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🎤
INTERVIEW ANGLE

"Curiosity has established that Gale crater could have supported life, but proving whether life
existed requires returning rocks to Earth, and the mission designed to do that lost its funding in
January 2026. Should a space agency be permitted to begin a decades-long scientific programme
it cannot guarantee it will finish?"

Source: Original editorial ↗ The Conversation

Every fact web-verified against primary sources

THE LIFT LINE

WHY THIS EDITORIAL MATTERS FOR YOUR EXAM

Planetary exploration appears in GS Paper 3 under awareness in the field of space technology, and it is

usually answered badly, as a list of missions and launch dates. This piece supplies the thing those answers

lack: a clear statement of what a scientific instrument can and cannot establish, and why that

distinction drives mission design and budgets.

It is also unusually well suited to an essay, because it contains a general problem in a specific case: what

happens when a knowledge programme is longer than the political cycle that funds it.

For India specifically, the question is live rather than academic. Mars Orbiter Mission-2 is scheduled

for 2030 as India’s first attempt at a Martian soft landing.

BACKGROUND AND CONTEXT

What Curiosity is, and why it was built that way. NASA designed the mission to search for evidence of

ancient habitable environments: places with liquid water, and the chemicals, nutrients and energy

sources life requires. That objective demanded a long-lived, mobile spacecraft that could let scientists on
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Earth explore an area, select rock samples, drill them, and analyse them in onboard laboratories. The Jet

Propulsion Laboratory answered with a car-sized, drill-equipped rover.

Where it went. Curiosity landed in Gale crater in 2012 and set about climbing Aeolis Mons, also

called Mount Sharp, a mountain roughly 5 kilometres high at the crater’s centre. The mountain is the

point of the mission: its sedimentary layers hold a record of environmental conditions from about

3.5 billion years ago, and climbing it is reading that record in order.

How the work is actually done. Operations run on a daily cycle. A few dozen engineers and scientists have

about three hours to check the rover’s health, analyse the previous day’s science data and agree the next set

of activities, then roughly four hours to turn those decisions into commands that are safe and fit within the

rover’s available time and energy. The commands reach Mars before the Martian sunrise. This has been

repeated more than a thousand times since 2012.

The texture of the surface still surprises. Approaching an area that looked exceptionally smooth from

orbit, and anticipating an easy drive across a Martian “parking lot”, the team instead found every surface

textured by small polygons a few inches across, as though the ground had been covered in honeycomb.

Geologists suspect these outline fractures formed by drying, in the manner of mud cracks, or by

thermal cycling or compression.

THE ANALYSIS

What has been established, stated carefully.

Curiosity has climbed roughly a kilometre of vertical rock section. The sequence it has read is:

The interpretation the team draws is that lakes persisted for millions of years, before the climate became

arid and sand dunes overtook the lakes, with groundwater occasionally breaching the surface to

produce streams weaving among the dunes. The wider evidence points to a thicker ancient atmosphere.

Samples drilled from the lake sediments contain organic molecules, meaning carbon-based ones,

the raw materials for potential life. The association of wet environments, organic molecules, and a

chemical mix resembling what microbes on Earth use for energy is what allowed the team to

conclude that conditions in Gale crater were capable of supporting life.

Habitability is a statement about an environment. Inhabitation is a statement about whether anything lived

in it. Curiosity can establish the first and cannot establish the second, and no amount of additional

roving changes that.

clay-rich mudstones at lower elevations, deposited in standing water, giving way to

younger sandstones full of salty minerals higher up.
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Why not. Organic molecules are produced abiotically as well as biologically. Separating the two

requires isotopic and structural measurements at precisions available only in terrestrial laboratories, using

instruments that are large, power-hungry, frequently recalibrated and continually upgraded. A flight

instrument is miniaturised, power-constrained, and frozen in its 2011 configuration. As the author

puts it, determining conclusively whether life took hold will require bringing such rocks back to

laboratories on Earth.

And that is where the argument meets a budget. The programme designed to do exactly this, Mars

Sample Return, was ended as unaffordable in the United States budget process, with a January

2026 spending bill effectively closing it. About $110 million was redirected into a “Mars Future

Missions” line to continue developing the technologies MSR needed, notably landing systems for the thin

Martian atmosphere. A revised, cheaper architecture is under discussion, with an aspiration to keep total cost

in the $5 to 7 billion range and return samples before the mid-2030s, but no firm commitment has

been made.
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DATA AND INSTITUTIONS VAULT

PRELIMS-GRADE FACTS:

Habitability is not inhabitation. Headlines routinely report the detection of organic molecules on Mars

as the discovery of “signs of life” or “building blocks of life found”. Organic molecules form through ordinary

chemistry as well as through biology. What Curiosity established is that an environment existed in

which life could have survived, which is a different and weaker claim than that life was there.

