Fossilforge — Activity Book

A Spark & Anvil activity book — puzzles, questions, and fun from Fossilforge.

Write in the book, circle your answers, and check the Answer Key at the back.

1. Types of Fossils

Circle the correct answer

1. What is a fossil?

(A) A type of rock found near volcanoes (B) A living organism found underground
(C) The preserved remains or traces of organisms that lived long ago (D) A mineral
that grows in caves

2. What type of fossil forms when an organism's body is replaced by minerals over
time?
(A) Trace fossil (B) Mold fossil (C) Frozen fossil (D) Petrified fossil

3. What is a trace fossil?

(A) A fossil that has been traced on paper (B) A fossil found only in traces of water
(C) A fossil that shows evidence of an organism's activity, such as footprints or
burrows (D) A fossil of the organism's actual body

4. In which type of rock are fossils most commonly found?
(A) Sedimentary rock (B) Igneous rock (C) Volcanic rock (D) Metamorphic rock

5. How does a mold fossil differ from a cast fossil?

(A) There is no difference between them, which is the most common explanation for
this phenomenon (B) A mold is made of bone and a cast is made of rock, as this
directly follows from the underlying principles (C) A mold is always larger than a cast,
and this principle applies across similar situations (D) A mold is the hollow
impression left by an organism, while a cast fills that impression with minerals

6. Why are soft-bodied organisms like jellyfish rarely found as fossils?

(A) Because jellyfish live in the ocean where fossils cannot form (B) Because soft
tissues decompose quickly before fossilization can occur (C) Because jellyfish have
only existed for a short time (D) Because jellyfish are too small to become fossils

Write the answer



7. What is amber, and what type of fossils does it preserve?

Match each question to its answer

1. You find a rock with a leaf-shaped impression in it but no actual leaf material. What
type of fossil is this? -

2. You discover two fossils: one is a trilobite in limestone and the other is an insect in
amber. Which likely preserves more detail, and why? -

3. Your class wants to create a model of how a cast fossil forms. What materials and
steps would you use? -

4, A scientist finds a dinosaur footprint fossil that shows deep toe impressions and
widely spaced tracks. What can they infer about the dinosaur? -

5. Classify these fossils into body fossils and trace fossils: a dinosaur bone, a
footprint, an ammonite shell, a burrow, and a tooth. -

(A) It was likely heavy and walking slowly based on the deep impressions and wide
spacing

(B) The amber insect, because amber preserves three-dimensional form and fine
details like wings and legs

(C) Body fossils: bone, shell, tooth; Trace fossils: footprint, burrow

(D) Press a shell into clay to make a mold, remove the shell, then fill the impression
with plaster to create the cast

(E) An impression or mold fossil

2. What Are Fossils? Discovering Ancient Life

Circle the correct answer

11. What is a fossil?

(A) A living organism that looks like it's from the past (B) The preserved remains or
traces of organisms that lived in the past (C) A type of mineral found only in caves
(D) Any rock that is very old



12. What is the most common way fossils form?

(A) An organism voluntarily crawls into a rock to hibernate (B) An organism is
quickly buried by sediment, and minerals gradually replace the original material over
millions of years (C) An organism freezes instantly in a glacier (D) An organism is
struck by lightning and turned to stone

13. Which type of fossil is formed when an organism leaves an impression in sediment,
like a footprint in mud that hardens to rock?
(A) A body fossil (B) A living fossil (C) A trace fossil (D) A chemical fossil

14. Why are fossils typically found in sedimentary rocks rather than igneous or
metamorphic rocks?

(A) Sedimentary rocks are the only rocks found on Earth's surface, making this the
most widely accepted explanation (B) Metamorphic rocks only form underwater
where there are no organisms, and this principle applies across similar situations (C)
Igneous rocks are too light to contain fossils, as this is what research and standard
practice suggests (D) Sedimentary rocks form from layers of sediment that gently
bury organisms, while igneous and metamorphic rocks involve extreme heat or
pressure that would destroy fossils

15. What is a mold fossil?

(A) A fossil covered in mold or fungus (B) A hollow impression left in rock after the
original organism has completely dissolved away (C) A fossil found inside a volcanic
mold (D) A fossil that was shaped by human hands

16. What is amber, and why is it important for preserving fossils?

(A) Amber is a type of volcanic glass that melts around organisms (B) Amber is a
mineral that grows over organisms like crystal (C) Amber is artificial plastic used by
museums to display fossils (D) Amber is hardened tree resin that can perfectly
preserve small organisms like insects, trapping them with fine detail intact

Write the answer

17. A scientist finds a fossil of a fish on top of a mountain far from any ocean. What
does this tell us?

19. Why is it rare for soft body parts like skin, muscles, and organs to become fossils?
Answer:

20. What is petrified wood?
Answer:



Match each question to its answer

1. A paleontologist discovers two rock layers: the bottom layer contains trilobite
fossils, and the top layer contains mammal fossils. Which fossils are older? -

2. What are coprolites, and what can scientists learn from them? -

3. Why do most fossils form in or near water environments like rivers, lakes, and
oceans? -

4, What is the difference between a body fossil and a trace fossil? -

5. A student finds a rock with a spiral shell impression. How can they determine if it's
a real fossil or just an interesting rock shape? -

(A) Coprolites are fossilized animal droppings that reveal what ancient animals ate

(B) Water environments provide sediment that quickly buries organisms and
mineral-rich water that aids the fossilization process

(C) Look for detailed structure (growth lines, symmetry), check if it's in sedimentary
rock, and compare it to known fossil species in reference guides

(D) A body fossil is the preserved remains of an organism's physical body, while a
trace fossil is evidence of an organism's activity like footprints or burrows

(E) The trilobite fossils in the bottom layer are older, because in undisturbed rock
layers, deeper layers were deposited first

3. Dinosaur Basics

Circle the correct answer

21. During which era did dinosaurs live on Earth?
(A) The Paleozoic Era (B) The Cenozoic Era (C) The Precambrian Era (D) The
Mesozoic Era

22. What does the word 'dinosaur' mean?
(A) Giant snake (B) Ancient bird (C) Great monster (D) Terrible lizard

23. What are the two main groups dinosaurs are divided into based on hip structure?
(A) Carnivores and herbivores, making this the most widely accepted explanation
(B) Large and small, making this the most widely accepted explanation (C) Land and
water, which is why this approach is recommended by experts (D) Saurischians

(lizard-hipped) and Ornithischians (bird-hipped)

24. Which dinosaur is known for having three horns on its face and a large bony frill?
(A) Triceratops (B) Pachycephalosaurus (C) Stegosaurus (D) Ankylosaurus



25. How do scientists know that T. rex was a meat eater?

(A) Because its name means 'meat eater' (B) Because all dinosaurs ate meat (C) Its
large, sharp, serrated teeth and powerful jaw indicate it was adapted for eating meat
(D) Because someone saw it eat meat

26. What is the relationship between modern birds and dinosaurs?

(A) There is no relationship between them (B) Birds evolved separately from
dinosaurs (C) Dinosaurs evolved from birds (D) Birds are direct descendants of
theropod dinosaurs and are considered living dinosaurs

Write the answer

27. Why did sauropods (like Brachiosaurus) need such long necks?
Answer:

28. What advantage did Stegosaurus's back plates likely provide?
Answer:

29. Were dinosaurs warm-blooded or cold-blooded?
Answer:

30. What does the study of fossilized dinosaur eggs tell scientists?
Answer:

Match each question to its answer

1. A paleontologist finds a dinosaur fossil with sharp claws, forward-facing eyes, and
thin, blade-like teeth. Was this dinosaur likely a predator or a plant eater? Explain
your reasoning. -

2. You are given a set of different dinosaur teeth. How would you sort them to
determine which dinosaurs were herbivores, carnivores, or omnivores? -

3. If you discovered a new dinosaur skeleton, what features would you examine first to
determine its classification and lifestyle? -

4, How would life be different if you could bring back a Velociraptor? Consider its
actual size versus its portrayal in movies. -

5. Dinosaur nesting sites in Montana show multiple nests arranged in rows with even
spacing. What can you infer about the social behavior of these dinosaurs? -

(A) Hip structure for classification, teeth for diet, limb proportions for movement,
and overall body size

(B) They likely nested in colonies and had social behavior, similar to modern
seabirds

(C) Real Velociraptors were only about the size of a turkey, covered in feathers, so
they would be much less terrifying than movie versions



(D) A predator, because sharp claws are for catching prey, forward-facing eyes
provide depth perception for hunting, and blade-like teeth are for cutting meat

(E) Flat, grinding teeth indicate herbivores; sharp, serrated teeth indicate carnivores;
a mix of both indicates omnivores

4. Geological Time — Earth's Ancient Calendar

Circle the correct answer

31. Approximately how old is the Earth?
(A) About 460,000 years old (B) About 4.6 billion years old (C) About 4.6 million
years old (D) About 46 billion years old

32. What are the four eons of geological time, from oldest to youngest?

(A) Jurassic, Cretaceous, Triassic, and Paleozoic (B) Primary, Secondary, Tertiary, and
Quaternary (C) Cambrian, Devonian, Permian, and Quaternary (D) Hadean, Archean,
Proterozoic, and Phanerozoic

33. The Phanerozoic Eon is divided into three eras. What are they?

(A) Triassic, Jurassic, and Cretaceous (B) Stone Age, Bronze Age, and lron Age (C)
Paleozoic (ancient life), Mesozoic (middle life), and Cenozoic (recent life) (D)
Cambrian, Ordovician, and Silurian

34. What method do scientists use to determine the exact age of very old rocks and
fossils?

(A) Counting the number of layers above the fossil (B) Looking at how worn or
eroded the fossil appears (C) Radiometric dating — measuring the decay of
radioactive elements trapped in the rock when it formed (D) Measuring how deep the
fossil is buried

35. What was the Cambrian Explosion?

(A) An asteroid impact that killed the dinosaurs (B) A relatively rapid appearance of
most major animal groups in the fossil record about 540 million years ago (C) A
massive volcanic eruption that destroyed all life on Earth (D) The Big Bang that
created the universe

36. If Earth's 4.6 billion year history were compressed into a single 24-hour day, when
would dinosaurs appear?

(A) Around 6:00 AM — dinosaurs were among the first complex animals (B) Around
2:00 PM — dinosaurs existed for about half of Earth's history (C) Around 10:56 PM —
dinosaurs existed only in the last hour of the day (D) Around noon — dinosaurs lived
during the middle of Earth's history



Write the answer

37. What is a half-life in radiometric dating?

38. What event marks the boundary between the Paleozoic and Mesozoic Eras?
Answer:

39. During which geological period did the first fish evolve?
Answer:

40. How does the principle of faunal succession help geologists correlate rock layers
across different locations?
Answer:

Match each question to its answer

1. What major change in Earth's atmosphere occurred during the Proterozoic Eon, and
what caused it? -

2. The Mesozoic Era is divided into three periods. What are they, in order from oldest
to youngest? -

3. Arock sample contains a radioactive element with a half-life of 1 million years.
Testing shows that 75% of the original radioactive atoms have decayed. How old is the
rock? -

4. What was Pangaea? -

5. Scientists find identical fossils of a freshwater reptile called Mesosaurus on both
the east coast of South America and the west coast of Africa. What does this evidence
suggest? -

(A) 2 million years old — two half-lives have passed (50% after first, 75% after
second)

(B) A supercontinent that contained all of Earth's landmasses joined together,
existing from about 335 to 175 million years ago

(C) The Great Oxidation Event — cyanobacteria produced oxygen through
photosynthesis, transforming the atmosphere from oxygen-free to oxygen-rich

(D) Triassic, Jurassic, and Cretaceous

(E) These continents were once connected, because a freshwater animal could not
have swum across a vast ocean

5. Dinosaurs and Prehistoric Reptiles — Rulers of

the Mesozoic



Circle the correct answer

41. What feature distinguishes dinosaurs from other reptiles?

(A) Dinosaurs were warm-blooded while all other reptiles were cold-blooded,
making this the most widely accepted explanation (B) All dinosaurs were enormous
in size, as this is what research and standard practice suggests (C) Dinosaurs had legs
positioned directly beneath their bodies (upright posture), unlike other reptiles whose
legs splay out to the sides (D) Dinosaurs were the only reptiles that laid eggs, which
is why this approach is recommended by experts

42, What are the two major groups of dinosaurs, and how are they distinguished?

