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Miracles Around You: Scientific Mechanisms
Behind Remarkable Geological and Environmental
Phenomena
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Abstract: This review examines several remarkable geological and environmental phenomena from different regions of the world to
explain the physical, chemical, and biological mechanisms responsible for their occurrence. Representative examples include sailing
stones, fiozen methane bubbles, fairy circles, Blood Falls, blue lava, the Darvaza gas crater, bioluminescent seas, living root bridges,
reverse waterfalls, and floating islands. The study demonstrates that these seemingly extraordinary events arise from well understood
natural processes involving geological activity, atmospheric dynamics, microbial metabolism, hydrology, and ecological adaptation. By
integrating global and Indian case studies, the manuscript highlights the educational value of these natural systems and emphasizes the
importance of conserving them for future scientific research and environmental sustainability.
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1. Introduction

The Earth’s surface is a mosaic of geological stability and
unexpected dynamism, where certain environments defy the
conventional laws of physics to create "miracles" of natural
engineering. Among these, phenomena like "bouncing land"
stand as a preeminent environmental wonder, where the
lithosphere behaves more like a living membrane than a solid
crust, challenging our perception of land. Many similar
phenomena remain unfamiliar to the general public. Some
unexpected experiences of visiting these places may surprise
science students (such as in the 11th or 12th grade) who are
not yet knowledgeable about these unknown phenomena.
These unique locations serve as wonderful opportunities and
profound horizons for academic research.

2. Methodology

This study used a combination of scientific research and
cultural analysis to understand selected natural phenomena
from both modern and traditional perspectives. A total of ten
geological and environmental anomalies were chosen based
on three criteria: their geographical diversity (including
examples from India), their scientific importance across fields
such as geology, hydrology, ecology, and geochemistry, and
the presence of well-known myths, folklore, or cultural
beliefs associated with them.

3. Data Collection

Information was collected from reliable academic databases
such as Scopus, Web of Science, Google Scholar, and the
Bibliography of Asian Studies using specific keywords
related to each phenomenon.

For the scientific aspect, searches combined the name of each
phenomenon with terms explaining its natural processes.
Examples include "Racetrack Playa sailing stones” and
"hydrodynamics" or "permafrost methane bubbles” and
"biogeochemistry." Preference was given to peer-reviewed
research papers, conference publications, and trusted sources

such as USGS, NASA, and the Smithsonian Institution
Global Volcanism Program.

For the cultural aspect, searches focused on the folklore and
traditional beliefs connected to each phenomenon. Keywords
linked the natural event with local mythology or indigenous
knowledge, such as "Loktak Lake phumdis" and "Meitei
mythology" or "living root bridges" and "Khasi traditional
ecological knowledge". Information was gathered from
ethnobotanical studies, cultural geography research, historical
records, and documented indigenous oral traditions.

4. Analysis and Verification

All scientific information was carefully cross-checked with
established principles of geology, ecology, fluid dynamics,
and thermodynamics to ensure accuracy. Folklore and
cultural accounts were analyzed to understand how different
communities explained these unusual natural events before
the development of modern science and technology.

Finally, the study compared traditional beliefs with current
scientific explanations, showing how human understanding of
these remarkable natural phenomena has evolved over time
while also highlighting the cultural significance they continue
to hold today.

5. Analysis of Phenomena

1) Sailing Stones (USA)

The Sailing Stones of Racetrack Playa in Death Valley,
California, are one of the world's most thoroughly
investigated geological paradoxes. For nearly a century,
scientists and visitors were baffled by how heavy boulders—
some weighing up to 320 kilograms (700 pounds)—could
travel hundreds of meters across a perfectly flat, dry lake bed,
leaving long, synchronized tracks in the ground without any
human or animal intervention. The breakthrough came in
August 2014 when a team of researchers, led by
paleobiologist Richard Norris and engineer James Norris,
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captured the movement on camera and instrumented GPS
tracking for the first time.

The Fine-Tuned Physical Mechanism

The 2014 study debunked long-held hypotheses involving

hurricane-force winds, magnetic fields, or slick algal mats.

