
Lecture 24   KT Extinction 66MYA

Definitiion of Extinction: the birth rate of an organism does not keep up with ththe death rate. 

Mass extinction vs. background extinction 

· Background : less dramatic, slower over time. M.L McKinney says 95% of all extinctions are this kind 
· Causes: competition for food and space, climate changes, mountain development, habitat destruction through fire, drying of wetland, volcanoes
· Mass extinction: large number of species extinct, global scale, short period of time.
Times of Mass Extinctions 

· Late Ordovician 
· Late Devonian (corals) 
· Permian - deadliest (almost whipped out all life) 
· Late Triassic 
· Cretaceous/Tertiary 
Permian extinction 

· 96% of all species died 
· 56% of all families died 
· took place over 2 million years 
· Glaciation event creating a SL drop. Land dried out. 
· Large volcanic eruptions - ash deposits found in Siberia and Arctic 
Triassic extinction 

· Manicouagan Crater, Quebec 
Problems with studying extinctions 

· incomplete fossil record and sedimentary record 
· most complete information in marine record (not a lot of info with Dinosaurs)
Time resolution

· 50-90% of rock record not preserves. 9 out of 10 hours of earth history not preserved
· Only 20 localities of KT boundary mass destinction
Paleontological resolution

· McKinny: 5-50 mill. species extinct today. Life originated 3.5 Billion years ago. 1 to 3 billion species come and gone. 99% of species are extin. Less that 1% fossilized. 
· importance of lagerstaetten. 
· First appearance datum - when species first appears. Last appearance datum - when species goes extinct. Species come and go at different times and different areas. Signor-Lipps effect (2 paleontologists) describe the appearance datum spectrum. 
KT event 

· earlier belief: just focussed on dinosaurs; their too big, too stupid, too undersexed, too weird, too constipated. Competed for food. Poisoned by plants, plagues, sudden climatic change. 
· Problems with early theories: just focussed on dinosaurs, didn’t look at mammals, didn’t look at survivors. A lot more information has been found. 
· evidence for extraterrestrial catastrophes (meteorite) 
Extinct groups on land

· Dinosaurs
· Pterosaurs
· some families of birds and marsupial mammals
Extinct groups in the sea

· Mosasaurs, plesiosaurs, some ray finned fish, ammonites and belemnites, rudists, certain mollusks, inoceramid bivalves 
· over half of groups of plankton extinct. Some groups declined 10MA before KT 
Survivors 

· most land plants, insects, snails, frogs, salamanders, turtles, lizards, snakes, crocodiles, placental mammals, starfish, sea urchin, mollusks 
Causes of Extinction 

· Cretaceous had intense tectonic activity. Formation of rocky mountains and Andes effecting migration, volcanism 
Volcanism

· sea-floor spreading at Pacific Rim 
· Pacific Rim full of volcanic arc systems: with huge basalt flows  
Deccan Traps : balalt flow in India 

· Flood basalts from 60-65 MYA, cover area of 500 000km squared
· volatile gas: carbon dioxide, sulfur oxide and nitric oxide. Temperature change, damage of ozone layer - acid rain. Plants made it because their spores and seeds can lay dormant for years. 
· India was in the middle of Indian ocean during K/T boundary traveling over a hot spot. Carried load of lava to asia. 
Cooling due to volcano erruptions

· delayed greenhouse effect, micro droplets of sulphuric acid (smaller than wavelength of light) Photons that meet a droplet might be returned to space. 
· evidence of an ice period. Researches have found hardgrounds and incised river valley (both associated with low SL) 
Continent was similar to how it is today 

Oceans

· During cretaceous ; High SL, regression, new oceanic crusts cooled and subsided 
Climate

· warm during cretaceous , greenhouse effect,
· CO2 gases due to tectonics 
· Cooling and seasonality starts during second half of period; drop of 5 degrees  
· Many climatic events at end of Cretaceous could be adding to background extinction before impact 
Meteorite Impact evidence 

· Barringer Crater in Arizona 
· Walter and Luis Alwarez studied a KT boundary in Gubbio, Italy. Discovered 3 layers in marine sediment. 
Upper layer; Tertiary microfossils 

_______________________________________________________________

Middle layer; clay bed : iridium layer, common in earth core and in meteorites! Either result of meteorite or volcanism. Higher concentration than usually found in earth core. 

_________________________________________________________________

Bottom layer: cretaceous dinoflagellates (algae), formainifera (plankton) and coccoliths (algae) 

How to determine if there has been an impact? 

