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Mapping lava flow textures is necessary to interpret the conditions under which they were emplaced.

Understanding emplacement conditions is crucial to constraining the eruptive history of a volcano.

Maps of lava flows based on aerial imagery frequently rely on qualitative observations of flow

morphologies, which can lead to subjective interpretations of flow textures. This is problematic for

planetary flows where ground-truthing or high-resolution aerial imagery is not feasible. This study’s

main goal is to develop an objective tool for lava texture classification at different data resolutions.

Introduction and research objectives
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UAV data acquisition at Craters of the Moon

Figure 1: Location map. (a) The Craters of the Moon lava field. The red box denotes the field area shown in Figure 1b. 

(b) Yellow boxes highlight study areas; red boxes and letters denote areas shown in Figure 3. (Imagery: Google Earth.) 

Both RMS Height and Area Ratio distinguish lava flow textures
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Conclusions

The Craters of the Moon (COM) lava field was chosen as a field site based on its wide variety of lava

flow textures. Unmanned aerial vehicles were used to capture high-resolution aerial imagery; this

imagery was used to create Digital Surface Models (DSMs) using Structure-from-Motion (Westoby

et al., 2012). Flight locations were chosen based on the age of the flows (< 3,000 years old; Kuntz et

al., 2007), the minimal soil development, and the diversity of flow textures within each flight area.
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The RMS Height and Area Ratio as measures of roughness
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• The root-mean-square (RMS) Height represents the standard deviation of the heights around the 

mean height (Shepard et al., 2001). It has been used to study the roughness of lunar impact melts 

and Martian lava flows (ex. Neish et al., 2017; Orosei et al., 2003).

• The Area Ratio is the ratio of the two-dimensional planar area to the three-dimensional surface area 

(ex. Jenness, 2004; Grohmann et al., 2011). Smooth surfaces have values closer to 1; rough 

surfaces have values closer to 0.5. It has been used to study the roughness of other natural surfaces, 

including corals and river valleys (ex. Huaxing, 2008; Leon et al., 2015).

• The initial data resolution was between 0.0212 – 0.0511 m/pixel. The DSMs were downsampled to 

resolutions similar to planetary datasets: 0.1, 0.5, 1, and 2 m/pixel. The RMS Height and Area Ratio 

were found over a 3 x 3 moving window (i.e., a 1.5 x 1.5 m window for the 0.5 m/pixel resolution 

shown here.) Lava-rise pits and large vegetation were removed before calculating statistics.
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Lava flows texture roughness ranges from pāhoehoe to ‘a‘ā -blocky 

Pāhoehoe

‘A‘ā

Figure 2a: Pāhoehoe

(i) is found as

smooth sheet flows

or lobate flows (Hon

et al., 1994). ‘A‘ā is

occurs with higher

rates of viscosity or

shear (Peterson and

Tilling, 1980). (‘A‘ā

is not found at COM

and not in this study.)

(Photo: USGS HVO.)

Hawai’i Blue Dragon Flow, COTM

Figure 2b:

Hummocky

pāhoehoe (v) is

characterized by

inflation cracks,

tumuli, pressure

plateaus, and lava

rise pits. It is the

result of subcrustal

inflation of lobate

flows (Walker,

1991).

Blue Dragon Flow, COTM

Figure 2e: ‘A‘ā -

blocky lava (vi) is

characterized by

large blocks of lava

as well as rubble

and is associated

with more

evolved lava

compositions (Kuntz

et al., 2007).

Highway Flow, COTM
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Figure 3: Selected areas showing the aerial imagery, the RMS Height results, and the Area Ratio results. Both RMS

Height and Area Ratio color stretches are consistent across all analyses of that type. Areas are from the Blue Dragon

Flow (a, c), the North Crater Flow (b), and the Highway Flow (d). Textures are organized by roughness: smooth

pāhoehoe (i), rubbly pāhoehoe (iii), hummocky-rubbly pāhoehoe (iv), hummocky pāhoehoe (v), and a’a-blocky (vi).
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• Both the RMS Height and Area Ratio can distinguish end-member flow textures. Textural 

distinctions are lessened in the visual RMS Height results if flows of significantly different 

textures are displayed on the same scale. 

• Quantitative measures of roughness can distinguish flow textures not immediately apparent in 

aerial imagery (e.g., hummocky-rubbly vs rubbly pāhoehoe).

• The standard deviation of the RMS Height and Area Ratio must be taken into account while 

distinguishing flow textures quantitatively. (For further discussion, see Mallonée, poster 2975.)

• These techniques could be used on any topographic surface, including terrestrial and planetary 

lava flows. Next step: analyze LROC and HiRISE data to assess utility on planetary bodies.
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Figure 2c: Slabby

pahoehoe (ii) is a

transitional texture

between pāhoehoe

and ‘a‘ā, related to

changes in viscosity

or shear strain

(Peterson and

Tilling, 1980). It is

characterized by

slabs of fractured

pāhoehoe crust.
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Figure 2d: Rubbly

pāhoehoe (iii) is the

result of episodic

cooling and inflation

that results in the

crust fracturing and

remobilizing.

(Guilbaud et al.,

2005; Keszthelyi et

al., 2004). (Photo:

USGS HVO.)

Blue Dragon Flow, COTM