Curiosity landed in Gale crater on Mars in 2012; it is the rover of the Mars Science Laboratory
mission.

Aeolis Mons, also called Mount Sharp, is the roughly 5 km sedimentary mountain at the centre of
Gale crater.

Its layers record environmental conditions from about 3.5 billion years ago; Curiosity has climbed
about 1 km of section.

SAM, the Sample Analysis at Mars suite, is the onboard laboratory that analyses drilled rock
samples.

Curiosity has driven more than 21 km and has been operating in the Glen Torridon region of Gale
crater.

Clay-rich mudstones indicate standing water; salt-bearing sandstones higher in the section indicate
an arid, dune-covered later phase.

Mars Sample Return was effectively ended by a January 2026 United States spending bill.

About $110 million was redirected from it into a Mars Future Missions technology line.

India’s Mars Orbiter Mission, Mangalyaan, launched 5 November 2013 and entered Mars orbit on
24 September 2014.

India was the first country to reach Mars orbit on its maiden attempt, and the first Asian nation to
reach Mars orbit.

Mars Orbiter Mission-2, Mangalyaan-2, is scheduled for 2030 and would be India’s first attempt at
a Martian soft landing.

A successful landing would make India the fourth nation to land on Mars.

Organic molecules are carbon-based compounds; their presence is not by itself evidence of life, since
they also form abiotically.
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THE DEBATE

The case for sample return. Some questions are decidable only in a laboratory. Sample return is not one

mission among many; it is the only route to an answer on the question that justified fifty years of Mars

exploration. Abandoning it converts a programme with a conclusion into a programme that accumulates

suggestive evidence indefinitely.

The case against. The cost is genuinely enormous, and the same funds spread across several

competitively selected orbiters and landers would generate more total scientific return across more

targets. A single retrieval mission also concentrates risk: one launch window, one entry sequence, one

failure mode, and a decade’s investment is lost.

The structural problem underneath both. Mars Sample Return was designed as a relay: one mission

caches samples, a later mission retrieves them. That design presumes the later mission will be funded,

which is a scientific judgement resting on a political prediction. When the prediction fails, the earlier mission’s

work is stranded. The lesson is not that sample return was wrong, but that a mission whose value

depends on a successor being funded carries a risk that is not technical and is rarely costed.

HOW TO THINK ABOUT THIS

Separate three claims that coverage runs together.

CLAIM STATUS

Mars once had persistent liquid water Established

Gale crater was capable of supporting

life

Established

Organic molecules are present in

Martian rock

Established

Life existed on Mars Not established, and not establishable by any instrument
currently on Mars

Then apply the same discipline to India’s programme. India’s achievement with Mangalyaan was

substantially one of cost and engineering discipline, reaching Mars orbit on a first attempt, which no

other country had done. Mars Orbiter Mission-2 in 2030 is a much harder problem, because entry,

descent and landing in a thin atmosphere is where most Mars missions have failed.

The transferable exam point. Ask of any mission: what question would its results actually settle?

A mission that can only ever narrow a possibility is doing different work from one that can close a question,

and the two should not be funded, or evaluated, on the same terms.
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DIAGRAM-IN-WORDS

Clay mudstones
Standing water, lower layers

Salty sandstones
Arid phase, higher layers

Organic molecules
Drilled, analysed by SAM

Gale crater was HABITABLE
Established by Curiosity, on Mars

THE GAP: isotopic and structural analysis
Impossible on miniaturised, power-limited flight instruments

Was Mars INHABITED?
Needs sample return, defunded January 2026

Solid lines are evidence actually collected. The dashed lines are the step that cannot be taken on Mars, and

the box at the bottom is the question the whole programme was built to answer.

TAKEAWAY BOX

Curiosity established that Mars could have supported life. The mission built to find out whether it did was

cancelled.

Curiosity landed in Gale crater in 2012 as part of Mars Science Laboratory; Aeolis Mons, or Mount Sharp, is

the roughly 5 km sedimentary mountain at its centre, recording conditions from about 3.5 billion years ago;

SAM is the onboard Sample Analysis at Mars laboratory; Mars Sample Return was effectively ended by a

January 2026 US spending bill; India’s Mangalyaan launched 5 November 2013 and reached Mars orbit on

24 September 2014, the first mission anywhere to succeed on its maiden attempt; Mars Orbiter Mission-2 is

scheduled for 2030 and would be India’s first Martian landing attempt.

Habitability is not inhabitation. Robotic missions can establish that an environment could have supported

life, but distinguishing biological from abiotic organic chemistry requires terrestrial laboratories, which is

why sample return is a scientific necessity rather than a luxury, and why cancelling it strands the evidence

already gathered.

