#MARTIAN LIFE

New
evidence
challenges
ideas
about
Mars' past
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esearchers have dis-
covered new evi-
dence for hidden
water  reservoirs
and rare magmas on
ancient Mars. Their
new study explores
how variations in Mars'
crustal thickness during its
ancient history may have
influenced the planet's mag-
matic evolution and hydrolog-
ical systems.

The research in Earth and
Planetary Science Letters sug-
gests that the thick crust of
Mars' southern highlands,
formed billions of years ago,
generated granitic magmas
and sustained vast under-
ground aquifers, challenging
long-held assumptions about
the red planet's geological and
hydrological past.

The study, led by Rice
University's Cin-Ty Lee,
demonstrates that the south-
ern highlands' thick crust, up
to 80 Kkilometers in some
areas, was hot enough during
the Noachian and early
Hesperian periods (3-4 billion
years ago), to undergo partial
melting in the lower crust.
This process, driven by
radioactive heating, could
have produced significant
amounts of silicic magmas
such as granites, and support-
ed subsurface aquifers
beneath a frozen surface
layer. “Our findings indicate
that Mars' crustal processes
were far more dynamic than
previously thought,” says Lee,
a professor of Geology and
professor of Earth,
Environmental, and
Planetary Sciences. “Not only
could thick crust in the south-
ern highlands have generated
granitic magmas without plate
tectonics, but it also created
the thermal conditions for sta-
ble groundwater aquifers,
reservoirs of liquid water, on a
planet that we've often consid-
ered dry and frozen.”

The research team, includ-
ing Rice’s professors Rajdeep
Dasgupta and Kirsten Siebach,
postdoctoral research associ-
ate Duncan Keller, graduate
students Jackson Borchardt
and Julin Zhang and Patrick
McGovern of the Lunar and
Planetary Institute, employed
advanced thermal modeling to
reconstruct the thermal state
of Mars' crust during the
Noachian and early Hesperian
periods. By considering fac-
tors such as crustal thickness,

A new study
explores how
variations in Mars'
crustal thickness
during its ancient
history may have
influenced the
planet's magmatic
evolution and
hydrological
systems.

radioactive heat generation,
and mantle heat flow, the
researchers simulated how
heat affected the potential for
crustal melting and groundwa-
ter stability.

Their models revealed that
regions with crustal thickness-
es exceeding 50 Kkilometers
would have experienced wide-
spread partial melting, pro-
ducing felsic magmas either
directly through dehydration
melting or indirectly via frac-
tional crystallization of inter-
mediate magmas. Moreover,
due to the elevated heat flow,
the southern highlands' thick
crust would have sustained
significant groundwater
aquifers extending several
kilometers below the surface.

The study challenges the
notion that granites are
unique to Earth, demonstrat-
ing that Mars could also pro-
duce granitic magmas through
radiogenic heating even with-
out plate tectonics. These
granites likely remain hidden
beneath basaltic flows in the
southern highlands, offering
new insights into Martian
geology. Additionally, the
research highlights the possi-
ble formation of ancient
groundwater systems in Mars'
southern highlands, where
high surface heat flux reduced
the extent of permafrost and
created stable subsurface
aquifers. These reservoirs of
water might have been period-
ically accessed by volcanic
activity or impacts, resulting
in episodic flooding events on
the planet's surface.

The findings have signifi-
cant implications for habit-
ability as the presence of lig-
uid water and the ability to
generate granitic magmas,
which often contain elements
critical for life, suggest that
Mars' southern highlands may
have been more hospitable for
life in the past than previously
thought.

“Granites aren't just rocks,
they're geological archives
that tell us about a planet's
thermal and chemical evolu-
tion,” says Dasgupta, a profes-
sor of Earth, Environmental,
and Planetary Sciences. “On
Earth, granites are tied to tec-
tonics and water recycling.
The fact that we see evidence
for similar magmas on Mars,
through deep crustal remelt-
ing, underscores the planet's
complexity and its potential
for hosting life in the past.”
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ne hundred and
twenty four years
back, on December
31, 1900, Thomas
Hardy had written
his poem, The
Darkling Thrush, in
which the poet,
standing on a dozen
countryside, was
filled with forebod-
ing about the future when he
noticed some happy tones from a
small bird.

