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Abstract 
 

Highlands on Mars interpreted as impact craters may instead be supervolcanoes 

within an ancient volcanic province in Arabia Terra, Mars. These volcanoes are 

characterized by lower than normal topographic relief, collapse features, layered 

deposits, as well as effusive volcanism and explosive eruptions. Seven features are to be 

considered part of the new volcanic field, which includes Siloe Patera. Although an 

ŀƭǘŜǊƴŀǘƛǾŜ ƘȅǇƻǘƘŜǎƛǎ ŦƻǊ {ƛƭƻŜ tŀǘŜǊŀΩǎ ƻǊƛƎƛƴ ƛǎ ƴŜǎǘŜŘ ƛƳǇŀŎǘ ŎǊŀǘŜǊǎΣ ŜǾƛŘŜƴŎŜ Ǉƻƛƴǘǎ 

more towards multiple caldera collapses or a combination of impact and caldera 

collapse events. Regions of interest in and around Siloe Patera include: (1) possible 

volcanic-doming along the bench; (2) possible ring faulting on the eastern portion of the 

bench; (3) a spire located on the floor of Siloe Patera; and (4) flow features around Siloe 

Patera.   Data from various Martian orbiters was used to analyze Siloe Patera, Ascraues 

Mons, a nested crater and three random craters roughly the size of Siloe Patera. Data 

collection included gathering raw Mars Orbital Laser Altimeter (MOLA) tracks over Siloe 

Patera, Thermal Emission Imaging System (THEMIS) Night Infrared, Context Camera 

(CTX), and Mars Orbiter Camera (MOC) images. Utilizing data currently available, 

characteristics of Siloe Patera resemble that of a volcano more than that of an impact 

crater based on topographic profiles, depth diameter ratios, slope angles, and 

comparison of regions of interest.  



iii 
 

 

 

 

Acknowledgments 

  I would like to express a special appreciation and thanks to my advisors, 

Dr. Shawn Wright and Dr. David King, you have been tremendous mentors for me. I 

would like to thank you for encouraging my research and for allowing me to grow as a 

research scientist. I would also like to thank my thesis committee members, Dr. Luke 

Marzen, and Dr. Clinton Barineau for serving as my committee members even at 

hardship. I also want to thank Dr. Jacob Bleacher and Dr. Joseph Michalski for allowing 

me the opportunity to work with you on your exciting finding. It has been an 

exhilarating challenge that would not have been possible without your generosity.  

 I want to acknowledge the extensive use of multiple publicly accessible imagery 

databases which includes Arizona State University <http://themis.asu.edu/>, U.S.G.S 

Planetary GIS Web Server <http://webgis.wr.usgs.gov/>, MOLA Pedr Query < 

http://ode.rsl.wustl.edu/mars/dataPointSearch.aspx >, HiWish: Public suggestion Page 

<http://www.uahirise.org/hiwish/>, Google Earth 7.1, and JMARS.  

 I would like to dedicate this thesis to my wonderful family and husband for their 

overwhelming support and advice to always go after your dream. I would also like to 

give a special thanks to my husband Zachary for his unconditional support, love, and 

especially patience over the past two years.  

http://themis.asu.edu/
http://webgis.wr.usgs.gov/
http://www.uahirise.org/hiwish/


iv 
 

 

 

Table of Contents  

Abstract...............................................................................................................................ii  

Acknowledgments .............................................................................................................iii  

List of Tables.......................................................................................................................vi  

List of Figures....................................................................................................................vii  

/ƘŀǇǘŜǊ мΧΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ......1  

/ƘŀǇǘŜǊ н ΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ......................7 

Geologic History of Mars........................................................................................ 7 

Martian Volcanism................................................................................................13 

Calderas.....................................................................................................17 

Collapse and Resurgent Calderas..............................................................19 

Supervolcanos...........................................................................................23 

Martian Impact Craters.........................................................................................25 

Impact Crater Characteristics...................................................................24 

Classification ........................................................................................................29 

/ƘŀǇǘŜǊ оΧΧΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ..............................33 

Mars Orbital Laser Altimeter (MOLA)..................................................................33 

High Resolution imaging Science Experiment (HiRISE)........................................35 

Context Camera (CTX)..........................................................................................36 

Mars Orbiter Camera (MOC)................................................................................36 



v 
 

Thermal Emission Imaging System (THEMIS).......................................................45 

Chapter 4 ........................................................................................................................47 

Geologic Map Classification.................................................................................49 

ArcGIS Analysis.....................................................................................................53 

