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Delve into the profound journey of life on Earth, exploring its mysterious origins and fundamental
nature. This comprehensive overview also examines the significant concept of the fourth geosphere,
considering its emergence and impact on our planet's complex systems.
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The Origin and Nature of Life on Earth

Uniting the conceptual foundations of the physical sciences and biology, this groundbreaking multidis-
ciplinary book explores the origin of life as a planetary process. Combining geology, geochemistry,
biochemistry, microbiology, evolution and statistical physics to create an inclusive picture of the living
state, the authors develop the argument that the emergence of life was a necessary cascade of
non-equilibrium phase transitions that opened new channels for chemical energy flow on Earth. This
full colour and logically structured book introduces the main areas of significance and provides a
well-ordered and accessible introduction to multiple literatures outside the confines of disciplinary
specializations, as well as including an extensive bibliography to provide context and further reading.
For researchers, professionals entering the field or specialists looking for a coherent overview, this
text brings together diverse perspectives to form a unified picture of the origin of life and the ongoing
organization of the biosphere.

The Origin and Nature of Life on Earth

Uniting the foundations of physics and biology, this groundbreaking multidisciplinary and integrative
book explores life as a planetary process.

The Emergence of Life

The origin of life from inanimate matter has been the focus of much research for decades, both
experimentally and philosophically. Luisi takes the reader through the consecutive stages from prebiotic
chemistry to synthetic biology, uniquely combining both approaches. This book presents a systematic
course discussing the successive stages of self-organisation, emergence, self-replication, autopoiesis,
synthetic compartments and construction of cellular models, in order to demonstrate the spontaneous
increase in complexity from inanimate matter to the first cellular life forms. A chapter is dedicated to
each of these steps, using a number of synthetic and biological examples. With end-of-chapter review
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guestions to aid reader comprehension, this book will appeal to graduate students and academics
researching the origin of life and related areas such as evolutionary biology, biochemistry, molecular
biology, biophysics and natural sciences.

Blueprint for a Cell

In narrative form the author, winner of the Nobel Prize, delineates the blueprint of life - the pattern of
chemical events on which all life depends - and demonstrates unity in the diversity of life on earth.

The Molecular Origins of Life

This 199 book reviews discoveries in astronomy, paleontology, biology and chemistry to help us to
understand the likely origin of life on Earth.

Assembling Life

In Assembling Life, David Deamer addresses questions that are the cutting edge of research on the
origin of life. For instance, how did non-living organic compounds assemble into the first forms of
primitive cellular life? What was the source of those compounds and the energy that produced the first
nucleic acids? Did life begin in the ocean or in fresh water on terrestrial land masses? Could life have
begun on Mars? The book provides an overview of conditions on the early Earth four billion years ago
and explains why fresh water hot springs are a plausible alternative to salty seawater as a site where
life can begin. Deamer describes his studies of organic compounds that were likely to be available

in the prebiotic environment and the volcanic conditions that can drive chemical evolution toward the
origin of life. The book is not exclusively Earth-centric, but instead considers whether life could begin
elsewhere in our solar system. Deamer does not propose how life did begin, because we can never
know that with certainty. Instead, his goal is to understand how life can begin on any habitable planet,
with Earth so far being the only known example.

Spontaneous Order and the Origin of Life

"This is a serious, excellent piece of science writing ... Bratman's prose captures the core idea and
gives a faithful rendering for a non-specialist audience" - Eric Smith, PhD. Coauthor of The Origin and
Nature of Life: The Emergence of the Fourth Geosphere. Metabolism-First is a theory that claims life
arose out of energy-driven organic chemistry in ancient hydrothermal vents. From this perspective,
life is not a lucky accident but a logical consequence of early Earth conditions. Like many other
processes driven by a flow of energy, the origin of life exemplifies the phenomena of spontaneous
order. Metabolism-First views the biosphere as a feature of Earth as a whole, a companion to the
hydrosphere, lithosphere and atmosphere. Just as ordinary phase transitions change the properties
of a liquid or gas, the biosphere can be viewed as emerging through a series of phase transitions
operating on chemical reaction networks. A key concept of the theory is autocatalysis, the property of
some chemicals to amplify their own rate of formation. Autocatalysis plays the same role in "chemical
evolution" as Darwinian selection does in the standard theory of evolution. Additional key concepts
include phase transformations, modularity and dissipative adaptation. The text includes a glossary and
an annotated bibliography.

