
 

Figure 1.  Festoon deposits.  (a) Atalanta festoon emplaced on dark 
lowland plains (image width is 145 km).  (b) Artemis-Imdr festoon 
emplaced on dark lowland plains (image width is 330 km). (c) The 
Ovda festoon emplaced in tessera (image width is 340 km).  North 
is up in each image. 
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Introduction:  Volcanic festoon deposits seen on Venus 

are classified as “radar bright flows that show organized 
patterns of internal streamlines (looped or curved compo-
nents) analogous to the ridge and flow bands typical of vis-
cous terrestrial lava flows known as coulees” [1].  Three 
volcanic festoon features (Fig 1) have been identified on the 
surface of Venus [1].  These deposits are important because 
their morphology is very distinctive compared to other vol-
canic landforms on the planet generally interpreted to be 
basaltic in nature.  The festoon deposits have been inter-
preted to be formed by emplacement of much more viscous 
magma [2,3] and thus their nature, setting, and mode of em-
placement may provide critical clues to the crustal evolution 
of Venus.  We have been characterizing these deposits to 
enhance understanding of their genesis and to determine the 
similarities and differences among the three deposits [2,3].  
A festoon deposit has been identified in the dark lowland 
plains of Atalanta Planitia (the Atalanta festoon; Fig 1a), the 
dark lowland plains of Aino Planitia (the Artemis-Imdr fes-
toon; Fig 1b), and the tessera of central Ovda Regio (the 
Ovda festoon; Fig 1c) [1].  We first describe the three depos-
its and then focus on an analysis of the boundaries to assess 
further information on their fractal dimension and their erup-
tion characteristics. 

Dimensional and Slope Analysis:  The Atalanta festoon 
(70.5N201.5E) is approximately 90 km in length and 70 km 
wide.  The maximum thickness is estimated at 375 m.  Slope 
values adjacent to the flow range from 2-7 degrees.  The 
Artemis-Imdr (37.5S165.5E) festoon is approximately 300 
km in length and 270 km in width.  Maximum thickness is 
estimated at 425 m.  Slope values adjacent to the flow range 
from 1-4 degrees.  The Ovda festoon (6S95.5E) is 300 km in 
length and 250 km wide [3].  Slope values adjacent to the 
flow range from 1.3 to 9 degrees. 

Margin Analysis:  The Ovda festoon embays and con-
forms to the underlying tessera on which it was emplaced 
[2].  The margin appears sinuous and lobate, while the inte-
rior appears to lack evidence (at FMIDR resolution; Fig 1c) 
for separate or superposed flow lobes suggesting a continu-
ous eruptive event [2,3].  The margin of the Artemis-Imdr 
festoon appears much less sinuous with several superposed 
interior flow lobes suggesting an episodic or pulsed em-
placement (Fig 1b) [1,2].  The margin of the Atalanta festoon 
appears sinuous to the north (Fig 1a) with no discernable (at 
FMIDR resolution) internal lobe networks, also suggesting a 
continuous eruptive event during emplacement. 

Fractal dimensions for the entire flow margin of the 
Ovda and Artemis-Imdr festoons were calculated by [2].  
The Ovda festoon fractal dimension falls well within the 
pahoehoe range [4], while the Artemis-Imdr festoon fractal 
dimension is transitional [4] between a’ a and pahoehoe [2].  
The elevated fractal dimension of the Ovda festoon is not 
consistent with a more viscous, blocky flow; however, based 
on embayment relationships, the preexisting topography may 
have controlled the overall sinuosity of the margin [2].  To 
further characterize the fractal nature of the festoon deposits 
and extend these observations to include all flow features on 
Venus that appear to be composed of a more viscous mate-
rial, we employed the fractal dimension method discussed in 
[2] on a lobe by lobe basis for each of the three festoon de- 
posits and a steep-sided dome identified in Pavri et al. [5]. 

The dome is centered at 41.4N283.5E.  It was chosen due to 
it pristine condition (no margin collapse events) and the rela-
tively smooth preexisting topography on which it resides. 
Table 1 shows the square of the residuals and the calculated 
fractal dimensions for the festoon deposits and the steep-
sided dome.   The fractal nature of a variety of lobes from 
the Ovda festoon was determined. Near the southwest mar-
gin of the deposit, the stratigraphic relationship with an adja-
cent fractured plains unit is unclear.  A lobe from the festoon 
appears to be superposed on the plains unit; however, the 
much thinner plains unit may be embaying the festoon.  We 
analyzed this lobe and two others that extend into tessera of 
varying degrees of roughness (intermediately deformed and  
highly deformed based on relief and FMIDR analysis).  Two 
lobes were analyzed from the Artemis-Imdr festoon, both of 
which were emplaced on dark lowland plains.  Both the lobe 
from the Atalanta deposit and the steep-sided dome were 
also emplaced on dark lowland plains. 
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Table 1.  Fractal dimensions and residual values obtained 
through lobe analysis for the festoon deposits and margin 
analysis of the steep-sided dome. 

Rheologic Analysis:  Using mathematical models dis-
cussed in Warner and Gregg [6], yield strength, effusion rate, 
and viscosity were determined for each of the flow lobes 
discussed above.  Calculated values for each lobe are seen in  
Table 2.  These theoretical values should not be taken as 
absolute identification regarding composition of extraterres-
trial flows, rather they are a tool to use for comparison with 
terrestrial examples [6].  Thus, also seen in Table 2 are val-
ues for a terrestrial example that were obtained from [6]. 