3D Model..............................................................................................................58 

Regions of Interest...............................................................................................61 

Topographic Profiles............................................................................................63 

Crater Database....................................................................................................75 

Flow Features.......................................................................................................80 

Chapter 5..........................................................................................................................82 

Regions of Interest Analysis..................................................................................82 

Nested Crater Comparison ..................................................................................92 

Classification Map................................................................................................94 

Suggested Volcanic History..................................................................................95 

Chapter 6..........................................................................................................................96 

References .......................................................................................................................98 

 
 
 
 
 
 
 
 
 
 
 
 



vi 
 

List of Tables 
 
 
¢ŀōƭŜ мΦ IƛwL{9 ƛƳŀƎŜ ǎǳƎƎŜǎǘƛƻƴ ƭƛǎǘΧΧΧΧΧΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ........37 
 
Table 2. CTX, MOC, and HiRISE Product Identification and location downloaded from 
!ǊƛȊƻƴŀ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ aŀǊǎ LƳŀƎŜ 9ȄǇƭƻǊŜǊΦ LƳŀƎŜǎ ŀƴŘ ƭƻŎŀǘƛƻƴǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ 
CƛƎǳǊŜ мнΦ [ŜǘǘŜǊǎ ŀǊŜ ǇƻǎƛǘƛƻƴŜŘ ƛƴ ǘƘŜ ǘƻǇ ƭŜŦǘ ŎƻǊƴŜǊ ƻŦ ŀƭƭ ƛƳŀƎŜΧΧΧΧΦΦΧ..ΧΧпм 

Table 3. List of three classes and land cover types used to produce classification map in 
Erdas Imagine (Figure 24)........................................................................................52 
 
¢ŀōƭŜ пΦ [ƛǎǘ ƻŦ ǎƭƻǇŜ ŀƴƎƭŜ ŦǊƻƳ CƛƎǳǊŜ пмΧΧΧΧΧΧΧΧΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ..............73 

Table 5. Robbins and Barlow Crater Databases information collected on Siloe 
tŀǘŜǊŀΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦтр 
 
Table 6. Distance from Crater A and Crater B center (km) to edge of flow 
ŦŜŀǘǳǊŜǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ......82 
  



vii 
 

 

 

List of Figures 

 

Figure 1: Image displaying the study area of the new proposed volcanoes/associated 
features on Mars (Michalski and BlŜŀŎƘŜǊΣнлмоύΦΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΦΦΦΦΦΧΦΦн 
 
Figure 2: Eden Patera shown here displaying multiple collapse events, as well as volcanic 
ǾŜƴǘǎ ŀƴŘ ƭŀǾŀ ƭŀƪŜǎ όaƛŎƘŀƭǎƪƛ ŀƴŘ .ƭŜŀŎƘŜǊΣ нлмоύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.Χо 
 
Figure 3A: Siloe Patera divided into two craters. Crater A circled in blue and Crater B 
ŎƛǊŎƭŜŘ ƛƴ ȅŜƭƭƻǿΧΧΧΧΧΧΧΧΧΧΦΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦΦΦΦΦΦΦΦ................5 
 
Figure 3B: Regions of interest: (1) volcanic-doming shown in red hexagons; (2) faulting 
circled in a blue ellipse; (3) a spire encompassed by a green rectangle. The Bench (Crater 
!Ωǎ ŦƭƻƻǊύ ƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ƎǊŜŜƴΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΦΦΧΧΧΧΦс 
 
Figure 4: Depiction of tƘŜ ǇƘȅǎƛŎŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ƘƛǎǘƻǊȅ ƻŦ aŀǊǎΦΧΧΧΧΧΦΦΦΧΦΧΧΦ8 
 
CƛƎǳǊŜ рΥ Dƭƻōŀƭ aŀǊǎ ƳŀǇ ŘƛǎǇƭŀȅƛƴƎ ǾŀǊƛƻǳǎ ǊŜƎƛƻƴǎ ŀƴŘ ŦŜŀǘǳǊŜǎΧΧΧΧΧΧΦΦΦΧΦΦф 
 
CƛƎǳǊŜ сΥ /ƘŀǊƛǘǳƳ aƻƴǘŜǎ ǎǳǊǊƻǳƴŘƛƴƎ !ǊƎȅǊŜ tƭŀƴƛǘƛŀΧΧΧΧΧΧΧΦΧΧΧΧΧ..ΧΧмл 
 
Figure 7: Alba Patera and the Tharsis .ǳƭƎŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧ.ΧΧΧΦмм 
 