Origin of Life

"I'll begin with a challenging question: Why should anyone want to know about the origin of life? The
answers will vary from one person to the next, but the simplest answer is curiosity. Anyone reading this
introduction is curious because they wonder how life could have begun on the Earth, but there is more
to it than that. My friend Stuart Kauffman wrote a book with the title At Home in the Universe. The title
refers to a deep sense of satisfaction that comes when we begin to understand how our lives on Earth
are connected to the rest of the universe. There are surprises and revelations as we discover those
connections"--

An Astrobiology Strategy for the Search for Life in the Universe

Astrobiology is the study of the origin, evolution, distribution, and future of life in the universe. It is

an inherently interdisciplinary field that encompasses astronomy, biology, geology, heliophysics, and
planetary science, including complementary laboratory activities and field studies conducted in a wide
range of terrestrial environments. Combining inherent scientific interest and public appeal, the search



for life in the solar system and beyond provides a scientific rationale for many current and future
activities carried out by the National Aeronautics and Science Administration (NASA) and other national
and international agencies and organizations. Requested by NASA, this study offers a science strategy
for astrobiology that outlines key scientific questions, identifies the most promising research in the field,
and indicates the extent to which the mission priorities in existing decadal surveys address the search
for life's origin, evolution, distribution, and future in the universe. This report makes recommendations
for advancing the research, obtaining the measurements, and realizing NASA's goal to search for signs
of life in the universe.

Singularities

Publisher Description

Maps of Time

Presents a new perspective for looking at history from the origins of the universe to present day.

The Vital Question

Why is life the way it is? Bacteria evolved into complex life just once in four billion years of life on
earth-and all complex life shares many strange properties, from sex to ageing and death. If life evolved
on other planets, would it be the same or completely different? In The Vital Question, Nick Lane radically
reframes evolutionary history, putting forward a cogent solution to conundrums that have troubled
scientists for decades. The answer, he argues, lies in energy: how all life on Earth lives off a voltage with
the strength of a bolt of lightning. In unravelling these scientific enigmas, making sense of life's quirks,
Lane's explanation provides a solution to life's vital questions: why are we as we are, and why are we
here at all? This is ground-breaking science in an accessible form, in the tradition of Charles Darwin's
The Origin of Species, Richard Dawkins' The Selfish Gene, and Jared Diamond's Guns, Germs and
Steel.

The Demon in the Machine

Physics World Book of the Year A Financial Times, Sunday Times, and Telegraph Best Science Book
of the Year What is life? For generations, scientists have struggled to make sense of this fundamental
guestion, for life really does look like magic: even a humble bacterium accomplishes things so
dazzling that no human engineer can match it. Huge advances in molecular biology over the past
few decades have served only to deepen the mystery. In this penetrating and wide-ranging book,
world-renowned physicist and science communicator Paul Davies searches for answers in a field so
new and fast-moving that it lacks a name; it is a domain where biology, computing, logic, chemistry,
guantum physics, and nanotechnology intersect. At the heart of these diverse fields, Davies explains,
is the concept of information: a quantity which has the power to unify biology with physics, transform
technology and medicine, and force us to fundamentally reconsider what it means to be alive—even
illuminating the age-old question of whether we are alone in the universe. From life’'s murky origins

to the microscopic engines that run the cells of our bodies, The Demon in the Machine journeys
across an astounding landscape of cutting-edge science. Weaving together cancer and consciousness,
two-headed worms and bird navigation, Davies reveals how biological organisms garner and process
information to conjure order out of chaos, opening a window onto the secret of life itself.

Dark Matter and Dark Energy

‘Clear and compact ... It's hard to fault as a brief, easily digestible introduction to some of the biggest
guestions in the Universe' Giles Sparrow, BBC Four's The Sky at Night , Best astronomy and space
books of 2019: 5/5 All the matter and light we can see in the universe makes up a trivial 5 per cent

of everything. The rest is hidden. This could be the biggest puzzle that science has ever faced. Since
the 1970s, astronomers have been aware that galaxies have far too little matter in them to account for
the way they spin around: they should fly apart, but something concealed holds them together. That
'something' is dark matter - invisible material in five times the quantity of the familiar stuff of stars and
planets. By the 1990s we also knew that the expansion of the universe was accelerating. Something,
named dark energy, is pushing it to expand faster and faster. Across the universe, this requires enough
energy that the equivalent mass would be nearly fourteen times greater than all the visible material in



existence. Brian Clegg explains this major conundrum in modern science and looks at how scientists
are beginning to find solutions to it.

