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7.whatare oldest known fossils
branchesofanimalkingdom
Jossils

whatisgeologicdate (period )of oldest known reptile
bind primate placental mammal ,mammal and
anthropoid.

are

Essay on Dithogenesis llevolution .Ascentofan heathing
verteliat.-from water.

represented byCambian

arquements asto descent from unicellular organism
ofPrecambrian

..Pleixto ine Glacial Historyof 11. America+Sucopr
sequence ofglacial stages& location fice sheets'& glaciers

eGeographic relationsofthe several continents is
cand connectionsor seabander duringperiodsofquaternay.
+Tertiary - How did there relations affecthistory
oflana mammah .

D.A.during

Valley

Principal metallic resformed with.A in Pre Cambrian where

diagram+ explanationofwhy wetween Grenvilletime
undimiskomian woch

aThiesse noch ofConnPenn wal messico.
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houdves
altemptto

PlanetesimalTheory account for structure ofcarth's
interior whichseems indicated by modern-geophysical investigaHuono

-possible explanations ofglacial climatesofpost
comparer contrast NA._ in mid Cretaceouspaidmia.

Mississipian esto land & mountain_vyionssed,
carlyTertiary& Friassic..Jame

comparetcontrast PleistocenstRemolart glaciation

riginoflife a originofvertebrates

Geologic history of
Proboacidians
camel tibe
primate's
ammonoids
angaspermes
future ofearthas aboods

look up final 38.

ofman, in light5'rast
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Mather- May 22

X

ofgenus home.
Archaic hominidae

4)."A dient&progress
5). Homo Sapions

IX Towand om understanding
A.) Fossil Lestimony
15) Origin of life
C) Mechanism of hereding...
1) origin of species

understanding of organ

Common ancester.

0 Early Tertiary primates Nothareus
2) Anthropoid development toward modern types

Duratpay///

(A). Mom & minnaks
Mom &

prospectiveXit Facing the Reture

amic evolution .

Geologne factorsin organic evolutionEarth hist. &man

prospects ofgedagic change

Eocene & Paleocery primitive animallike primate....
Primates have nails, different skulls. OmnivoTors._Tarl._
Skull- (No tharcusjoldesofscending rebus . Gibbon mostprimate

primitive modern anthr. Apes &mom all from Nothavers.
Prooghess is towards prin recession, development of chin.

Suborder, anthray754 moderm anthropoid, Oligoure,Egypt; Miocene, India,.
poedia ancestorof mom, chimp., Garilla, Oromgutong notofothers.bymeharen AAA Miocone, 1st thing that was

ancestor of mom only.- Sitha pathecus . Then development.
towand widerjauns accompanying bigger brains. Wichejon_

This explains. mom's great.moreams sides,

1

are

ability to make variety of sounds, with broad, flat tongue.
Also, there must be carity below tooth live. This explains
humom chin- it makes room for tongue. Pliocene -



Hominidare X. We do not know which is oldestof Ramily,
hominidae, early Pleistocene 1) Java, Du Bois, 1892. femurs

langebrain... teeth, & skull -cap.- Pithecanthropers 2) Rhodesia - face
3) Sinamthopus , 20 found, definitely hominidare. 4). Piltdown, Sussex,

anthropas.Simultomeasly, flaked flintsmade. Thisin terminal
moraine of last glacies, in driftless S. Eng.
e

Next, first gems homo. Heidelbing jaw, Homo beidelbergensis.
Quite primitive, massive, powerful jour, mid Pleistocene. Late
Pleist homo Neanderthalensis, the car mom . Fire &flinks,
co -operated in bonds, overcome mammoths. Lived 150,000 years,

Species- Cro -magnon mom, 30-40,000 years ago, W.Eur. Artists, Brainier, not more muscular.

7...

Continuity of land, n. hemisphone. Hominidare developed.
Caspian sea, waves of migremts. Neqrords, Australards, Mongolids,
Caucasions -this 2, two years ago, then Carcasions
spread. Differentiation of races accentuated by greto,aveMinnesota girl, 137, 1st Mongol in America!

-x yearsago, Wisc. i've still there.
Sequenceof life proved. Beginning of Campriom, lines
cutoff, butthey comminge, if findina; cauld be continued.

they would come to one. IE.
are

homo

Sapiens

Origin- synthesis . (Impossible today,O+ due to bacteria.)

But man not
Why has it improved?- Offspring aredifferent, not better. Selection don it.
Mutations. Feologic factors do selecting. ( ?)
dependent on environment. No Malthusion Lear
Synthesis of

thecessory.
vations

groups,
superman .coming up, from meeting.

"best traits of each... group.
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Mather- May20
VIII-D Mammals

ī

1). Of the Mezozoic
a) Origin from mammal- like reptiles
1) Edg-laying& marsupial mammals.

-C).First placental mammalsin Asia during Cret. time.

2) Widespread dominance during Cenozoic Era,
The " Age ofMammals".
Archare creadonts & modum carnivores.

condylarths& " hooked herbivores...3
Amblypods Averbythe victims of Megalomania.

Odd foed, hooked mammals._
Even tood

c). Pro boseicteams.
a) 5. Am.
e)

side lines
Mammals invade sea &air

+ 1).Beginningof decline in pleistawi
E. Mombind

Triassic. Permian, Texas, & S. Afry.2.
like succeeded,

Theromorphs, early Mesozo12. Triassic - day like posture, diff. teeth, legs
·reptiles. N.Am...ones faitedutterly. S. Aforlones

ofmanund

under him, small tail. - But also is reptite like -2 distinctiones.

--blood& breasts, neither in skeleton . Not allmammals.
selle, but have mammary glords. Then Comanchean, N.

Am,& Afr. & Asia, Joms with mammal characters, from futh&
articulation of bone. May have been egy/ayings,maybe
monsupial. Placentals, Cretaceas of Mongolia, only Mess one
Osmosis, oxygen this tramsfied the placenta. Small,mable
to lick dinosams. But Cretaceors end, all dinos ons extincted, be

cause othervalues than militarism counted most. Mother love
Patrio filis, creodent, ancestor of cats, but uretract

able claws, notsuch cutting teetti. Thm caks, sabertooth tiger, extrem

was it.



Herb
).

in killing, best thing ever. But now extinct, it overdid

something, don't know what. Presont cats less dreadful.

Archaic hooked herbirmas condylarth, when?(
1. Got bulkier & bulkier, for protection , flat foot, ambilopods. Then

bony projections. Megalomania. Now extinct.

2. Clasily related, lighter Timbed herbivores, still living. 2
groups, A 1 : hooked ( like horse), 2 hoots ( cow, "cloon hort")384 focs. Hiçen arched back, Ifaststarts.tocine echippere,

gesize of fox. " Oligovene, 3 presworMically prairie, had toMincenty

from cats, got up on does. Equis scotare, bigger thom modern

(why ?)horses, faster, too. Extinct now .
Camel's startedin N.Am.,+- -

on toes like horse. Hind fest
evolve faster tham front. Bones.Pused together, "Carmon bone!!..
forred, Horse has "common bone" foo fromdifrent ponos.

+ Late miocere, Llamas etc., mond to 5.tm., & some fo

+ Fur.&.Bia. By Pleist, died in N. Am..+ Elephants.
there too!

Pleistoume hairy mastodong different,
Imperial elephant ancestor of modern. N.Afc. Mamment

·lik elephant. Mastoden teeth like humans, elephant teeth different.
Ice killed !em.

no cats. Mansupial5.Am., pakreeme, only herbivos, migrated,
cars were there, they competed. Irmadilla, mommal turtle.
Giant ground sloths. Late Miocome, new Isthmian bridge, inter
migrations horsen tos. Am.(Air & water mammals....Bats, which home.to

hide, birdsrule air. Butin sece, worm blood butter than cold, ) 5.fm.
herbivores slaughteed, some got north& to Europe.norths& to Europe. Thin ice
age domove enlything southy,they stayed there, homes driver from
finericas, All animals have declined in Pleistocares except
mam ..
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Mather - May 18

VILL C. 3 Dincscurs, rulers of Mesozoic
4. Preptiles conquer theLeas (Plesiosaurs ,Ichthyesaus).I. Preptiles imade theair - Pleresarres
6. Mcdum reptiles remnants ofa vanquished army
7. Origin & weltienst birds

D. The Mammals

+

+

Triasers redbeds of Corivalley, kessit footpomaly,
+Stegenis, legs undwo him, small fuck. Bggir,& but lack
+semi-erect stature, 3id kind, Podepusavies, bipedal, long

whiplash texta neapon. These I one begimurs utdincsouns
Jurassic, 2 major groups,llcannicorns bipedal, with teeth
pororful cloms. Climax typromesas rex. Legs, strength .
flexibility mixed very long bel, walkeden toes. Longs.on massive,
farl, typicaletcam, vorauscamivoras dinesaurs, a handicap. 2) Herbivores, slow

&staday quadospedal. Browse arrure Dad like feront like+tophornt.
Heavy Teofs. Mancolors articulation . Being coldblooded; nended
less food. Small brain, &nome goinglia in hips langer tham
brain. Deplodicus carnegiae. Tails for defense. Other
herby stego sames, bony scetes aing spine, plongs on toil; small
head, Triceratops,no death, but parrotlikejou. Horsnot decidves,
but pontetskull. Their eggsin Mongolia, Comancheam. How dane
Know they aredinosaureggs in same strate witharmesaurs,arnosaurs....
also have little dinosaure in lem.

+ 5./n/94. Perfect cidapration by plesiosaurs, Adaptationedlegs
Piippers retorn's bone series. These aim't #ins.|| Ichthyesour
p.femt. Body Pshlike,but still replite. How about eggs- had to be-



!

hatched in dry. Eggs incerbated 'n body,youngborn alive,
1st vivipatus wantebrate, like gappy .Maybeblooded. Preptites whedsed;

dybe warm

5) Pterosaures. Jurassic , with tark Gretacers, head extension

replares tail as rudder. 26 ft.wingspread Could collapse
wings. Little cloms on end. One linger" elongated whole
Lengthof wing, Hellow bones. Not ancestors ofbindy +
6) Modern reliks not descended from big ores, but from miner,
inconspicuous, Meso z reptiles....- Birds

Some kaping, ligh- dinosaurs. Sam became
covered with feathercopteryx Jurassic. Teeth.

Wing- bat, all fingers elongested, Pterosour, onefarger. Archwopt.
joints turned, resembling modern. SomeSome cquatic lost wings.
Tertiary -no teeth, Yout sturnim, breastbine, Late Tertiory.

Ostrich Ake bad reptike.. +
+1

+

1

+

+
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Fishes 8 Amplitions
1. Advented the vertebreiks - Anasturid by Silurian...

a) The record

b) Theories of engin 1)Ecripted (2) Amphionis..
2. Developmentant Rishes -Anaspid

n3. Assentof air-breathing intebrates hem shumeather

C. Replikes & Bilds
1. Tromsinn fem amphite to rept.
2. buelopmentof lat paleo. reptiles,},

3 degeneratecrate sebphyla withnefessil record. Cromiates,
4th subphylum notachord & cranium, classes - cyprostemata, maths-

always open, tothers
a.Kom Ordovician armor of istrachodering = conthe

pad; & fish, implying we are descended from ecripterids. Losing

external on mor replacingit with internalskeleton, theprocess.
Silurian, tulalorbody paired appendages, notachords Anastund.(modern amphionis) . 2.theones-Darmored fishes gradually

degunerates,
chord then paired appendages, amphicxis important.

1. Anarpid, caudal In,me smallpectorals, (lessing

lose armor 2) Armored Rish are worm acquired nove

lin

&
link is not trytmer

ast, but that fish & ancestors, E,Ord, & Sil. Moderni

Tampey eel, cyclostome, like Anaspic.. Devonian, Hrve Roh.
(Gar plike vesty primitive ) Dermion Ganerds (1st seen since

meso zore pulled up Gyeons ago)./Thing with to armer is ostrach-
oderm. Devoniom- Pringe fined genords, shorks, armored, &
ancestral ling fish, dniphords (Urd. 1st ostachoderms ) Accessory

breathing argom, to take careof change in water volume.-Thy live

formecaths,hiber having above water. Lenglish of Devoniom, when

great arrdity may have become loud anmak,drivenbyland
Sturn necessitly.

hibernaring

Mirs. Amplitians. Lings had to bepurtected, &
organs of locomotion. Himmons, radius &olna bones!

of the Mesozone-Free

7



Legs replace ins both structurally& functionally.
Femur, tibia& fibula, But lungs don't replace gills

structurally- gills became innerears. Lings came from

Stego vephalian , Penn. amphibrom.
Amphib, eggs require water. But reptite eggs do not. Permian,
air bladder..

many reptiles..
V

-goes back to water, with nabbed feet.
Fin- backed lizond.sescom extinct. One reporte...

Thero morphs, forshadow...
mammals, with differentiated reveth like mammals,& legs under them,

gapin. Arrea, one in fm.one

+

+++



Mathur. May 1713

VIII

A.

+

11. b. Gastropods ofsea&land -Snail, on landby Silurian_
e, Cephalopods - chambered.

Successful nautilords - Ord.
Rise& fallof ammanoids (onder) -Triassic &Jurassic

12. fothropods
a) Trilobites, intelligent but insuccessful

e.b...Scorpions & evriptorids. -Spickers by Bernsylvomiom..
Cristaceams of the modern type - byJurassicc

Modern ass byTernionyd. Insects_ancient&modern - Peyn. cookroach, dragenfly
B. Fishes& amphitian...A. Ordaition strachoderms

11.b Snail partof digestive stufisin foot. Eyes, mouth,
+head, nervous system, Aware of things forfrom body. The shell

interests the geologist. Spiral_chamber, just one. Siphunches tube

thru shell to take in liquid. Early patercoin, 2 kinds. Those in
spires, &those coiled in single plans & vertically symmetrical.___
Bulig. Mesozoic, siglunche tubes, like modern. Modem gastr. ore freshwater

Cairbreathers both. There were sil. land snails, oldest-knum air
breathing animals. There are pers-glacial anthropack.-Capulids, be

cause shellis shaped litte liberty cap. Siphunches only fundin warna
waters..

fluid

c. Cephalopods - there one mocher forms. Shell cortedlike

gastropods. Ege, morth sestanded by tentacles, carnivorous, Chambered.
Re Holmes, cephalopods have some nasty habits. Ink sacks,

sepia ink. Submarine aparatus - siphuncls "tube pumps.
in or out of chambers, 1st cepliclopeds straight Cambrian.

