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Notes: Relative Dating
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Relative Dating Exercises

eology 12
Geologic Time

Relative Ages Exercise.

The following 9 cross sections represent hypothetical strata of the earth. Write your answers
in the space beside each section.
Questions.

1. (a) State the Law of Superposition.
(b) List the strata in order from oldest to youngest. (It is convention to always list from
oldest to youngest or to write in a column with the youngest at the top.)

(a) Complete the list in the column.

(b) Which event occured first?

(c) Which event occured last?

(d) State the Law of Original Horizontality.
T —

3. (a) Complete the st
(b) What occured at P ?
(©) What is a feature like P called?

4. (a) What occured first?
(b) What occured between the deposition of A and K ?
(c) What was the last event to have occured?

5. () Complete the list.
(b) How do you know where to put A in the series?
(c) What is A called?

6. (a) Complete the list.
(b) What occured at Y ?
() What could have occured between B and G 7
(d) When did the tilting take place compared to dyke X ? How do you know?

7. (a) Which is the oldest?
(b) What is Z ? What type? How do you know?
(c) What happened between X and N 7

8. (a) List in conventional order.
(b) What type of feature is E 7
(c) What would you notice along the margins of A ? Why?
(d) BONUS: Name the type of rock you would probably find between C and A.

9. (a) List the Igneous activity in order from oldest to youngest.
(b) What are two pieces of evidence for the order of dykes C and D ?

Legend for Rock Types:

Limestone - Conglomerate -
Sandstone - Volcanic .
Shale - Plutonic -
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GEeoLoGY 12 Name
CHAPTER 8
EXERCISE 13 DATING OF ROCKS AND GEOLOGIC EVENTS

* Refer to the lab manual pages 196-204.
+ Review and make notes on the background information as necessary.
« Complete question #3 page 200 and #5 on page 202.

£
1
i

Figure 13.15

eong unc

Helok Pk el ool

f

Figure 13.17

« Attach your answers to question #5 and submit for marks.
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Notes: Radiometric Dating
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Radiometric Dating Exercises
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Geology 12
Radiometric Dating Name:

Set Up:

Use as much of the graph paper as possible (make a big graph)
Label the X-axis with number of half lives (0, 1, 2, ... 10)
Label the Y-axis with number of parent atoms (1 to 1000)

Drawing the Graph:

Begin with 1000 atoms of radioactive parent element and 0 atoms of stable
daughter product.

Plot points to draw the decay curve, showing the decrease in the number of parent
atoms through ten half lives.

Draw in the decay curve using a SMOOTH curve

Plot points to draw the accumulation curve, showing the increase in the number of
atoms of stable daughter product through ten half lives

Draw in the accumulation curve using a SMOOTH curve

Note: the half life of the radioactive element you graphed is given as 5730 years.

Questions based on your graph:

1. How many years are equal to 5 half lives?
2. How many parent atoms will be left after 5 half lives?
3. How many daughter atoms will be accumulated after 5 half lives?

4. At what point in time (number of half lives) will the number of parent
atoms be equal to the number of daughter atoms?

5. At what point in time (number of years for this sample) will the number of
parent atoms be equal to the number of daughter atoms?

6. At what point in time (number of half lives) will the number of daughter
atoms be exactly three times the number of parent atoms?

7. How many half lives equals 22,920 years?
8. What element has a half life of 5730 years?
9. What is the stable daughter product of this element?

10. If you have 125 atoms of parent, how many daughter atoms will be present
in this example?

11. If you have 125 atoms of parent, how old (number of years) is the sample?

Time, Fossils Page 9



General Questions:

12. Define half life.

13. How many half lives have passed if a rock sample has:
= 50% daughter and 50% parent?

= 150 stable and 50 radioactive atoms?
= 7/8 daughter and 1/8 parent?
14. What is the formula for calculating the age of a rock?
15. Calculate the ages for the above samples if the half life is 5 million years.
16. True or false: uranium 238 dating can be used to find the age of a dinosaur
bone?
17. True or false: Carbon 14 can be used to find the age of a dinosaur bone?
18. A piece of wood found in an ancient tomb has a ratio of 1 parent to 15
daughters.

=  How many half lives have passed?

=  How old is the wood?

19. Explain in detail how to find the age of a rock using radiometric dating.

20. Make up a radiometric dating question and have your partner find the age.

Time, Fossils Page 10
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Name:

Radiometric Dating

1. a. If a sample started with 100% parent and now has 75% daughter and 25%
parent, how many half lives have passed?

b. If one half life is 7 million years, how old is the sample?

2. How long has a tree been dead if there is an equal amount of carbon-14 as
nitrogen-14?

3. How much uranium-238 should be left on Earth compared to what was here when
Earth formed 4.5 billion years ago?

4. a. An igneous rock from some distant galaxy (brought here by aliens) contains 8
parents and 56 daughter atoms. How many half lives have passed?

b. If the parent is rubidium-87 and the daughter is strontium-87, how old is the
sample? (Ts tas possible in odr wmverse L)
5. a. There was an earthquake that caused a rock containing argon-40 to fracture.

Some of the argon escaped. How?

b. What effect will this have on the apparent age of the rock? Will it look younger
or older than it should? Explain.

6.(X) Given the following graph, how old is a sample that contains ¢.25% parent and

4335 4 daughter? : ‘ ¢
g E,\\> \z,\:%ﬂ\:,‘}‘ ¥ «,;»i‘f\_\( ‘ 7}\”2{“ Ak y ‘ ) ’: ,
%zgqu =, e 1 shiF (’i«;u‘:w\ﬁ {todacdip,
U s 160 4 i
B g A N
125" o Oh @ "§
O pat w0 (
Q 1+ & 3 M f.; 1
# of half lives i AU
3 e

0R. W NN
e If a piece of paper contains 5 parent atoms and 155 daughter atoms, how old is
it? (Hint: what isotope must be being referred to in this case?)

8. If the daughter to parent ratio is 7, how many half lives have passed? How old
would the sample be if the parent were thorium-232 and the daughter lead-208?

c:geolradd
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WS Relative & Absolute Time
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GEOLOGY 12 Name
CHAPTER 8 WORKSHEET #2
RELATIVE TIME AND ABSOLUTE TIME

Match the descriptions on the right to the persons on the left. Place the letter of the corresponding
description in the blank by each name. You may use some descriptions more than once.

1. Henri Becquerel A. calculated age of earth from number of

2 Lord Kelvin (vewceked generations in the Bible
) B o ) B. proposed the Law of Faunal Succession

8. Nicholas Steno C. calculated age of earth based on cooling rate

4. Georges Buffon of the earth from an initially molten state

5. John Joly D. proposed the principles of Superposition and
. ) Original Horizontality

6. William Smith E. discovered radioactivity of uranium

7. Archbishop Ussher F. calculated age of earth based on rates of

8. C.D. Walcott sedimentation

G. calculated age of earth based on amount of
salt in the oceans

H. calculated age of earth based on rate of
"burning" of the sun — Kan

9.  After two half-lives, how much radioactive parent isotope will be left in a given mineral?
A. 133% B. 50% C. 25% D. 33%

10. If the ratio of daughter isotope to parent isotope is 7, how many half-lives have passed?

A. can't tell from information given C. one
B. seven D. three

11. As each half-life passes, the amount of daughter product will

A. decrease by half each time

B. increase by doubling each time

C. never exceed the amount of parent isotope remaining

D. increase by the amount of parent isotope which has decayed

12. A mineral being used for radiometric dating contains 600 units of the daughter isotope
and 200 units of radioactive parent isotope. How many half-lives have passed?

A. two C. three
B. none D. can't tell from the information given

13. A mineral contains an amount of daughter isotope equal to the amount of radioactive
isotope remaining in it. The half-life for the radioactive isotope is 250 million years. How
old is the mineral?

A. 250 million years C. 500 million years
B. 125 million years D. just formed; no decay has occurred

14. Rubidium-87 has a half-life of 48.8 billion years. Let's assume that radioactive rubidium would be
safe to be around if there was less than 1/64 the original number of radioactive atoms left. How
many years would that take?

A. about 800,000 years C. about 3200 million years
B. a little over 290 billion years D. cannot be calculated from the information given

Time, Fossils Page 14



15.
16.
17.

18.

19.
20.

21.
22.

23.
24,
25,
26.

27.
28.
20.
30.

31.

32.

33.
34.
35.

Placing rocks or geological events in their proper time order is known as

In a sequence of sedimentary rock layers, the rock is always on the bottom.

