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Annenberg Media
8
ADE POSSIBLE BY

SOUTHERN CALIFORNIA CONSORTIUM

00:30:27:28

IN IRELAND,

00:30:30:26

MORE THAN 300 YEARS AGO

ARCHBISHOP USSHER

CALCULATED THE AGE

OF EARTH
00:30:33:12

OF GENESIS.

00:30:35:11

BASED ON THE BOOK

HE DETERMINED

THAT OUR PLANET

00:30:36:26
00:30:38:26

OF CHRIST,

00:30:41:12
00:30:43:11
00:30:47:15

WAS CREATED 4004 YEARS
BEFORE THE BIRTH

ON THE 26th OF OCTOBER,
AT 9:00 IN THE MORNING.
WIDELY PRAISED BY SCHOLARS

AND THEOLOGIANS,

00:30:50:00

USSHER'S CALCULATION WAS

NOT SERIOUSLY CHALLENGED

00:30:52:29

IN THE WESTERN WORLD

FOR ALMOST A CENTURY.

00:30:57:08

TODAY,

SCIENTIFIC EVIDENCE

00:30:59:23

INDICATES THAT EARTH

IS MUCH OLDER

00:31:01:07

SUGGESTS.

00:31:04:22

THAN BIBLICAL TEXT

BY COUNTING

GROWTH RINGS,

00:31:06:21

BOTANISTS

HAVE FOUND TREES

00:31:09:10

AS MUCH AS

8,000 YEARS OLD.

00:31:13:12
00:31:14:26

AGE DATING,

00:31:16:11

AND WITH THE DEVELOPMENT
OF RADIOACTIVE

GEOLOGISTS

HAVE CONCLUDED

00:31:18:26

INTO BEING

00:31:21:27

THAT OUR PLANET CAME

NOT THOUSANDS, BUT

BILLIONS OF YEARS AGO.

00:31:38:10

HUMORIST MARK TWAIN

ONCE REMARKED,

00:31:40:12

GEOLOGY."

00:31:42:12

OF COURSE,

00:31:44:27

"NOTHING HURRIES
HE WAS REFERRING,

TO THE ALMOST IMPERCEPTIBLE

GEOLOGIC CHANGE

00:31:47:27

THAT ONE SEES

IN A HUMAN LIFETIME.

00:31:49:27

NO ASPECT OF THIS SCIENCE
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00:32:17:21
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00:32:26:07

00:32:28:22

00:32:30:20

00:32:33:05

00:32:36:03
00:32:37:19

00:32:40:04
00:32:42:04
00:32:44:25
00:32:46:12
00:32:47:28
00:32:50:12

00:32:52:12

00:31:52:13 IS MORE DIFFICULT
FOR MOST PEOPLE TO GRASP

00:31:54:13 THAN THE CONCEPT
OF GEOLOGIC TIME.
00:31:56:13 OUR LIVES

ARE GOVERNED BY EVENTS

00:31:58:12 THAT ARE MEASURED
BY CLOCKS--

00:31:59:27 IN SECONDS,

MINUTES, OR HOURS.

00:32:02:27 AT MOST, WE MAY PLAN

MONTHS OR YEARS IN ADVANCE.
00:32:05:12 BUT TO UNDERSTAND
THE NATURE OF EARTH,

00:32:07:26 WE NEED TO STRETCH
OUR CONCEPT OF TIME

00:32:09:13 BEYOND

OUR HUMAN EXPERIENCE

00:32:12:05 AND INTO A GEOLOGIC FRAME
OF REFERENCE.

00:32:13:19 EVENTS IN EARTH HISTORY
00:32:16:04 SUCH AS THE DEVELOPMENT
OF MOUNTAIN RANGES,

00:32:17:19 THE RIFTING APART

OF CONTINENTS,

00:32:20:03 AND THE CREATION

OF NEW OCEAN BASINS

00:32:22:04 HAVE BEEN REPEATED

OVER AND OVER.

00:32:23:19 EACH OF THESE

GEOLOGIC EVENTS

00:32:26:05 TAKES PLACE OVER

MANY MILLIONS OF YEARS.

00:32:28:20 THE ESTIMATED AGE

OF EARTH ITSELF

00:32:30:18 IS OVER

4.6 BILLION YEARS,

00:32:33:03 AN INCOMPREHENSIBLY VAST
PERIOD OF TIME.

00:32:36:01 ONE WAY TO ILLUSTRATE

THE IMMENSE PANORAMA

00:32:37:17 OF GEOLOGIC TIME
00:32:40:02 IS TO DRAW AN ANALOGY
USING A TIME PERIOD

00:32:42:02 THAT WE CAN

EASILY RELATE TO.

00:32:44:23 SO LET'S CONDENSE

THE ENTIRE AGE
OF THE EARTH

00:32:46:10 INTO ONE CALENDAR YEAR.
00:32:47:26 ON THIS SCALE,

00:32:50:10 THE EARTH AND ITS
NEIGHBORING PLANETS

00:32:52:10 WERE FORMED

ON JANUARY 1st.

00:32:53:25 BY SOMETIME
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00:33:06:27

00:33:09:03

00:33:11:17

00:33:14:17

00:33:17:17

00:33:20:16

00:33:24:05
00:33:26:03

00:33:29:26
00:33:31:11

00:33:32:26

00:33:35:26
00:33:37:00

00:33:39:27
00:33:41:13

00:33:43:28

00:33:45:29
00:33:47:14

00:33:49:18
00:33:51:17

00:33:54:04

00:33:55:19

00:33:57:03

00:33:59:03

00:34:02:18

IN EARLY MARCH,

00:32:55:10

SUFFICIENTLY

00:32:57:25
IN POOLS
00:32:59:11
00:33:01:11
OF LIFE
00:33:02:26
00:33:05:10

THE PLANET HAD COOLED
TO ALLOW WATER TO STAND

ON ITS SURFACE.
THE VERY EARLIEST FORMS

APPEARED BY LATE MARCH,
AND OXYGEN GAS BECAME

AN IMPORTANT PART

00:33:06:25
00:33:09:01

IN LATE JULY.

00:33:11:15

OF EARTH'S ATMOSPHERE
BEGINNING SOMETIME

MULTICELLULAR ORGANISMS

APPEARED BY OCTOBER 25th,

00:33:14:15

BUT IT WAS NOT

UNTIL LATE NOVEMBER

00:33:17:15

THAT PLANTS AND ANIMALS

WERE ABUNDANT ON LAND.

00:33:20:14

ON ABOUT DECEMBER 15th,

THE DINOSAURS APPEARED,

00:33:24:03

BUT DISAPPEARED IN

A SUDDEN MASS EXTINCTION

00:33:26:01
00:33:29:24

ON DECEMBER 25th.
THE FIRST HUMANS APPEARED

AT ABOUT 11:20 P.M.