Table 2.  Viscosities, yield strengths, and effusion rates de-
termined using mathematical models discussed in [6]. 
*Terrestrial values obtained from [6]. 

Interpretation:  Based on the fractal dimensions seen in 
Table 1 (and assuming that the intermediate tessera lobe was 
initially emplaced into moderately rough tessera), the preex-
isting topography that the lobe  on the southwest margin of 
the Ovda festoon was emplaced was closely related to the 
preexisting topography on which the intermediate tessera 
lobe lies.  The fractal dimensions for these two lobes are 
nearly equal.  This suggests that the plains unit adjacent to 
the southwest lobe may indeed be embaying the festoon and 
covering the older tessera on which the festoon was em-
placed.  Thus, the fractal dimension for the southwest lobe 
could be taken as a minimum (assuming that the contrast in 
thickness between the festoon and the adjacent plains unit is 
not too large) because embayment by the volcanic plains 
should act to subdue the sinuosity of the flow lobe. 

The fractal dimensions for the lobe on Atalanta, both of 
the lobes on Artemis-Imdr, and the steep-sided dome fall 
within the a’ a range [4].  Fractal dimensions such as these 
are expected for flows that have less sinuous margins, per-

haps similar to those observed on terrestrial silicic flows or 
channeled [7] basaltic flows. 

The extension of the fractal analysis performed by [2] is 
consistent with the interpretation that festoon deposits and 
steep-sided domes on Venus were emplaced in a manner 
comparable to that of terrestrial evolved flows and domes.  
The emplacement style (imposed by the preexisting topogra-
phy) of the Ovda festoon controlled the fractal dimension 
[2,7]; however, the relatively smooth preexisting topography 
below the Atalanta lobe, both Artemis-Imdr lobes, and the 
steep-sided dome had little impact on the sinuosity of the 
margins of these deposits.  Thus, fractal dimensions for these 
deposits reflect actual flow morphology versus emplacent 
style.   

The viscosity and yield strength values in Table 2 sug-
gest that the festoon compositions might be comparable to 
those of the terrestrial example discussed in [6].  Effusion 
rates for the extraterrestrial deposits however, are as much as 
four orders of magnitude higher than those of Sabancaya and 
volumes are a maximum of three orders of magnitude higher 
(based on average flow length, height, and width values for 
flow lobes on Sabancaya given in [6]). 

Festoon deposits appear morphologically similar to ter-
restrial viscous lava flows.  Fractal dimensions of festoon 
lobes which were emplaced on smooth preexisting topogra-
phy agree well (e.g suggest higher viscosity flows) with 
morphologic observations.  Rheologic values calculated from 
the models discussed in [6] are comparable to those of a 
terrestrial trachyandesitic to andesitic example also discussed 
in [6].  These characteristics suggest that more evolved lavas 
may be present on Venus.  We intend to apply rheologic 
models to all individual festoon lobes present on Venus in an 
attempt to further constrain eruptive parameters for these 
flows.  The Artemis-Imdr festoon should be carefully dis-
sected due to the generally smooth preexisting topography 
on which it lies.  This deposit appears now as it did when it 
was initially emplaced, thus observations will not be skewed 
or influenced by secondary events. 

Continuing work is addressing the following questions: 
1)Why are the festoons so distinctive from other volcanic 
features and edifices on Venus? 2)What are the key differ-
ences among the festoons themselves and what do they mean 
in terms of petrogenesis and mode of emplacement? 3) How 
do the rheological estimates derived here compare to others 
derived for the festoons from different approaches? 4) How 
do the festoons compare to the steep-sided domes in their 
detailed characteristics, distribution and mode of emplace-
ment? 5) What are the detailed stratigraphic relationships of 
the festoons and their surroundings? 6) Do the festoons rep-
resent independent local petrogenetic conditions, or are they 
related to regional phases in the evolution of Venus? 7) What 
are the implications of the festoon deposits for future Venus 
exploration? Do they represent potential targets for future 
exploration and surface sampling?      
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Deposit Fractal Dimension R2 

Ovda   
Plains (?) 1.19 0.998 

Int. Tessera 1.18 0.870 
Rough Tessera 1.24 0.974 

Atalanta 1.08 0.856 

Artemis-Imdr   
Lobe 1 1.04 0.968 

Lobe 2 1.05 0.948 

Steep-sided Dome 1.06 0.914 

Deposit Viscosity 
(Pa s) 

Yield 
Strength (Pa) 

Effusion Rate 
(m3s-1) 

Ovda    
Plains 9.28 x 109 2.07 x 105 2.4 x 102 
Int. Tessera 8.88 x 109 2.07 x 105 2.5 x 102 
Rough 
Tessera 

1.92 x 1010 2.07 x 105 1.16 x 102 

Atalanta 2.34 x 109 1.22 x 105 9.52 x 102 
Artemis    
Lobe 1 7.12 x 106 4.12 x 104 1.02 x 104 
Lobe 2 7.31 x 109 1.32 x 105 2.54 x 103 
Sabancaya* 2.45 x 1010 – 

1.64 x1013 
9.43 x 104 – 
3.76 x 105 

1 – 13 
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