Sedimentary rocks, which are now folded or otherwise deformed, initially were deposited as

layers of sediments.

A is a type of unconformity in which sedimentary rock layers are
parallel above and below it.

An igneous dike or pluton is in age than the rocks which it cuts across.
The Law of Faunal Succession is useful because it allows geologists to correlate rock layers

based on the they contain.

In the nineteenth century, the age of the earth was thought to be considerably
than it is today.

Radioactive decay affects the numbers of protons and neutrons in the of
an atom.
Each particle consists of two protons and two neutrons.

particles may be electrons or positrons.

Gamma rays are a form of radiation, similar to X-rays.

A is used to measure the tiny amounts of parent and
daughter isotopes in radiometric age dating.

Radioactive decay is a phenomenon, "obeying" the laws of probability.

Potassium-40 will decay to the daughter isotope

Uranium-235 will decay to the daughter isotope

Of the radioactive isotopes used for age dating rocks, has the longest
half-life.

, Which has an extremely short half-life by geologic standards, is used
primarily for age dating archeological artifacts.

If some of the daughter product has escaped from a mineral since the time that radioactive decay
started, the derived age of the mineral (or rock) will appear to be too

The era of the geologic time scale that represents "middle life" is the

The shortest and most recent era of the time scale is the

Arrange the terms in order by age from oldest to youngest, as they are arranged in the geologic
time scale : Paleozoic, Proterozoic, Cenozoic, Mesozoic, Archean

r/i(b :Q(CB%O\Q 3 P(ec;am\«:)ﬁ v\
ACCNGe Oy

Chapter 8 WS #2
Page 2
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Beginning Activity
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Radiometric Decay overhead guestion: -

Use the following diagram representing decayed (white)
and undecayed (grey) atoms in a sample to answer the

questions below:

. 1125 Yrllvon
If the half life is #64=sren years:
a. What radioisotope is represented?
b. How many half lives have passed?

¢. How old is the sample?
d. How many parents (undecayed) were there when the

rock first formed (before the isotope began to decay?)
€. Draw a graph showing the decay curve for the parent
as well as a curve for the increasing daughter.

Time, Fossils Page 17



Macaroni Quiz

(in handouts for practice)
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Name:

Radiometric Dating Quiz

Find the age, in years, of your sample. Show all your work in the space indicated.

Sample Number:

Each bag contains a sample representing a parent isotope and its stable daughter.
Parent: *Ma macaronium 28 (natural colour)

Daughter: #pa astanium 24 (green colour)
8 p

Caution: The atoms are fragile and not edible!
The decay curve for **Ma is given below.

SHOW ALL CALCULATIONS USED TO FIND THE AGE IN A NEAT
ARRANGEMENT IN THIS SPACE.

Radiometric Age:

Bonus: Sketch the curve for the stable daughter on the graph.

100 |\
X
A\
% parent \
IN
50 \
\\
\\
SN
\"\'\A
(o]
(w]
25 50 75
P age (years)
| 2
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Notes: Ch 8 Continued
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Name:

Chapter 8 Notes Continued

The Geologic Time Scale

The eon called the Phanerozoic takes up less than __ % of Earth’s history and includes the

following eras: Cenozoic - recent life, the age of the
Mesozoic - middle life, the age of the
Paleozoic - ancient life, the age of the

Eras are subdivided into and the periods of the Cenozoic into

The names of periods and epochs are for the place where rocks of that age were well
exposed and that time unit was consequently first defined.

The first divisions were done from , then radiometric dating (of
dikes, etc. that cut through the sedimentary layers) gave

Precise dates for the Phanerozoic is difficult because
- sed. rocks and fossils can’t readily be so had to approach it indirectly by
determining age limits and making correlations
- radiometric dating has some uncertainty (between 1 and __ %)

The Precambrian includes the __ billion years of time before the Phanerozoic. There were
basically no fossils to give a basis for divisions so it was divided into two parts (Archean
and Proterozoic) almost arbitrarily. There was widespread igneous activity and mountain
building but no single event of global impact.

See the Geological Time Scale, page 164 in text.

How old is the Earth? - A better answer.
No have been preserved unchanged on Earth but we believe the sun, maoon,
meteorites, etc. formed at the same ____:

moon sample ~ ___ billion years old

meteorite sample ~ billion years old

gives us that the earthis ~ ____ billion years old

Oldest earth material is___ billion years. Oldest rocks on each continent between 3.6 and
3.9 billion years. Why none at 4.55 billion years old?

- radiometric clocks start when rocks (maybe was molten for long time.)

- rock cycle has been acting since the beginning, changing most rocks at least

Earth’s History - Quick Summary
Universe
- Big Bang occurred billion years ago, still expanding, open/closed?

Time, Fossils Page 21



Stars

- Matter not uniformly distributed so clumps join together due to , star is born
- stars burn up their fuel, create elements, supernovae (blow up), spread heavy
elements through space

- our earth and sun are made up of matter that likely was cycled through several
generations of : -

Solar System

- our sun is aged, 5 billion years old, 5 billion years to go

- cloud of dust and gas condensed, most mass condensed to form | rest into planets

- composition of planets depends on how they are to sun, higher T materials nearest
sun (Fe, etc.), “gases” (solid H, He, lighter elements) farther out

Earth =
- dust ball condensed; heated by collisions of particles, compression by gravity and
radioactive elements so most of the Earth was

- slowly cooled, heavy iron , light elements ___ making the core, mantle, crust
4 billion years ago
- as cooled, water in atmosphere

- early atmosphere contained almost no , blue-green algae and formation of

limestone supplied oxygen
- many changes have occurred since formed - continents moved, volcanoes,

mountains, erosion, . . .

Life on Earth

0.5 million yrs ago . modern, rational Homo Sapiens, jmpact in short time!
3-4 million the most primitive developed

65 million mammals become dominant (dinosaurs decline)

150 million warm blooded animals (birds)

200 million dinosaurs and 1st mammals

400 million insects, amphibians and reptiles onto continents

400-500 million animals with backbones ( ) and land plants -

600 million marine animals with shells widespread

1 billion 1st multicelled, soft bodied, oxygen breathing creatures, poorly

preserved, fossils
4.6 billionyrs ago  formation of the earth

The practical aspects of learning this is that sources come from old plants and
animals. If you know the time they lived then you know where to mine.

Dating and Geologic Process Rates

Continents move ~___cm/yr relative to magnetic poles

Uplift rates ~___cm/yr in mountain ranges, erosion rates similar

Must be cautious about extrapolating process rates into past or future!
read page 170

1S
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Time Scale Exercise

Geology 12
Geologic Time Scale Exercise Name:

Preliminary Information:
The easiest way to visualize the vast amount of time that the Earth and its past present life forms have
existed is by means of a Time Line. In this exercise, you will be constructing a time line which will

indicate some of the major events that have taken place on our planet. Adding machine tape will be oW
used to plot such a line. €

(TN N —t /‘ .
Procedure: N Yo a\egtaic tic (__ Commic

1. Obtain a 2.5 meter long piece of adding machine tape. Mark the far right-hand side as PRESENT, ST‘A“\\J

in red.
2. Using a scale of"1mm = 2 x 106 years (2 million)”, lot the following by measuring back in time

to the left.
a. The Phanerozoic portion of the time scale, along with all its divisions, on the top edge
of the tape.

i Eras marked in Red
ii. Periods marked in Blue
iii. Epochs marked in Green
b. Arrange all of the following event s, in order, in black or pencil on the bottom edge of
the tape. Note the events in the list are not completely in order right now.

Event Time (Yearsfagol 3
» 10

Formation of the earth &~ 46x10° —2 w}:;.’o— =23 00 w\x
First known algae and fungi appear —4.0x10° CRd =4 o
First invertebrates appear 570 x 10"\> ¢-’,"h7 » ‘}/ = 3\’6
First fish appear @500 x 10° W = A7
First reptiles appear = 300 x 10° = 23S e
First amphibians appear ) 400 x 108
First mammals appear 200 x 10°
First man-like animal 2.5x 10°
Pleistocene glaciations (most recent) 1.0 x 108
Pacific Coast Orogeny (mountain building) 70 x 108
Appalachian mountain building 350 x 10°
First known plants appear 3.2x100 P
First known animals appear 1.2x 109 ‘
Oldest rocks on the planet 3.9x 109
First dinosaurs appear 225 x 108
Last dinosaurs disappear 66 x 10° Y 0 IS
Age of Canada 1S =% 102 — '_\j_‘_‘_'_g = 0.9" "= 0
Your birth =D axI0

LI

3. Be sure to be creative — add pictures and drawings to your timeline!
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Notes: Relative Dating with Fossils
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Relative Dating with Fossils

-Fossils are used to determine the age of rocks by the Principle of

Life forms change through time so ... “Rocks are the same if they contain exactly the
same type of organism”
-This allowed geologists to relate rock bodies, or a / of rock, located

»n

in different areas of the world—called “

-In identifying the habitat and lifestyles of organisms, we assume that the
and laws have always operated (maybe at different J)
-By observing processes, we can understand the history

and development of the earth and its inhabitants.
-This theory is called

-“The present is the key to the past”

Definition of Fossil:
Fossils are only found in rock. Why?