Figure 8: Volcanism on Mars Multch et al., 1976. Circle indicates general area of Siloe 
tŀǘŜǊŀ ŀƴŘ ƻǘƘŜǊ ǎǳǇŜǊǾƻƭŎŀƴƻŜǎ ǇǊƻǇƻǎŜŘΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ..ΧΧΧΧмр 
 
CƛƎǳǊŜ фΥ ¢ƻǇƻƎǊŀǇƘƛŎ aŀǇ ƻŦ aŀǊǎ άa нрa wYbέ ό¦{D{Σ нллоύ ƻǾŜǊƭŀƛƴ with image of 
volcanic units on Mars categorized by morphologic type (Greeley and Spudis, 1981). 
According to this map, Siloe Patera falls into the region of highland patera and simple 
ŦƭƻǿǎΦ /ƛǊŎƭŜ ƛƴŘƛŎŀǘŜǎ ƎŜƴŜǊŀƭ ǊŜƎƛƻƴ ƻŦ {ƛƭƻŜ tŀǘŜǊŀΩǎ ƭƻŎŀǘƛƻƴΧΧΧΧΦΧΧΧ.ΧΧΧмс 
 
CƛƎǳǊŜ млΥ {ƛƳǇƭŜ Ŧƭƻǿǎ ƴŜŀǊ IŜǎǇŜǊƛŀ tƭŀƴǳƳΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧму 
 
CƛƎǳǊŜ ммΥ /ƻƳǇƭŜȄ Ŧƭƻǿǎ ƻƴ ǘƘŜ Ǉƭŀƛƴǎ ƴŜŀǊ hƭȅƳǇǳǎ aƻƴǎΧΧΧΧΧΧΧΧΧΦ.ΧΦΦΧму 
 
Figure 12A: Olympus-type MaǊǘƛŀƴ ŎŀƭŘŜǊŀΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΧΧΦнл 
 
Figure 12B: Arsia-type Martian ŎŀƭŘŜǊŀΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..ΦΦΧΦнл 



viii 
 

 
Figure 13: Depiction of caldera collapse stages as ŘŜǎŎǊƛōŜŘ ōȅ !ŎŜŎƻƭƭŀ нллсύΧΦΦнм 

Figure 14: Depiction of the first six stages of resurgent calderas (Smith and Bailey, 1968). 
Stage I, Regional tumescence and generation of ring fractures. Stage II, Caldera-forming 
eruptions. Stage III, Caldera collapse.  Stave IV, Preresurgence volcanism and 
sedimentation. Stage V, Resurgent doming. Stage VI, Major ring-fracture volcanism. 
Stage VII, not shown as volcanic activity is ǿŀƴƛƴƎ ό{ƳƛǘƘ ŀƴŘ .ŀƛƭŜȅΣ мфусύΦ Χ..Χнп 
 
Figure 15: Comparison of Valles Caldera, New Mexico (top) and Siloe Patera (bottom). 
Arrows point to volcanic domes as a result of ring faulting and circles encompass 
resurgent calderas. For Siloe Patera, the circle could highlight a possible cinder cone or 
dike instead of a resurgent caldeǊŀΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΦнп 
 
CƛƎǳǊŜ мс!Υ LYhbh{ ƛƳŀƎŜ ƻŦ YƛƭŀǳŜŀ ŎŀƭŘŜǊŀ ŦǊƻƳ b!{!Ωǎ 9ŀǊǘƘ hōǎŜǊǾŀǘƻǊȅ LƳŀƎŜ ƻŦ 
ǘƘŜ 5ŀȅΣ 5ŜŎŜƳōŜǊ млΣ нллрΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧнс 
 
Figure 16B: Kilauea Caldera viewed from the west. Image from USGS Hawaiian Volcano 
hōǎŜǊǾŀǘƻǊȅ ǿŜōǎƛǘŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнс 
 
Figure 17: Depiction of simple and complex impact craters, their processes and final 
results. Simple impact craters on the left and complex on the right (Osinski and Pierazzo, 
нлмнύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΦΦΦΦну 
 
Figure 18: Examples of Single Layer Ejecta (A), Double Layer Ejecta (B), and Multiple 
[ŀȅŜǊ 9ƧŜŎǘŀ ό/ύ ŦǊƻƳ .ŀǊƭƻǿ мффлΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ.30 
 
