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» Seas go out (regression) peummer et al., 2013
= continental assembly
with faster plate
tectonics & seafloor
spreading

« Mostly warm periods with ice ages ~
every 250 million years
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What Is InS|de Earth'?

Upper layer is crust; two types:
—vortinental oceanic

m
“ontinental Crust Ocganic Crust
Mamle

Thickest
layer:
mantle

Lowest layer: iron- mckel core

(molten outer core; solid inner
core)
Scale: Humans on

A I[ron meteorite from Canyon
crust are insignificant

Diablo (Meteor Crater), AZ
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thge-Push

Plate slides downhill
on this surface

Continental Drift
Cuter core

# Inner
core

Rising part of convection cell =
rifting (mid-ocean ridge)
Descending part of convection

cell = subduction (deep sea

| | | | | | | | |
800 700 600 S00 400 300 200 100 O trench)
Source: U.S. Geological Survey

Million years ago
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Period of rotation of sun
around center of Milky
Way galaxy is 225-250
million terrestrial years

https://en.wikipedia.org/wiki/Milky_Way#/media/File: Wide_
Field_Imager_view_of_a_Milky_Way_look-
alike_NGC_6744.jpg

Continental Breakup from Plume

Doma above plume

c
Failed ntt
{nutascogen)

Outward tiow from plume
|
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B - Ear
Contingnt in two pisces; new ocean hasin opening

C - Furt. Ocran Bagin —
Gontingnts

F - CoLnisioNn ORoGENGY
Right confinent avemides laft continant;

G - PENEPLAINED
Mourtains eroded o sea level;
tecionic stability again

edu/geollab/Fichter/Wilson/wilsonsimp.html
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Sea floor
spreading and
mid-ocean ridge R i
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Paleozoic (540-252
Ma [million years
ago]) = West-
dipping subduction,
volcanoes, YR
mountains in e
Appalachian 74T RN
Mountains

)
&7 Assimliation of lithosphere
iMo mantie

Plummer et al., 2013

Mesozoic (252-65 Ma) -
Cenozoic (65-0 Ma) =
East-dipping
subduction, volcanoes,
mountains in west coast
of N. America

Oceanic-continental convergence
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lands of Canadian shield

SHIELD

Shallaw,
apicontinentat, =
carbonate-depositing | ¢
sea ,

CAMBRIAN PALECGEOQGRAPHY
Mostly shallow marine
Mostly deep marine

. Lowlands being eroded
| Ade, Volcanoes Scale 1: 26,000,000
| Gray areas provide 0 S00 1000
no datn
Kiiometers

Sgure 9-2 Palecgeographic and tectone elements of North America during the Cam

Fro m RO n B I a key F wian Penod, shovang positon of the Cambran paleocguator
rom Levin,
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] First sharks
= Acadian-Caledonian
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5 arthropods
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Phanerozoic

Paleozoic

| Extinctions
First land plants
Tacomic | Expansion of marine
shelled invertebrates

Acie (Millions of Years)

Ordovician

"PALEOZOIC

Continental assembly
event = Taconic
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= erosion = no
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UPPER ORDOVICIAN
SEDIMENTARY FACIES
(Cincinnatian)

(about 430 m.y. ago) '

1
1000 re

| Prothefo 8 Dott, 2004 |

e I1.15 Upper Ordovician sediment patterns for North America Widely scattered patches of sediments on the Canadian Shield
10 great extent of the Late Ordavician sea. Absence of Ordovician strata on several arches proves subsequent warping and erosion of
ches. Note the spread of red beds and marine shales westward from the Appalachian region, forming a clastic wedge. (See Box 10.2 for

symbels wnd sournas)

Jan C. Rasmussen, Ph.D., R.G.



