
Earth’s History



The processes occurring on Earth today, have 
always been happening on Earth.

Uniformitarianism
The landscape developed over long 
periods of time through a variety of 
slow geologic and geomorphic 
processes





Relative Time

What happened first, what 
happened second, etc.





Absolute Time

Specifically when something happened. 
Numerical age - "millions of years" or 
some other measurement.



Relative Dating

This layer 
formed after 
this layer

Absolute Dating

This layer formed 10 
million years ago 

This layer formed 
100 million years ago



Geologic Cross Sections

Diagram showing the layers of 
rocks in a location



Original Horizontality

All rock layers were first laid 
down in flat, horizontal layers



Superposition

Oldest rocks on the bottom, 
youngest rocks on top



















Intrusions

Igneous intrusions are younger 
than the rocks they cut through





Extrusions

Igneous extrusions are younger 
than the rocks beneath them





Inclusions

The individual sediments that 
make up a sedimentary rock 

must be older than the rock itself





Folds, Faults, and Tilts

Any folds, faults, or tilts found in a 
rock sequence must be younger 

than the layers that they affect







Things to Remember...
Sedimentary rocks form 

underwater
Weathering and erosion occurs 

on dry land
Fossils are only found in 

sedimentary rocks





Unconformities
Buried erosional surface

Evidence of uplift, weathering and 
erosion, and subsidence

Represents a missing piece of the 
rock record







Sequence of Events Notes

Sequence 1: Uplift & Erosion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 2: Faulting

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 3: Folding

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 4: Igneous Intrusion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

5. ____________________________

Name: ___________________________________________________________ Date: _______________ Period: ___________

Deposition of Limestone

Deposition of Sandstone
Deposition of Shale
Uplift and Erosion



Sequence of Events Notes

Sequence 1: Uplift & Erosion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 2: Faulting

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 3: Folding

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 4: Igneous Intrusion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

5. ____________________________

Name: ___________________________________________________________ Date: _______________ Period: ___________

Deposition of Limestone

Deposition of Sandstone
Deposition of Shale
Faulting



Sequence of Events Notes

Sequence 1: Uplift & Erosion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 2: Faulting

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 3: Folding

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 4: Igneous Intrusion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

5. ____________________________

Name: ___________________________________________________________ Date: _______________ Period: ___________

Deposition of Limestone

Deposition of Sandstone
Deposition of Shale
Folding



Sequence of Events Notes

Sequence 1: Uplift & Erosion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 2: Faulting

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 3: Folding

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

Sequence 4: Igneous Intrusion

1. ____________________________

2. ____________________________

3. ____________________________

4. ____________________________

5. ____________________________

Name: ___________________________________________________________ Date: _______________ Period: ___________

Deposition of Limestone

Deposition of Sandstone
Deposition of Shale
Igneous Intrusion
Contact metamorphism 
occurs along with intrusion















Rock Correlation



Correlation

‣ Matching rocks in one 
location to those in another 
location in order to 
determine geologic history

‣ Outcrops are areas of 
exposed bedrock which can 
be compared for similarities



Walking an Outcrop

‣ Observing and following a 
particular layer of rock over 
a long distance.

‣ By observing color, texture, 
and other characteristics, 
one may follow a layer over 
a distance



Fossil Evidence

‣ Most reliable method of 
correlation

‣ Only found in 
sedimentary rocks

‣ Provide clues about the 
environment in which the 
rock formed



Index Fossils

Fossils of organisms that lived for 
a short period of time, but over a 

wide geographic area.





GEOLOGIC HISTORY OF NEW YORK STATE

Advance and retreat of last continental ice
Uplift of Adirondack region

Sands and shales underlying Long Island and Staten
Island deposited on margin of Atlantic Ocean

Development of passive continental margin

Initial opening of Atlantic Ocean
North America and Africa separate

Intrusion of Palisades sill
Pangea begins to break up

Extensive erosion

Appalachian (Alleghanian) Orogeny
caused by collision of North America
and Africa along transform margin,
forming Pangea

Catskill Delta forms
Erosion of Acadian Mountains

Acadian Orogeny caused by collision of
North America and Avalon and closing
of remaining part of Iapetus Ocean

Salt and gypsum deposited in evaporite basins

Erosion of Taconic Mountains; Queenston Delta forms 

Taconian Orogeny caused by closing of
western part of Iapetus Ocean and 
collision between North America and
volcanic island arc

Iapetus passive margin forms

Rifting and initial opening of Iapetus Ocean
Erosion of Grenville Mountains

Grenville Orogeny: Ancestral Adirondack
Mtns. and Hudson Highlands formed 
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Important Geologic
Events in New York

Inferred Position of
Earth’s Landmasses

TERTIARY 59 million
years 

ago

CRETACEOUS 119 million
years 

ago

TRIASSIC 232 million
years 

ago

ORDOVICIAN 458 million
years 

ago
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Lettered circles indicate the approximate time of existence of a specific
index fossil (e.g. Fossil lived at the end of the Early Cambrian).

