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NITROGEN IN THE EARTH: DEVELOPMENT OF THE 14~(d,cr)12C 
MICROPROBE TECHNIQUE: INJTIAL RESULTS ON UPPER MANTLE MICAS; S. R. 
sutton,lp2 J. V. smith,'12 K W. Jones, ?and J. B. ~ a w s o n ~ ;  l ~ e ~ a r t m e n t  of the Geophysical Sciences, 
The University of Chicago, Chicago, IL; "Department of Applied Science, Brookhaven National Labora- 
tory, Upton, NY; 3 ~ e p a r t m e n t  of Geology, University of Sheffield, Sheffield, England. 

Introduction: The geochemical migrations of nitrogen between the atmosphere, biosphere, and the 
sedimentary, metamorphic and igneous components of the Earth are relevant to  a host of fundamental 
problems directly or indirectly related to human welfare. Bulk chemical and isotopic measurements are 
available for many upper crustal rocks, but  for few samples of the lower crust and upper mantle. Con- 
tamination and alteration of xenoliths during transport t o  the Earth's surface is a problem for all bulk 
analyses, and detailed microprobe analyses on selected spots in well-preserved areas are desirable. T2he first order of business is development of an highly accurate microprobe technique using the 14~(d,cy)  C 
nuclear reaction. Preliminary results are yielding a detection level near 5 part-per-million for a 50 pm 
spot, and further technical development should halve these numbers. Exploitation of the new 
microprobe technique is just beginning, and exploratory results are presented for micas from well- 
described, upper-mantle samples transported by kimberlites. Until this study, the only known host for 
N in the upper mantle was diamond for which there is a huge literature 11-41 indicative of multiple ori- 
gins and annealing conditions. Ammonium substitution is crystal-chemically plausible in all K-bearing 
minerals of which mica [5,6], amphibole and K-feldspar [7] are likely candidates. Also of interest are 
graphite (N substitution?), scapolite (NO3?; [8]), glass, and high pressure carbonates. These potential 
substitutions will be controlled by complex multi-component fluid equilibria. 

Experimental Technique: Specimens were excited with 2.0 MeV deuterons (1nA target current) gen- 
erated by the 3.5 n/N Research Van de Graaff Accelerator a t  Brookhaven National Laboratory, Upton, 
NY. An electrostatic quadrupole lens was used to focus the 2 ~ f  beam to a spot about 50 pm in diame- 
ter. Charged particles were detected with an annular silicon detector (450 mm2, Ortec A series, 100 pm 
depletion layer) The high Q-value (kinetic energy released in reaction) of 13.58 MeV results in the pro- 
duction of alpha particles of unusually high energy which can in principle be identified in charged parti- 
cle spectra on this basis. Fe-Ni metal in iron meteorites have been studied by this reaction using a 1 
mm beam with a detection limit of about 5 ppmw 191. 

Two types of interferences must be considered, ( I )  nitrogen in surface contaminants and (2) alpha 
particles from competing reactions. Metal analyses tend to be complicated by contamination since sur- 
face chemistry is energetically favorable, whereas the reaction cross sections and Q-values are small for 
these relatively high Z major elements. Silicate analyses, on the other hand, are complicated primarily 
by competing reactions since these minerals contain relatively high concentrations of low Z elements 
(i.e., those elements with higher cross sections and Q-values). Important target atoms in silicates which 
efficiently produce com eting high energy alpha particles are %i (Q=22.37 MeV), (Q=17.82 MeV), 17 79 0 (Q=9.81 MeV), F (Q=10.04 MeV) and 3 1 ~  (Q=8.17 MeV). In the present experimental 
geometry, the maximum alpha particle energies for each of these target nuclei are 10.6, 12.1, 8.7, 9.1, 
and 8.6 MeV, respectively, compared to  10.9 MeV for 1 4 ~ .  Alpha particle yields can be approximated 
by the product of the reaction cross section, elemental content and isotopic fraction. Yields relative to 
that from 10 ppm 1 4 ~ ,  estimated by the ratio of these products for each nuclei, are 0.1, 0.005, 5, 35, 
and 0.3, respectively (assumed elemental contents: 10 ppm Li, 1 ppm B, 50% 0, 0.5% F, and 100 ppm 
P; Li, B, and F from [lo]) .  Thus, '% interference can be inferred to  be negligible on this basis. Alpha 
particles from 170, 19F and 3 1 ~  can be avoided by setting an energy threshold a t  9.3 MeV, i.e., slightly 
above the maximum alpha energy of these competing reactions. The remaining interference is Li. Previ- 
ous ion microprobe analyses on micas suggest an upper limit of about 10 ppm Li for the upper mantle 
samples. Thus, significant problems are expected only for specimens with N contents below 10 ppm. Li 
analyses are desirable on each specimen to quantify this contribution. 

14 + .  Standardization was obtained using pure silica implanted with 100 keV N ions to a dose of 1.0 
2 x 1017 ions/cm . Figure 1 shows the charged particle spectrum obtained from this implanted glass. 

Elastically-scattered deuterons, protons from nuclear reactions on Si and 0 +nd pileup events dominate 
16 the spectrum below about 5 MeV. A prominent peak due to observed in all glass and 

mica spectra was used for normalization purposes. Two alpha peaks from N were observed, one (10.0 
MeV) from the reaction producing 12c  in the ground state and the other (7.3 MeV) 12c in the first 
excited state. The implanted glass also served to establish that  alpha particles detected from surface- 
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correlated nitrogen possess energies only between 9.9 and 10.9 keV in the present setup. The combina- 
tion of competing alpha particles below 9.1 MeV and surface contributions above 9.9 MeV results in a 
narrow 800 keV energy window available for bulk nitrogen analysis. This energy contains alpha parti- 
cles emitted from the depth range of 3 to 7 pm in silicates. 

Initial Nitrogen Results: Six mica rnegacrysts from kimberlite matrices and Four sections of glim- 
mcrite and MAlilD-rocks containing mica from Bultfontein and Roberts Victor mines, South Africa, 
W:re doubly polished, mountcd on pure silica slides and carbon coated. Preliminary rlilrogen concenlra- 
tions for the macrocrysts were at  the present detection limit of 5 ppm and between 100 and 200 ppm 
for the micas from the Bultfontein and Roberts Victor kimberlites. Precision was limited to 15% ( l a )  
for 100 ppm samples primarily by the deuteron current limitations imposed by pulse pileup interference. 
More efficient pileup rejection circuitry should permit greater beam currents and, thus, count rates to be 
used. Uncertainties in the ion-implantation dose limited accuracy to about f 25%. These results suggest 
that  micas are generally minor sources of N in the upper mantle but can occassionally contain up to- 
several hundred ppm N. Attention is specifically drawn to the high N content of glimmerites (inter- 
preted as upper mantle pegmatites); nonetheless, the bimodal N distribution in these rocks points to 
wossible different concentration wrocesses or crvstallo-chemical controls. Whether the higher concentra- " 
tions of N are related to upper mantle metasomatism, or subducted oceanic crust, or both, will be 
explored in further studies. 
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Table 1: Nitrogen Contents in Micas 
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