




1WHAT THE ROCKS SAY



Reading the Rock Record
PSP_010206_1975 ( James Wray)

Nili Fossae contains some of the best exposures of ancient bedrock 
on Mars. 

In this region, we can find a rock type known as megabreccia, com-
posed of numerous differently colored blocks, each up to 40 meters 
(130 feet) across, arranged in a seemingly disorganized array. 
Megabreccia forms when an energetic event, such as formation of an 
impact crater, breaks up pre-existing rocks and jumbles their frag-
ments. 

We’ve learned from orbiting spectrometers OMEGA and CRISM that  
layered rocks contain clay minerals. These minerals must have formed 
in the presence of water, and may have later been transported and de-

posited here in sedimentary layers. Most of the 
layers appear to overlie the exposures of 
megabreccia, but some megabreccia blocks are 
themselves internally layered, indicating that 
sedimentary processes were active here early 
in Martian history.

Above the clay-bearing layers is a dark, 
rough-textured rock unit that was emplaced later. Geologic mapping 
of the Nili Fossae region has shown this deposit to be a lava flow from 
the Syrtis Major volcano to the south. The minerals detected in the 
lava flow suggest that liquid water had become rare on the Martian 
surface by the time the flow occurred.

Enhanced color images are less than 1 kilometer across; black and white, less than 5 km

Listen to the text

http://www.esa.int/Our_Activities/Space_Science/Mars_Express/Mars_Express_instruments
http://www.esa.int/Our_Activities/Space_Science/Mars_Express/Mars_Express_instruments














Layered Bedrock and Jumbled Rocks
ESP_026570_2025 (Alfred McEwen, Murilo)

Ancient bedrock can be tilted, folded, and 
generally complicated and difficult to under-
stand, but the center of this image shows a 
stack of nearly horizontal layers.

The differing colors indicate different rock 
types of alteration. The darkest patches of 
ground probably consist of volcanic sand 
that is trapped in relatively low areas. The 
reddest patches may be covered by dust. 

These layers might record how the environ-
ment on ancient Mars changed over time, 
and would be a good site for future explora-
tion by a rover.



Elsewhere in the Region: Jezero Crater
PSP_007925_1990 ( James Wray)

Billions of years ago, a water-carved 
channel in the region transported sedi-
ments across the surface and depos-
ited them on the floor of an impact cra-
ter just south of this image. The sedi-
ments, including clays, were deposited 
in a delta-like mound on the floor of 
Jezero Crater, suggesting that the cra-
ter may have contained a lake at the 
time.

Wind-blown dunes or ripples now 
cover much of the channel floor, but in 
some places the older channel floor is 
visible. Here, the channel bed has a lay-
ered appearance. The plains outside 
the channel are fractured into polygo-
nal patterns.

These clues in the form and composi-
tion of the Martian surface provide in-
sights into an ancient era when liquid 
water may have been more common at 
the surface.







HiClip 1

About this observation: PSP_010206_1975About this observation: PSP_010206_1975About this observation: PSP_010206_1975About this observation: PSP_010206_1975

Acquisition date 29 September 2008 Local Mars time 3:33 p.m.

Latitude 17.2 degrees Longitude (East) 76.3 degrees

Range to target 280 km (175 miles) Resolution 28 cm/pixel

Caption by James Wray

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/PSP_010206_1975

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/PSP_%20010206_1975
http://uahirise.org/PSP_%20010206_1975


HiClip 2

About this observation: ESP_026570_2025About this observation: ESP_026570_2025About this observation: ESP_026570_2025About this observation: ESP_026570_2025

Acquisition date 27 March 2012 Local Mars time 3:05 p.m.

Latitude 22.4 degrees Longitude (East) 77.9 degrees

Range to target 282 km (176 miles) Resolution 28.2 cm/pixel

Caption by Alfred McEwen

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/ESP_026570_2025

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/ESP_026570_2025
http://uahirise.org/ESP_026570_2025


HiClip 3

About this observation: PSP_007925_1990About this observation: PSP_007925_1990About this observation: PSP_007925_1990About this observation: PSP_007925_1990

Acquisition date 5 April 2008 Local Mars time 3:02 p.m.

Latitude 18.9 degrees Longitude (East) 77.5 degrees

Range to target 283 km (177 miles) Resolution 28.3 cm/pixel

Caption by James Wray

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/PSP_007925_1990

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/PSP_007925_1990
http://uahirise.org/PSP_007925_1990


16MINERALS AND THEIR DIVERSITY



Mineralogical Diversity
PSP_009138_2025 (Nicholas Thomas)

There is evidence of phyllosilicate material (clays) throughout Nili 
Fossae. The evidence comes from the OMEGA experiment on the 
European Space Agency’s Mars Express spacecraft and the Compact 
Reconnaissance Imaging Spectrometer for Mars (CRISM) on the 
Mars Reconnaissance Orbiter, infrared spectrometers that can iden-
tify minerals on the surface of Mars.

In the Nili Fossae region, the spectrometers have found remarkable 
diversity in surface composition. Because of the evidence for clays 
and other interesting geology, Nili Fossae was once considered as a 
landing site for the Mars Science Laboratory rover.