DEVONIAN/MISSISSIPPIAN 362 million
years 

ago

A

Oldest known rocks

Geochemical evidence
for oldest biological
fixing of carbon

Oldest microfossils

Transition to
atmosphere
containing
oxygen

reproducing
organisms

Estimated time of origin
of Earth and solar system

Humans, mastodonts, mammoths
Large carnivores
Abundant grazing mammals
Earliest grasses
Large running mammals
Many modern groups of mammals

Extinction of dinosaurs and ammonoids
Earliest placental mammals

Climax of dinosaurs and ammonoids

Earliest flowering plants
Decline of brachiopods
Diverse bony fishes

Earliest birds 
Abundant dinosaurs and ammonoids

Modern coral groups appear
Earliest dinosaurs and mammals with

abundant cycads and conifers
Extinction of many kinds of marine 

animals, including trilobites
First mammal-like reptiles

Earliest reptiles
Extensive coal-forming forests

Abundant sharks and amphibians
Large and numerous scale trees 

and seed ferns

Earliest amphibians, ammonoids, sharks
Extinction of armored fish, other 

fish abundant

Earliest insects
Earliest land plants and animals
Peak development of eurypterids

Invertebrates dominant
– mollusks become abundant

Diverse coral and echinoderms

Graptolites abundant
Earliest fish
Algal reefs
Burgess shale fauna

Earliest chordates, diverse trilobites
Earliest trilobites
Earliest marine animals with shells

Ediacaran fauna

Soft-bodied organisms

Stromatolites

GEOLOGIC HISTORY OF NEW YORK STATE

Advance and retreat of last continental ice
Uplift of Adirondack region

Sands and shales underlying Long Island and Staten
Island deposited on margin of Atlantic Ocean

Development of passive continental margin

Initial opening of Atlantic Ocean
North America and Africa separate

Intrusion of Palisades sill
Pangea begins to break up

Extensive erosion

Appalachian (Alleghanian) Orogeny
caused by collision of North America
and Africa along transform margin,
forming Pangea

Catskill Delta forms
Erosion of Acadian Mountains

Acadian Orogeny caused by collision of
North America and Avalon and closing
of remaining part of Iapetus Ocean

Salt and gypsum deposited in evaporite basins

Erosion of Taconic Mountains; Queenston Delta forms 

Taconian Orogeny caused by closing of
western part of Iapetus Ocean and 
collision between North America and
volcanic island arc

Iapetus passive margin forms

Rifting and initial opening of Iapetus Ocean
Erosion of Grenville Mountains

Grenville Orogeny: Ancestral Adirondack
Mtns. and Hudson Highlands formed 
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Volcanic Time Markers
Volcanic eruptions spread a 

thin layer of ash over the 
earth’s surface.  

The ash covers a wide area in a 
short period of time.





Absolute Dating
with

Radioactive Decay



We start with an atom...

• An atom is the smallest piece of an 
element the still has all the same 
properties of the element.

• Atoms are made of protons and 
neutrons in the center (nucleus) and 
electrons flying around the center. (we 
are not concerned with electrons right 
now)



Isotopes

• Atoms get their identity from the number of 
protons in the nucleus (Carbon always has 6 
protons, oxygen has 8, etc.)

• In general, stable atoms have equal numbers of 
neutrons and protons. 

• However, sometimes atoms have too many 
neutrons. This throws the atom out of balance and 
makes it unstable.  These unstable atoms are called 
are isotopes.



Radioactivity

• If isotopes are very unstable, they are said to be 
radioactive (they are then called 
radioisotopes).

• These radioactive isotopes are so unstable that 
they decay or give off radiation.

• During decay, the nucleus breaks down giving the 
atom a new identity (a new number of neutrons).





So what...
• These radioisotopes happen to decay at a steady, 

predictable rate.