00:33:31:09
00:33:32:24

ON DECEMBER 31st,
AND THE

INDUSTRIAL REVOLUTION

00:33:35:24

BEGAN LESS THAN

A SECOND AND A HALF

00:33:36:28
00:33:39:25

BEFORE MIDNIGHT.
THE FIRST PERSON

TO REALIZE THE IMMENSITY

00:33:41:11
00:33:43:26

OF GEOLOGIC TIME
AND BEGIN TO INVESTIGATE IT

IN A SYSTEMATIC WAY

00:33:45:27
SCOTSMAN
00:33:47:12
00:33:49:16
AND IDEAS
00:33:51:15
00:33:54:02

WAS AN 18th CENTURY

NAMED JAMES HUTTON.
HIS OBSERVATIONS

ABOUT THE ORIGIN OF ROCKS
BEGAN AS A PASTIME

THAT HE SHARED

00:33:55:17

WITH OTHER

WEALTHY INTELLECTUALS

00:33:57:01
00:33:59:01

OF EDINBURGH SOCIETY.
BUT HUTTON'S

INTERPRETATIONS
AND CONCLUSIONS

00:34:02:16

IGNITED A MAJOR CONTROVERSY

THROUGHOUT EUROPE

00:34:05:01

AND SURVIVE TODAY

AS THE FOUNDATION
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00:34:20:29

00:34:23:13

00:34:27:18

00:34:30:03

00:34:32:15

00:34:34:15

00:34:37:14
00:34:39:15

00:34:41:00

00:34:42:15

00:34:45:01

00:34:48:16

00:34:50:01

00:34:52:15

00:34:56:01

00:34:58:17

00:35:02:17

00:35:05:01

00:35:07:01

00:35:10:13

00:35:13:13
00:35:14:28

00:35:16:12
00:35:19:09

00:34:07:24 FOR MODERN

GEOLOGIC THOUGHT.

00:34:11:05 JAMES HUTTON WAS BORN
IN EDINBURGH, SCOTLAND,

00:34:13:11 IN 1726.

00:34:15:26 LIKE MOST INTELLECTUALS
OF HIS TIME,

00:34:17:22 HE EXPLORED

MANY DISCIPLINES--

00:34:19:06 FROM LAW AND MEDICINE
00:34:20:27 TO CHEMISTRY

AND AGRICULTURE.

00:34:23:11 AND IT WAS

THIS LAST PURSUIT

00:34:27:16 THAT WAS TO LEAD HIM

INTO THE FIELD OF GEOLOGY.

00:34:30:01 HE HAD BEEN LEFT

A LITTLE PIECE OF LAND,

00:34:32:13 AND HE DECIDED

TO BECOME A FARMER.

00:34:34:13 SO HE WENT TO NORFOLK,
ENGLAND,

00:34:37:12 AND LIVED WITH A FARMER

TO LEARN HOW TO FARM,

00:34:39:13 AND FARMED FOR 15 YEARS.
00:34:40:28 BUT WHILE

HE WAS FARMING,

00:34:42:13 AND ALL HIS NEIGHBORS
BELIEVED

00:34:44:29 THAT HE WAS

A PERFECTLY GOOD FARMER,
00:34:48:14 HE WAS SPENDING

A GREAT DEAL OF HIS TIME

00:34:49:29 LOOKING

AND BECOMING MORE

00:34:52:13 AND MORE FASCINATED
WITH THE LAND--

00:34:55:29 WHAT WAS UNDER THE SOIL
THAT HE WAS TILLING.

00:34:58:15 AN IMPORTANT QUESTION
INTRIGUED HUTTON.

00:35:02:15 HE SAW THAT LAND IS
WORN DOWN IN MANY PLACES

00:35:04:29 BY THE DESTRUCTIVE FORCES
OF EROSION.

00:35:06:29 HOW, THEN,

WAS IT POSSIBLE

00:35:10:11 ANY LAND WAS LEFT

TO SUPPORT LIFE?

00:35:13:11 HE BELIEVED THERE MUST

BE AN UNDISCOVERED FORCE

00:35:14:26 BUILDING UP THE LAND,
00:35:16:10 WHICH COUNTERACTS

THE PROCESSES

00:35:17:25 WEARING IT AWAY.
00:35:23:05 HE BEGAN SEARCHING FOR
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00:35:58:22
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00:36:12:07

00:36:13:22
00:36:15:07

00:36:17:21

00:36:19:21
00:36:23:01

00:36:25:16
00:36:27:00
00:36:28:29
00:36:31:16
00:36:34:02

00:36:37:02
00:36:39:02

00:36:41:01

00:36:44:16

EVIDENCE OF THIS FORCE
00:35:24:20 AND SOON FOUND IT.
00:35:28:14 HUTTON OBSERVED
THAT STREAMS WASHED SAND

00:35:30:14 AND GRAVEL INTO THE SEA,
00:35:32:00 WHERE THIS SEDIMENT
ACCUMULATED

00:35:34:16 IN OFFSHORE DEPOSITS.
00:35:36:01 HE FOUND

SIMILAR MATERIAL

00:35:39:02 IN THE FORM OF ANCIENT
SEDIMENTARY STRATA

00:35:42:05 TILTED AND RAISED

ABOVE SEA LEVEL.

00:35:43:22 SURELY, HUTTON THOUGHT,
00:35:46:20 THESE LAYERS MUST ALSO

HAVE FORMED UNDERWATER,

00:35:49:04 THEN RISEN TO BECOME
NEW LAND.

00:35:52:22 HUTTON ALSO DESCRIBED
00:35:54:21 A TYPE

OF GEOLOGIC STRUCTURE

00:35:56:06 CALLED AN UNCONFORMITY,
00:35:58:20 IN WHICH ONE GROUP

OF LAYERS

00:36:00:05 IS TRUNCATED BY ANOTHER.
00:36:03:15 HE REASONED THAT

UNCONFORMITIES FORM

00:36:07:07 WHEN STRATA ARE TILTED,
UPLIFTED, AND ERODED,

00:36:10:14 THEN BURIED BY YOUNGER
SUCCESSIONS OF STRATA.

00:36:13:20 THE PRESENCE

OF UNCONFORMITIES

00:36:15:05 IN MANY OUTCROPS
00:36:17:19 INDICATED TO HUTTON
THAT THE LAND

00:36:19:19 WAS MOLDED

BY REPEATED CYCLES

00:36:21:04 OF UPLIFT AND EROSION.
00:36:25:14 THIS IDEA WAS

IN PROFOUND CONFLICT

00:36:26:28 WITH THE BIBLICAL VIEW,
00:36:28:27 WHICH HELD THAT THE LAND
00:36:31:14 HAD BEEN CREATED

ALL AT ONCE.

00:36:34:00 OF EARTH HISTORY,

JAMES HUTTON WROTE,

00:36:37:00 "WE FIND NO VESTIGE

OF A BEGINNING,

00:36:39:00 NO PROSPECT OF AN END."
00:36:40:29 HUTTON WAS

THE FIRST SCIENTIST

00:36:44:14 TO SHOW THAT THE WORLD
MUST BE FAR OLDER

00:36:46:12 THAN MOST PEOPLE
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00:37:41:01
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00:37:50:00

00:37:53:12
00:37:55:11

00:37:57:03

00:38:00:08

00:38:03:08

BELIEVED.

00:36:50:06 ONE OF THE MOST
ASTONISHING THINGS

TO HIM

00:36:53:07 AND ONE OF THE MOST
IMPORTANT ELEMENTS

00:36:55:21 OF HIS, UH,

OF HIS WORK

00:36:57:24 WAS TO TRY

TO ESTABLISH

00:37:01:20 THAT IN FACT
GEOLOGIC TIME, UH,

00:37:03:26 WAS A VERY LONG
PERIOD

00:37:06:10 RATHER THAN

THE BIBLICAL

CREATION TIME

00:37:11:15 BY ARCHBISHOP USSHER
SOMETIME LATER

AT 4004 B.C.