Nautiloids, in Ordu, coiled...Devonian new type of ceph, with...
crenulated partitions - ammonoids, which one dominant imertebrates

in Triassic & Jurassic_. Comanchean, they get loosely coiled,
were facedwith extinction,trying

By end of Cretaceus, they one game.
nearly straight. This suggests they
to awold it.

12. Arthr. include crustaceams, insects, spicture, scorpions,
Euripferids, extinut amerstonaf scorpion, with stingemendarl



Spiders Pennsylvanian to present.
c. Jurassic, modum crest. appear - lobster like. I massic

spidur crabs. From d. to nows crustacions hom flanished wit

1

chomging...
d. Insects. Most highly specialized insertebrates there are.

Cockroach the oldest- Pa. pd. Dragon Hys next. Larral stageof
dragon fly found in Pa. € trilobites had larroe, which
resemble Pa. dragen fly larva... Paleozoic - no butterflies, onts, bees,

moths, etc. Tertiany, modern assemblage. Ants in amber, Miocene.
Drone, worker,gaven division made , has been maintained 8,000,000 years,

They have not changed - no progress.
individual regand.

-B The record. arrit
Eish. Pread class. ofcustomatos, lab, manual &text.

Devonian - head, thoray in bany
plate, eyen naked tail, 2 flippers. Ostrachockerms ...Alsu,Rish

with no fins, rather eel like, tail fin . Ordovician, platesof
ostrachoderms found (!!)

+

"
One

for

all.",
the

motto."
No

1

1
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Raymond, May 15
13

Fishes
Binished.
them off.

+ Unofferal outline 12, arthropods
Trilobites.

Principal characteristics

freecheeks
Cephalon, thorax, pygidim, glabella , facial suturess, cramidim,
Kinds of eyes bunchot single eyes.
size, geological range

Ventralsiche

Hypostoma, antennules, biramos limbs, endopodites, exopoditos
Anatomy & food
Methodsof locomotion

Pleasons for extinction -stomach to big bron'n too small.
Arthropodls. Invertebrates, with segmented. bady & appendages

Skeleton oforganic matter, horgomic matter, hyten ??? , ftlaible & string, resists
In existurice since t, trilobites, which lasted till Devoniom,

are crustaceoms,
acids.
extinct by Permian. They

eye to

? longitudinal formens, making it trilobate both ways. Vary...
in sizes member ofsegmenty & relative size. No.No. of segments- 2-44.
All arth. moult. •Head has 2 eyes dividecitin 5. Compoundeye.

+Also have arachnid, conglomerate eyes. Crack around.
Wheepit from being injured in moulting. Whole trilobitestegroapelyfound....
Glabella- & of cephalon. Appendages Composite aye.
Some had stalked eyes. Segments as all the way underneatly
with legs. Antenna on some. Joirs extend whole lengthof
body. Fishes are up all trilobites food, &maybe trilobites,
finished them off. Location of stermach perhaps caused extinctions

started to eat plants, stomachs got langer, brains smaller.# Arachnid's- scorpions, horshoe crab, king crab. Piferham

etest by howing forwardpainand claws, insteadof feeters
Horshoes in Silurian, Carb, now almost extinct.
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Mather, Fri, MayFri, Mayf
VA (Monday, Mayment on authropods)

Echinoderms -Crinoids, stem segments & calyx.8. Vermes - segmented anmelidsonly.Pressils.
9. Bryozoa - Masslike

10. The conservation brachiopods. - lampstells live, others did...-HL. Mollusca

a) The plodding pelecypods
Gastropods of fea & land

2) Ceplopods
successful nautiloids
Rise & Allot ammonoids

+ thin stem, to
Sessile

+ animal.
+

7. Cystids, ancestral type. Crinoids, sea lilies, a modern type -
also living in Miss. - animallived in calyxontoport longstem.

Segments ofster found in limestone. Calyx, camerate Chhords.
because itis box like. Surroundedby arms, which may be spread
or contracted. Long things go. allthe way
control it. Digestion like thatof cortedup worm, a

Arrangement of plates in calyx makes species.
Excretion, longest lived cystadshad insamitomy amongements.

Blastoids, " fossi acorns". Now extinct, paleosoic only.

Starfish, we are the Paleozoic, always o

minority, Mesozoic, very abondant, as now.I Can Cucumber, prolothereans, back to
beginSea Urching

ofMesozoic. Presult of settling down in like, limiting movement,
Maginot Lime stuf; progress stopped - little development in them sitiverly
appeared.

aw.

8. Many phylum, but only / obem, the segmented annelid
warms, are found as fossils. Once 10-12 feetlonge, no

armament, but jaus , ? citanous ? material . But it ispossiblethat
all worms are descended for old segmented worms,

9. Byozoans 40 years ago called coral. But by. have months Bramsens

coiled digestive tract. Pin point size. Nearest relaties one

10. Brachiopods, bivalved. But there also have respiratory means. Begin
in €. Many in which 2 valles not curiedby hinger called



in articulate brachiopods. But also articulate t forms

Shells strengthumed by ribbing, corrugation. ( Plicated shells)
To prevent twistings hinge line bengthened. Some Ord. ones have

--short hinge live, instead have interlocking saw teeth, &sinus.
Sold arrangement.

SuchSome have 2 valres

Degenerates things lived not long.

Lampshalls still living.
others have perished.

11.

(so , thus making morsel less

One playdom of loop beakingbrachiopods. Also spiral bearing brachigod.
Criterion Ialways bilaterally symetrial, but values are unsymmetrical.

Devonian, spire-beamers are longe&memeras. 1st gorus ofthings to

appear having everything- spira. Foscist spearerill+

+

jużeyo

now extinct...

Conservative brachingods have possisted,

Pelecypods- Clams& oysters. Values scammetrical. Had to

home hinguel, crenelated forward margin. Only 1 pair of musches,which both &clove shells.open
ond. el'ams

Generally, the Row pelecypods in palessoic. After App, brachigpads down,
-pelecypode up..

1



KIII that ofanimal.4d.
A. Imertebrates

frehist. like.
Raymond

T+1 the-t records every imvert. phylum rep1.

2. € assemblage

24. Spongees
3. Protozoanprogress__ in cells,&in combining.

gustula forum, developped by t &her.
5. Corals &thi'r diversification -upperand maybeclosed.6. The short -lind traptolites - Ordovician
7. Echinadurms - Billy developed by Ord., Cysticls.8. VermesMelak

+it
are

Gremalle limestone, cozoan Comaduming mostly inorganic, some
algone. 2 places when pre- & rocks or not met. 1BoltMos,of
Montana, mich algarve , Beltina danamos sat• sortofpatterns
crestaceoms. A mistake. These

warmlike & bivalve animals.
one seanceds, ment algae. Also

W

2. Manny € fossils. By endofit, every phylum at
+ invertebrates is there...No transitmals. But only more primitive

classes & orders are here. Perrod of50 000aasPeriod of50 000 yems, pretty reply.rapid.
evolution.

+ 3. Protozoa .-Pilingup ofcells to make highly ducloped animals.
+ But cells themselvesprogressed. Cells havestructures. Also tests...

horses around well walls.
4. Leta protozoom dinide byb+remain in contact. When there

16, theymustbemust be a hallowhallow sphere in orderto remain I'n contactwith

water. But too delicate to stay that way, got pushed in, inner cells

got specialized, body cavity
formed. Machemspange in thisstage

of chrovelopment. I sponges had rectures, fibrous stehton. Buckling

Constructed sketetons of silica, glass sponges, in Devenial.
Both persist today. Bathroom sponges

sketten.I
or end where5. Coelenturate, differ from spongein thatapper

orifice is, may be closed. It is both mouth & ass hole. Tentacks
close over to help close it. Secrets lime, outer wall. Sopta, €. Hing

all corals individualiste, homa corals.



Applega

My offengetthingisf
Chain coralf the Arstknown colomy. Silurion, reef-building

Corals, Niagara Falls. Gorge. No interdependence on cooperation, all
Silurian to present, many reet brilders .

6. Grattolites.
individuals.

Ordovician shake . Look likk hieroglyphs.

Free floating colonies. Found everywhere, alike. A wonchinful

Key to correlations. _Lover Devonion. They expire - started in ypper to.
No living descendants. g

+

a FFA
+

7. Starfish, echinodermata , spiny skinned. Pentamoros
symmeting. Bilatural symmetry. Uncther side, aut conter, & longe
opening, math 8
type.

asthol .rectemrn. Ordonician , ancestral

k

}



Marter May4

vit

SEE Rogers

c. The First forests
1. Devonian trees
2. Coal forming plants oflake paleozaic.

D...Achentet floweringplants
1.. Comancheam (early Cretaceas) flora

of the Coastal Plain Series..

_P..

2. Grasses & cereals of the later Cretaceous
R. Plants during Cenozoic ver.

(1) Segregation into climatic zones.
2) Effectsof pleistocme glaciation.VILL Hist, of animal.Kd.

9

Naptez N.X, in Catskills, oldfest then Curred bramiches. Leaves
mere sca hes... Pteridoplngte.2.....

Pennsytuomion caal measures, many fossilsofplomb. Big thee.
ferns, Calamites, ancestral to equisetum. Hollow, bamboo-like
stalk. Shart, stubby branches. Fruitat top, giving name.
horsetail to mochern plant...

2kinds, lepedodendrum & sidulangum, forest trees. Trunks filled

with pithy, spongycrap, dortwo No bork. Evergreens, like forms.
Gravedpines descended. Fer like leones, apcies

inder them.
Also, some nonderscript bearos- form or other typect pteridophytes

Cycadophilopodes (forms are philopodes) Cycads
bearseeds,

are forn. like. In lak pateozoic, lived many of these promotional
1.ferms, Gingko. No floweringplantsnow extinct. Nalled seeds.

(angiosperms) in Patezoic. Animals throby limited.
Permo- Comb. glaciation, devastated.

Trassic, delicate ferns,
Comancheam, decidras angiosperm trees,

Arrived very suddenly transitional formsknow . Why? Location

basal beds of coastal plain series. Where would jurassic rocks be?
There are nome in E.W.Am . W. N.Am. Jurassic_cire all marina



Lee Rogers

or desert. It was in F.N. Am. That angiosperms
evolved, were not preserved. fossils till Comanchean! No

cereals, until late. Cretacears. Then all mattern plants existed.
Middle & Upper Cretacears is damotrunt forplomb. No
great change since.

grasses

Cenozoic revolution, segregation into climatic zones.
Palms, cypresses oaks,&pines! found growing together. Segregation
ml. sida Oligocene. Change of climate responsible. Also
possible that thynewon't suchchoosingplants,probablynothit, death theefrigeration.P.leisto cene re adjustment,adjustment,
alterations. Periglacial region (Pen 100 miles), no plants adjusted.
Extinction 040 migration. In west, above timberline, tugh alpina

meadows, grass & flowers, Alpine flore, characteristic of all high
-places. Scrrandred... Alpine fiore, many.

"" islands".
by dark spruce ferests, no

These are periglacial plants, as Wisc. ice
retreated, Alpine flora ventof mts,; just aboue timbertine....

A member of islandsof relige. Driftless area Wisu; N. Sconia,
Gasse, Kenenan uplands; endemic species, haven't migrated
outof those places since.

Repopulating of ice-Reed areas. Migration in 30,000
years for 1000 of miles. Some plants can still migrateforther. Tundra of our north will be invaded.
the Snider -214-15.

Read

|



V14.WH Hist of the plant hd.
A. Classification of plants

1). Thallophytes.
2) Bryophytes
3) Pteridophytes
4) Spermatophytes

+
-1

Mather, Mayy

+
+ B. Dannofplant life

1) Pre e Algae....
2) e pomis ( lomd)

C. The 1st finests

1

t sub

Class gymnosperms_
Ingrosperms

1

Mais notdiscontinues, like rocks. classification is connatural

is forced on us.
something.

5.by limits.of human mind. There are to plants to aming

all other division lines are straddled by Relationship ...
good basis for classe Preation. Not superficialities ofstructure, nor
similar habits, but relationships, as runcated by.?? .

Kingdoms . Phyla or branches. Class. Order. Family. Genus....
Species.... many except.- Homo Sapiens. Family -
Hominidae, man the only living representative, there are many
extinctgenera species.Suborder (thereSuborder ( there are sub onders, sub familles,

genera) Anthropoidea ( Chimpanzees, Gibbons, Oromg-orang)...
Order - Primates.

Individuals in a species. can interbreed, m

ions to whe ..... Binomial system

era &

class- Mammalia. (all warm blooded amimals

Cromiata(vertebrates)that suckte young) Supphylum
-Phylum Chordates.-
in Homo

"races"

Plant Kingdom. 4 phyla.. (p . 214, Snider) Thallophyta -
(phyta means plant) ( Thalles means no differentiation ofparts into

(organs) Single cells, or groups of independent cells. Algove, summa

1) . Devonian theres

2) Coal forming plants of late Paleozore

Sub- Species (varieties).None

sapiens, too much interbreeding.... me call its 4 subdivisions



Take a consein Consommation.

a m com
but.

stagnantwater, much scanned, brownish ropey seameed,. All live in
water or moist places. Fungi in it mushrooms, mold (any bitof

mushroom can live) There onentermediates. twixt thallo & brys.
Bryophy,ta- Mosses &liverworts. Some differentiation of parts,
no woody tissue. Reproduce by spores, this the most important differenting

of things, only spores cam camyon, (Must live in water) Pterido.
phyta- winged plants, com fly. the spore can. Fern's most common.-
spores under brand fly. Differentiated- roots, stem, hand. Rushes,scom

ingwish(which has silica in stem, which scours) ( horsetail rush - N.W.