Temperatu

Pleistocene Cold Warm

]

_
| Mississippian She

Abundant amphibians +——
and sharks
Scale trees
Kaskaskia Seed ferns
Antler , —
Extinctions

First msects
First amphibians

} First l-()r\'\h
First \h.lrk\

LATE PALEOZC(

Phanerozoic

Acadian~Caledonian

Paleozoic

Age (Millions of Years)

PR N

7 lime
<

o/

o
(
'

.

o~

\1 shelf

\

P o = e f —
: v

\
‘

e, o

Proterozoic
%

_ < A

Jan C. Rasmussen, Ph.D., R.G. September 20, 2015 WWWw.janrasmussen.com



From Ron Blakey
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DEVONIAN PALEOGEOGRAPHY

| Mostly shallow marine

l 2 Mostly deep marine
&

1 [” A! Lowlands being eroded
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A Nolcanoes  Scale 1:25,000,000

Gray areas provide 0 500 1000
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Levin, 1994

B L B i L
Wit TN

1%e =)

— > s 4. ."' -_A.‘.'
latyrachella SESS G §

Jan C. Rasmussen, Ph.D., R.G. September 20, 2015 WWWw.janrasmussen.com



FIGURE 10-80 Early Paleozoic
ostracoderms. (A) Thelodus, (B)
Prevaspis, (C) Jamoytius, and (D)
Hemncyclaspis, drawn to the same scale.

FIGURE 10-61 The Early Devonian acanthodian fish

Climatius. (After Romer, A. S. 1945. Vertebrate
Paleontology. Chicago: University of Chicago Press.)

Jan C. Rasmussen, Ph.D., R.G.

September 20, 2015

FIGURE 10-62 The gigantic armored skull and
thoracic shield of the formidable late Devonian
placoderm fish known as Demklewstens. Dunkleasten

was over 10 meters (about 30 feet) long. The skall shown

here is about | meter wll It s equipped with large boay
cutting plates that fanctioned as teeth, Each eye socker
WS protecte d by a ning of o p:.ﬂc-. and ¥ spex 1al Jount
at the rear of the skull permuned the be ad 1o be raned
thereby making an extra large hite possible. Dusddoasren
ruled the seas 350 million years ago. (Cosrrery of the U'S
Nazsonal Muscumy of Narwral Hestory, Smstborsan

Instiruriony; phatograph by Chip Clark

FIGURE 10-63 The Devonian antiarch fish Pterichthyodes.
(From Romer, A. S. 1945. Vertebrate Paleontology. Chicago:
University of Chicago Press, p. 54, fig. 38.)

WWWw.janrasmussen.com




Source: Time-Life, The World We Live In, 1955
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Unconformities in the Grand Canyon
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Lull - Mississippian Limestones

Orogenic Age S Arizona - . .
220 Triassic
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Jurassic

Triassic

Permian

Pennsylvanian

——y

swandant dinosaurs
and ammonites

First dinosaurs
First mammals
Abundant cycads
+ Massive extinctions
(including toilobites)
Mammal-like reptiles

Sonoma

Great coal forests
Conters
First reptiles

Alleghenian

September 20, 2015
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Upper Carboniferous (Bashkirian - Moscovian
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FIGURE 1076  The skeleton of Iebthyostega still retains the fishlike form of its
H. L1975, Life Through Time.
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FIGURE 9-12  Part of an Illinois cyclothem. The
lowermost layer is the coal seam (cyclothem bed 3),
followed upward by shale (bed 6) near the geologist’s hand,
limestone (bed 7), shale (bed 8), another limestone (bed 9),
and the upper shale (bed 10). Part of another sequence caps
the exposure. This cyclothem is part of the Carbondale

