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Introduction:  Lava flow surface morphology re-

flects the conditions affecting the flow during em-
placement. Thus, mapping lava flow textures gives us 
insight into the eruptive history of a volcano. Lower 
viscosities or shear strain result in smooth textures; 
rough textures are the result of higher viscosities, high-
er shear strain, or disruption of the rapidly cooled sur-
face [1-5]. Lava flow textures on Earth and other plan-
ets are frequently mapped using qualitative observa-
tions of aerial and orbital imagery [e.g. 5]. This study 
uses quantitative measures of roughness to distinguish 
lava flow textures based on high-resolution topograph-
ic data. 

The Craters of the Moon (COM) basaltic lava field 
in southeast Idaho was chosen as an analogue field site 
due to its wide variety of lava flow textures, including 
smooth, hummocky, and rubbly pāhoehoe (Figure 1a) 
and an a’a-block flow (Figure 1b). COM lies in the 
eastern Snake River Plain [6], the type location for 
plains-style volcanism and long considered useful as a 
planetary analog [7, 8]. 

Data collection and processing: Aerial imagery 
was collected with Unmanned Aerial Vehicles. High-
resolution Digital Surface Models (DSMs) were con-
structed using the Structure-from-motion workflow 
[9]. These DSMs were downsampled to a consistent 
resolution, 0.5 m, using ArcGIS. Measures of rough-
ness were calculated across the datasets using a 1.5 
x1.5 m moving window. In this work, we used two 
measures of roughness: RMS height and Area ratio. 

RMS height:  The root-mean-square (RMS) height 
measures the standard deviation of heights around the 
mean [10]. The RMS height has been used as a meas-
ure of roughness to study lunar impact melts [11] and 
the surface of Mars [12]. The RMS height was meas-
ured at a 1.5 m scale. 

Area Ratio: The Area Ratio is the two-dimensional 
map area divided by the three-dimensional surface area 
[13, 14]. While not used as commonly as the RMS 
height to analyze lava flows, it has been used to de-
scribe a wide variety of topographic surfaces, includ-
ing valley networks and corals [15-17]. 

Results:  The RMS height (Fig 2) shows distinct 
differences between the ʻaʻā-block and pāhoehoe tex-
tures, with ʻaʻā-block material registering as far rough-
er. Hummocky, smooth, and rubbly pāhoehoe are dis-
tinguishable from one another, though the eastern rub-

bly is noticeably rougher than the western. This change 
in rubbly pāhoehoe captures the presence of large-scale 
inflation features preserved in the east. The inflated 
rubbly pahoehoe has a signal similar to the western 
hummocky pahoehoe in this view. 

 

The area ratio (Fig 3) further confirms the distinctions 
between the flow morphologies. Additionally, it indi-

cates that the oval patch in the middle of the hum-
mocky pahoehoe is better classified as inflated rubbly 

pahoehoe (Figure 1a). Using the Area Ratio, it is easier 
to distinguish between the inflated rubbly pahoehoe 
and western hummocky pahoehoe than in the RMS. 

Discussion: Both methods distinguished lava flow 
textures from one another. The inherent 0-1 scale used 
by the Area Ratio made it easier to distinguish between 

Figure 1: Flow textures examined in this study: (a1) 
rubbly pāhoehoe (Big Craters flow), (a2) hummocky 
pāhoehoe (North Crater flow), (a3) smooth pāhoehoe 
(North Crater flow), (b) ʻaʻā-block (Highway flow). 

Dashed line marks approximate boundary between two 
rubbly textures.  
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transitional textures. Classification breaks (Table 1) are 
dependent on data resolution (see Mallonée 2, this 
meeting).         

 

 
Conclusion: Both the RMS height and the area ra-

tio can be used to distinguish flow textures. The area 
ratio, in particular, did well distinguishing between 
intermediate lava flow textures, while the RMS height 
was useful for end-member textures. These methods 
will be refined with the addition of the Allen variance, 
the RMS slope, and the Hurst exponent into a com-
bined model to capture scalability and data resolution. 
The RMS height and area ratio could be used to ana-
lyze any topographic surface, including both terrestrial 
and planetary lava flows.  

 
Texture Mean RMS height (m) Mean Area ratio 
Smooth 0.0638 +/- 0.0538 0.9790 +/- 0.0710 
Hummocky 0.1281 +/- 0.0841 0.9370 +/- 0.0805 
Rubbly 0.1789 +/- 0.1129 0.9315 +/- 0.1243 
ʻAʻā-blocky 0.3018 +/- 0.2181 0.7777 +/- 0.1709 
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Figure 2: The RMS height of the same views as in Fig 
1 panels a and b. Vertical scale is related to features 

and resolution.  

Table 1. Typical RMS height and area ratio for the se-
lected areas at 0.5 m/pixel. Unusual topographic 

changes (ex, lava-rise pits, trees) were removed prior 
to computing statistics. 

Figure 3: The area ratio of same views as Figure 1, 
panels a and b. Vertical scale is always limited to 0-1 

by method. 
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