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Mantle xenoliths preserve invaluable information on 

chemical and thermal events in the earth’s mantle and on the 
ages and rates of such events. The presence of Fe-Ti oxides 
such as ilmenite or armalcolite in areas affected by mantle 
metasomatism, for example, could contstrain the oxidation 
state of the metasomatic event and provide information about 
the metasomatic agent(s). Here we focus on lherzolite- and 
clinopyroxenite- rich xenoliths from Cima Dome (California) 
and Chino Valley (Arizona), their unusual mineral 
assemblages, and their formation. 

Fe-Ti minerals identified in the selected xenoliths include 
armalcolite and ilmenite. In the Chino Valley clinopyroxenite, 
Nb-rich and Nb-free rutile both occur, either included in or 
included by ilmenite. Moreover, ilmenite is initially replaced 
by Fe-oxide + kassite (a rare hydrous Ca-Ti oxide). Both 
ilmenite and rutile are rimmed by titanite. These successions 
imply a change from Fe-Ti to Ca-rich silicate metasomatic 
agents percolating through the host rock. In the amphibole-
bearing lherzolite from Cima Dome, Ti-rich pargasite is 
surrounded by glass-1, spinel, plagioclase, clinopyroxene, 
olivine and armalcolite. The latter is entrained within the glass 
pocket and has a skeletal crystal shape suggesting rapid 
growth at high pressures ~1.0 GPa and low oxygen fugacity  
at mantle depths. The presence of glass-1 is associated with 
rapid melting and breakdown of pargasite to Ol+Cpx+Spl+Gl-
1) en route to the surface. Glass-2 is observed along grain 
boundaries of pyroxenes and olivine, however is Si-enriched 
and depleted in Ca, Mg, Al, Ti compared to glass-1. Both 
samples suggest extended multi-stage histories involving 
partial melting to form primary minerals, a period of 
metasomatic alteration, and a short timescale of 
decompression upon eruption. 
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We are investigating pathways by which initially organic 
N can be incorporated and stored in silicate minerals and 
glasses, focusing on phases other than the clays and micas, the 
latter known to house N as NH4

+. Despite its volatility, N is 
surprisingly compatible in various silicates, largely as NH4

+, 
but also as molecular N2 in microporous phases (e.g., beryl, 
cordierite, zeolites, melanophlogite). These species can 
provide a record of ancient organic processes. 

Along relatively warm prograde P-T paths, a significant 
fraction of the organic, mica-bound N in metasedimentary 
rocks can be lost at lower grades, due to partitioning into H2O-
rich fluids generated by breakdown of layer silicates such as 
chlorite. This N loss could affect the degree to which ancient 
(e.g., Archean) low-grade suites can be used to extract paleo-
environmental information. However, at higher grades, the 
remaining N is retained to a surprising degree, even in rocks 
that experience partial melting, in phases such as K-feldspar 
and cordierite. Thus uptake and long-term storage of 
atmospheric/organic N in early-formed continental crust is 
possible (Goldblatt et al., 2006). "15N values for coexisting 
cyclosilicates (N2) and micas (NH4

+) in some pegmatites and 
metasedimentary rocks indicate preservation of N isotope 
fractionations like those predicted by theoretical studies. 

Incorporation of N with organic !15N in seafloor basalts 
can result in a seafloor N budget rivalling that in overlying 
sediments, strongly influencing the N subduction budget (Li et 
al., 2007). Our work on palagonitized volcanic glasses on the 
modern seafloor and in Mesozoic basalts, some of the glasses 
bearing microbial ichnofossils, demonstrates this uptake and 
that analyses of such glasses could be useful in the search for 
signs of ancient life on Mars. Low-grade metabasalts in the 
Abitibi Complex (2.7 Ga) contain small amounts of N, now in 
mica, with organic !15N that could reflect Archean seafloor 
incorporation of sedimentary/organic N, likely via a pore 
fluid. Melanophlogite, a silica clathrate found in low-T 
hydrothermal settings, contains up to 1700 ppm of N2 also 
with organic !15N. Our ongoing work considers the extent to 
which such phases can store N without isotopic change for 
geologically significant time periods. 