Instead, the movement relies on a precise, rare synergy of

subterranean hydrology, freezing temperatures, and wind

stress:

e The Ephemeral Pond: Rare winter storms must dump
just enough rain or snow onto the arid playa to create a
shallow pond (typically only 3 to 7 centimeters deep). The
water must be deep enough to freeze but shallow enough
to keep the tops of the rocks exposed.

o "Windowpane" Ice Sheets: As nighttime temperatures
drop below freezing, an ultra-thin layer of ice forms over
the water. This ice sheet must be incredibly thin—
typically between 3 and 6 millimeters (0.12 to 0.25
inches). If the ice is too thick, it freezes the rocks
completely in place; if it is too thin, it shatters without
exerting force.

e The Late-Morning Thaw: When the sun emerges, the
thin ice sheet begins to melt and fracture into massive,
floating panels that can stretch for tens of meters.

e The Ice Shove: Light winter winds (about 3 to 5 meters
per second, or roughly 10 mph) blow across the playa. The
immense surface area of these giant, floating sheets of ice
catches the wind like a sail. As the ice panel moves, it acts
as a massive bulldozer, physically shoving multiple rocks
forward simultaneously across the slick, thoroughly
saturated mud bed underneath.

Key Observations

o Imperceptible Speed: The stones sail remarkably slowly,
advancing at a rate of only 2 to 5 meters per minute (0.07
to 0.1 mph). Because all surrounding rocks and the
moving ice sheets drift at the exact same pace, a casual
observer standing on the shore can easily look right at a
moving stone without realizing it is in motion.

e Track Morphologies: The texture of the stone alters its
path. Rocks with rough, jagged bottoms grip the mud
firmly and tend to leave remarkably straight, striated
paths. Smooth-bottomed rocks glide with less friction and
are prone to wandering, twisting, or changing direction
abruptly as the wind currents shift.

o Rarity: The alignment of these specific variables is so
uncommon that the stones may sit perfectly motionless for
a decade or more before encountering a winter climate
active enough to provoke a "sailing event".

What Do Locals Say?

The Belief: For decades, local visitors and early observers
attributed the mysterious, long tracks behind the moving
rocks to extraterrestrial activity or magnetic vortexes.
Native American folklore in the region often respected the
desert floor as a place of active, invisible spirits, while later
pop-culture myths suggested the stones possessed a form of
consciousness or were moved by secret pranksters.

Reference:https://www.blm.gov/sites/default/files/document
s/files/Library Nevada CulturalResourceSeries12.pdf

2) Frozen Methane Bubbles (Canada)

The Frozen Methane Bubbles of Abraham Lake in Alberta,
Canada, represent a stunning collision of biochemistry and
winter hydrology. While they look like surreal, stacked white
discs or jellyfish frozen in time, they are actually pockets of
highly flammable methane gas

(CHa4) trapped within the ice sheets.

The Biochemical Origin: Methanogenesis

The process begins at the lake bed. Abraham Lake is an

artificial reservoir created in 1972 by the construction of the

Bighorn Dam. When the valley was flooded, a vast amount of

terrestrial vegetation, trees, and organic soil was submerged.

e Anaerobic Decomposition: As plants, leaves, and
organic matter die and sink to the bottom, they accumulate
in an environment devoid of oxygen.

e Microbial Action: Specialized bacteria known as
methanogens thrive in these oxygen-depleted zones. They
consume the decaying organic material and excrete
methane gas as a metabolic byproduct.

e Buoyancy: Because methane is significantly lighter than
water, it forms gas bubbles that constantly break away
from the sediment and float toward the surface.

The Physical Mechanism: Vertical Stacking

During the warmer months, these bubbles simply rise to the
top, pop at the surface, and escape invisibly into the
atmosphere. The visual phenomenon only occurs because of
how Abraham Lake freezes:

o The Initial Freeze: In early winter, temperatures drop
rapidly, causing a thin layer of ice to form on the surface.

e The Interception: Rising methane bubbles hit the
underside of this solid ice barrier. Unable to escape, they
flatten out and expand laterally into circular discs.