Fracks? Has tassel sometimes) Ground pine - has spores, gros 40
50 feet long. Has nevedhos. Pter, have woody tissues, more complexity.
Spermatophytes - seed bearing plants. Intermediate forms
extinct) Gymnosperms- no pod, fruit, nut, naked seeds. Comifurs, eng.
Cycads, Sequoia, Cypruses, Sable Palm, Ginko
Angiosperms, seed coat.

now.
maidenbair free.

age.
Pictures:1)oldestknom fossil not oldest stuff. It is thin section

of pebble in congl., a pebble of Chartin Hemonian Pebble itselfprobably
pre·Algeman. Algae presened in it, colloidal silica did it. 2) Stmothes

secretedby Algae. Lake balls, formed by Algue, in limestone. Eoroan
Comadrensi, many balls named , which really were in organic, but balls

In €, 1st bryophytes. (spore, trrad sphere)genuine.
Devonian Naples,(N.Y.) Tree, 1st free.

++

++

are



Mather- April 29
# C2c frailable working hypotheses (to explain glacialclimates)i variations inforrestrial conditions

Composition ofatmosphere.
Cired atten....

1

Comp...

wirWIT History ofthe plantkingdom.
Conn, valley trip off.

cean.
ii Variations in extra - terrestrial conditions

Energy axputof sun
Camic clouds...

tratsing
Kayeting surfaceKorning ad .? Her:surface temp. ofwater means-CO₂ goes to
air, makingit colder, more.(O₂ , colder, ete
stopped ? Stops itself. Spreadingof ice sheets .meom much
rock is insulated from atmosphine, cutting down one
process of Forgy putting co₂ in air Also, life is

"depleted, balance uprety so pendulum starts to swing back.-
Mare ( O₂, zapper, so_ oceams_ liberate.(o₂, l'ce.melts.

uncovers rocks, weathering stimulated,
This takes CO₂ from air, changes swing again...These

+ com explain fluctuations in period...not periads
cola

to colt
Wombaan But thisLiby

→

*

Circulation

themselves...

dustinDust in atmosphere, from combustion, vulcomismo Volcomic

upper atmosphere is envelope, chills earth, might
explain ice. Krakatoa, e.g.Krakatoa, e.g. Unlikely. Glacial drift contarny

no.inusual amantof volcanic dust, althe some warm-weather rack+
does,

Circulation of

one

Mt. barriers, & land &sea difference affects. Aridingt.means no ice.
+ More examples.

Ice get furtherin Wash, thon in Mont, anndrag

Prepetition & localization namexplained..
acsom- Humboldt currenty Gulf stream, etc. Controlled by

land barters, water would offermse go in belts...
Japon comment.



Earthrock

ļ

Fater

-sin

95 % of ocem water has 36° F. domp.
EqualizingBagingsurstemofearth, lomers whole temp. of equatory

raises tamp. of
ten

- Or would, if it could be accomp
Connection of wateris not thermal- a matterof density, & salt
content also determines this. Amazon.P ..water floats
Atlantic, because wormen & hess saline. Medit, water
flows into Atlantic, & sinks. Rapid evaporation in equati

sone would make hot water sink, due to salinity_differences,
reversing eirculation of aceam...... my In Tertiary,

i top of

Isthmus of Panama, no Gulfstream, waters flow west
wand, are evaporated Isthmus built at begimingof P.li..
took thisperiod for effects to accommilaty & cause glacial.
climates. (Homena, grater from gulfstream_supplied.
H₂O for ice, - Gattney's idea)

neve

ii. Vontations in extra- terrestrial conditions.
Sinisa variable. star. 11= year sun-spot cycle. 400year.
cycle.. But ice ages are come lated with it. making, & var -
iations in sun wouldnot be. of mt. barrier allows

smallvariationsin termp. such as would be produced by om cycles

But presence

to affect ice ages;
Space

dust. These may intervene

..milkyway
ove

run into

on

C#

ages between stars notso emptyinch of stars-hotes in

clouds of cormi.
intervene twixt us

from cosmic dust black out. Solar system may
seme cosmic dust. No evidence that we have, hatever.

Mather thinks vorrying of sun doesit..
(10₂ in air warms up.)



Mather. April 28II C Theories of Climate

1. Available facts

a) Existing climatic conditions
b) Climate ofthepast

2/ Problems of glacial clinates
a) Conditions to be explained
1) Unsatisfactorysuggestionsc) Available working hypotloses

;) Variations ,un terrestrial conditions
Compositionat atmosphere
circulation

r
cą₂ meams heat

ocean
ii) Variations in extra-temestrial conditions

D Glacial climates, such aspresent,
were more uniform .

are abnormal. Old climates

Triassie's plants groningen Antarctica.

2. a.) , Worldwide refrigeration . Wisconsin mearly centerp,with Verm

i'ce sheers, also Patagoniam, & all. =) Severalstages, of ive advance

& retreat, in Pleistocene. Same in Permo Carb. 3) Centers oficenot

poles, ice localizet.

b) )Earth grown cold fallery, idea. But external, not internal, forces, on

glacial stages before.
major determinant of heat. And there were

2) Elliptical orbit of earth makes it be fartherhim

pahelion, wearest atlaptelion . But this has trivialeffect. January

helion Julyperibution. Bios of axis causesseasons. Suggestion

once orbit more elliptical, & north was in chaden at aphelion. But
this means alternating n.&s. I've, notso. Also, orbit couldnot

be elliptical recently?
3) Continental drift. Wegener appliedit to Permo- Carb.

Put continents together, put s. pole in Ind. ocean, &getall

permo.Corb. ice within 30 ° at poke, got Mass., which wouldbe mequater.goingrightwo
But overlooked

Squantum , Permo- Comt, in

'

Or apply it to Pleist., put N. Pok in Hudson's Day,& alloca

was within 30°. Find if equator was where it should then bue. Som From

mrs. ofAriz, Alpine glaciersat that time, 12000 ft. Andes, spancapped



14000 ft., then all otsingues
peaks, with cirques below them, lovest at 13 000 H. Righton
équatery Ichest wise, ice cirqers one

bevel of cirques:goes down. Wisc.

equater

we're where theyone.
So equaters were where

C. Varying terrestrial conditions.
i) Vorying atmosphere.

Atmosphere necessary to life. Mocherates temperature. Neither Withogon

much. 2 gares, co₂& H₂O vapor, both of
litt he

are thermal agents. Highagents. High humidity,
where there's much animal life,

where volcomoes belch, where factories ,burn coal. (Animals abundant

onlywhere plants are) More important than life ore oceam waters,
cold water holds more than hot. Warm oceom a little bit, getCO₂

nor Oxygen act this way,
which fluctuate greatly,
fluctuatimin temp. CO₂ present

started out, warm more, soon placeishot. Or cool ocean cool

more, get ice age going. suggestion- Ice ages came after
revolutions,

7
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+1

Mather

B.2.d.
Isostal'c adjustments

Explain vertical movement only3.
Summary & conclusions.8

C. Theories of climate
1. Available facts.

+

April 24.

M......M.a, Existing climate conditions...
b. Climates ofthepast.+ 2. Problems ofglacial climatea. Conditions to be explained..

I Factof isostatic adjustment. Butit may be that itis
the effectof materials furtherdown that makes the difference

growity rather thom surface weightsI difference in...This
more. commonly

in

heldlatter idea is heldBīId today.

3.2

12.8.1 2.81

Sima

Higher column weeds_***__

|--
3.2.

Siml

quasi-plastic

These eolumns shift in large units.If erosion changes weights, mt. column will rise,
column will sink.

sea

This explains vertical movements.
& conclusion.-.S . Appalachians, for summang

Begin with App. trough . (We don't know how itgot thue]
Beneath it, narrow shell et udence material. Deposition of 10
1 miles of sediments, imo all in shallow water. , trough mot
have sink,you to keep it a trough. Then comes App.ler,
involving horizontal compression . Compression will be relieved

in weakest place, Le sedimentary rocks of though.



Asp. trough becomes mts. 2.things may occusto -1)compaction
orcrock, in becomes denser. 2) Pushing ofsome ofgusi-plastic
sub- stratum over to othemplaces. Then it erodes answapit does it gets lighter & is pushed up, rejuvenated.

cyck ! 1) Dep. (2) Her . Compression . 3) Frosion &

rejuvenation. Ganges- Brahmaputra trough in 1st stage.
Himalayas in 2cnd.

3.parts it

1 Cause of horizontal compression . Just 2 fertile ideas.
1) Earth shrinkage. Chemical reorganization theonly

possible way, involving acceptance of planetesimal theory.
2)."Movement of

very slow. rift valleys, block foultomte., &Explains beah
substratem. Connection comento,

Crumpled mts,ofC... Theories_o
+

Climate

Composition, movements of atmosphere,& solar
& Racks ofweather.

1. Available facts.

& aten

energy.
Not so homogenears.omogeneas. Cold polar air is distinct

from tropical air. Masies onesolange they don'tmix . Where

they meet they mix slightly- turbulence, belts of storms.
Also diferin humidity. (2 kinds. Prelative humidity - go of
total capacity ofair to holdraper at that temp. & Yo at vapor
in air. Abs. humiding, obrias.") Cold, moist air mingtes with
worm moist air willreduce canging power of warm air, increase rel,
mimidity, cause precipitation.

Movement 2 causes. 11) connection, where 2 bodiesmeets &also
within masses. From various insulation, or mequalreflection
from grand 2) Rotationof earth & moon's pull.
3 great belts around earth. I, tropicals 30% 30; solar
insulation at max... Trade winds, toward mest.
30°- 45.⁰° Prevailing westerlies._(Easterliner rising on Andes-

+ precipitate, into. Amazon valleys. Deserts to west of Andes)



i Vi
father, April 22
132
Available working hypotheses regarding mh making

6). Changes in temperature
2) of molten

Mari
-3)... magma

quasi-plastic rock.
c) based on external relations

1) Changeof shape of earth
2) Migration of continents
3) Continental sliding

d) Isostatic adjustments
Explain vertical movements only.

b) Changes of temp.within earth, apart hom loss of
heat. Ocean boiling theay notsupported by fossil evidence.
Outer surfaceof earth not strong enough to tramsmit
forces asas suggested, anyway.2) If there were bodyof moltentherea molten magma mearsurface
(there ain't) it would have confection currents. Cheat_
coming from below) Friction will develop between

movingmagma & crust above, will perhaps drag the
crust laterally, explaining horizontal movement. Mather

a
+

doesn't think so.
Consider rigid+3) Alternative, with one important difference.

rock down 25 miles. Down 50-100 miles, rocks may be- weak, quasi-plastic , like wax. (.Prof. Bridgemon, highpressure

high timp. (aboratory) .Behave almost like liquids, Prespond to
hammer blow as the they were solid , to long.continued

though liquidi (torr, in many months, willlove

Convection currents will developin sub- stratum,
connection twint liquid &.solidy.coverover longe

pressure as
shape)

+ there will be a
areas possible explomation.

() Possible explanations based on external conditions.
1) shape of earth determined by its rate of rotation, strase

put on surface, Earth is slaning down, Isecond in 400



T

die
tycams, to maon,& tidal relations. Butthis would

cause mts at potes, rift's at equator, notso.
Look at shovelines - submergence from Besten & Pight north.

Emergina south, to Valparaiso. Similarly in Eurasia &Africa.
Indlies exceptimal. Santiago gro sath, submergence.

+
7 dany

up(((LID))
dann

more
slowing of earth means rapod movement of

bydresphere tham lithosphere to potes. (Don't forger effectsof ice sheet)
2) Mtr. result of continent migration. Based on Pacifi

+ Theory. Wegener themy! Taylor had some idea,
Similarity between shape of mongines & shape.of Asianx| mto.- pish American west, push up mts.
Wegener fit all continente together, said they

left ofter moon pulled out, were cracked up, them, due to earth
rotation & tidal forces they drifed nest & equatorward.
showed that Greenland had drifted 80 feet in 40

-

+

noon

verwere the Sial

was
years, butthis

probly due to error in clocks, that Ad Dames had used. Plecent obrewating
show no drift. Also, oceam doesnot give enough resistance toIf itdid, continents caldnot in one.build mts...If itdid,

1.

3). Hypothesis of continental sliding. expond inodoretust, loosen

convections, let it slide. Tilting of continents followed by
sliding, pushesup mts.



1Mr. club trip
Nather, April 17

ITB Teoriesof make melting (orogany)learres mote
1. Available facts_

a) Gerprphic distribution ofmt ronges.
of Natureofonstal maoments,
() Perrodicity ofmovements,
d) Recumened of 8ej Melation betweeen dessing& allinde

2). Available working hypotheses
Earth shrinkage

Loss ofheat ?' Not adequate. z
All day held trip to Conn. Valley, Givehim

Memo saying Iwon'tfogo.

+

1. maric,a)__Distatsien systemans, ilIn Longs curred,
+ lines. Sigmoida!. ll near borders, netin center of

continents, you valvle Urals, App., exceptions..
b)ulterizontal compression

11) Verticaluplift.
Appalachians- strucking Bom herreentalstructure from

compression, but height form just upliff.
Appi rev. & Conozuid new.
ill) Occasional horizontal extension. Areat persin

wits, filled blocks, E.African unts, Red Sea in

rift valley, as 2 Galilee.
ZC) Marments are perfodic.

Reamence.
e) Isostasy
&

2. Working hop istheory thatis uncler observation, to
see well it works.

a) Bu ballcom shrinkage, it hasbeen preved
that shrinkage will produce sigmoidal mk.!

Heati's being always conducted from cester
to oust to splace.. In 100 ovoove years, earth



will be 10-45° cent. Ionere. This wouldshorten.
tadies of earth &-1 mile, & shrink circumference.
6. mites, (2.πr). But 75-100 miles of shrinklage
are necess.

+

any.
But itmay be shrinkage no- causednot caused by loss of

heat. If planetesimals formed earth, Pradius has
been shortened 1000 miles.(becase of increaseof
earths density to 5.5, cher 3.5 ofplometesimals)
But this cannot explain present ink,enly oryold ones....

