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Introduction: Near Earth Asteroids (NEAs) are of 

particular importance because of their close proximity 

to Earth and the consequent potential for a hazardous 

collision with our planet. Because most are relatively 

small (meters to kilometers in diameter), NEAs offer 

insight into a size range of objects that are not easily 
observed in the main asteroid belt. Of the 400 near-

Earth asteroids that have been observed in the visible 

wavelength region, two-thirds have been classified as 

S-or Q-types [1,2]. Both types are similar to the spectra 

of ordinary chondrites, the most common type of me-

teorite falls. 

Previous studies to determine the compositions and 

source regions of NEAs [e.g. 2-4] have relied primarily 

on modeling and statistical analysis. NEAs can also be 

studied by measuring their reflectance spectra, which 

allows their mineralogies to be estimated due to the 

characteristic olivine and pyroxene absorption bands in 
the visible and near-infrared (out to ~2.5 µm). Howev-

er, one problem with using spectral parameters (band 

area ratio and band center) to determine mineralogies 

of NEAs is that formulas used previously for deriving 

pyroxene compositions [5] do not appear to work very 

well for ordinary chondrite assemblages [6,7]. The [5] 

formulas tend to calculate pyroxene mineralogies that 

are more Fe-rich than expected. This effect seems to be 

due to the fact that ordinary chondrites actually contain 

three pyroxenes, not two. Inaccurate NEA mineralo-

gies can lead to misinterpretation of asteroid geologic 
histories. 

Here we provide an alternative method to previous 

studies by calculating mineralogies of meter- to kilo-

meter-sized NEAs using formulas derived by [8]. 

These formulas are extremely well-suited for S- and Q-

type NEAs, which have mineralogies similar to ordi-

nary chondrites [e.g., 9]. In addition, we implement the 

dynamic model of [10] to determine the probable 

source region of each NEA. By combining derived 

mineralogies and source region probability, we can 

evaluate conclusions from previous studies, such the 

suggestion that that the Flora family (near the 6 secu-
lar resonance) is the source region for NEAs with LL 
chondrite -like compositions [2]. 

Methodology: We initially selected 138 NEAs 

with SpeX spectra that were visually similar to ordi-

nary chondrites for analysis. SpeX data was combined 

with visible spectra (0.4 – 1.1 µm) from SMASS [11-

13] or Palomar [14] to achieve full wavelength cover-

age between ~0.4 and ~2.5 µm. Visible wavelength 

coverage was available for 40 of the NEAs initially 

selected. To broaden our data set, we selected 32 

NEAs from the spectroscopic survey of [5] for which 

both visible and near-infrared spectra were available, 

bringing our total number of NEAs to 72.  

Spectral Parameters: The band area ratio (BAR) 

was calculated using the trapezoidal rule, and the Band 

I center (BIC) was calculated using the method of [15]. 
The average BARs, BICs, and their uncertainties were 

determined by randomly resampling each reflectance 

value 100 times using a Gaussian distribution for the 

given uncertainty. We then corrected spectral parame-

ters for surface temperature effects [16-18] using data 

from [18]. 

Asteroid Mineralogies: The most probable mete-

orite analogue for each NEA was determined by plot-

ting measured spectral parameters in BAR vs. Band I 

center space (Fig. 1). In total, 47 of the NEAs have 

spectra parameters that plot as ordinary chondrites, 

overlap between ordinary chondrites and another re-

gion, or plot just outside the ordinary chondrite region. 

The remaining 25 have meteorite analogues other than 

ordinary chondrites or are not consistent with any 

known analogue. 

Fig. 1. Spectral parameters of 72 NEAs plotted in terms of BAR vs. 

BIC. The primitive achondrite region (lodranites/acapulcoites) is 

from [19], the ureilite region is from [20], and the olivine, ordinary 

chondrite, and basaltic achondrite regions are from [9]. Error bars 

represent the average error of each study. 