00:37:15:09 UM, BUT HUTTON WAS
CONVINCED THAT, UH,

00:37:18:25 UH, GEOLOGIC TIME
WAS VERY EXTENSIVE.

00:37:22:10 HUTTON REASONED THAT

IF IT TAKES ABOUT A YEAR

00:37:24:25 FOR A RIVER TO DEPOSIT
A MILLIMETER-THICK LAYER

00:37:27:15 OF SEDIMENT

ON THE SEA FLOOR,

00:37:29:25 THAT IT MUST TAKE

AT LEAST A MILLION YEARS

00:37:32:08 TO LAY DOWN THE 1,000-METER
THICK SEQUENCES
00:37:35:09 OF SEDIMENTARY ROCK

THAT HE HAD OBSERVED

00:37:37:07 IN SOME PARTS

OF SCOTLAND.

00:37:40:29 MANY CHURCH AUTHORITIES
WERE STUNG

00:37:42:14 BY HUTTON'S RESEARCH
00:37:44:14 AND NOT ONLY BECAUSE

HE CLAIMED

00:37:47:28 THE WORLD IS MUCH OLDER

THAN THE BIBLE IMPLIED.
00:37:53:10 HUTTON ALSO SHOWED
THAT SUPERNATURAL EVENTS

00:37:55:09 LIKE THE BIBLICAL FLOOD
00:37:57:01 AREN'T NEEDED

TO EXPLAIN

00:38:00:06 WHY THE WORLD'S SURFACE

LOOKS THE WAY IT DOES.

00:38:03:06 ORDINARY PROCESSES,
SEEN EVERY DAY,
00:38:05:05 COULD PRODUCE

THE SAME LANDSCAPE,
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00:39:05:23

00:39:08:07

00:39:09:23

00:39:11:23

00:39:13:07

00:39:15:24

00:38:06:20 GIVEN ENOUGH TIME.
00:38:11:05 HUTTON CONCLUDED
THAT THESE PROCESSES

00:38:13:19 HAVE OPERATED

IN THE SAME MANNER

00:38:15:04 THROUGHOUT

EARTH'S HISTORY.

00:38:16:21 THIS IDEA BECAME KNOWN
00:38:18:21 AS THE THEORY

OF UNIFORMITY,

00:38:21:07 OR LATER,

AS UNIFORMITARIANISM.

00:38:26:10 THE PRINCIPLE

OF UNIFORMITY

00:38:28:16 UNDERLIES

MODERN GEOLOGY.

00:38:30:29 FOR EXAMPLE, THE PRESENCE
OF VAST AMOUNTS

00:38:33:14 OF LAYERED ROCK

IN THE GRAND CANYON

00:38:35:13 CAN BE EXPLAINED
AS THE RESULT

00:38:36:27 OF ORDINARY
SEDIMENTATION

00:38:38:12 OPERATING OVER
MILLIONS OF YEARS.

00:38:42:06 SUCH VAST SPANS
OF HISTORY

00:38:43:22 HAVE BEEN
DISTINGUISHED

00:38:45:07 FROM MORE MODEST,
EVERYDAY EXPERIENCE

00:38:47:29 BY A SPECIAL
DESIGNATION--

00:38:49:24 GEOLOGIC TIME.
00:38:57:06 ALTHOUGH ARGUMENTS ABOUT
THE AGE OF THE EARTH

00:38:59:06 RAGED AMONG THE
INTELLECTUAL COMMUNITY
00:39:00:22 THROUGHOUT

THE 19th CENTURY,

00:39:03:07 MOST SCIENTISTS HAD

ACCEPTED THE PREMISE

00:39:05:21 THAT THE EARTH MUST BE
MILLIONS OF YEARS OLD

00:39:08:05 INSTEAD OF JUST

A FEW THOUSAND.

00:39:09:21 ALTHOUGH THEY WERE
NOT ABLE

00:39:11:21 TO MEASURE

THE AGE OF ROCKS,

00:39:13:05 GEOLOGISTS REALIZED

THEY COULD DETERMINE

00:39:15:22 THE SEQUENCE OF EVENTS
IN EARTH HISTORY
00:39:17:07 BY COMBINING
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00:40:05:03

00:40:08:02

00:40:10:02

00:40:11:16
00:40:13:02

00:40:15:16

CAREFUL OBSERVATION

00:39:18:24 WITH SOME SIMPLE LOGIC.
00:39:20:09 THEY FIRST REASONED
00:39:22:08 THAT ANY LAYERED
SEQUENCE OF ROCKS

00:39:24:09 IS FORMED WITH

THE OLDEST LAYER

00:39:25:23 AT THE BOTTOM
00:39:27:25 AND SUCCESSIVELY

YOUNGER LAYERS ON TOP.

00:39:29:09 THIS PRINCIPLE,
CALLED SUPERPOSITION,

00:39:31:24 ALLOWS US TO PLACE
ROCK UNITS

00:39:33:09 IN A HISTORIC SEQUENCE
00:39:35:07 ACCORDING TO THEIR
RELATIVE AGE.

00:39:37:22 THEY ALSO OBSERVED
THAT LAYERED ROCKS

00:39:40:22 SUCH AS LAVA FLOWS,
VOLCANIC ASH LAYERS,

00:39:42:22 AND SEDIMENTARY ROCKS
ARE DEPOSITED

00:39:44:21 UNDER THE INFLUENCE
OF GRAVITY.

00:39:46:08 FOR THIS REASON,
00:39:47:23 THE ROCK LAYERS
THEMSELVES

00:39:48:25 ARE HORIZONTAL.
00:39:50:08 ACCORDING

TO THIS PRINCIPLE,

00:39:51:22 KNOWN AS ORIGINAL
HORIZONTALITY,

00:39:54:22 ROCK LAYERS THAT ARE
FOLDED OR TILTED

00:39:56:22 MUST HAVE BEEN
TECTONICALLY DEFORMED,
00:39:58:23 AND THIS HAD

TO HAVE HAPPENED

00:40:00:14 AFTER THEY WERE
DEPOSITED.

00:40:01:29 AND FINALLY,

ANY GEOLOGIC FEATURE

00:40:03:15 THAT CUTS ACROSS

OR TRUNCATES

00:40:05:01 A GROUP OF ROCKS
00:40:08:00 HAS TO BE YOUNGER THAN

THE ROCKS THAT ARE CUT.

00:40:10:00 SO FEATURES

SUCH AS FAULTS,

00:40:11:14 INTRUSIONS

OF MOLTEN ROCK,

00:40:13:00 AND EROSIONAL SURFACES
00:40:15:14 CAN ALSO BE PLACED IN

A RELATIVE AGE SEQUENCE
00:40:17:01 USING THIS PRINCIPLE
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00:40:17:03

00:40:18:18

00:40:20:03

00:40:22:02
00:40:23:17

00:40:25:02

00:40:27:16

00:40:29:28

00:40:31:13

00:40:35:15
00:40:37:01

00:40:40:08
00:40:42:07
00:40:44:07
00:40:46:06
00:40:47:21
00:40:54:01
00:40:57:11
00:40:59:28
00:41:02:13

00:41:05:27
00:41:07:25

00:41:10:24

00:41:13:09

00:41:15:24

00:41:19:06

00:41:21:20

00:41:23:20
00:41:25:05

00:41:26:20
00:41:28:19

00:41:30:17

00:40:18:16 CALLED CROSSCUTTING
RELATIONSHIPS.