I

Chemical reorgomization of earth's interiors,
tending to form denser material, will explain 7.5miles of
cireamhforence shrinking since Cambrian.

concentrated- readin
6). Changes of temp. mirthin earth without loss ofheat.

teat might be locally
Whole lithosphine is radio active.
more radio active thair Sial Expand
crear basins, pinch continents -very
But mechomicsof earth cizstcl₂s +may

nbasing ty..
good.

ľ

T
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# A4 Tidal Theory (cast)
-a) Statement.(.cont.)...

Satellites formed

5.

Orbits made civarlar by resistance medium
6) Comparison with planetesimal theory
(c) Advantages

-d ).Objections...

+

Current Trends of thought

+ are
Tidal resonance--

Satellites formed by pulling stuff from son , when orbits
highly elliptical. At peribelion, great tides fermed

planet. bulge of higin.tide towardson

Theson amor developped between rotation Qvibration period of
carth, till earth pear-shaped, with rotation still going on

within the pear. Finally and pinchedoff.Pacific ocean Basin is where moon came
Atlantic basin is from continents moving

Pacific..
up

thing left.
J. -_-_-_ veryeccentric night offer stor beff. J&

say that, due to expansion of gas, there is a
resisting medium. The gas that escaped & formed planets

+by adiabatic cooling, is still within comprolofson, is- resisting medium, & makes orbits circular- thelonger
the planet, the in me it would be officted, & so this firs
The fack.

_b) Compansen.

over

Orbits.

from.
tryingto fill

Objection- earth must have become mearlysolid right after

create
takes.just_").Fidal

theametesimal theory talks millions.system.
ii) Tidal theay has earth molten when Pell

Plam.

for thasand, 5-50,
grown.

built up by accretion ofsolid Bagmina



Gamon.Birth & Death of the sin

If molken, metallic core & rocky shells, with sharphy
dhe Pined shells. If pl. is right, planes of demoncation will be
transitional, not shomp.
planes of ware deflection are sharp, this maybe be cause

But is one Vinows. But even if

sharply thefined, but notskeletons of rock & skelotonsof metal are
the actual

(_T1i)_ Pl.

way yogohydrobo![]

- mam & earth one tuins
Tidal- man is earth's offspring.

Advantages of tidal-
IIt explains earth's strateform.interior.

segmentation of outershellof earth.I 11

d) objections

-3.ay.Satellites couldnot have been fermed as J&J
Many moons are notin plase of orbits, as they should.
But this can be explamed- capire of some other moons
might have upset things.

back to sm,Also, resisting medium must to son, &
contact of planetswith medium is only slightmodification

come back

Geologic Injections. theoryof earth origin should
explain mt. making. Shrinkage of earth possible
explanation, but Tidal theory doesnot allow for this,

Mather's chief objection.

5. Current trends of thought.
Astronomers have worked selves into impossible situation...

They proved impossibility of creating earth, on basis ofce Oldest Meferritos
c..2 billion yearsyears old, Oldest toold. Oldest rocks on earthrocks on earth are a little

Lakest is

are+
Less

producing stellor gallery that universe bten up,
.Compremice Theron -

sun was double store. Have earth 2
con size,

they
delayed earth shrinkage largescate.

solar system, is expanding....Dynamic onconter. Perhaps our
Then long



!

|

VI# 3b Objections to Planetesimal Theory
i) Astronomical

11).Biological
+++

4. The Tidal Theory (Learns & Jeffreys)
a) Statement

Dynamic encanter causes ejection ofPlamento gas
Plometecondence from Pragmentsof flament
Satellites formed
orbits made circulour..

+

F

+

6) Comparison with planetesimal theory
(0) Advantages.
of Objections.

Philosophical- Laplacion theory isis cul- de - sac. Planetesimal

minerals of
rigestive

suggest's possibility of repeated cycles. (Meteorites contain

planetary conditions.( oxygon &water))
But hovedlso is suggestion of cul-de - sac. Each time
there is dynamic encounter speedofstars is lessoned.

b. Objections, astronomical1.
astro -physics. relation between temperatures &

_molealor relocity Sin's periphery's molecules are
morningso fast that resultof dynamic encounter would

-gas into outer space . Also, collisions

betweenplanetesimals(if there were any) would exceed
accretions, raporize & difise planetesimals. But-against
this is factthat planetesimals do exist (merectites).

be diffusion of

Geological objections

PAMBANA

i stratiform Structure of earth's internet.
Lines of demarcation twixt strata are

vorys harp, rather than framsiting A fully

grown, wholly liquid earth is necessary to

explain this.. Heavier liquida rettle to center,
being immiscible, like Istilliantine, would be

_shamply discontinuous. ( but we don't knowyet

to



| -

if they discontinders or not)
Other earth is segmented..

selective aggregation off planetesimal dust.that
is definitely known.

Onc

Assumption -
was

Chamb. explains by

ocean basins were once continento. Norther

Tidal Theory
Bartish Sirdames Jeans, asho-physicist.

Harold Jeffries , geo -physicist.
Much personal bitterness.- 12.8 ). made their

theory look new, thoit is only modification ofplanetesimal.
mo once, when..sm

But thereis

.. — .

was much exponded, there
flight.dynamic encounter...

When stamis differe, it readiates more mergy.
As it contracts, it becomes dim, red, & dense. 1. cubic inch

meight 10 tons. Sen is mature. 2 or 3 billionyears ago, it
was larger, radiant

Ō
J

mightener

very

Neaver side wouldbe much heaver, thire

mingling of outer emelopes, if disturbing star is
Tidal pull great, filament of gas alled out

-Filament will break - this is Achilles heel, nothis is Achilles."Ivrel.- no explanationof this. Break filamment when in position
each section becomes a molton planet.

as shown,

But this doesnot work for minor planets.- theywouldnot
home_enough gravity to hold together. Jeams explained. by

ven be
small.



1

1

of gas
adiabatic cooling - principle of mech. refting. Gas+compressed, as it exponnda i`t cools. As partof

dissipates, it cools remagas a liquid. Would
take 5,000 years for earth to condence. (Pl. took billion
years)

Orbits at first more most elliptical. As eachplanet.
was at perthelion, it migh drag out another filament,

Moon - dragged from earth by solar tide atpurbalion
Tidat resonance- pushing swing principle. Being in reschancewith coffee cup makes it.spill...

1



1
1

z Matherm
on Kant

74

"1

V

+++

7 April 10•he actually suggested something like nebulowbypp. i'n his
writings.

A Ja
ii . The planetesimal nebula

0
iii , Evolution of hubula into solarsystem
IV. Juvenite historyof the eart!!!
v...philosophic efects of planetesimal Theory

b. Objections
V.

Sun

finan
syour

Sin

1

sun.
Tidal forces (like Pences that produce tiches) pall.cuit_

Lessened gravitational influence of son, explosions
shot out further, did not fall immediately backint...
sm .

movement in elliptical orbitorhas

started.

½ of 190 planet's mass to sun's.
Many small particles(orphonetesimalish around

Shence planetesimalthemyNebula thus
does not have to be assumed- i`t follows from

sm !!...
dynamic encounter.

(111) Matter began to gob together. Orbits being so eccenture,.
collisions, which may resultin accretion. As

in orbits, when ones
being

atplanet .
many
a result, change
circular than both the old.
should have most cited or erbits, as

Therefore,
theydo. Passing

star determines plane of orbitz, oblique blaws in
accretions cause slight deviations.

more

Forward rotation, why? ( Gecrepe.Donewin thoughoot



T

present system bypassityof newetar, formation often

But
inter meteorites move fasters

if metionites collected, inmer one would go faster, rotation

would be retrograde . But for some reason, math chamues+ are that most accretion will bewill be by faster ones from

outside, slower ones from inside, rexplatning forward rotation)
As for moons, planetesimals can be captured. Chances

are again for forward rotation . But our moon
is too big, this is impossible. So must assume that
earth & moon where together ever since firstexplosion.
Probly at first was but

Himes langer.-grew faster.
been added by accretion.

.8. times langer, now 81.
60-10 % of earth has

Elasticity bad for accretion. Metallics tess
ellastic than silicates. !!! metals... there gatheredin
Rirst, silicates later.

( Mors to mass of earth CO₂ only atmosphere every
slow, beany, goes, onlyone.it.com hold . Moon no atmosphere,
too small to hold any. Homosphon grow
grow. Finally itwas able
ing of hydrosphere.

as earth
to hold even water vapor- begim

Sometime after, earth for forlife.
Life could have been there when earth was 2/3 presentsive.Silica mill into solution at lover timp. thango

so first maymas will be silicate. This silicas

constructing system fromsystem from oncamsof metecortes.
this objectionable, because ;

metals, so...
get to surface.

V..

Also 3 great currents. "These would whirl lightmaterials
to sides per contfronts, heavier ones in middle, ocean basin. Sial.

Philosophic aspects. Passing star rejuvenated decropit..
This suggesis cycles without end, destruction of

There should be 3 cracks fromeach

There are I shields radipok. There one.
ating from each pole. Oceans

between are cracks !
&winds

sin.
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I

II A.2

"Laplacion theory

+

Mather . April 8

as Statement of theory.
.6). Defects...

g)....

1) Geological discrepancies
(ii) Asponomical.data

1(1)...Dynamic inadequacy_3. The Planetesimal theory.
a) Statementofoftheory

1). Dynamic encounterof Istars
2) Planetesimal nebula

3) Evolution of nebula into solar system

Some comete, parabolic...path, not insolar system. Othere,ellis ical
init.

17.96, Pierre Laplace, hint from Kant.
-Assumed- once, in space, therewas aThat is all.rotating on...

1

I

on axis.

U.shrink.

He could not thinkof any
so heassumed it._._.

space cold, gas
gas,

shot, so it lost heat. This must
and 2) increase speed of rotation.

( by principle of angular momentum) (bra does increase

actual speed of particles.).
man

will be forward

huge bodyof hotgas

reasonson why it shouldrotates

A+ 1. point, centrifugal = centripetal forve.
Thereafter, equatorial bulge cannot
mebula inside shrinks , leavingring. Then itshrinks...
reaches new equilibrium, breaks

change size, and

again, etc.

VA
if this is 2 sides of ring which

is being made into ball, this goes
faster than this , so rotation

Moons formed similonly.
Gas would then liquefy..



This should happen. Not collision, but dynamic encanter.
surface: somestuff

Iexplosion con
son

walling to wo & huss

OriceThat is all.
There are violent.

Y

Qus

star

Then it cools, and plants & amimals grow.End of statement.
Rings of Saturn discovered before his death, consideredproof.

3.

6) Georque Darmin, math. astronomer, Chartes' brother, showed

some discrepancies, not listened to: feras
1) Geological discrepancies- earth , as we knew, is not

progressively cooling. But answer is, body heat of
earth no longer determines climate.

ii) 2 new planets Nephine& Urames found, made earth ring

nember 7, folks thoughtit. was lucky.
But now we know, outer satellites of Satum & Uranus have

retrograde revolution . But perhaps they
comets captured by the planets. But
Phobas, ihmer of Mores' 2 'moons, gres.- geres . faster.
than Mars (It cannot be a comet, it could not.
have gotten in) Raster

gohmarks oof

2...-rings also .
than Saturn, are made ofup 5.
meteorites. But this principle does apply to solar-system as a whole - innerones actually move faster

too ofwhatit What's more,bet sun Members, rotates
plane of equator of sun is 50 off plame ofplanets.

small chunks.

iii). BynamDynamic inadequacy .
Modern knowledge ofnature of

gas- it is composed of separate
earth

stick together.

into a...as gas

plancts have 97 %0 motion, to of mass in
solarsystem, something not explained by Laphice.

18.95 - 1910, T...C. Chamberlin, U.If Chicago, great

guy, working on glacial moralmes, got idea of repeated.
glaciation, asand why. Looked into astronomy, called i'n F.R. Moulton,
mathematician of celestial mechanics ( bro.head of Brookings). in 1904,
planitesimal theory. Assumes- son once came heat another stor,

are

asd gas.
Kinetic theore of

Putmatural.·reparate Imoboules.
ring, it will be too thin to



#Earth Problems
A. Theories of earth origin

1. Pacts to be explained
The solarsystem

+++++

+++

N ather,
because wedon'tknow

April 6

+

A...Oldest racks known am not p
1. a. Mercury, Venus, Farth, Mars ,

-Uranus, Neptune, Pluto

+

a.

b . The structure of the earth.
2. The Laplacian theory

a. Statement of the theory
b. Defects in the theory

i. Geological discrepancies
ii. Astronomical data
iii . Dynamic inadequacy

artoforiginal custo
Jupiter, Saturn,

1st 4 all relatively small & dance. 24 to5t. spec.
growity. Earth denfest ofall.

2and 4
in water ..

are larger & less dense. Saturn would float

6-11
more same

Pluto more like inmer quartette them outer.one.
planets Day direction, and are in oneplane,
hearly. There's a relation between Length fromsonal
relacity. Earth, 18 miles per. sec.
speedier, octer ores slaver.

Enner ones....

toOrbit of earth is ellipse but majoraxicto Jonger
Than short. Arrange planets in order of size, &
they are also arranged in shape of crbits, Ianger ones

hess eccentric.
- Each rotates upen axis. Earth takes

forwardly 3. so do all others (save maghe Uranus)
Jup. 10 hour,rotation periode vnondured.

* Mars about 24. Venus indeterminate. Mercury takes
But rotation



88 to rotate, and also 18days
88

b.

dayso

Many have Mons , 2; Jup., 12; etc.

28
înas

Mercury.

Or hoon revolves forwardly around earth;
moons (notall) . It rofates forwardly.
is both rotation & revolution period,
That's why we never see other side. Moon bulofes

toward earth, &,bowing this bulge cannot get
away from this business. Tidal forces slow internettarm

all the tending to Mererry's fate.
dois ratio of

Titan is bigger than ours;

have moons.

61
Saturn'sSub's moon Titan is

Between Mars & Jupiter

to revolve.

!

as

moon.

do

days

named planetords)
very eccentric.- ame

are asteroids (should the

30b of them, known. Orbits
s outside Jup. & inside mars.

Not as strictly confined in theplane.
Comets- very eccentric orbits. Very diffuse,

Lave , gas. Luminous, but without heat- electrical.

