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Viking IRTM Analysis of Apollinaris Patera, Mars. Mark S. Robinson, Planetary 
Geosciences Division, University of Hawaii, 96822, James R. Zimbelman, Center for Earth and Planetary 
Studies, National Air and Space Museum, Stnithsonian Institution, Washington D.C., 20560. 

Introduction: We derive thermal inertia values from high resolution Viking Infrared Thermal Mapper 
(IRTM) temperature data to aid in our interpretation of the martian volcano Apollinaris Patera. Thermal 
inertia (I) can be used to estimate the effective grain size of materials in the top 10 cm of the surface, and 
therefore aid in distinguishing and interpreting surficial units. Apollinaris Patera (-8' lat, 186' lon) is a 
volcanic construct located at the margin of the cratered southern terrain and the northern plains of Mars. 
Apollinaris Patera has been classified as a highland patera volcano [1,2,3], and is a 'middle-aged' martian 
volcanic construct of Upper HesperianILower Amazonian age [4]. It is approximately 150 km across and 
has over 5 km of relief, with slopes ranging to 10' [5] . It is distinguished by a large caldera (80 km 
diameter), a circumferential basal scarp, dissection of its flanks, and a large fan on the southern flank. 
Additionally, Apollinaris Patera is contained within the Tharsis low I region, which covers 22 x 106 sq km 
[6]. Using digital mapping techniques [7] we overlay the derived I maps with Viking image data and find 
a one-to-one correspondence between distinct morphologic boundaries and sharp 1 boundaries. Such a 
correlation is unusual and was not expected based on previous work examining Mars [6,8,9]. 
Processing the Data: Four high resolution IRTM data swaths cross the Apollinaris Patera region and 
these were processed to 118' bins following the procedure outlined by Zirnbelman and Leshin [8]. We use 
standard models [9] of the thermal regime of Mars to derive our I, reported in units of 103 cal cm-2 S-In K-1. 
A spatial ambiguity in the actual location of the IRTM tracks on the surface occurs in certain orbits [8] due 
to gravitational perturbations on the orbit of the spacecraft. To correct for this ambiguity we manually 
shifted IRTM orbits by matching high frequency 1 anomalies with impact craters that are easily identified 
in both data sets. To compensate for temperature shifts in the data caused by minor atmospheric effects 
from dust and clouds, we compared relatively bland regions in our high resolution data with known I 
values from the Mars Consortium digital thermal inertia map to derive an offset. We also applied an 
elevation correction using the Mars Consortium global topographic data. The errors associated with this 
elevation data set are reported to be on the order of 1 km [lo]. Elevation effects in calculated I are 
sensitive on the order of a scale height (10 km) to about one I unit dependent on the magnitude of the I 
value [ l l ] ,  therefore the generalized topography can be used for a first order correction [8]. We also 
compared temperatures derived from the four wavelengths sensed by the IRTM (7,9,11,20 microns) to test 
for significant atmospheric effects in the measured temperatures [121. This test c o n f m  that the 
anomalies reported here are real surface effects and not artifacts of atmospheric contamination. 
Results: Our derived I values range from 2.5 to 13.5 and show anomalies that can be directly attributed 
to geomorphic features other than albedo patterns. The highest I values are associated with dark albedo 
patches and large impact craters, as expected from previous studies [6,8,9]. We find that a distinct pixel to 
pixel I transition of 1.0-1.5 1 units exists at the boundary between the cratered southern highlands (higher 
I )  and northern lowlands (lower I; see Figure). Away from the boundary, the magnitude of the separation 
between the two units is 3-5 (2.5-3.5 vs 6.0-8.5), indicating that the boundary, though spatially distinct, is 
also broadly transitional. We also find an I transition corresponding to the boundary between the volcanic 
edifice, Apollinaris Patera (3.8-4.5) and the surrounding plains (3.0-3.5) [13]. Additionally, we find a 
small intra-volcano I increase (+0.5) on the volcano, between the distinctive fan on the southern flanks 
(4.4, n=9) and the rest of the edifice (3.9, n=9). This boundary cuts across topographic contours, therefore 
we dismiss the possibility that it is due to elevation effects. The distinct boundaries identified here have 
no diagnostic spectral signature within the visible bandpasses of the Viking Imaging system (orbits 506A, 
609A, 468s). Therefore, the optical surface is homogeneous, while subsurface t h e m 1  properties are 
heterogeneous, implying that the surface covering is thin (<lo cm). 