Gaia

Gaia, in which James Lovelock puts forward his inspirational and controversial idea that the Earth
functions as a single organism, with life influencing planetary processes to form a self-regulating system
aiding its own survival, is now a classic work that continues to provoke heated scientific debate.

Social Sustainability, Past and Future

A novel, integrated approach to understanding long-term human history, viewing it as the long-term
evolution of human information-processing. This title is also available as Open Access.

Origins of Life

The Earth has reached a tipping point and we are entering an era of unprecedented turbulence

in humanity's relationship within the web of life. But just what is that relationship, and how do we
make sense of this extraordinary transition? Anthropocene or Capitalocene? offers answers to these
guestions. The contributors to this book diagnose the problems of Anthropocene thinking and propose
an alternative: the global crises of the 21st century are rooted in the Capitalocene; not the Age of Man
but the Age of Capital.

Anthropocene Or Capitalocene?

Fifty years have passed since the first Earth Day, on 22 April 1970. This accessible, incisive and
timely collection of essays brings together a diverse set of expert voices to examine how the Earth’s
environment has changed over this past half century, and what lies in store for our planet over the
coming fifty years. Earth 2020: An Insider’s Guide to a Rapidly Changing Planet responds to a public
increasingly concerned about the deterioration of Earth’s natural systems, offering readers a wealth
of perspectives on our shared ecological past, and on the future trajectory of planet Earth. Written

by world-leading thinkers on the front-lines of global change research and policy, this multi-disciplinary
collection maintains a dual focus: some essays investigate specific facets of the physical Earth system,
while others explore the social, legal and political dimensions shaping the human environmental
footprint. In doing so, the essays collectively highlight the urgent need for collaboration across diverse
domains of expertise in addressing one of the most significant challenges facing us today. Earth 2020
is essential reading for everyone seeking a deeper understanding of the past, present and future of
our planet, and the role of humanity in shaping this trajectory.

Earth 2020: An Insider’'s Guide to a Rapidly Changing Planet

Is it time to embrace the so-called “Anthropocene”—the age of human dominion—and to abandon
tried-and-true conservation tools such as parks and wilderness areas? Is the future of Earth to be
fully domesticated, an engineered global garden managed by technocrats to serve humanity? The
schism between advocates of rewilding and those who accept and even celebrate a “post-wild” world
is arguably the hottest intellectual battle in contemporary conservation. In Keeping the Wild, a group of
prominent scientists, writers, and conservation activists responds to the Anthropocene-boosters who
claim that wild nature is no more (or in any case not much worth caring about), that human-caused
extinction is acceptable, and that “novel ecosystems” are an adequate replacement for natural land-
scapes. With rhetorical fists swinging, the book’s contributors argue that these “new environmentalists”
embody the hubris of the managerial mindset and offer a conservation strategy that will fail to protect life
in all its buzzing, blossoming diversity. With essays from Eileen Crist, David Ehrenfeld, Dave Foreman,
Lisi Krall, Harvey Locke, Curt Meine, Kathleen Dean Moore, Michael Soulé, Terry Tempest Williams and
other leading thinkers, Keeping the Wild provides an introduction to this important debate, a critique
of the Anthropocene boosters’ attack on traditional conservation, and unapologetic advocacy for wild
nature.

