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Technology, Cambridge, Massachusetts 02139-4307, USA.

Introduction: The Mercury Laser Altimeter 
(MLA) [1] on board the MESSENGER spacecraft 
measured the outgoing and returned energy of 1064-
nm-wavelength laser pulses reflected from the surface, 
as well as precise time-of-flight ranges.  These ancil-
lary measurements were interpreted via a link equation 
[2] as reflectances relative to Lambertian. The meas-
urement precision of ~25% was best in a nadir geome-
try, where the height of pulses could be sensed at two 
separate threshold voltages, however most observa-
tions in the polar regions were necessarily oblique to 
the surface normal. Understanding the interaction of 
the laser beam at zero phase angle (the angle between 
incident and emitted light) is critical for understanding 
the composition and properties of the regolith on air-
less bodies, e.g., [3], and for characterizing volatile 
processes in permanently shadowed regions [4-9]. The 
energy in obliquely incident returns is dispersed over a 
greater interval of time than the incident pulse [10], 
with reduced amplitude. This poses a challenge to ac-
curate calibration of data acquired over the course of 
4+ years of operation at distances varying by orders of 
magnitude. As well, the systematic changes in the laser 
beam itself must be considered in the link equation.

Implications for Mercury’s Volatiles: The impor-
tance of this work to understanding the distribution and 
emplacement history of volatiles warrants further at-
tention to the calibration of reflectance under varying 
conditions. In the cold traps on Mercury, the distribu-
tion of both bright and dark materials has been ob-
tained from scattered light images within persistently 
shadowed regions [11] but the images are highly 
stretched and not calibrated to reflectance. Distinct 
margins between regolith and lag deposits are resolved 
by images, and a few images also see the margins be-
tween regolith and bright deposits, but the stratigraphy 
of both types of volatiles is not resolved within the 
same image. Poleward darkening of the regolith can be 
interpreted as increasing population of sublimation lag 
deposits [12],  while brightening poleward, even ex-
cluding well-resolved craters, has been attributed to 
patches of ice exposed at the kilometer scale resolution 
of the MLA data [13]. However the MLA dataset ar-
chived in the PDS [14] has systematic biases north-
ward of the 84° orbital inclination of MESSENGER.

An engineering model of the MLA instrument (de-
livered in 2003) still operates as a test bed for calibra-

tions (Fig. 1). Signals from a laser diode can be con-
trolled digitally with arbitrary waveforms fed into a 
flight-like avalanche photodiode detector. The timing 
circuitry is also identical that used to measure the pulse 
energy on MLA [8]. We have examined the range pre-
cision and differential pulse widths obtained over 40 
dB of signal attenuation from saturation to extinction 
and can now assess the factors that account for system-
atic biases (Fig. 2).  Further work using this system and 
calibration progress will be presented.
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Figure 1:  Instrument test setup block diagram.

Figure 2: Leading and trailing edge pulse timings vs. 
attenuation at dual thresholds, used to infer energy.
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