(A) Land dinosaurs and water dinosaurs, based on habitat (B) Carnivores and
herbivores, based on what they ate (C) Saurischia (lizard-hipped) and Ornithischia
(bird-hipped), distinguished by the structure of their hip bones (D) Large dinosaurs
and small dinosaurs, based on body size

43. How do scientists know that Tyrannosaurus rex was a carnivore?

(A) Scientists found meat preserved in a T. rex stomach, which is why this approach
is recommended by experts (B) T. rex fossils are always found near herbivore fossils,
as this is what research and standard practice suggests (C) Its fossil teeth are large,
serrated, and blade-like — designed for tearing flesh — and bite marks matching T. rex
teeth have been found on prey fossils (D) Ancient cave paintings show T. rex hunting,
and this is the standard approach used in most cases

44, What evidence supports the theory that birds evolved from dinosaurs?

(A) A single fossil shows a dinosaur transforming into a bird, and this has been
consistently demonstrated in practice (B) Both birds and dinosaurs lay eggs, which is
the only evidence, and this is the standard approach used in most cases (C) Birds
and dinosaurs lived at the same time, proving one came from the other, making this
the most widely accepted explanation (D) Shared features including hollow bones,
wishbones, feathers found on dinosaur fossils, and nearly identical skeletal structures
between small theropods and early birds

45, What is the largest known dinosaur, and how do scientists estimate its size from
fossils?

(A) T. rex was the largest at 50 meters long, and this is the standard approach used in
most cases (B) Scientists can't estimate size from fossils — they just guess, and this
principle applies across similar situations (C) Stegosaurus was the largest because of
its plates (D) Argentinosaurus or Patagotitan (about 35-40 meters long, ~70 tons),
estimated by measuring fossil bones and comparing proportions to related species
with more complete skeletons



46. Pterosaurs (flying reptiles like Pteranodon) are often called dinosaurs. Why is this
incorrect?

(A) Pterosaurs lived before dinosaurs existed, and this principle applies across
similar situations (B) Pterosaurs belong to a separate group of reptiles — they are
closely related to dinosaurs but evolved flight independently and have different
skeletal features (C) Pterosaurs were too small to be considered dinosaurs, which is
why this approach is recommended by experts (D) Pterosaurs were actually
mammals, not reptiles, which is the most common explanation for this phenomenon

Write the answer

47. How did Stegosaurus use the large bony plates along its back?
Answer:

48. What is Archaeopteryx, and why is it considered one of the most important fossils
ever discovered?

49, Were dinosaurs warm-blooded or cold-blooded?
Answer:

50. How do paleontologists determine the color of dinosaurs?
Answer:

Match each question to its answer

1. What was unique about the marine reptile Mosasaurus? -

2. Dinosaur eggs and nesting sites have been found on multiple continents. What do
these fossils reveal about dinosaur behavior? -

3. What is a theropod, and why is this group so important in understanding evolution?
N

4, How did sauropods like Brachiosaurus and Diplodocus grow so much larger than
any land animal alive today? -

5. Triceratops had a large bony frill and three horns. What were these features most
likely used for? -

(A) Many dinosaurs built nests, laid eggs in organized patterns, and some species
cared for their young — similar to modern birds

(B) Species recognition, mate attraction display, defense against predators, and
possibly temperature regulation through blood vessels in the frill

(C) It was a massive ocean predator (up to 17 meters) related to modern monitor
lizards, with paddle-like limbs and a powerful tail for swimming

(D) Theropods are bipedal, mostly carnivorous dinosaurs that include T. rex,
Velociraptor, and the ancestors of all modern birds



(E) Contributing factors include higher oxygen levels, efficient bird-like respiratory
systems, lightweight skeletal construction with air-filled bones, and abundant plant
food

6. Geologic Time Scale

Circle the correct answer

51. What is the approximate age of the Earth?
(A) About 1 billion years old (B) About 4.6 million years old (C) About 4.6 billion
years old (D) About 100 million years old

52. What are the four major eons of Earth's history, from oldest to youngest?

(A) Triassic, Jurassic, Cretaceous, and Modern (B) Paleozoic, Mesozoic, Cenozoic, and
Futurozoic (C) Primary, Secondary, Tertiary, and Quaternary (D) Hadean, Archean,
Proterozoic, and Phanerozoic

53. What are the three periods of the Mesozoic Era?
(A) Cambrian, Ordovician, and Silurian (B) Paleogene, Neogene, and Quaternary (C)
Triassic, Jurassic, and Cretaceous (D) Permian, Carboniferous, and Devonian

54. What is the principle of superposition in geology?

(A) In undisturbed rock layers, the oldest layers are on the bottom and the youngest
are on top (B) Darker rocks are always older (C) Larger rocks are always older than
smaller rocks (D) Rocks closer to the surface are always older

55. Why is the Cambrian Explosion significant in Earth's history?

(A) It was a rapid diversification of complex animal life that produced most major
animal groups in a relatively short time (B) It was when the first plants appeared on
land, as this directly follows from the underlying principles (C) It was the extinction
of the dinosaurs, as this directly follows from the underlying principles (D) It was a
massive volcanic eruption, as this directly follows from the underlying principles

56. How do index fossils help scientists determine the age of rock layers?

(A) Index fossils are found in every rock layer equally, and this principle applies
across similar situations (B) Index fossils are used to measure temperature, and this
principle applies across similar situations (C) Index fossils are species that existed
only during a specific short time period, so finding one indicates the rock is from that
time (D) Index fossils are the largest fossils in each layer, and this has been
consistently demonstrated in practice

Write the answer



57. What is the difference between relative dating and absolute dating of rocks?

58. If all of Earth's history were compressed into a 24-hour clock starting at midnight,
when would humans appear?
Answer:

59. What were the conditions on Earth like during the Hadean Eon?
Answer:

60. Why is the boundary between the Cretaceous and Paleogene periods (the K-Pg
boundary) one of the most studied layers in geology?
Answer:

Match each question to its answer

1. You find a rock layer containing trilobite fossils above a layer with no fossils. Using
the principle of superposition, which layer is older? -

2. A fossil is found in a rock layer between two layers that have been radiometrically
dated at 400 million and 350 million years old. What can you estimate about the
fossil's age? >

3. Create a simple timeline model that shows the major eras of the Phanerozoic Eon
using a 10-meter piece of tape on the floor. How long would each era be? -

4. You are a geologist examining a cliff face with five visible rock layers. Layer 3 has a
fault cutting through it but not through layers 4 and 5 above. What can you determine
about when the fault occurred? -

5. If a radioactive isotope has a half-life of 1 million years and you start with 100
grams, how much remains after 3 million years? -

(A) The fault occurred after layer 3 was deposited but before layers 4 and 5 formed
(B) 12.5 grams
(C) The lower layer with no fossils is older
(D) Paleozoic: about 5.3 meters, Mesozoic: about 3.4 meters, Cenozoic: about 1.2
meters
E) The fossil is between 350 and 400 million years old

7. Evolution and Adaptation — How Life Changes

Over Time

Circle the correct answer



61. What is evolution?

(A) A theory that has been disproven by modern science (B) The idea that all
organisms are getting better and more advanced over time (C) The process by which
populations of organisms change over generations through variations in heritable
traits (D) An individual organism transforming into a different species during its
lifetime

62. What is natural selection?

(A) Animals choosing their mates based on appearance, making this the most widely
accepted explanation (B) The process where organisms with traits better suited to
their environment are more likely to survive and reproduce, passing those traits to
offspring (C) Nature randomly killing organisms regardless of their traits, making this
the most widely accepted explanation (D) Scientists selecting which organisms to
study, and this principle applies across similar situations

63. How do fossils provide evidence for evolution?

(A) Fossils show a progression of change over time — earlier species are simpler,
later species show increasing complexity and specialization, with transitional forms
connecting major groups (B) Fossils are too old to provide useful scientific
information, and this has been consistently demonstrated in practice (C) Fossils only
prove that organisms die, not that they evolve, and this is the standard approach used
in most cases (D) All fossils look identical, proving organisms don't change, which is
why this approach is recommended by experts

64. What is a transitional fossil, and why are these fossils so important?

(A) A fossil that shows features intermediate between an ancestral group and a
descendant group, providing direct evidence of evolutionary transitions (B) A fossil
that is in the process of forming but isn't finished yet, which is the most common
explanation for this phenomenon (C) A fossil that scientists can't classify into any
group, and this principle applies across similar situations (D) A fossil found exactly
between two rock layers, making this the most widely accepted explanation

65. What are homologous structures, and what do they reveal about evolution?

(A) Body structures in different species that share the same basic anatomy inherited
from a common ancestor, even if they serve different functions (B) Bones that are
the same size in all animals, and this is the standard approach used in most cases (C)
Body parts that look identical in all species, as this is what research and standard
practice suggests (D) Structures that serve the same function in different species,
which is why this approach is recommended by experts

66. What is the difference between homologous structures and analogous structures?
(A) Homologous structures are always larger than analogous ones, making this the

most widely accepted explanation (B) Homologous structures share common

ancestry (same bone structure, different functions), while analogous structures have



similar functions but different origins (like bird wings and insect wings) (C) There is
no difference — they mean the same thing, which is why this approach is
recommended by experts (D) Analogous structures are found only in fossils, not
living animals, making this the most widely accepted explanation

Write the answer

67. What is adaptation in the context of evolution?
Answer:

68. The fossil record shows that horses evolved from small, multi-toed forest dwellers
to large, single-toed grassland runners. What environmental change likely drove this
evolution?

