAS COMPONENTS IN THE MANTLE: WHICH RESERVOIRS DO 
MORBS ACTUALLY SAMPLE? Bruce L. ~ar rac lou~hl  and Kurt bIarti2, 1 Space Plasma Physics Group, 
MS-D438, Los Alamos National Laboratory, Los Ahnos, NM 87545, 2~hemistry Dept., B-017, University of 
CaliTornia, San Dicgo, La Jolla, CA 92093. 

It is well known that mid-ocean ridge basalts (MORBs) which are erupted in areas well separated from any hot 
spot activity display Sm/Nd, Rb/Sr, and U/Pb isotopic signatures indicative of the magmas having been derived 
from a depleted mantle source. By extension, it is assumed that the noble gases trapped in MORB glasses must 
also be characteristic of the depleted mantle source. However, the nonvolatile isotopic systems (e.g. Sm/Nd, 
Rb/Sr, UPb) and the noble gas elements comprise two fundamentally different sets of isotopic tracers and there is 
no a priori reason to expect the two types of tracers to yield similar information, or even probe the same regions of 
the mantle. It is important to keep in mind that a depleted mantle reservoir is not necessarily the same as a 
degassed mantle region: a given volume of the mantle could be degassed and yet not depleted, and perhaps even vice 
versa. In addition, it is probable that noble gases have considerably different modes and rates of transport in the 
mantle when compared to the nonvolatile isotope tracers, and that different isotope systems in a single rock may 
therefore originate from different regions of the mantle. Hence, if Sm/Nd and Rb/Sr isotopes indicate that depleted 
mantle is being sampled by a given MORB, we should not readily assume that degassed mantle noble gases are all 
that we will find in the sample. Indeed, we wish to argue here that the noble gases trapped in MORB glasses 
contain not only components originating in degassed mantle regions, but also components from undegassed 
sources and perhaps also from regions that contain recycled or subducted materials. If this hypothesis is correct, 
the implication follows that mid-ocean ridges act as conduits for noble gases escaping to the atmosphere from 
several isotopically-distinct regions of the mantle, not soley frorn degassed mantle reservoirs. 

He in MORB exhibits a relatively uniform 3 H e / 4 ~ e  ratio of 8+1 times the atmospheric value, and this is 
taken to be indicative of the depleted mantle. It is not a new idea however, that this trapped He is actually a mix 
of at least two components: a small component derived frorn undegassed portions of the mantle with a 3 ~ e / 4 ~ e  
ratio of at least 35 and perhaps >I00 times atmospheric, and a much larger component originating in the degassed 
mantle that consists largely of radiogenic 4 ~ e  produced by U and Th decay ( 3 ~ e / 4 ~ e c  atmospheric). It remains 
somewhat puzzling that observed MORB He ratios are so uniform if the He actually consists of a two component 
mix, but this can perhaps be explained by the presumed mobility of He in the mantle. Diamonds with 3 ~ e / 4 ~ e  
ratios in excess of h e  planetary value (1.43~104) have recently been reported [1,21 and it is thought that this He, 
presumably originally inherited by the Earth during accretion, may be a sample of the 3He-rich end-member 
component from the undegassed mantle reservoir, though these new findings should perhaps be viewed with 
caution [3,4]. Whether the undegassed mantle is better characterized by a solar-like or planetary-like 3 H d H e  ratio 
also remains problematic; perhaps both reservoirs exist (see Ne below). In addition to primordial He, subducted 
sediments may also be implicated in the presence of high 3 ~ e / 4 ~ e  reservoirs in the Earth. Recent work has 
shown that oceanic sediments contain materials, presumably "cosmic dust", which trap significant quantities of 
He and Ne with solar flare-like signatures [5,6,7. In addition, other recent work has shown that cosmogenic He 
can be produced by cosmic-ray reactions with materials at the surface of the Earth [4,8,9]. It is difficult to see how 
this latter "exotic" He component could significantly contribute to He found in MORB, but both sources need to 
be evaluated in more detail. He in MORB glass is therefore probably a mixture of components from both the 
degassed and the undegassed regions of the mantle, with other sources being possible contributors. 

