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Session:  From orbit. 

Target:  Global sample of volcanoes, including 

plains shield fields, mid-sized volcanoes (e.g. pancake 

domes, plains shields >20 km in size), large volcanoes 

>100 km in diameter, including those located on broad 

volcanic rises (e.g. Atla Regio, Eistla Regio, Beta Re-

gio, Bell Regio, Imdr Regio), and coronae with large 

lava fields. 

Science Goal(s): II.A.1, II.A.3, II.A.4,  III.A.2 

Discussion:  Pyroclastic volcanism injects volatiles 

into the atmosphere, produces distinct surface deposits, 

and can generate fine particulates that contribute to the 

global dust and regolith covering. Identifying the loca-

tions, extents, and relative ages of pyroclastic deposits 

on Venus is therefore important for multiple science 

goals. 1.) Relative stratigraphy of pyroclastic deposits 

and surrounding lava flows will provide information 

about possible changes in eruption style through time. 

This is particularly important for those volcanoes that 

have evidence of recent activity. 2.) Identifying the 

types of volcanic structures most often associated with 

pyroclastic deposits, and combining these statistics 

with gravity and topography data, will provide insight 

into how internal processes lead to different types of 

volcanoes (e.g. shields with effusive flows, viscous 

pancake domes, rift-zone large volcanoes). 3.) Because 

the style of pyroclastic volcanism is linked to the at-

mosphere and magma conditions, modeling of pyro-

clastic deposits can constrain the conditions prevailing 

when they formed. For example, pyroclastic flows are 

expected to be more prevalent on Venus than convec-

tive plumes due to the current atmospheric conditions 

[1]. 

Magellan data provided some evidence of pyroclas-

tic volcanism. For example, radar dark terrain south of 

Tepev Mons and part of the eastern caldera have been 

interpreted as low-density deposits that could be pyro-

clastics [2].  High backscatter areas on Sappho Patera 

and near coronae in Eastern Eistla Regio have been 

interpreted as pyroclastic column collapse deposits 

[3,4]. However, interpretation of the Magellan single 

receive polarization is often ambiguous because it is 

not possible to distinguish between surface and subsur-

face scattering [5].  

Radar polarimetry provides more detailed infor-

mation than single-polarization backscatter alone and 

can be used to search for evidence of pyroclastic vol-

canism. Pyroclastic deposits are fine-grained with 

smooth surfaces, and they are therefore usually dark in 

radar images. They also usually have low circular po-

larization ratio (CPR) values. CPR is the ratio of the 

same sense circular polarization as was transmitted to 

the opposite sense circular polarization. Smooth sur-

faces like ash deposits or ponded lava have CPR values 

of <0.2 (at incidence angles <40º) [6].  The degree of 

linear polarization (DLP) can be used to infer the pres-

ence of subsurface scattering. If a wave with equal 

parts H and V polarization (e.g. a circular wave) pene-

trates the surface, the V polarization will be preferen-

tially transmitted, and the received signal will have a 

linear-polarized component. The degree of linear po-

larization enhancement can be used to search for re-

gions where the radar wave penetrates surficial depos-

its. When combined, these polarimetry parameters can 

be used to search for fine-grained mantling deposits 

such as pyroclastics. 

Prior work using Arecibo Observatory radar polar-

imetry of Venus at 13 cm wavelength demonstrates 

that many volcanic areas have high DLP values that 

indicate the presence of a surface layer [7]. In particu-

lar, many plains shield fields have polarimetry values 

consistent with pyroclastics. One example is Tuli 

Mons at 17.5º N and 313º E (Fig. 1) [8]. This region is 

full of small shield volcanoes with extensive radar-

bright and radar-dark flows. A polarization overlay 

(from 12 km/pixel ground-based radar data) reveals 

contrasting surface types. Closely spaced radar-dark 

domes in both Tuli Mons and Uilata Fluctus have low 

CPR values (0.09) and high DLP values (0.2) con-

sistent with smooth, fine-grained mantling. In contrast, 

bright flows have high CPR values and low DLP val-

ues, indicative of rugged, unmantled flow surfaces. 

The region marked “high DLP/CPR flows” has the 

highest DLP values but seems very rough. Unfortu-

nately, at such low resolution it is difficult to deter-

mine the boundaries of the anomalous polarization 

region, and dwhich of the flows in the underlying Ma-

gellan image have the unusual surface properties. 

An orbital survey of different types of volcanoes 

using this technique would enable the first global 

search for pyroclastic deposits. Specifically, the radar 

data could provide measurements on the location of 

deposits, their spatial extent and shape, and the degree 

of mixing with surrounding terrain (e.g. locations of 

relatively “thicker” or “rock poor” deposits). With 

additional information, such as interferometry, topog-

raphy, or two radar frequencies, it may be possible to 

estimate deposit thickness. 
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Measurements: These techniques require high-

resolution radar imaging polarimetry capable of dis-

cerning pyroclastics near small volcanic vents and cal-

deras (e.g. 2-15 m/pixel). At lower resolutions, many 

geologic surface types may be located in a single pixel, 

and the averaged polarimetry values may not reveal 

anomalous signatures. High resolutions are also needed 

to measure the spatial extent and shape of deposits 

with a precision useful for modeling (meter-scale), and 

to provide morphology and context for distinguishing 

pyroclastics from mantling aeolian deposits (Fig. 2).  

A range of radar wavelengths could be used for 

these measurements.  Theoretically, longer wave-

lengths may penetrate thin deposits (~less than 1/10 

wavelength) without detection, while at shorter wave-

lengths small rocks from craters or later eruptions 

could cause CPR enhancements and partially obscure 

the polarization signature of pyroclastics. However, in 

practice, pyroclastics are apparent over a wide wave-

length range. Lunar radar imaging at 3, 13, and 70 cm 

wavelengths all clearly show low backscatter and low 

CPR from pyroclastics [5,9,10]. On Mars, radar imag-

ing at 3 cm and 13 cm reveal the low-density surfaces 

of the Medusae Fossae Formation (thought to be pyro-

clastics) [11,12], and the surface is also radar-dark at 

Mars Reconnaissance Orbiter SHARAD sounding ra-

dar wavelengths (15 m) [13].  Dual-frequency meas-

urements would help to constrain the depth of pyro-

clastic deposits, but they are not necessary for detec-

tion and spatial mapping. 

In addition to the imaging polarimetry, microwave 

radiometry would provide useful independent meas-

urements of the roughness and density of the surface, 

and would allow measurements of the surface dielec-

tric constant. Tens-of-meter-scale topography would 

help to determine whether possible pyroclastics are flat 

surfaces (airfall or infilling of topography) or flows 

that may have traveled downhill. Topography could 

also provide information about the thickness of any 

associated lava flows. 
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Fig. 2: Degree of linear polarization measurements of a 

dome field near the crater Aurelia show evidence of a man-

tling deposit [7]. Higher resolution radar polarimetry images 

are needed to determine whether this mantling layer is  

closely associated with the volcanic domes or simply the 
result of wind-blown crater ejecta.  

Fig. 1: Polarimetry reveals possible pyroclastics on Venus 

[8]. a.) A Magellan SAR image of Tuli Mons. b.) Arecibo 

radar polarimetry (red=DLP, green=CPR) overlaid on the 

Magellan image. Red areas have low CPR and enhanced 

DLP that indicate the presence of mantling deposits.  
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