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    This is a very ambitious book. The author, Hubert Engelbrecht takes a holistic view on geology, minerals extraction, and the hugely interlinked webs of civilizational use of the resources. He looks into the processes and consequences of 250 years of industrialization for minerals, ecosystems and life. This concentrated synopsis, which attempts to consider all kinds of interactions between humans and nature, opens the eyes for the enormous sizes and momenta of transformations generated.




    The author chooses to introduce his subject by describing how natural cycles of matter and energy were modulated by geological and extra-terrestrial processes as well as by evolving life. He distinguishes two kinds of life, one evolving seemingly in a deterministic manner and generating the oxygenated atmosphere; and the other culminating, in a non-deterministic manner, in intelligent organisms capable of escaping from the constraints of photosynthetic energy: the miracle of the emergence of humankind creating innumerable artificial niches in the technosphere.




    After a short history of industrialization, the author brings the reader down to the basics: how core and lifeblood of industry work and how its output grew with time: mining, processing and further refinement of immense amounts of mineral commodities, used to meet the demands of 7.5 billion humans.




    But nothing came without side-effects. Extraction and processing of minerals and the industrial use of biological resources caused multiple and serious environmental impacts - e.g. atmospheric warming, acidification of oceans, eutrophication of lakes, pollution, deforestation, and an accelerated loss of biodiversity. In a subchapter on atmospheric turnovers, natural and artificial processes are compared.




    For a strategic approach to reduce unwanted damage, the author observes the gap between the amount of resources extracted and processed and the amounts safely discarded or recycled. It is the large number of open loops that impair our ecosystems and indeed our health.




    The author finishes with listing up decisive reasons, which caused the actual ecological crisis and mentions ideologies, economic systems as well as innate and learned behavior of humans. This book is recommended for reading for students and professionals of engineering, chiefly mining and civil engineering, of business economics, and indeed of political sciences and humanities.




    

      Ernst Ulrich von Weizsäcker


      Former Co-Chair of the International Resource Panel,


      Emmendingen,


      Germany
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    The purpose of this book is to make public discussions on the part of the extractive industries' play: they are primary economic drivers and carry a considerable part of responsibility to promote sustainable practices and environmental protection, as well as controlling speed and direction of the transformations. Their products are indispensable for the economy and they provide positive contributions - creation, knowledge, culture, and life, - but also risk, conflict, hazard and destruction. The current, irreversible transformations on planetary scale are part of the most complex, singular and enormous experiment ever conducted. This book offers a responsible, generalist view on rising global ecological problems caused by transformations resulting from long-term industrial extraction of mineral raw materials, their manifold utilizations, and rising number of individuals consuming them in ever increasing amounts. Climate change is only one problem among many that were caused by significant alterations of natural cycles, especially the carbon, nitrogen, and water cycles. Other problems, all characterized by violations of precaution, prudence, mindfulness and restraint, are unpredictable in the long-term. The unexpected side-effects, developmental speeds, trends, and extents of these problems are our moral responsibility to solve, though some may be irreversible. Many improvements were made during industrialization. But a grave cultural crisis arouse at the same time. Because it is unreasonable, insensitive, and at high risk, to cut and interfere on huge economic scale into a natural system: merely a few hundred years of techno-scientifical development cannot have resulted in sufficient knowledge of that system, which evolved and diversified infinitely in a time-abyss of ca. 4.5 Ga. Mankind overstrained itself by economizing the best from ingenious human brains (inventions, ideas) and from the earth (mineral commodities), resulting in incipient loss of control. It is unwise to damage ecosystems, which prospered on a planet orbiting in one of the very rare habitable zones in space. Engineering assessment and advice from the human and ecological disciplines should be better included, because the fire of Prometheus entailed the serious consequence of the opening of Pandora's Box. This study intends to connect, as postulated by physicist H.-P. Dürr, profound expert knowledge with the broad and deep ranges of environmental geology and ecology, which are constituents of the science of consumption, conversion, and transformation of nature by humans. This interdisciplinary approach, which attempts to fully describe the complex human transformation of nature, occurred mentally from outside: i.e. virtually from space onto the globe, in order to obtain a general view on all areas affected by industrial development and to realistically represent magnitude, speed and momentum of the resulting changes.




    

      Hubert Engelbrecht


      Environmental Geology,


      Munich,


      Germany
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    Immanuel Kant: Act only according to that maxim whereby you can at the same time will that it should become a universal law without contradiction.




    Fjodor Dostojewskij: Each one is responsible for all exclusively.




    Viktor Frankl: Being a human means self-knowledge and responsibility.




    Lao Te: You are responsible for Your concerns and for Your omissions.




    Arthur Schopenhauer: We are responsible-le for our actions and for all what we tolerate without contradiction.




    Leon Trotzkij: Responsibility originates by contradicting not punctually.




    White Rose: Each person is responsible for all what it tolerates.




    Albert Einstein: Problems never can be solved by persisting in the same mentality, which caused their origination.




    J. Robert Oppenheimer: We knew that the world would not be the same.




    Odo Marquard: It is a rational position to avoid the state of emergency.




    Friedrich Dürrenmatt: The world resembles a petrol station without ban on smoking.




    Philippus T. Paracelsus: Quantum facit velenum.




    Karl R. Popper: Our mental view on future time must be: we are now responsible for that, what will occur in future.




    Marquise de Pompadour: Aprés nous, le dèluge.




    Georg C. Lichtenberg: Living together is a combination of boundless unconcern and the same pharisaism.




    Demosthenes: Wells run dry, if too often and too much water is abstracted.




    Ernest H. Shackleton: Difficulties are just things to overcome after all.




    Rachel Carson: I am afraid it is true that, since to beginning of time, man has been a mostly untidy animal.




    Georgius Agricola: ...there is a greater detriment from mining than the values of the metals … produced.




    Albert Schweitzer: We have invented many things … we live in a frightening age.




    Grace M. Hopper: Humans are allergic to change.




    Heraclitus of Ephesus: No person steps into the same stream twice.




    Isaak Newton: Actio est reactio.




    Aristoteles: There are so many utility goods and luxury I don't need.




    Imre Kertész: Life is a piece of art: it must be carefully developed. ….getting completely absorbed into and assimilated by the system in order to lose personality and self.




    Francisco J. de Goya y Lucientes: Absence of common sense generates monsters.




    Friedrich Hölderlin: But where hazard threatens, rescue also grows.




    Elias Canetti: Organizations specialized in growth, multiplication and production are the most successful and most momentous structures ever created…; … excessive production began to suppress other sectors of life.




    Fritz Schumacher: Small is beautiful.




    Theodor W. Adorno: Industries' global interactions with humans are restricted to their properties as customer and employee.




    Bernd Guggenberger: The vanishing of reality.




    Eugene F. Kranz: Failure is not an option.




    Alexander Gerst: We have only one earth.




    Jane Goodall: Reasons for hope.




    Dedicated to PhysicistEgmont Rupprecht(20/01/1957-13/08/1982)
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    Ecosystem Transformations - Natural and Anthropogenic Forcings




    


    Hubert Engelbrecht


    




    

      Abstract




      The evolution of ecosystems and life embedded in the spheres of Earth, as well as the theoretical background - entropic dissipation of energy and matter causing rising complexity - is outlined. This is followed by a description of how natural - terrestrial and extra-terrestrial - forcings (e.g. discrete volcanic eruptions, large igneous provinces, silicate weathering, continental drift, albedo, bioevolution; Milankovitch cycles, solar irradiance, galactic tides, impactors, gamma ray bursts) changed the ecosystems in the geological past and how life adapted to and transformed these ecosystems. Examples for the latter case are the Precambrian Great Oxygenation Event, the colonization of continents by plants since the Silurian and the spread of mammals since the early Tertiary. Brain growth, the invention of tools, the controlled use of fire, cooking, and creative organization of niches enabled hominines to escape natural habitats to innumerable artificial habitats. The didactic value of fossilized remnants of geological climate indicators and of ecosystem changes (preserved in geotopes) is emphasized.
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    Since ca. 4.4 Ga, geological processes have resulted in diverse spheres [1] - e.g. the hydro- and lithospheres and separate spatialities like oceans and continents forming the earth's surface. Of these the oceans were probably the first colonized by life since ca. 4.1 Ga ago [2]. Whether the origin of life, in the form of the Last Common Universal Ancestral Cell from inorganic molecules, occurred by chemoevolution in Darwin's warm little pond; in fissure brines present in the deep subsurface; in a hot “primordial soup” (Oparin); or in a gas mixture (Miller & Urey) stimulated by intense UV-radiation from the young sun, by electric energy from lightning, or by redox-reactions on the surfaces of Fe- and Zn-sulphides transferring energy to synthesize organic molecules in hot aquatic environment; or whether life was imported by deorbiting extra-terrestrial bodies containing organic molecules [3], cannot be precisely answered at present [4-7]. One type of




    early ecosystem1 began to develop via catalytic organic synthesis probably at alkaline hydrothermal vent systems in anoxic Hadean oceans [8].




    It is a hallmark of Earth history that geological processes, extra-terrestrial factors and events, as well as evolving life itself, endlessly modified or even destroyed ecosystems (see below). The lithified relics of the matter processed, converted and cycled through these ecosystems are present in km-thick piles of sediment, which are sub-dividable into geological formations2. These products filled sedimentary basins, which were integrated via subsidence and subduction into the geological cycle. Later on, due to tectonic forces, they were exhumed and exposed in metamorphosed and deformed states in mountain belts of the earth's surface [9]. Geophysical, palaeontological, sedimentological, stratigraphical, geochrono-logical, geochemical, and mineralogical analytics of these formations often result in rather precise reconstructions of changing ecosystems (palaeoecology, palaeoclimatology) as well as the distribution of oceans and continents (paleogeography) [9, 10].




    Natural changes in ecosystems depend, beside the geological processes described above, primarily on the energy fluxes on and above the earth's surface, which is controlled by global solar irradiance, by scattered and reflected terrestrial infrared irradiation, as well as by the heat and matter transfer between the earth's surface, oceans' interiors and the atmosphere [11]. The absorbed and transferred heat circulating in the ecosystems embedded in the spheres of Earth depends predominantly on the efficacy of the planetary albedo and the varying quantities of greenhouse gases and aerosols present in the atmosphere [11, 12].




    Matter and energy, circulating in the earth's spheres since ca. 4.5 Ga ago [9] irreversibly dissipate3 according to the theory of synergetic self-organisation4, which is controlled by entropy-transfer and the maximum entropy producing principle [13-15] in open systems. The asymmetry of time5 and the directedness/irreversibility of evolution are founded in the second law of thermodynamics and in the fact that entropy from physical and chemical processes increases with time [16]. Evolution is interwoven into that directed process, which even more efficiently dissipates energy and matter by generating self-organized structures that evolve into more and more complexity [17].




