Brief
History
of
Geology

Herodotus
~500 BC







Annual
flooding
built
Nile
Delta




Sunken cities (~740 AD):
Herakleion
Menouthis
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This must
have
happened
over long
timescales

Positions of land and
sea have changed
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Recognized
marine
fossils,

river
deposits
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But, believed Earth was
center of the Universe







“Concerning
Stones”

Did not
recognize
fossils as
once-living
organisms

Theophrastus
314 BC




Rise of Christianity
~0 — 400 AD

Dark Ages
~400 AD — 1000 AD




F i

Leonardo da Vinci |
1452-1519




Po River

Deposits
200,000 yrs old
therefore:
geologic time
much longer

sedimentary
uplift




James Ussher (1581-1656) Anglican Archbishop of Armagh
and Primate of All Ireland

4004 BC - Creation
(at nightfall preceding 23 October)

2348 BC - The Great Flood
1921 BC - Yahweh's call to Abraham
1491 BC - The Exodus from Egypt
1012 BC - The founding of the
Temple in Jerusalem
586 BC - The destruction of
Jerusalem by Babylon
and the beginning of
the Babylonian Captivity
4 BC - The birth of Christ

Published 1650, therefore age of
Earth assumed to be 5,654 yrs old.




Nicolaus Steno
(1638-1686)




1) Law of Superposition
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Inciple
Inuity
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“It Is better to be humble than hung...”

Georges-Louis Leclerc,
Comte de Buffon
(1707 — 1788)

Age of Earth >75,000 years







What can we infer about the
environment of deposition?




Principle of Uniformitarianism
“present is the key to the past”

(1726-1797)




lgneous rocks were once molten

(they didn’t precipitate
out of the ocean)




Hutton's
Unconformity
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- Sea level

C. Erosion _

y

Sea level

D. Subsidence and renewed deposition
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to w gidd by looking so
far into ‘ qbys of tim” (1786)




Principle of
Cross-Cutting Relationships




Youngest material not cut (or overlain) by any other strata
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“Angular -
’ unconformnty 5,

Interpretation:

6. Finally, the irregular surface and
the stream valley indicate that
another gap in the rock record
is being produced by erosion.

bedsA B, C, and E were
deposited in that order.

, 2. Bed D is a sill (a concordant 5. Beds, G, H, I, J, and K were Angular

igneous intrusion). Evidence
that sill D is younger than beds
C and E are the inclusions in
the sill of fragments from these
beds. If this igneous mass
contains pieces of adjacent
strata, then the adjacent strata

deposited in that order, again
using the law of superposition.

Although the lava flow (bed H) is -
not a sedimentary rock layer, it =

is a surface-deposited layer, and
thus superposition may
be applied.

unconformity

must have been there first.

3. Following the intrusion of sill D,
the intrusion of dike F occurred.
Because the dike cuts through
beds A through E, it must be
younger than all of them (principle
of cross-cutting relationships).

4 Next, the rocks were tilted and eroded.
The tilting happened first because
the upturned ends of the strata have
been eroded. The tilting and erosion,
followed by further deposition,
produced an angular unconformity.




William “ Strata” Smith (1769-1839)




A Stratigraphic correlation

C
E
B
D
| 300Ka




A Stratigraphic correlation

C
E
B
D




Stratigraphy:

The study of
rock layering




Stratigraphic
Correlation

65 Mya

(

475 Mya
of time

540 Mya

Grand Canyon National Park

Zion National Park

i /
Terary Wasatch Fm /
/
Kaiparowits Fm /
Wahweap Ss
Cretaceous Straight Cliffs Ss
Tropic Shale
Dakota Ss
Winsor Fm )'
Curtis Fm
Jurassic Entrada Ss /
Carmel Fm Carmel Fm [/
Navajo Ss / Navajo Ssj I
| i
Kayenta fin Older rocks not exposed
Wingate Ss \
Triassic Chinle Fm '
Moenkopi F
Moenkopi Fm iz A
f— ,
I Kebabts Kaibab Ls /
Permian Toroweap Fm J

Coconino Ss /e

Older rocks not exposed

Hermit Shale

Pennsylvanian Supai Fm
Mississippian Redwall Ls /
Devonian Temple Butte Ls

Muav Fm /
Cambrian Bright Angel Shale

Tapeats Ss /
. Colorado/'| IO

Precambrian River | Vishnu Schist
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» Pinta
=

_ Marchena

- “Genovesa

Santiago
7, -Bartolomé

- _Rahi -Seymour Norte
e 2 X\ Rabida. %

Fernandina .
-Plaza Sur
San}la Cruz
Isabela ’
» _Pinzon ;
Santa Fe

-Tortuga

., Floreana

San Cristebal

e}

__Espanola

Charles

Darwin
(1809-1882)

Voyage of the

HMS Beagle
(1831-1836)




Average age 150 years Galépagos tortoise
Weights up to 660 pounds I e

e !