Keeping the Wild

Science, engineering, and technology permeate nearly every facet of modern life and hold the key to
solving many of humanity's most pressing current and future challenges. The United States' position
in the global economy is declining, in part because U.S. workers lack fundamental knowledge in these



fields. To address the critical issues of U.S. competitiveness and to better prepare the workforce, A
Framework for K-12 Science Education proposes a new approach to K-12 science education that will
capture students' interest and provide them with the necessary foundational knowledge in the field. A
Framework for K-12 Science Education outlines a broad set of expectations for students in science
and engineering in grades K-12. These expectations will inform the development of new standards
for K-12 science education and, subsequently, revisions to curriculum, instruction, assessment, and
professional development for educators. This book identifies three dimensions that convey the core
ideas and practices around which science and engineering education in these grades should be
built. These three dimensions are: crosscutting concepts that unify the study of science through

their common application across science and engineering; scientific and engineering practices; and
disciplinary core ideas in the physical sciences, life sciences, and earth and space sciences and for
engineering, technology, and the applications of science. The overarching goal is for all high school
graduates to have sufficient knowledge of science and engineering to engage in public discussions
on science-related issues, be careful consumers of scientific and technical information, and enter the
careers of their choice. A Framework for K-12 Science Education is the first step in a process that can
inform state-level decisions and achieve a research-grounded basis for improving science instruction
and learning across the country. The book will guide standards developers, teachers, curriculum
designers, assessment developers, state and district science administrators, and educators who teach
science in informal environments.

A Framework for K-12 Science Education

Scientist Robert Hazen attempts to offer a scientific explanation of how life on Earth began nearly four
billion years ago, describing the sequence of events that caused non-living chemicals to become alive
and create life.

Genesis

In recent years, an ever-increasing amount of research has been conducted on the physico-chemical
basis of the origin and evolution of life, or protobiology. Many questions are raised in this endeavor:
What research methodology should be employed? What sort of dependable facts are available as a
firm frame of reference upon which the physico-chemical origin of life or protolife could be examined?
Is the origin due exclusively to chance events? If not, what is then responsible for the origin? What
physical reality underlies the evolutionarily selective process leading to the origin? What role does
variation assume and how is it generated in the course of evolution? Many research workers have
pursued various avenues toward answering the stated questions. Among them, we believe Sidney

W. Fox has been playing a very unique and pivotal role over the past quarter of a century, presiding
over 240 man-years or more of labo ratory work. His laboratory syntheses of thermal proteins called
proteinoids and proteinoid micro spheres have emphasized the prin ciple of the self-sequencing of
amino acids as a key concept of protobiological synthesis. The significance of his contribution is seen
in presenting the experimental evidence that the origin of life is largely due to nonrandom events. This
discovery marks a new epoch in the conceptual development of studying the origin of life by focusing
on the molecular processes that underlied the emergence and evolution of protobiological information.

Molecular Evolution and Protobiology

The Reader is the first comprehensive history of the noosphere and biosphere. Drawing on classical
influences, modern parallels, and insights into the future, the Reader traces the emergence of noos-
phere and biosphere concepts within the concept of environmental change. Reproducing material from
seminla works, both past and present, key ideas and writings of prominent thinkers are presented,
including Bergson, Vernadsky, Lovelock, Russell, Needham, Huxley, Medawar, Toynbee and Boulding,
and extensive introductory pieces bu the editors drawattention to common themes and competing
ideas. Focussing on issues of origins, theories, parallels and potential, the discussions place issues in a
broad context, compare and contrast central concepts with those of the Gaia hypothesis, sustainability
and global change, and examine the potential application of noospheric ideas to current debates about
culture, education and technology in such realms as the Internet, space exploration, and the emergence
of super-consciousness. Literally the “sphere of mind or intellect’, the noosphere is aprt of the “realm of
the possible' in human affairs, where there is a conscious effort to tackle global issues The noosphere
concept captures a number of key contemporary issues - social evolution, global ecology, Gaia, deep



ecology and global environmental change - contributing to ongoing debates concerning the implications
of emerging technologies.

The Biosphere and Noosphere Reader

Examining the construction, manipulation and re-definition of life in contemporary technoscientific
culture, this book aims to re-focus concern on the ethics rather than on the 'nature’ of artificial life.

Cyberfeminism and Artificial Life

This book presents programmatic texts on biosemiotics, written collectively by world leading scholars
in the field (Deacon, Emmeche, Favareau, Hoffmeyer, Kull, Markos, Pattee, Stjernfelt). In addition, the
book includes chapters which focus closely on semiotic case studies (Bruni, Kotov, Maran, Neuman,
Turovski). According to the central thesis of biosemiotics, sign processes characterise all living systems
and the very nature of life, and their diverse phenomena can be best explained via the dynamics and
typology of sign relations. The authors are therefore presenting a deeper view on biological evolution,
intentionality of organisms, the role of communication in the living world and the nature of sign systems
- all topics which are described in this volume. This has important consequences on the methodology
and epistemology of biology and study of life phenomena in general, which the authors aim to help the
reader better understand.