    Species, which, since 4.0-4.1 Ga ago [2], have been subjected to casual mutation and natural selection, attempt to survive via competition, niche construction, innovation, creative adaptation, cooperation [18], and symbiosis. These activities, as well as the necessities to cope with resource limitations and to maintain vital functions by finding and metabolizing food and energy-carriers, caused deterministic transformations of the ecosystems they live in [9]. The most important instances of bioevolutionary ecosystem transformations are the Great Oxygenation Event, the Cambrian Radiation, the Silurian colonization of land by primitive plants, the radiation and spread of flowering plants in the Cretaceous, and the mammals domination since the Cretaceous-Tertiary boundary [9, 19]; see below. Hominines diverged from apes 5-7 Ma ago and diversified into several lineages [20]. Reorganization, expansion of neocortex and frontal lobe, improvement of interconnectedness of neuronal networks, and adaptive change in shape of the hominine brain since ca. 1.9 Ma ago enabled Homo habilis and its phylogenetic successors - the population of Homo sapiens diverged probably between 350,000 and 260,000 a [21] - to intelligently improve advanced cognitive and physical functions and skills: e.g. articulating, planning, communicating, social cooperation, problem solving. In consequence, it willingly (indeterministically) escaped the limitations of its natural habitats via inventing tools, hunting, controlled use of fire, practicing agriculture, deforestation, cooking, producing higher nutrition food, applying artificial selection (breeding, domestication), and practicing arts [22-24]. As consequence, atmospheric levels of CO2, N2O and CH4 began to rise since the middle Holocene [25]. Several severe late and latest Holocene epi- and pandemics effected synchronous atmospheric cooling, because forests regrowing on plague-abandoned farms assimilated tens of GT of atmospheric CO2 [25]. According to Malthusian-Darwinian dynamics [26], the cultural developments - farming, trade, transportation, technology, and science - of modern man led to the emergence, construction, and maintenance of innumerable niches and domesticated ecosystems [27, 28], as well as in the provocation of innumerable bioevolutionary reactions [29-32]. Since 1971, genetic engineering has opened new fields in artificial selection, as well as experimental evolution [33]. Creation of huge geomorphic transformations [34] profoundly and irreversibly modified many ecosystems. Reliable reconstructions of the geogenic carbon-release rates during the Paleocene-Eocene thermal maximum6 56 Ma ago indicate that even during that extreme period, the 2014 input rate of anthropogenic carbon into the atmosphere has no geological analogue and must be seen as unprecedented and unparalleled during the last 66 Ma [35].




    The above mentioned anthropogenic impacts occur in addition to variations in and turnovers of ecosystems brought about by natural events and processes; see above [3, 36]. In the following, it is necessary to detail the types of natural events and processes that modulate ecosystems, because 1) the impacts of a few of them can be seen as proxies and analogues to some anthropogenic effects on ecosystems, and 2) the information preserved in fossilized deposits can be deciphered by means of chemical and physical analytical methods and inform us about the causes and effects of ecosystem transformations and highlight the procedures and durations of biotic responses, i.e. the processes of adapting to and recovering from ecosystem transformations. This knowledge enables us to better determine the intensities and reaches, and to more reliably predict, the effects of anthropogenic impacts on ecosystems [37]. Recognitions from palaeobiological responses analyzed from fossilized ecosystem turnovers is recommended to be applied as guiding principles in actual conservation biology paradigms to foster biodiversity and its resilience to rising anthropogenic pressure [38].




    Among the first to identify fossil climate indicators - e.g. halite, redbeds, ventifacts, loess, tillites, striated pebbles, coal - and to have attempted to reconstruct the development of the corresponding palaeoecosystems in the geological past, were the meteorologists Wladimir Köppen and Alfred Wegener [39].




    Volcanic eruptions: Ashes, gases and aerosols ejected into the stratosphere by brief eruptions decrease atmospheric transparency and increase the albedo effect. Depending on residence time and the amount of the suspended particulate matter and secondary aerosols (e.g. sulphuric acid aerosols formed from SO2), brief atmospheric cooling will result [40]. Emitted volcanic gases like H2O, CO2, H2S, CO, etc., however, contribute to the natural greenhouse effect and HCl and HF decompose the ozone layer [41, 42]. Examples of major eruptions that occurred in historic time are Santorin (1650 BC), Krakatoa (535 AD, 1883 AD), Laki (1783-1784 AD), Tambora (1815 AD), Mt. St. Helens (1980 AD), Pinatubo (1991 AD), and Eyjafjallajökull (1821-1823 AD, 2010 AD). The largest volcanic eruptions caused severe global economic stress, migrations of people, sociocultural problems, famines, plagues, and even extinctions, e.g. the demise of the Minoan culture and the Sasanian and East Turkish Empires [43-47]. It took about 70 years for the scientific community to realize that the Year Without a Summer, 1816, was caused by a volcanic super eruption and to begin to understand the global impacts of such events [48].




    Rapid effusion of very large volumes of volcanics (>> 0.1 Mkm3 within 1-5 Ma) [49], as occurs with the origination of large marine and terrestrial igneous provinces [50], changes the physicochemical state of the hydro-, cryo-, pedo-, and atmospheres substantially on global scale. Large quantities of volcanic gases are also emitted, which cause a shift towards warm-humid climate; ocean-acidification, warming, eutrophication, and deoxygenation; diminution of the equator-pole temperature gradient, more pronounced ocean water stratification; melting of polar ice caps; sea level rise; possible dissociation of submarine CH4- and CO2 clathrates; and sometimes selective mass extinctions of species [51-53]. Examples of large igneous provinces are the Siberian flood basalts (252 Ma ago) and eruptions shortly afterwards [54], the Central Atlantic (Newark) rift basalt effusions (202-199 Ma ago), formation of the Shatzky Rise (147 Ma ago), Parana-Etendeka (132-130 Ma ago) Traps, the Karoo Traps (180 Ma ago), the mid-Cretaceous Manihiki (123 Ma ago), Ontong-Java (122 Ma ago, 90 Ma ago), and Kerguelen (110 Ma ago) events, as well as the Deccan Traps (66 Ma ago) and Afar event (31-29 Ma ago). These are often linked to contemporaneous ecosystem-turnovers, e.g. the demise of reef systems and carbonate platforms [55, 56], as well as oceanic anoxic events, the latter originating as a consequence of intensified near-surface bioproductivity and its degradation products, which cause deoxygenation in deeper water layers and the deposition of sapropelites, in which CH4 and H2S originate at concentrations above tipping points [53]. The volatile emissions of the Siberian flood basalts, estimated at ca. 170 teratonnes within 60,000 a, caused the extinction of 80-90% of terrestrial and marine species [55, 57, 58]. Rapid injections of vast amounts of CO2 and SO2 into the atmosphere caused major biotic catastrophes [59].




    Silicate weathering: Chemical decomposition of large volumes of flood basalts and traps, exposed in the tropics, effectively absorbs atmospheric CO2 and diminishes the natural greenhouse effect7 [60]. This also applies to subaerially exposed continental terrain in general [61-64]. Silicate weathering of the low latitude landmasses of the supercontinent Rodinia contributed to the origination of several late Proterozoic glaciations (850-635 Ma ago) [65].




    Continental drift/plate tectonics: landmasses at high latitudes are affected by cooling of their surfaces and subsequent glaciation, which can reinforce itself by the snow albedo effect, if enough moisture is transported poleward by marine and atmospheric circulations [12]. Such an arrangement enhanced icehouse conditions during the late Ordovician to early Silurian (the Andean-Saharan glaciation 450-420 Ma ago), late Devonian to late Permian (the Karoo glaciation 360-260 Ma ago) and the Quarternary glaciation (2.58-0.01 Ma ago) [9].




    Planetary albedo: The diminished albedo of subaerially exposed, deglaciated land contributes to climate warming: Models of the middle Pliocene global warming suggest that it resulted from the considerably reduced extent of high-latitude terrestrial ice sheets and sea ice cover, which increased the heat-uptake through absorption of solar irradiation [66].




    Bioevolution: In the beginning, significant palaeobiological evolutionary steps consisted in the development from fermentation below the Pasteur-point8 to aerobic metabolism, improving the effectiveness of the transfer of chemical energy in organisms by ca. 18 times and completion of the evolution from procaryota via endosymbiosis to eucaryota ca. 3.2 Ga ago [67-69]. Unicellular life consists of functional subunits like nuclei, vacuoles, chloroplasts (containing chlorophyll9), and mitochondria, as well as other components, enabling these phytogenic cells, via oxygenic photosynthesis, to assimilate CO2 by forming carbonates, carbohydrates, lipids, sterines, saccharines, etc., as well as free O2 [67].




    Since ca. 3.7 - 2.7 Ga ago, palaeobiological events - e.g. the development of mats of photosynthesizing cyanophyceae in littoral zones - affected global oxygenation substantially [70, 71]. Subsequent to the oxygenation of the upper layers of the ocean 2.3 Ga ago, O2 began to accumulate in the atmosphere and the ozone layer began to form [53, 72]. The resulting Great Oxygenation Event consisted in an inversion of the volume-relations of the gas-constituents of the atmosphere and in a fundamental modification of the carbon-cycle: O2 - a trace gas constituent (0.0001-0.001%) of the Archaean (4.0-2.5 Ga ago) atmosphere - evolved to a main constituent of the Proterozoic (2.5-0.545 Ga ago) atmosphere [73]. CO2 underwent reverse development, whereby many PT of assimilated carbon as integrated via sedimentation into the geological cycle, being transformed and buried for millions of years in the lithosphere in form of limestone, dolostone, marlstone, coal, tar and hydrocarbons10. Consumption of methane - one of the main constituents of the Archaean atmosphere - was brought about by bacterial metabolism [74]. The substantial diminution of atmospheric CO2 and CH4 caused a decrease in the greenhouse effect, compensating for the modest irradiation arriving from the early, relatively faint sun, which was responsible for a cool climate that hosted several Precambrian and early Palaeozoic glaciation events [12] that temporarily diminished the progress of bioevolution.




    Free oxygen proliferated beginning ca. 1.1 Ga the chain of respiration in animal unicellulars, in which important carriers of chemical energy via oxidative phosphorylation are formed to spur metabolism11. During the development of multicellular life (ca. 0.8-0.6 Ga ago) and more highly evolved aerobes, physiological transport of oxygen was made possible by the protein haemoglobin [9, 67, 75]. Carnivory has been linked to higher levels of oxygenation in the atmosphere, hydrosphere, and deep marine waters, and is supposed to have originated in the late Ediacaran (580-540 Ma ago); the evolution of sense organs is also discussed in this context [76].




    Colonized since ca. 3.5 Ga ago by microbial communities [68], terrestrial environments were invaded ca. 465 Ma ago by flora species (algae, lichens, and bryo-, psilo-, lycopodo-, and pteridophyta of the Palaeophyticum) [77]. This important palaeobiological evolutionary step fostered atmospheric CO2 consumption via photosynthesis, resulting in maximum atmospheric O2 (ca. 35% by volume) in the latest Carboniferous and the formation of coal, while the drop in atmospheric CO2 was enhanced by Ca-Mg silicate weathering, induced by therhizomes of vascular plants; both effects contributed to the Karoo glaciations [9, 78].