CƛƎǳǊŜ мфΥ ±ŀǊƛŀǘƛƻƴ ƻŦ ŎǊŀǘŜǊ ŘŜƎǊŀŘŀǘƛƻƴ ό!ǊǾƛŘǎƻƴΣ мфтпύΧΧΧΧΧΧΧΧΧΧ.ΧΧΦол 
 
Figure 20: Internal morphology of craters ό.ŀǊƭƻǿΣ мффлύΧΧΧΧΧΧΧΧΦΧΧΦΦΧΧΦΦΦом 
 
Figure21: Spectral signatures for remote sensing are generally shown as a combination 
of percent reflected back to the sensor and the wavelength in which it appears. 
Different materials will present the same spectral signature independent of region, 
ǘƛƳŜΣ ŀƴŘ ǎŜŀǎƻƴ όaŜŀŘŜƴ ŀƴŘ YŀǇŜǘǎƪȅΣ мффмύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.ΦΧΧΦоо 
 
Figure 22: Good coverage of MOLA tracks along Siloe Patera provides sufficient data to 
analyze topography of the area. Siloe shown in box. Image rendered using ArcGIS, 
topographic map of Mars, and MOLA tracks downloaded from the USGS Planetary GIS 
²Ŝō {ŜǊǾŜǊ όtLD²!5ύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΧоп 
 
Figure 23: Image showing HiRISE requests. Yellow boxes indicate areas suggested and 
waiting to be taken where red indicates the areas that have been photographed. 



ix 
 

Photographed images are designated as 1 (being the more northern of the two), and 2 
όōŜƛƴƎ ǘƘŜ ǎƻǳǘƘŜǊƴύΦ ¢ƘŜ ŎŜƴǘŜǊ ƻŦ {ƛƭƻŜ ƛǎ ƭƻŎŀǘŜŘ ŀǘ орϲ b ŀƴŘ сϲ 9ΧΧΧΦΧΧΧ...37 
 
Figure 24: HiRISE image 1 (ESP_033258_2160_MRGB) showing fluvial erosion and 
possible thermokarst structures emanating from the wall. The brown strip in the middle 
ƛǎ ǎƘƻǿƴ ƛƴ ǘǊǳŜ ŎƻƭƻǊΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..ΧΧоу 
 
Figure 25: HiRISE image 2 (ESP_030344_2155_MRGB) is more interesting than the first 
HiRISE image as it shows isolated mounds that could be the result of eroding ash, 
definable layered deposits that continue for long distances, steep cliffs and a chaotic 
ŀƴŘ ŜǊƻŘŜŘ ǘŜǊǊŀƴŜΦ !ǎ ƛƴ IƛwL{9 ƛƳŀƎŜ мΣ ǘƘŜ ōǊƻǿƴ ǎǘǊƛǇ ǎƘƻǿǎ ǘǊǳŜ ŎƻƭƻǊΧΦΧ...39 
 
Figure 26: Position and location of CTX, MOC, and HiRISE images covering Siloe Patera. 
Letters are positioned in the top left corner of the image and some arrows point to the 
top left corner, followed by the letter as lŀōŜƭŜŘ ƛƴ ¢ŀōƭŜ мΧΧΧΧΧΧΦΧΧΧΧΦΦΧΧпл 
 
Figure 27: Individual CTX images that were used. Image number and location are found 
in Table 2. Continued on next three pŀƎŜǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦΦΦΧпн 
 
Figure 28: Map of MOC images used. Image number and location can be found in Table 
нΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦпр 
 
Figure 29: MOC images showing several transects ǘƘǊƻǳƎƘ {ƛƭƻŜ tŀǘŜǊŀΧΦΦΧΧΦΦΧΦпс 
 
Figure 30: Siloe Patera shown in THEMIS Day IR (top) and THEMIS Night IR 
όōƻǘǘƻƳύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΧΦΧпу 

Figure 31: Color stretch of Siloe Patera with THEMIS Night IR, MOLA, and CTX mosaic 
images combined into one image with each representing an individual band. Red 
represents less reflective surfaces, suggesting high dust coverage and green shows areas 
with hard rock ad are more reflective at night due to insolation absorption during the 
ŘŀȅΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΦΦΧрл 
 
Figure 32: Geologic map of Siloe Patera showing areas of dust (tan), rock (brown), and 
sediment fill-in (turquoise). Figure was rendered using THEMIS Night IR, MOLA, and CTX 
mosaic images to produce an unsupervised classƛŦƛŎŀǘƛƻƴ ƻŦ нл ŎƭŀǎǎŜǎΧΧΧΦΧΧΧрн 
 