« Downward Ice Growth: As the cold intensifies, the ice
layer grows thicker, expanding downward. This freezing
front moves past the trapped bubble, locking it completely
into the ice matrix.

o The Stack Effect: Below the freshly frozen layer, more
methane bubbles continue to rise from the lake bed. They
hit the new, lower ice ceiling and flatten out. This cycle
repeats continuously throughout the winter, creating the
distinctive vertical columns of stacked discs.

« Safety & Climate Significance: These bubbles are highly
combustible. If you were to drill a hole into the ice and light
a match over the escaping gas, it would erupt into a brief,
violent blue flame. On a larger scale, scientists study
Abraham Lake to understand global warming; as
permafrost melts globally, billions of tons of these trapped
greenhouse gases risk escaping into our atmosphere.

What Do Locals Say?

The Belief: In various Arctic indigenous traditions,
permafrost areas that hissed or released trapped gasses were
viewed with caution. The sudden bursts of flammable gas
from frozen lakes were sometimes believed to be the breath
of subterranean spirits or demons trapped beneath the icy
crust of the Earth.

Reference: https://www.abrahamlake.com/Frozen-Methane-
Bubbles-at-Abraham-Lake.html
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3) Fairy Circles (Namibia)

The Fairy Circles of the Namib Desert represent one of the
most fiercely debated mysteries in modern ecology and
biogeography. Stretching for hundreds of kilometers across
the arid grasslands of Namibia, these millions of circular
patches of completely bare soil—ranging from 2 to 15 meters
in diameter- are perfectly ringed by a fringe of tall, healthy
grass, creating a striking honeycomb or polka-dot pattern
across the landscape.

The Two Competing Scientific Hypotheses

Hypothesis A: The Sand Termite Theory (Engineered
Ecosystems): Championed by biologists like Norbert
Jiirgens, this theory attributes the circles to the sand termite
(Psammotermes allocerus). In an incredibly harsh desert
environment where it rarely rains, termites strip the vegetation
from specific circular zones by eating the grass roots.

Because there are no longer any plants in that circle to absorb
water, rain sinks directly into the porous, bare sand and is
stored underground, safe from evaporation. The water trapped
under the bare patch slowly leaks outward into the
surrounding soil, allowing edge grasses to grow taller and
thicker.

Hypothesis B: Self-Organizing Vegetation (Plant
Competition):Championed by ecologists like Stephan
Getzin, this theory argues that the circles are a natural math-
based phenomenon called "Turing patterns," driven entirely
by resource scarcity. Grasses face extreme stress due to heat
and lack of water. Stronger, established plants grow rapidly
and pull water toward themselves using massive root
networks, draining moisture from the immediate vicinity and
creating a dry "dead zone" where new seeds cannot survive.

Dynamic Lifespan: A critical detail making Fairy Circles a
brilliant research topic is that they are not static; they emerge
as dying patches, stabilize for 20 to 60 years, and eventually
vanish when peripheral grasses reclaim the center. Recent
satellite discoveries of identical circles in Western Australia
and North America heavily reinforce the Self-Organizing
Vegetation theory, as many Australian circles showed zero
termite activity.

What Do Locals Say?

The Belief: The local Himba people traditionally believe
these barren, circular patches in the desert are the footprints
of the gods, or that they are cleared by their divine ancestor,
Mukuru. Another popular regional myth claims the circles are
caused by a giant dragon living beneath the earth, whose
venomous breath burns away the vegetation in perfect
geometric shapes.

Reference: https://conservationnamibia.com/blog/science-of-
fairy-circles-2023.php

4) Blood Falls (Antarctica)

The Blood Falls of Antarctica is a premier case study of
subglacial hydrology and extreme biochemistry. Located in
the McMurdo Dry Valleys, it features a stark, crimson-red
discharge flowing from the tongue of the Taylor Glacier onto
the frozen surface of Lake Bonney.