    Adaptation to declining atmospheric CO2 concentration - e.g. the development of megaphyll leaves and C4-photosynthesis - during the Cretaceous caused the radiation and taxonomic diversification of angiosperms, as well as their competitive replacement of gymnosperms and pteridophytes [19].




    During early Tertiary, mammals radiatively adapted to environmental habitats previously occupied by predatory dinosaurs and large reptiles. Further diversification, migration, exchange, and dispersion, but also selective extinctions, occurred in middle and late Tertiary due to climatic cooling, sea level drop, origination of land- and filter bridges, reduced moisture, as well as changed food availability [9, 79, 80].




    Orbital forcing: During the Cenozoic era, periodic variations in the spatial and temporal amount of solar irradiation arriving at the earth's surface occur in cycles of ca. 100 ka, 40 ka and 22 ka. These are controlled by eccentricity of the earth's orbit, obliquity of the ecliptic, as well as nutation of the rotational axis (Milankovitch 1930 in [12]). The superpositioning of these cycles causes e.g. the division of ice ages into stages - glacials and interglacials - and monsoon variations. As a result, cyclostratigraphic sedimentary deposits accumulated in the sinks of ecosystems exposed to orbital forcings [81].




    Repetitive patterns of sedimentation have been recognized e.g. in the epicontinental Vocontian Basin (NW Tethyan margin) of the earliest Cretaceous [82], in the lacustrine environment of the Germanic Triassic [83], in the carbonate shelf environment of latest Permian [84], and in Mesoproterozoic back-arc basin deposits [85].




    A critical functional relationship between the orbitally controlled intensity of boreal summer insolation and global atmospheric CO2-concentration explains the onset of the eight Quaternary glacial-interglacial cycles [86].




    Extra-terrestrial forcing: Solar forcing of a few minor, but rapid, changes, as well as high-frequency oscillations of the Holocene palaeoclimate are recorded in isotopic signatures (variations of 14C, 10Be) measured in ice-cores and lake sediments [87-89], which indicate variations of intensity of solar irradiance, as well as the influence of the solar cycle on sedimentation. Detection and attribution of solar forced climate change in the 20th century is, however, complicated by similarity and degeneracy of signal-patterns from anthropogenic greenhouse gases and from solar irradiance [90].




    The effects of comet and asteroid impacts on the transformation of ecosystems depend on their mass, heat content, chemical composition, transferred kinetic energy, and the geochemical composition of the target area [9]. Major extinctions, first order unconformities, and stratigraphic turnovers characterizing e.g. the early Carnian, Triassic-Jurassic and Cretaceous-Tertiary boundaries are most probably influenced by the effects of Saint Martin (220 ± 32 Ma ago), Rochecouart (201 ± 2 Ma ago) - and Chicxulub 65 Ma ago) - astroblemes [91, 92]. Formation of astroblemes on planet Earth by bodies deorbiting the scattered disc, the Kuiper-belt, or the Oort-Cloud at and beyond the periphery of the solar system may consist of at least three different processes: - Periodic cratering, where galactic tidal forces move objects from their orbits and shift them to the inner solar system [93]; - the solar system orbiting within 250 Ma the galactic centre and oscillates in a period of 35 Ma up and down the galaxy's plane, which probably consists of a dark matter disc capable of gravitationally perturbing objects [94]; - random cratering, which may be caused by transient gravitational waves that exert weak gravitational wave strain on objects, destabilizing their orbits at the periphery of solar system [95].




    Some major palaeoecosystem changes and turnovers associated with diversification and selective mass extinctions, like the Cambrian Radiation, Kellwasser crisis, and Hangenberg event have been described in Earth history but lacked clear explanations, because several factors probably interacted in a complex manner to cause them [96-98]. Alternatively, an intragalactic, large, and long lasting gamma ray burst with a source-distance < 5000 light years may have hit planet Earth with ca. 90% probability and affected one of the major extinction events of yet unknown cause, like the terminal Ordovician crisis [99].




    It is supposed that the Cambrian Radiation was probably linked to the crossing of a threshold value of bioavailable oxygen and to behavioral innovations (onset of ecosystem engineering, e.g. increase of bioturbation intensity) and evolution of sense organs [76, 100].




    Detailed analysis of the last deglaciation, which started ca. 19 ka ago, found it was initiated by orbital forcing, causing warming of the Arctic area. Mixing of huge amounts of melt water with saline boreal water decelerated sinking of cold North Atlantic Deep Water and the Atlantic Meridional Overturning Circulation system, driven by thermohaline density gradients, slowed down. This caused warming of the deep waters of the southern hemisphere oceans. Because less CO2 is soluble in warmer seawater, a surplus of CO2 degassed and accumulated, with a delay of ca. 800-1000 a, in the atmosphere and contributed to later global greenhouse warming characterizing the postglacial era [101-103]. Late glacial (ca. 12,000 an ago) dissociation of gas hydrates present in high latitude hydrocarbon provinces and subsequent release of CH4 into the atmosphere contributed to warming [104].




    ENSO12-related short term displacements of the inner tropical convergence zone during the latest Holocene caused alternation of the hydrological cycle of the tropical rain belt. Multi-year (< 10 a) droughts in the Southern Caribbean and monsoon changes in Eastern Asia chronologically correspond to the demise and collapse of classic Mayan civilization and Tang dynasty between 750-910 AD [105, 106]. Recent ENSO-forced climate variations were identified in time series measurements (covering 65 a) from the Amazon Basin that was compiled from in situ river gauges and satellite-based gravimeters [107, 108].


  




  

    Notes



    

      1Ecosystem: etymology: oikós [Classical Greek] = house; sýstema [Classical Greek] = compound. Definition: biologist Sir Arthur Tansley (1871-1955) coined in the year 1935, the term ecosystem: dynamic interactions between life-forms - Biocoenosis consisting of producers, consumers, and destruents - and their randomly selectable living-spaces in the Earth's biogeosphere. Ecosystems are complex, self-organizing, open, and scale-invariant, keeping material structures and energetic states in dynamic equilibrium. Ecosystems are driven by thermodynamic gradients and by energetic and material resources transferred into them.


    




    

      2Geological formation: it forms a rock unit unambiguously distinguishable according to its chemical, mineralogical, and lithological composition, as well as to its fabric. Sedimentary formations often contain distinctive marks and fossils; both originated in ecosystems having successfully existed over geological times. Specific marks, fossils, biomarkers, and chemical compounds indicate the type of ecosystem from which the geological formation originated.


    




    

      3Dissipation: thermodynamically non-equilibrated structures, which exchange matter and energy with adjacent structures in open systems. According to Ilya Prigogine, dissipative structures are characterized by stability facing minor disorders and by the allocation of their state far from thermodynamic equilibrium. Their stability is founded on the balance between non-linearity and dissipation of energy. They are fundamental for the formation of new structures and patterns in the inanimate nature and of their evolution [13].


    




    

      4It occurs in an open and dynamic system far from thermodynamic equilibrium, if energy is transferred into it and subsystems spontaneously begin to from irreversibly new, stable and regular structures [13].


    




    

      5This concept, the arrow of time, is valid in the macrocosmos and was developed in the year 1927 by the British astronomer Arthur Eddington.


    




    

      6This interval, situated at the geological boundary between Paleocene and Eocene, is characterized by two phases of significant input - in sum ca. 3 teratonnes - of Carbon into the atmosphere, causing perturbation of the carbon cycle, global warming, as well as sedimentary and biotic turnovers [109].


    




    

      7This effect has successfully been applied at the CarbFix site on Island, where 95% of hydrolyzed and injected CO2 mineralized within just two years, thus opening an option to safely and quickly immobilize and store anthropogenic CO2 long-term as environmentally benign carbonate minerals [110].


    




    

      8Level of oxygen containing ca. 1% of the atmosphere's O2-content, above which fermenting organisms adapt to aerobic respiration.


    




    

      9It probably developed in thermophiles bacteria locating and utilizing infrared radiation of submarine hydrothermal systems [53].


    




    

      10At present, carbon is distributed in the geosphere as follows: the lithosphere contains 50×106 GT carbon, of which ca. 75% is bound in an organic carbonates and ca. 25% in organogenic sediment (coal, oil shale, methane-hydrate, etc.), as well as natural gas. The small rest (0,08%) - 40×103 GT carbon - is stored at the earth's surface in biomass (ca. 21%), in the hydrosphere (70%) and in the atmosphere (<1%) [111].


    




    

      11However, new geochemical proxies of oxygen content of mesoproterozoic bottom sea waters indicate that there was sufficient O2 to fuel animal respiration and that oxygen itself did not limit phylogenesis, spread and radiation of animal life [112].


    




    

      12ENSO, El Nino Southern Oscillations: A climatic anomaly occurring with decadal frequency in the equatorial Pacific. The physical processes occurring in the ocean-atmosphere system is represented by the Walker circulation, which is convectively driven by a temperature-gradient between warmer Indonesian sea waters in the west and cooler South-American sea surface water in the east, where upwelling of deep sea water occurs. The latter is forced by westbound trade winds, which also affect uplift of the thermocline beneath the sea surface adjacent to the South-American coast. Southern Oscillation - defined by physicist and meteorologist Sir Gilbert Walker - describes cyclic fluctuations in the exchange of these air masses. The state of this system is expressed by the Southern Oscillation Index SOI, derived from the differences in air-pressure measured on Tahiti and at Darwin: SOI=10(dP-dPavg): SdP. dP: mean of air pressure measured over 1 month; dPavg: mean of dP over many years; SdP: standard deviation of that average value over many years. Persistent negative/positive SOI values indicate slow/fast Walker circulation, surface sea water warming/cooling and forcing of an El Nino (1) La Nina (2) event. (1): Shift to slow westbound, or even reverse of, trade winds, which affect uplift of the thermocline, cessation of upwelling, and ingression of warm surface waters off the South-American coast. (2): Transition to intensified westbound trade winds, causing further uplift and steepening of the thermocline, as well as amplification of upwelling of cold deep waters off the South-American coast. Causal connections between (1) and (2) and climatic anomalies affecting distant regions exist [13, 113].


    




    

      CONFLICT OF INTEREST




      The author (editor) declares no conflict of interest, financial or otherwise.


    




    ACKNOWLEDGEMENTS




    Declare none.