• The amount of time it takes for half (50%) of the atoms 
of a radioisotope to decay is called the half-life.



54321
Red- Blastonium
Green- Happystone (stable daughter)

(Radioactive) (unstable parent)

100% Blastonium
0% Happystone



54321
Red- Blastonium (unstable parent)
Green- Happystone (stable daughter)

50% Blastonium
50% Happystone



54321
Red- Blastonium (unstable parent)
Green- Happystone (stable daughter)

25% Blastonium
75% Happystone



54321
Red- Blastonium (unstable parent)
Green- Happystone (stable daughter)

12.5% Blastonium
87.5% Happystone



54321
Red- Blastonium (unstable parent)
Green- Happystone (stable daughter)

6.25% Blastonium
93.75% Happystone



54321
Red- Blastonium (unstable parent)
Green- Happystone (stable daughter)

3.125% Blastonium
96.875% Happystone
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So?

• By examining the percentage of different isotopes 
found in a rock or a fossil, we can determine how 
many half-lives have gone by which will tell us 
precisely how old the rock or fossil is.

• This is absolute dating



An example... Carbon-14
Nitrogen-14

Imagine 100 atoms of 
Carbon-14



An example... Carbon-14
Nitrogen-14

Number of Years 0

Number of half-lives 0

Atoms of C-14 100

% made up by C-14 100%

Atoms of N-14 0

% made up by N-14 0



An example... Carbon-14
Nitrogen-14

Number of Years 5,700

Number of half-lives 1

Atoms of C-14 50

% made up by C-14 50%

Atoms of N-14 50

% made up by N-14 50%



An example... Carbon-14
Nitrogen-14

Number of Years 11,400

Number of half-lives 2

Atoms of C-14 25

% made up by C-14 25%

Atoms of N-14 75

% made up by N-14 75%



An example... Carbon-14
Nitrogen-14

Number of Years 17,100

Number of half-lives 3

Atoms of C-14 12.5

% made up by C-14 12.5%

Atoms of N-14 87.5

% made up by N-14 87.5%



An example... Carbon-14
Nitrogen-14

Number of Years 22,500

Number of half-lives 4

Atoms of C-14 6.25

% made up by C-14 6.25%

Atoms of N-14 93.75

% made up by N-14 93.75%



An example... Carbon-14
Nitrogen-14

Number of Years 28,200

Number of half-lives 5

Atoms of C-14 3.125

% made up by C-14 3.125%

Atoms of N-14 96.875

% made up by N-14 96.875%
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• Half-life is 5,700 years

• Used to date relatively young materials, from 0 to 50,000 
years old

• Used only to date organic material such as wood and 
mummies

Carbon-14



• Used to date very old materials such as rocks and fossils

• The half-lives are so long, they remain in rock layers for a long 
time

Potassium-40, Uranium-238, 
and Rubidium-87



44) A layer of volcanic ash may serve as a time marker

because the ash is

A) composed of index fossils

B) generally deposited only on land

C) often a distinct color

D) deposited rapidly over a large area

45) According to the Earth Science Reference Tables, when

did the last dinosaurs become extinct?

A) 230 million years ago

B) 97 million years ago

C) 66 million years ago

D) 187 million years ago

46) Carbon-14, an isotope used to date recent organic

remains, would most likely be useful in determining the

age of a fossil

A) armored fish

B) Beluga whale

C) Coelophysis

D) trilobite

47) If a sample of a radioactive substance is crushed, the half-

life of the substance will

A) increase

B) decrease

C) remain the same

48) A rock contains uranium-238, which has a half-life of

4.5 x 109 years. If the rock is crushed and heated, the

half-life of the uranium-238 it contains will

A) decrease

B) increase

C) remain the same

49) For which segment of the Earth's geologic history are

fossils rarely found?

A) Precambrian

B) Cenozoic

C) Paleozoic

D) Mesozoic

Questions 50 and 51 refer to the following:

In the geologic cross section below, the large cone-shaped

mountain on Earth's surface is a volcano. Letters A, B, and C

represent certain rocks.

50) Which statement correctly describes the relative ages of

rocks A and C and gives the best supporting evidence

from the cross section?

A) A is younger than C, because the intrusion of A

metamorphosed part of rock layer C.

B) A is older than C, because the intrusion of A cuts

across rock layer C.

C) A is older than C, because A has older index fossils.

