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Introduction: The formation of lava channels and 
tubes remains an important area of study as these lava 
flow features appear to be vital mechanisms for effi-
cient lava transport. Thus, a quantitative understanding 
of why, where, and how lava channels and tubes form 
will provide a vital connection between lava field di-
mensions/features and flow/eruption parameters.  

Through a study of terrestrial flows, we have 
shown that a simple and generic dynamic-instability 
may play an important role in the formation of early 
channels and tubes [1]: it is well established that lava 
viscosity varies exponentially relative to temperature 
[e.g., 2]. This dependence means that small thermal 
variations in an otherwise-uniform flow can generate 
large viscosity (and, thus, velocity) differences, thus 
focusing flow into low-viscosity preferred pathways.  

Analysis of our model equations shows that the 
distance over which proto-channels and tubes form 
(i.e., the distance to the vent) is dictated by the flow 
velocity (or effusion rate) to cooling rate  ratio (L), and 
the channel:flow width ratio (r) is also dependent on 
the lava rheology (i.e., the viscosity contrast ratio that 
occurs due to local temperature gradients). We now 
aim to extend application of our thermo-viscous fluid 
flow model to Martian and Venusian flows and will 
determine flow parameters on these bodies based on 
observable flow morphometrics. 
 
Mars:  Many extensive basaltic lava flows have been 
identified on Mars. Some of these flows contain infla-
tion-related morphologies such as lava channels [3-8], 
tubes [3,9], and tumuli and lava rises [3, 10]. However, 
other flows appear tabular even when inspected in 
high-resolution images, implying that these are sheet 
flows. In this study, we will focus on a few volcanic 
regions with estimated ages and eruption histories (Ta-
ble 1). These examples span a range of ages [11] and 
locations, so differences in estimated flow parameters 
might yield insight into the planet’s volcanic history. 
 
Venus: Venus has undergone extensive volcanism and 
contains volcanic features of a range of sizes, mor-
phologies, and inferred compositions. In particular, 
pancake domes are steep-sided and flat-topped [13-19] 
volcanic features with diameters of 7 to 94 km. Alt-
hough their rheology and formation mechanism is still 
under debate, recent morphological analysis and ther-
mal/formation models indicate that these features are 
basaltic and grow through radial spread and inflation-

ary flow [15-17] – without forming channels or tubes. 
Conversely, festoon flows also extend out radially 
from a central vent, but have diameters of 75-300 km 
[19-21], may be composed of high-viscosity lava, and 
contain channels. One long (1000 km) lava field ex-
tending from a fissure and containing lava channels 
[19] will also be examined in this study. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Martian flow with channelized flow that 
appears from ~500 m from the source fissure 
(THEMIS V05484014; from [7]). 

Figure 2. Pancake domes in Alpha Regio, Venus. The-
se are ~11-19 km in diameter, mostly 200-400 m in 
height (F-MIDR 30S009) [15].  
 
Discussion: Our model predicts (1) that channels or 
tubes will form over a distance proportional to flow 
velocity/cooling rate. Additionally, (2) the flow will 
have r ~0.1-0.2 when the lava just reaches the mini-
mum viscosity contrast ratio needed for stable path-
ways to form, which is expected for basaltic flow. 
Smaller ratios may occur if a higher viscosity contrast 
ratio is attained (e.g., the lava is silicic [1]). 

Preliminary results (shown in Table 1) indicate 
that most Martian r values are consistent with basaltic 
flow. Channels/tubes seem to form over L ~ 100 m-1 
km, or distances ~10x further than basaltic flows on 
the Earth [1]. This is consistent with models of volcan-
ic eruption that predict that eruption speeds increase by 
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~1.5x, cooling rates are comparable, and the lessened 
gravity lengthens cooling-limited flows by ~6x [22]. 
For flows that do not form channels over long distanc-
es, we will investigate the influence of a higher effu-
sion rate (~10x), very low viscosity (e.g., as has been 
proposed in Athabasca Valles [23]), or slope. 

On Venus, we find that basaltic pancake domes do 
not form channels or tubes over distances of up to 23 
km, while silicic festoon flows do. This perhaps can be 
explained by the expected effects of Venus’ high at-
mospheric pressure: it suppresses exsolution of vola-
tiles within the lava, which decreases viscosity [17], 
(and likely the viscosity contrast ratio). On the Earth, 
basaltic flows just achieve the required viscosity con-
trast ratio as their temperature approaches the solidus 
[1]. On Venus, this may only occur within basaltic 
flows after very long distances. However, silicic flows 
can more easily achieve this ratio (although perhaps 
just barely with the lower viscosities, as suggested by 
r), which is perhaps why festoon flows form channels 
over ~10-30 km. These distances also seem reasonable 
given the predicted higher effusion rates [24] and 
comparable cooling times, relative to rhyolites on the 
Earth [18] (which form channels over ~1 km [1]). 
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Figure 3. A festoon flow south of Aphrodite Terra 
with “diameter” of 360 km (C1-MIDR 30S171). One 
possible large channel structure extends from the vent 
towards the lower-left corner, before the flow spread 
over the plains. A couple of other possibilities can be 
found extending east.  

 Feature type Reg. slope Flow thick. L r 
M

ar
s

 

Olympus Mons, flank flows containing channels/tubes [4,5] 3° [4]  < 20 km [4]  

Olympus Mons, flank sheet flows [4] <2° [4]   none visible 

Ascraeus Mons, flank flows containing channels and tubes [8] 2-7° [8] 24-88 m [8] 1-7km [5], ~100 m 0.1-0.4 [5], 0.35-0.53 [8] 

Jovis Tholus [5-7]  

(Figure 1) 

<0.5° [6,7] 75 m, 5 m (ind 

flows) [5] 

500 m ~0.01 [7], ~0.1 

Elysium Planitia, flows originating in Cerberus Fossae   300 m (small chan-

nels), 1300 m  

 

A low shield, one of the Elysium Tholi [6] 0.5° [6]  > 2 km none visible 

Elysium Planitia, head of Athabasca Valles   >12 km none visible 

V
en

u
s 

Pancake domes near Alpha Regio [14,19], basaltic [16-18]  

(Figure 2) 

<0.5° [25] 200-1000 m 

[14] 

11-19 km [15] none visible 

Pancake domes in Beta-Themis-Atla Region [19,20], basaltic 
[16-18] 

<0.5° [25] 500-1200 m 

[14] 

5-23 km [15] none visible 

Festoon flow in unnamed plain [19,20], silicic [17,19,20]  

(Figure 3) 

<0.5° 

[20,25] 

100-300 m [20] 10-30 km ~0.1-0.3 

Festoon flow in Atalanta Regio [19,21], silicic [19] <2° [25] 32-388 [21] <30 km  

1000km-long lava field south of Atla Regio [19] <0.5-2° [25]  25 (at top) - 334 km 

(to distinct channel)  

0.02 (distinct channel) – 

0.3 (at top) 

Table 1. A collection of flow morphometrics reported in the literature or (if w/o reference) collected for this study. 
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