Process of original preservation:
-most fossils are only partial remains of plants or animals, generally the
of the organism that was buried and preserved from . Hard
parts like , and may be preserved.

Fossilization Processes:

1.
-Given enough time, even the hard parts of fossil may
leaving a cavity in the hard surrounding
sediment. This fossil is called a
. The mold of the interior of a shell
formed when a shell fills with , hardens,
and then becomes of the surrounding shell.
-Trapped insects leave molds in (hardened
)
2.
-If other sediment the mold and lithifies, a
matching is formed.
-No can be seen with this type of
fossilization
-This is the most common mode of of many
fossils
eg p
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~The removal of other elements leaving the
behind (like peat formation)

e.g. usually fossilized this way
4,
-The original hard parts have additional
materials deposited in spaces.
5.
-Minerals in in waters
replace materials as it dissolves or decays
-With this type of fossilization, you can see the
e.g. Petrified wood is replacement.
Conditions necessary for the preservation of parts
-Soft tissues are destroyed due to before lithification or

during diagenosis. Usually they are best preserved as
films (carbonization) on a rock

-However under unusual conditions, soft part may be
preserved relatively intact.

-Ex. The world famous Fossil Deposit near Field, B.C. found by
Charles Walcott in 1909.

-This is what happened approximately 530 million years ago. There was no life on land

and most life was small and lived along LA
from a soft bank buried the organisms in silt. The
water was and . The silt flattened, hardened
( } and became the sedimentary rock . Fossil
of the organisms were formed. Hundreds of millions of years later,

colliding caused the shale to be thrown up as part of an 8,000 foot

. Itis this unusual, detailed snapshot of life as it was million
years ago, replicas of and all, that makes the Burgess Shale deposit so
valuable. (Note: the actual flesh, but a version/shape of it.)

Therefore, the required conditions necessary for the preservation of soft tissue are:

1. burial of

2. organism in

3. , low water followed by
4, lithification of sediment.
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Another unusual event: Mammoth found in with flesh still intact. This is
original preservation.

Index Fossils and the Necessary Characteristics

A fossil that is l but is useful in correlating
rocks of the same age in different areas and is referred to as “ " (or guide)
. The required characteristics of index fossils are:

1. They must be to identify from other similar fossils. They must be
' in some way
2. They must be found over a geographic area.
3. They must have a time range so that they occur in only a
rock layers.
4. They must be and to fossilize
C

—
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Herman Comic

WHAT ARE WE GOING TO CALL
THAT BIG BIRD-THING WITH THE
LEATHERY WINGS 7

“WELL WHAT D'YOU
WANT O CALL IT

WELL AT LEAST
PEOPLE WILL BE ABLE
TO SPELL IT /!
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Skull Comic

Not it 7 Okay...
how ‘bou;-

this one:
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Development of Life through Time

The life-span of each group is shown. The species abundance of each group is shown by the thickness of the column.

Era Period | Invertebrates Vertebrates Plants
Quaternary - Feean ]
CENoZoIC F————{18H @ § g
Tertiary g & £
E W a oot
Crataceous 1= g . E m|’
& &L
MESOZOIC | Jurassic o e
i Lo 8
Trieesic EE
1 1 -
Parrmian &
mE L = : .
UpPER | Pannsylvanian T 2 [
PALEOZOIC pississippian :i = 3 E L
; o =
Davonian g CLYg :
416 - &
Silurian m Y
=
0 3
LOWEE Ordavician iy %
PaLEQZOIGH——"{480H -
Cambrian %
ekl e
First multicellular life
PHECAMBRIAN [Eoep] | First definite fossil bacteria
3500] | First possibie fossil bacteria
0]

T shown in millions of years before present
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Fossil Activity (pictures)
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1OV 1y by

Use the ° I\(\‘ve(pre’r\@ Cacth H\‘s\v(j“ (TEW)
\edo manuod pages QL= 10l amd  11A=13) (s™ed)
o fill i Yt atlached fossi b shak
Find e \o\wﬁ\um name , sub name w\/\ue\ —Hmj
lived  (macine, lake, lard efe) ) Whin Huy Wed , ¥

ace extinct of not, whak relativey afe
Kviney Todoy okc. Wrike Hu informedion J;“
the space provided \peside eoch  quow ©
p\‘d&w\m<

GEOLOGICAL T'IME SCALE

ERra PERIOD EpPOCH TIME
. m.y.
Quatemary o oo M
P = -
o Pliocene . - l———‘——l
Cenozoic s 5
. — 24 H
Tetiary Oligocenc
37
Eocenc
= { 8 H
| 66 o
Cretaccous
{ 144 —
Mesozoic Jurassic
208
Triassic
245
Permian
4{ 286 }-——
Pennsylvanian
C 320
Mississippian
Paleozol {0
€0Z0N Devonian
408
Silurian
438
Ordovician =
s H
Cambrian
570
Precambrian

Based on Hamblin, The Earth's Dynamic Systems, 1982. Dates from Montgomery,
Physical Geology. 1987.

It s recognized that there is some variation in the dates given in the literature.

NG

*Approximate age of the oldest rocks.
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J MW VN UPOC U~ i

Subname ¢ Tei lobide

Wanneria, L. Camb.

T

2 i

TR

Onglugn s Matlusca
Sub Nams - @pkq\o poc,l

/<—— Ammono.d

Cevatites, M. Triae. (X%)

Eoasiarites, Miss.--L. Pcrm.

Coniatites, U. Miss.

ﬂ\gittm 2 Molluscoe

~- &
; Rl A 1
Miss —M. Trias. 1 s
Loxon, Ph i Coniobasis,
M. Gd.:;::‘ tysa, Jur.—KRec. Cret—Ree. X

Ophileta, L. Ord.

pkg\v«m . N
’P ;
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PEEAN. NEViYA NI
J

Mesolobus,
M. Penn.~L. Peem.,

Penicularis L.~Perm. M

Seringocephalbes, M. Dev, Stringocephatus, M. Dev.

—_

Mucrospirifer, M. Dev.

Mucrompirifer, M. Dev.

Heliophylhum, Dev. Streprelusma, M. Ocd.~M. Sil. Sil—Cart,

c

Clobigerina, Palcoc.—Rec.

Polydiexodina, U. Perm. (X50)
(X20) ph

Fusulinella, Pean.
(X30) Pl

Pevafumiling, Pecen,
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Playg lum :

Crinoid columnals

'
Y

[}

2
=

Aicraster, Cret.—Mio.(X 3/4)  Micraster, Cret.—Mio (X 3/4)

0}
.

p\«\_q lum

HORSE

" PLEISTOCENE-
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PR U B

AEAY 1N 2

. Metasequoia,
Alethopteris, é.«.—h:c.
Pena.

Pyl
J

B |

Monograpeus (three specics) Diplograptus Climacograptus
Sd-L. Dev. M. Ovd.~L. S L.Ocd.~L.SL
Mowogreptus Nemagraptus Tetragraptus (2 specics)
s © M.Ond. L.ovd.

Drepanodus, Ord.

Siphonodella,
U. Dev.—L. Miss.

Icriodus, Dev.

5 \ .
Qzarkodina, U. Ord.—L. Dev. Poiygnathus, Dev.—L. Miss.

