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It seems that with the start of a New Year this is the 42" edition of
Geology Matters. Spare a thought then for the editor, faced with a
blank word processor screen and a deadline to meet on this and all
those previous occasions. Some editions assemble more easily than
others - earthquakes, eruptions and landslides are always a good
source of editorial inspiration — and they do go on all the time. On
this occasion though it was a planet-wide event that caught my
attention, but it was one some 225 million kilometres distant on our
neighbouring Planet, Mars.

The weather there is a bit different to our own very varied mix. The
temperatures are much lower than on earth, but a thin atmosphere
mostly composed of carbon dioxide experiences occasional Planet-
wide dust storms. It was the most recent one of these that seems
almost to have put an end to the distinguished career of NASA’s
Curiosity probe. From space, the obscuring effect of the dust is
readily seen.




But the storm has cleared and its back to business as usual. The
geological results emerging are very interesting and will, I hope,
interest you too.

There is very little water in the Martian atmosphere

But just enough on rare occasions to form clouds:

Olympus Mons

The elongated cloud can be seen in an image taken on October 10
as the white feature extending 1,500 km westward of the 20 km tall
Arsia Mons volcano. In spite of its location, this atmospheric feature
is not linked to volcanic activity but is rather a water ice cloud
driven by the influence of the volcano’s leeward slope on the air
flow — something that meteorologists call an orographic or lee
cloud.

Twenty kilometres is an impressive height for a volcano, but some
distance away to the North West is Olympus Mons, which at 26 km
is the highest volcano in the solar system. It is a basalt shield of
quite huge proportions - by any standards. Mars, lacking the
erosive effects of our atmosphere, has some remarkably big
mountains. Just in case you don’t have the statistics at your finger
tips, Mount Everest is a relatively puny 8.85 km high.

Olympus Mons is pictured on the next page:


https://cloudatlas.wmo.int/orographic-influences-on-the-windward-side.html
http://rammb.cira.colostate.edu/wmovl/vrl/tutorials/satmanu-eumetsat/SatManu/CMs/LeeCl/structure.htm
http://rammb.cira.colostate.edu/wmovl/vrl/tutorials/satmanu-eumetsat/SatManu/CMs/LeeCl/structure.htm

But wind and water are active

This early morning picture of the surface does show that there is
some active reworking going on.

The wind speed can reach 100 km/hr and although the atmosphere
is only 1% of the density of the Earth’s, that is sufficient to form
ripples and sand dunes.

Also, clearly visible on the image are a number of water formed
gullies, the one at the top being fairly substantial. These, though,
are probably not recent erosional features.

Some time ago we published a picture of a Martian tornado, so
despite the low temperature there seems to be enough energy to
get the air rotating. The one in question casts a serpentine shadow
over the Martian surface in this image acquired by the High
Resolution Imaging Science Experiment (HIRISE) camera on NASA's



Mars Reconnaissance Orbiter. The scene is a late-spring afternoon
in the Amazonis Planitia region of northern Mars. The view covers
an area about 650 metres across. North is toward the top. The
length of the dusty whirlwind's shadow indicates that the dust
plume reaches more than 800 meters in height. The plume is about
30 metres in diameter. Here it is again for newer members:

And just 10 million year ago, this happened

These prominent trenches were formed by forces that pulled the
planet’s surface apart.

The images were taken by ESA’s Mars Express on 27 January 2018,
and capture part of the Cerberus Fossae system in the Elysium
Planitia region near the Martian equator.

The fossae — meaning ‘ditches’ or ‘trenches’ in Latin - stretch for
more than 1000 kilometres from the northwest to the southeast.
They cut through impact craters and hills along the way, as well as
10 million year old volcanic plains, indicating the relative youth of
their formation.



They vary in width, typically from a few tens of metres to over a
kilometre wide and are thought to be tectonic features. They could
be linked to injections of lava at depth deforming the surface above,
perhaps originating from the trio of volcanoes that are located to
the northwest.

This could almost be a beach at low tide

But, of course, it isn't. The impact craters rather give it away.

These sinuous channels have been for some time the subject of
academic argy bargy about their origin; now a recent study seems
to have resolved the issue. They are clearly formed by water, but
‘what was its origin’ and ‘when were they formed’ were the
contentious issues.

The distribution of the branching angles of the valleys on Mars is
very similar to those found in arid landscapes on Earth. According to
lead author Seybold, this implies that there must have been a
similar hydrological environment with sporadic heavy rainfall events
on Mars over a prolonged period of time and that this rainwater
may have run off quickly over the surface shaping the valley
networks. This is how river valleys develop in arid regions on Earth.

Conditions such as those found in terrestrial arid landscapes today
probably prevailed on Mars for only a relatively short period about
3.6 to 3.8 billion years ago. In that period, the atmosphere on Mars
may have been much denser than it is today. Recent research
shows that there must have been much more water on Mars than
previously assumed.

One hypothesis suggests that the northern third of Mars was
covered by an ocean at that time. Water evaporated, condensed



around the high volcanoes of the highlands to the south of the
ocean and led to heavy precipitation. As a result, rivers formed,
which left the traces that can still be observed today.

Another source of the out flowing water has recently been identified
- it is suggested that some impact craters became flooded and then
the weak point of the outer wall collapsed allowing a catastrophic
flood to emerge. The resulting canyons would have been formed in
a very short time. The following false colour images are of the
paleo-crater Jezero and tell a story of the on-again, off-again nature
of the wet past of Mars. Water filled and drained away from the
crater on at least two occasions. More than 3.5 billion years ago,
river channels spilled over the crater wall and created a lake.
Geologists see evidence that water carried clay minerals from the
surrounding area into the crater after the lake dried up. Conceivably,
microbial life could have lived in Jezero during one or more of these
wet times. If so, signs of their remains might be found in lakebed
sediments.
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If there were rivers, then there were probably lakes too.
So here is some evidence:
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This rocky outcrop is composed of layered sandstone, with oblique
rolling type cross bedding originated from river currents. The Rocky
fragments of laminar form in the lower part of the image are likely
to be sediment (Clay or silt), which would appear to indicate the
presence of sediment of flood plains or lake margins. A Photo taken
by the Mars Rover Curiosity in Gale crater.

And to finish with Mars, something a bit weird

We have rather, but purely fortuitously, concentrated on the
northern hemisphere of Mars. So here by way of compensation is an
image of the South Pole.

It is quite cold here with winter temperatures as low as -125° C,
which is cold enough to turn the atmospheric carbon dioxide into a
solid. Now solid carbon dioxide is rather curious stuff; as it warms
up it doesn’t turn to a liquid but instead it turns directly into a gas.



What we can see in the photograph is solid carbon dioxide in the
balmy temperatures of the Martian Spring (say -75° C) turning back
into its gassy form. The pink colouration is from the iron-rich dust
that is everywhere on the planet’s surface.

Rock of the month

As this is an out-of-this-world edition, then so is this section.

The rock in question is the asteroid Ryugu. Asteroids are essentially
leftover building materials from the formation of the Solar System
4.6 billion years ago.

Ryugu is a particularly primitive variety and studying it could shed
light on the origin and evolution of our own planet. This close up
image was taken by a Japanese spacecraft that has not only
rendezvoused with the 1 km rock but has also landed two smaller
probes on the surface; an impressive feat.
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