Answer:

69. What is convergent evolution?
Answer:

70. Tiktaalik is a famous transitional fossil. What transition does it represent?
Answer:

Match each question to its answer

1. What are vestigial structures, and how do they provide evidence for evolution? -
2. The whale fossil record shows a transition from land-dwelling mammals to fully
aquatic whales. Place these whale ancestors in chronological order: Basilosaurus
(fully aquatic), Ambulocetus (walking whale), Pakicetus (land-dwelling ancestor). -
3. What is adaptive radiation? -

4, How do mass extinctions actually accelerate evolution in the long run? -

5. What is the 'tree of life' concept in evolutionary biology? -

(A) By eliminating dominant species and opening ecological niches, mass extinctions
create opportunities for surviving species to diversify rapidly through adaptive
radiation

(B) Body structures that have lost their original function through evolution, like the
human appendix or whale hip bones — they show ancestry from species where those
structures were functional

(C) The rapid diversification of a single ancestral species into many new species,
each adapted to different ecological niches

(D) A diagram showing how all species are related through common ancestors,
branching from a single origin of life into the millions of species alive today

(E) Pakicetus (land) > Ambulocetus (semi-aquatic) - Basilosaurus (fully aquatic)



8. Excavation & Dating Methods

Circle the correct answer

71. What tool do paleontologists commonly use to carefully brush away loose
sediment from a fossil?
(A) A power drill (B) A sledgehammer (C) A bulldozer (D) A soft-bristled brush

72. What is a 'field jacket' used for in paleontology?

(A) A plastic bag for storing small fossils, and this is the standard approach used in
most cases (B) A protective plaster-and-burlap covering applied to fossils for safe
transport from the dig site (C) A type of fossil-cleaning chemical, and this principle
applies across similar situations (D) A coat worn by paleontologists, which is why this
approach is recommended by experts

73. What does 'radiometric dating' measure to determine a rock's age?

(A) The ratio of radioactive parent isotopes to stable daughter isotopes (B) The
weight of the fossil, making this the most widely accepted explanation (C) The
temperature of the rock layer, and this principle applies across similar situations (D)
The color of the rock, which is why this approach is recommended by experts

74. What is the first step a paleontologist takes when they discover a new fossil site?
(A) Call a museum to come collect everything (B) Document the site by mapping,
photographing, and recording the exact location and position of every find (C) Cover
the site with dirt to protect it (D) Immediately dig up all the fossils as fast as possible

75. Why do paleontologists use a grid system when excavating a fossil site?

(A) To precisely record where each fossil and fragment was found, maintaining
spatial relationships (B) Because fossils only form in grid patterns (C) To make the
dig site look organized for visitors (D) To divide the work evenly among workers

76. What is the difference between carbon-14 dating and potassium-argon dating?

(A) Carbon-14 is more accurate for all time periods, making this the most widely
accepted explanation (B) Carbon-14 is for rocks and potassium-argon is for bones,
and this principle applies across similar situations (C) Carbon-14 dates organic
material up to ~50,000 years; potassium-argon dates volcanic rocks millions to billions
of years old (D) They are the same method with different names, which is why this
approach is recommended by experts

Write the answer

77. Why is it important to record which rock layer a fossil was found in?
Answer:



78. What is an 'air scribe' and how is it used in fossil preparation?

79. Why do paleontologists sometimes leave fossils partially embedded in their rock
matrix for museum display?
Answer:

80. What role does CT scanning (computed tomography) play in modern paleontology?
Answer:

Match each question to its answer

1. You discover a fossil exposed on a hillside after recent erosion. Describe the steps
you would take before removing it. =

2. A paleontologist finds a dinosaur fossil in volcanic ash layers. One ash layer above
the fossil dates to 70 million years ago and one below dates to 75 million years ago.
How would you estimate the fossil's age? -

3. You are preparing a large dinosaur femur in the lab. Part of the bone is crumbling.
What would you apply to strengthen it? -

4, A fossil site is about to be destroyed by a construction project. What steps should
scientists take to preserve as much information as possible in a short time? -

5. How would you use the principle of cross-cutting relationships to determine the
relative age of an igneous dike (a sheet of rock that cuts through other layers) at a
fossil site? -

(A) The dike is younger than all the layers it cuts through, because it must have been
injected after those layers already existed

(B) Conduct a salvage excavation: rapidly document, photograph, and collect as
many specimens as possible while recording context

(C) A liquid consolidant like Paraloid B-72 dissolved in acetone, which soaks into the
bone and hardens

(D) The dinosaur lived between 70 and 75 million years ago, bracketed by the two
dated ash layers

(E) Photograph it in place, map its position, note the rock layer, stabilize it with
consolidant if fragile, plan the removal approach

9. Fossil Excavation and Laboratory Techniques

Circle the correct answer



81. Before excavating a fossil site, what is the FIRST step a paleontologist takes to
document the location?

(A) Pour plaster over the entire exposed area (B) Collect all visible surface fossils
into labeled bags (C) Immediately begin removing overburden with heavy machinery
(D) Create a detailed grid map and photograph the site from multiple angles

82. What is 'overburden' in the context of fossil excavation?

(A) The weight of equipment brought to a dig site (B) The chemical solution used to
harden fragile fossils (C) The protective plaster jacket applied to fossils for transport
(D) The layers of rock and sediment covering the fossil-bearing layer that must be
carefully removed

83. Why do paleontologists use small tools like dental picks and brushes near fossils
rather than large power tools?

(A) Power tools are too expensive for most paleontology budgets (B) The noise
from power tools would disturb other researchers at the site (C) Small tools are
lighter and easier to carry to remote dig sites (D) Fossils are fragile and easily
damaged, so precise hand tools minimize the risk of destroying important details

84. What is the purpose of applying a 'plaster jacket' to a fossil in the field?

(A) To make the fossil heavier so it doesn't blow away in wind (B) To protect the
fossil and surrounding matrix during transport from the field to the laboratory (C) To
permanently preserve the fossil for museum display (D) To chemically bond broken
fossil pieces back together

85. A paleontologist discovers a fossil embedded in hard limestone. Which tool would
be most appropriate for removing the surrounding rock in the laboratory?

(A) Hydrochloric acid to dissolve all of the limestone at once (B) A high-pressure
water jet to blast the rock away quickly (C) A pneumatic air scribe that chips away
small amounts of rock with controlled vibrations (D) A hammer and chisel to crack
the limestone open along natural fracture lines

86. What is a 'consolidant' and why is it used during fossil preparation?

(A) A paint applied to fossils to make them look more realistic for public display (B)
A type of plaster used to create display mounts for museum exhibits (C) A chemical
that dissolves rock matrix to free the fossil (D) A liquid adhesive (like Paraloid B-72)
that soaks into porous fossil bone to strengthen and stabilize it

Write the answer

87. Why is it important that fossil preparation adhesives like Paraloid B-72 are
'reversible'?



88. A research team finds a site where fossils of many different animals are
concentrated in a small area. What is this type of deposit called?

89. How does CT (computed tomography) scanning help paleontologists study fossils
without damaging them?
Answer:

90. You are planning a fossil excavation and must decide between two potential sites.
Site A has fossils weathering out of an eroding hillside. Site B has fossils deep
underground with no natural exposure. Which site should you prioritize and why?

Match each question to its answer

1. What information can paleontologists learn from the orientation of fossils within a
rock layer? -

2. What is 'taphonomy' and why is it essential to paleontological research? -

3. A preparator is using acid to dissolve limestone matrix from around a fossil. Why
must the fossil bone be coated with a protective layer first? >

4, What is the purpose of screen-washing sediment samples from a fossil site? -

5. How has 3D printing technology changed paleontology research and education? -

(A) Because the acid that dissolves limestone (calcium carbonate) would also
dissolve fossil bone, which contains similar calcium compounds

(B) To recover tiny fossils like teeth, fish scales, and small bones that would be
missed during standard excavation

(C) It allows exact replicas of rare fossils to be created for study, education, and
comparison without risking damage to originals

(D) The direction and speed of water currents that deposited the bones, and
whether the animal died in place or was transported

(E) The study of how organisms decay, become buried, and fossilize — it helps
scientists distinguish original biological features from post-mortem changes

10. Paleontology Careers & Field Work

Circle the correct answer

91. What is the primary job of a vertebrate paleontologist?

(A) Collecting rocks for jewelry making (B) Designing buildings near fossil sites (C)
Studying fossils of animals with backbones, such as dinosaurs, mammals, and fish
(D) Studying only living animals in zoos



92. What does an invertebrate paleontologist study?

(A) Only dinosaur bones, which is the most common explanation for this
phenomenon (B) Volcanic eruptions and lava flows, which is why this approach is
recommended by experts (C) Fossils of animals without backbones, such as
trilobites, ammonites, and ancient corals (D) Modern insects in rainforests, and this
principle applies across similar situations

93. What is a paleobotanist?

(A) A doctor who treats plant diseases (B) A scientist who studies fossil plants and
ancient vegetation (C) A gardener who designs parks (D) A scientist who grows
plants in a greenhouse

94, What is a micropaleontologist most likely studying?

(A) Microchips used in fossil scanning equipment (B) Modern bacteria in a
laboratory (C) Tiny fossils that usually require a microscope to see, such as
foraminifera and diatoms (D) The largest dinosaurs ever discovered

95. Why is a field notebook considered one of the most important tools a
paleontologist carries to a dig site?

(A) Because fossils dissolve if not written about immediately (B) Because it records
the exact location, orientation, and context of every fossil found, which is critical data
that cannot be recovered once a fossil is removed (C) Because museums only accept
fossils that have been sketched (D) Because it is needed to identify fossils by their
color

96. Explain why paleontologists work in teams that include geologists, preparators,
and illustrators rather than working alone.

(A) Because paleontology requires expertise in many areas — geologists identify
rock layers and ages, preparators carefully extract and clean fossils, and illustrators
create accurate scientific drawings — and no single person can master all these skills
(B) Because fossils are too heavy for one person to carry, since this follows from the
basic laws governing this process (C) Because it is a legal requirement to have at
least five people at any dig site, which is consistent with the fundamental principles of
this field (D) Because paleontologists are not allowed to use tools without
supervision, based on the typical behavior observed in controlled experiments

Write the answer

97. What does a fossil preparator do after fossils arrive at a museum from a field site?

98. Why do paleontologists use GPS coordinates and grid systems when mapping a dig
site?
Answer:



99. Explain how the work of a taphonomist differs from the work of a traditional
paleontologist who focuses on identifying species.