# (%x30) Pumishina, U, Camb.

[a Y
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Fossil Samples
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Fossil Samples

Xz

magnification

Tertiary (Miocene) 3 Tertiary (Oligocene) g

x1
magnification

Tertiary
(Eocene to Holocene)

magnification

Tertiary (Eocene)

magnification

5 Tertiary (Paleocene)

Cretaceous

* Jurassic to Holocene

1

Jurassic

x1 %3 ;”' X7 Xz
magpnification magnification 4 magnification magnification
B _ B . iB .
- Triassic Permian : Permian - Pennsylvanian
2,
i i 1
x3 x3 x3 Xz
magnification magnification magnification magnification
fia 5 . i ]
i Mississippian Mississippian Devonian Devonian
1 L
X3 X735 X1
magnification magnification magnification magnification

Silurian

Ordovician
to Devonian

Ordovician

Cambrian

1 1
x25 Xz X2
magnification magnification magnification magnification
Geology 12 Resource Exam A Data Page 5
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Fossil Activity (specimens)

Fossil Activity: Find a fossil in the set, of the phylum indicated, and complete each row. For some phyla, there are more than
one specimen to choose from.

| Diagram of

| Phylum Subname(s) Period Location | .
specimen

Google information

1 | Vertebrata

2 | Brachiopoda

3 | Mollusca G
4 | Mollusca M
5 | Mollusca C

6 | Echinodermata

7 | Plant

g8 | Arthropoda

5 | Cnidaria
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Practice Phyla Quiz

I&en\‘i-q—fj e 30\\0@11\.;} :

'sd:e.nuffonmui (e (“‘”’-'1,) ’
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Phyla Quiz
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Faunal Succession Activity
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GEOLOGY 12 STUDENT EXERCISE

THE FOSSIL RECORD
FAUNAL SUCCESSION/CORRELATION

é( THE PRINCIPLE OF FAUNAL SUCCESSION

Each successive time interval of earth history has a unique assemblage of fossil types. As
a result, rock units can be dated and correlated by analysis of their fossil content and
comparison to standard reference sequences. The term index fossil is named for those
fossils which are useful in age determinations. Index fossils are useful in that they are
abundant, have a wide geographic range, and have a rapid evolutionary pattern which
results in a short geologic time range which is easy to pinpoint.

Fossils are almost exclusively found in sedimentary rock; therefore, biostratigraphic
correlation is ordinarily not possible in igneous or metamorphic rock, and as a result,. is
limited in its usefulness. As well, where sedimentary rocks do contain fossils (and there
are many locations around the world), there is no single place where all strata are found
together, complete, and stacked neatly in order, making correlation difficult.

The illustrations in Figure 1 show cross-sections of layered sedimentary rock from different
locations. At least one index fossil was found in each layer. The key in Figure 2 gives
the type of each index fossil as well as the name of the period of geologic time during
which it lived. Note that the time periods are randomly arranged.

PROCEDURES:
1 Cut out the six columns from the sheet provided.
2. Apply your knowledge of the law of supei'posiﬁon, and arra:ige the columns side-by-side

on a blank piece of paper such that fossils are relatively lined up and correlated.

3. Draw lines to show correlation from one locality to another. Note that some fossils
disappear in some localities. o :

QUESTIONS:

Explain the absence of some fossils in some localities. N
List the time periods from Figure 2 in order, from youngest at the top to the oldest.

L
2.
B. SEDIMENTARY STRUCTURES

PROCEDURE:
Read over the various sedimentary structures and their descriptions on pp 26-33 of the lab
text.

QUESTIONS:

1. Which of the structures discussed in this exercise might be useful in helping to distinguish
the top from the bottom of a bed? _ :

2. Which of these structures might be useful in determining the direction in which the current
flowed? .

3. Place an X in the table on the following page under each environment in which the

sedimentary structure may form.

GEOL 12 C-2

1
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locality 6

. 4
e — ————————— o

=W =

—
3
=N

1))
227

2227777727227

!

i

" Fossil

Figure 2 . .
Geological cross-sections represent-
ing sedimentary rocks from six
localities.

Key
Type and period

crinoid, Permian

trilobite (Olenellus, Cambrian

jawless fish, Devonian

trilobite, Ordovician

snail, Triassic

eurypterid, Silurian

f
&
7(" starfish, Pennsylvanian
f#)
@
=

’? ammonite, Jurassic

g

brachiopod, Mississippian

bony fish, Cenozoic

Ik

clam, Cretaceous

1

Align the columns in Figure 1 e}
that layers of similar age are
matched.
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Sed Env / Which way is up?

Dry Sand U\)‘/‘*M’L 2ID “
Sedimentary River, | Shallow lake dunes | Deep | Tidal fm L (\__;
structure stream sea Beach | bottom | (wind) sea flat [

V“

Asymmetrical
ripple marks

Symmetrical
ripple marks

Cross-
bedding

Mudcracks

Raindrop
prints

Dfvador/ NN\ N~ NN AT NN
Graded bedding
Ir WA AN A Y A NA AN AV
e VAV | AN AAL
N AVAY VY A A AN AV A YN A

R =, N, 2} 5 N A, R AL
Bugbws’ \ o LN A\ N NN N
Ldwliatbi NI S " i o >

Stromatolites

GEOL 12 C4
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Notes: Relative Dating
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Relative Dating Exercises
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weology 12
Geologic Time

Relative Ages Exercise.

The following 9 cross sections represent hypothetical strata of the earth. Write your answers
in the space beside each section.
Questions.

1. (a) State the Law of Superposition.
(b) List the strata in order from oldest to youngest. (It is convention to always list from
oldest to youngest or to write in a column with the youngest at the top.)

2. (a) Complete the list in the column.
(b) Which event occured first?
(c) Which event occured last?
(d) State the Law of Original Horizontality.

3. (a) Complete the list.
(b) What occured at P ?
(c) What is a feature like P called?

4. (a) What occured first?
(b) What occured between the deposition of A and K ?
(c) What was the last event to have occured?

5. (a) Complete the list.
(b) How do you know where to put A in the series?
(c) What is A called?

6. (a) Complete the list.
(b) What occured at Y ?
(c) What could have occured between B and C ?
(d) When did the tilting take place compared to dyke X ? How do you know?

7. (a) Which is the oldest?
(b) What is Z ? What type? How do you know?
(c) What happened between X and N ?

8. (a) List in conventional order.
(b) What type of feature is E ?
(c) What would you notice along the margins of A ? Why?
(d) BONUS: Name the type of rock you would probably find between C and A.

9. (a) List the Igneous activity in order from oldest to youngest.
(b) What are two pieces of evidence for the order of dykes C and D ?

Legend for Rock Types:
. ! [ Qa O
Limestone - | ‘1‘ Conglomerate - 60 2
+,90 N v
Sandstone S PRI Volcanic - eV
Shale o Plutonic S NN
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GEoLOGY 12 Name

CHAPTER 8
EXERCISE 13 DATING OF ROCKS AND GEOLOGIC EVENTS

e Refer to the lab manual pages 196-204.
¢ Review and make notes on the background information as necessary.
¢ Complete question #3 page 200 and #5 on page 202.

Youngest

Oldest

Youngest

Oldest

Figure 13.15
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e Attach your answers to question #5 and submit for marks.

Time, Fossils Page 62

Youngest

Oldest

Youngest

Oidest

RENRRRRRRREY

NRRRRRRRERRRRRERRREY



Notes: Radiometric Dating
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Radiometric Dating Exercises
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Geology 12
Radiometric Dating Name:

Set Up:

Use as much of the graph paper as possible (make a big graph)
Label the X-axis with number of half lives (0, 1, 2, ... 10)
Label the Y-axis with number of parent atoms (1 to 1000)

Drawing the Graph:

Begin with 1000 atoms of radioactive parent element and 0 atoms of stable
daughter product.

Plot points to draw the decay curve, showing the decrease in the number of parent
atoms through ten half lives.

Draw in the decay curve using a SMOOTH curve

Plot points to draw the accumulation curve, showing the increase in the number of
atoms of stable daughter product through ten half lives

Draw in the accumulation curve using a SMOOTH curve

Note: the half life of the radioactive element you graphed is given as 5730 years.

Questions based on your graph:

1. How many years are equal to 5 half lives?
2. How many parent atoms will be left after 5 half lives?
3. How many daughter atoms will be accumulated after 5 half lives?

4. At what point in time (number of half lives) will the number of parent
atoms be equal to the number of daughter atoms?

5. At what point in time (number of years for this sample) will the number of
parent atoms be equal to the number of daughter atoms?

6. At what point in time (number of half lives) will the number of daughter
atoms be exactly three times the number of parent atoms?

7. How many half lives equals 22,920 years?
8. What element has a half life of 5730 years?
9. What is the stable daughter product of this element?

