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Introduction:  Small dome, mound and pitted cone 
features observed on Mars may represent volatile re-
lease from the subsurface by processes such as mud 
volcanism or mound spring formation [1-4]. Spring 
deposits have a wide range of morphologies yet, there 
are few published accounts on their characteristics and 
formation. This inevitably limits our ability to accu-
rately detect these features on Mars from either satel-
lite or lander perspectives. Clarke and Stoker [1] 
brought attention to the analog potential of the Dal-
housie Mound Complex (DMC) in Australia. Here we 
report the results of two field expeditions to DMC to 
document the range of spring deposit morphologies, 
sediments, their formation and preservation.  

Study Area:  The DMC is a major groundwater 
landform system fed by a discrete geothermally heated 
groundwater source. The study area is located at the 
margin of the Great Artesian Basin [5] in the northern 
part of semi-arid South Australia.  The complex con-
sists of a cluster of more than 60 active springs and 
numerous fossil spring deposits. The water is carried 
in the Late Jurassic Algebuckina Sandstone beneath 
the aquaclude of the Bulldog Shale. Subsurface strata 
dip up in the mid-Cenozoic Dalhousie anticline and 



upward mound growth where the saturated zone trans-
gressing through mound sediments that formerly were 
above the water table. During the waning of the mound 
water flow can be expected to stagnate and fall. As a 
result the solute load of the mound may increase due to 
evaporative concentration, resulting in a final phase of 
gypsum precipitation. Some vadose carbonate cements 
may also occur during this phase.  

Mound Spring Evolution: Based on field and la-
boratory studies we propose a 6-stage conceptual 
model that illustrates the evolution of DMC mound 
springs (Fig. 2). 1) Pressurized groundwater flows 
through fissures to the surface. The undersaturated 
spring water dissolves the bedrock gypsum. 2) This 
coupled with local weathering and deflation results in 
a depression which fills with water. 3) The saturated 
springwater precipitates calcite along the pool margin 
and the mound grows. 4) The hydraulic gradient is 
reduced with mound growth and the pool shrinks. 5) 
The pool continues to reduce in volume with mound 
growth and seepage may occur along the mound flank. 
6) Mound pool is closed at the surface and seepage 
occurs along flank. 
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Figure 2 Conceptual model of mound springs formation at Dalhou-
sie Mound Springs Complex.  

Relict spring deposit morphology and degrada-
tion: There are several mesas and mounds in the field 
area, some date to the Early Neogene. The flat-topped 
mesas can be extensive (4.7 km long and 15 m high). 
Others form low (< 2 m), flat-topped ridges or 
mounds. Spring deposits cap the circular and elongate 
bedrock mesas. The carbonate strata are generally < 2 
m thick and petrographic analysis indicate shallow 
pool and channel facies. Source mound morphologies 
for these deposits were not preserved. In fact, no fossil 
mounds composed entirely of spring deposits were 
found at DMC. This would suggest that weathering 

and erosion significantly impact the preservation po-
tential of mound spring form on planetary surfaces.  

The mesas are currently degraded by local runoff, 
aeolian erosion, mass movement and weathering. In 
some locations, erosion by runoff and weathering has 
removed the protective carbonate cap, leaving a coni-
cal-shaped mound with a large depression (Fig. 3). 
These are similar to the pitted cones and domes ob-
served on Mars [3]. Other mound springs are degraded 
to asymmetrical hills that have the appearance of 
streamlined islands. The variability of relict spring 
deposits found at Dalhousie has not been previously 
reported in the literature and will enable a more rigor-
ous assessment of Martian landfroms.  

Figure 3 We use high resolution multispectral IKONOS satellite 
data (1 m/px pan; and 4 m/px IR, R, G, B) as it is similar in scale to 
the Mars Orbiter Camera (MOC) data on the surface of Mars (8 - 
1.5m/px) and allows the identification of spring and channel signa-
tures from a remote sensing platform. Above are degraded spring 
deposits that have pitted cone and mesa form.  

Conclusion: The morphometric data presented 
here on both active and fossil springs will improve our 
ability to identify potential spring deposits on Mars 
from satellite platforms.We show that the preserved 
form can be as  domes, pitted cones, or mesas. This 
suggests that the range of morphologies assigned to 
potential spring deposits on Mars can now be extended 
beyond cone-shapes. The data suggest that mound 
spring sediments can persist in the landscape for ex-
tensive periods (e.g. at DMC for ~ 20 million years). 
The findings from this work are being used to build 
and improve models of mound spring formation and 
spring discharge on Earth and on Mars [6].  
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