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Introduction:  Highland paterae are large, low 

relief Martian volcanoes typified by complex central 
craters [1]. These craters are characterized by very low 
slopes of < 1° to ~1.5° that are deeply incised by 
channel complexes which are radial to a prominent 
central caldera. Highland paterae represent some of the 
oldest central vent volcanoes on Mars [2] and may 
represent a transition from flood lava eruptions, which 
dominated the early volcanic history of Mars, to more 
localized eruptions [3]. As part of an ongoing 
campaign to further understand the processes involved 
in the evolution of highland paterae, we present our 
initial results on the distribution and timing of 
explosive vs. effusive deposits in the caldera and on 
the flanks of Apollinaris Patera (AP; 8°S, 174° E) – 
one of five highland paterae on Mars. 

 

 
Figure 1:  Normalized THEMIS daytime IR view from 
JMars of Apollinaris patera. Image is overlain with 
THEMIS Vis imagery and is centered at 9˚ 01’ 
22.25”S, 174˚ 44’ 44.16”E. 

 
Methodology:  Our analysis of AP has involved 

the use of images from the Mars Odyssey (MO) and 
Mars Reconnaissance Orbiter (MRO) missions. Image 
sets included THEMIS Vis (~20 m/pixel) and 
THEMIS daytime infrared (IR; ~100 m/pixel) images 
from MO and CTX images (~6 m/pixel) from MRO. 
The JMars java applet, a geospacial information 
system created by the Mars Space Flight Facility at 
Arizona State University, provided a normalized 

THEMIS daytime IR mapbase as well as dust cover 
and Mars Orbiter Laser Altimeter (MOLA) data. The 
normalized THEMIS daytime IR imagery from JMars 
has served as a base layer from which we have 
superimposed THEMIS Vis imagery for mapping in 
the Adobe Illustrator drawing program. CTX images 
were viewed using IAS Viewer. We have followed the 
reasoning of [3-4] for differentiating between effusive 
and explosive deposits. Specifically, the differences 
between the two deposit types are observable in 
imagery based on morphologic properties; explosive 
deposits are believed to be more easily erodible than 
effusive deposits [3-4] (Fig. 2). 
 

 
Figure 2:  Normalized THEMIS daytime IR image 

from JMars overlain with THEMIS Vis images 
showing explosive and effusive deposits in Apollinaris’ 
summit caldera.  Explosive deposits occur on the 
bottom right of this image, and the effusive deposit 
occur in the top right and are characterized by a 
smoother texture than the explosive deposits, which 
have a .feathery edge and rough surface. Image is 
centered at 8˚ 26’ 32.84”S, 174˚ 05’ 37.76”E. 

 
Topographic profiles, as derived from the MOLA 

gridded data set (1/128th degree, which translates to 
~500 m/pixel) also aided in distinguishing various 
geologic units.  Specifically, distinct topographic 
breaks along the Apollinaris’ flanks may reflect 
lithologic or rheologic (i.e., cooling units) changes that 
potentially exist between or within units.  

Geologic Overview:  AP is located slightly north 
of the northern lowlands and the southern highlands 
boundary and is ~200 km north of Gusev crater. The 
volcano is approximately 150 km in width, 6 km in 
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height, and is Hesperian in age [5].  The volcano is 
divisible into three morphologic parts: 1) a summit 
caldera, 2) the volcano flanks, and 3) a fan that extends 
from a breach in the SE part of the summit caldera.   

The summit caldera can be subdivided into an inner 
caldera (IC; ~48 km wide) and outer caldera (OC; ~83 
km wide) [i.e., 5] (Fig. 2). The IC consists of a 
texturally smooth material that locally hosts 
contractional structures; no flow fronts or smaller 
volcanic constructs are evident in the IC; we 
subsequently interpret the IC material as an effusive 
deposit – this is the only evidence for effusive 
volcanism at AP.  The OC consists entirely of easily 
erodible deposits with feathery edges – similar to what 
have been interpreted as explosive deposits at other 
highland paterae [3-5] – that occur as both low lying 
plains and mesas; we follow the interpretation of [3-4] 
here for the nature of the OC deposits.  The explosive 
deposits comprising the low lying parts of the OC are 
cut by a suite of concentric graben (Fig. 4) that are, in 
turn, covered by explosive deposits comprising the 
mesas.   

The flanks of the volcano consist of the same types 
of materials that make up the outer caldera.  Much of 
the flanks, however, appear homogeneous and 
differentiating individual pyroclastic units is difficult; 
we have distinguished only one distinct pyroclastic 
unit on the flanks, which occurs on the northeast side 
of the volcano.  Other individual pyroclastic units may 
occur on the upper slopes of the flanks near the summit 
caldera, but differentiating them from individual 
cooling units within one pyroclastic flow [i.e., 3-4] is 
not possible.  All flank deposits have been cut by a 
series of channels and have been locally reworked by 
aeolian processes and slumping.  Much of flank’s base 
is characterized by a steep scarp.     

The fan unit on the SW flank of the volcano 
appears to consist of one or multiple explosive deposits 
that were likely sourced from the caldera and were 
subsequently modified by fluvial activity (possibly 
lahars?).  Fluvial activity created the channel structures 
that characterize much of this feature and fluvial-
related possible deposits exist at the base of the fan.  A 
pyroclastic origin for this fan differs from previous 
interpretations [5] and suggests that effusive activity 
may not have been as extensive as previously 
interpreted. 

Summary and Conclusions:  At least two distinct 
periods of explosive volcanism occurred at AP. 
Caldera formation may have been associated with the 
first period, but effusive volcanism occurred after the 
second period. The fan represents one or multiple 
pyroclastic events that were synchronous with or post-
dated the second period of explosive volcanism as 

recognized in the caldera. If the fan is synchronous 
with the second event, then it must pre-date the 
effusive deposit. If it is younger than the second 
period, then it may post-date the effusive deposits. 
However, the exact timing relationship is difficult to 
discern.  Regardless, the overall dominance of 
explosive activity occurring at AP with later effusive 
activity is consistent with both previous Apollinaris 
interpretations [6] as well as the sequence of events 
noted for Hadriaca and Tyrhenna Paterae [3-4]. 
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Figure 3:  Fan materials on the southeast flank of 

AP. They are interpreted in this work as pyroclastic 
materials reworked by fluvial activity. Centered at 9˚ 
53’ 27.58”S and 174˚ 44’ 26.41”E. 
 

 
Figure 4:  Eruptive deposits indicating different 

periods of eruptive volcanism. Younger units are in 
orange. Image is centered at 8˚ 11’ 33.33”S and 174˚ 
07’ 44.12”E. 
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