A scientific programme designed as a relay creates an obligation that outlasts the political cycle funding it.

Who owes what to a mission whose value depends on a successor that may never be built?
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Source: The Rover Found the Question. The Mission to Answer It Was Cancelled. — Ujiyari.com | Free UPSC &

State PCS Editorial Analysis
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K E Y  A R G U M E N T S  A T  A  G L A N C E

✓ SUPPORTING

⚠ COUNTER

The counter-view is that sample return is disproportionately expensive relative to its scientific
yield, that the same budget spread across several competitively selected orbiters and landers
would produce more total knowledge, and that improving in-situ instrumentation is the better
long-run investment. On this reading a single multi-billion-dollar retrieval mission
concentrates risk in one launch window and one failure mode.

→ WAY FORWARD

The argument implies that a scientific programme structured as a relay, in which one mission
collects what a later mission must retrieve, creates an obligation that outlives the political

Writing in The Conversation, a Curiosity project scientist describes
how fourteen years of roving in Gale crater have established that
ancient Mars held long-lived lakes, a thicker atmosphere and the
organic molecules and chemical energy sources that life requires,
but argues that the decisive question, whether life actually took
hold, cannot be settled by any instrument that can be flown to
Mars and requires the physical return of samples to terrestrial

laboratories.

Curiosity has climbed roughly a kilometre of vertical stratigraphy through Aeolis Mons,
reading clay-rich mudstones that give way at higher elevations to salt-bearing sandstones,
which together record a transition from persistent lakes to an arid, dune-covered surface
over millions of years.

Drilled lake-sediment samples analysed by the onboard Sample Analysis at Mars laboratory
contain carbon-based organic molecules, and their association with evidence of wet
environments and with chemical mixtures that terrestrial microbes use for energy is what
permits the conclusion that conditions were capable of supporting life.

The instruments a rover can carry are miniaturised, power-constrained and cannot be
reconfigured once launched, so they can detect that organic molecules are present but
cannot perform the isotopic and structural analyses that would distinguish a biological
origin from an abiotic one.
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cycle funding it, and that agencies should either commit to the full chain or design missions
that deliver their scientific return independently.
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✍️ MAINS ANSWER FRAMEWORK

QUESTION

Robotic planetary exploration can establish habitability but not inhabitation. Examine this limitation

with reference to Mars exploration, and discuss its implications for India's planetary science programme.
(250 words)

INTRODUCTION

Robotic exploration of Mars has, over five decades, moved from asking whether the planet was ever wet to
establishing that it was. Writing in The Conversation, a project scientist on NASA’s Curiosity mission

describes what fourteen years in Gale crater have shown, and identifies the boundary that no rover can
cross: instruments flown to Mars can establish habitability, the capacity of an environment to support life,

but cannot establish inhabitation, whether life was actually present.

BODY

The evidence for habitability is now substantial and layered, in the literal sense. Curiosity landed in Gale
crater in 2012 and has since climbed roughly a kilometre of vertical section through Aeolis Mons, a five-

kilometre mountain of sedimentary rock at the crater’s centre whose layers record environmental
conditions from about 3.5 billion years ago.

The sequence is legible: clay-rich mudstones deposited in standing water give way at higher elevations to
younger sandstones full of salty minerals, recording lakes that persisted for millions of years before the

climate turned arid and dunes overtook them, with groundwater occasionally breaching the surface to
produce streams among the dunes. Samples drilled from those lake sediments and analysed in the rover’s
onboard Sample Analysis at Mars laboratory contain organic, that is carbon-based, molecules.

Taken together with evidence of sustained liquid water and of chemical mixtures resembling those
terrestrial microbes harness for energy, this supports the conclusion that Gale crater was capable of

supporting life. What it does not support is any conclusion about whether life existed.
Organic molecules form abiotically as well as biologically, and distinguishing the two requires isotopic and

structural measurements at a precision that miniaturised, power-limited, non-upgradable flight
instruments cannot reach. The samples must come to the laboratories, because the laboratories cannot go

to the samples.
This is precisely what makes the fate of Mars Sample Return consequential: the programme designed to

retrieve cached Martian rock was ended as unaffordable in the United States budget process in January
2026, with a modest sum redirected to technology development and a revised, cheaper architecture still

unsettled.

CONCLUSION

A balanced answer should concede that sample return is genuinely expensive and concentrates risk, and
that competitively selected smaller missions have a strong claim on the same funds. The deeper issue is

structural: a programme deliberately designed as a relay, in which one mission collects what a later mission
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must carry home, generates a scientific obligation that outlives the political cycle that authorised it.
For India, whose Mars Orbiter Mission-2 is scheduled for 2030 as a first attempt at a soft landing, the

lesson is to design missions whose scientific return does not depend on a successor being funded.
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