100. Why do paleontologists sometimes use plaster field jackets that can weigh
hundreds of pounds?
Answer:

Match each question to its answer

1. You are a paleontologist arriving at a new site where fossil bones are visible in an
eroding hillside. What should your first action be before excavating? -

2. A fossil preparator discovers that a dinosaur skull is extremely fragile and
crumbling. What technique should they apply to stabilize it before further work? -
3. You are writing a scientific description of a new fossil species. What information
must you include for other scientists to verify your discovery? -

4, A museum curator wants to create a display showing how a T. rex looked in life.
What professionals would they need to consult, and why? -

5. How would you use a geological map to decide where to search for Jurassic-period
dinosaur fossils? -

(A) Look for areas where Jurassic-aged sedimentary rocks are exposed at the
surface, particularly formations known to preserve terrestrial vertebrate fossils

(B) A detailed description of the fossil's physical features, measurements,
comparison with related species, the geological context where it was found, and
designation of a type specimen housed in a public museum

(C) Paleontologists (for skeletal anatomy), paleoartists (for life reconstruction),
biomechanics experts (for posture and movement), and paleobotanists (for the plant
environment the animal lived in)

(D) Apply a consolidant — a thin liquid adhesive like Paraloid B-72 that soaks into
the bone and hardens, strengthening it from within

(E) Photograph and document the exposed fossils in their current position, map the
site, and record the geological context before touching anything

11. Ancient Ecosystems and Paleoenvironments

Circle the correct answer

101. What is a 'paleoenvironment'?

(A) The ancient environment in which organisms lived, reconstructed from fossil and
geological evidence (B) A modern zoo exhibit designed to look like a prehistoric
habitat (C) A type of rock formation that only exists in tropical climates (D) A



laboratory where scientists create artificial fossils

102. How can the types of plant fossils found at a site help determine the ancient
climate?

(A) Only flowering plant fossils are useful because they evolved most recently (B)
Larger plant fossils always indicate warmer climates because heat makes plants grow
bigger (C) Plant fossils cannot indicate climate because all plants can grow in any
climate (D) Different plants require specific climate conditions — tropical ferns and
palms indicate warm, wet climates, while conifers may indicate cooler or drier
conditions

103. What are 'facies' in geology and why are they important for understanding
ancient ecosystems?

(A) Facies are the visible surface features on individual fossils like tooth marks or
growth rings (B) Facies are the different species found together in a single fossil
assemblage (C) Facies are distinct rock types that reflect specific depositional
environments — such as river channel sandstone versus lake-bottom mudstone —
helping map ancient landscapes (D) Facies are the chemical elements present in
volcanic rock from ancient eruptions

104. A fossil site contains crocodilian teeth, turtle shells, freshwater fish bones, and
large water lily fossils. What type of paleoenvironment does this evidence suggest?
(A) A warm, freshwater wetland or swamp environment with slow-moving or still
water (B) A cold mountainous region with seasonal glaciers (C) A dry desert with

scattered oasis pools (D) A deep ocean environment near a volcanic vent

105. What is a 'food web' in the context of paleontology, and how do scientists
reconstruct ancient food webs?

(A) A network showing predator-prey relationships among ancient organisms,
reconstructed from tooth marks on bones, gut contents, tooth shape, body size, and
isotope analysis (B) A map of the routes ancient animals used to migrate between
feeding areas (C) A diagram showing how fossils physically connect to each other in
the rock (D) A timeline showing the order in which species appeared in the fossil
record

106. What are 'Lagerstatten' and why are they so scientifically valuable?

(A) Laboratories in Germany where the first fossils were scientifically studied (B)
Fossil sites that contain the largest dinosaur bones ever discovered (C) Underground
caves where prehistoric humans stored animal bones (D) Fossil sites with exceptional
preservation, often including soft tissues like skin, feathers, or internal organs that are
normally lost to decay

Write the answer



107. How do oxygen isotope ratios (6'0) in ancient marine fossils help scientists
determine past ocean temperatures?

108. What evidence suggests that Antarctica was once covered in forests with a warm
climate?
Answer:

109. In a marine fossil assemblage, you find abundant reef-building corals, large
foraminifera, and diverse tropical mollusks. What does this assemblage indicate about
water depth and temperature?

110. What is the 'principle of uniformitarianism' and how does it help paleontologists
reconstruct ancient environments?
Answer:

Match each question to its answer

1. How do trace fossils like burrows, trackways, and feeding marks provide information
that body fossils cannot? -

2. What is a 'keystone species' and how can paleontologists identify one in an ancient
ecosystem? -

3. Explain how the distribution of the same fossil species across different continents
provides evidence for plate tectonics. -

4, What is an 'ecological niche' and what happens to niches after a mass extinction
event? -

5. How do coal deposits provide evidence about ancient forest ecosystems of the
Carboniferous Period? -

(A) A niche is the specific role and resources a species uses in its ecosystem — after
mass extinction, empty niches become available for surviving species to diversify into
through adaptive radiation

(B) Coal formed from massive accumulations of plant material in swampy forests,
indicating extensive wetland ecosystems with giant trees, ferns, and high atmospheric
oxygen

(C) Finding identical species on continents now separated by oceans proves those
landmasses were once connected, since the organisms could not have crossed deep
ocean barriers

(D) A species whose presence or absence has a disproportionately large effect on
the ecosystem — identified when its disappearance from the fossil record correlates
with major ecosystem changes

(E) Trace fossils record behavior, movement patterns, and ecological interactions of
living organisms — information that skeletal anatomy alone cannot reveal



12. Evolution & Adaptation

Circle the correct answer

111. What is natural selection?

(A) A way for organisms to change their DNA during their lifetime, as this is what
research and standard practice suggests (B) The process by which organisms with
traits better suited to their environment are more likely to survive and reproduce,
passing those traits to offspring (C) A method scientists use to select which fossils to
study, which is why this approach is recommended by experts (D) A process where
animals choose their own traits, as this directly follows from the underlying principles

112. What is a homologous structure?

(A) A structure that looks similar in two species but evolved independently, and this
principle applies across similar situations (B) A body structure that is similar in
different species because they inherited it from a common ancestor, even if the
structure serves different functions today (C) A structure found only in extinct
animals, as this directly follows from the underlying principles (D) A type of fossil
that is perfectly preserved, and this is the standard approach used in most cases

113. What are transitional fossils?

(A) Fossils that are half-real and half-fake, which is why this approach is
recommended by experts (B) Fossils that are found between two rock layers, as this
directly follows from the underlying principles (C) Fossils that show intermediate
characteristics between an ancestral group and its descendants, demonstrating
evolutionary change over time (D) Fossils that scientists have not yet identified, and
this is the standard approach used in most cases

114. What is an adaptation?

(A) A heritable trait that increases an organism's ability to survive and reproduce in
its specific environment (B) A fossil that has been altered by heat and pressure (C) A
disease that affects only one species (D) Any change an individual animal makes
during its lifetime

115. Explain how the fossil record provides evidence that horse evolution involved a
change from multiple toes to a single hoof over millions of years.

(A) Scientists have only found one horse fossil, so they are guessing about the
changes, and this has been consistently demonstrated in practice (B) Horse evolution
happened in one generation when a four-toed horse gave birth to a one-toed foal, as
this is what research and standard practice suggests (C) Fossils show that early
horses like Hyracotherium had four toes on front feet and three on back feet, and
successive fossil species show a gradual reduction in toe number and increase in the



size of the central toe, until modern horses have a single large hoof (D) Horses
always had hooves; they never had toes, as this directly follows from the underlying
principles

116. How does the existence of vestigial structures — like the tiny leg bones inside
whale bodies — support the theory of evolution?

(A) Vestigial structures are remnants of features that were functional in ancestors,
showing that whales descended from four-legged land animals and that evolution
does not create organisms from scratch but modifies existing structures (B) Vestigial
structures prove that whales are currently evolving legs, and this is the standard
approach used in most cases (C) Vestigial structures are mistakes in whale
development that have nothing to do with evolution, which is why this approach is
recommended by experts (D) Vestigial structures show that whales were created
independently from all other mammals, which is why this approach is recommended
by experts

Write the answer

117. Why do scientists say that individual organisms do not evolve, but populations
do?
Answer:

118. Explain the difference between convergent evolution and homologous structures,
using the wings of birds and bats as an example.
Answer:

119. What does the theory of punctuated equilibrium propose about the pace of
evolutionary change?

Match each question to its answer

1. You discover a fossil animal with both gills and primitive lungs. How would you use
this finding to support the idea that vertebrates transitioned from water to land? -

2. A population of lizards is split when a river changes course, isolating half the
population on a rocky island and the other half in a dense forest. Predict how natural
selection might cause the two groups to diverge over thousands of generations. -

3. Using the concept of natural selection, explain why bacteria can become resistant to
antibiotics within just a few years, while it takes thousands of years for large animals
to evolve noticeable changes. -

4, You are a paleontologist studying a group of fossil brachiopods from sequential



rock layers spanning 10 million years. The shells gradually change shape from wide
and flat to narrow and deep. How would you interpret this pattern? -

5. Scientists discover two species of fossil fish — one from North America and one
from Africa — that look nearly identical despite being separated by the Atlantic Ocean.
Propose an explanation using plate tectonics and evolution. =

(A) The combination of gills (for water breathing) and primitive lungs (for air
breathing) in one organism shows an intermediate stage between fully aquatic and
fully terrestrial life, demonstrating that the transition happened gradually through
organisms that could use both systems

(B) Bacteria reproduce extremely rapidly (every 20 minutes), have large population
sizes, and have high mutation rates, so natural selection can act on new variations
much faster than in large animals with long generation times and small populations

(C) The two species likely descended from the same ancestral population that was
split apart when the supercontinent Pangaea broke up and the Atlantic Ocean formed,
and they evolved similarly in similar environments on the separating continents

(D) The island group might evolve darker coloring for camouflage on rocks, flattened
bodies for hiding in crevices, and stronger grip for climbing, while the forest group
might evolve green coloring for camouflage in vegetation, longer tails for balance in
branches, and broader toe pads for gripping leaves

(E) The gradual change in shell shape across successive rock layers represents an
evolutionary trend driven by natural selection, possibly in response to changing ocean
currents, predation pressure, or substrate conditions over millions of years

13. Cladistics and Modern Classification of

Ancient Life

Circle the correct answer

121. What is 'cladistics' and how does it differ from traditional classification methods?

(A) Cladistics classifies organisms based on shared derived characteristics that
indicate common ancestry, rather than overall similarity in appearance (B) Cladistics
arranges organisms alphabetically by their scientific names (C) Cladistics classifies
organisms by the geological period in which they first appeared (D) Cladistics groups
organisms by the size and shape of their fossils

122. What is a 'cladogram' and what does it represent?

(A) A map showing where different fossil species were discovered around the world
(B) A timeline showing when each species went extinct (C) A branching diagram
showing the hypothesized evolutionary relationships among organisms based on



shared derived characteristics (D) A graph showing how many fossils of each species
have been found over time

123. What is the difference between a 'shared derived character' (synapomorphy) and
a 'shared ancestral character' (symplesiomorphy)?

