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Introduction: High resolution (<1m) multi- spec-

tral images from the Rosetta Mission’s Optical, Spec-

troscopic, and Infrared Imaging System (OSIRIS) nar-

row angle camera (NAC) of Comet 67P/Churyumov-

Gerasimenko (67P) have revealed a wide variety of 

surface morphologies across the comet’s surface at 

multiple viewing geometries. These characteristic 

morphologies include smooth plains, cauliflower 

plains, pitted plains and consolidated terrains which 

are qualitatively distinguishable from each other[1]. 

Key to deciphering the processes that generate and 

modify these morphologies is to understand and quan-

titatively define the nature of their surfaces. Using 

OSIRIS data, we have produced phase curves for the 

four characteristic morphologies at phase angles from 

0° to 160° in 10 wavebands. We fit these phase curves 

with photometric functions derived in [2] and compare 

the best fit coefficients to previously published fits of 

disk-integrated models. From our solutions, we can 

constrain the roughness and albedo of each region, 

providing  an insight into variable levels of erosion and 

deposition in each terrain. These findings are discussed 

in the context of their importance to the general surface 

evolution of 67P. 
Method: Rosetta’s OSIRIS NAC images, taken in 

wavelengths ranging from ~200-1000 nm, reveal a 

diverse and evolving landscape that can be broadly 

classified into two terrain categories: “smooth” terrains 

and “rough” terrains [1]. “Smooth” terrains consist of 

small, granular material that is hypothesized to have 

been previously consolidated bedrock. These terrains 

include smooth plains, pitted plains, and cauliflower 

plains. In contrast, consolidated terrains (low reflec-

tance [3]) consist of the exposed comet nucleus, or 

bedrock, including cliff terrains, bouldered plains, talus 

deposits and mottled plains [1]. 

We have chosen four morphologies, as defined by 

[1] for this study, and aim to quantitatively distinguish 

the photometric properties of these terrains. We select-

ed for this study: smooth plains in the Imhotep region, 

cauliflower plains in the Ash region and pitted plains 

in the Ma’at region and an example of consolidated 

terrain, located in neck. 

We use the SPICE toolkit from NAIF (Navigation 

and Ancillary Information Facility, [4]) to generate 

navigation information for each pixel in each image, 

including phase angle and other parameters used in our 

analysis. This navigation information was saved in 

matrix format alongside each respective image. In this 

study, we only investigate pixels which are illuminated 

by the Sun, which means that the observed surface 

does not extend beyond the terminator or include ter-

rain shadowed by macroscopic surface features on the 

comet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Rosetta OSIRIS NAC Image of an example of the 

smooth plains morphology in the Imhotep region. Image Credit: 

ESA Image Archive  
For each of the selected sites, we chose a repre-

sentative image and manually drew a bounding box to 

define the region of interest. The navigation infor-

mation for all of the pixels within those specific 

bounding boxes were used to determine the imaging 

geometry for the phase curves. Phase functions are 

then generated comparing average radiance I/F factors 

with average phase and azimuth angles. These func-

tions were also compared with disk integrated models 

[5, 6].  

We fit our phase curves to the reflectance function 

from Hapke [2] to determine our best fit “Hapke pa-

rameters”: single scattering albedo (ω), an asymmetry 

parameter for the Henyey-Greenstein Function (ξ), 

shadow-hiding opposition effect (Bso) and the coeffi-

cient for the shadow hiding opposition effect (hs). The 

reflectance function returns a model I/F value. We 

create a spectral library per region per wavelength, 

using the observed observational geometry, for every 

possible combination of Hapke parameters within a set 

range based on ranges used in [5] and our own parame-

ter tests. The ranges tested for Hapke parameters are as 

follows: ω = 0.01-0.1, ξ = -0.75- 0.75, Bso = 0-1 and hs 

= 0 – 0.75. We then used a chi-squared minimization 

to find the best fit within the spectral libraries. This 

procedure was then iterated with smaller coefficient 

step sizes about the initial minimum to determine our 

final best-fit solution. Some manual adjustment of the 

parameters occurred after initial chi-squared analysis. 
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Results: The observed phase functions are charac-

teristic of their respective morphology. For example, 

the smooth plains and pitted plains phase curves show 

a steep slope with the highest I/F values at low phase 

(Fig 2). Low phase observations, especially for smooth 

terrains, are necessary for fitting the Hapke parameters 

and the disk integrated model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Observed average phase function (Red) and Model 

average phase function using best fitting Hapke parameters for 

the example smooth plains morphology in the Imhotep region 
      Herein, the displayed Hapke parameters were de-

rived without considering the uncertainty in the ob-

served data and thus have no uncertainty or error cur-

rently attached to them. A full solution with error 

propagation is ongoing. ω is directly proportional to 

reflectance and thus should decrease with rougher ter-

rain, which we see in our results. ξ describes the scat-

tering light on the surface with negative values corre-

sponding to backscattering, which is usually repre-

sentative of a smoother terrain, and positive values 

corresponding to forward scattering, which is more 

consistent with rough terrain. An asymmetry parameter 

near zero demonstrates isotropic scattering. We find 

that the smooth terrain morphologies have lower 

asymmetry parameters than the consolidated terrain, 

suggesting that they are smoother. Understanding 

asymmetry parameter variability within the smooth 

terrain classifications themselves remains ongoing. Bso 

represents the shadow-hiding backscatter opposition 

effect, which is expected to decrease with roughness 

[2]. Our results match expectations within the smooth 

terrain classification but not for the consolidated ter-

rain. This factor, however, is only well constrained at 

the low phase angles, which are non-existent in our 

consolidated terrain ROIs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 Figure 3: A) Variation in the  Hapke parameter with filter 

wavelength demonstrates that this parameter has a wavelength 

dependence. B)  Hapke parameter does not have a wavelength 

dependence for the smooth plains morphology. 

      We also explored trends across wavelengths within 

the smooth plains morphology (Fig. 3). We see an in-

creasing in single scattering albedo with wavelength, 

potentially indicative of changes in particle size. These 

trends need to be explored for Bso and hs as well as for 

all parameters for the three other morphologies.  

       In summary, we have determined preliminary 

Hapke parameters for four morphologies on comet 

67P, demonstrating that we can quantitatively distin-

guish them from one another. Future work will include 

error and a finer sampling of phase and the parameters 

space for more accurate parameter retrieval. 
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