00:40:20:01 ALTHOUGH THESE
GEOLOGIC PRINCIPLES

00:40:22:00 ARE BASED

ON NOTHING MORE

00:40:23:15 THAN COMMON SENSE,
00:40:25:00 THEY ARE ABSOLUTELY
FUNDAMENTAL

00:40:27:14 TO THE INTERPRETATION
OF EARTH HISTORY.

00:40:29:26 ACCORDING

TO THE PRINCIPLE

00:40:31:11 OF ORIGINAL
HORIZONTALITY,

00:40:35:13 BEDS OF SEDIMENT FORM

AS HORIZONTAL LAYERS

00:40:36:29 AS THE SEDIMENT SETTLES
00:40:38:27 UNDER THE FORCE

OF GRAVITY.

00:40:42:05 THE PRINCIPLE

OF SUPERPOSITION

00:40:44:05 MAINTAINS THAT

THE OLDEST LAYERS

00:40:46:04 OF UNDEFORMED
SEDIMENTARY STRATA

00:40:47:19 ARE ON THE BOTTOM
00:40:49:18 AND THE YOUNGEST ON TOP.
00:40:57:09 FINALLY, THE PRINCIPLE OF

CROSSCUTTING RELATIONSHIPS

00:40:59:26 STATES THAT A ROCK

IS YOUNGER

00:41:02:11 THAN ANY ROCKS

IT CUTS ACROSS,

00:41:05:25 AS IN THE CASE OF VEINS
OF IGNEOUS ROCK

00:41:07:23 CUTTING ACROSS STRATA
00:41:10:22 OR OF UNCONFORMITIES

SUCH AS HUTTON STUDIED.
00:41:13:07 THE PRINCIPLES
OF RELATIVE AGE DATING

00:41:15:22 ARE SIMPLE, AND YET

SO POWERFUL

00:41:19:04 THAT THEY WERE USED
BY EARLY GEOLOGISTS

00:41:21:18 IN THE 18th

AND 19th CENTURIES

00:41:23:18 TO CONSTRUCT A COMPLETE
HISTORIC SEQUENCE

00:41:25:03 OF ALL ROCKS IN EUROPE.
00:41:26:18 AND BECAUSE

ROCK FORMATIONS

00:41:28:17 IN A SEQUENCE LIKE THIS
00:41:30:15 OFTEN EXTEND

OVER A LARGE AREA,

00:41:33:01 THEY CAN BE USED
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00:41:33:03
00:41:34:19

00:41:36:04
00:41:37:20
00:41:39:04
00:41:41:19
00:41:43:04
00:41:44:19
00:41:46:18
00:41:49:20
00:41:51:04

00:41:53:20
00:41:55:04

00:41:56:19
00:41:58:05
00:42:00:20
00:42:02:21
00:42:04:05
00:42:05:21
00:42:08:05
00:42:09:20
00:42:11:04
00:42:14:04

00:42:17:05

00:42:18:19
00:42:20:23

00:42:22:08

00:42:26:03

00:42:27:17
00:42:29:02

00:42:31:11

00:42:34:11

TO CORRELATE ROCKS

00:41:34:17 FROM ONE SEQUENCE
00:41:36:02 WITH HISTORICALLY
EQUIVALENT STRATA

00:41:37:18 IN OTHER REGIONS.
00:41:39:02 THIS IS EASY TO SEE
00:41:41:17 IN A PLACE

LIKE THE GRAND CANYON.
00:41:43:02 THIS FORMATION,
THE KAIBAB LIMESTONE,
00:41:44:17 CAN CLEARLY

BE RECOGNIZED

00:41:46:16 IN THE SEQUENCE
OF SEDIMENTARY ROCKS

00:41:49:18 ON THE OPPOSITE SIDE

OF THE CANYON.

00:41:51:02 BECAUSE IT'S

THE SAME FORMATION,

00:41:53:18 IT MARKS THE SAME PERIOD
OF GEOLOGIC TIME

00:41:55:02 IN BOTH PLACES.

00:41:56:17 SOME ROCK LAYERS
PERSIST LATERALLY

00:41:58:03 FOR THOUSANDS

OF KILOMETERS

00:42:00:18 AND CAN BE RECOGNIZED
IN DIFFERENT PLACES

00:42:02:19 BY THEIR THICKNESS,
MINERAL COMPOSITION,

00:42:04:03 AND OTHER
CHARACTERISTICS.

00:42:05:19 FOR EXAMPLE,

VOLCANIC ASH

00:42:08:03 FROM THE 1980 ERUPTION
OF MOUNT ST. HELENS

00:42:09:18 HAS BEEN IDENTIFIED
00:42:11:02 IN SEDIMENTARY SEQUENCES
00:42:14:02 AS FAR AWAY AS MINNESOTA
AND ARIZONA.

00:42:17:03 ROCK FORMATIONS CAN BE

VALUABLE TIME MARKERS,

00:42:18:17 BUT CORRELATION

IS DIFFICULT

00:42:20:21 OVER GREAT DISTANCES
00:42:22:06 BECAUSE

PHYSICAL CONTINUITY

00:42:26:01 AND ROCK CHARACTERISTICS
CAN BE AMBIGUOUS.

00:42:27:15 FOSSILS,

LIKE THESE SHELLS

00:42:29:00 OF MARINE ORGANISMS,
00:42:31:09 CAN BE EXTREMELY

VALUABLE TIME MARKERS.

00:42:34:09 EACH FOSSIL SPECIES
HAS ITS OWN LIFE SPAN.
00:42:36:08 AND ROCKS
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00:42:36:10

00:42:37:27
00:42:39:11

00:42:42:19
00:42:44:05

00:42:46:04
00:42:48:19
00:42:51:06
00:42:52:21
00:42:54:21
00:42:57:18
00:43:00:18
00:43:03:02
00:43:05:02
00:43:07:16
00:43:09:21
00:43:11:06

00:43:13:20

00:43:19:23
00:43:21:14

00:43:23:29

00:43:25:29
00:43:30:01

00:43:31:17

00:43:33:18

00:43:38:08
00:43:39:15

00:43:40:28

00:43:42:27
00:43:47:22

00:43:49:23

00:43:52:03

THAT CONTAIN FOSSILS

00:42:37:25 WITH OVERLAPPING

LIFE SPANS

00:42:39:09 ARE ACTUAL TIME MARKERS
00:42:42:17 THAT CAN BE RECOGNIZED

WHEREVER THEY ARE FOUND.

00:42:44:03  THE USE OF FOSSILS
00:42:46:02  IN MAKING GEOLOGIC
TIME CORRELATIONS

00:42:48:17  WAS FIRST DISCOVERED
IN THE 15th CENTURY,

00:42:51:04  AND BY THE BEGINNING
OF THIS CENTURY,

00:42:52:19  GEOLOGISTS HAD USED
CORRELATION

00:42:54:19  TO EXTEND THE HISTORIC
ROCK SEQUENCE

00:42:57:16  FROM EUROPE TO EVERY
CONTINENT ON EARTH.

00:43:00:16  THE WORD "FOSSIL"

REFERS TO ANY EVIDENCE

00:43:03:00 OF A PREHISTORIC PLANT
OR ANIMAL

00:43:05:00 THAT HAS BEEN
PRESERVED IN ROCK.

