Living in
Lava Tubes

For thousands of years, humans have found shelter in lava
tubes. In the future, they may do the same—on the Moon!

A lava tube is a cave. It forms when lava flowing in a channel
forms a crust on the upper surface that’s exposed to cooler air.

The crust insulates the lava below, which gets superheated
and melts a deeper tube-shaped channel as lava continues
to flow through it. When the lava runs out, it leaves a tunnel.

In places with lots of volcanic activity, there are networks
of lava tubes, some of them miles long.

Openings to the surface, called skylights, let in rain and sun
and have made lava tubes habitable cave environments for
wandering humans for millennia.

Scientists have evidence that the Moon and Mars also
have lava tubes, which could be perfect locations for
potential future human colonies, sheltered from
cosmic rays and meteorites.

In those lower gravity settings, lava tubes should be much
wider and taller than on Earth. So large in fact, that they could
hold an entire colony. Lava tube networks could also provide
routes for roads and perhaps lead to reservoirs of water ice.

For these reasons, future missions to the Moon and Mars
will use ground-penetrating radar to search for lava tubes.
And if humans one day colonize space, they may start in
shelters like those that protected their ancient ancestors
on Earth.

A peek through a "skylight"
into the interior of an active
lava tube on the south flank
of the Kilauea Volcano on
Hawai‘i’s big island in the
early 1970s.

Credit: J. Judd/USGS
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Background: Living in Lava Tubes

Synopsis: As much as 10,000 years ago, ancient shepherds and their flocks made their way across a
great unknown—moving from oasis to oasis across the desolate volcanic fields of the Arabian desert. Along
the way, they stopped in a cave-Llike lave tube for shelter and water. Earth’s lava tubes can be as much as
40 mi long, and they may be even larger on planets with lower gravity. Today, as humans contemplate
reaching out to the Moon, Mars and beyond, lava tubes could play an important role.

e Archaeologists recently made a remarkable
discovery in remote volcanic fields in the
Saudi Arabian desert—evidence of human 36°-
habitation within and around a large lava
tube dating back as much as 10,000 years.

Turkey

33°

O In addition to huge expanses of sand and
gravel, the western desert of Saudi Arabia
includes large lava fields known as harrat.
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torrential rains and funneling it downward Harrat Khaybar is in the green box.
into sediments that support plants and trees. Credit: Alohali et al. (2022), CC BY 4.0, via BMC

O It feels cool in the summer and warm in
the winter, making it an ideal temporary
refuge for humans and their livestock
between oases.
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Background: Living in Lava Tubes

How Do Lava Tubes Form?

1. Large rivers of lava flow in natural channels of their own
creation. Fast central currents keep the core hot, while the
slower moving edges cool and thicken as they are exposed
to cooler surface air. As the surface cools, the top of the
flow crusts over from the sides, like the way ice freezes ona
nver.

2. The crust eventually joins completely and insulates an
interior flow. When fully insulated, the flow becomes
superheated.

Harrat Khaybar is a 5,400 square mile (14,000 square
kilometer) volcanic field in central Saudi Arabia
located about 85 miles (137 kilometers) northeast of
the city of Medina (Al Madinah). The Umm Jirsan lava
tube is located in the blue-black colored basalts in
this International Space Station astronaut photo.

3. The superheated lava flow then begins “downcutting”
through the ground or lava flows beneath it, in a process
known as thermal erosion. This results in a deeper, narmower
cross-section,

Credit: Expedition 16 Crew Member on the International Space

Station, NASA, public domain, via Wikimedia Commons

e Lavatubes are caves that form within
basaltic flows during quiescent
volcanic eruptions.

4. When the eruption stops, lava often drains from the tube
and leaves behind the vacated conduit beneath the surface.
Dripping formations may begin to develop as the lava level
subsides. It may take about a year for the tube to cool
down, but soon the new underground passage will be

O Lava tubes form when the top layer of a
lava flow cools to form a crust over hot
lava that continues to flow beneath it.

O Superheated by the insulation of the
of the crust, the flow melts underlying
rock to form a cylindrical tube.

colonized by insects, spiders and their cave-dwelling kin.

The evolution of a lava tube.

O  When the magma chamber empties, Credit: NPS
the tail of the lava flow continues
downhill, leaving the partially empty e The longest known lava tube on Earth is

lava tube behind.

O The bottom of the tube fills with
collapsed material to make a flatter floor.