10. If you have 125 atoms of parent, how many daughter atoms will be present
in this example?

11. If you have 125 atoms of parent, how old (number of years) is the sample?
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General Questions:

12. Define half life.

13. How many half lives have passed if a rock sample has:
= 50% daughter and 50% parent?

= 150 stable and 50 radioactive atoms?
= 7/8 daughter and 1/8 parent?
14. What is the formula for calculating the age of a rock?
15. Calculate the ages for the above samples if the half life is 5 million years.
16. True or false: uranium 238 dating can be used to find the age of a dinosaur
bone?
17. True or false: Carbon 14 can be used to find the age of a dinosaur bone?
18. A piece of wood found in an ancient tomb has a ratio of 1 parent to 15
daughters.

=  How many half lives have passed?

=  How old is the wood?

19. Explain in detail how to find the age of a rock using radiometric dating.

20. Make up a radiometric dating question and have your partner find the age.
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Name:

Radiometric Dating

1. a. If a sample started with 100% parent and now has 75% daughter and 25%
parent, how many half lives have passed?

b. If one half life is 7 million years, how old is the sample?

2. How long has a tree been dead if there is an equal amount of carbon-14 as
nitrogen-14?

3. How much uranium-238 should be left on Earth compared to what was here when
Earth formed 4.5 billion years ago?

4. a. An igneous rock from some distant galaxy (brought here by aliens) contains 8
parents and 56 daughter atoms. How many half lives have passed?

b. If the parent is rubidium-87 and the daughter is strontium-87, how old is the
sample? (Ts tas possible in odr wmverse L)
5. a. There was an earthquake that caused a rock containing argon-40 to fracture.

Some of the argon escaped. How?

b. What effect will this have on the apparent age of the rock? Will it look younger
or older than it should? Explain.

6.(X) Given the following graph, how old is a sample that contains ¢.25% parent and

4335 4 daughter? : ‘ ¢
g E,\\> \z,\:%ﬂ\:,‘}‘ ¥ «,;»i‘f\_\( ‘ 7}\”2{“ Ak y ‘ ) ’: ,
%zgqu =, e 1 shiF (’i«;u‘:w\ﬁ {todacdip,
U s 160 4 i
B g A N
125" o Oh @ "§
O pat w0 (
Q 1+ & 3 M f.; 1
# of half lives i AU
3 e

0R. W NN
e If a piece of paper contains 5 parent atoms and 155 daughter atoms, how old is
it? (Hint: what isotope must be being referred to in this case?)

8. If the daughter to parent ratio is 7, how many half lives have passed? How old
would the sample be if the parent were thorium-232 and the daughter lead-208?

c:geolradd
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WS Relative & Absolute Time
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fun ..

i‘{"Of'

GEOLOGY 12 Name
CHAPTER 8 WORKSHEET #2
RELATIVE TIME AND ABSOLUTE TIME

Match the descriptions on the right to the persons on the left. Place the letter of the corresponding
description in the blank by each name. You may use some descriptions more than once.

1. Henri Becquerel A. calculated age of earth from number of

2 Lord Kelvin (vewceked generations in the Bible
) B o ) B. proposed the Law of Faunal Succession

8. Nicholas Steno C. calculated age of earth based on cooling rate

4. Georges Buffon of the earth from an initially molten state

5. John Joly D. proposed the principles of Superposition and
. ) Original Horizontality

6. William Smith E. discovered radioactivity of uranium

7. Archbishop Ussher F. calculated age of earth based on rates of

8. C.D. Walcott sedimentation

G. calculated age of earth based on amount of
salt in the oceans

H. calculated age of earth based on rate of
"burning" of the sun — Kan

9.  After two half-lives, how much radioactive parent isotope will be left in a given mineral?
A. 133% B. 50% C. 25% D. 33%

10. If the ratio of daughter isotope to parent isotope is 7, how many half-lives have passed?

A. can't tell from information given C. one
B. seven D. three

11. As each half-life passes, the amount of daughter product will

A. decrease by half each time

B. increase by doubling each time

C. never exceed the amount of parent isotope remaining

D. increase by the amount of parent isotope which has decayed

12. A mineral being used for radiometric dating contains 600 units of the daughter isotope
and 200 units of radioactive parent isotope. How many half-lives have passed?

A. two C. three
B. none D. can't tell from the information given

13. A mineral contains an amount of daughter isotope equal to the amount of radioactive
isotope remaining in it. The half-life for the radioactive isotope is 250 million years. How
old is the mineral?

A. 250 million years C. 500 million years
B. 125 million years D. just formed; no decay has occurred

14. Rubidium-87 has a half-life of 48.8 billion years. Let's assume that radioactive rubidium would be
safe to be around if there was less than 1/64 the original number of radioactive atoms left. How
many years would that take?

A. about 800,000 years C. about 3200 million years
B. a little over 290 billion years D. cannot be calculated from the information given
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15.
16.
17.

18.

19.
20.

21.
22.

23.
24,
25,
26.

27.
28.
20.
30.

31.

32.

33.
34.
35.

Placing rocks or geological events in their proper time order is known as

In a sequence of sedimentary rock layers, the rock is always on the bottom.

Sedimentary rocks, which are now folded or otherwise deformed, initially were deposited as

layers of sediments.

A is a type of unconformity in which sedimentary rock layers are
parallel above and below it.

An igneous dike or pluton is in age than the rocks which it cuts across.
The Law of Faunal Succession is useful because it allows geologists to correlate rock layers

based on the they contain.

In the nineteenth century, the age of the earth was thought to be considerably
than it is today.

Radioactive decay affects the numbers of protons and neutrons in the of
an atom.
Each particle consists of two protons and two neutrons.

particles may be electrons or positrons.

Gamma rays are a form of radiation, similar to X-rays.

A is used to measure the tiny amounts of parent and
daughter isotopes in radiometric age dating.

Radioactive decay is a phenomenon, "obeying" the laws of probability.

Potassium-40 will decay to the daughter isotope

Uranium-235 will decay to the daughter isotope

Of the radioactive isotopes used for age dating rocks, has the longest
half-life.

, Which has an extremely short half-life by geologic standards, is used
primarily for age dating archeological artifacts.

If some of the daughter product has escaped from a mineral since the time that radioactive decay
started, the derived age of the mineral (or rock) will appear to be too

The era of the geologic time scale that represents "middle life" is the

The shortest and most recent era of the time scale is the

Arrange the terms in order by age from oldest to youngest, as they are arranged in the geologic
time scale : Paleozoic, Proterozoic, Cenozoic, Mesozoic, Archean

r/i(b :Q(CB%O\Q 3 P(ec;am\«:)ﬁ v\
ACCNGe Oy

Chapter 8 WS #2
Page 2
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Beginning Activity
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Radiometric Decay overhead guestion: -

Use the following diagram representing decayed (white)
and undecayed (grey) atoms in a sample to answer the

questions below:

. 1125 Yrllvon
If the half life is #64=sren years:
a. What radioisotope is represented?
b. How many half lives have passed?

¢. How old is the sample?
d. How many parents (undecayed) were there when the

rock first formed (before the isotope began to decay?)
€. Draw a graph showing the decay curve for the parent
as well as a curve for the increasing daughter.
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Macaroni Quiz

(in handouts for practice)
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Name:

Radiometric Dating Quiz

Find the age, in years, of your sample. Show all your work in the space indicated.

Sample Number:

Each bag contains a sample representing a parent isotope and its stable daughter.
Parent: *Ma macaronium 28 (natural colour)

Daughter: #pa astanium 24 (green colour)
8 p

Caution: The atoms are fragile and not edible!
The decay curve for **Ma is given below.

SHOW ALL CALCULATIONS USED TO FIND THE AGE IN A NEAT
ARRANGEMENT IN THIS SPACE.

Radiometric Age:

Bonus: Sketch the curve for the stable daughter on the graph.

100 |\
X
A\
% parent \
IN
50 \
\\
\\
SN
\"\'\A
(o]
(w]
25 50 75
P age (years)
| 2
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Notes: Ch 8 Continued
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Name:

Chapter 8 Notes Continued

The Geologic Time Scale

The eon called the Phanerozoic takes up less than __ % of Earth’s history and includes the

following eras: Cenozoic - recent life, the age of the
Mesozoic - middle life, the age of the
Paleozoic - ancient life, the age of the

Eras are subdivided into and the periods of the Cenozoic into

The names of periods and epochs are for the place where rocks of that age were well
exposed and that time unit was consequently first defined.