00:43:07:14 SOMETIMES, PART

OF THE ORGANISM ITSELF

00:43:09:19 REMAINS INTACT--
00:43:11:04 IN SOME INSTANCES,
00:43:13:18 RECRYSTALIZED

OR PETRIFIED

00:43:16:17 LIKE THE TREES

IN A PETRIFIED FOREST.

00:43:21:12 IN OTHER CASES,
00:43:23:27 THE ORGANISM MAY HAVE
BEEN COMPLETELY DISSOLVED,

00:43:25:27 LEAVING ONLY

A HOLLOW MOLD

00:43:27:11 OF ITS OWN IMAGE.
00:43:31:15 THROUGHOUT

GEOLOGIC TIME,

00:43:33:16 FOSSIL SPECIES SUCCEED
EACH OTHER

00:43:36:21 IN A DISTINCT,
RECOGNIZABLE ORDER.

00:43:39:13 IN GENERAL,

00:43:40:26 PROGRESSIVELY

OLDER FOSSILS

00:43:42:25 ARE INCREASINGLY
DIFFERENT

00:43:44:18 FROM LIFE FORMS TODAY.
00:43:49:21 THIS OBSERVATION CAME
TO BE KNOWN

00:43:52:01 AS THE PRINCIPLE

OF FAUNAL SUCCESSION,
00:43:55:01 ONE OF THE STRONGEST
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00:43:55:03
00:44:00:29
00:44:03:14
00:44:06:16
00:44:10:01
00:44:11:18
00:44:15:04
00:44:17:12

00:44:18:27
00:44:20:12

00:44:23:12

00:44:29:29

00:44:31:28
00:44:33:13

00:44:36:12
00:44:37:28

00:44:40:14
00:44:41:29

00:44:44:29

00:44:48:07
00:44:51:28

00:44:55:13

00:44:58:08

00:45:01:22
00:45:05:14

00:45:08:14
00:45:10:03

00:45:14:27
00:45:16:28
00:45:19:26
00:45:21:12

00:45:24:17
00:45:25:25

00:45:27:17

LINES OF EVIDENCE

00:43:57:18 SUPPORTING DARWIN'S
THEORY OF EVOLUTION.
00:44:03:12 THE 19th

AND EARLY 20th CENTURIES
00:44:06:14 WERE THE HEYDAY OF THE
AMATEUR PALEONTOLOGIST

00:44:08:21 OR STUDENT OF OLD LIFE.
00:44:11:16 THESE FOSSIL HUNTERS,
00:44:15:02 COMBING THE CLIFF FACES

AND QUARRIES OF THE GLOBE,

00:44:17:10 IDENTIFIED THOUSANDS
OF FOSSIL SPECIES

00:44:18:25 AND PAINSTAKINGLY
ESTABLISHED

00:44:20:10 THEIR RELATIVE AGES
00:44:23:10 FROM THE POSITIONS
OF THE ROCK LAYERS

00:44:25:29 IN WHICH THE FOSSILS
WERE ENTOMBED.

00:44:31:26 REGARDLESS

OF WHERE ON EARTH

00:44:33:11 FOSSILS ARE FOUND,
00:44:36:10 THEY ALWAYS OCCUR

IN THE SAME SEQUENCE

00:44:37:26 RELATIVE TO ONE ANOTHER.
00:44:40:12 SOME OF THE LOWER

ROCK STRATA

00:44:41:27 IN THE GRAND CANYON
00:44:44:27 CONTAIN FOSSILS OF THE

SAME GENERAL GROUPINGS

00:44:48:05 AS THOSE IN CERTAIN
VERY ANCIENT ROCK LAYERS
00:44:49:20 FOUND IN WALES.
00:44:55:11 SINCE THE ANCIENT NAME
FOR WALES IS CAMBRIA,

00:44:58:06 THESE ROCKS WERE CALLED
CAMBRIAN ROCKS,
00:45:01:20 AND THE GEOLOGIC PERIOD

IN WHICH THEY WERE FORMED,
00:45:03:20 THE CAMBRIAN PERIOD.
00:45:08:12 19th CENTURY GEOLOGISTS

USED THE NAMES OF PLACES
00:45:10:01 AND ANCIENT PEOPLES
00:45:13:14 TO LABEL OTHER TIMES IN

GEOLOGIC HISTORY AS WELL.
00:45:16:26 FOR EXAMPLE,

THE ORDOVICIAN PERIOD,

00:45:19:24 THE SILURIAN PERIOD,
00:45:21:10 AND THE DEVONIAN PERIOD,
00:45:23:09 AFTER DEVON

IN SOUTHERN ENGLAND.

00:45:25:23 CHARACTERISTIC ROCKS
00:45:27:15 AND RELATIVE POSITIONS
OF STRATA

00:45:30:14 WERE ALSO USED TO
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00:45:30:16

00:45:34:03
00:45:37:27

00:45:39:12

00:45:41:27

00:45:44:12

00:45:46:26
00:45:48:11

00:45:50:13

00:45:52:12

00:45:54:27

00:45:57:27

00:46:01:10

00:46:04:10

00:46:05:25

00:46:06:24
00:46:08:05

00:46:09:20

00:46:11:12

00:46:13:27

00:46:15:28

00:46:18:29

00:46:22:14

00:46:25:13

00:46:28:12

00:46:31:11

00:46:34:26

00:46:36:27

DESIGNATE NEW TIME UNITS,
00:45:34:01 AND GRADUALLY,
THE GEOLOGIC TIME SCALE

00:45:35:04 WAS CONSTRUCTED.
00:45:39:10 THE STANDARD GEOLOGIC
TIME SCALE

00:45:41:25 IS BASED, REALLY, ON THE
LAW OF SUPERPOSITION.

00:45:44:10 THE OLDEST ROCKS

ARE ON THE BOTTOM

00:45:46:24 AND THE YOUNGEST ROCKS
ARE ON THE TOP.

00:45:48:09 LOOKING AT ROCKS
00:45:50:11 IN VARIOUS PARTS

OF WESTERN EUROPE,

00:45:52:10 IT WAS RECOGNIZED

THAT CERTAIN FORMATIONS

00:45:54:25 COULD BE CORRELATED FROM
ONE REGION TO ANOTHER,

00:45:57:25 AND THE OLDER ROCKS

WERE VERY DISTINCTIVE

00:46:01:08 WITH A DISTINCT GROUP
OF FOSSILS IN THEM.

00:46:04:08 THE YOUNGER ROCKS
OVERLAY THE OLDER ONES.
00:46:05:23 THEY HAD

DIFFERENT COLORS,

00:46:06:22 DIFFERENT
CHARACTERISTICS,

00:46:08:03 DIFFERENT FOSSILS.
00:46:09:18 BY ARRANGING THEM
SEQUENTIALLY,

00:46:11:10 WHICH ONES

WERE THE OLDEST

00:46:13:25 AND WHICH ONES

WERE THE YOUNGEST,

00:46:15:26 THEY WERE ABLE

TO ESTABLISH

00:46:18:27 A CHRONOLOGY JUST ON THE

BASIS OF SUPERPOSITION.

00:46:22:12 EACH OF THE ROCK UNITS
TOOK A NAME

00:46:25:11 FROM THE ORGANISMS
THAT WERE IN IT

00:46:28:10 OR THE REGION WHERE
IT WAS FIRST STUDIED,

00:46:31:09 GIVING US THE MODERN
GEOLOGIC TIME SCALE.