Figure 33: Geologic map of Siloe Patera rendered in ArcGIS and Adobe Photoshop using 
a color stretch map, classification map, THEMIS NiƎƘǘ LwΣ ŀƴŘ /¢· ƛƳŀƎŜǎΧΧΦΦΦΦΧΦрп 

 
CƛƎǳǊŜ опΥ LƳŀƎŜǎ ŀǊŜ ǊŜƴŘŜǊŜŘ ǳǎƛƴƎ !ǊŎDL{Ωǎ ƛnterpolation tool. Siloe (top left), 
Ascraeus Mons (top right), and Crater A (right) were all generated with 30 classes and 
set to a gray scale. All were generated usinƎ L5² ŦǊƻƳ !ǊŎDL{ΧΧΧΧΧΧΧΦΧΦΦΧΧрр 
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Figure 35: Siloe Patera (top left), Ascraeus Mons (top right), and Crater A (right) are 
displayed here in contour intervals of 100 meters. This was accomplished by ArcGIS 
through the use of the spatial analyst tool and imputing the IDW rendered layers and 
ŀǎǎƛƎƴƛƴƎ ŀ ŎƻƴǘƻǳǊ ƛƴǘŜǊǾŀƭΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧрс 

 
Figure 36: Images of Siloe Patera (top left), Ascraeus Mons (top right), and Crater A 
(right) are shown as TIN layers. These layers are generated from contour maps and 
display a digital surface. These maps can be useŘ ǘƻ ŎǊŜŀǘŜ о5 ƳƻŘŜƭǎΧΧΧΧΧΦΦΦ.57 

 
Figure 37: Siloe Patera shown in a basic 3D color map (above) and in CTX (below). 
Volcanic domes are outlined hexagons, the spire is outlined by a rectangle, and the 
ŦŀǳƭǘƛƴƎ ǊŜƎƛƻƴ ƛǎ ŎƛǊŎƭŜŘ ōȅ ŀƴ ŜƭƭƛǇǎŜΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ...62 

 
Figure 38: Siloe Patera shown in THEMIS Day IR (above) and in THEMIS Night IR (below). 
Volcanic domes are outlined by hexagons, the spire is outlined by a rectangle, and the 
ŦŀǳƭǘƛƴƎ ǊŜƎƛƻƴ ƛǎ ŎƛǊŎƭŜŘ ōȅ ŀƴ ŜƭƭƛǇǎŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..ΧΧсо 

 
Figure 39: Topographic profile comparison of Siloe Patera against Ascraeus Mons 
(caldera), Crater A, B, and C, and Crater F (nested crater). Profiles were downloaded 
from ArcGIS after TIN maps were created of each feature. Data was imported into Excel 
and manipulated to show their profiƭŜǎΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΦΦΧΦсп 
 
Figure 40: Lines indicate areas the topographic profiles in figure 30 were rendered from. 
A. Siloe Patera, B. Ascraeus Mons, C. Crater A, D. Crater B, E. Crater C, F. Crater F. 
Topographic lines were drawn in an effort to best ǊŜǇǊŜǎŜƴǘ ŜŀŎƘ ŦŜŀǘǳǊŜΧΧΦΦΦΧΦср 

Figure 41: Three topographic profiles of Siloe Patera showing the bench, a volcanic 
ŘƻƳŜΣ ŀƴŘ ǘƘŜ ǎǇƛǊŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧст 
 

Figure 42: Three topographic profiles of Siloe Patera showing the whole basin, lowest 
bench elevation, and middle bench eleǾŀǘƛƻƴΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦΧΦΦсф 
 
Figure 43: Topographic profiles from Figures 41 ŀƴŘ пнΧΧΧΧΧΧΧΧΧΧΧΦΧΧΦΧΦтл 
 
Figure 44: Contour map of Siloe Patera with ŜƭŜǾŀǘƛƻƴ ƭŀōŜƭǎΧΧΧΧΧΧΧΧΧΧΦΦΧΦтн 
 
Figure 45: Slope angles of Siloe Patera, Ascraeus Mons, Craters A, B, C, and F. Siloe 
Patera contains the highest slope angle with Ascraeus Mons followinƎΧΧΧΧΦΧΧто 
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Figure 46: Slope map of Siloe Patera. Red shows steeper slopes and white very shallow 
ǎƭƻǇŜǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦΦΦΦΦΦΦтп 
 
