1.

Geology – Greek: “geo” (Earth) + “logos” (reason/study/knowledge)

Science –  Latin: scientia (knowledge)

Paleontology – Greek: “paleo” (ancient) + “onto” (being) + “logos” (reason/study/knowledge)

Evolution – Latin: “evolvere” (to unroll)

Paleozoic – Greek: “paleo” (ancient) + zo (animals)

Phanerozoic – Greek: “phanero” (visible) + zo (animals)

Fossil – Latin: “fodere” (to dig)

Anthropod – Greek: “arthrov” (joint) + “pod” (foot)

Bryozoan – Greek: “bryo” (moss) + “zo” (animals)

Echinoderm –  Greek: spiny skin

Trilobite – tri (three) lobe (lobed) “Three-lobed”

2.

Geology: science and study of the Earth and its composition, structure, physical properties, and the history of it and its formations

Science: knowledge attained by verifiable means, namely through the scientific method

Principle of Superposition: in an undisturbed environment, layers of sediments or sedimentary rock arranged in time sequence with the oldest on bottom and youngest on top

Principle of Uniformitarianism: “the present is the key to the past” what happens now probably happened in the past

Unconformity: buried surface of erosion, representing a gap in geologic time 

Species: one basic unit of biodiversity 

Fossil: preserved remains or traces of a once living organism

Correlation: process by which units of rock are determined to be equivalent from area to area, either in terms of their physical character or their relative age

Principle of Faunal Succession: different strata contain different fossils

Stromatolite: preserved column structure formed by layered mats of cyanobacteria

Organic evolution: change in heritable traits of a population of organisms over generations

Mass extinction: short periods during which excessively high rates of extinction prevail; extinction rate significantly higher than background extinction

Rodinia: Pre-Cambrian supercontinent, at the very end of the Pre-Cambrian it began to fragment affecting the evolution of Cambrian fauna 

Cyanobacteria: formerly known as “blue algae” phoyosynthetic bacteria that formed stromatolites in the Pre-Cambrian

Photosynthesis: synthesis of sugar from light, water, and carbon dioxide, with oxygen as a waste product

Epicontinental sea: a sea that lies over a part of a continent

Phanerozoic: eon of geologic time including Paleozoic, Mesozoic, and Cenozoic

Carbonization: mode of fossil preservation in which most of the organic material is destroyed leaving behind a carbon film impression of the organism

Allopatric speciation: a new species forms where a new species diverges from its ancestral species due to geographic isolation of a small population resulting in an increase in number of species

Spreading center: area on the earth’s surface, where two adjacent plates are pulling away from each other causing hot magma to rise up into the gap forming a ridge.  For example mid-oceanic ridge in the Atlantic ocean

Subduction zone: Area where two plates meet, and are pushing against each other.  One of the plates then is forced under the other into the mantle.  Commonly the site of trenches, volcanoes, and earthquakes 

Ecologic tiering: vertical division of oceanic ecosystem into various niches that allow various species to feed and avoid other organisms, creating niches

Organic reef: organically constructed structure raised above the sea floor with a rigid framework of skeletal material 

3.

Archbishop Ussher – Irish scholar that dated the age of the Earth at 4004 B.C. by reviewing the dates found in the bible.  

Nicholas Steno – Danish scholar whon in 1820 proposed three of the most fundamental geologic principles: principle of lateral continuity, principle of original horizontality, principle of superposition.

Charles Darwin – author of The Origin of Species by Means of Natural Selection, in which he proposed for the first time the idea of organic evolution by the process of genetic material and its recombination and variation through mutations and sexual reproduction

Anomalocaris – (“unusual shrimp”) Large arthropod (up to 2 m) probably predatory organism of the Cambrian period of, with a round mouth, complex eyes and many flexible lobes, with which it propelled itself through the water.  Fossils were discovered in the Burgess Shale.