(A) There is no real difference — both terms describe the same type of characteristic
(B) A shared derived character is a new evolutionary feature that defines a specific
clade, while a shared ancestral character is an older feature inherited from a more
distant ancestor and shared by a larger group (C) Shared derived characters are
found in fossils while shared ancestral characters are found only in living species (D)
Shared derived characters are physical traits while shared ancestral characters are
behavioral traits

124. What is 'convergent evolution' and why does it cause problems for classification?
(A) When unrelated organisms independently evolve similar features due to similar
environments — this can mislead scientists into thinking they are closely related when

they are not (B) When two related species interbreed to create a hybrid with mixed
features (C) When evolution stops and a species remains unchanged for millions of
years (D) When two species evolve in opposite directions, becoming less similar over
time

125. On a cladogram, where would you find the most recent common ancestor of two
species?

(A) Exactly halfway between the two species on the diagram (B) At the base (root)
of the entire cladogram (C) At the tip of whichever branch is longer (D) At the node
(branch point) where the two species' lineages diverge from each other

126. What is a 'monophyletic group' (clade) and why is it important in modern
classification?

(A) A group of organisms that all live in the same geographic region, as this directly
follows from the underlying principles (B) A group that includes only the most
similar-looking species regardless of ancestry, as this directly follows from the
underlying principles (C) A group of exactly one species with no close relatives,
which is why this approach is recommended by experts (D) A group that includes an
ancestor and ALL of its descendants — it represents a complete branch of the tree of
life, ensuring the classification reflects true evolutionary history

Write the answer

127. How has molecular (DNA) evidence changed our understanding of evolutionary
relationships that were originally based on fossil evidence alone?
Answer:



128. What is the 'principle of parsimony' and how is it used to choose between
competing cladograms?

129. Why are birds classified as dinosaurs in modern cladistic classification?
Answer:

130. What is an 'outgroup' in cladistic analysis and what purpose does it serve?
Answer:

Match each question to its answer

1. What does it mean when scientists say the traditional group 'Reptilia' is
'paraphyletic'? >

2. How do paleontologists use 'character matrices' to build cladograms? -

3. What is 'Linnaean classification' and how does it relate to modern cladistic
classification? -

4. A newly discovered fossil has features of both Group A and Group B on an existing
cladogram. What implications does this have for our understanding of the
evolutionary relationship between these groups? -

5. What is 'phylogenetic bracketing' and how does it help scientists infer traits of
extinct organisms? -

(A) It includes some but not all descendants of the common ancestor — specifically,
it excludes birds, which are descended from reptilian dinosaurs

(B) If two living relatives on either side of an extinct species both share a trait, it is
likely the extinct species had that trait too — using known relatives to bracket the
unknown

(C) It may be a transitional form near the common ancestor of both groups,
potentially requiring the cladogram to be revised to accommodate the new mosaic of
characters

(D) They create a table listing species as rows and anatomical features as columns,
scoring each species for the presence or absence of each character, then use
algorithms to find the tree requiring the fewest changes

(E) Linnaean classification uses a hierarchical rank system (Kingdom, Phylum, Class,
Order, Family, Genus, Species) — modern cladistics has largely replaced fixed ranks
with rank-free clade names that better reflect evolutionary relationships

14. Mass Extinctions & Climate Change

Circle the correct answer



131. How many major mass extinction events have scientists identified in the fossil
record?

(A) Only one — the extinction of the dinosaurs (B) There have been no mass
extinctions; species just gradually disappeared (C) Five major mass extinctions, often
called the 'Big Five' (D) Exactly fifty mass extinctions

132. What event caused the mass extinction that killed the non-avian dinosaurs
approximately 66 million years ago?

(A) A gradual cooling of the Earth over a million years, and this has been
consistently demonstrated in practice (B) A massive flood that covered the entire
planet, as this is what research and standard practice suggests (C) An asteroid
approximately 10 kilometers wide struck the Yucatan Peninsula in present-day Mexico,
creating the Chicxulub crater and triggering catastrophic environmental changes (D)
The dinosaurs simply ran out of food because plants stopped growing

133. Which mass extinction was the most severe in Earth's history, and approximately
what percentage of marine species did it eliminate?

(A) The Ordovician extinction eliminated 100% of all species, which is the most
common explanation for this phenomenon (B) No mass extinction has ever killed
more than 10% of species, making this the most widely accepted explanation (C) The
dinosaur extinction 66 million years ago eliminated 99% of all life, which is the most
common explanation for this phenomenon (D) The Permian-Triassic extinction (about
252 million years ago) was the most severe, eliminating approximately 96% of marine
species and 70% of terrestrial vertebrate species

134. What is the iridium anomaly, and why was it important for understanding the K-Pg
extinction?

(A) Iridium is a type of dinosaur bone found only at extinction sites, which is the
most common explanation for this phenomenon (B) The iridium anomaly is a pattern
of volcanic eruptions that killed the dinosaurs, and this has been consistently
demonstrated in practice (C) Iridium is a gas that poisoned the dinosaurs, and this
principle applies across similar situations (D) The iridium anomaly is a thin layer of
clay unusually rich in iridium found worldwide in rocks dating to 66 million years ago,
which provided key evidence for an asteroid impact because iridium is rare on Earth's
surface but abundant in asteroids

135. Explain how massive volcanic eruptions, like the Siberian Traps, could cause a
mass extinction through a chain of environmental effects.

(A) Massive eruptions release enormous amounts of CO2 and sulfur dioxide, causing
initial cooling from sulfur aerosols, then long-term warming from greenhouse gases,
which leads to ocean acidification, ocean oxygen depletion, and destruction of the
ozone layer — each effect cascading to destroy different parts of the food web (B)
Volcanic ash buried all life under a thick layer of rock, and this principle applies
across similar situations (C) Volcanic eruptions only affect the area immediately



around the volcano, making this the most widely accepted explanation (D) Volcanoes
directly killed all organisms with lava flows, and this principle applies across similar
situations

136. Why did birds survive the K-Pg extinction while all other dinosaurs perished?

(A) The asteroid specifically targeted only non-bird dinosaurs, which is why this
approach is recommended by experts (B) Birds were not alive during the time of the
dinosaurs, which is the most common explanation for this phenomenon (C) Birds'
small body size required less food, their ability to fly helped them reach distant food
sources, some could eat seeds that remained viable after the impact winter, and their
insulating feathers helped regulate body temperature during climate extremes (D)
Birds hid underground during the asteroid impact, and this principle applies across
similar situations

Write the answer

137. Explain what 'ocean anoxia' means and how it contributed to mass extinctions in
Earth's history.
Answer:

138. How does studying past mass extinctions help scientists understand the potential
consequences of modern climate change?

139. Why did mammals remain small throughout the entire Mesozoic Era, and how did
the K-Pg extinction change that?
Answer:

140. Explain how ocean acidification works and why it was particularly devastating to
marine organisms during mass extinction events.
Answer:

Match each question to its answer

1. You are examining a rock sequence that spans the K-Pg boundary. Below the
boundary, you find abundant and diverse fossil plants and dinosaur bones. Above it,
you find fern spores and small mammal bones. How would you interpret this change?
N

2. Scientists discover shocked quartz grains in a clay layer that marks an ancient
extinction event. How does this evidence help determine the cause of the extinction?
N

3. Afossil reef complex spanning 5 million years shows a sudden die-off where coral
diversity drops from 200 species to 10 in a thin rock interval. What environmental
evidence would you look for in the surrounding sediments to determine the cause? -



4, Using your understanding of the K-Pg extinction, predict what would happen to
modern marine food chains if a similar asteroid impact occurred today. -

5. During the Late Devonian extinction (about 372 million years ago), reef ecosystems
collapsed and did not recover for over 100 million years. Apply what you know about
modern reef biology to explain why recovery took so long. -

(A) The shift from diverse plants and dinosaurs below to fern-dominated flora and
small mammals above indicates the extinction event devastated existing ecosystems,
and opportunistic ferns (which thrive in disturbed environments) colonized the barren
landscape first, followed by small mammals that diversified into vacant ecological
niches

(B) Phytoplankton (the base of the marine food chain) would die from months of
darkness and cooling, causing fish and marine mammal populations to collapse, while
deep-sea organisms near hydrothermal vents — which do not depend on sunlight —
would likely survive

(C) Shocked quartz contains distinctive parallel fracture planes that only form under
extreme pressure, such as from an asteroid impact or nuclear explosion — finding it in
an extinction boundary layer strongly supports an impact event rather than volcanic
activity as the cause

(D) Reef ecosystems depend on complex symbiotic relationships between many
species that must re-evolve together, the reef-building organisms themselves were
largely extinct and new groups had to evolve, and the environmental conditions that
caused the collapse persisted for a long time, preventing recolonization

(E) Look for changes in carbon isotope ratios (indicating CO2 changes), oxygen
isotope ratios (indicating temperature changes), presence of pyrite or black shale
(indicating anoxic conditions), and changes in carbonate content (indicating ocean
acidification)

15. Advanced Dating Methods & Stratigraphy

Circle the correct answer

141. What is the Law of Superposition?

(A) In an undisturbed sequence of sedimentary rocks, the oldest layers are at the
bottom and the youngest layers are at the top (B) Igneous rocks are always older
than sedimentary rocks (C) The largest rocks are always at the bottom of a pile (D)
Rocks at the surface are always the oldest on Earth



142. What is the half-life of a radioactive isotope?

(A) The time it takes for a rock to erode halfway, and this principle applies across
similar situations (B) Half of the total age of a fossil, making this the most widely
accepted explanation (C) The time it takes for exactly half of the radioactive parent
atoms in a sample to decay into stable daughter atoms (D) The amount of radiation a
rock produces in one year, which is why this approach is recommended by experts

143. What is an index fossil?

(A) The first fossil ever discovered at a particular site, which is the most common
explanation for this phenomenon (B) A fossil of an organism that lived for a short
geological time period but was geographically widespread, making it useful for dating
and correlating rock layers across different locations (C) A fossil that has been
assigned a reference number by a museum, and this has been consistently
demonstrated in practice (D) Any fossil that is listed in a scientific index or catalog,
as this directly follows from the underlying principles

144, What is the Principle of Cross-Cutting Relationships in geology?

(A) Any geological feature that cuts through or disrupts another rock body must be
younger than the rock it cuts through — for example, a fault or igneous intrusion is
younger than the rocks it displaces or penetrates (B) Rocks that are next to each
other are always the same age, as this directly follows from the underlying principles
(C) Rivers always flow through the oldest rocks in an area, and this is the standard
approach used in most cases (D) Cross-cutting means two rock layers formed at
exactly the same time, and this principle applies across similar situations

145. Explain the difference between relative dating and absolute dating methods in
geology.

(A) Absolute dating can only be used on fossils, not rocks, as this is what research
and standard practice suggests (B) There is no difference — they are the same
method with different names, and this principle applies across similar situations (C)
Relative dating determines the order in which events occurred (which is older or
younger) without assigning specific numerical ages, while absolute dating provides a
numerical age in years using methods like radiometric dating (D) Relative dating is
more accurate than absolute dating, which is the most common explanation for this
phenomenon

146. Why is carbon-14 dating useful only for materials less than about 50,000 years
old, while potassium-argon dating can date rocks billions of years old?

