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Editorial

You may have noticed a recent flurry of space activity; three nations rocketed
off probes to visit Mars, whilst the UK government bought an insolvent satellite
company, which wouldn't have been necessary if we had been able to continue
our membership of the European Galileo project. However, I digress, since this
is a publication dedicated to geology rather than domestic political omni
shambles.

Mars is the subject of intense scrutiny presumably because it is the intended
target for a future manned landing. The Moon too has been identified for future
revisits. Each of these bodies pose quite serious but differing challenges to
human visitation and unmanned exploration represents a sensible and cautious
step towards achieving those goals. Understanding the surface geology is of
particular importance and so this edition will be looking at the more recent
discoveries on Mars.

Fossil rivers

So just to be perverse I am going start this article with some terrestrial
geology. Fossilised rivers exist in many places but they rather fall into the
category of trace fossils - you can see where they have been and what they
have done rather than any direct evidence of their presence; the water after all
is long since gone and cannot be fossilised.

This type of feature sometimes shows up in sedimentary sequences. The wall
of this mine shown on the following page exposes a 350 million year old water
course.

The concave-upwards beds represent the end result of the same processes
that form streams today. Layers of sediments filled an area and then a flowing
stream - something fast enough to cut down into the surrounding sediment,
cut them, forming a river channel. As the river flowed through this new
channel, it began depositing sediments that filled the new channel. That river
channel probably migrated a bit from side-to-side — you can even see a little
asymmetry in the shape of this channel as commonly occurs in streams today,
from sediments being preferentially deposited where the current speed is
lower.



Channels like this can be difficult to find as most sedimentary rocks form in the
ocean, not on land where currents strong enough to form channels are
common, but it’s quite a sight when you can spot one.

We can't yet look at a Martian cross section like this one, but the surface
evidence is pretty clear The Kasei Valles is the largest and longest flood
spillway on Mars. It runs for more than 2,400 kilometres north across Lunae
Planum before turning east and emptying into the Chryse Planitiia basin.

We are looking west (upstream) from an altitude of about 150 kilometres . In
the distance, it appears that there are two separate channels, yet both are part
of Kasei. To give you some idea of the scale of this image - the large crater on
the mesa in the centre is Sharonov, 100 km in diameter. This view has a
vertical exaggeration of 2x.

This is not a straightforward river system, more think Megaflood like the
Scablands feature in Washington State (and then some), reported in the last
edition. But lets look at an active river system, in this case the River Niagara



and its famous falls, a Google Earth view.
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The river is quite erosive - cutting headwards (upstream) at about a kilometre
every thousand years and forming the characteristic horseshoe shape in the
process.

Now back to Mars:

Here you can see the flow lines of the scoured river bed and also the
horseshoe shaped cataracts, not though the trifling 50m height of the Niagara
Falls but a rather more impressive 450 metres.

Here as in so many places on Mars, the bedrock consists of basalt (lava)
sheets. When basalt cools, it shrinks and commonly develops small cracks and
joints. At peak flow, floodwaters dug into the fabric of the channel floor,
wielding immense hydraulic force to loosen and carry away everything that
wash't anchored tightly.



As floods poured over the cataracts, joints in the rock at the top of the cliff
would be widened, and the plunging waters would steadily undermine the cliff
face. The natural result is a headward migration of the edge of the cataract. No
one knows how far the megafloods drove the cataracts headward, but
estimates run from 150 to 250 km.

Difficult though it must have been to resist such a fearsome torrent, this
impact cater seems to have done a good job. Possibly due to a lower stream
speed.

Its rim and outer flanks acted as an anchor and shield, behind which the
channel surface was partly protected from erosion by floodwaters. It's also
likely that some debris carried downstream could have drifted into the lee of
the crater, where the water flowed more slowly. This would have given the
entrained material an opportunity to drop out of the flow and contribute to the
pennant-like ridge growing behind the crater

From mega floods to avalanches




Whilst our first story featured a fossil landscape, the picture above is a
dynamic one. The HIRISE satellite has captured avalanches in action. The
large dust cloud in the top left hand corner is the clue. As seasonal ice
vapourised in the spring, these 500-metre-tall cliffs at Mars' north pole began
to crumble. Such cliffs reveal the deep time scales on the planet, exposing the
many layers of ice and dust that have settled during different eras. Like the
rings of a tree, each layer has a story to tell geologists about how the
environment was changing.

Meanwhile in the southern hemisphere

Something a bit different had happened. This is another valley system,
although it does take a little time for your brain to work it out! The following
image is of that southern polar region.

But 3.9 to 3.5 MYA the glaciation was much more extensive and it is this era
that has been studied.



In the study, a group of geologists analysed 10,276 Martian valley segments,
using a novel algorithm to infer their underlying erosion processes. They used
data from the Mars Orbiter Laser Altimeter instrument on NASA’'s Mars Global
Surveyor spacecraft and the High Resolution Stereo Camera on ESA’'s Mars
Express orbiter.