It is now becoming clear that Ne trapped in MORB glass is isotopically anomalous when compared to the 
atmosphere, with significant anomalies being reported in both 2 1 ~ e / 2 2 ~ e  and %e/22~e ratios [10,11,12,13,14]. 
No consensus exists yet as to the meaning of these anomalies, and interpretations range from the 2 1 ~ e  excesses 
being due to nucleogenic production from Wetherill reactions on mantle materials and 2%e excesses being caused 
by mass fractionation during transport [ l l ] ,  to mixing between air-like and solar-like mantle Ne components [lo]. 
We have previously reported some of our preliminary results on Ne trapped in MORB [14]. Data from samples 
with measurable Ne show roughly correlated shifts in both 2 1 ~ e / 2 2 ~ e  and 2 0 ~ e / 2 2 ~ e  with air-like Ne being one 
of the endpoints of the correlation and a solar-hke Ne component being the other. Scatter to the high 2 1 ~ e  side of 
the correlation is also present. The magnitude of our 2 0 ~ e  anomalies, and those recently reported by others, are 
now too large to be accommodated by reasonable mass fractionation schemes. MORB Ne measurements as well as 
very recent results on diamonds [2,15] tend to support the presence of a solar-like Ne component in the mantle. We 
therefore wish to postulate that the isotopic signatures of Ne in MORB reflect a mixture of at least three Ne 
components from differing source regions. 1) The undegassed mantle is characterized by solar-like Ne which was 
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presumably inherited during accretion. (Could subducted cosmic dust-rich sediments play a role here also?) 2) The 
air-like Ne component could be recycled atmosphere, or it could possibly originate from a primitive, undegassed 
mantle reservoir with -atmospheric (or perhaps planetary) composition, which is distinct from that with the 
solar-like composition. (It is not totally unreasonable that more than one primordial Ne component was trapped in 
the accreting Earth.) If subatmospheric Ne values in mantle materials are ever reported, the recycled air component 
above could be ruled out and a distinct, undegassed reservoir with planetary Ne composition would be indicated. 3) 
The degassed mantle has largely lost its original Ne inventory and now contains Ne with substantial excesses of 
2 1 ~ e  and much smaller excesses of 2 0 ~ e  and 2 2 ~ e  generated by Wetherill reactions on mantle materials. A 
mixture of the first two components will yield the atmosphere-like/solar-like Ne mixing trend, and adding in the 
degassed mantle component will always tend to pull measured Ne values to the high 2 1 ~ e  side of the mixing trend 
due to the differences in nucleogenic production rates for the three Ne isotopes [2,11]. 

Ar systematics in MORB can also be readily explained by a mixture of at least two components, one 
originatin in undegassed regions of the mantle and characterized by approximately air-like or perhaps even more 
primitive30Ar/36Ar ratios, and the other originating in the degassed mantle where radiogenic 40Ar is now very 
abundant relative to the nonradiogenic isotopes due to substantial loss of original Ar inventory. Ar derived from 
K-rich subducted crust could be expected to look similar to Ar from a degassed source and would be difficult to 
distinguish without other isotopic correlations. We and others have previously reported on evidence from 
stepped-heating experiments for the existence of two quite different Ar components in MORB [16,17,18,191: a 
trapped component indicative of a degassed source (very high 40Ar/36Ar) which is released from the sample at 
intermediate tern ratures, and a component obtained during sample melting which shows an undegassed mantle 
signature (low 4(f&36Ar ). Mixtures of these two components can readily generate the wide range of 40Ar/36Ar 
ratios reported for MORB (from -300 to >25,000) [20]. It is probably not possible to observe subatmospheric 
40~r/36Ar ratios in MORB, as only a small admixture of the degassed source component will swamp the signal of 
the more primitive Ar, but measurements of other mantle-derived materials indicating that reservoirs with 
subatmospheric 40Ar/36Ar ratios exist would be most interesting. In this regard, there exists an unconfirmed 
report of a 40~r/36Ar ratio of 189 in an Arkansas diamond [21] which may indicate that a very primitve, 
undegassed reservoir resides in the upper mantle within the diamond stability regime. 

It is now relatively well established that Xe in MORBs shows excesses of radiogenic lZ9xe and fissiogenic 
131-136~e the source of the fissiogenic component still remains important but uncertain). The Paris group 1 reports that 9 ~ e  excesses exist in all MORBs that they have measured [22,23,24], and while we likewise have 
observed these anomalies, several samples which we have examined failed to show any 1 2 9 ~ e  anomalies in any of 
the temperature steps [18,19]. This result might erhaps be readily explained by lack of analytical resolution 
(many other earlier investigators failed to uncover P29Xe excesses) but we think it more probable that the effect is 
real. The most straighforward explanation could be that MORB Xe is also a mixture of components from regions 
of the mantle with differing degassing histories. Xe which is air-like in composition is characteristic of 
undegasd mantle regions, while degassed mantle reservoirs contain anomalous Xe due to the early degassin of 
the original Xe inventory and subsequent ingrowth of radio- and fissiogenic Xe. It should be noted that 128Xe 
anomalies have recently been reported in diamonds [2,15] in addition to MORB glasses. 

In summary, we postulate that noble gases trapped in MORB glasses are mixtures of components that 
originate in a number of isotopically-distinct mantle reservoirs, and are not homogeneous isotopic components 
characteristic of the depleted MORB source region. Implications of these ideas for mantle structure and history 
will be discussed in Houston. 
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