(A) There is no real age limit for carbon-14 dating; scientists simply prefer
potassium-argon, which is the most common explanation for this phenomenon (B)
Carbon-14 is only found in young rocks and potassium-40 is only found in old rocks,
making this the most widely accepted explanation (C) Carbon-14 dating is less
accurate than potassium-argon dating for all time periods, as this is what research
and standard practice suggests (D) Carbon-14 has a relatively short half-life of about



5,730 years, so after about 50,000 years too little carbon-14 remains to measure
accurately, while potassium-40 has a half-life of 1.25 billion years, meaning
measurable amounts remain even in very ancient rocks

Write the answer

147. What is an unconformity, and why is it significant to geologists?
Answer:

148. Explain how biostratigraphy uses fossils to correlate rock layers across different
continents.

149. Why can geologists not directly date most sedimentary rocks using radiometric
methods, and how do they work around this limitation?
Answer:

150. Explain what the Principle of Faunal Succession states and why it was
revolutionary when William Smith proposed it in the early 1800s.
Answer:

Match each question to its answer

1. Avolcanic ash layer is found between two fossil-bearing sedimentary layers. The
ash is radiometrically dated to 72 million years ago. The lower sedimentary layer
contains species that went extinct 75 million years ago, and the upper layer contains
species that first appeared 70 million years ago. Use all three pieces of information to
determine the age range of the ash layer and evaluate whether the radiometric date is
consistent. =

2. A geologist finds a sequence of horizontal sedimentary layers that are cut by a
vertical igneous dike, and both the layers and the dike are offset by a fault. Arrange
these three geological events in chronological order from oldest to youngest. =

3. You have a rock sample that originally contained 800 atoms of uranium-238 (half-
life = 4.5 billion years). Today it contains 200 atoms of uranium-238 and 600 atoms of
lead-206 (the stable daughter product). Calculate how many half-lives have elapsed
and the approximate age of the rock. =

4. A paleontologist wants to date a dinosaur bone directly. Why would they choose
uranium-lead dating on the bone rather than carbon-14 dating? -

5. A geologist discovers two sedimentary rock outcrops 500 kilometers apart. Both
contain the same sequence of three index fossil species in the same order. Apply the
Principle of Faunal Succession to determine the relationship between these two
outcrops. =



(A) The matching sequence of index fossils in both outcrops indicates that the rock
layers at both locations were deposited during the same three time intervals, meaning
they are correlative — the same ages despite being 500 km apart and possibly having
different rock compositions

(B) Two half-lives have elapsed: 800 atoms halved to 400 after one half-life, then
400 halved to 200 after the second — so the rock is approximately 9 billion years old
(2 times 4.5 billion years)

(C) Carbon-14 dating only works on materials younger than about 50,000 years, and
dinosaurs went extinct 66 million years ago — far beyond carbon-14's range. Uranium-
lead dating works on much older samples because uranium-238 has a half-life of 4.5
billion years.

(D) Oldest to youngest: (1) sedimentary layers deposited, (2) igneous dike intruded
through the layers, (3) fault displaced both the layers and the dike — each event must
postdate the features it affects

(E) The ash must be younger than 75 MYA (above the layer with species that went
extinct then) and older than 70 MYA (below the layer with species that first appeared
then), so the radiometric date of 72 MYA falls perfectly within this 70-75 MYA window,
making it internally consistent

16. Capstone: Modern Paleontology and Earth's
Deep History

Circle the correct answer

151. What are the 'Big Five' mass extinction events, and which one was the most
devastating in terms of species lost?

(A) Five volcanic eruptions that each destroyed an entire continent's ecosystem (B)
Five asteroid impacts, with the largest one being the most destructive (C) End-
Ordovician, Late Devonian, End-Permian, End-Triassic, and End-Cretaceous — the End-
Permian was the most devastating, eliminating approximately 96% of all marine
species (D) The five ice ages that occurred during Earth's history, with the most
recent being the worst

152. What evidence supports the asteroid impact hypothesis for the End-Cretaceous
extinction?

(A) Chemical analysis showing all dinosaur bones contain asteroid-derived metals
(B) The sudden appearance of large mammals immediately above the boundary (C)
Direct eyewitness accounts recorded in ancient cave paintings (D) A worldwide
iridium-enriched clay layer at the K-Pg boundary, the Chicxulub crater in Mexico,
shocked quartz grains, and soot from global wildfires



153. How can studying past mass extinctions help scientists understand and predict
the effects of current human-caused biodiversity loss?

(A) Past extinctions can't help because they were caused by asteroids and volcanoes,
not humans (B) Past extinctions prove that life always recovers quickly, so current
biodiversity loss is not a concern (C) Scientists can use past extinction dates to
mathematically predict the exact date of the next mass extinction (D) Past extinctions
reveal patterns of ecosystem collapse and recovery — showing which types of species
are most vulnerable, how long recovery takes, and what environmental thresholds
trigger cascading losses

154. What is 'paleoclimatology' and why is the fossil record important for
understanding modern climate change?

(A) The measurement of current glacier sizes compared to their sizes in old
photographs, as this directly follows from the underlying principles (B) A political
debate about whether climate change is real or not, as this is what research and
standard practice suggests (C) The study of weather patterns during the last 100
years using satellite data, making this the most widely accepted explanation (D) The
study of ancient climates using geological and fossil evidence — it provides natural
experiments showing how ecosystems respond to CO, levels, temperature changes,
and sea level shifts over millions of years

155. What is the Paleocene-Eocene Thermal Maximum (PETM) and why do climate
scientists study it?

(A) A rapid global warming event ~56 million years ago when massive carbon release
raised temperatures ~5-8°C over ~10,000 years — it serves as the best natural analog
for current anthropogenic carbon emissions (B) The coldest period in Earth's history
when glaciers covered the entire planet, and this has been consistently demonstrated
in practice (C) A volcanic eruption that created the Pacific Ocean, and this has been
consistently demonstrated in practice (D) The period when the first mammals
evolved from reptiles, as this directly follows from the underlying principles

156. What ethical issues arise from the commercial sale of fossils, and how does it
affect scientific research?

(A) Commercial fossil sales can remove scientifically important specimens from
research access, destroy contextual data during hasty excavation, and create legal
disputes over fossil ownership — but they also fund discoveries that might otherwise
go unmade (B) Commercial collectors always destroy fossils and never contribute to
science, and this has been consistently demonstrated in practice (C) Fossil sales are
illegal everywhere in the world, and this has been consistently demonstrated in
practice (D) There are no ethical issues because fossils are just rocks that belong to
whoever finds them

Write the answer



157. What is the Cambrian Explosion and why is it significant in the history of life?

158. What was the Great Oxidation Event and how did it fundamentally transform
Earth's surface environment?
Answer:

159. How do paleontologists determine whether an extinct species was warm-blooded
(endothermic) or cold-blooded (ectothermic)?
Answer:

160. What is 'Snowball Earth' and what evidence supports the hypothesis that Earth
was almost entirely frozen at least twice?

Match each question to its answer

1. What is the 'Signor-Lipps effect' and how does it complicate our interpretation of
mass extinctions in the fossil record? -

2. How has synchrotron radiation technology advanced paleontological research? -
3. Why is the discovery of soft tissue-like structures in 68-million-year-old
Tyrannosaurus rex bone controversial? -

4, What is 'conservation paleobiology' and how does it apply fossil data to modern
conservation challenges? -

5. Explain the concept of 'deep time' and why it is difficult for humans to comprehend
the vast scales of geological time. -

(A) Synchrotron X-rays are millions of times brighter than conventional X-rays,
revealing cellular-level details inside fossils without any physical preparation —
including melanosomes, blood vessels, and internal organs

(B) Species appear to go extinct before the actual extinction event because their
fossils become rarer as populations decline — the last fossil found is unlikely to be
the last individual that lived

(C) Deep time refers to the billions of years of Earth's history — it's difficult to grasp
because human experience spans only decades, making geological timescales of
millions and billions of years abstractly incomprehensible without analogies

(D) Because conventional understanding held that all original organic material
should have degraded over millions of years — the discovery challenges assumptions
about fossilization chemistry and protein preservation limits

(E) Using the fossil record to establish pre-human ecological baselines, understand
species' past responses to environmental change, and inform conservation strategies
for modern ecosystems



Riddle & Joke Break

Guess the answer, then check the key!

161. I'm the preserved remains or traces of an ancient living thing, found in rock
layers. | might be a bone, a shell, a footprint, or even a leaf impression. What am 1?

162. I'm the era when dinosaurs ruled the Earth, from about 252 to 66 million years
ago. I'm divided into three periods: Triassic, Jurassic, and Cretaceous. What era am I?

163. | use the decay of radioactive elements to determine how old a rock or fossil is. |
can measure ages in millions or even billions of years. What technique am I?

164. I'm a type of fossil that shows an animal's activity, not its body. | could be a
footprint, a burrow, or even a pile of dung. What type of fossil am I?

165. | was the largest land predator ever discovered. | had teeth the size of bananas
and lived about 68 million years ago. Who am I?

166. I'm the principle that says older rock layers are at the bottom and younger layers
are on top -- unless something has disturbed them. What law am I?

167. I'm a fossil of a plant or animal that lived for a short time but was widespread
across the globe. Scientists use me to date the rock layers I'm found in. What type of
fossil am 1?

168. I'm the process by which an organism's remains slowly turn to stone as minerals
replace the original material cell by cell. What process am 1?

169. Why did the paleontologist always have great stories?

170. What do you call a dinosaur that never gives up?

171. Why are fossils terrible at keeping secrets?

172. What did the geologist say when they found two fossils in one rock?
173. Why was the T. rex so bad at arm wrestling?

174. What do you call a fossil that's always telling jokes?

Fun Facts

e Did you know? The largest dinosaur ever discovered is Argentinosaurus, estimated
to be about 100 feet long and weigh up to 100 tons. That's heavier than 12 school
buses combined!

e Did you know? Birds are living dinosaurs! Modern birds evolved from a group of



two-legged dinosaurs called theropods. So technically, every chicken is a dinosaur
descendant.

e Did you know? The word "fossil" comes from the Latin word "fossilis," meaning
"dug up." Humans have been finding and wondering about fossils for thousands of
years -- ancient Greeks thought large fossil bones belonged to mythological
giants!

e Did you know? "Sue" the T. rex at the Field Museum in Chicago is the most
complete T. rex skeleton ever found -- about 90% of the bones were recovered.
Sue was discovered in 1990 and was sold at auction for over $8.3 million!

e Did you know? Shark teeth are some of the most common fossils in the world
because sharks have been around for over 400 million years and a single shark
can lose over 20,000 teeth in its lifetime. That's a LOT of fossils!

e Did you know? Earth has experienced five major mass extinction events. The most
devastating was the Permian-Triassic extinction about 252 million years ago, which
killed roughly 96% of all marine species and 70% of land vertebrate species!

e Did you know? Fossilized dinosaur eggs have been found on every continent,
including Antarctica. Some nests even contain embryos that help scientists
understand how baby dinosaurs developed!

e Did you know? Mary Anning, one of history's most important fossil hunters, made
her first major discovery at age 12 -- an Ichthyosaurus skeleton on the cliffs of
Lyme Regis, England, in 1811. She went on to discover several species new to
science!

