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Introduction: Lavaka is the Malagasy word for 

hole, and is also the geomorphologic term for a type of 
gully common in Madagascar. Lavakas have an invert-
ed teardrop shape, and form in mid-slope. They are not 
fed by rills, channels or other surface drainage, but 
form by groundwater sapping and regolith collapse. 
Their broad amphitheatrical headwalls erode upslope 
by mass wasting, and the debris moves downslope via 
sediment gravity flows. Outflow channels are deeply 
incised, and far narrower than the alcoves that feed 
them, forming tadpole-tail-like downslope extensions 
of the main gully [1]. Lavakas are described from other 
places, including Brazil (locally called voçorocas) [2] 
China (benggang) [3], and the US (valley-head gullies) 
[4]), but in Madagascar they are particularly numerous 
and widespread [5]. Lavakas may provide a model for 
the formation of some gully types on Mars. In particu-
lar, they may help us better constrain the rheology of 
gully-prone materials on Mars. 

Similarities with Martian Gullies: Martian gullies 
share a range of features with lavakas, suggesting that 
they might represent a compelling terrestrial analogue.  

(1) Morphologies are similar. The original descrip-
tion of Martian gullies [6] includes three characteristics 
that also define Malagasy lavakas: (i) a head alcove, 
emanating from which is (ii) a channel system via 
which sediment is transported to (iii) a depositional 
apron. The first-order geomorphologic similarity be-

tween these classic Martian gully forms and lavakas is 
striking (Fig. 1).  

(2) Scale is comparable. Lavakas can be as small 
as a few m wide and a few 10s of m long, or as large as 
several hundred m wide and a km long. Depths are a 
few m to several 10s of m.  

(3) They form in similar topographic settings. 
Lavakas initiate on slopes ranging from ~5-40°, but the 
majority form at angles in the range 10-20°  [7]. Slopes 
measured for Mars gully alcoves have a similar distri-
bution:  ~5 to 35 ° with an average of ~20° [8].  In 
addition, both lavakas and classical Martian alcove 
gullies initiate in mid-slope, independent of local 
drainage divides or breaks in slope.  

 (4) Location is controlled by climate. Lavaka-like 
features show strong latitudinal control: they generally 
occur between 20°-30° N and S, in regions where there 
are strong seasonal differences in water availability. 
And although the erosion is hydrologic, it appears that 
long arid seasons are important for pre-conditioning 
the landscape for lavaka formation by shrinkage and 
cracking of surface duricrust [9].  

Lavaka features offer insight into Martian gully 
geomorphology: If lavakas are potential analogues for 
Martian gullies, then some of their characteristics may 
help us form an/or test gully-formation hypotheses. 

Geologic setting: the importance of a bedrock-
mantling layer. Lavakas occur on slopes formed in 
deeply-weathered regolith. The rolling hills of Mada-

Fig. 1. A: Lavakas near Amparafaravola in central Madagascar (Google Earth image; larger lavaka is ~160 m across).   
B: Lavaka-analogue gully on Mars (from CTX image B03_010651_1398_XN_40S185W; gully is ~500 m across) 
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gascar’s highlands are ideal for lavaka formation be-
cause crystalline bedrock is mantled by saprolite sev-
eral 10s of metres thick [5, 10, 11]. The saprolites, 
which have high porosity and low strength [12] (in the 
field, they can be dug out with a spoon), are protected 
by a laterite duricrust, which is generally well cement-
ed by pedogenic processes, and has low permeability 
[13]; but when that duricrust is penetrated, the sapro-
lites erode readily [5, 9]. Shrinkage and cracking of the 
duricrust during the dry months is the mechanism that 
provides conduits to the weaker saprolite beneath.  

Recent work suggests that Martian gullies may de-
pend on the presence of a latitude-dependent mantle 
unit (LDM), several decameters thick in gullied re-
gions, and also characterised by polygonal crack net-
works [14-16]. The LDM, inferred to consist of a mix-
ture of ice and dust, might—under conditions of ice 
melt—have similar rheology to terrestrial saprolites.  

By analogy with Malagasy lavakas, we hypothesise 
that the uppermost couple of metres of the LDM on 
Mars may be more strongly ice-indurated than the un-
derlying, and that—when climatic conditions are fa-
vourable, and fluid is available—crack systems may 
play a role in imitating collapse and flow of lower-
strength, loess-like subsurface material. Aquicludes 
may play a role in localising gully initiation sites [17].  
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