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Wilde, S.A.; Valley, J.W.; Peck, W.H.; Graham, C.M. Evidence from detrital zircons for the existence of continental crust and oceans on the Earth 4.4 Gyr ago. Nature, 2001, 409(6817), 175-178.[http://dx.doi.org/10.1038/35051550] [PMID: 11196637]

      




      

        	
[2]



        	Bell, E.A.; Boehnke, P.; Harrison, T.M.; Mao, W.L. Potentially biogenic carbon preserved in a 4.1 billion-year-old zircon. Proc. Natl. Acad. Sci. USA, 2015, 112(47), 14518-14521.[http://dx.doi.org/10.1073/pnas.1517557112] [PMID: 26483481]

      




      

        	
[3]



        	Ward, P.; Kirschvink, J. A New History of Life: The Radical New Discoveries about the Origins and Evolution of Life on Earth., 2015,

      




      

        	
[4]



        	Follmann, H.; Brownson, C. Darwin’s warm little pond revisited: from molecules to the origin of life. Naturwissenschaften, 2009, 96(11), 1265-1292.[http://dx.doi.org/10.1007/s00114-009-0602-1] [PMID: 19760276]

      




      

        	
[5]



        	de Marcellus, P.; Meinert, C.; Myrgorodska, I.; Nahon, L.; Buhse, T.; d’Hendecourt, Ll.S.; Meierhenrich, U.J. Aldehydes and sugars from evolved precometary ice analogs: importance of ices in astrochemical and prebiotic evolution. Proc. Natl. Acad. Sci. USA, 2015, 112(4), 965-970.[http://dx.doi.org/10.1073/pnas.1418602112] [PMID: 25583475]

      




      

        	
[6]



        	Altwegg, K.; Balsiger, H.; Bar-Nun, A.; Berthelier, J.J.; Bieler, A.; Bochsler, P.; Briois, C.; Calmonte, U.; Combi, M.R.; Cottin, H.; De Keyser, J.; Dhooghe, F.; Fiethe, B.; Fuselier, S.A.; Gasc, S.; Gombosi, T.I.; Hansen, K.C.; Haessig, M.; Jäckel, A.; Kopp, E.; Korth, A.; Le Roy, L.; Mall, U.; Marty, B.; Mousis, O.; Owen, T.; Rème, H.; Rubin, M.; Sémon, T.; Tzou, C.Y.; Hunter Waite, J.; Wurz, P. Prebiotic chemicals-amino acid and phosphorus-in the coma of comet 67P/Churyumov-Gerasimenko. Sci. Adv., 2016, 2(5), e1600285.[http://dx.doi.org/10.1126/sciadv.1600285] [PMID: 27386550]

      




      

        	
[7]



        	Borgonie, G.; Linage-Alvarez, B.; Ojo, A.O.; Mundle, S.O.; Freese, L.B.; Van Rooyen, C.; Kuloyo, O.; Albertyn, J.; Pohl, C.; Cason, E.D.; Vermeulen, J.; Pienaar, C.; Litthauer, D.; Van Niekerk, H.; Van Eeden, J.; Sherwood Lollar, B.; Onstott, T.C.; Van Heerden, E. Eukaryotic opportunists dominate the deep-subsurface biosphere in South Africa. Nat. Commun., 2015, 6, 8952.[http://dx.doi.org/10.1038/ncomms9952] [PMID: 26597082]

      




      

        	
[8]



        	Herschy, B.; Whicher, A.; Camprubi, E.; Watson, C.; Dartnell, L.; Ward, J.; Evans, J.R.; Lane, N. An origin-of-life reactor to simulate alkaline hydrothermal vents. J. Mol. Evol., 2014, 79(5-6), 213-227.[http://dx.doi.org/10.1007/s00239-014-9658-4] [PMID: 25428684]

      




      

        	
[8]



        	Dodd, M.S.; Papineau, D.; Grenne, T.; Slack, J.F.; Rittner, M.; Pirajno, F.; O’Neil, J.; Little, C.T. Evidence for early life in Earth’s oldest hydrothermal vent precipitates. Nature, 2017, 543(7643), 60-64.[http://dx.doi.org/10.1038/nature21377] [PMID: 28252057]

      




      

        	
[9]



        	Condie, K.C.; Sloan, R.E. Origin and Evolution of Earth: Principles of Historical Geology., 1998,

      




      

        	
[10]



        	Posamentier, H.W.; Walker, R.G. Facies models revisited,Crossey, L.J.; McNeill, D.S. 2006, [http://dx.doi.org/10.2110/pec.06.84]

      




      

        	
[11]



        	Hartmann, D.L. Global Physical Climatology, International Geophysics Series 56., Dmowska, R.; Holten, J.R. 1994,

      




      

        	
[12]



        	Klostermann, J. Das Klima im Eiszeitalter,2009,

      




      

        	
[13]



        	Greulich, W. Lexikon der Physik., 1999,

      




      

        	
[14]



        	Haken, H.; Wunderlin, A. Die Selbststrukturierung der Materie: Synergetik in der unbelebten Welt, 1991, [http://dx.doi.org/10.1007/978-3-322-83602-1]

      




      

        	
[15]



        	Kleidon, A.; Malhi, Y.; Cox, P. M. Maximum entropy production in environmental and ecological systems. Philos. T. Roy. Soc. B, 2010, 365(1545), 1297-1302.

      




      

        	
[16]



        	Zeh, H.D. The Physical Basis of The Direction of Time., 2007,

      




      

        	
[17]



        	Kováč, L. Closing Human Evolution: Life in the Ultimate Age., 2015, [http://dx.doi.org/10.1007/978-3-319-20660-8]

      




      

        	
[18]



        	Nowak, M.; Highfield, R. SuperCooperators: Altruism, Evolution, and Why We Need Each Other to Succeed, 2012,

      




      

        	
[19]



        	McElwain, J.C.; Willis, K.J.; Lupia, R. Ehleringer, J.R.; Cerling, T.E.; Dearing, M.D. A History of Atmospheric CO2 and its Effects on Plants, Animals and Ecosystems, 2005,

      




      

        	
[20]



        	Hawks, J. The Princeton Guide to Evolution., Losos, J.B.; Baum, D.A.; Futuyma, D.J. 2013, , 183-188.

      




      

        	
[21]



        	Schlebusch, C. M.; Malmström, H.; Günther, T. Southern African ancient genomes estimate modern human divergence to 350,000 to 260,000 years ago. Science, 2017. in press

      




      

        	
[22]



        	Beaumont, P.B. The Edge: More on Fire-Making by about 1.7 Million Years Ago at Wonderwerk Cave in South Africa. Curr. Anthropol., 2011, 52(4), 585-595.[http://dx.doi.org/10.1086/660919]

      




      

        	
[23]



        	Lieberman, D.E.; Pilbeam, D.R.; Wrangham, R.W. Transitions in prehistory: essays in honor of Ofer Bar-Yosef. American School of Prehistoric Research Monograph Series, 2009,

      




      

        	
[24]



        	Herculano-Houzel, S. Human Advantage: A New Understanding of How our Brain Became Remarkable, 2016, [http://dx.doi.org/10.7551/mitpress/9780262034258.001.0001]

      




      

        	
[25]



        	Ruddiman, W.F. The anthropogenic Greenhouse Era began thousands of years ago. Clim. Change, 2003, 61(3), 261-293.[http://dx.doi.org/10.1023/B:CLIM.0000004577.17928.fa]

      




      

        	
[26]



        	Nekola, J.C.; Allen, C.D.; Brown, J.H.; Burger, J.R.; Davidson, A.D.; Fristoe, T.S.; Hamilton, M.J.; Hammond, S.T.; Kodric-Brown, A.; Mercado-Silva, N.; Okie, J.G. The Malthusian-Darwinian dynamic and the trajectory of civilization. Trends Ecol. Evol. (Amst.), 2013, 28(3), 127-130.[http://dx.doi.org/10.1016/j.tree.2012.12.001] [PMID: 23290501]

      




      

        	
[27]



        	Palumbi, S.R. Humans as the world’s greatest evolutionary force. Science, 2001, 293(5536), 1786-1790.[http://dx.doi.org/10.1126/science.293.5536.1786] [PMID: 11546863]

      




      

        	
[28]



        	Ertsen, M. Human Niche Construction, Conference Report, Rachel Carson Center: Munich, 2015.

      




      

        	
[29]



        	Vandvik, V.; Töpper, J.P.; Cook, Z.; Daws, M.I.; Heegaard, E.; Måren, I.E.; Velle, L.G. Management-driven evolution in a domesticated ecosystem. Biol. Lett., 2014, 10(2), 20131082.[http://dx.doi.org/10.1098/rsbl.2013.1082] [PMID: 24522633]

      




      

        	
[30]



        	Russell, E. Evolutionary History: Uniting History and Biology to Understand Life on Earth., 2011, [http://dx.doi.org/10.1017/CBO9780511974267]

      




      

        	
[31]



        	Sultan, S.E. Organism and Environment: Ecological Development, Niche Construction, and Adaptation., 2015, [http://dx.doi.org/10.1093/acprof:oso/9780199587070.001.0001]

      




      

        	
[32]



        	Kerner, S.; Dann, R.; Bangsgaard, P. Climate and Ancient Societies., 2015,

      




      

        	
[33]



        	Garland, T., Jr; Rose, M.R. Experimental Evolution: Concepts, Methods, and Applications of Selection Experiments, 2009,

      




      

        	
[34]



        	Hooke, R. LeB. On the history of humans as geomorphic agents. Geology, 2000, 28(9), 843-846.[http://dx.doi.org/10.1130/0091-7613(2000)28<843:OTHOHA>2.0.CO;2]

      




      

        	
[35]



        	Zeebe, R.E.; Ridgwell, A.; Zachos, J.C. Anthropogenic carbon release rate unprecedented during the past 66 million years. Nat. Geosci., 2016, 9, 325-329.[http://dx.doi.org/10.1038/ngeo2681]

      




      

        	
[36]



        	Hallam, T. Catastrophes and Lesser Calamities - The Causes of Mass Extinctions, 2003,

      




      

        	
[37]



        	Payne, J.L.; Clapham, M.E. End-Permian Mass Extinction in the Oceans: An Ancient Analog for the Twenty-First Century? Annu. Rev. Earth Planet. Sci., 2012, 40, 89-111.[http://dx.doi.org/10.1146/annurev-earth-042711-105329]

      




      

        	
[38]



        	Barnosky, A.D.; Hadly, E.A.; Gonzalez, P.; Head, J.; Polly, P.D.; Lawing, A.M.; Eronen, J.T.; Ackerly, D.D.; Alex, K.; Biber, E.; Blois, J.; Brashares, J.; Ceballos, G.; Davis, E.; Dietl, G.P.; Dirzo, R.; Doremus, H.; Fortelius, M.; Greene, H.W.; Hellmann, J.; Hickler, T.; Jackson, S.T.; Kemp, M.; Koch, P.L.; Kremen, C.; Lindsey, E.L.; Looy, C.; Marshall, C.R.; Mendenhall, C.; Mulch, A.; Mychajliw, A.M.; Nowak, C.; Ramakrishnan, U.; Schnitzler, J.; Das Shrestha, K.; Solari, K.; Stegner, L.; Stegner, M.A.; Stenseth, N.C.; Wake, M.H.; Zhang, Z. Merging paleobiology with conservation biology to guide the future of terrestrial ecosystems. Science, 2017, 355(6325), eaah4787.[http://dx.doi.org/10.1126/science.aah4787] [PMID: 28183912]

      




      

        	
[39]



        	Köppen, W.; Wegener, A. Die Klimate der Geologischen Vorzeit / The Climates of the Geological Past; Reproduction by Thiede J., Lochte, K.; Dummermuth, A. 2015,

      




      

        	
[40]



        	Robock, A. Volcanic eruptions and climate. Rev. Geophys., 2000, 38, 191-219.[http://dx.doi.org/10.1029/1998RG000054]

      




      

        	
[41]



        	Wohletz, K. 2000.http://www.ees.lanl.gov/geodynamics/Wohletz/Krakatau_6th_Century.pdf


      




      

        	
[42]



        	Symonds, R.B. Compositions, Origins, Emission Rates and Atmospheric Impacts of Volcanic Gases, 1998. http://pubs.usgs.gov/of/1998/of98-776/of98-776.pdf


      




      

        	
[43]



        	Sivertsen, B.J. The Parting of the Sea: How Volcanoes, Earthquakes, and Plagues Shaped the Story of Exodus, 2009. http://press.princeton.edu/chapters/s8883.html[http://dx.doi.org/10.1515/9781400829958]

      




      

        	
[44]



        	Mauch, C.; Pfister, C. Natural Disasters, Cultural Responses, Case Studies Towards a Global Environmental History, 2009,

      




      

        	
[45]



        	Donald, H.J. Forces of Nature and Cultural Responses, Pfeifer, K.; Pfeifer, N. 2013, , 111-137.