The Subglacial Reservoir

Approximately 2 million years ago, the Taylor Glacier
advanced over a small marine fjord, trapping a pool of
seawater underneath a massive sheet of ice. Over millennia,
the freezing glacier squeezed clean water out, concentrating
the remaining pool into a hyper-saline brine roughly three to
four times saltier than standard ocean water. Because of this
intense salinity, the water stays entirely liquid even at sub-
zero temperatures (around -5°C).

Microbial Metabolism in Total Isolation

The subglacial pool is completely sealed away from sunlight
and atmospheric oxygen. Despite this, a thriving community
of extremophilic microbes survives there. Instead of
photosynthesis, they process trapped organic remnants by
reducing dissolved sulfate (SO+*"). The byproduct of that
reduction reacts with the iron-rich bedrock, releasing a
massive amount of ferrous iron (Fe?") into the liquid matrix.

Instantaneous Chemical Oxidation
The brine inside the glacier is actually completely clear. The
iconic "blood" color is an instantaneous atmospheric chemical
reaction that occurs only when the liquid exits the subglacial
channel:

4Fe* + Oz + 4H-0 — 2Fe20s + 8H*
The moment the clear liquid touches the air, the dissolved
ferrous iron reacts with atmospheric oxygen, undergoes rapid
oxidation, and converts into ferric oxides—essentially liquid
rust—staining the snout of the glacier a deep crimson. This
serves as an Earth-based analog for potential astrobiological
systems on Europa or Enceladus.

What Do Locals Say?

The Belief: Because Antarctica has no indigenous human
population, this phenomenon lacked ancient folklore.
However, when early Western explorers discovered it in
1911, the striking, deep-red color immediately evoked grim,
macabre imagery. Early expeditions colloquially feared it was
a sign of a cursed or "bleeding" glacier, attributing the dark
red stain to mysterious, malevolent organic matter or
macroalgae before its iron-rich brine nature was discovered.

Reference:https://polarjournal.net/blood-falls-the-blood-red-
secret-of-antarctica/

5) Blue Lava (Indonesia)

The "Blue Lava" of the Kawah Ijen volcano in East Java,
Indonesia, is a striking optical illusion. While it looks like
glowing, molten neon-blue rock flowing down the slopes at
night, the underlying science reveals that it is not lava
changing color at all, but a violent, high-pressure chemical
combustion of volcanic gases.

Extreme Volcanic Outgassing: Kawah Ijen sits atop one of
the world's largest highly acidic crater lakes. The deep magma
chambers release massive quantities of highly pressurized,
toxic sulfur dioxide (SO2) and hydrogen sulfide (H2=S) gases
through narrow cracks and fissures known as fumaroles.

Exothermic Combustion: The sulfuric gases escape the
vents at temperatures exceeding 600°C (1,112°F). The
moment they emerge into the open air, they encounter
atmospheric oxygen (O:) and spontaneously ignite. The
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specific quantum energy levels of a sulfur flame emit short
wavelengths, producing a vivid, electric-blue color.

Physical Phase Change: As the superheated sulfur gas burns
fiercely, a large portion of it condenses rapidly into a liquid
state due to the lower ambient temperature:

S—S

@ O
This creates streams of molten, burning sulfur that flow down
the rocky slopes, looking exactly like electric-blue magma.
This stunning phenomenon is completely invisible during the
day, as sunlight easily overpowers the blue flame.

What Do Locals Say?

The Belief: Local Javanese communities living near the
volcano have long held deep spiritual reverence for Kawah
[jen. The eerie, glowing blue flames were traditionally viewed
as supernatural manifestations of ancestral spirits or
mystical guardians protecting the mountain. The crater
remains a site for traditional offerings to appease the volatile
spirits believed to dwell within the sulfurous depths.

Reference: https://en.wikipedia.org/wiki/Blue lava

6) The "Door to Hell" (Turkmenistan)

The Darvaza Gas Crater, famously dubbed the "Door to Hell,"
is a massive burning pit located in the Karakum Desert of
Turkmenistan. Measuring roughly 70 meters wide and 20
meters deep, this artificial geological anomaly has been a site
of continuous, intense chemical flaring for over five decades.
In 1971, Soviet geologists inadvertently punctured the thin
ceiling of a massive, hollow underground natural gas cavern.
The ground gave way, swallowing the drilling rig into a vast
pit. Fearing that the leaking gas would migrate and suffocate
local wildlife or neighboring villagers, engineers made a swift
tactical decision to set the crater ablaze, estimating the fuel
pocket would deplete within a couple of weeks. Instead, the
geologists severely underestimated the reservoir volume, and
it has burned ever since.