Pikaia – Cambrian organism with structure resembling the cordates, making it the oldest known ancestor of the vertebrates.  Fossils were discovered in the Burgess Shale.  
Brachiopoda – (Lat. Brachium “arm” + poda “foot”) phylum of invertebrate animals characterized by two shells (vaves) that are situated on top and bottom of the animal 

Bryozoa – (“moss animals”)phylum of colonial, sessile organims which build calcareous skeletons 
Mollusca – (from Latin “molluscus” - soft) phylum of organisms including gastropods, bivalves, cephalopods, and others, typically unsegmented, mantle secretes a shell
Arthropoda – phylum of organisms including trilobites, insects, and crabs.  Characterized by jointed appendages
Echinodermata – (“spiny skin”) appeared in the Cambrian period, phylum which includes starfish, echinoids, sand dollars, crinoids, etc.  
Trilobite – group of extinct arthropods, characteristic of the Paleozoic Era, with a body divisible into a cephalon (head), thorax, and pygidium (tail)
Crinoid – class of echinoderms, usually with a stem or stalk on which the body sits with few to many feeding arms
Nautiloid – predatory molluscs, which have a hard external shell, flourished in the Paleozoic era

Snowball Earth – 600-750 million years ago, global glaciation caused by breakup of supercontinent which resulted in narrow seas opening up.  Those seas then buried organic carbon in sediments on sea floor, thus keeping atmospheric carbon dioxide at low levels.  Formerly landlocked areas were closer to the ocean resulting in more rainfall which removed carbon dioxide from the atmosphere in the form of carbonic acid.  Without the greenhouse gas, carbon dioxide, the atmosphere began to cool.  Ice in oceans reflected solar energy resulting in more cooling.  

4.  Distinguish between:

Hypothesis and Theory: A hypothesis is a testable, educated guess aimed at explaining a natural phenomenon.  A theory is a hypothesis that has been tested repeatedly, and is well supported by positive evidence.

Principle and Theory: A principle is an induction or generalization arrived at by numerous cases of observation.  A theory is an explanation of natural phenomena and can be used to predict future natural phenomena
Body Fossil and Trace Fossil: A body fossil is an actual preserved part of a once living organism, For example tissue samples, bones, teeth, etc.  A trace fossil is simply a preserved artifact of their behavior, for example a nest, teeth marks, copulates, etc. 
Permineralization and Replacement: Permineralization is a type of alteration to the fossil in which microscopic pores are filled by minerals precipitated from solutions of water and minerals that flow through the fossil.  Replacement is a process in which the original material is all dissolved by chemical action and other minerals are substituted on a molecule by molecule basis so that a replica of the original shell is formed of foreign material most commonly silica.  
Mold and Cast: A mold is a negative representation left by the impression of an organism or its parts in some type of material.  A cast is a positive representation of the organism, for example if plaster of paris were poured into the mold.
Relative and Absolute Dating: Relative dating is the dating of sediment layers in relation to other layers within a vertical series of strata.  It yields no numeric date.  Absolute dating usually manifested through radiometric dating is calculated by measuring the presence of daughter isotopes that have decayed from their original forms compared to the known half-life of the element being measured.  This yields a numeric date.
Phyletic Gradualism and Punctuated Equilibrium: Phyletic gradualism is the idea that species are constantly and gradually shifting into others and that in the past species have gradually become different ones.  Punctuated equilibrium is the idea that throughout history for the most species existing at any given time were well adapted to their environment and thus did not change noticeably.  It is not until this equilibrium is disturbed that the species begins to evolve into another quite rapidly.   
Divergent and Convergent Evolution: Divergent evolution is the process by which one species branches off into two or more different species that become different due to geographic isolation and the different traits that allow them to survive in their respective environments better.  Convergent Evolution is the process by which two different species in the same environment develop similar traits and become similar at the genetic level due to an environment which calls for a specific trait in order to survive.  
Cosmopolitan and Endemic: Cosmpolitan is a characteristic, in which an organism is wide spread and can be found all over the Earth.  A species is endemic if it is only to be found regionally.  
Suspension Feeder and Deposit Feeder: Both deposit feeders and suspension feeders occup the ocean floor.  Suspension feeders typically have some type of protruding appendage or stem and use that to gather their food from suspension in the water.  Deposit feeders scan the ocean floor to find their food.  
Epifauna and infauna: Epifauna refers to the animal life on the ocean floor.  Infauna refers to the life buried in the sediment
Prokaryote and Eukaryote: Prokaryotic organisms’ cells have no nucleus (like bacteria).  Eukaryotic organisms have cells with nuclei.
Fauna and Flora: Fauna refers to the animal life in a given region or period of time.  Flora refers to the plant life in a given region or period of time.  
Inarticulate and Articulate Brachiopods: Both shells of an inarticulate brachiopod are held firmly together by musulature, whereas the shells of articulate brachiopods are held together by a hinge like articulation.
Tabulate and Rugose corals: Rugose corals often called “horn” corals are divided vertically by septa.  Tabulate corals are divided both vertically by septa and horizontally by tabula.  