This December end, the world
was standing askance about what
was there in store for us in the
New Year. Nearly a quarter of the
twenty-first century, 2025, is over,
we are seeing, in rough outline,
some features of the coming years
and decades. If there are some
hopeful features, there is as much
of threat and existential issues
before mankind.

For Thomas Hardy, the confi-
dent nineteenth century was end-
ing and the twentieth century was
to unravel its possibilities. This
was an end of an era and a begin-
ning of a new one. At that centre
point of end and beginning, the
poet was standing in a forlorn gar-
den, where all around was covered
in snow, devoid of any green.
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‘The Darkling Thrush'’

-Thomas Hardy

“I leant upon a coppice gate, When Frost was spectre-gray, And Winter's
dregs made desolate, The weakening eye of day. The tangled bine-stems
scored the sky, Like strings of broken lyres, And all mankind that haunted
nigh, Had sought their household fires. The land's sharp features seemed to
be, The Century's corpse outleant, His crypt the cloudy canopy, The wind his
death-lament. The ancient pulse of germ and birth, Was shrunken hard and
dry, And every spirit upon earth, Seemed fervourless as I. At once a voice
arose among, The bleak twigs overhead, In a full-hearted evensong, Of joy
illimited; An aged thrush, frail, gaunt, and small, In blast-beruffled plume,
Had chosen thus to fling his soul, Upon the growing gloom. So little cause
for carolings, Of such ecstatic sound, Was written on terrestrial things, Afar
or nigh around, That | could think there trembled through, His happy good-
night air, Some blessed Hope, whereof he knew, And | was unaware.

n the poem, Hardy was viewing

this sordid and desolate
landscape, where in the midst of
no signs of life and a hopeful new
year or a century, he suddenly
heard the happy tones of an
ageing thrush, a small ordinary
bird, whose notes sent the poet
thinking about the future. Hardy
was one of the greatest writers of
English prose by the end of the
nineteenth century, the author of
‘Far from the Madding Crowd’ and
many other literary masterpieces.
He had been a major English poet
and the leading public intellectual
of Europe.

Hardy writes of the last centu-
ry's corpse as if lying on the land-
scape and the grey sky above was
its sepulchre. A dirge was being
sung about its departure.

In the poem, Hardy was view-
ing this sordid and desolate land-
scape, where in the midst of no
signs of life and a hopeful new
year or a century, he suddenly
heard the happy tones of an age-
ing thrush, a small ordinary bird,
whose notes sent the poet thinking
about the future.

Hardy was one of the greatest
writers of English prose by the
end of the nineteenth century, the
author of ‘Far from the Madding
Crowd’ and many other literary
masterpieces. He had been a
major English poet and the lead-

#HARDY'S FOREBODING

ing public intellectual of Europe.

In the midst of all the despon-
dency, listening to the joyful songs
of the bird, Hardy thought that
unlike him, the bird must be
aware of some happy tidings that
the poet was unaware of, so that
the bird could put out its full-
throated song. Hardy was hopeful
of that bright future unknown to
him.

Hardy's current pessimism, as
opposed to the bird's hopeful
tones, had proved to be prophetic.
Within fourteen years, the world
had met with an armageddon as
never seen before. The entire
known world, particularly, the
European order, had vanished fol-
lowing the First Great War, from
1914 to 1918.