      




      

        	
[46]



        	Behringer, W. Tambora und das Jahr ohne Sommer: Wie ein Vulkan die Welt in die Krise stürzte, C.H.Beck: München, 2015.[http://dx.doi.org/10.17104/9783406676161]

      




      

        	
[47]



        	Büntgen, U.; Myglan, V.S.; Charpentier Ljungqvist, F. Cooling and societal change during the Late Antique Little Ice Age from 536 to around 660 AD. Nat. Geosci., 2016, 9, 231-236.[http://dx.doi.org/10.1038/ngeo2652]

      




      

        	
[48]



        	Bodenmann, T.; Brönnimann, S.; Hirsch Hadorn, G. Perceiving, explaining, and observing climatic changes: A historical case study of the “year without a summer” 1816. Meteorol. Z., 2011, 20(6), 577-587.[http://dx.doi.org/10.1127/0941-2948/2011/0288]

      




      

        	
[49]



        	Bryan, S.E.; Ernst, R.E. Revised definition of Large Igneous Provinces (LIPs). Earth Sci. Rev., 2008, 86, 175-202.[http://dx.doi.org/10.1016/j.earscirev.2007.08.008]

      




      

        	
[50]



        	Bryan, S.E.; Ukstins Peate, I.; Peate, D.W. The largest volcanic eruptions on Earth. Earth Sci. Rev., 2010, 102(3-4), 207-229.[http://dx.doi.org/10.1016/j.earscirev.2010.07.001]

      




      

        	
[51]



        	Erba, E.; Duncan, R.A.; Bottini, C. The origin, evolution and environmental impact of oceanic Large Igneous Provinces, Neal, C.R.; Sager, W.W.; Sano, T.; Erba, E. 2015, 511, 271-303.

      




      

        	
[52]



        	Wignall, P.B. Large igneous provinces and mass extinctions. Earth Sci. Rev., 2001, 53(1-2), 1-33.[http://dx.doi.org/10.1016/S0012-8252(00)00037-4]

      




      

        	
[53]



        	Treude, T. Anoxia - Evidence for Eucaryote Survival and Paleontological Strategies. Cellular Origin, Life in Extreme Habitats and Astrobiology., Altenbach, A.V.; Bernhard, J.M.; Seckbach, J. 2012, Vol. 21, 17-38.

      




      

        	
[54]



        	Hochuli, P.A.; Sanson-Barrera, A.; Schneebeli-Hermann, E.; Bucher, H. Severest crisis overlooked-Worst disruption of terrestrial environments postdates the Permian-Triassic mass extinction. Sci. Rep., 2016, 6, 28372.[http://dx.doi.org/10.1038/srep28372] [PMID: 27340926]

      




      

        	
[55]



        	Sobolev, S.V.; Sobolev, A.V.; Kuzmin, D.V.; Krivolutskaya, N.A.; Petrunin, A.G.; Arndt, N.T.; Radko, V.A.; Vasiliev, Y.R. Linking mantle plumes, large igneous provinces and environmental catastrophes. Nature, 2011, 477(7364), 312-316.[http://dx.doi.org/10.1038/nature10385] [PMID: 21921914]

      




      

        	
[56]



        	Föllmi, K.B. Early Cretaceous life, climate and anoxia. Cretac. Res., 2012, 35, 230-257.[http://dx.doi.org/10.1016/j.cretres.2011.12.005]

      




      

        	
[57]



        	Burgess, S.D.; Bowring, S.; Shen, S-Z. High-precision timeline for Earth’s most severe extinction. Proc. Natl. Acad. Sci. USA, 2014, 111(9), 3316-3321.[http://dx.doi.org/10.1073/pnas.1317692111] [PMID: 24516148]

      




      

        	
[58]



        	Sobolev, A.V.; Arndt, N.T.; Sobolev, S.V. Origin and Environmental impact of Large Igneous Provinces, Research proposal., 2012,

      




      

        	
[59]



        	Bond, D.P.; Wignall, P.B. Keller, G.; Kerr, A.C. Volcanism, Impacts and Mass Extinctions: Causes and Effects, 2014, 505, 29-55.

      




      

        	
[60]



        	Kent, D.V.; Muttoni, G. Modulation of Late Cretaceous and Cenozoic climate by variable drawdown of atmospheric p CO2 from weathering of basaltic provinces on continents drifting through the equatorial humid belt. Clim. Past, 2013, 9, 525-546.[http://dx.doi.org/10.5194/cp-9-525-2013]

      




      

        	
[61]



        	Dallanave, E.; Tauxe, L.; Muttoni, G. Silicate weathering machine at work: Rock magnetic data from the late Paleocene–early Eocene Cicogna section, Italy. G3 (Bethesda), 2011, 11(7), Q07008.

      




      

        	
[62]



        	Sheldon, N.D.; Tabor, N.J. Driese, S.G.; Nordt, L.C.; Paul, J.; McCarthy, P.J. New Frontiers in Paleopedology and Terrestrial Paleoclimatology 2013, 104, 71-78.

      




      

        	
[63]



        	Waldbauer, J.R.; Chamberlain, C.P. A history of atmospheric CO2 and its effects on plants, animals and ecosystems.Ecological Studies, Ehleringer, J.R.; Cerling, T.E.; Dearing, M.D. 2005,

      




      

        	
[64]



        	Gaillardet, J.; Dupré, B.; Louvat, P. Global silicate weathering and CO2 consumption rates deduced from the chemistry of large rivers. Chem. Geol., 1999, 159(1-4), 3-30.[http://dx.doi.org/10.1016/S0009-2541(99)00031-5]

      




      

        	
[65]



        	Hoffmann, P.F.; Schrag, D.P. The snowball Earth hypothesis: testing the limits of global change. Terra Nova, 2002, 14, 129-155.[http://dx.doi.org/10.1046/j.1365-3121.2002.00408.x]

      




      

        	
[66]



        	Haywood, A.M.; Valdes, P.J. Modelling Pliocene warmth: contribution of atmosphere, oceans and cryosphere. Earth Planet. Sci. Lett., 2004, 218(3-4), 363-377.[http://dx.doi.org/10.1016/S0012-821X(03)00685-X]

      




      

        	
[67]



        	Fallert-Müller, A. Lexikon der Biochemie, 1999/2000,

      




      

        	
[68]



        	Beraldi-Campesi, H. Early life on land and the first terrestrial ecosystems. Ecol. Process., 2013, 2, 1.[http://dx.doi.org/10.1186/2192-1709-2-1]

      




      

        	
[69]



        	Lyons, T.W.; Reinhard, C.T.; Planavsky, N.J. The rise of oxygen in Earth’s early ocean and atmosphere. Nature, 2014, 506(7488), 307-315.[http://dx.doi.org/10.1038/nature13068] [PMID: 24553238]

      




      

        	
[70]



        	Nutman, A.P.; Bennett, V.C.; Friend, C.R.; Van Kranendonk, M.J.; Chivas, A.R. Rapid emergence of life shown by discovery of 3,700-million-year-old microbial structures. Nature, 2016, 537(7621), 535-538.[http://dx.doi.org/10.1038/nature19355] [PMID: 27580034]

      




      

        	
[71]



        	Frimmel, H.E.; Hennigh, Q. First whiffs of atmospheric oxygen triggered onset of crustal gold cycle. Miner. Depos., 2015, 50(1), 5-23.[http://dx.doi.org/10.1007/s00126-014-0574-8]

      




      

        	
[72]



        	Holland, H.D. The oxygenation of the atmosphere and oceans. Philos. Trans. R. Soc. Lond. B Biol. Sci., 2006, 361(1470), 903-915.[http://dx.doi.org/10.1098/rstb.2006.1838] [PMID: 16754606]

      




      

        	
[73]



        	Canfield, D.E. Oxygen - A Four Billion Year History., 2014,

      




      

        	
[74]



        	Sundquist, E.T.; Visser, K. Biogeochemistry: Treatise on Geochemistry., Schlesinger, W.H. 2005, Vol. 8, 425-472.

      




      

        	
[75]



        	Fenchel, T. The Origin and Early Evolution of Life, 2002,

      




      

        	
[76]



        	Sperling, E.A.; Frieder, C.A.; Raman, A.V.; Girguis, P.R.; Levin, L.A.; Knoll, A.H. Oxygen, ecology, and the Cambrian radiation of animals. Proc. Natl. Acad. Sci. USA, 2013, 110(33), 13446-13451.[http://dx.doi.org/10.1073/pnas.1312778110] [PMID: 23898193]

      




      

        	
[77]



        	Beerling, D.J. A history of atmospheric CO2 and its effects on plants, animals and ecosystems, Ehleringer, J.R.; Cerling, T.E.; Dearing, M.D. 2005, Vol. 177, 114-132.

      




      

        	
[78]



        	Berner, R.A. A history of atmospheric CO2 and its effects on plants, animals and ecosystems, Ehleringer, J.R.; Cerling, T.E.; Dearing, M.D. 2005, 177, 1-7.

      




      

        	
[79]



        	Kemp, T.S. The Origin and Evolution of Mammals., 2005,

      




      

        	
[80]



        	Janis, C.J. Tertiary Mammal Evolution in the Context of Changing Climates, Vegetation, and Tectonic Events. Annu. Rev. Ecol. Syst., 1993, Vol. 24, 467-500.[http://dx.doi.org/10.1146/annurev.es.24.110193.002343]

      




      

        	
[81]



        	DeBoer, P.L.; Smith, D.G. Orbital forcing and cyclic sequences, 1994, DeBoer, P.L.; Smith, D.G. 19, 1-14.