5.  Steps of the scientific method:
-Observe and describe natural phenomena 

-Define a problem/Ask a question about the observation

-Postulate a hypothesis derived from knowledge, experience, and principles

-Experiment to gain evidence

-Formulate a theory that both explains the phenomenon and can predict future ones

6.  Age of the Earth: 4.6 Billion years old

7.  Major processes involved in formation of clastic sedimentary rocks:

Step 1: Weathering of pre-existing rocks by chemical or mechanical weathering

Step 2: Erosion of products of weathering

Step 3: Deposition of sediments

Step 4: Lithification by compation or cementation

8.  Fossils only in Sedimentary rocks?
Igneous rocks are formed by the cooling of magma, and thus any remaining traces of an organism would be destroyed at the temperatures necessary to melt rock.  Metamorphic rocks have undergone extreme heat or pressure, which would likely destroy any fossils.  Also sedimentary rocks are formed at the surface of the Earth where organisms are present.  Metamorphic rocks are not and igneous rocks are naturally far too hot.  

9.  Unconformities represent: buried erosional surface represent gap in geologic time and an absence of fossils that may have been eroded away

10.  Importance of fossils to a geologist:

11.  a.  What is the major basis for biological classification? Evolution

b.  What are the main two purposes of biological classification?  Communication between scientists and purports to show evolutionary relationships

c.  What is the fundamental unit of biological classification?

Species – a genetically closed system, group of individuals more like each other than they are like members of other groups

12.  Conditions necessary for fossil preservation:
Typically in order to be preserved an organism must be quickly covered in sediments, protected from mechanical weathering and scavengers as well as decomposing bacteria.  Thus a place low in oxygen, covered in fine grained sediments is the best possible environment for preservation of organisms.  Hard parts, like skeletal systems are usually necessary for preservation though soft parts can also be preserved in extreme cases.  

13.  The fossil record is necessarily incomplete because:

Fossils are typically only found in one of three rock types, thus immediately limiting the chances of organisms being preserved.  Not all organisms throughout time have had hard parts and soft parts are typically not preserved.  Essentially the conditions necessary for preservation are quite extreme.  Most organisms after death are decomposed or picked apart by scavengers, with their hard parts being mechanically or chemically broken down.  

14.  What is the major basis for the geologic time scale? Organic evolution as reflected by the fossil record with major evolutionary events drawing the borders.

15.  3 main criteria for a good index fossil:
1.  short geologic time range

2.  geographically widespread

3.  common in rock record

16.  Central concept of modern biology and paleontology: Organic evolution

17.  Elements involved in theory of organic evolution by natural selection:

-Principle of organic variation (mutations and sexual recombination)

-Principle of over-reproduction (more individuals are produced than will survive)

-Competition (intra- and inter-specific)

-Natural selection (those individuals not adequately equipped for an environment are eliminated and thus unable to pass their genes on; over a few generations a species will adapt to an environment by allowing only the well-adapted genes to be passed on)

-Phyletic gradualism (one species changes imperceptibly into another over time)

-Allopatric speciation (a species which once shared a common gene pool is separated geographically into several units which are now completely isolated from each other and thus can not reproduce and are living in different conditions.  Eventually the members of each group will adapt to the different environments in which they live and will when compared with each other appear rather different from one another.