We used the [8] formulas to calculate the abun-

dance of olivine and pyroxene (as a ratio of ol/(ol+px)) 

and the composition of olivine (as mol% Fa) and low-

Ca pyroxene (as mol% Fs) for the 47 NEAs with ordi-

nary chondrite-like spectra parameters. Calculated 

mineralogies are consistent with measured ordinary 

chondrite mineralogies, with modal abundances rang-

ing from 0.44 to 0.69 ol/(ol+px), olivine from Fa15.3-

30.5, and low-Ca pyroxene from Fs14.0-24.9.  
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Using compositional regions for the H, L, and LL 

chondrites defined by [8], we determined the best ordi-

nary chondrite analog (H, L, or LL) for each NEA. 

Overall, 15% of NEAs with ordinary chondrite ana-

logues have H chondrite mineralogies, 10% have L 

chondrite mineralogies, 60% have LL chondrite miner-

alogies, and 15% have mineralogies that cannot be 

distinguished between L and LL chondrites. These 

abundances are consistent with results from previous 

studies, which indicate that the majority of NEAs have 

LL-chondrite mineralogies [8]. This, however, contin-

ues to be in conflict with the population of recovered 

ordinary chondrites, of which LL chondrites represent 

only 10%.  

Asteroid Source Regions: We used a dynamical 

model designed by [10] to establish the source region 

of the NEAs examined in this study. This model de-

termines the probability that an asteroid is derived 

from one of five primary source regions: the ν6 secular 

resonance with Saturn, the intermediate source Mars-

crossing region (IMC), the 3:1 mean motion resonance 

at 2.5 AU, the outer belt region (OB), and the Jupiter 

Family Comet region (JFC). Fig. 2 shows the distribu-

tion of NEAs in orbital parameter space as semi-major 

axis (a) vs. eccentricity (e).  

 
Fig. 2. Distribution of the NEA source regions as determined using 

dynamical model designed by [10] plotted in orbital parameter space 

as a function of semi-major axis (a) vs. eccentricity (e).  

 

According to the source region model, most of our 

NEAs come from the innermost region of the main 

belt. Overall, 64% are derived from the ν6 resonance, 

21% from the Mars crossing region, 11% from the 3:1 

resonance, and 1% from the outer belt region. The ν6 

secular resonance is the most probable source region 

for 75% of all NEAs with H, L, or LL chondrite min-

eralogies. NEAs with LL-chondrite mineralogies are 

more likely to be derived from the ν6 resonance than 

asteroids with H and L chondrites mineralogies (83% 

vs. 57%, respectively). NEAs with non-chondrite ana-

logues (e.g. ureilites, primitive achondrites, basaltic 

achondrites, or olivine meteorites) are slightly less 

likely to be derived from the ν6 resonance than NEAs 

with ordinary chondrite mineralogies. Overall, 56% of 

the ureilites, basaltic achondrites, and olivine meteor-

ites have a probable source near the v6 resonance. The 

basaltic achondrites, however, are more likely to origi-

nate from the ν6 resonance than the other groups, with 

63% having a probable source in near the ν6 resonance.  

Discussion: Model results support the hypothesis 

that the Flora family, which lies near the ν6 resonance, 

is the source of the LL chondrites [2]. It is not clear if 

our results also support the suggestion that H chon-

drites are more likely to be derived from the 3:1 reso-

nance [3]. Probabilities indicate that the NEAs with H 

chondrite mineralogies are more likely to be derived 

from the ν6 resonance (42%) than the IMC (29%) or 

the 3:1 resonance (29%). However, almost all H-

chondrite like NEAs have a > 1.8 AU and appear to 

reside in a distinct region of a, e, i space near the 3:1 

resonance (Fig. 2). This is not what we would expect if 

the H and LL chondrite-like NEAs were both coming 

from the ν6 resonance. We plan to further investigate 

this issue in the near future. 

It is not particularly surprising that the basaltic 

achondrites are more likely to originate from the ν6 

resonance. The source of basaltic achondrites, the Ves-

ta family [e.g. 21], lies between the ν6 and 3:1 reso-

nances. Because many objects in the 3:1 resonance are 

perturbed into Jupiter crossing orbits and ejected from 

the solar system, the ν6 resonance is more efficient at 

creating short-lived near Earth objects (a < 2 AU) than 

the 3:1 resonance. Therefore, even if the Vesta family 

is sending an equal number of bodies into each reso-

nance, the ν6 resonance would be the more probable 

source region for basaltic achondrites. 
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