The first divisions were done from , then radiometric dating (of
dikes, etc. that cut through the sedimentary layers) gave

Precise dates for the Phanerozoic is difficult because
- sed. rocks and fossils can’t readily be so had to approach it indirectly by
determining age limits and making correlations
- radiometric dating has some uncertainty (between 1 and __ %)

The Precambrian includes the __ billion years of time before the Phanerozoic. There were
basically no fossils to give a basis for divisions so it was divided into two parts (Archean
and Proterozoic) almost arbitrarily. There was widespread igneous activity and mountain
building but no single event of global impact.

See the Geological Time Scale, page 164 in text.

How old is the Earth? - A better answer.
No have been preserved unchanged on Earth but we believe the sun, maoon,
meteorites, etc. formed at the same ____:

moon sample ~ ___ billion years old

meteorite sample ~ billion years old

gives us that the earthis ~ ____ billion years old

Oldest earth material is___ billion years. Oldest rocks on each continent between 3.6 and
3.9 billion years. Why none at 4.55 billion years old?

- radiometric clocks start when rocks (maybe was molten for long time.)

- rock cycle has been acting since the beginning, changing most rocks at least

Earth’s History - Quick Summary
Universe
- Big Bang occurred billion years ago, still expanding, open/closed?
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Stars

- Matter not uniformly distributed so clumps join together due to , star is born
- stars burn up their fuel, create elements, supernovae (blow up), spread heavy
elements through space

- our earth and sun are made up of matter that likely was cycled through several
generations of : -

Solar System

- our sun is aged, 5 billion years old, 5 billion years to go

- cloud of dust and gas condensed, most mass condensed to form | rest into planets

- composition of planets depends on how they are to sun, higher T materials nearest
sun (Fe, etc.), “gases” (solid H, He, lighter elements) farther out

Earth =
- dust ball condensed; heated by collisions of particles, compression by gravity and
radioactive elements so most of the Earth was

- slowly cooled, heavy iron , light elements ___ making the core, mantle, crust
4 billion years ago
- as cooled, water in atmosphere

- early atmosphere contained almost no , blue-green algae and formation of

limestone supplied oxygen
- many changes have occurred since formed - continents moved, volcanoes,

mountains, erosion, . . .

Life on Earth

0.5 million yrs ago . modern, rational Homo Sapiens, jmpact in short time!
3-4 million the most primitive developed

65 million mammals become dominant (dinosaurs decline)

150 million warm blooded animals (birds)

200 million dinosaurs and 1st mammals

400 million insects, amphibians and reptiles onto continents

400-500 million animals with backbones ( ) and land plants -

600 million marine animals with shells widespread

1 billion 1st multicelled, soft bodied, oxygen breathing creatures, poorly

preserved, fossils
4.6 billionyrs ago  formation of the earth

The practical aspects of learning this is that sources come from old plants and
animals. If you know the time they lived then you know where to mine.

Dating and Geologic Process Rates

Continents move ~___cm/yr relative to magnetic poles

Uplift rates ~___cm/yr in mountain ranges, erosion rates similar

Must be cautious about extrapolating process rates into past or future!
read page 170

1S

Time, Fossils Page 78



Time Scale Exercise

Geology 12
Geologic Time Scale Exercise Name:

Preliminary Information:
The easiest way to visualize the vast amount of time that the Earth and its past present life forms have
existed is by means of a Time Line. In this exercise, you will be constructing a time line which will

indicate some of the major events that have taken place on our planet. Adding machine tape will be oW
used to plot such a line. €

[ETON \ 1 t /‘ !
Procedure: b8 a\eotaic Boie \__Constmic

1. Obtain a 2.5 meter long piece of adding machine tape. Mark the far right-hand side as PRESENT, S‘T\Ah\\J

in red.
2. Using a scale of”1mm = 2 x 106 years (2 million)”, lot the following by measuring back in time

to the left.
a. The Phanerozoic portion of the time scale, along with all its divisions, on the top edge
of the tape.

i Eras marked in Red
ii. Periods marked in Blue
iii. Epochs marked in Green
b. Arrange all of the following event s, in order, in black or pencil on the bottom edge of
the tape. Note the events in the list are not completely in order right now.

Event Time (Yearsfagol 3
» 10

Formation of the earth &— 46x10° —2 w}:}.’o— =23 00 w\x
First known algae and fungi appear —4.0x10° CRd =4 o
First invertebrates appear 570 x 1OG\> ¢-’,"h7 » ‘}/ = 33
First fish appear @500 x 10° m = A7
First reptiles appear = 300 x 10° =21S e
First amphibians appear ) 400 x 108
First mammals appear 200 x 10°
First man-like animal 2.5x 10°
Pleistocene glaciations (most recent) 1.0 x 108
Pacific Coast Orogeny (mountain building) 70 x 108
Appalachian mountain building 350 x 10°
First known plants appear 3.2x100 P
First known animals appear 1.2x 109 ‘
Oldest rocks on the planet 3.9x 109
First dinosaurs appear 225 x 108
Last dinosaurs disappear 66 x 10° Y 0 IS
Age of Canada 1S =% 102 — l_ﬁ_‘_‘_’_% = 0.0 "= 0
Your birth =D axI0

W

3. Be sure to be creative — add pictures and drawings to your timeline!
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Notes: Relative Dating with Fossils

Time, Fossils Page 80



Relative Dating with Fossils

-Fossils are used to determine the age of rocks by the Principle of

Life forms change through time so ... “Rocks are the same if they contain exactly the
same type of organism”
-This allowed geologists to relate rock bodies, or a / of rock, located

»n

in different areas of the world—called “

-In identifying the habitat and lifestyles of organisms, we assume that the
and laws have always operated (maybe at different J)
-By observing processes, we can understand the history

and development of the earth and its inhabitants.
-This theory is called

-“The present is the key to the past”

Definition of Fossil:
Fossils are only found in rock. Why?

Process of original preservation:
-most fossils are only partial remains of plants or animals, generally the
of the organism that was buried and preserved from . Hard
parts like , and may be preserved.

Fossilization Processes:

1.
-Given enough time, even the hard parts of fossil may
leaving a cavity in the hard surrounding
sediment. This fossil is called a
. The mold of the interior of a shell
formed when a shell fills with , hardens,
and then becomes of the surrounding shell.
-Trapped insects leave molds in (hardened
)
2.
-If other sediment the mold and lithifies, a
matching is formed.
-No can be seen with this type of
fossilization
-This is the most common mode of of many
fossils
eg p
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~The removal of other elements leaving the
behind (like peat formation)

e.g. usually fossilized this way
4,
-The original hard parts have additional
materials deposited in spaces.
5.
-Minerals in in waters
replace materials as it dissolves or decays
-With this type of fossilization, you can see the
e.g. Petrified wood is replacement.
Conditions necessary for the preservation of parts
-Soft tissues are destroyed due to before lithification or

during diagenosis. Usually they are best preserved as
films (carbonization) on a rock

-However under unusual conditions, soft part may be
preserved relatively intact.

-Ex. The world famous Fossil Deposit near Field, B.C. found by
Charles Walcott in 1909.

-This is what happened approximately 530 million years ago. There was no life on land

and most life was small and lived along LA
from a soft bank buried the organisms in silt. The
water was and . The silt flattened, hardened
( } and became the sedimentary rock . Fossil
of the organisms were formed. Hundreds of millions of years later,

colliding caused the shale to be thrown up as part of an 8,000 foot

. Itis this unusual, detailed snapshot of life as it was million
years ago, replicas of and all, that makes the Burgess Shale deposit so
valuable. (Note: the actual flesh, but a version/shape of it.)

Therefore, the required conditions necessary for the preservation of soft tissue are:

1. burial of

2. organism in

3. , low water followed by
4, lithification of sediment.
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Another unusual event: Mammoth found in with flesh still intact. This is
original preservation.

Index Fossils and the Necessary Characteristics

A fossil that is l but is useful in correlating
rocks of the same age in different areas and is referred to as “ " (or guide)
. The required characteristics of index fossils are:

1. They must be to identify from other similar fossils. They must be
' in some way
2. They must be found over a geographic area.
3. They must have a time range so that they occur in only a
rock layers.
4. They must be and to fossilize
C

—
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Herman Comic

WHAT ARE WE GOING TO CALL
THAT BIG BIRD-THING WITH THE
LEATHERY WINGS 7

“WELL WHAT D'YOU
WANT O CALL IT

WELL AT LEAST
PEOPLE WILL BE ABLE
TO SPELL IT /!
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Skull Comic

Not it 7 Okay...
how ‘bou;-

this one:
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Development of Life through Time

The life-span of each group is shown. The species abundance of each group is shown by the thickness of the column.

