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Introduction: Anhydrous chondritic porous interplanetary dust particles (CP IDPs) are believed to be the best 

preserved samples of the original condensates of the Solar Protoplanetary Disk [1]. Thus, the mineralogy of CP IDPs 

tests predictions of condensation models. Most equilibrium condenstion models starting with a gas of Solar 

composition predict P condenses as schreibersite [2]. A ~1 µm grain of schreibersite was identified in an unusual, 

hydrous, CM-like IDP [3]. But there has been no comprehensive measurement of P speciation in the anhydrous, 

primitive CP IDPs that best preserve the original minerals that formed from the Solar Protoplanetary Disk. 

Procedure and Samples: The Tender Energy Spectroscopy (TES) instrument (Beamline 8BM, National 

Synchrotron Light Source II, Brookhaven National Laboratory) can map elements by x-ray fluorescence (XRF), and 

provide speciation by K-edge X-ray Absorption Near-Edge Structure (XANES) spectroscopy of the elements from P 

to Ca. We mapped the spatial distribution of elements from Mg to Ca in 9 large, cluster IDPs, most of which were of 

the anhydrous CP-type, and determined the P speciation by XANES spectroscopy. These IDPs were analyzed while 

still in the silicone oil in which they were collected to minimize interaction with the atmosphere since collection.  

Results: Reduced P (e.g., schreibersite) is easily distinguished from oxidized P (e.g., apatite) by P-XANES since 

there is a large difference in their peak energies (Figure 1). The P XRF mapping produced numerous P hot-spots, but 

only 17 of them were intense enough to produce useful P-XANES spectra. Based on the P count rates in XRF these 

spots contain a large majority of the total P in these IDPs. We obtained spectra of: 0 P hot-spots in L2005 AS9, 1 in 

L2005 AS10, 3 in L2005 AS11, 0 in L2008 Z1, 1 in L2008 Z2, 6 in L2009 R1, 1 in L2009 R2, 0 in L2021 S1, and 5 

in L2036 AL14. In all 17 spots that we analyzed P was present in oxidized rather than reduced form. However, not 

all spots in these cluster IDPs exhibit the same P-XANES spectra. The majority of the P-XANES spectra of these 

cluster IDPs show no shoulder on the high energy side of the major absorption peak. However, a few spots, for 

example Spot 2 in L2005AS11 (Figure 1), exhibit a shoulder on the high energy side of the major absorption peak. 

Ingall et al. [4] performed P K-edge XANES spectroscopy of 12 apatite-group minerals and found that each 

exhibited “a distinct shoulder or widening on the main absorption peak, [with this shoulder] centered at 

approximately 2155.6  eV,” consistent with some of our P-XANES spectra. The second, more common, P phase in 

the IDPs we analyzed has no shoulder. This phase has not yet been identified. We found no evidence of reduced P, 

e.g. schreibersite, in any P hot-spot intense enough to produce a useful P-XANES spectrum,  

Conclusions: The absence of schreibersite indicates that either P did not condense from the disk as schreibersite 

or that schreibersite was subsequently altered to oxidized P in these primitive nebular dust samples. Alternatively, P 

condensation may have occurred under different conditions than were assumed in most of the equilibrium nebular 

condensation models. For example, equilibrium calculations from cosmic gases made by total vaporization of dust-

enriched systems by Ebel and Grossman [5] found the condensation of whitlockite at 1350 K from a gas of 10
-3

 bar 

with an enrichment of 1000 times the dust of CI composition relative to a system of Solar composition. The P-

XANES spectrum of whitlockite reported by Kar et al. [6] has a shoulder on the high energy side of the absorption 

peak, but one reported in Ingall et al. [4] does not show a pronounced shoulder. Measurements are in progress to 

compare the shape and peak energy of our IDP spectra with a whitlockite standard under our analysis conditions.

The presence of oxidized P in these primitive IDPs 

may indicate that the P minerals in the primitive CP 

IDPs formed under atypical conditions compared to 

what is assumed in the equilibrium condensation 

models for assumed Solar conditions.  
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Figure 1: P-XANES spectra of schreibersite, 

apatite and three P hot-spots in IDP L2005 AS11. 
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