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Introduction: Phase ratio analysis is a remote 

sensing tool in which two or more coregistered images of 
the same surface taken at different phase angles are 
ratioed to each other [1]. This technique suppresses 
surface albedo variations, and highlights variations in the 
roughness of the regolith, specifically its roughness 
relative to the rest of the scene, and the amount of 
disturbance to which it has been subjected [1,2]. Surface 
roughness of lunar pyroclastic deposits (LPDs) is crucial 
to understanding the emplacement of the materials and 
the eruption style of the sourced vent. Volatile-rich 
eruptions such as those emplaced during Vulcanian-style 
eruptions are thought to erupt a plug of crustal material 
up to boulder size (>256 mm), whereas volatile-poor 
eruptions such as Hawaiian-style generally eject lapilli 
size (2 – 64 mm) or smaller particles. 

This technique has been applied to Apollo lunar 
landing sites [3] and to the hollows and pyroclastic material 
of Eminescu crater on Mercury [4] but has not been applied 
to LPDs. The method is expected to be able to differentiate 
between a vent with a relatively homogenous distribution 
of fine-grained glasses (indicative of Hawaiian eruption 
style) versus a heterogenous distribution of coarser and 
more poorly-sorted Vulcanian deposits. Blewett et al. [4] 
found that the finer-grained pyroclastic material could be 
differentiated from the impact material in their study of 
Eminescu crater. 

Methods:  Lunar Reconnaissance Orbiter Camera 
(LROC) Narrow Angle Camera (NAC) images [Table 1; 
5] were ingested into the Integrated Software for Imagers 

 Table 1: LRO NAC images used here. Alternating 
shading indicates paired, coregistered images.           

and Spectrometers (ISIS3, e.g., [6]) package for initial 
processing. Raw NAC images were processed in ISIS3 
before being coregistered. Each LPD requires two 
images with overlapping coverage of the deposit and/or 
vent with different phase angles (by at least ~20°) and a 
phase angle between 20° and 70° to eliminate 
topographic and grain-to-grain shadowing effects, 
respectively. Coregistration was initiated by Ames 
Stereo Pipeline (ASP, [7]) and then completed by 
rubbersheet transformation in ISIS3 using the program 
coreg. The georegistered images were then divided in 
ISIS3 to create the new phase ratio image.  

Figure 1: LRO Wide Angle Camera (WAC) image of 
Alphonsus crater indicating locations of LPD vents 
analyzed here (yellow dots). 

 Preliminary Study Area: Alphonsus crater (13˚S, 
357˚E) is a Pre-Nectarian aged floor fractured crater 
with multiple pyroclastic deposits [8]. Alphonsus was 
chosen for this study because the pyroclastic deposits 
have been well characterized and have excellent NAC 
coverage (seven of eleven deposits have NAC stereopair 
coverage over the eruption vents, see Figure 1). Some 
pyroclastic deposits within Alphonsus occur along 
fractures in the crater floor caused by uplift from magma 
intruding under the crater [9]; however, others are not 
related to visible fractures. The pyroclastic deposits 
have historically been described as having been formed 
by Vulcanian-style eruptions [10], which is typified by 
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the eruption of crater floor-like cap rock of boulder (> 256 
mm), bomb or block (64 – 256 mm), with scattered lapilli 
(2 – 64 mm) and ash (< 2mm) sized clasts. We 
hypothesize that phase ratio analysis will indicate that 
these deposits overall will have a rougher surface relative 
to the impact melt of the crater floor and remaining 
homogenous, powdery lunar regolith. 

Preliminary Results: The Ames Stereo Pipeline 
(ASP, [5]) was first used to coregister each set of image 
pairs (Table 1).  ASP was only able to coarsely adjust 
images further registration with coreg in ISIS3 is 
ongoing. Additionally, ASP processing determined that 
regions within each image had “bad pixels” and were 
omitted by the process for transformation (see Figure 2b). 
Upon inspection of these regions, it became apparent that 
ASP had identified many pyroclastic deposits as regions 

Figure 2: Alphonsus 10 LPD: (a) in LRO NAC image and 
(b) ASP “bad pixel” image (red) regions that were not 
subsequently coregistered in the ASP process (gray) 
regions that were available for further coregistration. 

with bad pixels. We interpret this processing issue to be 
due to the generally unconsolidated nature of the 
pyroclastic material, which enables abnormally rapid 
crater degradation rates relative to the surrounding terrain 
and therefore fewer features for coreg to match [11]. 
These regions require additional refinement in coreg and 
other georegistration (e.g. ASP/ISIS bundle adjustment) 
techniques because of their unique physical properties. 

Discussion and Future Work: In future work we 
will compare results from these deposits in Alphonsus 
with pyroclastic deposits thought to have formed in 
Hawaiian-style eruptions. Given our preliminary results 
that show the localized Vulcanian deposits in Alphonsus 
crater are correlated with a lower phase ratio values, we 
hypothesize that pyroclastic deposits emplaced via 
Hawaiian style eruptions will be smoother and more 
featureless (potentially making data processing even 
more challenging). Once we complete coregistration, the 
process will then be applied to all lunar pyroclastic 
deposits with sufficient NAC coverage (approximately 
43 deposits with similar coverage as Alphonsus 10 in 
Figure 2, and another 12 deposits with partial coverage). 
We will compare the deposits and observe whether this 
technique can be used to predict the eruption style of less 
well-studied deposits or newly discovered pyroclastic 
deposits.  

We will compare phase ratio results with available 
Diviner Lunar Radiometer [12] roughness measurements 
[e.g., 13] and modeled values.  We will also make 
additional comparisons with other large-scale lunar 
surface roughness datasets (e.g., LRO NAC and Lunar 
Orbiter Laser Altimeter DEMs). Boulders at the meter 
scale have been observed in LRO NAC images, but their 
geologic context have not been determined to be 
pyroclastic and could be impact-generated.     
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