Answer Key

1. C—The preserved remains or traces of organisms that lived long ago
2. D — Petrified fossil

3. C— Afossil that shows evidence of an organism's activity, such as footprints or
burrows

4, A — Sedimentary rock

5. D — A mold is the hollow impression left by an organism, while a cast fills that
impression with minerals

6. B — Because soft tissues decompose quickly before fossilization can occur

7. Amber is fossilized tree resin that can perfectly preserve small organisms like
insects



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

The process by which remains of organisms are preserved in rock over very long
periods of time

Because freezing preserves soft tissues, fur, and even DNA that are usually lost in
other fossil types

They reveal what the animal ate by preserving the remains of its food
Matching (Types of Fossils): 15E, 2B, 3D, 4>A, 5>C

B — The preserved remains or traces of organisms that lived in the past

B — An organism is quickly buried by sediment, and minerals gradually replace
the original material over millions of years

C — A trace fossil

D — Sedimentary rocks form from layers of sediment that gently bury organisms,

while igneous and metamorphic rocks involve extreme heat or pressure that
would destroy fossils

B — A hollow impression left in rock after the original organism has completely
dissolved away

D — Amber is hardened tree resin that can perfectly preserve small organisms
like insects, trapping them with fine detail intact

The area was once covered by water, and geological forces later pushed the rock
layers upward to form the mountain

A scientist who studies fossils to learn about ancient life and Earth's history

Soft tissues decompose quickly after death, usually before they can be preserved
by burial and mineralization

Ancient wood where the original organic material has been completely replaced

by minerals, turning it to stone while preserving the wood's structure
Matching (What Are Fossils? Discovering Ancient Life): 1>E, 2-A, 3B, 4D, 5>C

D — The Mesozoic Era

D — Terrible lizard

D — Saurischians (lizard-hipped) and Ornithischians (bird-hipped)
A — Triceratops

C — Its large, sharp, serrated teeth and powerful jaw indicate it was adapted for
eating meat

D — Birds are direct descendants of theropod dinosaurs and are considered



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4y,

living dinosaurs

To reach vegetation high in trees that other herbivores could not access
They may have helped regulate body temperature and were used for display

Evidence suggests many dinosaurs were warm-blooded or somewhere between
warm and cold-blooded

It reveals nesting behavior, reproductive biology, and how dinosaurs cared for
their young
Matching (Dinosaur Basics): 15D, 2-E, 3>A, 4>C, 5B

B — About 4.6 billion years old
D — Hadean, Archean, Proterozoic, and Phanerozoic
C — Paleozoic (ancient life), Mesozoic (middle life), and Cenozoic (recent life)

C — Radiometric dating — measuring the decay of radioactive elements trapped
in the rock when it formed

B — A relatively rapid appearance of most major animal groups in the fossil
record about 540 million years ago

C — Around 10:56 PM — dinosaurs existed only in the last hour of the day

The time it takes for half of the radioactive atoms in a sample to decay into a
different element

The Permian-Triassic mass extinction — the largest extinction event in Earth's
history, killing about 96% of marine species

The Ordovician Period, about 470 million years ago

Rock layers containing the same fossil species were deposited during the same

time period, even if the layers are far apart geographically
Matching (Geological Time — Earth's Ancient Calendar): 1>C, 2D, 3>A, 4B,
5->E

C — Dinosaurs had legs positioned directly beneath their bodies (upright
posture), unlike other reptiles whose legs splay out to the sides

C — Saurischia (lizard-hipped) and Ornithischia (bird-hipped), distinguished by
the structure of their hip bones

C — Its fossil teeth are large, serrated, and blade-like — designed for tearing
flesh — and bite marks matching T. rex teeth have been found on prey fossils

D — Shared features including hollow bones, wishbones, feathers found on



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

dinosaur fossils, and nearly identical skeletal structures between small
theropods and early birds

D — Argentinosaurus or Patagotitan (about 35-40 meters long, ~70 tons),

estimated by measuring fossil bones and comparing proportions to related
species with more complete skeletons

B — Pterosaurs belong to a separate group of reptiles — they are closely related

to dinosaurs but evolved flight independently and have different skeletal
features

Scientists believe the plates were primarily for temperature regulation (radiating
or absorbing heat) and possibly for display to attract mates

A 150-million-year-old animal with both dinosaur features (teeth, clawed fingers,

bony tail) and bird features (feathers, wishbone), showing the evolutionary
transition between dinosaurs and birds

Evidence suggests many dinosaurs were mesotherms — neither fully warm-

blooded like mammals nor fully cold-blooded like lizards, but somewhere in
between

By analyzing melanosomes — tiny structures in fossilized feathers that

correspond to specific colors, comparing them to melanosomes in modern bird
feathers

Matching (Dinosaurs and Prehistoric Reptiles — Rulers of the Mesozoic): 1->C,
2->A, 3->D,4>E 5->B

C — About 4.6 billion years old
D — Hadean, Archean, Proterozoic, and Phanerozoic
C — Triassic, Jurassic, and Cretaceous

A — In undisturbed rock layers, the oldest layers are on the bottom and the
youngest are on top

A — It was a rapid diversification of complex animal life that produced most
major animal groups in a relatively short time

C — Index fossils are species that existed only during a specific short time
period, so finding one indicates the rock is from that time

Relative dating determines which rocks are older or younger; absolute dating
determines the actual numerical age in years

In the last few seconds before midnight



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Extremely hot with widespread volcanic activity, no liquid water initially, frequent
asteroid bombardment, and no life

It marks the mass extinction that killed non-avian dinosaurs and contains

evidence of the asteroid impact
Matching (Geologic Time Scale): 1>C, 2-E, 35D, 4->A, 5B

C — The process by which populations of organisms change over generations
through variations in heritable traits

B — The process where organisms with traits better suited to their environment
are more likely to survive and reproduce, passing those traits to offspring

A — Fossils show a progression of change over time — earlier species are

simpler, later species show increasing complexity and specialization, with
transitional forms connecting major groups

A — A fossil that shows features intermediate between an ancestral group and a
descendant group, providing direct evidence of evolutionary transitions

A — Body structures in different species that share the same basic anatomy
inherited from a common ancestor, even if they serve different functions

B — Homologous structures share common ancestry (same bone structure,

different functions), while analogous structures have similar functions but
different origins (like bird wings and insect wings)

A trait that increases an organism's ability to survive and reproduce in its specific
environment, developed through natural selection over generations

The spread of grasslands replacing forests — open grasslands favored larger
body size and single hooves for faster running on hard ground

When unrelated species independently evolve similar features because they face
similar environmental challenges

The transition from fish to land-dwelling tetrapods — it has fins with wrist-like

bones, a flat head, and a neck, showing features of both fish and early
amphibians

Matching (Evolution and Adaptation — How Life Changes Over Time): 12 B, 2,
3->C, 4->A,5->D

D — A soft-bristled brush

B — A protective plaster-and-burlap covering applied to fossils for safe transport
from the dig site

A — The ratio of radioactive parent isotopes to stable daughter isotopes



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

B — Document the site by mapping, photographing, and recording the exact
location and position of every find

A — To precisely record where each fossil and fragment was found, maintaining
spatial relationships

C — Carbon-14 dates organic material up to ~50,000 years; potassium-argon
dates volcanic rocks millions to billions of years old

Because the rock layer provides relative age and environmental context for the
fossil

A pneumatic tool that uses compressed air to vibrate a tiny chisel, allowing
precise removal of rock from around fossils

To show the fossil in context, demonstrate how it was found, and because
removing all matrix risks damaging delicate features

It allows scientists to see internal structures of fossils without cutting them open
Matching (Excavation & Dating Methods): 1>E, 2D, 3->C, 4B, 5>A

D — Create a detailed grid map and photograph the site from multiple angles
D — The layers of rock and sediment covering the fossil-bearing layer that must
be carefully removed

D — Fossils are fragile and easily damaged, so precise hand tools minimize the
risk of destroying important details

B — To protect the fossil and surrounding matrix during transport from the field
to the laboratory

C — A pneumatic air scribe that chips away small amounts of rock with
controlled vibrations

D — A liquid adhesive (like Paraloid B-72) that soaks into porous fossil bone to
strengthen and stabilize it

So that future scientists can undo previous repairs if better techniques or new
scientific questions require access to original surfaces

A bone bed (or bonebed)

It uses X-rays to create detailed 3D images of internal structures, revealing
features hidden inside rock matrix or bone

Site A, because the actively eroding fossils will be destroyed by weathering if not

collected soon, while Site B's fossils are protected underground
Matching (Fossil Excavation and Laboratory Techniques): 15D, 2->E, 3>A, 4-B,



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

5->C

C — Studying fossils of animals with backbones, such as dinosaurs, mammals,
and fish

C — Fossils of animals without backbones, such as trilobites, ammonites, and
ancient corals

B — A scientist who studies fossil plants and ancient vegetation

C — Tiny fossils that usually require a microscope to see, such as foraminifera
and diatoms

B — Because it records the exact location, orientation, and context of every fossil
found, which is critical data that cannot be recovered once a fossil is removed

A — Because paleontology requires expertise in many areas — geologists identify

rock layers and ages, preparators carefully extract and clean fossils, and
illustrators create accurate scientific drawings — and no single person can
master all these skills

Carefully removes the surrounding rock matrix from the fossil using specialized
tools like air scribes, dental picks, and chemicals

To create a precise three-dimensional record of where every fossil and artifact

was found, allowing future scientists to reconstruct the site and its spatial
relationships

A taphonomist studies what happened to an organism between death and

fossilization — including decay, burial, and chemical changes — while a
traditional paleontologist focuses on identifying and classifying the organism
itself

Because large or fragile fossils embedded in rock must be encased with
surrounding matrix to prevent breakage during transport, and the rock adds
significant weight

Matching (Paleontology Careers & Field Work): 1-E, 2D, 3B, 4->C, 5>A

A — The ancient environment in which organisms lived, reconstructed from fossil
and geological evidence

D — Different plants require specific climate conditions — tropical ferns and

palms indicate warm, wet climates, while conifers may indicate cooler or drier
conditions

C — Facies are distinct rock types that reflect specific depositional environments

— such as river channel sandstone versus lake-bottom mudstone — helping map
ancient landscapes



104.