      




      

        	
[82]



        	Charbonnier, G.; Duchamp-Alphonse, S.; Adatte, T. Eccentricity paced monsoon-like system along the northwestern Tethyan margin during the Valanginian (Early Cretaceous): New insights from detrital and nutrient fluxes into the Vocontian Basin (SE France). Palaeogeogr. Palaeocl., 2016, 443, 145-155.[http://dx.doi.org/10.1016/j.palaeo.2015.11.027]

      




      

        	
[83]



        	Kozur, H. W.; Bachmann, G. H. Updated correlation of the Germanic Triassic with the Tethyan scale and assigned numeric ages. Berichte Geol. B.-A., 2008, 76, 53-58.

      




      

        	
[84]



        	Wu, H.; Zhang, S.; Hinnov, L.A.; Jiang, G.; Feng, Q.; Li, H.; Yang, T. Time-calibrated Milankovitch cycles for the late Permian. Nat. Commun., 2013, 4, 2452.[http://dx.doi.org/10.1038/ncomms3452] [PMID: 24030138]

      




      

        	
[85]



        	Zhang, S.; Wang, X.; Hammarlund, E.U.; Wang, H.; Costa, M.M.; Bjerrum, C.J.; Connelly, J.N.; Zhang, B.; Bian, L.; Canfield, D.E. Orbital forcing of climate 1.4 billion years ago. Proc. Natl. Acad. Sci. USA, 2015, 112(12), E1406-E1413.[PMID: 25775605]

      




      

        	
[86]



        	Ganopolski, A.; Winkelmann, R.; Schellnhuber, H.J. Critical insolation-CO2 relation for diagnosing past and future glacial inception. Nature, 2016, 529(7585), 200-203.[http://dx.doi.org/10.1038/nature16494] [PMID: 26762457]

      




      

        	
[87]



        	Mayewski, P.A.; Rohling, E.E.; Stager, J.C. Holocene climate variability. Quat. Res., 2004, 62, 243-255.[http://dx.doi.org/10.1016/j.yqres.2004.07.001]

      




      

        	
[88]



        	Stager, J.C.; Ryves, D.B.; Cumming, B.F. Solar variability and the levels of Lake Victoria, East Africa, during the last millenium. J. Paleolimnol., 2005, 33(2), 243-251.[http://dx.doi.org/10.1007/s10933-004-4227-2]

      




      

        	
[89]



        	Beer, J.; Vonmoos, M.; Muscheler, R. Solar variability and planetary climates, Space Climate Series of ISSI, 2007, Calisesi, Y.; Bonnet, R.M.; Gray, L. 23, 67-79.

      




      

        	
[90]



        	Ingram, W.J. Solar variability and planetary climates, Space Climate Series of ISSI, 2007, Calisesi, Y.; Bonnet, R.M.; Gray, L. 23, 67-79.

      




      

        	
[91]



        	
Large Meteorite Impacts and Planetary Evolution V., Osinski, G.R.; Kring, D.A. Geological Society of America Special Papers, 2015, Vol. 518.[http://dx.doi.org/10.1130/2015.2518(v)]

      




      

        	
[92]



        	Keller, G.; Kerr, A.C. Volcanism, Impacts, and Mass Extinctions: Causes and Effects, Geological Society of America Special Papers, 2014, Vol. 505.

      




      

        	
[93]



        	Nurmi, P.; Valtonen, M.J.; Zheng, J.Q. Periodic variation of Oort Cloud flux and cometary impacts on the Earth and Jupiter. Mon. Not. R. Astron. Soc., 2001, 327(4), 1367-1376.[http://dx.doi.org/10.1046/j.1365-8711.2001.04854.x]

      




      

        	
[94]



        	Randall, L.; Reece, M. Dark matter as a trigger for periodic comet impacts. Phys. Rev. Lett., 2014, 112(16), 161301.[http://dx.doi.org/10.1103/PhysRevLett.112.161301] [PMID: 24815633]

      




      

        	
[95]