D) A is younger than C, because A is a lower

sedimentary rock layer.

51) Rock B is most likely which type of igneous rock?

A) peridotite

B) pegmatite

C) basalt

D) granite

52) An ancient bone was analyzed and found to contain

carbon-14 that had decayed for nearly two half-lives.

According to the Earth Science Reference Tables,

approximately how old is the bone?

A) 2,800 years

B) 5,600 years

C) 11,000 years

D) 1,400 years

53) The diagram below shows a geologic cross section of a

portion of a New York State landscape region.

What is the probable geologic age of sedimentary rock

unit X?

A) Precambrian

B) Permian

C) Silurian

D) Cambrian

54) According to the Earth Science Reference Tables,

studies of the rock record suggest that

A) the period during which humans have existed is very

brief compared to geologic time

B) the earliest humans lived at the same time as the

dinosaurs

C) humans first appeared at the time of the intrusion of

the Palisades sill

D) evidence of the existence of humans is present over

much of the geologic past

55) Which event would probably cause the top layer of a

series of sedimentary rock layers to be older than those

on the bottom?

A) a volcanic eruption

B) a new sedimentary deposition

C) an overthrust fault

D) an erosion at the surface
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64) The diagram below represents a cross section of a portion

of the Earth's crust.

Which geologic event is the most recent?

A) deposition of rock layer C

B) folding of rock layer B

C) faulting along line XY

D) erosion of the surface of rock layer A

65) A student filled a graduated cylinder with

1,000 milliliters of water to represent a radioactive

substance. After 30 seconds, the student poured out one-

half of the water in the cylinder to represent the decay

occurring within the first half-life. The student repeated

the process every 30 seconds. How much water did the

student pour from the cylinder at the 2-minute mark?

A) 125.0 mL

B) 62.5 mL

C) 250.0 mL

D) 12.5 mL

66) Which statement about dinosaurs is supported by

information provided in the Earth Science Reference

Tables?

A) Dinosaur fossils first appeared in rocks of the

Paleozoic Era.

B) Dinosaur fossils and trilobite fossils may be found in

the same rocks.

C) The number of dinosaurs increased before dinosaurs

became extinct.

D) Dinosaurs only lived on land.

67) The chart below shows index fossils found in rocks of

various ages.

According to the Earth Science Reference Tables, which

fossil could be found in the same rock as fossils of the

first corals?

A) Mucrospirifer

B) Eospririfer

C) Spirifer

D) Michelinoceras

68) According to the Earth Science Reference Tables, when

did the Jurassic Period end?

A) 163 million years ago

B) 190 million years ago

C) 144 million years ago

D) 66 million years ago
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69) The diagram below is a block section of central New

York State that extends deep into the Earth's interior.

Points A and B represent reference points within the

Earth.

The surface bedrock at Syracuse, New York, was

deposited during which geologic time period? [Refer to

the Earth Science Reference Tables.]

A) Cambrian

B) Silurian

C) Cretaceous

D) Triassic

70) One half of the radioactive potassium-40 (40K) in an

igneous rock has decayed to argon-40 (40Ar). According

to the Earth Science Reference Tables, about how many

years ago was this rock formed?

A) 1.3 x 109

B) 4.2 x 109

C) 2.8 x 109

D) 9.8 x 109

71) According to the Earth Science Reference Tables, a

comparison of the bedrock at Syracuse, New York, with

the bedrock at Massena, New York, best supports the

observation that

A) both areas have sedimentary bedrock of the same

age

B) the bedrock at Massena contains salt and gypsum,

but the bedrock at Syracuse does not

C) both areas have sedimentary bedrock, but the

bedrock at Syracuse is younger.

D) no fossils are found in the bedrock of these areas

72) According to the Earth Science Reference Tables, which

geologic event occurred most recently in New York

State?

A) The Taconic Mountains formed.

B) The Palisades Sill intruded.

C) A continental glacier covered most of the State.

D) The entire State was uplifted from below sea level.

73) Radioactive carbon-14 would be most useful in

determining the age of

A) trilobite fossils

B) intensely metamorphosed rocks

C) buried tree stumps

D) the Palisade Sill intrusion

74) From the study of fossils, what can be inferred about

most species of plants and animals that have lived on

Earth?

A) They are unrelated to modern life forms.

B) They have become extinct.

C) They existed during the Cambrian Period.

D) They are still living today.

75) What is the half life of carbon-14?