Your correspondent had the
good fortune to study the poem
under no one else than Professor
P. Lal, a legendary teacher of
English literature, and the

founder editor of ‘Writers'
Workshop,” which had taken liter-
ary publication into new and
unthought of directions.
Professor Lal's selected publica-
tions of avant-garde young poets
used to be a bibliophile's delight
because these were bound in spe-
cially selected hand-woven fabrics
of distinctive appeal and look.
Today, Professor Lal's interpre-
tation of Hardy's poem reverberat-
ed in the mind about uncertainty
and course of human history, the
dichotomy between an individ-
ual's life and that of an entire
epoch, which was depicted in the
last chapter of Boris Pasternak's
great novel, ‘Doctor Zivago,” the
story of an individual's life, tossed
and twisted, in the context of the
1917 Communist Revolution in
Russia. Today, we are filled with
forebodings about the twenty-first
century. The established global
order is vanishing, challenged by

nation states with their new-found
and ever more fierce narrow
nationalistic ambitions.

We are facing a violent world,
and a possible global upheaval.
The world is seeing threats like
never before which can end in
annihilation of the humankind.

The Middle East is facing a
deep threat now with rising uncer-
tainty about Israeli moves against
its neighbours. The neighbours
are relentlessly promising to wipe
the country from the face of the
earth. It began with the mindless
murder of some 1400 Israelis, and
so far, the death counts with
reprisals are mounting, with
reported casualties of some 44,000
Palestinians and others in Gaza.

There is hardly any respite
from the slaughter, and even chil-
dren are facing the same
onslaught. Homes are being
reduced to rubble. Israel is also
under constant threats and

m

he Middle East is facing a deep

threat now with rising
uncertainty about Israeli moves
against its neighbours. The
neighbours are relentlessly
promising to wipe the country
from the face of the earth. It
began with the mindless murder of
some 1400 Israelis, and so far, the
death counts with reprisals are
mounting, with reported casualties
of some 44,000 Palestinians and
others in Gaza. There is hardly any
respite from the slaughter, and
even children are facing the same
onslaught. Homes are being
reduced to rubble.

attacks from immediate neigh-
bours as well as from distant
sources. Vladimir Putin's Russia
is emerging even more sinister by
the day if only for the firepower it
has. A constant worry for entire
Europe, with the eastern fringe
countries fearing a direct Russian
assault, Russia is in a position to
upturn the entire existing world
order. What is emerging as the
greatest worry is, unabashedly,
Russia’s threatening to use its
nuclear arsenal against countries
that do not have similar firepower
and an arsenal of nuclear
weapons, yet dare to challenge it.
All this dreadful promise of car-
nage is because it is harbouring
illusions about some long defunct
dreams of an Imperial Russia,

extending from the Arctic Ocean
in the north to the larger part of
Asia. As if, miseries do not come
alone, away from Europe to Far
East, China, in its turn, is baring
its fangs and threatening all
around it. China is on an equally
outdated concept of aggression
and expansion all around its
neighbourhood, in search of a
central role for the country.

Its historical fantasies are
being flamed by its present suc-
cess in building an arsenal of
deadly weapons capability. It is
working to threaten an estab-
lished superpower like America.
It is so to say, seeing its step on,
what is being described as the
Thucydides' Trap.

This is apparently a world in
which even progress can pose new
threats. Leading proponents of
artificial intelligence, while point-
ing at the huge strides it can make
in fulfilling human aspirations,
emphasise the destructive poten-
tials of the technology leading to
complete annihilation. In this dan-
gerous world, where humanity is
facing an existential threat, it is
timeless literature and these artis-
tic creations that alone can pro-
vide space and a basis for opti-
mism. We have the poet's lesson,
“Beauty is Truth; Truth beauty/
That is all ye know on earth/And
all ye need to know.”

And to regaining your ulti-
mate hope, we have Shelley's
words, “If winter comes, can
spring be far behind?”
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VWrong sleep cycle can

seriously hit your mood

“For a typical person, the heart knows that it needs to be ready to be
more active at 2 P.M. than at 2 A.M. Thanks to its peripheral clock.”

new study shows that
when people's sleep cycles
aren't aligned with their
internal clocks, or circadi-
an rhythms, it can have
drastic effects on their
moods. “Conversely, how-
ever, that means getting sleep when
the body's expecting provides a
potent boost to your emotional state
and could alleviate symptoms asso-
ciated with mood disorders,” says
senior author, Daniel Forger.

