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Introduction:  Apollinars Mons* (174°E, 8.5°S), 

Mars, is a low-relief, central-vent volcano located just 
north of the dichotomy boundary and ~200 km north of 
Gusev crater (Fig. 1).  Apollinaris Mons (AM) is char-
acterized by low (<3°) flank slopes, a basal scarp, and 
a fan-shaped deposit containing valleys that appears to 
emanate from the summit caldera complex and drape 
the southeastern flank (Fig. 1).  Researchers have re-
ported that the main volcano edifice is composed of 
pyroclastic deposits and that lava flows comprise the 
fan[1]; and that the fan is composed of pyroclastic ma-
terials [2].  Here, we present results of our geologic 
mapping of AM in an attempt to resolve the origin of 
the summit caldera, its relation to the fan deposit, and 
the formation of the fan deposit. 

Figure 1.  Geologic map of Apollinaris Mons, super-
posed on THEMIS daytime infrared and Scott and oth-
ersʼ [3] map comprises the background.  Upper left cor-
ner is 172.5°E, 7.3°S; lower right corner is 176.5°E, 
11.6°S.  See Table 1 for unit names. 

Background:  Based on Viking Orbiter data, 
Greeley and Spudis [4] identified Apollinaris Patera* 
as the sole member belonging to “Class I” martian 
paterae.  Gulick and Baker [5] stated that the channels 
observed within the AM fan deposit have a “simple or 
rille-like morphology,” consistent with immature flu-
vial valleys or valleys formed by pyroclastic density 
currents (such as pyrolcastic flows or surges).  Earlier 

investigators [6,7] interpreted the morphology of the 
fan deposit to be most similar to lava flows emanating 
from a volcanic rift zone.  Robinson and others [1] 
generated a Viking Orbiter based geologic map of AM 
and identified 4 units comprising the volcano:  2 cal-
dera units, a “main edifice” unit, and the fan deposit.  
They mapped the fan deposit as emanting from the 
summit caldera complex, and concluded that it was 
most likely composed of pahoehoe-like lavas.  Scott 
and others [3] also created a geologic map using Vi-
king Orbiter images as a basemap.  They concluded 
that the fan deposits are most likely pyroclastic materi-
als, and were emplaced during the Hesperian Epoch.  
More recently, Farrell and Lang [2] assessed THEMIS 
infrared and visible images, and agreed that the fan 
materials are probably pyroclastic deposits. 

 
Table 1.  Geologic unit abbreviations for Apollinaris 
Mons.  Subscripts in Fig. 1 indicate relative age (1 = 
oldest) and are not listed here; impact crater materials 
are not included. 
Unit Abbrevia

tion 
Unit Name 

cc  Crenulated caldera‐filling material 
cf  Caldera‐filling material 
cs  Caldera slumped material 
f  Fan‐shaped deposit 
m  Main edifice material 
mc  Main edifice crenulated material 
sl  Slumped material 
y  Yardang‐like material 

Methods:  We mapped a roughly 4° x 4° region 
encompassing the main edifice and fan deposits of 
Apollinaris Mons (Fig. 1).  THEMIS daytime infrared 
(obtained via JMARS at jmars.asu.edu) was imported 
into ArcGIS 9.3 for the basemap; higher resolution 
image data (e.g., HiRISE and CTX) were imported into 
ArcGIS as needed.  All available image data sets were 
examined (including HRSC, MOC-NA, THEMIS VIS 
and TES) although they were not necessarily co-
registered in GIS.  Gridded MOLA data (128 px/°) 
were also imported into ArcGIS. 

In addition to mapping geologic contacts, we 
mapped channels within the fan deposit and measured 
angles where channel tributaries were found (no dis-
tributary systems were found).  Combining MOLA 
data with geologic mapping allowed us to estimate 
volumes of units and the summit caldera complex.  
Impact craters >1 km in diamter were counted to de-
termine crater size-frequency distributions (Table 2). 

Results and Discussion:  Summit Caldera Com-
plex:  We have identified 5 separate units within the 
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caldera complex.  We interpret the youngest (cf3) to be 
ponded lava, as evidenced by embayment relations 
with adjacent units.  The oldest caldera units appear to 
be erosional remenants of a previously more extensive 
deposit: their margins in planform are similar to those 
observed in the Medusae Fossae Formation (MFF) [8, 
9] and to terrestrial ignimbrites [9].  Although it is 
clear that a channel connected to the fan deposit cross-
cuts the outer caldera wall, the channel disappears 
within the caldera floor.  Arcuate scarps and fractures 
are abundant within the caldera complex.  We interpret 
these structures to reflect injection and withdrawal of 
magma beneath the caldera complex.  The volume that 
the caldera complex could hold is ~103 km3.  

Fan deposit and fan channels:  The fan deposit is 
thin [1], and comprises a volume of ~103 km3—similar 
to the caldera volume, consistent with a genetic rela-
tionship.  Although the fan is younger than the main 
edifice of AM, the channel feeding the fan deposit only 
touches unit cf1 in the summit caldera complex, so the 
precise stratigraphic relation between the fan and the 
youngest caldera-filling unit cannot be determined.  
Impact crater statistics suggest that the fan deposit is 
older than the youngest caldera-filling unit. 

Channels within the fan locally display first-order 
tributaries (Fig. 2);  no distributaries are observed.  
Locally, layering is observed in channel walls [cf. 10].  
Channels tend to be V-shaped in cross-section, al-
though locally they contain more U-shaped or rectan-
gular incised channels.  We interpret this morphology 
to be consistent with initial formation by pyroclastic 
flow, lahar, or fluvial processes, with subsequent 
modification by fluivial or groundwater sapping proc-
esses [5].  Thus, we interpret the fan to be formed of 
either pyroclastic deposits or lahar deposits. 

Modification:  Two impact craters in the summit of 
AM contain deposits that are morphologically similar 
to the MFF.  Similar deposits are visible over most of 
the Apollinaris Mons’ flanks in CTX images.  This 
may mean that MFF once covered AM [11]. 

Conclusions:  The units mapped here are small, 
requiring that impact crater statistics be interpreted 
with caution.  However, we propose the following his-
tory for Apollinaris Mons.  Geologic mapping and 
crater statistcs suggest that main edifice of AM is con-
structed of fluid lavas that were emplaced in the Late 
Noachian.  The oldest deposits found within the sum-
mit caldera complex are interpreted to be remenants of 
pyroclastic deposits, possibly associated with a transi-
tion from early effusive to later explosive activity; they 
are older than the Late Noachian edifice but younger 
than the Early Amazonian caldera-filling materials.  
Thus, AM experienced a change in eruptive style dur-
ing the Hesperian Epoch, and the fan deposit (most 

likely composed of pyroclasts or volcaniclastic materi-
als) was emplaced during the Late Hesperian.  

 
Figure 2.  Channels (in red) within the fan deposit of 
AM, shown on THEMIS daytime infrared image mosaic 
(jmars.asu.edu).  Arrows point to tributary junctions. 
 
Table 2.  Impact crater statistics for units in Figure 1. 
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*Note that the name “Apollinaris Patera” now refers 
only to the summit caldera complex; the volcano is 
correctly referred to as “Apollinaris Mons.” 
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