Era Period | Invertebrates Vertebrates Plants
Quaternary - Feean ]
CENoZoIC F————{18H @ § g
Tertiary g & £
E W a oot
Crataceous 1= g . E m|’
& &L
MESOZOIC | Jurassic o e
i Lo 8
Trieesic EE
1 1 -
Parrmian &
mE L = : .
UpPER | Pannsylvanian T 2 [
PALEOZOIC pississippian :i = 3 E L
; o =
Davonian g CLYg :
416 - &
Silurian m Y
=
0 3
LOWEE Ordavician iy %
PaLEQZOIGH——"{480H -
Cambrian %
ekl e
First multicellular life
PHECAMBRIAN [Eoep] | First definite fossil bacteria
3500] | First possibie fossil bacteria
0]

T shown in millions of years before present
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Fossil Activity (pictures)
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1OV 1y by

Use the ° I\(\‘ve(pre’r\@ Cacth H\‘s\v(j“ (TEW)
\edo manuod pages QL= 10l amd  11A=13) (s™ed)
o fill i Yt atlached fossi b shak
Find e \o\wﬁ\um name , sub name w\/\ue\ —Hmj
lived  (macine, lake, lard efe) ) Whin Huy Wed , ¥

ace extinct of not, whak relativey afe
Kviney Todoy okc. Wrike Hu informedion J;“
the space provided \peside eoch  quow ©
p\‘d&w\m<

GEOLOGICAL T'IME SCALE

ERra PERIOD EpPOCH TIME
. m.y.
Quatemary o oo M
P = -
o Pliocene . - l———‘——l
Cenozoic s 5
. — 24 H
Tetiary Oligocenc
37
Eocenc
= { 8 H
| 66 o
Cretaccous
{ 144 —
Mesozoic Jurassic
208
Triassic
245
Permian
4{ 286 }-——
Pennsylvanian
C 320
Mississippian
Paleozol {0
€0Z0N Devonian
408
Silurian
438
Ordovician =
s H
Cambrian
570
Precambrian

Based on Hamblin, The Earth's Dynamic Systems, 1982. Dates from Montgomery,
Physical Geology. 1987.

It s recognized that there is some variation in the dates given in the literature.

NG

*Approximate age of the oldest rocks.

Time, Fossils Page 88



J MW VN UPOC U~ i

Subname ¢ Tei lobide

Wanneria, L. Camb.

T

2 i

TR

Onglugn s Matlusca
Sub Nams - @pkq\o poc,l

/<—— Ammono.d

Cevatites, M. Triae. (X%)

Eoasiarites, Miss.--L. Pcrm.

Coniatites, U. Miss.

ﬂ\gittm 2 Molluscoe

~- &
; Rl A 1
Miss —M. Trias. 1 s
Loxon, Ph i Coniobasis,
M. Gd.:;::‘ tysa, Jur.—KRec. Cret—Ree. X

Ophileta, L. Ord.

pkg\v«m . N
’P ;
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PEEAN. NEViYA NI
J

Mesolobus,
M. Penn.~L. Peem.,

Penicularis L.~Perm. M

Seringocephalbes, M. Dev, Stringocephatus, M. Dev.

—_

Mucrospirifer, M. Dev.

Mucrompirifer, M. Dev.

Heliophylhum, Dev. Streprelusma, M. Ocd.~M. Sil. Sil—Cart,

c

Clobigerina, Palcoc.—Rec.

Polydiexodina, U. Perm. (X50)
(X20) ph

Fusulinella, Pean.
(X30) Pl

Pevafumiling, Pecen,
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Playg lum :

Crinoid columnals

'
Y

[}

2
=

Aicraster, Cret.—Mio.(X 3/4)  Micraster, Cret.—Mio (X 3/4)

0}
.

p\«\_q lum

HORSE

" PLEISTOCENE-
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PR U B

AEAY 1N 2

. Metasequoia,
Alethopteris, é.«.—h:c.
Pena.

Pyl
J

B |

Monograpeus (three specics) Diplograptus Climacograptus
Sd-L. Dev. M. Ovd.~L. S L.Ocd.~L.SL
Mowogreptus Nemagraptus Tetragraptus (2 specics)
s © M.Ond. L.ovd.

Drepanodus, Ord.

Siphonodella,
U. Dev.—L. Miss.

Icriodus, Dev.

5 \ .
Qzarkodina, U. Ord.—L. Dev. Poiygnathus, Dev.—L. Miss.

# (%x30) Pumishina, U, Camb.

[a Y
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Fossil Samples
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Fossil Samples

Xz

magnification

Tertiary (Miocene) 3 Tertiary (Oligocene) g

x1
magnification

Tertiary
(Eocene to Holocene)

magnification

Tertiary (Eocene)

magnification

5 Tertiary (Paleocene)

Cretaceous

* Jurassic to Holocene

1

Jurassic

x1 %3 ;”' X7 Xz
magpnification magnification 4 magnification magnification
B _ B . iB .
- Triassic Permian : Permian - Pennsylvanian
2,
i i 1
x3 x3 x3 Xz
magnification magnification magnification magnification
fia 5 . i ]
i Mississippian Mississippian Devonian Devonian
1 L
X3 X735 X1
magnification magnification magnification magnification

Silurian

Ordovician
to Devonian

Ordovician

Cambrian

1 1
x25 Xz X2
magnification magnification magnification magnification
Geology 12 Resource Exam A Data Page 5
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Fossil Activity (specimens)

Fossil Activity: Find a fossil in the set, of the phylum indicated, and complete each row. For some phyla, there are more than
one specimen to choose from.

| Diagram of

| Phylum Subname(s) Period Location | .
specimen

Google information

1 | Vertebrata

2 | Brachiopoda

3 | Mollusca G
4 | Mollusca M
5 | Mollusca C

6 | Echinodermata

7 | Plant

g8 | Arthropoda

5 | Cnidaria
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Practice Phyla Quiz

I&en\‘i-q—fj e 30\\0@11\.;} :

'sd:e.nuffonmui (e (“‘”’-'1,) ’

Time, Fossils Page 96



Phyla Quiz
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Faunal Succession Activity
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GEOLOGY 12 STUDENT EXERCISE

THE FOSSIL RECORD
FAUNAL SUCCESSION/CORRELATION

é( THE PRINCIPLE OF FAUNAL SUCCESSION

Each successive time interval of earth history has a unique assemblage of fossil types. As
a result, rock units can be dated and correlated by analysis of their fossil content and
comparison to standard reference sequences. The term index fossil is named for those
fossils which are useful in age determinations. Index fossils are useful in that they are
abundant, have a wide geographic range, and have a rapid evolutionary pattern which
results in a short geologic time range which is easy to pinpoint.

Fossils are almost exclusively found in sedimentary rock; therefore, biostratigraphic
correlation is ordinarily not possible in igneous or metamorphic rock, and as a result,. is
limited in its usefulness. As well, where sedimentary rocks do contain fossils (and there
are many locations around the world), there is no single place where all strata are found
together, complete, and stacked neatly in order, making correlation difficult.

The illustrations in Figure 1 show cross-sections of layered sedimentary rock from different
locations. At least one index fossil was found in each layer. The key in Figure 2 gives
the type of each index fossil as well as the name of the period of geologic time during
which it lived. Note that the time periods are randomly arranged.

PROCEDURES:
1 Cut out the six columns from the sheet provided.
2. Apply your knowledge of the law of supei'posiﬁon, and arra:ige the columns side-by-side

on a blank piece of paper such that fossils are relatively lined up and correlated.

3. Draw lines to show correlation from one locality to another. Note that some fossils
disappear in some localities. o :

QUESTIONS:

Explain the absence of some fossils in some localities. N
List the time periods from Figure 2 in order, from youngest at the top to the oldest.

L
2.
B. SEDIMENTARY STRUCTURES

PROCEDURE:
Read over the various sedimentary structures and their descriptions on pp 26-33 of the lab
text.

QUESTIONS:

1. Which of the structures discussed in this exercise might be useful in helping to distinguish
the top from the bottom of a bed? _ :

2. Which of these structures might be useful in determining the direction in which the current
flowed? .

3. Place an X in the table on the following page under each environment in which the

sedimentary structure may form.

GEOL 12 C-2

1
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locality 6

. 4
= T

“W ~

—
3
=N

1))
227

2227777727227

!

i

" Fossil

Figure 2 . .
Geological cross-sections represent-
ing sedimentary rocks from six
localities.