        	Abbott, B.P.; Abbott, R.; Abbott, T.D.; Abernathy, M.R.; Acernese, F.; Ackley, K.; Adams, C.; Adams, T.; Addesso, P.; Adhikari, R.X.; Adya, V.B.; Affeldt, C.; Agathos, M.; Agatsuma, K.; Aggarwal, N.; Aguiar, O.D.; Aiello, L.; Ain, A.; Ajith, P.; Allen, B.; Allocca, A.; Altin, P.A.; Anderson, S.B.; Anderson, W.G.; Arai, K.; Arain, M.A.; Araya, M.C.; Arceneaux, C.C.; Areeda, J.S.; Arnaud, N.; Arun, K.G.; Ascenzi, S.; Ashton, G.; Ast, M.; Aston, S.M.; Astone, P.; Aufmuth, P.; Aulbert, C.; Babak, S.; Bacon, P.; Bader, M.K.; Baker, P.T.; Baldaccini, F.; Ballardin, G.; Ballmer, S.W.; Barayoga, J.C.; Barclay, S.E.; Barish, B.C.; Barker, D.; Barone, F.; Barr, B.; Barsotti, L.; Barsuglia, M.; Barta, D.; Bartlett, J.; Barton, M.A.; Bartos, I.; Bassiri, R.; Basti, A.; Batch, J.C.; Baune, C.; Bavigadda, V.; Bazzan, M.; Behnke, B.; Bejger, M.; Belczynski, C.; Bell, A.S.; Bell, C.J.; Berger, B.K.; Bergman, J.; Bergmann, G.; Berry, C.P.; Bersanetti, D.; Bertolini, A.; Betzwieser, J.; Bhagwat, S.; Bhandare, R.; Bilenko, I.A.; Billingsley, G.; Birch, J.; Birney, R.; Birnholtz, O.; Biscans, S.; Bisht, A.; Bitossi, M.; Biwer, C.; Bizouard, M.A.; Blackburn, J.K.; Blair, C.D.; Blair, D.G.; Blair, R.M.; Bloemen, S.; Bock, O.; Bodiya, T.P.; Boer, M.; Bogaert, G.; Bogan, C.; Bohe, A.; Bojtos, P.; Bond, C.; Bondu, F.; Bonnand, R.; Boom, B.A.; Bork, R.; Boschi, V.; Bose, S.; Bouffanais, Y.; Bozzi, A.; Bradaschia, C.; Brady, P.R.; Braginsky, V.B.; Branchesi, M.; Brau, J.E.; Briant, T.; Brillet, A.; Brinkmann, M.; Brisson, V.; Brockill, P.; Brooks, A.F.; Brown, D.A.; Brown, D.D.; Brown, N.M.; Buchanan, C.C.; Buikema, A.; Bulik, T.; Bulten, H.J.; Buonanno, A.; Buskulic, D.; Buy, C.; Byer, R.L.; Cabero, M.; Cadonati, L.; Cagnoli, G.; Cahillane, C.; Calderón Bustillo, J.; Callister, T.; Calloni, E.; Camp, J.B.; Cannon, K.C.; Cao, J.; Capano, C.D.; Capocasa, E.; Carbognani, F.; Caride, S.; Casanueva Diaz, J.; Casentini, C.; Caudill, S.; Cavaglià, M.; Cavalier, F.; Cavalieri, R.; Cella, G.; Cepeda, C.B.; Cerboni Baiardi, L.; Cerretani, G.; Cesarini, E.; Chakraborty, R.; Chalermsongsak, T.; Chamberlin, S.J.; Chan, M.; Chao, S.; Charlton, P.; Chassande-Mottin, E.; Chen, H.Y.; Chen, Y.; Cheng, C.; Chincarini, A.; Chiummo, A.; Cho, H.S.; Cho, M.; Chow, J.H.; Christensen, N.; Chu, Q.; Chua, S.; Chung, S.; Ciani, G.; Clara, F.; Clark, J.A.; Cleva, F.; Coccia, E.; Cohadon, P.F.; Colla, A.; Collette, C.G.; Cominsky, L.; Constancio, M., Jr; Conte, A.; Conti, L.; Cook, D.; Corbitt, T.R.; Cornish, N.; Corsi, A.; Cortese, S.; Costa, C.A.; Coughlin, M.W.; Coughlin, S.B.; Coulon, J.P.; Countryman, S.T.; Couvares, P.; Cowan, E.E.; Coward, D.M.; Cowart, M.J.; Coyne, D.C.; Coyne, R.; Craig, K.; Creighton, J.D.; Creighton, T.D.; Cripe, J.; Crowder, S.G.; Cruise, A.M.; Cumming, A.; Cunningham, L.; Cuoco, E.; Dal Canton, T.; Danilishin, S.L.; D’Antonio, S.; Danzmann, K.; Darman, N.S.; Da Silva Costa, C.F.; Dattilo, V.; Dave, I.; Daveloza, H.P.; Davier, M.; Davies, G.S.; Daw, E.J.; Day, R.; De, S.; DeBra, D.; Debreczeni, G.; Degallaix, J.; De Laurentis, M.; Deléglise, S.; Del Pozzo, W.; Denker, T.; Dent, T.; Dereli, H.; Dergachev, V.; DeRosa, R.T.; De Rosa, R.; DeSalvo, R.; Dhurandhar, S.; Díaz, M.C.; Di Fiore, L.; Di Giovanni, M.; Di Lieto, A.; Di Pace, S.; Di Palma, I.; Di Virgilio, A.; Dojcinoski, G.; Dolique, V.; Donovan, F.; Dooley, K.L.; Doravari, S.; Douglas, R.; Downes, T.P.; Drago, M.; Drever, R.W.; Driggers, J.C.; Du, Z.; Ducrot, M.; Dwyer, S.E.; Edo, T.B.; Edwards, M.C.; Effler, A.; Eggenstein, H.B.; Ehrens, P.; Eichholz, J.; Eikenberry, S.S.; Engels, W.; Essick, R.C.; Etzel, T.; Evans, M.; Evans, T.M.; Everett, R.; Factourovich, M.; Fafone, V.; Fair, H.; Fairhurst, S.; Fan, X.; Fang, Q.; Farinon, S.; Farr, B.; Farr, W.M.; Favata, M.; Fays, M.; Fehrmann, H.; Fejer, M.M.; Feldbaum, D.; Ferrante, I.; Ferreira, E.C.; Ferrini, F.; Fidecaro, F.; Finn, L.S.; Fiori, I.; Fiorucci, D.; Fisher, R.P.; Flaminio, R.; Fletcher, M.; Fong, H.; Fournier, J.D.; Franco, S.; Frasca, S.; Frasconi, F.; Frede, M.; Frei, Z.; Freise, A.; Frey, R.; Frey, V.; Fricke, T.T.; Fritschel, P.; Frolov, V.V.; Fulda, P.; Fyffe, M.; Gabbard, H.A.; Gair, J.R.; Gammaitoni, L.; Gaonkar, S.G.; Garufi, F.; Gatto, A.; Gaur, G.; Gehrels, N.; Gemme, G.; Gendre, B.; Genin, E.; Gennai, A.; George, J.; Gergely, L.; Germain, V.; Ghosh, A.; Ghosh, A.; Ghosh, S.; Giaime, J.A.; Giardina, K.D.; Giazotto, A.; Gill, K.; Glaefke, A.; Gleason, J.R.; Goetz, E.; Goetz, R.; Gondan, L.; González, G.; Gonzalez Castro, J.M.; Gopakumar, A.; Gordon, N.A.; Gorodetsky, M.L.; Gossan, S.E.; Gosselin, M.; Gouaty, R.; Graef, C.; Graff, P.B.; Granata, M.; Grant, A.; Gras, S.; Gray, C.; Greco, G.; Green, A.C.; Greenhalgh, R.J.; Groot, P.; Grote, H.; Grunewald, S.; Guidi, G.M.; Guo, X.; Gupta, A.; Gupta, M.K.; Gushwa, K.E.; Gustafson, E.K.; Gustafson, R.; Hacker, J.J.; Hall, B.R.; Hall, E.D.; Hammond, G.; Haney, M.; Hanke, M.M.; Hanks, J.; Hanna, C.; Hannam, M.D.; Hanson, J.; Hardwick, T.; Harms, J.; Harry, G.M.; Harry, I.W.; Hart, M.J.; Hartman, M.T.; Haster, C.J.; Haughian, K.; Healy, J.; Heefner, J.; Heidmann, A.; Heintze, M.C.; Heinzel, G.; Heitmann, H.; Hello, P.; Hemming, G.; Hendry, M.; Heng, I.S.; Hennig, J.; Heptonstall, A.W.; Heurs, M.; Hild, S.; Hoak, D.; Hodge, K.A.; Hofman, D.; Hollitt, S.E.; Holt, K.; Holz, D.E.; Hopkins, P.; Hosken, D.J.; Hough, J.; Houston, E.A.; Howell, E.J.; Hu, Y.M.; Huang, S.; Huerta, E.A.; Huet, D.; Hughey, B.; Husa, S.; Huttner, S.H.; Huynh-Dinh, T.; Idrisy, A.; Indik, N.; Ingram, D.R.; Inta, R.; Isa, H.N.; Isac, J.M.; Isi, M.; Islas, G.; Isogai, T.; Iyer, B.R.; Izumi, K.; Jacobson, M.B.; Jacqmin, T.; Jang, H.; Jani, K.; Jaranowski, P.; Jawahar, S.; Jiménez-Forteza, F.; Johnson, W.W.; Johnson-McDaniel, N.K.; Jones, D.I.; Jones, R.; Jonker, R.J.; Ju, L.; Haris, K.; Kalaghatgi, C.V.; Kalogera, V.; Kandhasamy, S.; Kang, G.; Kanner, J.B.; Karki, S.; Kasprzack, M.; Katsavounidis, E.; Katzman, W.; Kaufer, S.; Kaur, T.; Kawabe, K.; Kawazoe, F.; Kéfélian, F.; Kehl, M.S.; Keitel, D.; Kelley, D.B.; Kells, W.; Kennedy, R.; Keppel, D.G.; Key, J.S.; Khalaidovski, A.; Khalili, F.Y.; Khan, I.; Khan, S.; Khan, Z.; Khazanov, E.A.; Kijbunchoo, N.; Kim, C.; Kim, J.; Kim, K.; Kim, N.G.; Kim, N.; Kim, Y.M.; King, E.J.; King, P.J.; Kinzel, D.L.; Kissel, J.S.; Kleybolte, L.; Klimenko, S.; Koehlenbeck, S.M.; Kokeyama, K.; Koley, S.; Kondrashov, V.; Kontos, A.; Koranda, S.; Korobko, M.; Korth, W.Z.; Kowalska, I.; Kozak, D.B.; Kringel, V.; Krishnan, B.; Królak, A.; Krueger, C.; Kuehn, G.; Kumar, P.; Kumar, R.; Kuo, L.; Kutynia, A.; Kwee, P.; Lackey, B.D.; Landry, M.; Lange, J.; Lantz, B.; Lasky, P.D.; Lazzarini, A.; Lazzaro, C.; Leaci, P.; Leavey, S.; Lebigot, E.O.; Lee, C.H.; Lee, H.K.; Lee, H.M.; Lee, K.; Lenon, A.; Leonardi, M.; Leong, J.R.; Leroy, N.; Letendre, N.; Levin, Y.; Levine, B.M.; Li, T.G.; Libson, A.; Littenberg, T.B.; Lockerbie, N.A.; Logue, J.; Lombardi, A.L.; London, L.T.; Lord, J.E.; Lorenzini, M.; Loriette, V.; Lormand, M.; Losurdo, G.; Lough, J.D.; Lousto, C.O.; Lovelace, G.; Lück, H.; Lundgren, A.P.; Luo, J.; Lynch, R.; Ma, Y.; MacDonald, T.; Machenschalk, B.; MacInnis, M.; Macleod, D.M.; Magaña-Sandoval, F.; Magee, R.M.; Mageswaran, M.; Majorana, E.; Maksimovic, I.; Malvezzi, V.; Man, N.; Mandel, I.; Mandic, V.; Mangano, V.; Mansell, G.L.; Manske, M.; Mantovani, M.; Marchesoni, F.; Marion, F.; Márka, S.; Márka, Z.; Markosyan, A.S.; Maros, E.; Martelli, F.; Martellini, L.; Martin, I.W.; Martin, R.M.; Martynov, D.V.; Marx, J.N.; Mason, K.; Masserot, A.; Massinger, T.J.; Masso-Reid, M.; Matichard, F.; Matone, L.; Mavalvala, N.; Mazumder, N.; Mazzolo, G.; McCarthy, R.; McClelland, D.E.; McCormick, S.; McGuire, S.C.; McIntyre, G.; McIver, J.; McManus, D.J.; McWilliams, S.T.; Meacher, D.; Meadors, G.D.; Meidam, J.; Melatos, A.; Mendell, G.; Mendoza-Gandara, D.; Mercer, R.A.; Merilh, E.; Merzougui, M.; Meshkov, S.; Messenger, C.; Messick, C.; Meyers, P.M.; Mezzani, F.; Miao, H.; Michel, C.; Middleton, H.; Mikhailov, E.E.; Milano, L.; Miller, J.; Millhouse, M.; Minenkov, Y.; Ming, J.; Mirshekari, S.; Mishra, C.; Mitra, S.; Mitrofanov, V.P.; Mitselmakher, G.; Mittleman, R.; Moggi, A.; Mohan, M.; Mohapatra, S.R.; Montani, M.; Moore, B.C.; Moore, C.J.; Moraru, D.; Moreno, G.; Morriss, S.R.; Mossavi, K.; Mours, B.; Mow-Lowry, C.M.; Mueller, C.L.; Mueller, G.; Muir, A.W.; Mukherjee, A.; Mukherjee, D.; Mukherjee, S.; Mukund, N.; Mullavey, A.; Munch, J.; Murphy, D.J.; Murray, P.G.; Mytidis, A.; Nardecchia, I.; Naticchioni, L.; Nayak, R.K.; Necula, V.; Nedkova, K.; Nelemans, G.; Neri, M.; Neunzert, A.; Newton, G.; Nguyen, T.T.; Nielsen, A.B.; Nissanke, S.; Nitz, A.; Nocera, F.; Nolting, D.; Normandin, M.E.; Nuttall, L.K.; Oberling, J.; Ochsner, E.; O’Dell, J.; Oelker, E.; Ogin, G.H.; Oh, J.J.; Oh, S.H.; Ohme, F.; Oliver, M.; Oppermann, P.; Oram, R.J.; O’Reilly, B.; O’Shaughnessy, R.; Ott, C.D.; Ottaway, D.J.; Ottens, R.S.; Overmier, H.; Owen, B.J.; Pai, A.; Pai, S.A.; Palamos, J.R.; Palashov, O.; Palomba, C.; Pal-Singh, A.; Pan, H.; Pan, Y.; Pankow, C.; Pannarale, F.; Pant, B.C.; Paoletti, F.; Paoli, A.; Papa, M.A.; Paris, H.R.; Parker, W.; Pascucci, D.; Pasqualetti, A.; Passaquieti, R.; Passuello, D.; Patricelli, B.; Patrick, Z.; Pearlstone, B.L.; Pedraza, M.; Pedurand, R.; Pekowsky, L.; Pele, A.; Penn, S.; Perreca, A.; Pfeiffer, H.P.; Phelps, M.; Piccinni, O.; Pichot, M.; Pickenpack, M.; Piergiovanni, F.; Pierro, V.; Pillant, G.; Pinard, L.; Pinto, I.M.; Pitkin, M.; Poeld, J.H.; Poggiani, R.; Popolizio, P.; Post, A.; Powell, J.; Prasad, J.; Predoi, V.; Premachandra, S.S.; Prestegard, T.; Price, L.R.; Prijatelj, M.; Principe, M.; Privitera, S.; Prix, R.; Prodi, G.A.; Prokhorov, L.; Puncken, O.; Punturo, M.; Puppo, P.; Pürrer, M.; Qi, H.; Qin, J.; Quetschke, V.; Quintero, E.A.; Quitzow-James, R.; Raab, F.J.; Rabeling, D.S.; Radkins, H.; Raffai, P.; Raja, S.; Rakhmanov, M.; Ramet, C.R.; Rapagnani, P.; Raymond, V.; Razzano, M.; Re, V.; Read, J.; Reed, C.M.; Regimbau, T.; Rei, L.; Reid, S.; Reitze, D.H.; Rew, H.; Reyes, S.D.; Ricci, F.; Riles, K.; Robertson, N.A.; Robie, R.; Robinet, F.; Rocchi, A.; Rolland, L.; Rollins, J.G.; Roma, V.J.; Romano, J.D.; Romano, R.; Romanov, G.; Romie, J.H.; Rosińska, D.; Rowan, S.; Rüdiger, A.; Ruggi, P.; Ryan, K.; Sachdev, S.; Sadecki, T.; Sadeghian, L.; Salconi, L.; Saleem, M.; Salemi, F.; Samajdar, A.; Sammut, L.; Sampson, L.M.; Sanchez, E.J.; Sandberg, V.; Sandeen, B.; Sanders, G.H.; Sanders, J.R.; Sassolas, B.; Sathyaprakash, B.S.; Saulson, P.R.; Sauter, O.; Savage, R.L.; Sawadsky, A.; Schale, P.; Schilling, R.; Schmidt, J.; Schmidt, P.; Schnabel, R.; Schofield, R.M.; Schönbeck, A.; Schreiber, E.; Schuette, D.; Schutz, B.F.; Scott, J.; Scott, S.M.; Sellers, D.; Sengupta, A.S.; Sentenac, D.; Sequino, V.; Sergeev, A.; Serna, G.; Setyawati, Y.; Sevigny, A.; Shaddock, D.A.; Shaffer, T.; Shah, S.; Shahriar, M.S.; Shaltev, M.; Shao, Z.; Shapiro, B.; Shawhan, P.; Sheperd, A.; Shoemaker, D.H.; Shoemaker, D.M.; Siellez, K.; Siemens, X.; Sigg, D.; Silva, A.D.; Simakov, D.; Singer, A.; Singer, L.P.; Singh, A.; Singh, R.; Singhal, A.; Sintes, A.M.; Slagmolen, B.J.; Smith, J.R.; Smith, M.R.; Smith, N.D.; Smith, R.J.; Son, E.J.; Sorazu, B.; Sorrentino, F.; Souradeep, T.; Srivastava, A.K.; Staley, A.; Steinke, M.; Steinlechner, J.; Steinlechner, S.; Steinmeyer, D.; Stephens, B.C.; Stevenson, S.P.; Stone, R.; Strain, K.A.; Straniero, N.; Stratta, G.; Strauss, N.A.; Strigin, S.; Sturani, R.; Stuver, A.L.; Summerscales, T.Z.; Sun, L.; Sutton, P.J.; Swinkels, B.L.; Szczepańczyk, M.J.; Tacca, M.; Talukder, D.; Tanner, D.B.; Tápai, M.; Tarabrin, S.P.; Taracchini, A.; Taylor, R.; Theeg, T.; Thirugnanasambandam, M.P.; Thomas, E.G.; Thomas, M.; Thomas, P.; Thorne, K.A.; Thorne, K.S.; Thrane, E.; Tiwari, S.; Tiwari, V.; Tokmakov, K.V.; Tomlinson, C.; Tonelli, M.; Torres, C.V.; Torrie, C.I.; Töyrä, D.; Travasso, F.; Traylor, G.; Trifirò, D.; Tringali, M.C.; Trozzo, L.; Tse, M.; Turconi, M.; Tuyenbayev, D.; Ugolini, D.; Unnikrishnan, C.S.; Urban, A.L.; Usman, S.A.; Vahlbruch, H.; Vajente, G.; Valdes, G.; Vallisneri, M.; van Bakel, N.; van Beuzekom, M.; van den Brand, J.F.; Van Den Broeck, C.; Vander-Hyde, D.C.; van der Schaaf, L.; van Heijningen, J.V.; van Veggel, A.A.; Vardaro, M.; Vass, S.; Vasúth, M.; Vaulin, R.; Vecchio, A.; Vedovato, G.; Veitch, J.; Veitch, P.J.; Venkateswara, K.; Verkindt, D.; Vetrano, F.; Viceré, A.; Vinciguerra, S.; Vine, D.J.; Vinet, J.Y.; Vitale, S.; Vo, T.; Vocca, H.; Vorvick, C.; Voss, D.; Vousden, W.D.; Vyatchanin, S.P.; Wade, A.R.; Wade, L.E.; Wade, M.; Waldman, S.J.; Walker, M.; Wallace, L.; Walsh, S.; Wang, G.; Wang, H.; Wang, M.; Wang, X.; Wang, Y.; Ward, H.; Ward, R.L.; Warner, J.; Was, M.; Weaver, B.; Wei, L.W.; Weinert, M.; Weinstein, A.J.; Weiss, R.; Welborn, T.; Wen, L.; Weßels, P.; Westphal, T.; Wette, K.; Whelan, J.T.; Whitcomb, S.E.; White, D.J.; Whiting, B.F.; Wiesner, K.; Wilkinson, C.; Willems, P.A.; Williams, L.; Williams, R.D.; Williamson, A.R.; Willis, J.L.; Willke, B.; Wimmer, M.H.; Winkelmann, L.; Winkler, W.; Wipf, C.C.; Wiseman, A.G.; Wittel, H.; Woan, G.; Worden, J.; Wright, J.L.; Wu, G.; Yablon, J.; Yakushin, I.; Yam, W.; Yamamoto, H.; Yancey, C.C.; Yap, M.J.; Yu, H.; Yvert, M.; Zadrożny, A.; Zangrando, L.; Zanolin, M.; Zendri, J.P.; Zevin, M.; Zhang, F.; Zhang, L.; Zhang, M.; Zhang, Y.; Zhao, C.; Zhou, M.; Zhou, Z.; Zhu, X.J.; Zucker, M.E.; Zuraw, S.E.; Zweizig, J. LIGO Scientific Collaboration and Virgo Collaboration. Abbott, R., Abbott, T. D. (LIGO Scientific Collaboration and Virgo Collaboration). Observation of gravitational waves from a binary black hole merger. Phys. Rev. Lett., 2016, 116(6), 061102.[http://dx.doi.org/10.1103/PhysRevLett.116.061102] [PMID: 26918975]