Figure 47: Crater databases used are displayed and each circle shows the area 
determined to be the center of the crater according to Robbins and Barlow. Robbins 
shown in yellow and Barlow in blue followed by the object number for each point in 
ǘƘŜƛǊ ŘŀǘŀōŀǎŜΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΧтф 

Figure 48: Flow features highlighted in tan and described in Table 2. Each flow has its 
own characterizes ranging in length, width and general appearance. Box to the top left 
of the image shows a zoomed in CTX image of an overlap in the southwestern 
ŦƭƻǿΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΧум 
 
Figure 49: Close up view of the spire located on the floor of Crater B in Siloe 
tŀǘŜǊŀΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦуп 

Figure 50: Possible movement history of a magma ŎƘŀƳōŜǊ ōŜƭƻǿ {ƛƭƻŜ tŀǘŜǊΧΦΦу8 

Figure 51: Siloe Patera Crater A falls within the more degraded impact craters and Crater 
B is considered to be new (Michalski and BlŜŀŎƘŜǊΣ нлмоύΧΧΧΧΧΧΧΧΧΧΦΦΧΦΧΦΦ90 

Figure 52: A comparison of Siloe Patera to a similar sized crater to the north 
ŜŀǎǘΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΧΦΦфм 

Figure 53: Comparison of Siloe Patera (above) to Crater F (below). Many differences can 
be seen here as described in textΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΦΧф3 
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  CHAPTER 1  

Recent work by Michalski and Bleacher (2013) suggest a possible volcanic field 

located in northern Arabia Terra, Mars, along the Martian global dichotomy boundary 

(Figure 1). The field contains seven possible volcanic calderas and associated features 

that have been named Eden Patera, Euphrates Patera, Semeykin Crater, Ismenia Patera, 

Oxus Patera, Oxus cavus, and Siloe Patera (Michalski and Bleacher, 2013; Figure 1). A 

volcanic field associated with Siloe Patera is discussed here. These features are 

proposed as volcanic in origin due to the presence of complex collapse features, 

faulting, ridged plains likely to be volcanic in nature, and friable layered deposits, as well 

as a significant lack of central peaks, uplifted rim, and ejecta typical of impact craters. 

¢ƘŜǎŜ ǎǳǇŜǊǾƻƭŎŀƴƻŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ άǇƭŀƛƴǎ ǎǘȅƭŜ ŎŀƭŘŜǊŀ ŎƻƳǇƭŜȄŜǎέ ŀƴŘ ŀǊŜ 

characterized by lower than normal topographic relief, collapse features, and friable and 

layered deposits (Michalski and Bleacher, 2013). Friable layered deposits and fretted 

terrain are characterized by broad flat-floored, steep-walled valleys that are located 

along the dichotomy boundary (Carr, 2001). Many fretted terrain regions are thought to 

form from windblown volcanic ash or eolian sedimentary deposits of sand due to their 

morphology and erosional characteristics (Irwin and Watters, 2004; Hynek et al., 2003; 

Michalski and Bleacher, 2013). Sulfates have been detected in a nearby region known as 

fretted terrain (Gendrin et al., 2005) and ash deposition is interpreted to be one 

possible reason for the texture of the fretted terrain(Kerber et al., 2012).  The sulfates  
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likely formed in a volcanic outgassing environment where materials were altered under 

water-limited, acidic conditions (Michalski and Bleacher, 2013). 

The type volcano for this new category is Eden Patera (Figure 2), which contains 

evidence for complex and irregularly shaped collapse events with arcuate scarps lining 

the depressions (Michalski and Bleacher, 2013). Eden Patera has a depth of ~ 700 m and 

displays many features interpreted as former lava lakes, vents, and cracks related to 

lava lake drainage. Euphrates Patera also displays irregularly shaped depressions with a 

similar depth of 700 m (Michalski and Bleacher, 2013). Eden Patera is interpreted to be 

a caldera complex due to its similarity to terrestrial calderas and a lack of identifiable 

Figure 2: Eden Patera shown here displaying multiple collapse events, as well as 
volcanic vents and lava lakes (Michalski and Bleacher, 2013). 
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impact crater characteristics. This includes a surrounding terrain with ridged plains of 

Hesperian basaltic volcanism and fault-bounded blocks with surfaces similar to adjacent 

ridged plain lavas. Other caldera/volcanic characteristics include blocks tilted toward the 

center of the depression, a mound interpreted as a graben-related vent, and continuous 

terraces 100 and 150 meters above the floor, interpreted to be high stands of lava lake 

drainage. The presence of apparent volcanic geomorphic features and faulting 

consistent with caldera collapse are consistent with interpretations of Eden Patera as 

volcanic in origin  

 Although multiple lines of evidence suggest a volcanic origin for Siloe Patera, it is 

also possible that it originated as the result of multiple impact craters or a combination 

of an overlapping impact crater and volcano. Comparison of Martian volcanoes and 

impact craters are ŜȄǇƭƻǊŜŘ ƘŜǊŜƛƴ ŀƴŘ ǿƛƭƭ ŀƛŘ ƛƴ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ {ƛƭƻŜ tŀǘŜǊŀΩǎ 

origin.  