Key
Type and period

crinoid, Permian

trilobite (Olenellus, Cambrian

jawless fish, Devonian

trilobite, Ordovician

snail, Triassic

eurypterid, Silurian

f
&
7(" starfish, Pennsylvanian
f#)
@
=

ammonite, Jurassic

g

brachiopod, Mississippian

bony fish, Cenozoic

Ik

clam, Cretaceous

R’

1

Align the columns in Figure 1 e}
that layers of similar age are
matched.

Time, Fossils Page 101

g
— L8 \
— o’
:‘ﬂ"’\
— - i ~ These layers
/g '\E’? are the ¢
- - g - same age.

9




Sed Env / Which way is up?

Dry Sand U\)‘/‘*M’L 2ID “
Sedimentary River, | Shallow lake dunes | Deep | Tidal fm L (\__;
structure stream sea Beach | bottom | (wind) sea flat [

V“

Asymmetrical
ripple marks

Symmetrical
ripple marks

Cross-
bedding

Mudcracks

Raindrop
prints

Dfvador/ NN\ N~ NN AT NN
Graded bedding
Ir WA AN A Y A NA AN AV
e VAV | AN AAL
N AVAY VY A A AN AV A YN A

R =, N, 2} 5 N A, R AL
Bugbws’ \ o LN A\ N NN N
Ldwliatbi NI S " i o >

Stromatolites

GEOL 12 C4

Time, Fossils Page 102



Review Page

Time, Fossils Page 103



Keview (uwstions

| . R

- Pud dha Jollowing N
in ofdun, where i /,/ /)]
| s oWest and | :0: Vx‘/:' = %o
b s youngest. YAV AR

J. Slate Hh laws used » pul the above \n ocden.
3. hete & 4we Mcon{ormi":j ond what kindo s 4 ¢

og) o

L\Q) ‘I‘t’ UO\.\ howe &auﬁh-\-er oONA ‘%‘ Pamn‘\-) B
mnany hald \ives have pass«l.?

P How woud you eslculate A agR 0 e paceny
X wpo’rassium K

< Wwot s Speciod obout the AZL\.\SH'QF Wots case?

S. 1"; o~ sed’\man-\arj \a:)ex S on *De of o O ms o
’3&&( oW lavo Hlow and otk are cut occoss b

o 3 i\ year old dike, how old © Hhe sed. (ock
6. When did each of Yo -f-o\\owiﬁ occuc ¢

o) fow dominate
) earliesy kfe

(e} 0oL ot invectebrates
7. What conditions ove neaw. for fossil p{esewoc\'{on?

5 ek s We dilkrencn Brwn replacement omoh
ger tnineralizaction [

4 WLsy anyS o} Yaa \O phylo--

0. T4 o sed. rock has a sﬁr fsh and coral fossils , what

R TR W S S 4

Time, Fossils Page 104



Making o Wold amd (st Gosstl

‘j@u NS
J 3hps ot p\ajsjrec/ifu—
%omv\”‘/\&ﬁ Yo Press Ao (s @\O\S{re,u‘wc,

Caak o sib o e Sressed (A, i~
: de}x\j — p\)»\\ X ouk & W\D\A

Once Mo ld s anade
e
Wer \P\G@W o Paris o 8&}(



Law o Taunah Successon — AN \\&Q *C::M

Chainge Jﬂf\mﬁk tme ) e sama \de ~sem

(S N exacrl d\Mp/\\‘ca:\fa{ (&M@ij
ok wo oku(gvm\k fmas I~ V\\B)h\j

— i} omcly e sane s e |

\S Sound\ N R Cocks l SNV 'H/\QSQ—

codks are the Sawms
— CDWC\OL&\QA \S @a%il\oka

m\z\j b oanimal \ite (Sems d\avx% %muﬁb\
“
J(\N\L .

Prndeles of Sldien

\~ D“\’e(%@\/\uv - '\/\M« S@pard\ﬁw @‘Q 5i/\6\_¢
o o S Ato Twso o More Smupj
/\/\ igj\:(lﬂ diflerene  Nabidats

Q\. COY\\I‘WCL - Jy\JJO o |\ jmwps o‘g

0 \ ‘ il lar
&iﬁemvx‘& Spee eyperiente SUW
2 Sel e (sucvival) needs, Fhwe
/ ’\\ bp_/(,ome, o\,\\\@—b N Some JN?»\”K o

Time, Fossils Page 106




%. Ad\%‘hﬁ @@C}v\&&%\‘OV\ - A@h‘h@h \\3 ‘H\L
o\d\dmv\bv@v Mot A Popw\mjv(sn
ONGJSRS Yo % Vi mert” e 6

\ @eﬁsc& o e
— whon nmbers ot & Si/\@\k PDQMOV\
windergo VB LR SNAY AN o
(suaca&%ku-c oAy becana less

nd 55 D) s o adaepile C ichon

. Nodwal Selechon — Sucyival oF Yrese
Lospited 1o Mnar enonweds

) rg(miz W 5753

5. Exhinchon —  sSpecres Yot @'t &o\ap‘h dhe ok
_ Ure eiinchion b inecmediode spacies

\(\Q}\PS exp\mi(\ g WA Wam*\'sn
e tuscen~ ha W\adbl\ aw@ ot

QNGNS |

G, /PUW\U\\MN&QO\ EQ\Ni\L\ori\AW\ — o weded of Tha
AL ORGANID Y ot Q/UO\W)\*OM e —\”\.\03\'
T@mpas,aé» Yok \ow(c} g;ev‘«g?L osvwgvi; Chrang<_
Cs%oéms) R %MM bé ’\\De,(\ oS c% ’

gg@id\ LocmaNon S aw S(‘paole,s <§\D€,Ci0k'\\oY\ )

%\\Mﬁ\ \O\j Y\.OC\\LY'OJ SQJ\QL‘HOV\ &,QJ“/\% oN

o Speches -
! \




b:}‘ é\TZKC)\Mk&BVV\ — @Pmm\/j o~ M\No( @V\O\

oy gradualk stages

s\aem\ i

Ame
# Dtk fo decide b huten owxc 4 ancdk

g Olauge wany © OCCUr N
Q‘M sobt pacs  (musdas, %ev\okw\g o)

\p\(\\(/\q\ don' - Q@S%\\\%L w\\j




OhE = Bls Test

MawrmRQie/ NsasAmmN,

U mC
10 warks  wa B

- gess(\g best in shale (G/\é S-E_Q\A.N\MB

— LM\LDv&Drm/(
— relahwe A |
_ cadiomeic d\gd@/\gv (inc. @rafs\/\*o ?Jt

walf Lobe)
— \Y\LMX ";@35\—\ o\LQV\
— Lossil mﬂmh‘on
— s ihizmahion metnods

A dossils
- ’va\nﬁcah

- uwi%(m(ﬁrimism * |
— edfechie daking  aingts- (320 dhrart ;&Jw%"“e‘/
_— \,\pk\ A\ (rechan

—  evolukvonr—

W how ad. dadi works - pmd/%b‘w\/\/\&//%g&-—-
Sor W%g &ss‘\\&%a\ﬁ@w C‘DNM\WM‘
&\SCowwco(m\b UY ax\&dwr c,ofgocmﬂzt
Solar SBé*OW\ Docmmakionr --- Tarth —

Time, Fossils Page 109



%k 3k 3k 3k %k %k >k >k ok ok ok

January 28, 2017 5:15 PM

Time, Fossils Page 110



Notes: Buried Lava Flow vs Sill

Queied Loava Floco S\

.‘ R R > O
e =
O\o/°/°\ 5 °\\/ AN /< -
S\ B, S\ ===

I,,,')l!lllll!llllll_’—_l e /_’——__ [
e N - - —_——  — —_—
1 T 1 \ﬁ\;\f\ I

Di(& toa (3ND\LS \\/\’\NSS\'&(\ Q’\ov\) oW J(\Nz, S\AS'QG-C»L— q
Nk TR cxd\’ owried \o\j m SO&M%W@ \o\,-‘ce,(‘ . o
Or b Y 9 inustion 3queszs lgefruseans e cendd

o Shads \agees ¢ ()
C(\AM) Ao \b&\ %( k

gesicas mar @

s oJooUe-
_ conkaek N\o,\-o?i\bﬁ P pcks ks
o ok ok Ron| — ¢ %31‘4‘%"5 ym‘; gw\wa
~ indudad Srmarents odoon€ o3
oo¢ ‘ 5{&0\(&, — W 2. OS\ON (V\QOQ/‘_ ZD‘POXCO
sl erosion s ok Surtnc)

e

o~ of

Time, Fossils Page 111