Meteorites- dense, 400 here. Light from breat
There are certain crowds of

Others may
come from outer

from friction .
meteorites avand sun. Others

space.
Earth built strati form, like anion. Outershell

segmented. (SIAL, SIMA)
Creation storys all have Maker.

Laplace, end of 18th, impressed by Kant, & b.y
systematic organization openinem. Nebular
hypothesis, acceptedbyhis death in 1827.

mest
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Belt series
in neopfernt

Brockies

Mather March 27

b. Proterozoic era

Hisonian

Timiskamian- Sudburyseries
Algeman revolution

+
Cobalt .Algoman revolution a repetition of Laurention. Non

laminated basal.basal conglomerate. Largerstenes in itare
+for and fun. Matrixi's groundup rock, rock flour. On

surfaces of stones in it are scratches. Glacial?

Maybe. Probably. Cobalt conglomerate is a fillite.
Central Ontario. Not, probably, as Sreat a glaciation
pleistocene.

as

/Bruce series Huronian series with
Cobalt series (includes tillite)}(iven one

Animikean series of sedimentaries &volcanics
Kemmeenawan sabresZafferol canics & sedis with intrusines

(copperZnickel)

Killarney revolution

Central Wisc., Baribou hills, perfect quartzite.Some
+ inclined, others flat. Huronian quartzite. Irom one --

sandstones containing irem oxide; plants in bags.&marshes
precipitation of iron oxide. Or maybe irem_iron.

Butsince thismagma flowed into the water.
+_deposition, more its oxide has accumulated - no no..

Grandwater has carried away allica, not i'ven oxide;+ Mesabi was 75% ironportadaoxida O're shipped to coal freless,
75% steel industry dependent.onthis.

+ cause_
rich

+

I.
Late Proterozoic -

App. trough , Procky- Ontonion trangh
Animikedn- Kemwhawan, becomes more volcanic as

+ go up.go up . Native copper. Or Kereenow peninsula. Tracked to
Fla, this Agassiz family! h.: d to own



H

land with this copperonit. Benumamom lowa flows
had much co in them, pres. aut.

Tertiary cu cresin four west now valuable...

Near Sudbury Ont, Kremenawan thick sill, exceptionally
basig nickel sulfide ores. World's most important nickel
are body.

body,
Black hills, coveredbythese late Prot. seas, pre -t- rocks.

Gheisses & schists, and ? gremite ?. Deposit of gold bearing
substances, Hermestake mines monopoly. Prof. McLaughlin,
fermer Harr. prof was Homestate consulting engineer, their

to 1400, theysplitfrom Less thanstock rose
them, now worth about 200.

100

Grand Canyon - protozois not meramaphosed.
Belt series-, Montana. sandstone & shate. Pre~ Cam

there more easily eroded Thom other stuff. This
an exception to general rule. There isno
bre Cama &pre t. Algeman & kill. rev. 3didnot strike here.
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1

VHr

I..

PreCambria
1. The basement complex2. Sequence of events.

aj Archeozoic ora

Archeo

•Don '

Mmon

which isolder

Keewatin - Catchiching volcanoes and sedimentsthe oldest lonconi rockes
Oremi the
Laurentiom recoltion . Grcisses

series of sedimentary

Prohero

6) Proterozaic era
Timiskamian . Sudbury series

Algomin revolution -gramire & gneiss
8

Valuable metals in pre -e. -
very few fossils.

Bruce series
Cobalt series (includes tillite)
Heronian...series with iron ores

-Killarney ofremites, savotion

pre -e.- digging them out
"Miskeof In amps

3 batholiths
Laurention, Algomom, Killarney

greiss & schist.

in 1870, moked end of Archeozone

3. Very

& schists

3 cycles ? (havebeen 3 since)

Pirchers.....

pre- Camb.LorettiCamudian shield (Sc., n.silly,India, anterschields)

gives hist.#

2. Long, discontimers series of expesires along predmenty BluePhilos
old borderland.smokies,

discontinuous series along Cordillera - becauseits aluge..
antfeline..

4. Miss. valley, at apex . of domes BlackHills St. Promet,
denne,

Everywhere, if
you go foep enayish you find basement.deep enough



tondra, furce -bush

Seewatin, pillow lowa; it is formed when molton lava
Lowa flow com't be original onstart.

arsold.
61 rooksin Australia.

pours into water,
earth.... 1,200,000,000

-1,800,000,000

Catchitching is sed, maybeolder.
Grenville series - m

years

marble & crystalline limestone. 40,000-100000 ft.
there were life in thim...in thickness.

days. (not absoluteproof) graphilite in it.

Then Laurention gramite -gheiss isintrudedinto them,
"lit par lit " bed bylbed. injection.

End of Era
k

OFFEE .Timiskamion series, rest on bathohoh . Sand,mnd, calcareas
Huge delta builtinto Sudburforean.

¡
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1

IG.3 .

1

+++++

H...Pre-Cambrian Nime

++ ++

Marter March 23

b. Vulcanism & diashophism in W.W. Am.
c. Post-glacial change ofhered in E." "
d. Precent erosion & sedimentation

Hong coasts
In interior

1. The Basement Complex

C.

b. Veryrecent. Perhapswhen -Indians were here. Som Froma'sco

earthquake, Gmozaic revolution . continuation. Many faults
& lava flows. Also a generaluplift Hollywood,
Parading an old ocean floor.

C. I.

firent.

Maine, etc., drammed valleys. (From Bosten northward)..But
There is also a post-glacial uplift. Thut sea rose as
ice melted, -200-20⁰⁰ feet. But that does notexplain

submergence, which is But latest movements
have been upward... Greatest movements up and have
been where ice was thickest. This diastrythism cause
of recent earthquakes.

Change for many cracks in

in temp.in temp. &
since

-rocks.
accant

glaciers may
Nontasket- some drumlins, cliffed by wores, now sepor

ated from beach by long, low, flat plain.. Nomtankerbeach
is tombole, made from drumlins...

Plivers post-glacial, in n.e. Pollen circuitors consequent
Cirques are being filed in.courses.

fromBeginning of recent- when ice melted.
central Clemada. away



IG.3

Mather Mar 20

a) Glacial & interglacial stages of Pleis/ocone..
Glaciers indestern mts.

basin...

BRANDAMALINEARNATAL

Lakes in great
other continents

b) Vulcanism & diaestrophism, Western N.Am.
c) Post -glaral change ofhuel i'm n.e. N. bm.

+4) Recent erosion & sedimentation
coastal...
interior.

sot.Tastingallweeld.
SpringVacation Planwing,somaghage,Dr.Borgan Yatrable Hachhang

I

Flaciersin western mts. In mts, then wentdown toplains...
taspiedmont glacier, went over and met Treawarin. This aramad

+Canada- US. border. Also a piedmont glacierto west. So in
mts., featuresof rigorous erosion, and depositionon plains. Forther

...South, in Oregon, Plackies, Sierra Nevadas only mt. glaciers.
+Present glaciers may be now,growing ones, not rempants. Mt. Lakes.

from morginal dams.- glacial eroosion glacial deposition.

+ Intersdayof stream &glacial erosion in glacial- fluctuation
w shaped glacial valleys.

+

perio's.18 rejuvenation.

1

Great Basin - Lake Bonneville, (GreatSalta renmant) Old
shorelines show it- there are several diferentsbore lives. At that

time a fresh-water lake, flowing out to north. Various balances
reached between rate of evaporation (humidity determines) and

supply. Climate more humid them. Max. humidity contemp.
icing.+

with maximum

other continents
ofstreetin basin, not mk....
amalogas to Long Island's.
Eur., hard on wheeled vehicles.

sothermost Eng. never glac. Conter
Backbone ofDenmark a moramme,

Gumbo mud of Illi i driftin



+
+

+

F

+

Moscon - Ill. drift, like swith,Ill
Baltic states like Wisc., lakey.
England- Scotch Highland ico, & othermt. centers. Pre-Wiss.
cell. = Pmiss)



In 1970 .

i it ,

ren. Ĵ new tro , w . of Hockies . Trias .

0 , nd of Juric . , folded
intru ion of lor e

Wier , inoru

surrou dir

ierr.. in it , lifted in Jen .

iddle- , ur sic , first
Then , Co nchean , water spread n . to Wex . nd Lu .

A , Sien ..ev

1.0 , of er nite , cores of res nt r..
posits . New tro to west , sedir rts fr

at

end

of

J

pli

Wh St

iPad . >

of ex , etc. Lim stone .

emery nce of -er . #ff1fd Jo ., then Co: . and H su erjence .

Tampico oil in K line . secs , bros Dakotas , etc. , belt
getting sediments from Rociès , (Color : do sec ) n ne fro east ,

so limestone there ; slight elevation , coul sws in west .

THE CENOZOIC ATVCLLTION ( ERA )

PAL TOJEN (Loranide or Himalayan )

Great distur' nce and mountain- making 11 continents

elevated . App.s ich were now flat , reelevated . Test , Her .

trou hs, folded . (Roclies , her , and andes . ) constal lain
still thi , ne hick . Shifting

Tertiary , west . ts . lowered by erosio
nd coàl , pleins . Eo ,

err coastline .

Tloten flowe .

PLIOCÈTE AND : LEI NJENE (2end ctive phr

Temporary

Green R. Love , Col.

10,(Clig, Solurbicio

-Alpine or Jose dian)

derate eastern plift . rest western u lift . verthrust
faulting in folüing of eroded ranide ranges .-- . Rochies .

Case de nd Coo Langes

id- iocene , Holarctic Contin at broken . Restored in Pleisto

cene , destroyed in recent . Hug uplift in an erts of worla . Pleisto

Volcanic , Fleist . , long west . ats .

aleo , eo , generul lowering of temp . fter moderate , unifor..

Cretaceous . Üligoc e , return to normaley .

iocene , re ved activity , err tic clinate .



3
the wind-blown re clay on top , seas returne . Stassfurt mines .

The se sen ve org nic blach shale , decay of fish in ich

co cer .

Latest Perrion , general elevatic: .

ERICA MNORTH

DEV...IA
) Restricted seas . Fluctated in tru

B ) Cnand... flood r : App . trough over not interior osir .

Acodians plifted , POO to Cutskill for tion , ach lik its
lirt listed hole er stern troughAte porary Old

nd very liz
C ) . Centru we dy , sw yet . . stern interior sin , ch

edirent st foot oi ts . Black in western IY , înd
stipes othe luces---Devonian lick Sholes , tricke coingt

CO PS

tro

IS IPFIAN

DE DIA CO

( izun uiesconce na submergence )

Jeep Acedian valley flooded , cut off ,

orged . Jo tiental Ac di.. deposits , not

clicte was less arid . Inter or , basin leeply

andstones , thick , along ustern orland . EL

ter ittently .SU erged , western art
Cloge---uplift 11 seas . Southern

DS

PELNBULVA LAIT

the west .

L W

old .

drowel

Subsidence cii . Bro.. 3

deposited i est .--oscilla

A

SWC ps id

psun . St.

2. General su sidence .

ped as before ,

erged . Tocono

OPD

..llow western sea , coul

Cwrence

q

si: 11

sea , coul te sures

s , col

ter

otect

+
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PER IAN

Elevation , ountain foldin nd uplift .

2. revolution . Conti al reeds .

AFPALAJHILL REM UTIC

(Hercynian in Europe ) V red system , Ireland to Ja thi is .

of'.Re-ekov..tion of Acu lans . An
e. int. basin.

once connected with Ap Uplift in west . trough , s . art . V- sled ,
basin, up,

3602013 TRA

JURASSIC

ANT .

ex 'in es . Inter ittent gleciation In
→ squantum ferTillite e r . oston . Treater rev . the Col. or den .

OCLANCHEAN

lain
Cont . den sits , .J .

( Perin, imax

CRETAJECUS

Tri sic nd Jurs cic , erosior nd conti ntal deposition .

Comanche and rectacious , like rdovici hnd fetissinian ,

great submergence nd 11 ton . clarotic continent , submergence

of eastern borderland , ergence of . interior basin , subsidence

of Tethys tro , Gondw.. alonā .

AALLABLE. TRIASSIC transitory , ure sic doul- . ures , Comanch

nd k mind and uniform . T redbeds on it . Co..st .-- cont .h

(Conn . valley trop , udson alisdes , ) Corres ond to old red ,
& rocks .at base of Suledonian atc.T. Aeolicon SWUS-1

CO

ensus , to , cypsum .

Ca ladr..

prin

tro folded to mts . Czarlis , etc. ,
Bonn , Everge leto .

Tel

, deposits in Atlantic , none now for

›

1.5.

sout . Lakes . . l in

Pero-Ca bor fero 3

(1.
Varied climate.

ad igneous .

in e.n.4 .

pres d , N.

Green and tropical./Then present topography ( of e . H.A. ) is re
sult of lociation nd erosion in retaceous pene lane .

Fermin , ri cic , nd ura sic , erosion of w . trou,

c`ntinental rədbeds , aridity . En . of tric sic , :a
see in fro Horth . Prasic , W. s . lowere , clc

pl....Pthe

ate . ,.
.0 3 ,

laid .



1
erly aleozoic Cycle .

Ending pre-Sombria time , the Killarney Revolution , and then

the Lipalian "Ers " of erosion .

Fea ures-------- Interior lowland und andaian hield ,

ostorn orderland (Alechia) ; outhe in borderland ,. xico
and Gulf ; western orderland , west of sierras ; AFF . trough
res at : 0 .; central texis , > tc , ith in tro h ; western

trough , great sin to .;
CEIAN

tro

EXCLUSIO I CRY

6CHAF .

(Firs ncroachments of sea on present land areas )

4) Western trough flooded fr oth ends to the .ddle . App .

flooded fro Iac . thru Tehuantepec . Acadian trough flooded
fro Atlantic

d

B ) stern interior basin flood fro: trough . apr . trou
►

ried . Acadien trou

a ) ole we plifted , tried . A. flooded , and eastern
interior sin . Limestone deporited .

CLE--Green untsin disturbance , said mts . formed . Seas

e.as before .

pletely ut . Little folding .

FORDOVICI .