1.1. Shocked Quartz: crystal structure has been shattered (meteorite smashing). Found in sediments marking the KT boundary. (quartz can also by shocked from a volcano so this needs to be considered) 
1.2. Mikrotektites : small droplets of silica-rich glass. Glass is material from meteorite that’s been melten and pushed into atmosphere as molten, it cools and crytalizes into small droplets and falls back on Earth.  
1.3. Iridium
Other sources of Iridium 

· increased levels of iridium found at a Hawaii volcano 
· Cretaceous period was time of abundant volcanism
Search for an Impact site

· First looked at Haiti. Found lots of glass (shocked quartz) rich in sulfur from molten continental crust and evaporites. Evaporite made of carbonate salt precipitation from water evaporating. A large meteorite could have hit an ocean basin and the water would have evaporated from all the heat. 
· Another site: Yucatan Peninsula; large structure found with shocked quartz. Called the Chicxulub crater. The ejecta blanket is where the meteorite hit and the range of damage. It hit the ocean (Gulf of Mexico) and caused Tsunami deposits (deposits of tsunami damage both in ocean and on land) Meteorite came in on an angle from the North because the ejector blanket and tsunami deposits are North of the crater. (if meteorit comes straight down then the ejecta blanket would be in a circular radium around site) Suggested 30 degree temp increase for 30 days after this hit. 
· Spike of iridium in clay beds at time of KT boundary
· Over 100 sites with iridium anomalies (not all meteorite related or KT sites)
· Most southern KT site ; Seymore Island, Antarctica : found charcoal there which is evidence of fires caused by a meteorite impact 
Immediate Effects of a Meteorite 

· Blast wave, base surge, tsunami, vaporization of water and rock, earthquake 
Long term effects 

· ejecta gets into atmosphere and is distributed around the world
· global darkness (enhibitig photosynthesis), global wildfires, acid rain, greenhouse effect
· Biomass (plants ect.) in our atmosphere get exterminated. Biomass decreases our CO2 thus without biomass CO2 increases = greenhouse 
· ***Clay layer (with iridium spike) is one true signal of a catastrophic impact. Other signs are hard to determine because meteorite is an instantaneous disaster and is hard to find in rock records dating back 65 mya. 
Was the extinction Isochronous or diachronous? (she doesn’t say which) 

· Isochronous: sequence of events occurring regularly or at equal time intervals. 
· Diachronous: sedimentary rock formations where similar material varies in age from place to place. 
How do you test time? 

· Biostratigraphy = assigning relative ages of rock by using the fossil assemblages contained within them
· Radiometric dates (only have an accuracy of +/- 500,000 years. 
Iridium clay layer reflects 3 months of Earths history 

Effects of oceans

· Ichthyosaurs disappeared before kt boundary 
· Bivalves dissapeared during kt time and along all latitudes (speaks to how disasterous the meteorite was) 
Hard to assess effect on animals because complete land sections hard to find

Foraminifera - important to reconstruct the KT boundary 

· Benthic and planktic foraminifera (zoo plankton) 
· Some died before KT, some died at KT boundary, new species evolved after KT.
· Benthic and planktic play huge role in climate control. They are the primary producers of organic matter. They are bottom of food chain and very important. 
Primary productivity 

· measured with carbon isotopes on benthic and planktic foraminifera. They are the primary productivity plankton. Primary productivity broke down at KT boundary. Down 10% of normal values. Took 1.5 MY to recover 
Terrestrial record: Importance of palynology 

· Palynoflora : spores and pollen 
· Megaflora ; leaves 
· Pollen extinction at iridium anomaly in Montana and North Dakota and Wyoming. After extinction of pollen, ferns developed (new flowering plants)
· In Canada: 5 major pollen changes related to different latitudes (not a direct link of meteorite) 
· Megaflora: smaller extinctions linked to environmental changes, major extinctions linked to meteorite 
Vertebrates

· aquatic vertebrates: 90% survival rate (most water species survived) Less food on land 
Dinosaurs 

· decline of dinosaurs started 7 MY before boundary, acceleration in final 0.3 MY
· need to look at hundreds of km of rock
Testing an extinction theory

· 1. must be testable (predictable, observable consequences)
· 2. As many events explained (parsimony - simplest theory best) 
Arguments for Asteroid impact

· Global impact 
· Independent of climatic zones because bivalves went extinct 
· Gradual decline or shock - yes. evidence of gradual decline in mammals argue against impact 