“This is not going to solve
depression. We need to be very, very
clear about that,” says Forger, pro-
fessor in the Mathematics depart-
ment and Director of the Michigan
Center for Applied and
Interdisciplinary Mathematics.

“But this is a key factor that we
can actually control. We can't con-
trol someone's life events. We can't
control their relationships or their
genetics. But what we can do is very
carefully look at their individual
sleep patterns and circadian
rhythms to really see how that's
affecting their mood.”

People have long known that
sleep affects mood, but mostly in a
conceptual, almost lighthearted
way. For instance, we often use
words like ‘cranky’ or ‘fussy’ when
discussing this connection.

Yet previous studies have consis-
tently found links between sleep, its
duration, quality, and disruption,
and serious mental health concerns,
including suicide risk.

“Sleep is important to us, but
maybe not in the same way we care
about depression,” Forger says.
“But there's been a tremendous
amount of research coming out
showing that mood affects circadian
rhythms and sleep, and that circadi-
an rhythms and sleep affect mood.”
“This research, however, has almost
exclusively been performed in con-
trolled settings,” Forger says. So, he
and his team set out to find these
effects and opportunities to use
them to improve moods, in the real
world.

This project was made possible,
in part, by the Intern Health Study, a
project funded by the National
Institutes of Health at the
University of Michigan, which
works with hundreds of first-year
training physicians. As part of the
study, the interns complete routine
mood surveys while wearing fitness
trackers, namely, Fitbits, that moni-

tor their heart rate, activity, and
sleeping habits. This study was also
supported by the National Science
Foundation.

Forger and his team have devel-
oped algorithms to assess Fitbit
data and extract quantitative infor-
mation about people's circadian
rhythms, their sleep cycles, and how
well those align. By coupling that
with the Intern Health Study's daily
mood surveys and also using quar-
terly depression screening question-
naires, the team could establish
links between those alignments and
real-world measures of mental
health.

The information from the ques-
tionnaire, the nine-item Patient
Health Questionnaire, or PHQ-9,
which is widely used in research
and clinics, yielded a particularly
striking figure when it came to peo-
ple with desynchronized rhythms.

“When people start to get desyn-

chronized, we see the PHQ-9 go up,
on average, by 2.5,” Forger says.
“That's clinically important.”

“But what exactly is misaligned
also matters,” says one of the
study's lead authors, Minki Lee.

“It's not just that if you go to bed
earlier, you will be happier,” says
Lee, who is an undergraduate
researcher. “To some degree, that
will be true, but it will be because
your sleep schedule is aligning with
your internal rhythms.”

The team was able to extract
telling features, or biomarkers, of
three different important patterns.

There was the central circadian
clock, which Kkeeps time in the
suprachiasmatic nuclei of the
brain. It also coordinates peripheral
circadian clocks in other parts of
the body. In its study, the team ana-
lyzed the peripheral clock in the
heart.

“For a typical person, the heart
knows that it needs to be ready to be
more active at 2 PM. than at 2 A.M.
Thanks to its peripheral clock,”
Forger says.

The final pattern that the team
could measure was the interns'
sleep cycles. The team found that,
generally speaking, having a sleep
cycle out of sync with the peripher-
al circadian clock, that is, what time
your heart thought it was, had a
negative effect on mood.

When a person's central circadi-
an rhythm was out of whack with
respect to their sleep cycle, however,
a negative effect was seen when an
intern was doing shift work. That is,
the misalignment between their
sleep and central internal clock was
driven by their occupation.

And when this mismatch was
affecting mood, its effect was more
pronounced than in the peripheral
mismatch case.

“Specifically, the misalignment
between the central circadian clock
and sleep exhibited the strongest
negative association with mood
and depressive symptoms, includ-
ing poor sleep, appetite issues, and
even suicidal thoughts,” says
Daewook Kim, another lead author
of the study. “These findings chal-
lenge prior assumptions about the
uniform impact of circadian dis-
ruptions across different physiolog-
ical clocks,” Kim says.
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