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The Cenozoic Era - Nýlífsöld65 MY-Present
 Jarðsaga 2
 Ólafur Ingólfsson

Page 2
                        

Origin of the Term: Tertiary System. [1760] Named by Giovanni Arduinoas the uppermost part of histhree-fold subdivision of mountains in northern Italy. The Tertiary became a formal period and system when Lyell published his work describing further subdivisions of the Tertiary.
 The TertiaryPeriod
 65-1.8 MY
 The Tertiary Period is divided into fiveepochs (tímar): Paleocene (65-56 MY), Eocene (56-34 MY), Oligocene (34-24 MY), Miocene (24-5,3 MY), and Pliocene(5,3-1,8 MY).
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Confusing set of stratigraphic terms...More than 95% of the Cenozoic era belongs to theTertiary period. During the 18th century the namesPrimary, Secondary, and Tertiary were given by GiovanniArduino to successive rock strata, the Primary being theoldest, the Tertiary the more recent. In 1829 a fourth division, the Quaternary, was added by P. G. Desnoyers. These terms were later abandoned, the Primary becoming the Paleozoic Era, and the Secondary the Mesozoic. But Tertiary and Quaternary were retained for the two main stages of the Cenozoic.
 Attempts to replace the "Tertiary" with a morereasonable division of “Palaeogene” (early Tertiary) and “Neogene” (later Tertiary and Quaternary) have not been very successful. Stanley uses this division.

Page 4
                        


Page 5
                        

The World at the K/T Boundary
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Paleocene plate tectonics
 During the Paleocene, the inland seas of the CretaceousPeriod dry up, exposing large land areas in NorthAmerica and Eurasia. Australia begins to separate from Antarctica, and Greenland splits from North America. A remnant Tethys Sea persists in the equatorial region.
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Cenozoic Plate Tectonics and
 Orogeny
 • Orogenic activity concentrated in two areas– Alpine-Himalayan belt deformation began in the
 Mesozoic and remains geologically active– circum-Pacific belt deformation occurred throughout
 the Cenozoic
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Tectonic Events of the Cenozoic• Collision of North America with Pacific Plate – creation of the Rocky Mountains and Colorado Plateau.• Approximately 50% of present-day ocean floor created.• Collision of South American plate and Nazca and Pacificplate create volcanism in the Andes Mountains.• Isthmus of Panama created.• Opening up of the North Atlantic - Greenland separatesfrom Scandinavia, destroying land bridge between America and Eurasia.• Australia separated from Antarctica and moved north. • Arabian subcontinent rifted from Africa, to produce the Red Sea and Gulf of Aden. • Africa and India collided with Eurasia to produce Himalayas and Alps.• Creation of present day volcanic islands and island arcs.
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Development of Cenozoic climate and glaciations
 The Cenozoic is a record of step wise cooling and thedevelopment of the cryosphere, first in Southern Hemisphere, then later in Northern Hemisphere. The Cenozoic is a journey from one end member of the climate system (greenhouse) to another (icehouse).
 Underlying cause: Continental Drift changes the distribution of landmasses; in turn this alters the atmospheric and ocean circulation systems and climatic zones.
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Deep ocean temperatures over the last 100 MY:
 http://www.ace.mmu.ac.uk/Resources/gcc/5-2-2-3.html
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Development of life reflects environmental changes...
 - Development and diversification of life on Earth largely reflects long-term environmental changes (tectonic and climatic) through the Cenozoic.
 - Animals develop strategies to cope with cooler and drier environments
 - Plant development reflects increased seasonalityand larger proportion of landmasses outside tropical temperature zones
 - We (humans) are one product of Late Cenozoic environmental changes...
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Extinction gives space to new species development
 During the K-T extinction (65 MY ago) pherhaps 85% of all species disappeared. The dinosaurs perished in the K-T extinction, and other groups that perished were the pterosaurs, belemnids, many species of plants, ammonides and marine reptiles. Groups which were severly affected included planktonic foraminifera, diatoms, molluscs and fish. Remarkably, most mammals, birds, turtles, crocodiles, lizards, snakes, and amphibians were relatively unaffected by the K/T extinction...
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The Tertiary Period: Developmenttowards the modern world.
 Mammals, flowers, insects, and birds move into the openniches left by the extinct dinosaurs. The early primatesappeared during this time, dividing into lineages that led to present monkeys, apes, and man. The branch that led to Homo sapiens separated from the branch the led to the modern chimpanzee some 6 MY ago.