HiRISE has targeted several places where 
OMEGA and CRISM show extreme diversity. In 
specific areas, low-calcium pyroxene materials 
are adjacent to the clays. The cracked terrain 
regions evident at the highest resolution pro-
vide clues to the sequence of events which oc-
curred in Nili Fossae.

Enhanced color images are less than 1 kilometer across; black and white, less than 5 km

Listen to the text

http://www.esa.int/Our_Activities/Space_Science/Mars_Express/Mars_Express_instruments
http://www.esa.int/Our_Activities/Space_Science/Mars_Express/Mars_Express_instruments












Volcanic and Clay Materials
PSP_007055_2015 (Nathan Bridges)

Scientists have also combined information from another MRO in-
strument, the Context Camera (CTX) and CRISM, to provide insight 
into the geology of the region.

The CTX image images dark and light terrain. Looking at the HiRISE 
image, the dark terrain is fairly featureless in some areas, whereas 
other parts show ripples, sand deposits resulting from wind activity. 
The lighter terrain is bedrock.

By combing data from CRISM, we can correlate the colors to mate-
rials and composition (next page). The green and bluish colors repre-
sent a composition rich in mafic minerals (meaning they are rich in 
iron and magnesium) such as pyroxene and maybe olivine, with 
green having the greatest concentration. The green-blue material at 
the upper right is mostly rock, whereas the materials in the layers 
are composed of sand. The reddish materials are composed of mag-
nesium- and iron-rich clays, possibly formed by ancient water that 
altered volcanic rock. In this scenario, the polygonal texture could 
represent cracks formed after the clays dried. CRISM also detects mi-
nor amounts of clay in the green and blue units.

The Context Camera has a much larger footprint than HiRISE (red 
box). By coordinating observations, HiRISE can take a closer look and 
show much better detail.













This colorful mound appears to have been thrust up from beneath the dark plains, and may be more 
resistant to erosion than the materials in the surrounding plains. The colors in the mound likely corre-

spond to minerals of diverse composition. A variety of igneous rocks as well as hydrated minerals have 
been identified in this area. The bright band around the northeast margin of the mound is one of sev-
eral distinct layers visible around its base. Light-toned ripples or dunes are visible in low areas of the 
plains northeast of the mound and elsewhere throughout the image, including in two deep troughs 

cutting roughly north-south. 



A Colorful Surface
ESP_019753_2000 (Colin Dundas, Murilo)

Just southwest of Nili Fossae, we can see the color diver-
sity of this mesa suggesting that the surface has a varied 
composition, perhaps recording chemical processes of the 
ancient past. 

Much of the surface shows a chaotic mix of colors, but 
the northern impact crater exposes distinct layers. Differ-
ent layers have different colors, and there are several pos-
sible reasons for this: the events that formed the layers 
could have drawn material from different sources, or the 
layers could have been altered differently after they 
formed, for reasons such as varying porosity. 













HiClip 4

About this observation: PSP_009138_2025About this observation: PSP_009138_2025About this observation: PSP_009138_2025About this observation: PSP_009138_2025

Acquisition date 8 July 2008 Local Mars time 3:25 p.m.

Latitude 22.4 degrees Longitude (East) 74.9 degrees

Range to target 296 km (185 miles) Resolution 29.6 cm/pixel

Caption by Nicholas Thomas

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/PSP_009138_2025

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/PSP_009138_2025
http://uahirise.org/PSP_009138_2025


HiClip 5

About this observation: PSP_007055_2015About this observation: PSP_007055_2015About this observation: PSP_007055_2015About this observation: PSP_007055_2015

Acquisition date 28 January 2008 Local Mars time 2:35 p.m.

Latitude 21.2 degrees Longitude (East) 72.7 degrees

Range to target 280 km (175 miles) Resolution 28.1 cm/pixels

Caption by Nathan Bridges

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/PSP_007055_2015

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/PSP_007055_2015
http://uahirise.org/PSP_007055_2015


About this observation: PSP_006778_1995About this observation: PSP_006778_1995About this observation: PSP_006778_1995About this observation: PSP_006778_1995

Acquisition date 6 January 2008 Local Mars time 2:29 p.m.

Latitude 19.2 degrees Longitude (East) 76.4 degrees

Range to target 282 km (176 miles) Resolution 28.2 cm/pixel

Caption by James Wray

For more, visit uahirise.org/PSP_006778_1995

http://uahirise.org/PSP_006778_1995
http://uahirise.org/PSP_006778_1995


HiClip 6

About this observation: ESP_019753_2000About this observation: ESP_019753_2000About this observation: ESP_019753_2000About this observation: ESP_019753_2000

Acquisition date 13 October 2010 Local Mars time 3:39 p.m.

Latitude 19.7 degrees Longitude (East) 72.5 degrees

Range to target 293 km (183 miles) Resolution 29.3 cm/pixel

Caption by Colin Dundas

Audio by Tre Gibbs (www.tregibbs.com)

For more, visit uahirise.org/ESP_019753_2000

http://www.tregibbs.com
http://www.tregibbs.com
http://uahirise.org/ESP_019753_2000
http://uahirise.org/ESP_019753_2000





