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Introduction:  Using the S-band (12.6 cm) radar 

system at Arecibo Observatory, we observed X/M-

class main-belt asteroids (MBAs) 110 Lydia, 359 

Georgia, and 779 Nina in Oct 2012. Our objective was 

to determine the radar albedo of these objects and, by 

inference, their metal content [1], and constrain their 

diameters and rotation poles. Both Lydia and Nina had 

been observed previously by radar. 

The M-class asteroids are defined [2] as moderate 

visual albedo objects (0.1 ≤ pv ≤ 0.3) with featureless, 

red-sloped visible/near-infrared spectra. Traditionally, 

they have been thought to be either the denuded metal 

cores of ancient planetesimals or enstatite chondrites 

[3] [4]. Because iron-nickel, the presumed composition 

of planetesimal cores, is much denser than silicates, 

radar echoes are diagnostic of metal abundance [1] and 

can be used to distinguish between these and other 

proposed compositional scenarios. M-class asteroids 

displaying a 3-micron absorption feature are referred to 

as ‘W-class,’ and are thought to possess hydrated min-

erals on their surfaces [5]. Including these asteroids, we 

have now observed a total of 27 X/M-class MBAs with 

radar; nine of these have a 3-micron feature, eight do 

not, and ten have no reported 3-micron observations.  

Methods:  We transmit a continuous-wave (CW) 

radar beam to the asteroid for round-trip light travel 

time to the target and then receive the echo for a simi-

lar duration in both same (SC) and opposite (OC) cir-

cular senses of the transmission polarization. Each 

transmit/receive cycle is one “run.” The OC radar al-

bedo of each target, a value between 0 and 1.0, is a 

measure of near-surface bulk density. Using empirical 

data, Shepard et al. [1] estimate that radar albedos of 

~0.4 or higher in MBAs are indicative of near surfaces 

dominated by metal. 

For one run for (779) Nina, we acquired a delay-

Doppler image in which the data are sampled in both 

delay (round-trip time) and Doppler frequency. These 

data allow shapes and sizes to constrained. 

Results:  We summarize results for each asteroid. 

(110) Lydia.  We had previously observed Lydia in 

Nov 2008 [1]. Lydia is an 86 km W-class asteroid. In 

this encounter, we obtained seven runs between 15-18 

Oct 2012. Our results indicate a radar albedo of 0.34 ± 

0.08, with single run values as high as 0.48, consistent 

with a metal-dominated surface. Simultaneous 

lightcurve observations suggested a near polar aspect 

for this encounter; based on bandwidth differences, the 

2008 encounter was at an aspect closer to midlatitudes. 

Our observed radar albedos in 2012 were ~50% bright-

er than in 2008, perhaps because of the aspect change 

or the factor of 4 increase in SNR. We observed one 

strongly bifurcated echo (Fig. 1) suggesting a contact 

or close binary object. To look for more evidence of a 

bifurcation, we examined Lydia on four epochs from 

Keck AO imaging (Sep 2002 Merline et al. data, plus 

three during the few weeks following our Oct 2012 

radar observations by contributions of telescope time 

from those in the acknowledgements). We attempted to 

time the latter two of these epochs to be most favorable 

for observing the suspected binary. Although some 

(about 1.5x) elongation was observed, no binary or 

contact binary structure was evident. For the moment, 

the radar and AO data sets appear to be at odds with 

one another. In Feb 2014, Lydia should present a  near 

equatorial aspect; light-curve observations then may 

determine whether it is elongated and a candidate for 

contact binary or not. 

 
Fig. 1. Smoothed single-run CW spectra of (110) Lyd-

ia showing a bifurcated OC echo. 

 

(359) Georgia. Georgia is a small M-class asteroid 

with an estimated diameter of 44 km and 5.5h rotation 

period [6]. It does not display a 3-micron absorption 
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feature [5]. We obtained three runs on 15 and 17 Oct 

2012. Our results indicate a mean radar albedo of 0.31 

± 0.08 and suggest a metal-rich composition. We 

measured a bandwidth of 227 ± 20 Hz, consistent with 

an equatorial aspect for the reported size. 

 
Fig. 2. Smoothed single-run CW spectra of (779) Nina, 

also showing a bifurcated echo. 

 

(779) Nina. Nina has an estimated diameter of 77 

km [6]. It was recently observed at 3-microns 

(E.Howell, unpublished) but the presence or absence of 

an absorption feature is still being determined. We 

previously observed it with radar and determined its 

composition to be consistent with a high metallic con-

tent [7]. We obtained three new CW runs on 16 and 18 

Oct 2012 and one delay-Doppler image on 18 Oct. Our 

results give a radar albedo of 0.32 ± 0.08, consistent 

with our previous interpretation of a high-metal con-

tent. Nina displayed a bifurcated echo in the 18 Oct 

CW echo (Fig. 2) and evidence of this can be seen in 

the radar image taken approximately one hour later (25 

deg in rotation) (Fig 3, left). Based on our limited but 

negative AO observations of Lydia and the low SNR 

image of Nina, it is not clear whether the bifurcated 

radar echoes are caused by a bifurcated macrostructure 

or radar bright features on an otherwise equant object. 

Our delay-depth (Fig 3, right) constrains the Nina’s 

minimum size and suggests a smaller diameter than 

estimated by IRAS. Both Nina and Lydia have rotation 

periods of approximately 11h. This is in the range one 

would expect for contact binaries with two roughly 

equal-sized members.  

Significant Findings:  We have now observed five 

W-class asteroids – half of our sample of W-class ob-

jects – with metal-like high radar albedos:  (92) Undina 

[8], (110) Lydia, (129) Antigone [8], (201) Penelope 

[8], and (413) Edburga [8]. This requires either a re-

evaluation of the cause of the 3-micron feature or of 

our fundamental assumptions about the nature of these 

asteroid surfaces.  

All of the high albedo W-class objects show some 

evidence of bifurcation in their radar echoes. Among 

the other high albedo targets, (216) Kleopatra is known 

to be bilobate [9], and (758) Mancunia shows evidence 

for bifurcation [1,7]. Of the more moderate albedo 

X/M/W-class asteroids, only (678) Fredegundis shows 

bifurcated radar echoes [1] and (22) Kalliope is a 

known (non-contact) binary [10,11]. Several of these 

targets have not been fully rotationally resolved, so this 

might be a sampling bias.  

 
Fig 3. 2012 delay-Doppler image of (779) Nina taken 

~1hr after the CW data (Fig 2). The x-axis is Doppler 

frequency and the y-axis is delay depth (increasing 

from bottom to top). Left image shows two bright lobes 

(SNR < 2.5 is black). When heavily stretched (right), 

we measure a delay depth of 18 km, giving a minimum 

diameter (2x delay depth) of 36 km. 
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