(2) geat period . niform , uneventful ,

A) (Canadian ) Iinestones , so

3 ) (Trenton )

plift to end this och , then

C ) (Cinne n) Clay ele

31 53---T..conic distur ince--maybe fro: Taconics to 1.5 .

SILURIAN

a) AXXXPIAH.(Hiejeren ) Oneida- edin formations of rave?

in ... li . estone everywhere elwost bi
Coro in Arctic .

I

widespre... limesotr

ontle warpings ) West dry.
few shaler ,

position ev 1 .

erg ace for

Trenton .



N
ec ern interior . nder thou,

las nd nds of cones oxidized to red . Arid ty .

flooded fro : Fac . , rea . over ne ,aroon )

rid ,rid , dried dolitic linestone , Lypsum und sult . Then
trough

reflooded , norral conditions returned . Jest/flooded , too .

CHAPTER 8

still
c) (

ACC

(3671 ) Al

aridit

E CALEDO. IA NEVOLI PICH ( 1 te 3lurian
Devonian )

Caledonian ts . folded ; ac dia its . folded . Overthrust in
both of these . Chlehona and hansas folded , soon bevelled .

Vulcanism in Acadia , Caledonia , Cuachitar . Cold and glaciation
in the north . Jeas not affcted . Holcretic continent form d .

welded to Janadian slièld . t . Law.ence Valley above we er .

AFTER 8----LATE ALEOZLIC CYCLE

slon hores .

1t .

ISSISSIPPIAN

DEVONIAN

Erosion of Caledonians . Cld ked Pondstone in Central Europe ,

ser Dev . , flooded , low , swoopy hores , coal

1

FENNSYLVANIA

tra

PER IN

ses

sea

most of

Julm " phases , coui blanyshores , ountain lines in center .

Rise of orderlands in middle , shale d sund . End , Hercynion
Ats . or Faleozoic Alps begun .

sand

Foldin id urlift of trou hs . Limestone in Aussi i sh 1low

Cs . Sw mps in western Europe--- intermittently hooded , covered
y th erine deposits , and cool form .

Crustal movements , but seas persist in ussin . Salt Range of
W Indi . Germany land , Caledonians re -elevated , ercyniens

ding .-- these nts . sh out isture , ade arid , "Hew Red

adstone laid on top of coal measures , in England ; ed lay
in Ger . ny . er fervida , sea invadė : fro: sic ,finestones ,

maginea

later disconn lts derosited ,



-bokem
- synctine

vs. Anticline

top?

*f*
Mather- Feb. 4

jV B 2 Geológic Time-tableGet Mon's notes. # 25 million
C ...

t +

+

+

++

+

++ H + +

years ettermargin...
Before 1915. - knew, byphysical relationships, whichof 2rocks was older. -reld tive age.
After 15, we know how much older

Time has no subdivisions, naturally. We makeartificialanes,
Era- major unit
Period- divisions of...era
Epoch
Stage

__period.....
11 epoch

Use_mt. - making disturbances as
Bigger#1(areal) disturbance, bigger_

unit.

Era - worldwide disturbance

divisions....

Period- continental.
E2. poch- non-mt. making just shiftingof
Stage- maturity to old -age.

Cycles & cras.
Paleozoic - ancient life
Mezozoic - middle life
Cenozoic recent life

sea.

Carboniferous - most rocks not coal.

Smith- "strata", cried to give hithologic
-to periods, but that don't Work ( arenacious,

calcareous )

So we give regional names- Devonshire, Devonian....
Cambrian- Cambria(Wales)...
Type hamres mostly from western Europe .



+

Thor'swho?A Red Bed!Iway
towy

Question validity, recently.All eras of

+

Cycles

kost

So there's a new time -table.

3 atgreat revolutions since Cambrian, with

roughly the same time interval. cycles.
Scotch Highlands

-App
Mezozoić€Cenozote make 3rd cycle.

T. Ending2.
3.

g

Ending with

We know about shallow seas.
Borderlands basing, & troughs.

Paleogeography discovers.
Petroleum from rocks laid down near shore.
$ from drawing paleogeographic maps.



PaleogeographyI. History of the continents+ A. Borderlands, basins, troughs
1. Paleogeography+ 4

+

+

Nather, Feb. G

Paleozoic

++

sandstone.
spots in U.S. of upper Cambrian! Marine

sediments... Many hypotheres aboutancientreas.
possible. More evidence. Spots disappear beneath
yanger beds in alldirections. No conglomerate- sand

shalk progression. Drill wells, gut evidence. Sand-sta
continuous from Wis. to Mo.... 2 eastern.Ones

..continuas.
Lifenotunlimited in space...Panama, barriers.
Diferent condition.

3rd use for fossils- corals in.N. Greenland.-it was

(clamos) Inon
show topography and mud

probly hot then. They also- sandy living fossils, sandy
(corals)

44 Clear waters awayfromnon-sand- mud...
shone, sandy waters mean highland, etc.,etc...2 remarkable localities for paleozoic

Appalachians & Rockies. Stayed
longest in App.. They were troughs.

After troughs were filled, water spilled onto
Outside each trough was

seas

central basin ...

paleozoic highland, to supply debris. Coarser.farther
Basin

trough
Borderland

B. Early Paleozoic Cycle...



1
.

Memorize
underlined
names

1820, W. England, Rev. Sedgwick, walker,
observed rocks, E. Walles, dipped in general to the east.
Contained trilobites. 1830, called them .Cambrian.

Mercheson, doctor, observed them dipping to east,
voluminous writing, named them Silurian (W. Eng.midland)

Saw each other offen. The worked toward each other,
finally met, disputed who should have strata.

Poc. Lapworth, compromise, discovered in com farmity
then another. Central stuff he called Ordovician.

B. Early ?aleozoic . IN. America.
Early
Potsdam

Cambrian Seas invaded troughs, then spread.
Sandstone - N.E. N. Am..

+

Maps.1. deep sea.sea. Stipples
epicontinental.. Park stipples- thick, course, rock.
Coarser on east Appi, so highlands or

ands on east.
Comadian shield,- high, rough.2. Quebec, resting on basement complex. (igneous)

Besal conglomerate, then sand deposited; Lour Cambrian.
share .3.

White areas -land. lived area..area.- deep



1

1

II Early Paleozoic cycleCambrian

Expansion of seas across centralplain, &deposition of[Potsdam sandstone) This makes an ideal period.
Ordovician Trenton Limestone (.Trenten Falls, N.Y.)

++

++

++
+

+4

++

Maps.
1. Sameasm Fri. - Early Cambrian

Rockies nov eastOR old tra
go

Cambrian Seas venteast....
2. Newfoundland area.

eroded ignears basementcomplex. 25 ° dip .
Then basal conglomerate C'has fragments of basement)

sandstone
shate
Time.
shade

...lime...
shate

Same sequence
Names

trough...Butupper

1

Sedgwick found in Engeland.
one rock for of trilobites, highlygenus

shars.specialized critters. Nothingin the structures
shows sequence in time -just physical

Here thereis no between Cambrian&Ordentionunconformi
Ince sedimental sands&

quo.

3. Vermont metamorphosed rocks, Ince
shales, schist now.

4. E. Tennessee, steeply inclined beddingplasses,
...Knox dolomite.L

5. -syncline. - Wust have been underpressure. But itwas
also shattered, faulted,

6. Grand Canyon floorof trough, opposentect camfrian
floor, topofgreiss.

7. Uncomformity, a milestone.
xa



+ 8. Rhythmic advance &retreat of seas.
Map- Plackies, App, + Midnest & Texas flooded.

Potsdam sandstone deposited. Potsdam, N.Y.
9,10. Ausable inDar Potsdam sand. - in a joint

plane .
11. Slightly indulating layers, showing a literal currents.
12. Garnet &magnetite grains in botterm of ripplesmarks.

Long slope, then stoss side.
13.14.Dells of Wisconsin A. - sand delta.R.

Miss Raq hasmud delta.
Col, has sand delta.

+

15. Map - High & dry end camborian, then Ordorician seas.

Trenton limestone .- mud it calcareas on
Trenton on basement16 . either camb. eroded away,

or never inundated in Cambrian times
17.8.19
20. Shallow water Ordarician deposits and cracks& ripples.
21. slatey eavage notbedding planes.

surdhonce of shallow water deposition in sedimentang

chea

generally interbedded with shale, isstangen

Always
rocks

Limestone
makes falle
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Mather- Feb. 11
ToItsi amicidisturbance at end of Orderician

conic

+

Pictures
1.

+++

+++

++

-Dome
+ making

Tell Rogers
You can't seehim.

Sea withdrew, due to disturbance. Only
forvolume of as oceans to refrigeration.OCCHIway

No suggestion of thisat end of Ord, soitmust
have been lanering of sea floor or elevation of
continents. No, angular norm-con - ity-just dis
conformity, which is not angular.

Ord. disturbance involved crustal crumpling. Sand& shale at different Ls,
Faconics- westof Berkshires. Not farmedbythis disturbana,

2/ 3 episodes1.Local

K

2).Generalinthdrawal of interior seas.
3) Mid- Silurian times • fullagain.(² queat=

islands, explanation in [ac. disturbance .
Cincinnati arch.000 miles wide. Few
tharsand .... high-&slightslope. N.E. long
axis.
Extension- Nashville dome.

Never since Ondoriaian has Cinc. been submerged.
Nashville under in Devonian & Miss.
Northern seas have corals- isolated.
Provincialisme to cosmopolitanism &c.

5). mid. Silyrian. earliest known coral reefs. Polyps
used to be rugged individualists, how they live together,
but not as affles- each to himself.

6) Coral reefs in W. N.Y.

1



++

Gupsum widespread in N.Y. Rock salt &gupamisms,togiether
precipitated with

Gypsum, CaSox, notured by algfamiam
Satinspar Gypsum.Ma Cl.

was
Arm of seamust have been cutoff & evaporated.

E. Great Lakes great Am. desert, late
silvian .. Same in Europe , local aridity. Some

greade

thing had happened to upset climate of earth. Maybe
Trenden lime great mits, like Sierra Nev. Keep Arizona Avid zone.

Niagara lime
ar break between Paleozoic & Mesore

Glaciation in China, Africa,

Gypsom over lime at Niagara.
Aridity in late Silurian times

Angul

Other continents
& Australia.

1€ = Cambrian

C= carboni ferrous

I = Cretaceous

base Sandstone shake,upper €tillite

Paleozoic I's marked in all continents by. Hythmic
advance Cretreat of seas.



I

I c

++++

Later Silurian, changes of climate forecastgreatold RedSandstone reaval.
phea

Catskill Formation 1.) Scottish Highlands.
--Mid Silurian

+++++

H

+++++ The Caledonian Revolution

1. In Europe.

Mid .Devonianī
disconformity, dateofmt: making

2) Vertical Sil. limestonce , incomformable..cong..
higher red sandstoneold ( there is a new oneez
Marine 8 fresh water fish... Deposited iss fluctuation
from net to day season.(annual). Coastalplain,

ing fluctuating strand line Caledonia, (Ireland

Scotland to Scandinavia) affected. Greatuplifti

shale, occasional sand. - maturity

3).
41.

cicrass

Upperold ved isto old age .

Transfer to N. Am. Devonian peried....
3 provincial seak.

Middle Devenian, sear advances cosmopolitanione. parily.
Genesees.Marine,invertebrates.

early Upper Dev, complete cosmopolitan seas

Shifting seas help heredity progress.

2 recitions of thick sediments in bothtroughs.
Termesser, coarse sediments, showing its nearby .

Devonian front range of Rockies. Limestones...
Catskills, flat lying sediments, maturely dissected. N. Am.
equivalent of old red sandstone. cong. sandı,
frsh & plank (oldest known free)

8) White mts.
laver Middle Dev. sed.

Redbrain

Late Dev. batholith injected. Acadian.Mts.
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+

1

Vew Eng.
Hillsobluefint granites manya Caledonian Age.

Essexite.conce molten.Monte reqpen!
Mont Royal "Curveof hills.
Timel the Mont Royal

essexite
+ +

middle Devonian

+

ord

affee uust
above.

Vulcamism characteristic of Cal.

have been

rev.

up
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Chatanongashale

+

+

1.

Map.s &pitchers+ / Map: Caledonian revolution , affected top, madi
mk. in.N..E. no

-Mississippian
seas there later ( till mahlah)

s. App. Com belts, &

++

D Later, Paleozoic Cycle.In Am."Black mud
Roxbin congl. in

in Mississipian...
Shiftingseas of Miss...pd...

Coal of in Boston..

organisms took or.aut, currents & wares.
-het carbon.

+

Mackies MProced, chatt. shate laid. - most wide

spread thin formations... Conspicuous rock. -black,
shing, thin - bedched. Sometimes called state, but notso.
Contracts with surranding limestones, etc.

Prightnow, black mund's retthingin Baltics for
Oxidation of organizon slows

such stuff found in chat, so itmust have been
deposited in shallon , land- locked sees. Chat shale.
smells like oil, etc. Seasonal fluctuations twint
net & dry, as in Catskills, must have been....

tropical Miss.valley, this shale basic everywhere.
Potential sarce of petroleum derivatives. Tomife
volume ofit.

Then water became clearonough for live

shale

secretingorganisms,2. Thompsch
Spot wase, ther very
vère lon

Canyon
Miss. lime, very pure.

from shores,orshares
Consideralways paleogeography,environ+

mentat time of formation.
+ 3. N. Platte, Miss. deposits, limestone at be Hera

4. Diy Homs, Hog: backs, Miss. limestone,
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6.
P7. Because démed up. Miss. Lime widespread

Aber Cal. rev., long period of stability &extensiveseas.
mes disappear beneath surface on

lains, reappear

ines
in Black Hills.

+ 8.9. Later Missi, seas shift. N. App. Ploodedy
Save N.E., which hevur again was submerged.

Nashville donne, & Cinc. arch
make divide twee

still abaewater,
•sprid Eshote

eart & west, dirtyeast,chan
Chortin this limestone, colloidalwest.

susp.
10. Novate Scotia. ~ lime
11. Sand- N.W. NYC

12. Kentucky, cross bedded sandstone.

of silica. Flintridge, Indians made neapons.