 Similar to Eden Patera, Siloe Patera contains quasi-circular nested depressions 

and arcuate scarps, although it is almost 1 km deeper than Eden Patera (Figure 2),with a 

total depth of ~1700 m. Herein, the overlapping depressions of Siloe Patera are referred 

to as Crater A the largest and older depression and, Crater B the second and younger in 

the southern half of Crater A (Figure 3A).Crater A is roughly 37 x 33km in diameter (NS-

EW) with an average depth of 1000m, ±100 m, while Crater B is ~28 x 24km with a depth 

of 700m, ±100 m. Siloe Patera contains a number of notable features (Figure 3B), 

including parallel mounds as a result of possible ring faulting, on the floor of Crater A. A  
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large mound on the floor of Crater B connects with the southeast rim of Siloe Patera and 

is referred to as a spire for the purposes of this paper. The spire rises up in elevation 

from the center of Crater B to the rim of Siloe Patera and is discussed in more detail 

herein. Apparent flows lacking a definable source are found to the north, southeast, and 

ǎƻǳǘƘǿŜǎǘ ƻŦ {ƛƭƻŜ tŀǘŜǊŀΩǎ ǊƛƳ ǿƛǘƘ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ŜǊƻǎƛƻƴΣ ƭŜƴƎǘƘ ŀƴŘ ŀǇǇŜŀǊŀƴŎŜ 

(Grant and Schultz, 1993). Five mounds found lining the fault scarp of Crater A and  

Figure 3A: Siloe Patera divided into two craters. Crater A circled in blue and Crater B circled in 
yellow.  
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Crater B are uncharacteristic of impact craters and will be discussed in more detail 

below. Immediately south of Siloe Patera is a large, irregularly shaped depression that 

links to Crater B at its southern flank. The significance of these regions is discussed 

below ŀƴŘ ƛǎ ŎǊƛǘƛŎŀƭ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ {ƛƭƻŜ tŀǘŜǊŀΩǎ ƻǊƛƎƛƴΦ 

CHAPTER 2 

Figure 3B: Regions of interest: (1) volcanic-doming shown in red hexagons; (2) faulting circled 
ƛƴ ŀ ōƭǳŜ ŜƭƭƛǇǎŜΤ όоύ ŀ ǎǇƛǊŜ ŜƴŎƻƳǇŀǎǎŜŘ ōȅ ŀ ƎǊŜŜƴ ǊŜŎǘŀƴƎƭŜΦ ¢ƘŜ .ŜƴŎƘ ό/ǊŀǘŜǊ !Ωǎ ŦƭƻƻǊύ ƛǎ 
highlighted in green.   
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Mars is a dynamic planet with a complex history of geologic processes that have 

shaped its surface through time. Volcanic features make up more than 35 percent of the 

Martian surface and cover much of the planet with volcanic fields and plains, including 

large shield volcanoes such as Olympus Mons (Greeley, 1985). Although volcanism is 

widespread on Mars, impact craters are the more dominate feature and cover the entire 

planet. Impact craters and volcanoes can be differentiated from one another other in 

most cases; however, impact and volcanic processes can result in non-unique 

geomorphic features that make unequivocal interpretations difficult. In these cases, 

remote sensing is a very helpful tool as it provides methods that can help to identify 

rock types by spectrographic signatures and provides insight into the process that may 

have formed a particular feature.  