Towards a Semiotic Biology

This edition of Science and Creationism summarizes key aspects of several of the most important lines
of evidence supporting evolution. It describes some of the positions taken by advocates of creation
science and presents an analysis of these claims. This document lays out for a broader audience the
case against presenting religious concepts in science classes. The document covers the origin of the
universe, Earth, and life; evidence supporting biological evolution; and human evolution. (Contains 31
references.) (CCM)

Science and Creationism

The aim of this first book is to introduce the readers of the series to why Cuatro Ciénegas Basin (CCB)
is so unique, starting with the reason why astrobiologists became interested in this oasis in the first
place; namely, the high diversity and abundance of stromatolites and microbial mats in continental
waters to be found in the desert oasis. As NASA has long since discovered, the basin may offer the
best analog of early Earth. In essence, CCB is a time machine that can take us far back and forth in
time. In the respective chapters, the contributing authors explain the extraordinary microbial diversity of
Cuatro Ciénegas Basin from various perspectives. In order to do so, they explain their journey as well
as the different tools used to unravel the basin’s mysteries, such as: Why are there so many species
in a place without food? How has life there survived the enormity of tectonic shifts through the ages,
maintaining its ancient marine heritage?

Cuatro Ciénegas Ecology, Natural History and Microbiology

"Vladimir Vernadsky was a brilliant and prescient scholar-a true scientific visionary who saw the deep
connections between life on Earth and the rest of the planet and understood the profound implications
for life as a cosmic phenomenon." -DAVID H. GRINSPOON, AUTHOR OF VENUS REVEALED "The
Biosphere should be required reading for all entry level students in earth and planetary sciences."”
-ERIC D. SCHNEIDER, AUTHOR OF INTO THE COOL: THE NEW THERMODYNAMICS OF CRE-
ATIVE DESTRUCTION

The Biosphere

Reviews the evidence underpinning the Anthropocene as a geological epoch written by the Anthro-
pocene Working Group investigating it. The book discusses ongoing changes to the Earth system within
the context of deep geological time, allowing a comparison between the global transition taking place
today with major transitions in Earth history.

The Anthropocene as a Geological Time Unit



'Mind-inflating' Wired 'A grand vision of the marvels we've discovered, and the immensity of what we
still don't understand' Sunday Times What if the ancient Greeks were right, and the universe really did
spring into being out of chaos and the void? How could we know? And what must its first moments have
been like? To answer these questions, scientists are delving into all the hidden crevices of creation.
Armed with giant telescopes and powerful particle accelerators, they probe the subtle mechanisms by
which our familiar world came to be, and try to foretell the manner in which it will end. The result of all
this collective effort is a complex tale, stranger at times than even our most ancient creation myths. Yet
its building blocks give us the power to work marvels our predecessors could scarcely comprehend.
In Genesis, the CERN physicist and bestselling author Guido Tonelli does poetic justice to that great
story, the accomplishment of countless minds working together across the ages.

Genesis

"Essential reading for people in disciplines ranging from philosophy to biology. It is simply the best
general book that | know on the question of the origin of life." --Michael Ruse, author of Mystery of
Mysteries: Is Evolution a Social Construction? "Fry has fashioned a masterful account of the history,
philosophy, and science of the origin of life and the possibility of extraterrestrial life. Her story weaves
profound Western ideas of who we are and where we came from, from Aristotle to Gould, from

Kant to NASA." --Woodruff Sullivan, University of Washington "A rich source for the specialist and
thought-provoking reading for the lay person."” Gunter Wachtershauser, University of Regensburg,
Germany How did life emerge on Earth? Is there life on other worlds? These questions, until recently
confined to the pages of speculative essays and tabloid headlines, are now the subject of legitimate
scientific research. This book presents a unique perspective--a combined historical, scientific, and
philosophical anaylsis, which does justice to the complex nature of the subject. The book's first part
offers an overview of the main ideas on the origin of life as they developed from antiquity until the
twentieth century. The second, more detailed part of the book examines contemporary theories and
major debates within the origin-of-life scientific community. Topics inclue: - Aristotle and the Greek
atomists' conceptions of the organism - Alexander Oparin and J.B.S. Haldane's 1920s breakthrough
papers - Possible life on Mars?