Formaticn, (Phatograph curtesy of D. L. Reinertsen and the

Levin, 1994

D,

| @ R

Limestone

Shale

Marine fossils
Predominantly marine

Limestone

C

Shale
Coal

Underclay

Freshwater
limestone

Sandy shale
or siltstone

Predominantly
nonmarine

Sandstone

a

FIGURE 9-11  An ideal coal-bearing cyclothem,
showing the typical sequence of layers. Many
cyclothems do not contain all 10 units, as in this illustration
of an idealized sequence. Some units may not have been
deposited because changes from marine to nonmarine
conditions may have been abrupt and/or units may have
been removed by erosion following marine regressions.
The number 8 bed usually represents maximum inundation
and, correlated with the same bed elsewhere, provides an

imporcant correlative stratigraphic horizor. 8 If vex comw
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FIGURE 10-78 Permian reptiles. | he prominent
sailhack reptile i the left foreground, with o krger skull
and dageeriike teeth, s the carnivore Dismetrsden. The
sailbacks with smaller heads and hlunt check 1eeth, in the
foreground st nght and i the distance, are plant-eaters of
the gemes Edupborgurns, (Copyrapls 7. Salducd,) W 15 i¢ libely

Lower Permian

from www.scotese.com

FIGURE 1 Mammal-like repeiles.

I'he scene depeces three carnvorons foems

{Cymogmazdy it 1o artack o plant-esting
e { Kenmesryeriv), (Coure

Jan C. Ras sen,P .D., R.G. September 20, 2015 WWWw.janrasmussen.com




Arizona’s position w.r.t. plate tectonics in Paleozoic vs. Mesozoic

— Arizona was on leading edge of
N. American continent = mountain building,
volcanoes, earthquakes, igneous intrusions

Asthenosphere

j-oceanic ridge Andesitic volcano
Rift valley Oceanic trench

llation of lithosphera
imMo mantle

— Arizona was
on trailing edge of North
American continent =
calm seaways - like
FEREINES

Jan C. Rasmussen, Ph.D., R.G. September 20, 2015 WWwWw.janrasmussen.com
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FIGURE 111 Paleogeographic reconstruction of th
ago, when the break-up of Pangea was beginni
WS, 1990, Paleogeography and Bioge

From Plummer et al., 2013
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FIGURE 11-3 Generalized palcogeographic map for the Triassic of North America.

Jan C. Rasmussen, Ph.D . R.G. M 5 har wis the sonse of the faulting along the eastern wusngh of Moz contyisnt?

T




P~

Warm Tempe

WET

DRY

LEGEND

WARM COOL
Tropical Cool Temperare
Coal

@ Bauxite ® Coa
- & Tillites

@® Laterite

' Warm ]é'lﬁl/;('r'(llt‘

Kaolinite (& ccal & evaporita)

' Crocodiles =desfe 2 |

Palms & Mangroves 1

Arid Cold
‘ Tillite
Evaporite Dropstone

A Calcrete . Glendonite

"Paratropical” =

High Latitude Bauxites U e er TriaSSiC

from www.scotese.com

Jan C. Rasmussen, Ph.D., R.G. September 20, 2015 WWWw.janrasmussen.com



»le

ptember 20, 2015 WWWw.janrasmussen.com

C. Rasmﬁ.séen, ‘Ph:D_., -R.Gv. T\ \ LSe



FIGURE 12-21 The small, agile
theopod Coelophbysis lived about
220 million years ago, during

the Late Triassic. Coelophysis was

about 3 meters in length. These
fast, agile, bipedal predators may

have pursued their prey in packs,
and there is evidence that they

occasionally even ate juveniles of

their own species. (Copyright

FIGURE 1217  Rutiodon, a T'rinssic phytosaur, Like many other phytosaurs, Rutiodon grew
to lengths of 10 ar moee feet, (Wustratton by Cavbyn Toerson,) W Whar lving reptile is an exiompls

of comevseryens evultion with Rutiodin - p :
Bansdoed ! : Hesperoswobus from the I'riassic of the southwestern United States.