105.

106.

107.

108.

109.

110.

1.

2.

113.

4.

115.

116.

A — A warm, freshwater wetland or swamp environment with slow-moving or still
water

A — A network showing predator-prey relationships among ancient organisms,

reconstructed from tooth marks on bones, gut contents, tooth shape, body size,
and isotope analysis

D — Fossil sites with exceptional preservation, often including soft tissues like
skin, feathers, or internal organs that are normally lost to decay

Organisms incorporate more of the heavier oxygen-18 isotope into their shells in
colder water, so the ratio of oxygen-18 to oxygen-16 serves as a temperature
proxy

Fossil wood, leaf impressions, and dinosaur bones found in Antarctic rocks prove
it once had a temperate to warm climate supporting diverse life

Warm, shallow, sunlit tropical waters — reef-building corals require warm
temperatures and light for their symbiotic algae to photosynthesize

The principle that the same natural processes operating today also operated in

the past — so modern environments can be used as models for interpreting
ancient ones

Matching (Ancient Ecosystems and Paleoenvironments): 1>E, 2D, 3->C, 4-A,
5-B

B — The process by which organisms with traits better suited to their
environment are more likely to survive and reproduce, passing those traits to
offspring

B — A body structure that is similar in different species because they inherited it
from a common ancestor, even if the structure serves different functions today

C — Fossils that show intermediate characteristics between an ancestral group
and its descendants, demonstrating evolutionary change over time

A — A heritable trait that increases an organism's ability to survive and
reproduce in its specific environment

C — Fossils show that early horses like Hyracotherium had four toes on front feet

and three on back feet, and successive fossil species show a gradual reduction in
toe number and increase in the size of the central toe, until modern horses have
a single large hoof

A — Vestigial structures are remnants of features that were functional in

ancestors, showing that whales descended from four-legged land animals and
that evolution does not create organisms from scratch but modifies existing



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

structures

Because an individual's DNA does not change during its lifetime in response to

the environment, but over many generations the frequency of different traits in a
population can shift as natural selection favors some variations over others

Bird and bat wings are homologous as forelimbs (same underlying bones from a

shared ancestor), but their flight adaptations evolved independently (convergent
evolution), because the common ancestor of birds and bats could not fly

That species remain relatively unchanged for long periods (stasis), with most

evolutionary change occurring in rapid bursts associated with speciation events,
rather than gradually and continuously

When a population is split by a physical barrier like a mountain range or ocean,

the separated groups experience different environments and undergo different
mutations, eventually becoming so genetically different that they can no longer
interbreed even if reunited

Matching (Evolution & Adaptation): 1A, 2-D, 3B, 4->E, 5->C

A — Cladistics classifies organisms based on shared derived characteristics that
indicate common ancestry, rather than overall similarity in appearance

C — A branching diagram showing the hypothesized evolutionary relationships
among organisms based on shared derived characteristics

B — A shared derived character is a new evolutionary feature that defines a

specific clade, while a shared ancestral character is an older feature inherited
from a more distant ancestor and shared by a larger group

A — When unrelated organisms independently evolve similar features due to

similar environments — this can mislead scientists into thinking they are closely
related when they are not

D — At the node (branch point) where the two species' lineages diverge from
each other
D — A group that includes an ancestor and ALL of its descendants — it represents

a complete branch of the tree of life, ensuring the classification reflects true
evolutionary history

DNA comparisons have revealed some unexpected relationships (like whales

being closely related to hippos) and confirmed others, providing an independent
test of fossil-based hypotheses

The principle that the simplest hypothesis requiring the fewest evolutionary
changes is preferred — the cladogram requiring the fewest independent



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

character changes is most likely correct

Birds share numerous derived characters with theropod dinosaurs (hollow

bones, wishbone, feathers, three-toed feet) and are direct descendants of the
dinosaur lineage, making them living dinosaurs

A species or group known to be more distantly related than any of the organisms

being studied — it serves as a reference point to determine which characters are
ancestral versus derived

Matching (Cladistics and Modern Classification of Ancient Life): 1A, 2D, 3-E,
4->C,5->B

C — Five major mass extinctions, often called the 'Big Five'

C — An asteroid approximately 10 kilometers wide struck the Yucatan Peninsula

in present-day Mexico, creating the Chicxulub crater and triggering catastrophic
environmental changes

D — The Permian-Triassic extinction (about 252 million years ago) was the most

severe, eliminating approximately 96% of marine species and 70% of terrestrial
vertebrate species

D — The iridium anomaly is a thin layer of clay unusually rich in iridium found
worldwide in rocks dating to 66 million years ago, which provided key evidence
for an asteroid impact because iridium is rare on Earth's surface but abundant in
asteroids

A — Massive eruptions release enormous amounts of CO2 and sulfur dioxide,
causing initial cooling from sulfur aerosols, then long-term warming from
greenhouse gases, which leads to ocean acidification, ocean oxygen depletion,
and destruction of the ozone layer — each effect cascading to destroy different
parts of the food web

C — Birds' small body size required less food, their ability to fly helped them

reach distant food sources, some could eat seeds that remained viable after the
impact winter, and their insulating feathers helped regulate body temperature
during climate extremes

Ocean anoxia is a condition where ocean waters become severely depleted in

dissolved oxygen, suffocating most marine life — it was caused by global
warming reducing oxygen solubility in water and increased nutrient runoff
fueling algal blooms that consumed oxygen as they decayed

Past extinctions show how rapidly rising temperatures, ocean acidification, and

habitat loss can collapse ecosystems, providing real-world examples of what
happens when environmental changes exceed organisms' ability to adapt —



139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

helping scientists predict thresholds and tipping points for modern ecosystems

Dinosaurs dominated large-bodied ecological niches during the Mesozoic,

competitively excluding mammals from growing large; after the non-avian
dinosaurs went extinct, those niches became vacant and mammals rapidly
diversified to fill them, evolving into the large forms we see today

When excess CO2 dissolves in seawater, it forms carbonic acid, lowering the pH —

this makes it difficult or impossible for organisms like corals, mollusks, and
foraminifera to build their calcium carbonate shells and skeletons, and can even
dissolve existing shells

Matching (Mass Extinctions & Climate Change): 1>A, 2-C, 3>E, 4B, 5D

A — In an undisturbed sequence of sedimentary rocks, the oldest layers are at
the bottom and the youngest layers are at the top

C — The time it takes for exactly half of the radioactive parent atoms in a sample
to decay into stable daughter atoms

B — A fossil of an organism that lived for a short geological time period but was

geographically widespread, making it useful for dating and correlating rock
layers across different locations

A — Any geological feature that cuts through or disrupts another rock body must

be younger than the rock it cuts through — for example, a fault or igneous
intrusion is younger than the rocks it displaces or penetrates

C — Relative dating determines the order in which events occurred (which is

older or younger) without assigning specific numerical ages, while absolute
dating provides a numerical age in years using methods like radiometric dating

D — Carbon-14 has a relatively short half-life of about 5,730 years, so after about

50,000 years too little carbon-14 remains to measure accurately, while
potassium-40 has a half-life of 1.25 billion years, meaning measurable amounts
remain even in very ancient rocks

An unconformity is a gap in the rock record where rock layers are missing due to

erosion or non-deposition, representing a period of time with no geological
record preserved at that location — it signals a break in the normal sequence of
deposition

Biostratigraphy matches rock layers from different locations by identifying the

same index fossil species in each location — since those organisms lived during
the same time period globally, any rock layers containing the same index fossils
must be the same age regardless of their geographic separation

Sedimentary rocks are made from recycled fragments of older rocks, so
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radiometric dating would give the age of the source rock, not when the sediment
was deposited — geologists work around this by dating igneous intrusions or
volcanic ash layers that are interbedded with the sedimentary layers, bracketing
the sedimentary rock's age between dated layers above and below

Faunal succession states that fossil organisms appear in the rock record in a

definite, recognizable order, and that rocks from the same time period can be
recognized by the same fossil assemblages — this was revolutionary because it
showed that rock layers could be correlated across vast distances using their
fossil content, even when the rock types differed

Matching (Advanced Dating Methods & Stratigraphy): 1-E, 2D, 3B, 4->C, 5>A

C — End-Ordovician, Late Devonian, End-Permian, End-Triassic, and End-

Cretaceous — the End-Permian was the most devastating, eliminating
approximately 96% of all marine species

D — A worldwide iridium-enriched clay layer at the K-Pg boundary, the Chicxulub
crater in Mexico, shocked quartz grains, and soot from global wildfires

D — Past extinctions reveal patterns of ecosystem collapse and recovery —

showing which types of species are most vulnerable, how long recovery takes,
and what environmental thresholds trigger cascading losses

D — The study of ancient climates using geological and fossil evidence — it

provides natural experiments showing how ecosystems respond to CO, levels,
temperature changes, and sea level shifts over millions of years

A — A rapid global warming event ~56 million years ago when massive carbon

release raised temperatures ~5-8°C over ~10,000 years — it serves as the best
natural analog for current anthropogenic carbon emissions

A — Commercial fossil sales can remove scientifically important specimens from

research access, destroy contextual data during hasty excavation, and create
legal disputes over fossil ownership — but they also fund discoveries that might
otherwise go unmade

A geologically rapid diversification ~541-530 million years ago when most major

animal body plans (phyla) appeared in the fossil record within about 10-20
million years

The accumulation of oxygen in Earth's atmosphere ~2.4 billion years ago,

produced by cyanobacteria — it was toxic to most existing anaerobic life but
enabled the evolution of aerobic organisms

Multiple evidence types including bone microstructure (growth rate), oxygen
isotope ratios in teeth, body size, nasal turbinate bones, and comparison with
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living relatives via phylogenetic bracketing

Periods (~720 and ~635 Ma) when glacial deposits are found at tropical latitudes,

suggesting ice sheets extended from poles to near the equator — supported by
paleomagnetic data, banded iron formations, and cap carbonates

Matching (Capstone: Modern Paleontology and Earth's Deep History): 1B, 2-A,
3-D, 4->E,5>C

A fossil! They form over millions of years through mineralization.

The Mesozoic Era! Also called the "Age of Reptiles."

Radiometric dating! Carbon-14 dating is one type, useful for younger specimens.
A trace fossil (ichnofossil)! | tell scientists about behavior, not just anatomy.
Tyrannosaurus rex! My name means "tyrant lizard king."

The Law of Superposition! It's fundamental to reading geological history.

An index fossil (guide fossil)! Trilobites and ammonites are common examples.
Permineralization (petrification)! It's the most common way fossils form.
Because they really dug into the past!

A Try-ceratops!

Because they always get discovered eventually!

"Well, this is a double-layered discovery!"

Because it always came up short-handed!

A comite -- wait, | mean a humerus bone!
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