CH4+20: — CO: +2H:0

From an environmental standpoint, flaring the methane gas is
preferred over letting it leak raw, because raw methane is
roughly 30 times more potent at trapping atmospheric heat
than carbon dioxide over a 100-year timescale. Currently, the
Turkmen government has introduced relief wells to intercept
the gas, and the flames have begun to dim significantly.

What Do Locals Say?

The Belief: While the crater is the result of a Soviet drilling
accident in 1971, its terrifying appearance- a massive,
perpetually burning pit in the middle of the Karakum
Desert—quickly generated intense local urban legends.
Nearby villagers and travelers naturally branded it the literal

entrance to Hell, believing the endless fire was fueled by dark,
underworld forces rather than natural gas.

Reference: https://rarchistoricalphotos.com/darvaza-gas-
crater-the-door-to-hell/

7) Bioluminescent Seas (Lakshadweep, India)

The Bioluminescent Seas of Lakshadweep represent a
striking intersection of marine biology, biochemistry, and
oceanography. At night, the breaking waves and disturbed
shorelines emit a vivid, electric-blue glow, transforming the
dark water into a shimmering field of light.

The primary organisms responsible for this glow are marine
phytoplankton, specifically single-celled dinoflagellates
known as Noctiluca scintillans ("Sea Sparkle"). The blue light
is generated through a highly efficient cold-light chemical
reaction inside the cells with virtually zero heat loss:

Luciferin+ O, = MeiferaseQxyluciferase+ Light (Blue Photon)

This serves an evolutionary purpose known as the Burglar
Alarm Theory. When a small predator stirs the water, the
dinoflagellates flash their light to startle the predator and
simultaneously illuminate its position, calling in larger
predatory fish to clear away the threat.

What Do Locals Say?

The Belief: For centuries, sailors and coastal communities
viewed the glowing blue waters with a mix of awe and terror.
In maritime folklore, glowing seas were often considered
omens of impending doom, shipwrecks, or stormy weather
sent by sea gods. In other cultures, the glowing waves were
romanticized as the tears of ocean spirits or underwater fairy
paths.

Reference:
https://www.pnas.org/doi/10.1073/pnas.2107440118

8) Living Root Bridges (Meghalaya, India)

The Living Root Bridges (Jingkieng Jri) of Meghalaya, India,
are a globally unique example of advanced vernacular
bioarchitecture. Located in the East Khasi Hills and Jaintia
Hills districts, these structures are grown out of the living root
systems of the Indian Rubber Tree (Ficus elastica),
engineered over decades by the indigenous Khasi and Jaintia
tribes to withstand extreme monsoon floods.

Young aerial roots are guided through hollowed-out Areca
nut palm trunks spanned across river canyons. Once they
reach the opposite bank, they anchor firmly to the bedrock.
When two living roots press tightly against each other, their
bark wears away, and their vascular tissues naturally fuse
together in a biological process called inosculation
(anastomosis), turning a web of separate strands into a single,
solid wooden mesh.

Property Standard Concrete/ Steel Bridge Living Root Bridge (Jingkieng Jri)
Monsoon High moisture and humidity corrode steel and cause concrete | High moisture accelerates tree growth, making the living
Performance to crack and decay bridge healthier

Tensile Strength .
maintenance

Degrades Overtime; requires constant, expensive structural

Increase with age. As the root system matures, the bridge
becomes stronger

Life Spam

Typically, 40 to 100 years before requiring total replacement

Can easily last for 500+ years once fully established

Load Capacity

Fixed at construction; declines as materials fatigue

Mature bridges can support the weight of 50+ people
simultaneously
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What Do Locals Say?