00:46:34:24 THE RELATIVE

AGE RELATIONSHIPS

THAT WE SEE IN ROCKS
00:46:36:25 ALLOW US

TO RECOGNIZE

GEOLOGIC EVENTS
00:46:38:25 IN A HISTORIC
SEQUENCE
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00:46:38:27

00:46:41:12

00:46:42:27

00:46:44:11

00:46:46:11

00:46:49:12

00:46:51:26

00:46:54:12

00:46:56:11
00:46:57:29

00:46:59:29

00:47:03:00

00:47:04:29

00:47:06:15

00:47:08:29

00:47:11:13

00:47:12:28

00:47:15:02

00:47:16:17

00:47:19:02

00:47:22:01

00:47:24:25
00:47:26:12

00:47:29:12

THROUGH TIME.

00:46:41:10 BUT KNOWING ONLY
THE ORDER OF EVENTS

00:46:42:25 IS ABIT
UNSATISFYING.

00:46:44:09 WITHOUT THE ABILITY
TO MEASURE

00:46:46:09 THE ABSOLUTE AGE
OF THESE ROCKS,

00:46:49:10 IT'S IMPOSSIBLE

TO FULLY UNDERSTAND
EARTH HISTORY.

00:46:51:24 AND WITHOUT
A CALIBRATION

OF GEOLOGIC TIME,

00:46:54:10 WE CAN'T STUDY

THE RATES

OF GEOLOGIC CHANGE

00:46:56:09 THAT ARE USED

TO MAKE FORECASTS

00:46:57:27 ABOUT FUTURE EVENTS.
00:46:59:27 SCIENTIFIC DISCOVERY
IS OFTEN BORN

00:47:02:28 OF CHANCE EVENTS
COUPLED WITH KEEN

PERCEPTION.

00:47:04:27 IN THE LATE

19th CENTURY,

00:47:06:13 MADAME MARIE CURIE
DISCOVERED

00:47:08:27 THAT WHEN CERTAIN
TYPES OF ROCKS

00:47:11:11 WERE STORED

IN THE SAME DRAWER

OVERNIGHT

00:47:12:26 WITH UNDEVELOPED
PHOTOGRAPHIC FILM,

00:47:15:00 THE FILM

WAS EXPOSED.

00:47:16:15 THIS CHANCE EVENT
00:47:19:00 LED TO

THE DISCOVERY
OF RADIOACTIVITY.

00:47:21:29 IN THIS PROCESS,
CERTAIN TYPES

OF ATOMS

00:47:24:23 SPONTANEOUSLY
DISINTEGRATE

OR DECAY.

00:47:26:10 THE DECAY IS RANDOM,
00:47:29:10 BUT IT PROCEEDS

AT A CONSTANT RATE

THROUGH TIME

00:47:32:19 FOR EACH PARTICULAR
TYPE OF ATOM

OR ISOTOPE.
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00:47:32:21

00:47:34:21

00:47:36:07

00:47:38:22

00:47:41:22

00:47:44:21

00:47:46:08

00:47:48:22

00:47:51:08

00:47:53:23

00:47:55:08

00:47:57:07

00:48:02:22

00:48:05:25

00:48:08:24

00:48:12:20

00:48:14:04
00:48:18:07

00:48:20:06
00:48:21:21
00:48:24:08
00:48:24:08
00:48:25:23
00:48:28:22
00:48:30:23
00:48:33:04

00:48:36:06

00:47:34:19

BECAUSE MANY

DIFFERENT TYPES

OF ROCKS
00:47:36:05

ISOTOPES,

00:47:38:20

CONTAIN RADIOACTIVE

ERNEST RUTHERFORD

REASONED IN 1905

00:47:41:20

THAT THE

UNIFORM RATE
OF RADIOACTIVE DECAY

00:47:44:19

TO MEASURE

COULD BE USED

GEOLOGIC TIME.

00:47:46:06

FROM

THIS REALIZATION

00:47:48:20

CAME THE EVENTUAL

DEVELOPMENT
OF TECHNIQUES

00:47:51:06

TO MEASURE

THE ABSOLUTE AGE OF
GEOLOGIC MATERIALS.

00:47:53:21

NOW, FOR EXAMPLE,

NOT ONLY DO WE KNOW

00:47:55:06

DISAPPEARED

00:47:57:05

THAT THE DINOSAURS

IN A GLOBAL

MASS EXTINCTION,

00:48:00:04

64 MILLION
YEARS AGO.

00:48:05:23

WE KNOW IT HAPPENED

EACH ELEMENT CAN BE

SEPARATED INTO ISOTOPES,

00:48:08:22

GROUPS OF ATOMS WITH

SIMILAR ATOMIC STRUCTURE,

00:48:11:06

THOUGH SLIGHTLY

DIFFERENT MASS.

00:48:14:02

SOME ISOTOPES

ARE RADIOACTIVE,

00:48:16:14
00:48:20:04

THE ATOMS

00:48:21:19
00:48:24:06
00:48:25:21
00:48:25:21
00:48:28:20

AND THEREFORE, UNSTABLE.
THIS INSTABILITY CAUSES

TO RADIATE ENERGY,

MUCH OF IT IN THE FORM
ICALLY-CHARGED
PARTICLES.

THE RADIATION GRADUALLY

CAUSES THE ELEMENT

00:48:30:21

OR DECAY,

00:48:33:02

TO DISINTEGRATE

TRANSFORMING THE ORIGINAL

RADIOACTIVE ISOTOPE

00:48:36:04

OR PARENT INTO

A STABLE ISOTOPE

00:48:38:06

KNOWN AS

A DAUGHTER PRODUCT.



457

458

459

460
461

462

463

464

465

466
467

468

469

470

471

472

473
474

475

476

477

478

479

480

481

482
483

484

485

486

00:48:40:28

00:48:43:14

00:48:51:12

00:48:54:13
00:48:55:27

00:48:58:12

00:49:01:20

00:49:05:03

00:49:07:18

00:49:10:02
00:49:11:17

00:49:14:01

00:49:18:28

00:49:21:27

00:49:26:23

00:49:29:12

00:49:31:04
00:49:34:21

00:49:37:05

00:49:40:05

00:49:45:17

00:49:47:16

00:49:52:00

00:49:55:15

00:49:57:01

00:50:02:16
00:50:04:01

00:50:07:00

00:50:10:01

00:50:12:02

00:48:43:12 IT IS THIS PROCESS

OF DECAY

00:48:44:27 THAT WE CALL
RADIOACTIVITY.

00:48:54:11 GRAINS OF SAND TRICKLING

THROUGH THE NARROW OPENING
00:48:55:25 OF AN HOURGLASS
00:48:58:10 ARE SOMEWHAT ANALOGOUS
TO ISOTOPES DECAYING

00:49:00:07 IN A RADIOACTIVE

ELEMENT.

00:49:05:01 THE SAND IN THE UPPER HALF
OF THE HOURGLASS

00:49:07:16 REPRESENTS A SUPPLY

OF PARENT ISOTOPE.

00:49:10:00 THE SAND

IN THE LOWER HALF

00:49:11:15 IS ITS DAUGHTER PRODUCT.
00:49:13:29 THE PROPORTION OF PARENT
TO DAUGHTER

00:49:17:08 DEPENDS UPON

HOW MUCH TIME HAS ELAPSED.

00:49:21:25 THIS CAN BE DETERMINED
SIMPLY BY MEASURING

00:49:24:24 THE RATIO OF PARENT

TO DAUGHTER SAND.