Interpretation: Previous work examining volcanic deposits on Mars using IRTM data indicate that it 
is quite difficult to assign a specific I value to a type of volcanic deposit, mostly due to the complications 
arising from variable dust mantling [14]. For a given rock type the I value can range dramatically, 
depending on the amount of exposed bedrock, thickness of dust covering, and grain size of dust covering. 
For example, Mouginis-Mark et al. [15] have identified pyroclastic materials at Alba Patera that have an I 
range of 1-4, whereas Crown et al. [13] have proposed pyroclastic materials at Hadriaca Patera that have 
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an Zrange of 5-9. Therefore, it is not possible to interpret a given I value as an indicator of a specific 
geologic material. Nevertheless, in the case of Apollinaris Patera it is clear that the underlying geology 
has a significant effect on its thermal signature. 

The intra-volcano anomaly that occurs at the distinct morphologic boundary between the fan and 
the rest of the volcano is quite unusual. To our knowledge this is the first identification of a martian 
thermal inertia boundary that can be directly attributable to a mappable unit on a volcano. Since the fan 
has a higher thermal inertia we interpret it to be a bllockier surface. Additionally, we observe a distinct 
difference in the weathering styles between the fan and the other flanks. Typically, areas outside the fan 
are deeply incised by immature valleys [I61 that are most distinct in steeper areas, such as the basal scarp, 
possibly indicating a more friable material (pyroclastics?). These valleys do not occur on the fan, and we 
note that areas where the fan has draped the basal scarp are the smoothest on the fan. Additionally, areas 
of positive relief are superposed on areas of negative relief, indicating that at least some of the texture of 
the fan is the result of depositional processes. Also, the overall texture, on the scale of 100's of meters, is 
smoother outside the fan. Based on these differences between the two units we infer a different origin for 
each one, possibly pyroclastics vs lavas , or a relatively smooth lava vs a rougher lava. However, we note 
that the fan emanates from the summit caldera and exhibits a morphology that we interpret to be indicative 
of lava flow emplacement. The fan also appears to be the youngest volcanic unit, indicating that the style 
of lava emplacement may have undergone significant evolution during the lifetime of Apollinaris Patera. 
The upper slopes of the main edifice are typically >5', and it is generally agreed that pyroclastic deposits 
on Mars form very shallow sloped volcanoes, 1-3' [3,13,17]. Therefore, if Apollinaris Patera is 
pyroclastic in origin, it has a unique eruptive history relative to other proposed martian pyroclastic 
volcanoes. We note that the volcano is located in a local topographic low [lo] that exhibits abundant 
evidence for subsurface water (chaotic terrain), that may have served as a source to generate 
hydromagmatic eruptions. These observations are consistent with recent work on the evolution of martian 
volcanism [17] and climate [18]. 
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Figure. Schematic diagram showing major 
features at Apollinaris Patera, discussed in 
text. Numbers correspond to IRTM passes 
(1 = A569-7,2 = A648-2, 3 = A492-8,4 = 
B55 1-1 1). Letters correspond to 
geomorphic features (P = northern plains 
and chaotic material, H = southern 
highlands, G = Gusev crater, F = fan, S = 
summit, C = caldera, V = flanks). Dash 
lines indicate IRTM boundaries discussed in 
text. Total length of north arrow is 
approxi&tely 200 km. 
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