13. Miss. closed, seas withdraw, Grand Canyon ?
14. Marble Canyon, Kaibab platear, Miss. lime,.

15. Map.

sed,

Marchinck sandsione Us. Miss.

Pennsylvanian from Mississippian separation is
3rd done, S.E. Mo., St. Francisterrific.

Mts
Swamps in E. interior, coal formed.
like modern everglades

Around Boston, Boston Basin. No oveanic

wahrs, botter abouu sea teel, dating must be byplantfossites.
16. Coal measure swamps.

17. No flowering plants, bet gymno sperms, withresin as
sap.

18. Buried mt. range. under Kom. Nob.
+ 19. Wind dep. sands, mymning, borders lake Penn.

Narragommett Bom
20. Camel rock, red beds
21. Pack east -...Bosten basia
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partially
drowned.

Penn.rock surranded by ignears.
Mather- Feä 18
+

ID.
Roxbung +
Congtorprate

+'+

Later Paleozoic eyele
1. En N. America

Roxobry conglomerate.

+

Maps &priteters

1. Narragomeett basin, Mooredwith Carb rodes,
sissanded byolder carb, synclines Comticlines.

2. Congl., equivalentof Pox. in Bonton. (Leiden)
Sandy matrix, irregular beatingplanes
Torential Pan, piedmont alluvial plain.

3....Interbeddedwith sandstone.
4. Distorted sand. - slightly metamorphosed.

Very late Paleozoic.
5. Boston

WERE Win Talk.

AN

Lime & shate
Lover Carb

"Cambride slate & Rox cong varying.
Rorbing ang tops anticline.
Combudgeslat tops syncline..
Local expression of Appalachian revolution is
folding

6. Wory Cambridge slate, fem slumpingofmed.

Late palerzoic,in Europe.
Here carb. was applied,applied, over Devonshire shate &sand

with coal seams. - coal measures. Carbonifras.
To west, N.Wales; intimened twist Dev.& Carb.,

limestore, conforming with carb., & included, but then
fanduncomf., so limestone & shale called low carb.

Miss. (oRN.Am) = lover Carb. (Em.)( " )
-

Penn.
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App

+

Widespread swamps, Eng Wates Belgiummadé at Americam.as

Appalachian revolution includes Permian period.
Doneta basin coal bearing rocks andunder lie
sandstone, salt, & shale. Pa-m district,
from this.

Permian

are thin beds

are best

Overlying
which =

Permiany IndianWest Texas,
Permian records.

Penn, coal ...measures,
& are so named.

Salt Range,

Graped Permian, Penn., & Miss,
Carboniferas period.called them

They shouldbe periods.
Can't be called epoch's because many placez
Penn. &Perm. are inseparated by non contermities.

mini

Permo Carboniferous means we cannot sell which.

us epochs,

in

rev.
Trough to App. Mts.
E.S⁰. Am., ints.
Alps in Eu
uplift ofeastern half of interior basin.

top. - Bedford, Pa.

Cal rew.) Acadian Mh.
Dashitam, Arbuckley ļ Wichita Mrs, App. structure.

E. £.N. Am. so hotsted that hever again has Ill.
etc. been under. Pa. dry. Rockies Frough innaffected.

Faldingis Permo- earb...



Mather Feb. 20

Squantum
-Hitlite

App.- revolution

2. Pregional uplift.
N. & Central Europe up.E..N.Am..

I. Climatic

- nuversince floaded.
(sove on borders).

Upheaval.
blacial deposite Permo- Carb.

19th cent. geologists open -minded- accepted new idea;
Thought lake paleozoic has propical - pow know it's

Late paleozonlage. in.S..A frica,. La to
To northin India .- this wrecked.

-polarice cap, theory. Local_icecap-phenomenon, as in
_sath_marved ice..

-Explanations
1. If equatormasin same place, real cold world.
2. Equator & earth's axis in diferent place.

I've from S.Brazil to Bolivia
Green Hell. Permo- Carb.

across

Hercynian - pakassic Alp- climarin Pein.
-App! climaxin perminin.
Squantum tillite formed before Perm

Hereynian folding changed climate, App.normal-izedit.



E The App, vudition.
2. Climatic up hequra!

-Permo- Carb. Glaciation _in S.Af., fustralian Indicy-stom; Squanturn Hillite nearBasten

I
1

|

1

P



V F. The Mesozoic Era

++++

+ +++++++ +++ ++

Nather- Feb. 2s

+H

Pred beds &volcanics of. N.E
& Jurassic, nextpd.

Pitchers
1. App. revolution - N. Am. likeitis now.

arid regions.( Baffin's Land Ice Sheet ??
S.W. U.S., Fox, Nmex, etc,

rock, irregularity of bedding.- evidenceof Eoliansands.
2. Predbeds donot always

late...Pateozoic red:

mean aridity- but combine

with texture & bedding, & andityproved....Texaspan
handh rocksalt beds

potash init
deposits, mg
doing it.

twixt sand, some salt has
sarve,commercial. Shallow seaty
salts too, "great chem. corp." "is

W

comes from latepatercoreDommetal uses mg. -
deposits obexpreme andity.

Great onstal & climatic upheavaly

——

Mrs,glaciation

3. N. Am.
upheava)... i the present.

Even greater variation
vast as de today, & asumeren.

Triassic deposits -1)Fundy to Md. to Ga. -very

sparse·se . 2) W. Interior- Wo. to Texas 3).P.ac.
border trough . Name S. Central Europe, Stassart

Ga., 3 Strikingly different rocks - red to salt to
brown sand& shake.Ibut same structure, no onconforming

In Am., horizontal trinimining
4. Conn. R .- _ widhe flat lands, tobacco Conions 10-30

miles. Uplants trap & diabase ridges. 2nd area,
arand Southbury. Cann. Valley able Triassic..

a) Triassic_ sediments

b) Traps
e) Comm. 21. Leaves valley
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++

-1

it.

1

+

4) Thick lava flow dirned evesta .
Much faulting,
at surface. same bed appears many timesso same

AL

There's also more than one sheetodlava.
Iasal prilassic conglomerate on greiss below.
Pload metal rock from& Conn. valley.

a) Pied beds- sandstones of value as wilding stones. Trim
of this building, e.g. Concrete has replaced, now .

Tracks, fluviatile son marine deposits. Bipedal
.: dinosaur tracks.

C) . Geologic history. ( Diagrams in lab. Manual)

Deposition, sinking, squeocing
andof fimmTriassie;
come.

lama
up, Thin Pawlting, "

App peneplane then
End of Tertiarys uplift, rejuvenation

at

& i, valleys cared .
Then ice, no verygreat changes - randing, etc. Ice
debris deposited, Moraine dam, caused changeinof P.carse
Tobacco on valley trains , great fortility.

Bay of Fundy similar, but cubmerged.
Digby Cut, Annapoli, v Acadia. Apples.
Pardon spot- Black Mt. does it.
-T. sed.& lowa, Jurassic folding blackfaulting

Cretaceous peneplang Jest, Hapridges, glac, valey.
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Coastal
Plain Comanchace 1. White Cliffsof Dover
series

IF.
13. Comanchean (lower Cretaceaus) Marthe inversion, W.N.Am.
4. Cretaceous

Pakota
Sandstene

*
+

++

+

+++

6: 30- 0'dell supper

+

+++

Lowell P - 21

Carboniferas, Cretaceous - cause ofchalk
ficultto exposures.DA

.2.3. Calcareas shellsof microscopic_animais._
-Muchpulverized -meansshallow water. Widespread
shallme seas, Divide then discovered. -Upper &lower__

Also in N.Am, in Itras, eté. Comanchean.
N.Am, startet Comanchean,

Coastal Plain Gulf ofMen., Pirst- sediments.eine

ever laid there.
RockyMt. Hrough flooded, endto end...
Pac. border Marroned.

Coastal plain, verypoodly compacted material.
Yangor rocks near shore I

Then laterin Comanchea na enot Texas,
Pac, trough, & Arctic.

N. AMand costulplantcoastal pla..- SotNewYork City.
-Fall live - inner boarder ofcoastalplain

Cretacears early. Martha's Vineyard, chalky
Gelfor Maire & Grand Banks, recently :•Triassic redbeds, Coasialplain series.

Mar ad

+ ridges

Advancing central sea, Dakota Sandsteme, Mex. No S.D.

But not time equivalents. Slow northern advance ofsea.
Plim rockofmesa. 1/2 Firmly cemented. Many hogback

bordering Rockies

Upper- Crerateas - Complete MoodingofCoasial
Plain, great plains. Last greatmell finamean sea..

Mesa Verde, Mances Shale copion by MrV, sandstore..



Triassic
Pred Beds

of Conn. valley

Nevadan
Disturbance.

|
++

+

++

++

H
+

T

Mather- Feb. 27

1. Triassic Sed. & ignears. In piedmant. Sigmoidal.
basin, N.J.,.Pa., & Md, & va . All Triassic rocks are
basins. Barbara Frietchie in Fredericksburg in "walkedby
Md.s unts. ". Trap masses, moreresistanty ridges &hills!
Palisades of Hudson such a trap. - Verticaljointing columnour.
Very thick Triassic trap sill - Beyond palisade rikque, Hackensack

meadow. - In hist.of settement ofN.X., Ridge firstas westernwas

boundary Cross faults , Newark bay has crossedridge.
2. Farther South, Va, round,gentleslopes - weak&flarlyingrooks,
3. Some poorgrace coul. When dike comes through, coke.
4. East, S.W., ' & Pac. W., trilogy.

non marine redbeds...Deplicating Permian redbeds.
Permo -Triassic.in S.Col. & New Mex.&Tex.2

new element here. - macmentsPac. border frough.
during App revolution.-only Trilassic marine invasion..

-Margins of mesas inN. Mex.- reddish brown-fluviative

origin. S. Col., red sandstone e edge, & shakes werden of
Godsnear Colo: Sp.

Triassic White Clip's in SN .Mex. - extensive

gross- bedding -sand dunes. Also some lake beds- fossils of
Plesh -water fish, jurassic

5. Col. n.of fistes pk & Ft. Collins, Jurassic beds

fold under plains. Jarassic redbeds, hearborderof.
Veryrapidly accumulating
Orgomil materials in sand potential

ofhagmLeaIC. Pac. Barcher Though.
stuff. 30.40 & ams.
oil.

Cal, near Lake Tahoe

+Jurassic over Triassic in N. N.Mex.
N.Am. - Widespread crosion in E.N. Am . in Jurassic.-
No Jurassic deposits there atall. Lagam Sea from

Al tretti in RadyMt. trough- separated from Pacific By

End offurassie -(Mr. Whi



etc. Calaveras formation ? great batholish2
Nevadan disterbance. extend into Mexicas Lover California.

Mesozore.Era IF.
1. Triassic

Red beds &volcomes of Connecticut Nalley, Buyof
Fundy, Pa Sigma,.
Predreds of SW Interior
Pacific bondertrough...2. durassic

t

Erosion only inE.N.Am.
Rocky Mr. Albaded
Nevadan Disturbance

8

CI



Geology- March 4.
IF. 4 (cont.)

+++++

++

Close of Cretaceas- Laramide Rer.
Mantain series - Alaska to Mex., Rocky Mr. System

Laramide disturbance here.
Same thing that happened to .App, trough happened to

+

Rocky tracks. Named for Larany, Wyo., Post Laramih
folding. Laranystage of upper Cretaceus. One huge
anticlimar merrockies.

Western Z thicknessof traughI
to Wys.

+ Rockics- laterup thrusts from below.
Also hoisted w. & interior, justas App.
part.

Caramide also a fected App.

shovedwas

Laramide disturbance didnot completely build

over eastern #₁ Alberten,

Cenozoic era is revolutionary,
long lived.were not so

Conozoic rev.
Terms

(Triassic -nownedsandstone)

Cretaceas peneplane in Acadia. Then greatarch formed,
axis ofwhich follows App.today...Rejuvenation, valleys
carved. Then downtilting, floodingof lowlands;tem!.....

N. Hps, 5. Black Forest, Vosges, S. E. Asia, Australia,
worldwide revolution.

rev. hoisted eastern

Other revolutionsall .

startswith Laramide . Stillin it.



Love||P-21

Oligocene

180

sty

!

#

Paris pasin

ellor
No

Lyell sorted
theyhere

Pleisto cem

Crumble easily. Goodmarine fossils.

-Paris

Tertiary.
fossils
Pensilsfrom diferentlayers, discovered

Testiary

here like modern

Paleocene
5% Eo come
35%⁰Miocene

Pliocene

35.%d
Earlydawny of recent
Dawn ofrecent

less recent
Soren hat recent

More .He cont
Most recent

Quaternary
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11 atter March 6

Tertiary time
Approaching modern conditions....

+

1. Early Tertiary -likepresent... Atl. coast under, gulf
coastender, pac. Yoastunder. N. greatplains,.cont.
deposits.

East
Caledoniam rev.,

March 15, exam,

Pakeozoic trough, northern &
folded in App.

i'nup
Cretacears, eroded.

to peneplane, great Smoky monadnocks, & Pres. range
monadnocks, maybe Laramide arched wholemore.
region, rejuvenated streams.

.2. S. E. Pa, Susquhanna, sigmordal Allegheny wags.
Small.anticlines. Susquehanna is!is superimposat

preneplane, whichwas rejuvenated

Tributaries are adjusted, subsequent. Smooth
orests of ridges from old pereplane . App. uplift
was I

Water goops
course ongot

parts of Wash. Esmalkies are old menadnocks.
Typ parts3.. Unconsolidated beds.
few consolidated beds in
organic origin. Guano, e.g.,
trackling the it dissoles out stuff deposits below
water table.

Fml ( I 4. Betsof coastal plane slope seamard, more streptythan
surface. Cuestas. Artesian wells, AM. constal plain.

Grearplains- Western interior - notunder water - piedmont allonial

foms. Just east rockies, much lower than now. Plivers

from Rockies Jostvelocity, loads, there. That's

how plains werebonelevated. Today, nestern N.
Am. uplifted, plains are being destroyed. by rivers..Bad
lands in Tertiary rocks. Ideal for preservation at

+--

land animals.

