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Water That Now Covers the Earth originate? This question has fascinated scientists and
enthusiasts alike for centuries. Understanding the origins of Earth's water is crucial because it plays
a vital role in sustaining life, shaping the planet's geology, and influencing its atmosphere. In this
comprehensive guide, we will explore the insights shared by Dr. Durda, a renowned planetary
scientist, as well as examine the scientific theories and evidence regarding the source of Earth's
water. Whether you're a student, educator, or curious reader, this article aims to deepen your
understanding of one of Earth's most intriguing mysteries through an engaging and detailed
analysis.

Introduction to Earth's Water Origins
The presence of vast oceans covering over 70% of Earth's surface is one of the planet's most
defining features. Yet, the question of where this water came from remains a complex and debated
topic among geologists and astronomers. Theories suggest that Earth's water may have been
delivered from external sources, formed internally, or a combination of both.

Overview of the Video: "How The Earth Was Made"
The documentary series "How The Earth Was Made" provides insights into Earth's geological
history, including the origins of its water. Episode 1, featuring Dr. Durda, emphasizes scientific
hypotheses and evidence related to the source of Earth's water. Watching this episode reveals the
intersection of planetary science, geology, and astrophysics, offering viewers a comprehensive
understanding of Earth's formative years.

Dr. Durda’s Perspective on the Origin of Earth's Water
In the episode, Dr. Durda discusses the current scientific consensus and ongoing debates about the
source of Earth's water. His insights are grounded in recent research, lunar and asteroid sample
analyses, and models of planetary formation.

Key Points from Dr. Durda’s Explanation
- External Delivery via Asteroids and Comets: Dr. Durda emphasizes that a significant portion of
Earth's water was likely delivered by celestial bodies such as asteroids and comets during the
planet's early formation.
- Internal Formation Theories: He also discusses the possibility that some water was incorporated
into Earth from the original solar nebula, the cloud of gas and dust from which the solar system
formed.



- Timing and Quantity: The timing of water delivery and the amount of water delivered are critical
factors. Evidence suggests that water arrived after Earth's initial formation, during a period known
as the "Late Heavy Bombardment."
- Implications for Life: The presence of water was essential for the development of life, making
understanding its origin vital for astrobiology.

Scientific Theories on the Origin of Earth's Water
Several hypotheses attempt to explain how Earth acquired its vast water reserves. These theories
are supported by geological evidence, laboratory experiments, and space missions.

1. The Primordial Accretion Theory
This theory proposes that water was present in the material that coalesced to form Earth. During the
planet's formation from the solar nebula, water molecules and other volatiles were incorporated into
the planet's interior.

- Supporting Evidence: Isotopic analysis of Earth's water shows similarities with water found in
certain meteorites, indicating a common source.
- Limitations: Some scientists argue that the amount of water available in the primordial material
may not fully account for Earth's current oceans.

2. The Late Heavy Bombardment and External Delivery
According to this hypothesis, Earth's water was primarily delivered after its initial formation, during
a period known as the Late Heavy Bombardment (~4.1 to 3.8 billion years ago).

- Role of Asteroids and Comets: These celestial bodies, rich in water ice, collided with Earth,
depositing water into its surface.
- Evidence: Analysis of carbonaceous chondrite meteorites and lunar samples supports the idea that
water-rich bodies contributed significantly.

3. Cometary Contribution
Comets, composed largely of ice and dust, have long been suspected as potential water carriers.

- Supporting Data: Early models suggested a high comet impact rate; however, isotopic differences
between comet water and Earth's water challenge this theory's dominance.
- Current Consensus: While comets may have contributed, they are not considered the primary
source compared to asteroids.

4. Internal Outgassing
Some scientists believe that water was trapped within Earth's mantle and was released through
volcanic activity over geological timescales.



- Mechanism: As Earth cooled, water and other volatiles were released through volcanic eruptions,
forming oceans.
- Evidence: Geochemical signatures support the presence of water in Earth's interior.

The Role of Space Missions and Geological Evidence
Advances in space exploration have provided critical data to test these theories.

Space Missions
- Missions like NASA’s OSIRIS-REx and Japan’s Hayabusa2 have collected samples from asteroids,
revealing their water content and isotopic composition.
- Lunar missions have analyzed surface samples to understand the Moon’s water history, offering
clues about Earth's volatile delivery.

Geological and Isotopic Evidence
- Isotope ratios of hydrogen (deuterium to hydrogen) in Earth's water compared to extraterrestrial
sources help trace origin.
- The similarity of Earth's water isotopic signature with certain meteorites supports the external
delivery hypothesis.

Implications of Water’s Origin for Earth's Evolution
Understanding where Earth's water came from informs us about planetary formation, habitability,
and the potential for life elsewhere.