Page 14
                        

Age of the Mammals• Tertiary constitutes the age of mammals proper. During this long span of time, the continents took ontheir present form, the climate deteriorated from thePaleocene and Eocene wet tropics to the cooler and drierMiocene and Pliocene, and the mammals became thedominant form of life on Earth. Many modern types of flowering plants, insects, mollusks, fish, amphibians, reptiles and birds also appeared, so that by the Pliocene epoch the flora and fauna was - apart from some mammalian and reptilian forms - essentially contemporary.
 • The Quaternary represents the Pleistocene andHolocene, in which man emerged the dominant form of life on Earth.
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The Paleocene EpochThe Paleocene ("ancient recentlife") epoch (65-56 MY) marks the beginning of the TertiaryPeriod and the Cenozoicera. The sea-level fell to exposedry land in much of inland North America, Africa, and Australia. South America however was cut adrift with its own unique evolving "ark" of birds, mammals, and reptiles.
 Tímaskipting í jarðsögunni:
 Era = Öld
 Period = Tímabil
 Epoch = Tími
 Age = Skeið
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Paleocene climateThe climate during the Paleocene (65-56 MY) was much warmer thantoday. Palm trees grew in Greenland and Patagonia. Mangrove swamps in southern Australia were located at 65oS.
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Paleocenevegetation
 There were no dramatic changes in terrestrialvegetation at the K/T boundary, and flowering plantscontinued to diversify and spread through the Paleocene – coexisting with gymnosperms (berfrævingar) and spore plants (gróplöntur). However, Palm trees, cactii and pines (fura) start developing and diversifying.
 The Palaeocene was a time when warmtropical, sub-tropicaland deciduousforests covered the landmasses. Even the polar regions were ice-free and covered with dense pine trees.
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The development of mammals
 Monotremes= nefdýr; Marsupials= pokadýr; Placentals= legkökuspendýr
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All groups of mammals evolved
 from the Mesozoic insectivores
 The rise of mammals
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The mammalia-insect linkThe three modern mammal groups: monotremes (nefdýr), marsupials (pungdýr), and placentals (legkökuspendýr) originate during the Cretaceous.
 Ants, termites, wasps and bees originated during the Cretaceous. These insects live in huge colonies, i.e. constitute large biomass... and, consequently, lots of food for insectivores.
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Diversification of mammals
 Mammals: About 5000 species. 1800 rodents + rabbits, 1200 bats, 400 insectivores, 250 carnivores, 250 ungulates, 250 marsupials, 250 primates http://www.molndal.se/BIBL/xuge.htm
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Early mamalian fossil materialThe fossil material highlighting the early development of mammals is extremely sparse:
 • Small creatures
 • Habitats not favourable for preservation (dry-cool habitats rather than wet-warm)
 An animal whose skull was foundembedded in a 195 MY old fossil fromChina was as tiny as a paper clip. Thediscovery of it, however, has bigimplications for our understanding of how mammals have evolved.
 Scientists say the new species, which they named Hadrocodium wui, is the closest known relative to existing mammals that has been found so far.
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Hadrocodium
 http://news.nationalgeographic.com/news/2001/05/0524_paperclipmammal.html
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Mammalian family treehttp://www.bbc.co.uk/beasts/familytree/
 Xenarthra: an ancient group of placental mammals in South America.
 Afrotheras: Native animals of Africa
 Laurasiatheres: developed in Laurasia. Include the hoofed animals, most carnivores as well as the bats and whales!
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Break-up of Pangea and Gondwana sets conditions for mammalian developments
 Mammals in North America-Eurasiadeveloped differently frommammals in S America, Africa and Antarctica-Australia