18. Two main sources of genetic variation:
The two main sources of genetic variation are sexual recombination and mutation.  Mutations act as the ultimate source of genetic variation because they allow previously inexistent genetic combinations to be introduced into the gene pool of a species.  Sexual recombination is important because it allows for the passing on of genes only from organisms, which are presumably well adapted to their environment based on their continued survival in said environment.  

19. Roles of organic variation and natural selection:

Natural selection is the factor, which drives organic variation.  Any time a mutation, the ultimate source of genetic variation, comes into existence in an individual’s genetic code natural selection will determine whether that particular mutation would make a beneficial adaptation.  If the animal survives to reach sexual maturity, clearly the mutation has passed natural selection’s test and that mutation will be passed into the gene pool of the species.  If in extreme cases the environment has undergone rapid and extreme changes the mutation may become a dominant trait in the species.  For example if the temperature drops rapidly in an area individual organisms who have genetic mutations that make them able to withstand cold will be more likely to survive and pass on their genes.  

20.  Punctuated Equilibrium
The equilibrium in “punctuated equilibrium” is the stasis in which a species can remain for millions of years.  It is characterized by an almost complete lack of noticeable change.  The punctuation in “punctuated equilibrium” are the geologically speaking short spans of time in which a species undergoes rapid change due to changes in its environment, and ultimately forms a new species.  

21.  “Scientific creation” = misnomer.  Why?

“Scientific creationism” is a misnomer because there’s nothing scientific about it.  Science requires the use of testable theories.  Creationism purports to be untestable and unmodifiable.  Also paleontological and biological evidence contradicts the idea of creationism.

22.  Sea-floor spreading and continental drift

Sea-floor spreading is the process by which continental drift, or the notion that the continents are not actually stationary and have been moving and continue to move.  Sea-floor spreading occurs at mid-ocean ridges where cracks in the various plates that make up Earth’s crust allow hot magma to come up constantly forming new crust.  However in order to make room for this new crust the old crust is pushed away, thus causing the aforementioned continental drift.  Evidence for continent drift includes the obvious observation that South American appears to fit into Africa.  Also the discovery of both fossilized and living organisms found in various continents is evidence that the continents were probably once joined.  

23.  Volcanic outgassing and Earth’s early atmosphere:

Earth’s early atmosphere consisted of large amounts of hydrogen and helium.  However as the Earth cooled from its originally completely molten state, volcanic activity released the greenhouse gas carbon dioxide which kept the Earth from freezing over.  A new atmosphere rich in carbon dioxide and water vapor was formed.  

24.  Oldest known fossils

Stromatolites and cyanobacteria are the oldest known fossils, dating back about 3.5 billion years ago.

25.  Appearance of oxygen in the early atmosphere:

The process of photosynthesis, used by cyanobacteria early in Earth’s history, transformed much of the carbon dioxide rich atmosphere into oxygen.  After most of the elements which readily oxidize (like iron) had been exhausted, free oxygen began to accumulate in the air.  

26.  Evolutionary significance of the origin of sexual reproduction
Eukaryotes developed sexual reproduction about 1.2 billion years ago.  Sexual reproduction allows for another method by which genetic variation can be introduced into a species gene pool.  The parents’ genes are recombined in the offspring thus producing a variety of different characteristics, each of which may be more or less beneficial to the survival of the individual and ultimately the survival of the species.

27.  Ediacarans: a failed evolutionary experiment

The Ediacarans existed in the Pre-Cambrian times.  They generally lived buried in the sandy sediment of shallow pools and have therefore often left imprint fossils.  Ediacarans represent the emergence of multicelluar life and were structured with various chambers like an air mattress, with no mouth, anus, internal organs, or means of locomotion.  They died out later in the Cambrian.  However it has been suggested that a new kingdom be made specifically for them because they are like no other form of life that exists now or ever existed on Earth.  Thus the fact that they were so different constitutes their status as an evolutionary experiment which obviously due to their extinction failed.  

28.  3 Evolutionary Marine Faunas of the Phaneroizoic:

1.  Cambrian: dominated by trilobites, primary life deposit feeders (feeding on organic matter in sediments)

2.  Paleozoic: more diverse ecologically and more complex than previous (articulate brachiopods, prinoids, byazoans, etc.)