Influence on Earth's Geological Processes
- Water affects mantle convection, plate tectonics, and volcanic activity.
- It plays a role in shaping Earth's crust and atmosphere over billions of years.

Significance for Extraterrestrial Life
- Knowing the sources and timing of water delivery helps scientists identify other planets and moons
that might harbor life.
- It raises questions about the universality of water-rich environments in the cosmos.

Conclusion: The Ongoing Quest to Unravel Earth's
Water Mystery
While significant progress has been made in understanding how Earth acquired its water, the debate
continues. Dr. Durda highlights that the most widely accepted view combines multiple sources:



initial incorporation during planetary formation, supplemented by delivery from celestial bodies
during the planet's early history. As space missions and analytical techniques advance, our
understanding will only deepen, bringing us closer to fully answering the timeless question: where
did the water that now covers Earth originate?

Further Resources and Viewing Tips
- To enhance your understanding, consider watching the full episode of "How The Earth Was Made"
featuring Dr. Durda.
- Supplement your viewing with current scientific articles on planetary volatiles and space missions
exploring asteroid composition.
- Engage with interactive models of planetary formation to visualize how water could have been
incorporated into Earth over billions of years.

In summary, the story of Earth's water is a fascinating blend of cosmic delivery and internal
processes. The insights shared by experts like Dr. Durda serve as a valuable guide through this
complex scientific narrative, illuminating the origins of the life-sustaining water that covers our
planet.

Frequently Asked Questions

According to Dr. Durda, where did the water that now covers
the Earth originate?
Dr. Durda explains that the water likely came from icy comets and asteroids that collided with the
Earth during its early formation.

What evidence supports the idea that Earth's water was
delivered by celestial objects?
The presence of water molecules in comets and asteroids, along with isotopic similarities between
these bodies and Earth's water, support this theory.

How did Earth's early conditions contribute to the retention of
water?
Early Earth's gravity and atmospheric conditions allowed it to retain the water delivered by celestial
impacts, leading to the formation of oceans.

What role did volcanic activity play in Earth's water history
according to Dr. Durda?
Volcanic activity released water vapor from Earth's interior, which then condensed to form surface
water, complementing the water delivered externally.



Are there other theories about how Earth's water arrived
besides extraterrestrial sources?
Yes, some scientists propose that water was originally trapped within Earth's minerals and was
released through geological processes over time.

How does the timing of water delivery relate to Earth's
formation?
Dr. Durda indicates that water delivery occurred relatively early, during the planet's heavy
bombardment phase, which shaped Earth's initial oceans.

What impact did the delivery of water have on Earth's
development as a planet?
The arrival of water was crucial for supporting life and helped shape Earth's surface through
erosion, weathering, and ocean formation.

What scientific methods are used to study the origins of
Earth's water?
Researchers analyze isotope ratios in water samples, study ancient minerals, and compare meteorite
compositions to understand the water's origins.

Did Earth's water come from a single source or multiple
sources?
Current evidence suggests that Earth's water likely came from multiple sources, including both
extraterrestrial delivery and internal geological processes.

How does understanding the origin of Earth's water help us in
planetary science?
It provides insights into planetary formation, the potential for life on other planets, and the history of
our planet's habitability.

Additional Resources
How The Earth Was Made: Video Viewing Guide 1) According To Dr. Durda, Where Did The Water
That Now Covers

Understanding the origins of Earth's vast oceans is one of the most fascinating and complex topics in
planetary science. In the documentary series How The Earth Was Made, various experts, including
Dr. Durda, delve into the scientific theories and evidence surrounding the formation of Earth's
water. This guide aims to provide a comprehensive overview of Dr. Durda’s insights, exploring the



sources, processes, and implications of Earth's water origin in detail.

---

Introduction: The Significance of Earth's Water

Water is fundamental to life as we know it. Covering approximately 71% of Earth's surface, the
presence of vast oceans has shaped the planet’s climate, geology, and biosphere. Yet, where this
water originated remains a subject of scientific debate. The question, "Where did the water that now
covers Earth come from?" is central to understanding Earth's formation and its capacity to support
life.

---

Dr. Durda's Perspective on the Origin of Earth's Water

Dr. Durda, a planetary scientist and expert in asteroid and comet impacts, offers a nuanced
explanation rooted in the planetary formation process, solar system dynamics, and geochemical
evidence. His insights highlight that Earth's water likely has multiple sources, primarily involving:

- Accretion of water-rich materials during Earth's formation
- Delivery of water via celestial bodies post-formation
- Internal processes that may have contributed or retained water

His analysis synthesizes data from meteorite studies, astronomical observations, and geological
evidence to construct a comprehensive picture.

---

1. The Early Solar System Environment and Earth's Formation

To understand where Earth's water came from, one must first consider the environment in which
Earth formed.

- Protoplanetary Disk Composition:
During the early stages of the solar system, a dense disk of gas, dust, and ice surrounded the
nascent Sun. This protoplanetary disk contained volatile compounds, including water, trapped within
icy planetesimals.