A) 5,600,000 years

B) 560 years

C) 5.6 years

D) 5,600 years

Questions 76 and 77 refer to the following:

ANCIENT HUMAN FOOTPRINTS FOUND

PARIS ‡‡ In the darkness of an underground cave lined with

prehistoric paintings, French scientists believe they have

discovered the oldest footprints of humans in Europe.

Embedded in damp clay, the imprints, slightly more than

8 inches long, appear to be those of a boy, 8 or 10 years old,

who was walking barefoot between 25,000 and 30,000 years

ago, prehistorians said Wednesday.

They said the dates are only hypothetical because there is

no precise way to determine when the markings were made.

But Michel-Andre Garcia, one prehistorian who has studied

the site, said that the carbon datings in the cave and the

context make this "a very strong hypothesis." The four

footprints were found in the Ardeche region of southern

France, deep inside the Chauvet cave.   ‡‡Times Union,

June 10, 1999

76) Which characteristic of the radioactive isotope

carbon-14 explains why carbon-14, rather than the

radioactive isotope uranium-238, was used by

archeologists in dating the age of their findings?

77) Scientists have inferred that these "oldest" European

human footprints were made during which geologic

epoch?
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Questions 33 through 35 refer to the following:

The paragraph below provides background information

regarding recent fossil discoveries in Canada.

Scientific evidence indicates that the earliest mammals

may have evolved approximately 225 million years ago

from an ancient reptile group called the therapsids. For

millions of years afterward, early mammals and therapsids

coexisted until the therapsids apparently became extinct

165 million years ago. However, geologists have recently

found a fossil they believe to be a therapsid that is only

60 million years old. They found the fossil, which they have

named Chronoperates paradoxus (paradoxical time-

wanderer), near Calgary in Canada. This find suggests that

for 105 million years after the apparent extinction of the

therapsids, a few of the reptiles continued to live in a narrow

geographic range in Canada.

33) Explain briefly why Chronoperates paradoxus would

not be a good index fossil.

34) State one method geologists could have used to

determine that Chronoperates paradoxus lived

60 million years ago.

35) According to fossil evidence, during which geologic

period did the earliest mammals appear on Earth?

Questions 36 through 39 refer to the following:

The graph below shows the rate of radioactive decay of

element A and the rate at which decay product B is formed.

36) Two rocks containing radioactive element A were taken

from a mine. One had a mass of 2 grams; the other had a

mass of 4 grams. Compared to the half-life of element A

in the 4-gram sample, the half-life of element A in the

2-gram sample will be

A) longer

B) shorter

C) the same

37) An igneous rock contains 2 grams of radioactive

element A and 2 grams of decay product B. How old is

the rock sample?

A) 3 half-lives

B) 2 half-lives

C) less than 1 half-life

D) 1 half-life

38) According to the Earth Science Reference Tables, if the

half-life of radioactive element A is 10,000 years, for

which time interval would this element be most useful in

determining the age of rock?

A) Mississippian

B) Pleistocene

C) Precambrian

D) Devonian

39) According to the graph, what is the total percentage of

radioactive element A present after 3 half-lives?

A) 25.0%

B) 87.5%

C) 75.0%

D) 12.5%

40) Geologic time is divided into specific periods and

epochs based on

A) uplift and erosion of New York State bedrock

B) rock types found in mountainous areas

C) inferred positions of Earth landmasses

D) fossil evidence of Earth organisms

41) According to the Earth Science Reference Tables,

approximately how many years ago did the solar system

originate?

A) 10,000,000,000

B) 570,000,000

C) 4,500,000,000

D) 1,000,000,000

42) How would the age of sandstone fragments found in a

conglomerate rock compare with the age of the

conglomerate rock?

A) The sandstone fragments are younger than the

conglomerate rock.

B) The sandstone fragments and the conglomerate rock

are the same age.

C) The sandstone fragments are older than the

conglomerate rock.

D) The sandstone fragments may be either younger or

older than the conglomerate rock.

43) Two rock units contain the same radioactive substance.

Rock A is buried deep underground; rock B is at the

Earth's surface. Which statement best describes the half-

life of the radioactive substance?

A) The radioactive substance has the same half-life in

rock A and in rock B.

B) The radioactive substance in rock A has a longer half-

life.

C) The radioactive substance in rock B has a longer half-

life.

D) The radioactive substance's half-life has increased

with time in rocks A and B.
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