-Bartolomé
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; i —Rébida -Seymour Norte
- ~Baltra
Fernandina

-Plaza Sur

Santa Cruz

’“4?“.
Pinzon ;
Santa Fe

-Tortuga

« Floreana __Espanola

¢ 13 original subspecies fz;
. 11 survive today
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Harriet (1830-2006)

Collected by Darwin?

Lonesome George

Last Pinta Tortoise




q Evolution
- &
=4 Natural
Selection




“ But with regand to the material world, wo can at least 2o &0
far as this—we can perosive that events aro brought aleut not by
insulated interpositions of Divine power, exerted in each particular
casg, but by the establishmont of general laws,”

W, WiewenL : Bridpcionter Treatise.

“To conclude, therefore, let no man out of a weak concelt of
sobriety, or an ill-applied moderation, think or maintain, that
man can scarch too far or bo too well studied in the book of God's
word, or in tho book of God's works ; divinity or philosophy ; but
rather lot men endeavour an cndless progress or proficiencs in both,”

Dacox: Advancement of Learning,

Dosen, Browley, Kend,

Octoder 1o, 1850,

VT

-

I‘{ |
;' THE ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

oR TIE
PRESERVATION OF FAVOURED RACES IN THE STRUGGLE
FOR LIVE,

3y CHARLES DARWIN, M.A.,

FELLOW OF THE BOYAL, OROLOGICAL, LINNA AN, NTC,, SOCINTINS

AUTHOR OF S JOURNAL OF RESEARCIHES DUIING H. ). 8, ELAGLES VOVAGE
ROUND THE WorLD.'

LONDON:
JOHN MURRAY. ALBEMARLE STREET.

1859.

The right of Trosalation 3r sraeread,




Do we share a common
ancestry?




Pleistocene Pliocene | Miocene

[ Split between human 5nd chimpanzess using molecular clock, about 5 Ma]

Sahelanthropus tchadensis
Genus Paranthropus Age of bones found in Kenya, about 6 Ma Orrorin tugenensis
i | o Genus Ardipithecus
P. boigei
P. asthiopicus e
Ar. ramidus
A. anamensis
A. afarensis
A. bahrelghazali
A. africanus
A.garhi Genus Australopithecus
H. habilis
H. floresiensis H. georgicus
H. erectus
H. heidelbergensis
H. neanderthalensis
H. sapiens Genus Homo
Y i i I v N i I v v i I v v i I v N v I v
0 Years 1e+06 2e+06 3e+06 4e+06 5e+06

What do evolution and natural selection
Imply about the passage of time?
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AR Radioactivity:

“.1 Henri Becquerel (1896)
- Marie & Pierre Curie (1898)




Marie Curie:

\F 7 L 5
AV AR (W

First in her undergraduate class at Sorbonne
First woman to receive a PhD Iin France
-iIrst woman to teach at Sorbonne

First woman to be awarded a Nobel Prize (1903)
~irst person/only woman to be awarded 2

Nobel Prizes ('03- Physics, '11-Chemistry)
Died in 1934 from aplastic anemia (radiation)
Only woman buried under Panthéon in Paris
Eldest daughter, Irene Joliot-Curie, won a Nobel
Prize for Chemistry in 1935




Isotope: same element, variable neutron number

Uranium isotopes:

protons neutrons
U-234 92 142
U-235 92 143
U-238 92 146




A. Alpha Emission
Unstable parent Daughter Daughter
nucleus nucleus nucleus-

. 2 protons &
. 2 neutrons

Alpha Atomic mass:

Qparﬁcle 4 fewer em I tt e d
Neutron : emission

B. Beta Emission

Daughter
Unstable parent Daughter nuc?eus-

nuciels s 1 electron

Atomic
e emitted

Beta Atomic mass:
(electron) no change
emission

Neutron Proton (‘)

C. Electron Capture
Daughter
Unstable parent Daughter nucleus-

nucleus nucleqs 1 el eCt r O n

Electron® Atomic
. Neutron
ber:
e captured
Atomic mass:
no change




Why do we care about radioactivity?




Why do we care?

1) Radioactivity produces HEAT energy
(i.e. not all of Earth’s heat has to have
come from the Sun)

2) Radioactive decay happens on a measurable
timescale — this gives us a calendar
for Earth materials




Table 18.1 Radioactive isotopes frequently
used in radiometric dating.

Radioactive Stable Daughter Currently Accepted
Parent Product Half-life Values

Uranium-238  Lead-206 4.5 billion years
50 atoms of parent Uranium-235 Lead-207 713 million years
50 atoms of Thorium-232  Lead-208 14.1 billion years
daughter product Rubidium-87  Strontium-87 47.0 billion years
Potassium-40  Argon-40 1.3 billion years

100 atoms of
parent isotope
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Oldest rock on Earth
4.404 Bya

50 pm

Haulbclitle Fanll

Jack Hills, Westen Australia