   Three main intervals (Figure 4) in Martian geologic history have been defined 

based on impact crater size and frequency: Noachian (4.6 to 3.5 Ga); Hesperian (3.5 to 

1.8 Ga); and Amazonian (1.8 to present; Scott and Carr, 1978; Figure 4). Tanaka (1986) 

modified the original time-stratigraphic classification of Scott and Carr (1978) and 

ǎǳōŘƛǾƛŘŜŘ ǘƘŜ ǘƘǊŜŜ ǇŜǊƛƻŘǎ ƛƴǘƻ ǎŜǊƛŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά¦ǇǇŜǊΣέ άaƛŘŘƭŜΣέ ŀƴŘ ά[ƻǿŜǊέ 

based on research in the western hemisphere of Mars, where detailed imagery 

suggested stratigraphy in remotely observed outcrops. A second time scale was derived 

from data gathered by the OMEGA Visible and Infrared Mineralogical Mapping 

Spectrometer on board the Mars Express orbiter (Bibring et al., 2006). In this new time 

scale there are three periods: Phyllocian (4.5 to 4.0 Ga); Theiikian (4.0 to 3.5); and 
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Siderikan (3.5 to present). These chemical periods are determined by the abundance of 

specific minerals associated with water availability (Bibring, et al., 2006).  

Physical History:  

 Noachian Period (4.5 to 3.5 Ga) - Noachian rocks are the oldest, generally the most 

densely cratered by impacts, and are mainly found in the southern highlands (Scott and 

Tanaka, 1986; Figure 5).Rocks which formed during this age developed during the final 

stages of planetary accretion and subsidence associated with the heavy bombardment 

period. Extensive flood lavas and surface modifications formed from eolian, fluvial, and 

other surface processes after the heavy bombardment. It is thought that the Tharsis 

bulge (Figure 5) formed during this time, as well as major flooding by liquid water 

(Bibring, et al., 2006).  

 Lower Noachian Series - Recent mapping has distinguished stratigraphically lower 

άōŀǎŜƳŜƴǘ ƳŀǘŜǊƛŀƭέ ŦǊƻƳ ŎǊŀǘŜǊŜŘ ǘŜǊǊŀƛƴ ƳŀǘŜǊƛŀƭ ǘƘŀǘ ƛǎ ǎŎŀǘǘŜǊŜŘ ƻǾŜǊ Ƴŀƴȅ ŀǊŜŀǎ 

ƻƴ aŀǊǎ ό{Ŏƻǘǘ ŀƴŘ ¢ŀƴŀƪŀΣ мфусύΦ ά.ŀǎƛƴ ǊƛƳ ƳŀǘŜǊƛŀƭέ ŀƴŘ άƳƻǳƴǘŀƛƴ ƳŀǘŜǊƛŀƭέ ǳƴƛǘǎ 

Figure 4: Depiction of the physical and chemical history of Mars. 
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have been reclassified as basement material within the Lower Noachian Series and are 

best observed in the uplifted rim of Charitum Montes (Figure 6) surrounding Argyre 

Planitia. These rims are rugged, heavily cratered from impacts, and faulted with hills and 

ridges that appear to be concentrically aligned with Argyre Planitia. Middle Noachian 

cratered terrain material embays much of the Lower Noachian basement and can be 

found around Hellas Basin (Tanaka, 1986; Figure 5). The Lower Noachian Series 

represents the most primitive crust of Mars and formed by solidification of the molten 

surface when the planet was forming (Tanaka, 1986). 

 Middle Noachian Series - The Middle Noachian Series contains rugged and scattered 

cratered terrain with remnants in the northern plains. This unit has been mapped as 

άŎǊŀǘŜǊŜŘ ǳƴƛǘ ƻŦ ǘƘŜ ǇƭŀǘŜŀǳ ǎŜǉǳŜƴŎŜέ ό¢ŀƴŀƪŀΣ мфусύ ŀƴŘ ƛǎ ǘƘŜ Ƴƻǎǘ ǿƛŘŜǎǇǊŜŀŘ ƻŦ 

all of the Noachian Systems. The Middle Noachian Series type region is west of Hellas  

Figure 5: Global Mars map displaying various regions and features. 
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impact basin (Figure 5) and characterized by rugged cratered terrain with moderate high 

relief, secondary impact craters, wrinkle ridges, scarps, and channels (Tanaka, 1986).  

   Upper Noachian Series - 5ŜŦƛƴŜŘ ŀǎ άŎǊŀǘŜǊŜŘ ǇƭŀǘŜŀǳ ƳŀǘŜǊƛŀƭΣέ ǘƘŜ ¦ǇǇŜǊ 

Noachian Series was originally classified as densely cratered with smooth and flat 

intercrater areas, but recent mapping shows that both units are separate. The smooth, 

flat portions over the cratered terrains embay the Middle Noachian Series (Tanaka, 

1986).    

  Hesperian Period (3.5 to 1.8 Ga) - Hesperian formations and features display 

extensive volcanism, tectonism, and canyon and channel formation as well as significant 

Figure 6: Charitum Montes surrounding Argyre Planitia. 