- Terrestrial Planet Formation:
Earth formed through accretion—colliding and merging of smaller bodies called planetesimals.
These objects varied in composition, with some originating from regions rich in water and volatiles.

- Temperature Gradient:
The inner solar system was extremely hot, especially close to the Sun, making it challenging for



water to condense or survive in solid form. This raises the question—how did water end up there?

---

2. The Main Theories of Water Delivery

Dr. Durda discusses two primary hypotheses regarding the origin of Earth's water:

A. In-Situ Accretion of Water-Rich Material
This theory posits that some water was incorporated into Earth during its initial formation.

- Outer Solar System Material Influx:
Water-rich planetesimals from beyond the "frost line" (the distance from the Sun where volatiles
could condense into ice) migrated inward and contributed to Earth's building blocks.

- Evidence from Meteorites:
Carbonaceous chondrites, a type of meteorite, contain significant amounts of water and organic
compounds, indicating that water was present in some building materials.

- Implication:
If Earth accreted from a mix of dry and water-rich planetesimals, then some initial water was
incorporated during formation, albeit likely in limited quantities due to the high temperatures.

B. Delivery via Comets and Asteroids After Formation
Another significant source involves celestial bodies that collided with Earth after its initial
formation.

- Role of Comets:
Comets, composed largely of ice, are considered potential "delivery vehicles" of water. Their high
water content makes them prime candidates.

- Role of Water-Rich Asteroids:
Certain types of asteroids, especially carbonaceous chondrites, carry significant water and organic
materials.

- Timing and Impact Evidence:
The Late Heavy Bombardment (~4 billion years ago) was a period marked by frequent impacts,
possibly delivering substantial amounts of water.

- Isotopic Signatures:
The deuterium-to-hydrogen (D/H) ratio in Earth's water provides clues. Earth's water has a D/H ratio
similar to some carbonaceous chondrites, supporting the asteroid delivery hypothesis more than
cometary sources.

---



3. Geochemical and Isotopic Evidence

Dr. Durda emphasizes that scientific evidence from geochemistry and isotopic analysis is crucial in
determining the origin of Earth's water.

- D/H Ratios in Earth's Water:
The ratio of deuterium (heavy hydrogen) to hydrogen in water molecules serves as a "fingerprint" for
water sources.

- Comparison with Meteorites and Comets:
- Earth's water D/H ratios closely match those in certain meteorites, especially carbonaceous
chondrites.
- Comets generally have higher D/H ratios, though some recent measurements suggest variability.

- Implication for Water Origin:
The similarity supports the idea that a significant portion of Earth's water was delivered by water-
rich asteroids rather than comets.

---

4. The Role of Earth's Interior and Retention of Water

Beyond the delivery, Dr. Durda discusses mechanisms that allowed Earth to retain and possibly
generate water internally.

- Volcanic Outgassing:
During Earth's differentiation and magma ocean stages, volcanic activity released water vapor from
the interior, contributing to the formation of oceans.

- Earth's Gravity and Atmosphere:
Earth's substantial gravity helped retain volatiles, preventing water from escaping into space.

- Loss or Gain of Water Over Time:
Factors such as solar wind and magnetic field evolution influenced water retention, especially in
Earth's early history.

---

Implications of Dr. Durda’s Findings

Understanding where Earth's water originated influences multiple scientific fields:

- Planetary Formation Models:
The evidence supports models where water was primarily delivered by asteroids, refining our
understanding of planetary accretion processes.



- Astrobiology and Habitability:
Recognizing the sources and timing of water delivery helps assess the potential for life on other
planets.

- Exoplanet Studies:
Insights from Earth's water origins inform the search for habitable exoplanets, especially concerning
the likelihood of water delivery in other planetary systems.

---

Conclusion: The Multifaceted Origin of Earth's Water

Dr. Durda’s explanation underscores that Earth's water is not derived from a single source but
rather a combination of processes:

- Incorporation of water-rich material during planet formation, especially from the outer solar
system.
- Post-formation delivery via asteroids and comets, with isotopic evidence favoring asteroidal
sources.
- Internal processes like volcanic outgassing that helped retain and possibly augment Earth's water
supply.

This complex interplay of initial accretion, celestial delivery, and geochemical processes shaped the
vast oceans that cover our planet today. Understanding this history not only satisfies scientific
curiosity but also enhances our appreciation of Earth's uniqueness and its capacity to harbor life.

---

In sum, according to Dr. Durda, the water that now covers Earth was primarily delivered by water-
rich asteroids after the planet's initial formation, with some contribution from the accretion of icy
planetesimals during Earth's early stages. The isotopic evidence, along with geological data,
supports this multifaceted origin, highlighting the dynamic and interwoven story of Earth's watery
past.
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