These results are the first evidence for extensive subglacial erosion driven by
channelised meltwater drainage beneath an ancient ice sheet on Mars. The
findings demonstrate that only a fraction of valley networks match patterns
typical of surface water erosion, which is in marked contrast to the
conventional view.

Travelling outwards from Mars

We find the asteroid belt, maybe looking a bit like this:

But lurking there in the gloom is the minor planet Ceres, which whilst rocky is
nevertheless distinctly planet shaped.




When it was first imaged there was an immediate flurry of interest, particularly
due to the presence of the two bright regions. Now, some years later as the
result of analysis of close up pictures, an explanation has been forthcoming.

From its close orbit, Spacecraft Dawn captured images of two distinct, highly reflective
areas within Occator Crater, which were subsequently named Cerealia Facula and Vinalia
Faculae. ("Faculae" means bright areas.)

Scientists knew that micrometeorites frequently pelt the surface of Ceres,
roughing it up and leaving debris. Over time, that sort of action should darken
these bright areas. So their brightness indicates that they are geologically
young. Trying to understand the source of the areas, and how the material
could be so new, was a main focus of Dawn's final extended mission, from
2017 to 2018.

The research not only confirmed that the bright regions are young - some less
than 2 million years old; it also found that the geologic activity driving these
deposits could be ongoing. This conclusion depended on scientists making a
key discovery: salt compounds (sodium chloride chemically bound with water
and ammonium chloride) concentrated in Cerealia Facula.

On Ceres' surface, salts bearing water quickly dehydrate within hundreds of
years. But Dawn's measurements show they still have water, so the fluids must
have reached the surface very recently. This is evidence both for the presence
of liquid below the region of Occator Crater and ongoing transfer of material
from the deep interior to the surface.

The scientists found two main pathways that allow liquids to reach the surface.
For the large deposit at Cerealia Facula, the bulk of the salts were supplied
from a slushy area just beneath the surface that was melted by the heat of the
impact that formed the crater about 20 million years ago. The impact heat
subsided after a few million years; however, the impact also created large



fractures that could reach the deep, long-lived reservoir, allowing brine to
continue percolating to the surface.

Rock of the month

The process of retrieving Martian rocks is under way, but won't be showing
results for several years yet, even if it all works out. So in their absence, here
is a terrestrial example.

Aplite dikes are intrusions in granitic rocks that are uniformly fine-grained (<2
mm), typically light-coloured and composed of quartz, alkali feldspar and
sometimes muscovite. Aplite is fine-grained probably because it solidified
relatively quickly due to rapid heat loss to the surrounding cooler country rock.
The composition is similar to the host rock, so the dikes are likely to be the last
part of the magma to crystallize. This example also shows two dark xenolith
inclusions

A xenolith is a rock fragment that becomes enveloped in a larger rock during
the latter's development and solidification. In geology, the term xenolith is

almost exclusively used to describe inclusions in igneous rock during magma
emplacement and eruption.

A final word of caution - the image speaks for itself

On the next page! Travel safely.



Stop press

Just when I was thinking that everything was tied up, some wretched
academics have to announce something new, but since this is geology then of
course it's something old, well 233 MYA. They have unearthed (that's an
appropriate pun for geology) evidence that suggests there was a significant
mass extinction event at this time. It was sparked by a sudden shift in climate
and reshaped life on Earth to usher in the age of the dinosaurs

The fossil record shows that enormous volcanic eruptions in what is now
western Canada coincided with a global loss of plants and animals. But while
the crisis wiped out great segments of life, it also set the stage for the
dinosaurs to take over, and for some of the first mammals, crocodiles and
turtles to extend their ranges. It occurred during the Carnian Pluvial Episode,
which was a bit hidden and unstudied. Geochemical signatures from the time
point to massive volcanic eruptions which pumped vast amounts of greenhouse
gas into the air.

The warming climate, and the heavier rains it brought, may have helped life at
first. But the conditions became extreme and were followed by an extended
arid period. Lush vegetation, such as seed ferns, died off and was replaced by
less bountiful conifers. The plants made for slim pickings and many herbivore
species crashed.

It is unclear why the dinosaurs thrived after the crisis, but the fossil record
shows that many species spread into new territories. Another wave of
herbivorous beasts, such as the 4-tonne Plateosaurus, found fresh grounds in
what are now Germany, South America and southern Africa. Some of the
oldest crocodile-like creatures began to range far and wide too, with remains
found in Argentina, Brazil, North America and India.

This mass extinction, which adds to the “big five” recorded over the past 500m
years, hit the oceans hard, wiping out an estimated third of marine life. The



destruction cleared the way for modern coral reefs and groups of plankton as
life on Earth reset.
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