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Introduction:  Margaritifer Sinus has a complex 

history of water transport, collection, and discharge 
that occurred from the late Noachian to the mid 
Hesperian [1-3]. This history is recorded in local and 
regional geomorphic features such as numerous well-
integrated valleys [1-5] and the Uzboi-Ladon-
Margaritifer (ULM) mesoscale outflow system, which 
extends northward from Argyre basin to Ares Vallis 
[3, 6, 7]. The ULM system drains 11 x 106 km2 [3, 8] 
along the west flank of the Chryse trough, whereas the 
Samara and Paraná-Loire Valles systems on the 
eastern side of the trough are two of the best-integrated 
valley systems on Mars and drain 540,000 km2 [2]. 
The ULM and Samara and Paraná-Loire Valles 
systems merge near 13ºS/22ºW at the southern edge of 
Margaritifer basin. Based on the wide depression of 
the basin, embayment of erosional remnants, and areas 
of younger collapse chaos,  it is likely that water 
ponded in Margaritifer basin, infiltrated into the 
subsurface, and was released at a later time [3]. 

Several 5ºx5º quadrangles within Margaritifer 
Sinus have been mapped at a scale of 1:500,000 [9-
12]. The locations of two of these quads are shown in 
Figure 1, and details within that area have been 
revealed using recent data from the Mars Orbiter Laser 
Altimeter (MOLA) and Mars Orbiter Camera (MOC) 
on the Mars Global Surveyor spacecraft and the 
Thermal Emission Imaging System (THEMIS) on the 
Mars Odyssey spacecraft. New data are especially 
useful for mapping in MTM -15022 where Viking 
image resolution is relatively poor (~250 m/pixel). 

 
Fig. 1. Shaded relief of Margaritifer Sinus (MC-19) with 
location of MTMs -10022 (top) and -15022 shown as color 
MOLA topography (blue=lower; yellow=higher). 

 
Fig. 2. Perspective view of MOLA gridded topography in 
mapped area. Circle denotes peak shown in Figs. 3 and 4. 

Topography: The 128 pixel/degree gridded 
MOLA dataset literally adds a new dimension to 
information about the geologic history of Margaritifer 
Sinus. Figure 2 shows the regional decrease in 
elevation from south to north in the area covered by 
MTMs -10022 and -15022. The blue, low areas are 
chaos regions that likely resulted from release of 
stored water. Interestingly, Margaritifer basin and the 
chaos regions are some of the last parts of the ULM 
system before it enters the center of “Ares” basin [13]. 

The confluence of the Samara and Paraná-Loire 
Valles systems is distinct in Figure 2. At the 
confluence, an elevated peak blocks a continued 
decrease in elevation to Margaritifer basin, suggesting 
that this peak was either highly resistive to erosion or 
formed after most or all water activity in Samara and 
Paraná-Loire Valles ceased. A MOLA track (Fig. 3) 
crosses near the center of the elevated area where it 
rises a kilometer above the surrounding terrain. 

 
Fig.  3. MOLA track from north (left) to south over elevated 
peak. Horizontal axis is ~90 km. VE=27X. 
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MOC and THEMIS Data: Data from both MOC 
and THEMIS have been instrumental in taking the 
interpretation of geologic history in this area beyond 
what was possible with Viking data alone. THEMIS 
data have been especially useful for interpreting the 
elevated feature discussed above. Although 
interpretations based on low resolution images suggest 
this area could be an outlier of terrain to the south, 
THEMIS visible and infrared images show 
geomorphic evidence that this feature is instead a 
volcanic edifice (Fig. 4). The steep southern flank of 
the feature may have collapsed and is bounded by at 
least one flow at its base. This flow is darker than most 
areas on the edifice where there is likely a relatively 
thin layer of bright dust. Older flows or possibly 
material from flank collapse appear to embay Samara 
and Paraná-Loire Valles near their confluence. Chaotic 
terrain upstream of the embayment in Loire suggests 
that water may have been blocked and ponded behind 
the embayment. 

THEMIS images (Fig. 4) show dune-like ridges 
that are generally circumferential and are more closely 
spaced near the center of the edifice. Similar dune-like 
ridges near Mangala Valles have been interpreted as 
the result of phreatomagmatic activity where the ridges 
were formed by high velocity plume flow [14]. Dune-
like features as the result of collapsing 
phreatomagmatic plumes have also been observed on 
Earth [15]. Finally, collapse pits with apparent outflow 
are observed on the northern flank of the edifice and 
may be due to melted ice from volcanic heating or due 
to subsurface channeling of late-stage water flow in 
Loire and/or Samara Valles. 

Conclusions: Whereas it was previously 
recognized that the geomorphology of Margaritifer 
Sinus reflects a complex history of water [1-8], the 
new discovery of phreatomagmatic volcanism at the 
confluence of the Samara and Paraná-Loire Valles 
systems adds another layer of complexity to the history 
of this area. Topography suggests that the volcano was 
emplaced after the major period of water flow, but 
chaotic terrain and collapse pits may be evidence that 
late-stage flow was still active in (at least) Loire Vallis 
during part of the volcanic activity. Given evidence for 
the interaction of volcanism with water and/or ice, this 
area presents an intriguing target for future landed 
missions that would study the history of water (and 
perhaps life) on Mars. 
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Fig. 4. THEMIS visible color image showing volcanic 
morphology. Note dune-like ridges on flanks of the edifice 
and dark lava flow(s) at bottom of image. [NASA/JPL/ASU] 
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