The Emergence of Life on Earth

Explores the significance of the Anthropocene for environmental politics, analysing political concepts
in view of contemporary environmental challenges.

Anthropocene Encounters: New Directions in Green Political Thinking

Life is all around us, abundant and diverse, it is extraordinary. But what does it actually mean to be alive?
Nobel prize-winner Paul Nurse has spent his career revealing how living cells work. In this book, he
takes up the challenge of defining life in a way that every reader can understand. It is a shared journey
of discovery; step by step he illuminates five great ideas that underpin biology. He traces the roots

of his own curiosity and knowledge to reveal how science works, both now and in the past. Using his
personal experiences, in and out of the lab, he shares with us the challenges, the lucky breaks, and the
thrilling eureka moments of discovery.To survive the challenges that face the human race today - from
climate change, to pandemics, loss of biodiversity and food security - it is vital that we all understand
what life is.

What is Life?

This abundantly illustrated book provides a fundamental introduction to the ecological zones of the
geosphere. The revised edition includes more than 70 new figures and tables, plus detailed maps of
agricultural regions and soil classification. A large number of new Anglo-American ecological studies
are included, along with a discussion of the correlation between northern ecosystems and the carbon
dioxide balance in the global atmosphere.

The Ecozones of the World

The hominin fossil record documents a history of critical evolutionary events that have ultimately
shaped and defined what it means to be human, including the origins of bipedalism; the emergence
of our genus Homo; the first use of stone tools; increases in brain size; and the emergence of Homo
sapiens, tools, and culture. The Earth's geological record suggests that some evolutionary events were



coincident with substantial changes in African and Eurasian climate, raising the possibility that critical
junctures in human evolution and behavioral development may have been affected by the environmental
characteristics of the areas where hominins evolved. Understanding Climate's Change on Human
Evolution explores the opportunities of using scientific research to improve our understanding of how
climate may have helped shape our species. Improved climate records for specific regions will be
required before it is possible to evaluate how critical resources for hominins, especially water and
vegetation, would have been distributed on the landscape during key intervals of hominin history.
Existing records contain substantial temporal gaps. The book's initiatives are presented in two major
research themes: first, determining the impacts of climate change and climate variability on human
evolution and dispersal; and second, integrating climate modeling, environmental records, and biotic
responses. Understanding Climate's Change on Human Evolution suggests a new scientific program
for international climate and human evolution studies that involve an exploration initiative to locate new
fossil sites and to broaden the geographic and temporal sampling of the fossil and archeological record;
a comprehensive and integrative scientific drilling program in lakes, lake bed outcrops, and ocean
basins surrounding the regions where hominins evolved and a major investment in climate modeling
experiments for key time intervals and regions that are critical to understanding human evolution.

Understanding Climate's Influence on Human Evolution

Global Change and the Earth System describes what is known about the Earth system and the impact
of changes caused by humans. It considers the consequences of these changes with respect to the
stability of the Earth system and the well-being of humankind; as well as exploring future paths towards
Earth-system science in support of global sustainability. The results presented here are based on 10
years of research on global change by many of the world's most eminent scholars. This valuable volume
achieves a new level of integration and interdisciplinarity in treating global change.

Global Change and the Earth System

This book provides a comprehensive treatment of the chemical nature of the Earth’s early surface
environment and how that led to the origin of life. This includes a detailed discussion of the likely process
by which life emerged using as much quantitative information as possible. The emergence of life and the
prior surface conditions of the Earth have implications for the evolution of Earth’s surface environment
over the following 2-2.5 billion years. The last part of the book discusses how these changes took place
and the evidence from the geologic record that supports this particular version of early and evolving
conditions.

Earth's Early Atmosphere and Oceans, and The Origin of Life

A complete and in-depth review of exoplanet research, covering the discovery methods, physics and
theoretical background.

The Exoplanet Handbook

Presents an exploration of the origin of life, including when and where life began, how cells are built,
and evolution.

First Life
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