The Belief: Unlike accidental phenomena, these are human-
engineered over generations by the indigenous Khasi and
Jaintia peoples. The local belief system is rooted in a sacred,
deeply respectful relationship with nature. The Ficus
elastica trees used to grow the bridges are viewed not merely
as raw material, but as living, breathing companions and
protective entities provided by the forest to ensure the
community's survival across dangerous rivers.

Reference: https://globaljournals.org/GJHSS Volume21/6-
Indigenous-Khasi-Tribe.pdf

9) Reverse Waterfall (Maharashtra, India)

The Reverse Waterfall located at the Naneghat mountain pass
in the Western Ghats of Maharashtra, India, is a spectacular
aerodynamic anomaly. During the peak monsoon season,
water streaming off the edge of a massive cliffside does not
plunge downward; instead, it is violently blown upward and
backward over the plateau, defying gravity in appearance.

When the Southwest Monsoon winds sweep across the flat
Konkan plains, they strike the sheer, horseshoe-shaped
vertical rock wall of the Ghats. Because the air mass has
nowhere else to go, it compresses and accelerates violently
upward, creating a massive updraft exceeding 20 to 30 meters
per second (over 70 km/h).

The moment rainwater spills over the lip of the cliff, the
upward force of the wind exerts an aerodynamic drag
significantly greater than the downward force of gravitational
acceleration (9.8 m/s?). This force shatters the falling stream
into millions of tiny water droplets (atomization) and carries
them directly up into the air, blowing the water back onto the
plateau as a heavy, vertical mist.

What Do Locals Say?

The Belief: In the Western Ghats of India and other
mountainous regions, waterfalls that appear to flow upward
due to heavy winds are frequently tied to local mythology.
They were historically seen as defiances of natural law
orchestrated by deities or forest spirits. Local lore often
depicted these sites as places where the laws of the physical
world were inverted by divine intervention or ancient hermits
performing intense meditation (tapasya).

Reference:https://timesofindia.indiatimes.com/travel/destinat
ions/believe-it-or-not-there-is-areverse-waterfall-at-
naneghat-near-mumbai/articleshow/65811031.cms

10) Floating Islands (Manipur, India)

The Floating Islands- locally known as Phumdis- of Loktak
Lake in Manipur, India, form the structural basis of the Keibul
Lamjao National Park, which is the world’s only floating
national park. Unlike typical islands made of rock or sand,
Phumdis are thick, floating mats of heterogeneous
biopolymers consisting of dense root networks, soil, silt, and
dead organic plant detritus (peat) held together by trapped
buoyant gases like methane and carbon dioxide.

Phumdis rely on a seasonal cyclical life cycle: during the dry
season, water levels drop, causing the heavy mats to sink and
touch the lake bed, where their roots absorb vital nutrients
from the sediment. In the monsoon season, they float upward

once again. However, the construction of the Ithai Barrage
downstream in 1983 has maintained an artificially high water
level year-round, preventing them from sinking and causing
them to thin out and disintegrate. This floating ecosystem
serves as the last remaining natural habitat for the endangered
Sangai Deer (Rucervus eldii eldii), which has evolved unique,
splayed hooves to navigate the springy, shaking surface
without sinking.

What Do Locals Say?

The Belief: At Loktak Lake in Manipur, India, the floating
islands (phumdis) are deeply woven into Meitei mythology.
The lake is considered the mirror of the universe and the
abode of the goddess Loktak Lairembi. Local fishermen
believed the shifting, floating landmasses were sacred
platforms directed by the water deities, moving dynamically
across the lake to protect the area's rich biodiversity and
spiritual sanctity.

Reference: https://en.wikipedia.org/wiki/Loktak Lake
6. Conclusion

The remarkable natural phenomena discussed in this
manuscript demonstrate that extraordinary environmental
events arise from understandable geological, physical,
chemical, and biological processes. These natural systems
provide valuable opportunities for scientific education,
interdisciplinary research, and environmental conservation.
Continued investigation and preservation of these unique
locations will improve our understanding of Earth's dynamic
processes while promoting public appreciation of the
complexity and resilience of natural ecosystems.
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