00:49:29:10 THIS IS HOW RADIOACTIVE
DATING WORKS.

00:49:31:02 THE MOST

FAMILIAR EXAMPLE

00:49:32:27 IS RADIOCARBON DATING.
00:49:37:03 THE CARBON IN AIR

AND WATER

00:49:40:03 IS MADE UP OF THREE
DIFFERENT ISOTOPES.

00:49:43:13 ONE OF THESE, CARBON 14,
IS RADIOACTIVE.

00:49:47:14 AS PART

OF THE ATMOSPHERE,

00:49:51:28 CARBON 14 IS ABSORBED BY

LIVING PLANTS AND ANIMALS.
00:49:55:13 IN THIS WAY, THE CARBON
IN ALL LIVING ORGANISMS

00:49:56:29 CONTAINS

THE SAME PROPORTION

00:50:00:05 OF CARBON 14 TO
NONRADIOACTIVE CARBON.

00:50:03:29 WHEN THE ORGANISM DIES,
00:50:06:28 IT STOPS TAKING IN

ANY NEW CARBON,

00:50:09:29 AND THE AMOUNT

OF CARBON 14 INSIDE IT

00:50:12:00 GRADUALLY DECREASES
AS IT DECAYS.
00:50:15:23 IT IS THIS SHRINKING

PROPORTION OF CARBON 14
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00:50:15:25

00:50:18:09
00:50:25:06

00:50:28:05

00:50:31:03

00:50:35:19

00:50:38:05
00:50:41:13

00:50:44:18

00:50:47:02

00:50:49:08
00:50:53:03

00:50:56:02

00:50:59:07

00:51:02:06
00:51:04:16

00:51:07:01

00:51:10:16

00:51:12:16

00:51:18:18

00:51:20:18

00:51:26:07

00:51:29:07

00:51:36:20

00:51:39:06

00:51:41:21

00:51:43:28

00:51:46:12
00:51:50:26

00:51:53:26

00:51:56:11

00:50:18:07 THAT TELLS US

HOW LONG AGO

00:50:19:22 THE ORGANISM DIED.
00:50:28:03 THE RATE OF DECAY

OF ANY RADIOISOTOPE

00:50:31:01 IS MEASURED IN TERMS

OF ITS HALF-LIFE--

00:50:35:17 HOW LONG IT TAKES FOR HALF

OF ITS ATOMS TO DECAY.

00:50:38:03 THE HALF-LIFE

OF CARBON 14

00:50:41:11 IS 5,730 YEARS.
00:50:44:16 CARBON 14 IS

MOST COMMONLY PRESERVED
00:50:47:00 IN THE FORM

OF CHARRED WOOD

00:50:49:06 THAT IS BURIED

BY SEDIMENT,

00:50:50:25 LAVA, OR VOLCANIC ASH.
00:50:56:00 IF A SAMPLE CONTAINS
ONLY HALF THE LEVEL

00:50:59:05 OF CARBON 14 FOUND

IN LIVING ORGANISMS,

00:51:02:04 GEOLOGISTS CONCLUDE
THAT IT MUST BE

00:51:04:14 5,730 YEARS OLD.
00:51:06:29 IF THE RATIO

OF CARBON 14

00:51:10:14 IS ONLY A QUARTER THAT
OF A LIVING ORGANISM,

00:51:12:14 ANOTHER HALF-LIFE

HAS ELAPSED,

00:51:16:22 AND IT MUST BE 11,460
YEARS OLD, AND SO ON.

00:51:20:16 THIS METHOD

IS ONLY RELIABLE

00:51:23:28 FOR DATING THINGS BACK
ABOUT 50,000 YEARS.

00:51:29:05 BEYOND THAT, THE AMOUNT

OF RADIOCARBON REMAINING
00:51:32:02 IS TOO SMALL TO PERMIT
ACCURATE MEASUREMENT.

00:51:39:04 TO DATE ROCKS

THAT ARE MILLIONS

00:51:41:19 OR EVEN BILLIONS

OF YEARS OLD,

00:51:43:26 GEOLOGISTS WORK

WITH RADIOISOTOPES

00:51:46:10 THAT TAKE MUCH LONGER
TO DECAY--

00:51:48:28 SUCH AS URANIUM-235.
00:51:53:24 THIS ELEMENT MAKES AN

EXCELLENT GEOLOGIC CLOCK

00:51:56:09 BECAUSE IT TAKES
713 MILLION YEARS
00:52:00:14 FOR HALF OF IT TO DECAY
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00:52:15:16

00:52:18:17

00:52:21:02

00:52:23:02

00:52:26:01

00:52:28:29

00:52:31:13

00:52:34:12

00:52:37:12

00:52:41:03

00:52:43:13

00:52:45:29

00:52:48:14

00:52:50:13

00:52:55:16

00:52:58:16
00:53:00:00

00:53:01:22

00:53:03:23

00:53:06:22

00:53:08:09

00:53:10:09

INTO LEAD-207.
00:52:04:17 BY MEASURING
THE RELATIVE AMOUNTS

00:52:07:17 OF THESE TWO ISOTOPES
IN A ROCK,

00:52:09:17 IT'S POSSIBLE

TO FIGURE OUT

00:52:11:02 THE ROCK'S AGE,
00:52:14:02 EVEN IF IT IS SEVERAL
BILLION YEARS OLD.

00:52:18:15 THE FIRST STEP

IN DETERMINING

THE AGE OF THE ROCK

00:52:21:00 IS FINDING

THE PROPER ROCK

IN THE FIELD

00:52:23:00 AND DETERMINING

ITS MINERALOGY.

00:52:25:29 ONCE WE'VE
DETERMINED WHAT IT

IS WE WANT TO DATE,

00:52:28:27 THEN WE SAMPLE IT

IN THE FIELD,

00:52:31:11 BRING IT BACK

INTO THE LABORATORY,

00:52:34:10 SEPARATE OUT

THE MINERALS THAT

WE WANT TO DATE

00:52:37:10 THAT TELL US THE AGE
OF THE ROCK.

00:52:41:01 ONCE WE HAVE A CLEAN
MINERAL SEPARATE,

00:52:43:11 WE TAKE IT

INTO THE LABORATORY

00:52:45:27 AND WE SEPARATE OUT
CHEMICALLY

00:52:48:12 THE ELEMENTS THAT
ARE WITHIN THE ROCK

00:52:50:11 THAT HAVE

THE ISOTOPIC SYSTEM

00:52:52:08 THAT WE'RE
INTERESTED IN.

00:52:58:14 AND THEN, ONCE WE HAVE
THE ELEMENTS SEPARATED,

00:52:59:28 WE BRING THE ELEMENTS
00:53:01:20 INTO THE MASS
SPECTROMETER,

00:53:03:21 AND WITH THE

MASS SPECTROMETER,

00:53:06:20 WE ANALYZE THE ISOTOPES
OF THE ELEMENTS

00:53:08:07 THAT WE'RE

INTERESTED IN.