3.  Modern: even more diverse/ecologically complex (mollusks and predators dominate)

29.  Beginning of Paleozoic Era:

The Paleozoic era was marked by the evolution of hard parts by various species, and thus an increase in the fossil remains.  The rapid adaptive radiation in the Cambrian marine fauna of small shelly metazoans may have been the result of the rise in sea level ccreating eco-space for evolving species, the availability of previously unfilled ecologic niches, continutes rise in oxygen levels, necessary for aimals to grow larger in size and also for the excretion of skeletal parts.

30.  Small Shelly Fauna of Earliest Cambrian:
The small shelly fauna was a series of animals that evolved in the late pre-Cambrian and flourished into the early part of the Cambrian.  The fossils consist of small (1-2 mm), calcium-phosphate skeletal parts in shapes of cones, plates, tubes, and spicules.  

31.  The Cambrian evolutionary explosion and its causes
The Cambrian evolutionary explosion is a sudden development of many different species all of which were very diverse and all of which appeared at about the same time.  It may be caused by the fact that sea level rose opening up more eco-space for new evolving species.  Also there were unfilled ecologic niches that could easily be exploited by developing species.  A continued rise in oxygen levels necessary both in respiration and in the secretion of skeletal parts may have contributed.  Skeletal parts would in turn allow the various species to become larger because of the structural support.  

32.  The Dominant fossils in Cambrian rocks:
Trilobites are the dominant fossil group in Cambrian rocks.  They are a three lobed arthropod.  Inarticulate brachiopods are the second most abundant group.

33.  Cambrian reef builders
Archaeocyathis, similar to sponges, was the first group of reef builders and lived in the early Cambrian until becoming extinct in the middle Cambrian.  Reef builders would not re-appear until the Ordovician.  

34.  The Burgess Shale fauna: 

-Age: Middle Cambrian

-Significance: The significance of the Burgess Shale fauna lies in the fact that it contains a wide variety of well-preserved soft-bodied organisms.  

-“Failed evolutionary experiments?”: Some of the fossils are of organisms far different from the body types seen today.  These protocol body types inevitably were lost completely when the various members of these unsuccessful, ancient phyla became extinct.

-Anomalocaris: represents the first known appearance of a large predator

-Pikia: represents the earliest known cordate, possible ancestor of the vertebrates

35.  Brachiopods
Cambrian: The inarticulate brachiopods were dominant in the Cambrian fauna

Ordovician: The articulate brachiopods were dominant then

“Sea shells” of Paleozoic Era: Brachiopods?

36.  Limitation of Stromatolites:

Eventually grazers and burrowers began destroying stromatolites.  

37.  Ordovician vs. Cambrian

a.  Marine invertebrate fauna: Deposit feeders dominated in the Cambrian.  In the Ordovician suspension feeders dominated.  

b.  Ecologic structure of marine communities: In the Cambrian period deposit feeders dominated accompanied by limited quantites of suspension feeders. The organisms occupied the very bottom tiers of the epifauna.  Once the Ordovician began suspension feeders began extending up into the upper tiers of the epifauna and thus because they were making maximum use of the available resources began to dominate over the deposit feeders who remained in the bottom tiers.

c.  Reefs: reefs in the Cambrian period were built by archaeocyathids, whereas Ordovician reefs were built by corals.

38.  Ordovician evolutionary radiation:

The evolutionary radiation that occurred in the Ordovician may be explained by the development of hardgrounds on the sea-floors.  Carbonate sea-floors shifted their composition to calcite thus becoming hard.  Deposit feeders can not feed as well from hardgrounds because organic material can not be taken from the cemented grounds, and thus the ceased to be as successful.  However suspension feeders have attachment structures that adhere easily to hardgrounds.  Also because suspension feeders filter nutrients suspended in the water they have they ability to reach new heights to find and exploit the nutrients there, thus the introduction of tiering.  

39.  Plate tectonics and sea level change

40.  Why is the present day an atypical time in Earth history?