O Lava tubes are found in regions characterized
by extensive volcanism, such as Iceland

Hawai'i’'s Kazumura Cave, a complex that
stretches over 40 mi (65 km) from the edge
of Kilauea’s caldera eastward toward the
town of Puna.

and Hawai'i. O It formed during an eruption of Kilauea's

O A lava tube formed on La Palma in the that occurred more than 500 years ago with
Canary Islands in late 2021, and it was still passages that are as much as 69 ft (21 m)
superheated inside more than two years later. wide and 59 ft (18 m) high.
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Background: Living in Lava Tubes

O More recent lava tubes extend all the way
from Kilauea’'s caldera to the sea, where
they add land to Hawai'i’s big island.

e Well before Neil Armstrong first set foot on

the Moon on July 21, 1969, humans imagined

traveling through space and living on other
planets, where future human colonists
would have to worry about things like
cosmic radiation, micrometeorite showers,
huge temperature fluctuations or superdry
surface environments.

O [f present, lava tubes formed by basaltic
magma flows on other planets could
provide humans with essential protection
from these harsh conditions.

With a surveyed length of more than 40 miles

(65 kilometers), Hawai‘i’s Kazumura Lava Tube is the
longest lava tube complex yet discovered on Earth.
On the eastern flank of the Kilauea Volcano, hot lava
formed interconnected arched passages around five

centuries ago. In this image, the floor of the lava tube,

formed as a crust on a lava lake, collapsed downward
after an ancient lava lake emptied. The tube drops
more than 3,600 feet (1,100 meters) along its course
from near the caldera toward the town of Puna.

Credit: Dave Bunnell / Under Earth Images, CC BY-SA 4.0,
via Wikimedia Commons

e With its gravity just 38% of Earth'’s, lava

tubes on Mars could reach widths more
than ten times those on Earth—as much
as 820 ft (250 m) across.

O Their subterranean ceilings could be taller than
the Empire State Building (1,250 ft [381 m]),
potentially providing space for Mars bases.

O The lower gravity on Mars would also
make them less likely to collapse.

Lava tubes on the Moon are as much as four
times as wide as those on Mars, reaching an
astonishing 3280 ft (1 km) across.

O NASA's Gravity Recovery and Interior
Laboratory (GRAIL) mission detected
"enormous subsurface voids" beneath the
lunar surface that may be huge lava tubes.

O Entire cities could fit inside one with buildings
as tall as Dubai’s Burj Khalifa (2,722 ft, [829 m]
currently Earth’s tallest manmade structure).

O  Numerous “pits” located along tracks visible
all over the lunar surface may be skylights that
could provide access to these underground
refuges. Some are as large as football fields.
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An image from the Mars Reconnaissance Orbiter
shows a possible lava tube on Mars near the
southern flank of the Martian volcano Arsia Mons.

Credit: Mars Reconnaissance Orbiter/NASA
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Background: Living in Lava Tubes

e Besides protecting colonists, lava tubes
may provide routes for underground
roads and also host hidden water ice
accumulations that could be harvested.

O Scientists are developing detailed plans
for exploring tubes on the Moon and
Mars on future missions starting with
using ground-penetrating radar to map
their extent before accessing them
using rovers or helicopters.

O Lava tubes have hosted humans for
millennia in the past and will probably
host them for millennia in the future.

NASA Lunar Reconnaissance Orbiter images spot
the newly discovered lava tube skylight candidates
at Philolaus Crater near the Moon's north pole.

Credit: NASA/Lunar Reconnaissance Orbiter/SETI Institute/
Mars Institute/Pascal Lee

References: Living in Lava Tubes

First Evidence of Ancient Humans Found in Saudi Giant Lava Tube | The Conversation
Development and Morphology of Kazumura Cave, Hawai'i | Cave and Karst Studies

Eq rll.h Dqll.e First Steps into a New Volcanic Underworld | Atlas Obscura

Lava Tubes on Earth, Moon and Mars | Earth-Science Reviews
Entire Cities Could Fit inside the Moon's Monstrous Lava Tubes | LiveScience
EarthDate.org

Contributors: Juli Hennings, Harry Lynch EpiSOId:ZCETDSh3e9eE

'S BUREAU OF
: Economic
7 (GEOLOGY



http://www.beg.utexas.edu/
http://www.earthdate.org
http://www.earthdate.org
https://theconversation.com/first-evidence-of-ancient-human-occupation-found-in-giant-lava-tube-cave-in-saudi-arabia-227769
https://legacy.caves.org/pub/journal/PDF/V59/V59N2-Allred.pdf
https://www.atlasobscura.com/articles/la-palma-canary-islands-lava-tubes?utm_source=Atlas+Obscura+Daily+Newsletter&utm_campaign=a830b49da7-EMAIL_CAMPAIGN_2023_07_24&utm_medium=email&utm_term=0_-a830b49da7-%5BLIST_EMAIL_ID%5D&mc_cid=a830b49da7&mc_eid=6c09987f0a
https://www.sciencedirect.com/science/article/pii/S0012825220303342
https://www.livescience.com/lava-tubes-mars-and-moon-habitable.html