Jan C. Rasmussen, Ph.D., R.G. September 20, 2015 WWWw.janrasmussen.com
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Generalized paleogeographic map for the Jurassic of North America.
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Jurassic (Mormson Formation) dinosaurs. The spiney dinosaur 1o the right of center is
Segosaurus, The large dinosaur in the upper left is Apatosaurus. The camivore in the lower
left is Allosaurus. (Painting by Margaret Colbert, reprinted by permission. Courtesy Museum
of Northern Anizona.)
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100,000 years cold,
20,000 years warm

Prothero & Dott, 2004

Figlu’c I16.16 Late Pleistocene standard marine paleo-
temperature curve (left) based upon oxygen-isotope analyses of
calcium carbonate in microfossil shells from deep-sea cores of three
oceans. Magnetic polarity measurements on the same cores (right) and
limited isotopic dating of cores provide a time scale. Note that, for the
last 600,000 years, cold intervals had a periodicity of about 100,000
years: from then back to about 1.4 million years, the period was about
40,000 years (J—Jaramillo brief normal polarity event). (Adapted from
Emilfani and Shackleton, 1974 Science, v. 183, pp. 51 1-514; and
Shackleton and Opdyke, | 976: Geological Society of America Memoir
|45, pp. 449-464.)
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NORTH ALPINE YEARS BEFORE
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—265.,000
Yarmouth Mindel-Riss
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KANSAN Mindel
— —435.,000
Aftonian Giinz-Mindel

—500.,000
NEBRASKAN | Giinz
S | —1,800,000
Pre- Pre-Giinz
Nebraskan S

WWWw.janrasmussen.com



, 1.5

A T I ]
! L 120
@
EE .
= 25 , 125
o 8
% ©
g g = \ \
S £ - Cold = A Cold
o ‘ | !
Cold Cold Cold o 3.5
Y | | | 1 4.0
500,000 400,000 300,000 200,000 100,000 0
< Years ago }

FIGURE 13-43 Curve reflecting variations in the global volume of ice (and, indirectly,
paleotemperatures) during the past 500,000 years. Data are from radiometric dating and
isotope measurements of cores from the Indian Ocean. (Data from Hays, 7. D., and Shackleton,
N. J. 1976. Science 194:1121-1132.)
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Figure 14.38 A record of climatic
change during the last 160,000 years was
assembled from studies of ice cores from
Greenland’s glacier. It shows that the nor-
mal pattern of change involves numerous
rapid fluctuations in temperature—not
only during glacial periods, but throughout
interglacial periods as well. The stable
warm temperature of the present inter-
glacied oericd is distinatly abnormal

Present

WWW.janrasmussen.com



40,000 yrs temp change

O
&
o
<3
-—
(]
o
()
Q
5
}_

§ 10 15 20 25 30 35 40
Thousands of years before present

A FIGURE 18.E This graph showing temperature variations over the past 40,000 years is

derived from oxygen isotope analysis of ice cores recovered from the Greenland ice sheet.
(After U.S. Geological Survey)

Tarbuck & Lutgens, 2005
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Tarbuck & Lutgens, 2005
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A FIGURE 18.29 Changing sea level during the past 20,000
years. The lowest level shown on the graph represents the time

about 18,000 years ago when the most recent ice advance was at
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A FIGURE 18.32 Orbital variations. A. The shape of Earth’s orbit
changes during a cycle that spans about 100,000 years. It gradual-
ly changes from nearly circular to one that is more elliptical and
then back again. This diagram greatly exaggerates the amount of
change. B. Today the axis of rotation is tilted about 23.5° to the
plane of Earth's orbit. During a cycle of 41,000 years, this angle
varies from 21.5° to 24.5°. C. Precession. Earth’s axis wobbles like
that of a spinning top. Consequently, the axis points to different
spots in the sky during a cycle of about 26,000 years.

Tarbuck & Lutgens, 2005
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Table 16.2

Milankovitch Orbital Factors

Relative Approximate

Parameter Variation Periods
Eccentricity of the

orbit (ellipticity) 0.017-0.053 100,000 years
Tile of the axis

(obliquity) 21'-24',° 41,000 years
Precession of the axis

(wobble) 0-360° 23,000 years

Prothero & Dott, 2004
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1976: Celestial Mechanics, v. |5, pp. 53-74.)

Variations in the Milankovitch orbital factors,
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Figure 16.35 The effects of climatic cycles on the past 10,000

years of human history.
From Prothero & Dott, 2004
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