Ca P.Or , fertilizer, in
south. Now atifese. Mostof

contains capox. Water

Intermontare basins - internal drainage. Green 17.
area bil tms. thich oil shates, Col.&Utah .
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Mater March 9

California
Coastranges

~
Sierra Nevadas. San Joaquin & sacrament

.R

Miocene

Tertiary cosen onMiocene, uplift. 2.pac. embayments,Gulf & Atl. coastunder. Petrol resources of Cal.

Whecker ridge,S. valley diaterms make a'l.
sandstones, stain of petrol, - interbeddingof sand&
oily shake, makes this Tertiaryoil. Hatcentul
compression Coastrange youngestin N.Am.

Carse of mt- making is westward. Overturn
San Juan mBs., volcanic , miocene.

Europe asia.
some intermontane basins.
Alps Miocene.

"Pliocere, Himalayas .

4 shields, no

1

Endof fertiary,tertiary, this peneplaned. Then, vertical
uplift, warping & rejuvenating. Streams cut to temp.
base level, then a new uplift, still being cut into
This vulcanism preceded by glaciation .- eocene tillite.
(which justantecected revolution). Then vulcanism.

Yellowstone, Totiony volcanic. Mt. Hood, Mt. Parnier, Baker,
Crater Lake, headofvolcano knockedoffin Pleist.

Sierra Nevada, near Fiesno, broum capital; eastern edge
of Sierra fault black, 16,000 ft. wall! Wasatch mts.
Utah, 7,000 ft. wall Great basini's stretched.
Shasta.

series of long, straight faults, mts.
Prenemal of cristal movementin App.
Endof Tertiary pliocene, nearly like present land
area. Florida senest. BetStLawrence& Herdson bay up.

exempling.

=p/locene..
folds.
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Hour Exam ., N.L. Hall, Wed. at 12. Lab.

VG 3 Quaternary.Hisme

White,mts., local -Alpine glaciers bepere
Laurention centera there.got
freen.. Greens & Adirondacks.

slope.

+

wasting from above. Dremlins left. Esker.
@molting&evap.

+ Precession of Wisc. ice in interior. Terminal.maraine
the Summity N.J., Penn, N. X. above the Frie. At N.XC.,
beneath Huds. valley, etc, moved fartlest. south...
ushadon ? of adirendacks.

W. N.Y. In
+

cont. sheetfrom

Couple of cirques. Traugh
I've retreated by

down
Ice-contact

West, Illincian is pre - Wisc., ment alittle farther.
Many recessional moraines. Hal In recession, lobute
characterof ice emphasized.

Hist. of great Lakes valparaiso moraine, Iast-recossion

saga it drained. "hakeal moraine around Chic. Thru nthe.
Chicago " in existence over Chic .

Them.....Mich. Lobe retreated, Lake Chic . enlarged, samie
outlet. Buth. Marmee drained in Chic , cathedWhitterey.

Then Mohank Valley uncovered, ( today its higher than
" but then lover, since... a tilt from the east)...."sag ",

Lake Algonquin. (Supi, Huron, Mich..commected)
ThantR. connection between Alg. & E = Ontario

There are changes (2 narren sections) I'm

Niagara gerofe, when only Erie basin water-cam this
Rise in land elevation stopped Trent A.

Also a pre . Wise. burted gorge- prew." Rabls,
now full of drift .

may;
tvo. Gange

fora while.

Poat -Nipissing tilting

When St. L. valley free L. Nippissing.OttonaPl. outlet.
Because land still down, St.L. drowned. Morrine Straight
alongliChamplain, shore Reatures there now. This was 15,000

years ago._ men here.
Then tilt up n.e. fin faret, tot conditions
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as_ i'ceGlacial Lake Agassiz. As soon as I've got
North of dividay Lake started, got bigger & bigger, draining

Then Nelson R. exposed,the red river,
lake

wheat days there.
drained to Winnipeg. ļ

1

!



Fill - morainal
topography.Bed

34x.Materials different. 3 'ft. of weathered till,
10-12 .A. weathered till. Also, limestone

-grandup in till- it's soluble. Deposits are " Leechred " 15-20

ft. vs. 3-4 At Leaching.

chemically.-soil, i.e.

+

1

+++ +++ +++++

+

Mather March 13

Evidence for multiple glaciation.

+H

butnottop
manyofmoraine.-streamcared.

But above allexplicable with one glacier.
But beneath m'araine tort, are found loess etc., then

more moraine.

Nebraskan drift = Newtorey drift.
Kamsan drift over it.-Iowa.

stiff.
Ellinoian drift in Ill.&Ind.
Wisconsin drift. I awan dritt is earliest.Wisi...

4 stages... Neb -.N.S.
iams...
I'll
Wisc.

Gumbo clay-sticky&

W. Wisc., driftless area. Devil's lakley quartzite.rock.
Priftless area now iced.. It stood high.

Mass.&.Cossa.8.LongIsland placiated. Moratres dong
L.F., NarragamsettBay, Cape Cod.

N.of Plymouth - most s.w. stoton.
Mortha's vineyard, morgine, balders from Maine, Slopes to sath,

moraine &plain.
Sandwich moraine & Brassard's Bay moraine. Mastypen.

planinplain between them.- Valley train ruixt.Cape Cod Glacier,
8.B. B. G., didit. Blooks staget, long enough for erosion
to happen. Endthen dreamed. Ï



J

i

Contorted beds show wadvance ofice.
Terminal moralines- L. Z., Nontu oket, M.'s.V.,
Precessional Monomes- B.B., C.C., etc.

↓



Cont.iel...

-Climate

1

Matter March 11

Tentiany time
Prelations of continents. ...Evolution ofland animals influenced.

+ by intermigration opportunities. Africa&Eurasia contiquare.
Australia isolated, over since Laramide . N.America, Tertiary
connected sometimes to scorid.& siberia. S.Am. isolated, but
betimes connected with N.Aim & " , with Europe.
Carribean Are connection more importwi tham Pomama.
Yucatan thin libain Venezuela.thre Ceba In Paleocene, a land.
connection overit- Carribean a Pacific gulf. When thiswas
sunk, no gulf stream, climatic effect, endof Tertiary. Late
Miocene, Esthmian Bridge appears, meversinksince.
climate, universal, palms&pines gren together. Thruat
Tertiary climatic zoning became marked.

Gonial...

Glaciation to
come

+

6 Irregular hi Period. ( Pleistocene & recent) but recontoploist.
&mands, loose inconsolidated material.Co

fained testiony fragments, called quaternary. Glacial erratices.
Called glactal till. Noahchian deposits. I cebery theory
for scratches. 1841, Agassiz, glacial theory . 18.31, someone.
else got some idea, butobscure. Ridicule& discussion. Agassiz's relations,
Copperin LakeSuperior. $, donated to Harvard. At Agassiz,Cliff,
Edinburgh, overhanging bedge, strienonderit.
discovered by migue rack distribution.

Laurention(Labrodor) ice sheets conterin Quebec, Laurention upland, ruter

Direction ofice

gulR &Hudson Bay.
Westof Hedren Day, Keewatin icesheet

Series ofcenters in western mts., Cordilleran sheet.
Haska.Ice didnot getto

Laurention icestreet snow from S.W.,soitwinds& ... sna
moved that way.

2undraision to Agossiz - irregular deposition of Hill,&omn

the otherhand, dendritically drained, regular , non glacial surfaces. - difference
in time of deposition does it.+

sometimes 2.bodics of till, separated by sand the



+

Why? At edge of glaciers alternate advance &retreat, but
here this doesnot work, because there are osage orange leones in
strata, which don't grow in cold. So there were 2

Pleisto cense time divided into interglacial stages.stages.

!.



PLEISTOCENE
( erosion)

TRIASSIC

PERMO- CARBONIFEROUS

foulting

DEVONIAN ( ? )

STRATIGRAPHY OF THE BOSTON AREA

(Pennsylvanian? )

CAMBRIAN

PRE- CAMBRIAN

basin

produced.

GLACIAL DRIFT , till , outwash
Cretaceas pereplone
MEDFORD DIABASE & TRAP DIKES

Tufts Quartzite , 40 feet
Cambridge Argillite , 3500 feet

~SQUANTUM TILLITE , 50 to 600 feet
~ ROXBURY CONGLOMERATE , 1300 to 4000 ft .

Nowattapan volcanics , 0 to 2000 feet
QUINCY BATHOLITH , hornblende granite

Nahant Gabbro A )
Green Lodge Formation

PERMO- CARBONIFEROUS

NORFOLK

Bhe hills comptors,which

sed, ed into

WESTBORO QUARTZITE Pine Hill
-BlueberryHillLWALTHAM GNEISS -

BASIN

Braintree Slate , 1000 feet , fossils .

Weymouth Formation

SALESALEM GABBRO- DIORITE BATHOLITH
DEDHAM GRANITE BATHOLITH

LYNN VOLCANICS , rhyolite , felsite Pine Hill

WAMSUTTA RED BEDS

PONDVILLE CONGLOMERATE

PineHill

GIANT CONGLOMERATE

(BASAL ARKOSE)

I

arteretenses

meti by
Dedhadligt.
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1. Niagara limestone. Silucian period, Paleozoic
Widespread seas in the eastern interior

basin, with rather low bercering mts., so that.
the seas were not loaded with mud ,sands

pebbles, but were clear to that Time-secreting.
| orgemisms could work.
+

Catskill formation . Devonian in period, Paleo
In the Caledonian revolution,just

-
tolkera.

so that

-preceding, The Acacian mits of New Brunswick,
-Nova Scotia, they had been formed, folded and over

thrust, and elevated high. These mits...intercepted.
the moist breezes from the Arlantic,
The e. interior basin wasquite anid. The forotht
streams brought pebbles and sand into the

+ area, where the iron in them was oxidized,
giving thered color to this formation .Itis a
sandy conglomerate.

+

+



-Potsdam Sandstone. Cambrian . The

Appalachian trength. was filled from the Pacify
and erosion from the eastern bescherland

Filled it (& themeantimeterfor basing inport) with2-sandstene. Marine Dep.+
=_=1/₂

Dakota sandstore. Cretaceas,peribah, Meso.-.
+zaic era. Mexico had been flooded in Coman -

chean time, then this sea, in Cretaceous, slow.
worked northward, in a broad belt about

the same as great plains, today. The
App. revolution, preceding, had moderately sterrated.
the western trough,trough andand erosion from it
into this sea, as it went north, produced Dakota
sandstone.

+
+

the

+
Miss

-1/2 Chattanooga Shake lying
E. NorthAm .time, era.The

SEC

firms.
begirmingof the App. revolution of

the App.was folding up Apop. trough, and itwas



I

ļ 1

SAMI quite low, so that a black sea prevaited.
!in the

argenic.e. int. basin, full of mud, and

matter. This sea was excluded by the App.
upliftof the whole area, and black, organitand a

| shake, Thin bedded but thickly deposited was left.1
of petrotermExis a potential souçon

Soutonof

72. The Nevadan disturbance, at the endat
Jurassic period, wassie

a tremendas II extension,
No- this much later

fault block mt. making, and batholithis imbersica,
but there was no worldwide activity ai
the sametimeit was isolated in time.(The

at__

Conn. rally faulting
That is minor)

The Appalachian revolution, thatinwhich the
whote App. tough folded anduplifed intowas

and

high mit. ranges, was of worldwide significance.

In Europe the Hercynian Alps were
folded 82 parsed,then the lakedonians were re - elevated..

whole string of mts., allthe
-Asia to the Himalayas (not atmax. plit here)

were produced. In Australia and Africa there

across...a way

was derassic, t00, buttoo,



was activity.

what
hiret ?

activity. Compared with these
phenomone, the Nevadan disturbance was
am local affair. In making arbitrary
divisions in time for the geoligte Nime
table warta with which aims to cover
the whole world, worldwide phoner
must be taken to mark theClimaite grand divisions

Thickness
3. Columbia love field. This field

represents, Astor next to the Dekkan inAfrica, the
greatest vulcanism in earth history. Itis

S. I daho, E.O rogen &E. Washington, mostlyIt occured earlyin the Conozoi revolition,
love flow, in the first (Lorem idagmalayan) activearamide

Itis a
scries of

în

neatheredsmilhorizontal : phase ofit. The lava is slon top of
each other in semi
1

nomena

flnot

quite

slightly
places to a soil which grens

fissure

is responsible for the great heathmestern.
wheat fields. The Snake and Columbia.
Priess at this platear. This w/camismtisis significantof whatusually ocurs in.Morewicamism that

wheret.



!

T

I

t

the -great__
folds in a great anticlinarium

mt.-making revolution.. Pressure

Horizontal

beds, and pressure is takenoff in rocksfring

grupaf

+below, this lovering the-meltingpt and causing

some ofthem to go to the surface, or be intruded

-justbeneath it as batholiths...

4. The Great Lakes.
greatIn Pleistocene time therewas a

+gloglaciation of the northern = ofnorth Amerring

When There had been before the glaciers, a divicle
Laurention and Mississippism drainage

i've loveredbutdidnot
between the

The last terminal _moraime Leftsystems, which theafter
stay.

contributed to the height of this divide, and as
the glacier retreated downhill postthis last
moraine (Valparaiso near Chic) a take begem so be
formed betwem, which found on outlet over

Lakethe morathe, in what is now the "sag "
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+Chicago Pormed over that cityof todays
was

-and gradually advanced northward. Similarly
with Lake's Superrer, Erie ( Mormene) .
Then Marmee heofam to flow into Lake

& thence to the MISS. BUT
was mencerered...When the Mohank ! alle

Than the " sabeing at thattime lover than the " say ")
** the waterdraived atthere. Finally the ice

enough(drowned as itwas) valley

retreated for so that the St. Lausonce.
wasopened, and...

hake Nipissing (as Mich - Huron superior
combinedwas called) drained thre the & Hawa
Pl. to it. TheThe weight of the ice had...
lovered the area, and when it was gene
theland son spirigup__and the ~H..P. passage
became too high. Then the Trent. Pl. The

+
+

+

Mich.. thecome too high,
flamedinto Eirie, Niagara,
her the St. Laurence. the

Viata. aA

Pually it t
a thin Ontamo....

Nurga yoq

ļ