 North America/Eurasia• Marsupials had spread from South America in theCretaceous to North America and Eurasisa. • Placental mammals in two groups were dominant: (1) The rodents and primates.(2) The laurasiatheres included bats, carnivores, and early hoofed mammals. - A now-extinct group of small rodent-like animals called Multituberculates (jöxlungar) crossed from Asia.
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Mammaldevelopment
 Many Paleocene mammals seem to have developed innorthern Asia and migrated from there to the rest of Asia, to Europe and to North America, these made upthe typical Laurasian fauna of the time. The Paleoceneinhabitants of the scattered continents of Gondwanaare only poorly known. South America-Antartica-Australia, New Zealand, India, and Africa, were all isolated from each other and from other parts of the world, and served as island arks and centers of evolution where unique types of placental mammals, marsupials, monotremes, birds and reptiles.
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Paleocene Africa
 Africa: Africa had its own group of placentalmammals called the Afrotheria. Isolated since Africasplit from South America 100 MY ago, the Afrotheriawere forming the branches which would lead to e.g. elephants, hyraxes (hnubbar), sea cows, tenrecs (burstasvín) and elephant shrews (fílabroddmýs).
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Paleocene SouthAmerica
 South America: The forests of South America contained mammals from different groups:
 - Opossums (pokarottur) and marsupial carnivores originated in Gondwana.- Early hoofed animals are thought to have crossed from the north during the Cretaceous.- South America’s own group of ‘native’ placentalmammals (xenathrans) were splitting into branches that would produce the anteaters, the sloths (letidýr) and the armadillos (beltisdýr).
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Paleocene Australia and Antarctica
 Good fossil evidence onPaleocene development of mammals in Australia andAntarctica is largely lacking. It is presumed that both continents had marsupial mammals, and they may have had placental animals.
 The fossil data tells the following story: Marsupials could follow a beltof Northophagus vegetation all the way around from southern SouthAmerica, across Antarctica into southern Australia. The first marsupials appear in Australia in the Oligocene via this route. Australia parted company from Antarctica in the Miocene, effectively isolating the marsupial fauna here.
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Paleocene: No large terrestrial animalsDuring the Paleocene, there wereno larger sized terrestrial animals. Small insectivorous and rodent-like mammals were abundant.
 Carpolestes simpsoni was a small creature with a bodyweight of only 100 g, highly adapted to life in the trees.
 Latest PaleocenePlanetetherium, a glider similar to today's "flying lemurs".
 The early Paleocene Purgatorius, one of the earliest known primate-like mammals
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Early Paleocene lack of terrestrial predators...?
 • In the earliest Paleocene there is only very limitedevidence of terrestrial carnivores. Crocodiles, snakesand larger lizards survived the K/T boundary and were potential predators. Crocodiles certainly took the opportunity to catch unwary animals drinking at the river banks.
 • The mammals of the earliest Paleocene were nearlyall rat-sized, and their teeth do not yet show clearspecializations for cutting meat. Animal communities on land were thus characterized by a uniquely low amount of predation just after the K/T turnover.
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Multituberculates (jöxlungar):Theoldest (now extinct) mammalian order
 Multituberculates do not belong to any of the groupsof mammals living today (egg-laying monotremes, marsupials, placentals). In the late Cretaceous multituberculates were widespread and diverse in the northern hemisphere.
 Multituberculatesreached their peakof diversity duringthe Paleocene and Eocene, but became extinct in Oligocene.
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Ptilodus – a rodent-like animal
 Ptilodus: Extinct group of mammals found as fossils in middle and latePaleocene deposits of North America. Ptilodus was a multituberculate, a group that in many respects was similar in function to the modernrodents. They were an important component of Paleocene faunas of Europe and North America, and of some late Paleocene faunas of Asia. Multituberculates also were most diverse in size during the Paleocene, ranging from the size of a very small mouse to that of a beaver.