00:53:10:07 AND IT'S

THE ISOTOPIC RATIOS

00:53:13:29 BETWEEN THE PARENT AND
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00:53:14:01

00:53:16:15
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00:53:30:26
00:53:34:17

00:53:37:18

00:53:39:17

00:53:45:09

00:53:48:08

00:53:50:15

00:53:53:16

00:53:56:17

00:53:59:02

00:54:01:01

00:54:06:03

00:54:08:17

00:54:10:19

00:54:13:18

00:54:17:03

00:54:19:18

00:54:23:17

00:54:25:19

THE DAUGHTER ISOTOPES
00:53:16:13
DAUGHTER ISOTOPES

00:53:19:04 THAT GIVE US THE AGE
OF THE ROCK.
00:53:22:27
ACCELERATES THE IONS

00:53:25:12 OR CHARGED ATOMS

OF AN ELEMENT

00:53:27:11 SO THAT THEY FORM

A BEAM,

00:53:28:28 WHICH IS THEN SPREAD OUT
00:53:30:24 INTO A SUCCESSION

OF POINTS--

00:53:32:09 A MASS SPECTRUM.
00:53:37:16 FROM THE POSITION

AND INTENSITY OF THE POINTS,

00:53:39:15 THE MASS AND RELATIVE
ABUNDANCE

00:53:42:00 OF INDIVIDUAL ISOTOPES
CAN BE DETERMINED.

00:53:48:06 ONCE THE ELEMENT
THAT WE'RE GOING

TO MEASURE

00:53:50:13 IS LOADED INTO

THE MASS SPECTROMETER,
00:53:53:14 IT'S IONIZED

AT A TEMPERATURE

00:53:56:15 OF BETWEEN 1,000
AND 2,000 DEGREES

CENTIGRADE,

00:53:59:00 DEPENDING ON WHAT
ELEMENT IT IS.

00:54:00:29 THE IONS ARE THEN
ACCELERATED

00:54:06:01 BY 8,000-10,000-VOLT
DROP DOWN THE TUBE,

00:54:08:15 WHICH IS

A HIGH-VACUUM TUBE,

00:54:10:17 AND AS THEY'RE
BEING ACCELERATED,

00:54:13:16 THEY'RE FOCUSED INTO
A VERY FINE BEAM.

00:54:17:01 ONCE THEY ENTER
THE TUBE

AS A FINE BEAM,

00:54:19:16 THEY MOVE THROUGH
A MAGNETIC FIELD.

00:54:23:15 THE MAGNETIC FIELD
PUTS A DRAG

ON THE ION BEAM,

00:54:25:17 WHICH CAUSES

THE HEAVY ISOTOPES

00:54:28:29 TO BEND ALONG

THE OUTER PART
OF THE TUBE

AND BETWEEN THE VARIOUS

THE MASS SPECTROMETER
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00:55:15:07

00:55:16:24

00:55:18:10

00:55:21:02

00:55:24:02

00:55:26:19

00:55:31:04

00:55:34:04

00:55:37:04
00:55:38:21

00:54:30:15 AND THE LIGHTER ONES
00:54:32:29 INTO THE INNER PART
OF THE TUBE.

00:54:34:14 BY THE TIME

THE BEAM

00:54:37:20 COMES OUT OF

THE MAGNETIC PART

OF THE TUBE,

00:54:40:05 IT'S BROKEN INTO

ITS VARIOUS ISOTOPES,

00:54:43:05 AND AT THE FAR END
OF THE TUBE

00:54:46:06 WE COUNT THE IONS
OF EACH ISOTOPE,

00:54:48:23 WHICH ULTIMATELY
GIVES US

OUR ISOTOPIC RATIO.

00:54:51:23 THE COMPLETE PROCESS

OF COLLECTING ROCK SAMPLES,

00:54:53:23 PREPARING THEM
FOR ANALYSIS,
00:54:55:24 AND DOING

THE MASS SPECTROMETRY

00:54:59:16 REQUIRES A GREAT DEAL
OF TIME AND SKILL.
00:55:05:16 [JASON SALEEBY]

THEN YOU FINALLY

PUT THE FINAL DATA

00:55:08:16 INTO YOUR COMPUTER
AND CALCULATE YOUR AGE,
00:55:11:17 AND IT ALL COMES
TO SOMEWHAT

OF A CRESCENDO

00:55:13:17 AND YOU GET

VERY EXCITED--

00:55:15:05 FINALLY, YOU HAVE
YOUR RESULTS.

00:55:16:22 SOMETIMES YOU'RE
TOTALLY SURPRISED,

00:55:18:08 SOMETIMES

YOU'RE DISAPPOINTED,

00:55:21:00 AND SOMETIMES
YOU'RE ELATED

WITH YOUR RESULTS.

00:55:24:00 AND THEN THE FINAL
ASPECT OF IT

00:55:26:17 IS REALLY APPLYING
THE AGE DATA

00:55:28:13 TO YOUR ACTUAL
GEOLOGICAL RELATIONS.

00:55:34:02 MINERALS WHICH CONTAIN
RADIOACTIVE ISOTOPES

00:55:37:02 ACT LIKE TINY CLOCKS
INSIDE OF ROCKS,

00:55:38:19 CLOCKS WHICH ARE RESET
00:55:41:19 WHEN A ROCK IS FORMED
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OR METAMORPHOSED.

00:55:43:19 BEFORE GEOLOGISTS LEARNED
TO MEASURE
00:55:46:18 THE ABSOLUTE AGES OF ROCKS

USING RADIOACTIVE ISOTOPES,

00:55:49:03 THEY COULD ONLY ESTABLISH
RELATIVE AGES
00:55:52:03 USING THE COMMON SENSE

LOGIC OF SUPERPOSITION,

00:55:53:21 ORIGINAL HORIZONTALITY,
00:55:55:06 AND CROSSCUTTING
RELATIONSHIPS.

00:55:58:06 THEY KNEW THAT ONE ROCK

FORMED BEFORE ANOTHER,

00:56:01:06 BUT NEVER HOW OLD THE ROCKS
ACTUALLY WERE.
00:56:04:05 THE RELIABILITY AND ACCURACY

OF RADIOMETRIC AGE DATING

00:56:05:22 IS TRULY IMPRESSIVE.
00:56:08:21 THE RESULTS OF OVER
HALF A CENTURY

00:56:10:21 OF RADIOMETRIC

AGE DATING STUDIES

00:56:12:06 ARE ENTIRELY CONSISTENT
00:56:14:06 WITH THE RELATIVE

AGE RELATIONSHIPS

00:56:15:28 DEVELOPED BY

EARLY GEOLOGISTS.

00:56:17:28 SO THE SCIENCE OF GEOLOGY
00:56:21:14 HAS GIVEN US TWO WAYS

TO UNDERSTAND EARTH HISTORY.

00:56:23:29 FIRST, WE DETERMINE
THE RELATIVE AGE
00:56:26:14 OF ROCK FORMATIONS

AND GEOLOGIC STRUCTURES

00:56:28:13 AND THEN USE THESE AGES
00:56:31:26 TO CONSTRUCT A HISTORIC
SEQUENCE OF EVENTS

THROUGH TIME.

00:56:34:26
AGE DATING TECHNIQUES,

00:56:37:26 WE DETERMINE

THE ABSOLUTE TIMING

OF THESE EVENTS

00:56:40:26 AND MEASURE THE RATES
OF GEOLOGIC CHANGE AS WELL.
00:56:43:27 SO NOT ONLY

DOES OUR STUDY

OF GEOLOGIC TIME

00:56:46:12 ALLOW US TO UNDERSTAND
EARTH'S PAST,
00:56:48:11 IT GIVES US

A HISTORIC FRAMEWORK
00:56:51:10 AND THE TOOLS
FOR PREDICTING

THE PLANET'S FUTURE.

THEN, BY APPLYING RADIOMETRIC
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