      




      

        	
[96]



        	Budd, G.E. The cambrian fossil record and the origin of the phyla. Integr. Comp. Biol., 2003, 43(1), 157-165.[http://dx.doi.org/10.1093/icb/43.1.157] [PMID: 21680420]

      




      

        	
[97]



        	Gereke, M.; Luppold, F.W.; Piecha, M. The type locality of the Kellwasser-Horizons in the Upper Harz Mountains, Germany. Z. Dtsch. Ges. Geowiss., 2014, 165(2), 145-162.[http://dx.doi.org/10.1127/1860-1804/2014/0066]

      




      

        	
[98]



        	Sallan, L.; Galimberti, A.K. Body-size reduction in vertebrates following the end-Devonian mass extinction. Science, 2015, 350(6262), 812-815.[http://dx.doi.org/10.1126/science.aac7373] [PMID: 26564854]

      




      

        	
[99]



        	Piran, T.; Jimenez, R. Possible role of gamma ray bursts on life extinction in the universe. Phys. Rev. Lett., 2014, 113(23), 231102.[http://dx.doi.org/10.1103/PhysRevLett.113.231102] [PMID: 25526110]

      




      

        	
[100]



        	Mángano, M.G.; Buatois, L.A. Decoupling of body-plan diversification and ecological structuring during the Ediacaran-Cambrian transition: evolutionary and geobiological feedbacks. P. Roy. Soc. Lond. B Biol., 2014, 281, 1780.

      




      

        	
[101]



        	Shakun, J.D.; Clark, P.U.; He, F.; Marcott, S.A.; Mix, A.C.; Liu, Z.; Otto-Bliesner, B.; Schmittner, A.; Bard, E. Global warming preceded by increasing carbon dioxide concentrations during the last deglaciation. Nature, 2012, 484(7392), 49-54.[http://dx.doi.org/10.1038/nature10915] [PMID: 22481357]

      




      

        	
[102]



        	Martin, P.; Archer, D.; Lea, D.W. Role of deep sea temperature in the carbon cycle during the last glacial. Paleoceanography, 2005, 20, PA2015.[http://dx.doi.org/10.1029/2003PA000914]

      




      

        	
[103]



        	Schmittner, A.; Galbraith, E.D. Glacial greenhouse-gas fluctuations controlled by ocean circulation changes. Nature, 2008, 456(7220), 373-376.[http://dx.doi.org/10.1038/nature07531] [PMID: 19020618]

      




      

        	
[104]



        	Andreassen, K.; Hubbard, A.; Winsborrow, M.; Patton, H.; Vadakkepuliyambatta, S.; Plaza-Faverola, A.; Gudlaugsson, E.; Serov, P.; Deryabin, A.; Mattingsdal, R.; Mienert, J.; Bünz, S. Massive blow-out craters formed by hydrate-controlled methane expulsion from the Arctic seafloor. Science, 2017, 356(6341), 948-953.[http://dx.doi.org/10.1126/science.aal4500] [PMID: 28572390]

      




      

        	
[105]



        	Haug, G.H.; Günther, D.; Peterson, L.C.; Sigman, D.M.; Hughen, K.A.; Aeschlimann, B. Climate and the collapse of Maya civilization. Science, 2003, 299(5613), 1731-1735.[http://dx.doi.org/10.1126/science.1080444] [PMID: 12637744]

      




      

        	
[106]



        	Yancheva, G.; Nowaczyk, N.R.; Mingram, J.; Dulski, P.; Schettler, G.; Negendank, J.F.; Liu, J.; Sigman, D.M.; Peterson, L.C.; Haug, G.H. Influence of the intertropical convergence zone on the East Asian monsoon. Nature, 2007, 445(7123), 74-77.[http://dx.doi.org/10.1038/nature05431] [PMID: 17203059]

      




      

        	
[107]



        	Becker, M.; Meyssignac, B.; Xavier, L. Past terrestrial water storage (1980–2008) in the Amazon Basin reconstructed from GRACE and in situ river gauging data. Hydrol. Earth Syst. Sci., 2011, 15, 533-546.[http://dx.doi.org/10.5194/hess-15-533-2011]

      




      

        	
[108]



        	Nie, N.; Zhang, W.; Zhang, Z. Reconstructed terrestrial water storage change (ΔTWS) from 1948 to 2012 over the Amazon Basin with the latest GRACE and GLDAS products. Water Resour. Manage., 2016, 30(1), 279-294.[http://dx.doi.org/10.1007/s11269-015-1161-1]

      




      

        	
[109]



        	Wright, J.D.; Schaller, M.F. Evidence for a rapid release of carbon at the Paleocene-Eocene thermal maximum. Proc. Natl. Acad. Sci. USA, 2013, 110(40), 15908-15913.[http://dx.doi.org/10.1073/pnas.1309188110] [PMID: 24043840]

      




      

        	
[110]



        	Matter, J.M.; Stute, M.; Snæbjörnsdottir, S.Ó.; Oelkers, E.H.; Gislason, S.R.; Aradottir, E.S.; Sigfusson, B.; Gunnarsson, I.; Sigurdardottir, H.; Gunnlaugsson, E.; Axelsson, G.; Alfredsson, H.A.; Wolff-Boenisch, D.; Mesfin, K.; Fernandez de la Reguera Taya, D.; Hall, J.; Dideriksen, K.; Broecker, W.S. Rapid carbon mineralization for permanent disposal of anthropogenic carbon dioxide emissions. Science, 2016, 352(6291), 1312-1314.[http://dx.doi.org/10.1126/science.aad8132] [PMID: 27284192]

      




      

        	
[111]



        	Bertau, M. Energie und Rohstoffe - Gestaltung unserer nachhaltigen Zukunft., Kausch, P.; Bertau, M.; Gutzmer, J. 2011, , 135-149.

      




      

        	
[112]



        	Zhang, S.; Wang, X.; Wang, H.; Bjerrum, C.J.; Hammarlund, E.U.; Costa, M.M.; Connelly, J.N.; Zhang, B.; Su, J.; Canfield, D.E. Sufficient oxygen for animal respiration 1,400 million years ago. Proc. Natl. Acad. Sci. USA, 2016, 113(7), 1731-1736.[http://dx.doi.org/10.1073/pnas.1523449113] [PMID: 26729865]

      




      

        	
[113]



        	Government, A.U. http://www.bom.gov.au/watl/about-weather-and-climate/australian-climate- influences.shtml? bookmark=enso 2008.

      


    



OEBPS/Images/bentham_logo.jpg





OEBPS/Images/9781681086019-front.jpg
elSBN: 978-1-68108-601-9
ISBN: 978-1-68108-602-6

250 YEARS OF INDUSTRIAL CONSUMPTION
AND TRANSFORMATION OF NATURE:
IMPACTS ON GLOBAL ECOSYSTEMS AND LIFE

Hubert Engelbrecht

Bentham E Books