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Early ungulates (hoofed animals), The most primitive early ungulate is the rat-sizedProtungulatum ("before-ungulate") from the Upper Cretaceous and Paleocene of N Americe.Their skullslook superficially like those of carnivores, with large canines and relatively sharp teeth, but arctocyonids had no specialized teeth for slicing meat and were probably omnivores.
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Chriacus – an animal of many talentsWith an estimated body mass of 5 to 10 kg, Chriacus from the earlyPaleocene to early Eocene of North America is another example of early ungulates. Chriacus was equally adept in the trees and on theground. Like most climbing mammals, Chriacus had powerful limbmusculature, very mobile joints and feet bearing five digits with claws. The tail of Chriacus was long (~1 m) and robust. It was well adapted to be used in balancing. The design of the forelimb suggests the animal was capable of digging. Chriacus may have eaten fruits, insects and other small animals
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Eohippus...
 Eohippus (Hyracotherium) was the remote ancestor of the modern horse, appearing in North America during the Eocene epoch, 55 MY ago. The "Dawn Horse" was about the size of a terrier.
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Dinocerata
 Late Paleocene to Late Eocene of North America andAsia. Ungulates, herbivores, up to rhino size & 4500 kg (but most forms pig-size).
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Primate Ancestor: Plesiadapiformes
 First one found in Montana, USA; Purgatorious. Lived during the Paleocene, 65-56 million years ago
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Peradectes – a Paleocene marsupial
 Reconstruction of Late Cretaceous Alphadon. This recon-struction is also valid for Peradectes, the Paleocene to Eocene successor of Alphadon.
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Pugadelphys – a primitive opossum (pokarotta)
 Pucadelphys, a primitiveopossum from the earlyPaleocene of Bolivia, is known from the best fossils for any early marsupial.
 Pucadelphys was an agile animal with some capabilities for bounding and digging, but without strong adaptations for climbing in trees. It was probably an omnivore that fed on insects, fruits and small vertebrates.
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An earlyPaleocene sceneThis scene is from theEarly Paleocene of Wyoming, USA. Thevegetation includedsequoia trees, with a dense undergrowth of shrubs such as tea and laurel, with the addition of ferns and horsetails.
 On the ground is Chriacus, a racoon-like omnivore. Facing Chriacus onthe tree is Ptilodus, a surviving member of the multituberculates, primitive mammals often termed the "rodents of the Mesozoic. " Higher up in the tree is Peradectes, an early marsupial.
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A middle Paleocene sceneMiddle Paleocene inNew Mexico. On theforest floor twoanimals of theAnkalagon group areeating the small crocodile Allognatho-suchus. On the left Chriacus is climbing up a tree. A Delta-therium is on the branch in the middle.
 Ankalagon and Chriacus are primitive members of the hoofed mammals, whereas the relationships of Deltatherium are still debated. Drawing by Gregory S. Paul, from Stanley (1989).
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References for lectures on PaleoceneStanley: Earth System History. Arnold, London
 Fortey: Life. A Natural History of the First Four Billion Years on Earth. Vintage, New York.
 www.ace.mmu.ac.uk/Resources/gcc/index.htmlwww.palaeos.com/Vertebrateswww.bbc.co.uk/beasts/changing/paleocene/mammals.shtmlwww.carlwozniak.com/earth/Life.htmlwww.paleocene-mammals.de/index.htmwww.ucmp.berkeley.edu/www.il-st-acad-sci.org/kingdom/bird001z.htmlwww.peabody.yale.edu/www.scotese.com/www.karencarr.com/index.htmlwww2.nature.nps.gov/geology/parks/grte/www.molndal.se/BIBL/xuge.htmwww.dmclf.org/evolution/fossil-penguins.htmlwww.news.nationalgeographic.com/news/2001/05/0524_paperclipmammal.htmlwww.crocsrule.org/immersions.htmlwww.palaeos.com/Vertebrates/Units/Unit290/290.300.html#Sebecosuchidae
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