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February ll, 1936 le 

I don't know whether this class has reached the size to allow its continuance, 

but we will have to take a chance on thate I am going to ask you to put your name on 

a sheet of paper, and you write on it whether or not you have registered or intend 

to. In case the class does continue, I want to tell you just a little bit about 

the geologic treatment of the subjecte The geology you have taken as a previous 

course, that is dynamic geology. It is a course largely of information. Historical 

geology is one of interpretations 

Now interpretation of necessity implies a foundation of information so inasmuch 

as the foundation is furnished as far as dynamic geology is concerned, we are just 

2 going to build on that. There are two books, either of which you may use for texts, 

one by Miller, Intpoduction to Historical Geology, and the other ong Chamberlain and 

Salisbury's College Geology, Fart IIe For the Historical part the revised edition 

is the one volume book, and I would advise that onee It is more ?7?, that is, if 

you are going to buy Chamberlain and Salisbury; the old one is published in two 

volumes, but this is the better forme 

Now after you have bought the book, after you do you will perhaps not feel in- 

clined to read it very muche Historical geology is just about ad dry as the rocks 

which we seek to interpret if you try to read it from cover to covers I have an 

outline which I will give you which represents the general sequence in which the 

material will be considerede This outline does not follow any one of the text 

books. It is a list following a foundation laid by somebody else. The general 

treatment in historical geology is the interpretation of the earth and its peoples, 

that is, I should say, its population, the earth and its populatione 

We will begin at such a time when there was no North American continent, and 

determine its origin. Then, when we have a continent, we will go back and begin 

with the populations, not only on the population on the surface of the earth, 

but the forms which are entrenched in the rocks, that is, the fossil populations 

<=
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Historical geology should be considered as that, and as those events which are 

revealed and preserved in the rocks, that is, as interpreted in the rocks. With that 

as a geologic start, let us say more of the geologic foundation. If you wanted to 

start out to interpret the history of the earth, where would we begin? If we had 

to do it from our own imagination, it would be a job, for several life times ax a 

great number of individuals have been working on this jobe Individuals have published 

and compiled volumes of interesting and valuable materiale 

It is then what we call sequence of events which we call historical geology. 

These individuals first began an examination of the surface and that's where we 

begine We ordinarily speak of the rocks @n the surface of the earth as outcrops. 

Along the river banks we have outcrops. These are surface exposures where the 

rocks are exposed at the surface of the earth where the mantle rock is absente 

Suppose we came to an outcrop, what is the information we would gather from 

it? We want such information as will tell you the environment in which that rock 

was laid down or formede First we should know the class of rocks, igneous, met- 

amorphic, or sedimentarye Each would indicate a different process of formation 

of that rocke 

It is not enough, however, to know the kind of rocke We should also know more 

of the district of that recke We can also identify a reck as the the species of 

rocke If you were to take that specimen of rock if you wanted to talk about the 

animal life included in that formation ???. For instance if we were to take dogs 

today, we have quite a number of kinds of dogs, so we have to further determine the 

class of that individual dog as to police, shepart, etce It is important for us 

to know whether that rock is a sedimentary rock, and if so, is it a feldspathic 

rock, or is it a limestone or a sandstone or a marbles 

We have to know, then, more than at least the class identification and the 

environment, but the species are identified by the nature of that environments 

Furthermore, we must know the structure of that form, and that is a ???e
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We must ??? and there are a number of theme : 

By structure we mean arrangement. Structure is the arrangement of the : 

rocks recorded on the earth's surface; under ordinary conditions when diastrophism, 

that is, the forceg which twistsand turnssegments of the earth, has not acted 

upon the rocks after they are laid down, they will lie in a horizontal positione 

If, however, they ae in other positions, then we can interpret what the forees 

were which changed them to that particular position. So we must know the structures 

and @rrangement of the rocks. Later we will have more in this course in regard 

to structure and arrangamente 

We must know a sequencee For instance, were to to have a sequence in which 

there is a sandstone, shale, and limestone, that is what we mean by sequences In 

geologic history if we had that sequence, that reversed, 1s, sh, and ss, a different 

interpretation would have to be made depending mainly upon the sequence. Later 

we will have more in the course in regard to thate 

Not onby should we know rocks, but we should know color of rockse The color 

is due to the environment of the deposition. If it is red, it would be indicated 

through oxidation of the iron compounds, probably therefore in an arid climates If 

it is black in color, it would indicate an abundance of plant and animal material, 

such as in coal. Carbon is abundant in coal, that is why the coal is black. Humidity 

gives them a dark color; that is the kind of information a granite? would give from 

exposure at the surfacee I have paid particular attention to sedimentary rockse 

Now I have done so, because the sedimentary rocks are the great record of the 

earthe However, the other rocks record history to be sure, but it is largely the 

sediments which will concern use In many places, however, the geology is not just 

limited to what we see at the surface, but there are certain artificial openings 

by which we can gather informatione These are sraiaeag tees as wells, oil and 

water wells, mines and tunnellse All of them are recognized as being beneath the 

surface of the earthe
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After being in a ??? where the normal method of observation can be carried on, 

but any time a subsurface operation is made, a geologist is usually on hand to get 

all of the information available. The information gathered from these amplifies and 

modifies the information that he is able to obtain from the outcrops. They do not 

change maps for concepts as to what the geology of the subsurface? shows, but it will 

help the geologist in getting a better scope. Now sometimes the geologist has been 

sudying an area; he has hints on the exposure. He has a fairly good idea as to the 

kind of rocks. that occur. He has a good idea as to where they occur. If there are 

any true lines, he has that information also. Now what does he do with it? Well, it 

depends upon the topography of the area; if he publishes this information, he refers 

to maps and various types of diagrams, It is possible for an individual withewt proper 

background to go to this source and get information which he would need for working out 

the geology of that area. This information is usually represented by means of areal 

maps. 

They are maps that are concerned with the areas that are outcropping, of the various 

formations. In other words, they represent the geographic distribution of the outcrops, 

in other words, the ??? geographical distribution of the outcrops of the formations at 

the surface of the earth, no relation with them underground, wat at the surface. Now 

in any one area you would not have rocks continuously exposed over the surface, but 

ie would have the outcrops scattered. Only a relatively small portion of them would 

be made up of ??? yet it is possible to interpret and fill in between until the final 

product is a map. After all, what the areal map represents is the surface as it is. 

occupied by some of the formations. In other words there is much necessity of knowing 

the location of the formation. 

Up here on the wall is a geologic map, and areal map. It represents the areas 

occupied by the various geologic formations. Now before long, I want you to become 

familiar with a few outlines of that map. The details you will perhaps never become
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acquainted with. That is not necessary. You will notice that the map as you see it, 

the striking feature is the distribution of the color. That is one way we have of 

representing geologic formations. So then the distribution becomes quite apparent. 

There is a regular system of coloring used to represent different geologic 

formations which appear at the surface as 222. mat area was covered by a continuous 

ice sheet. The surface material is glacial drift, but none of it shows on the map for 

the map shows bed rock only. They may be consolidated or unconsolidated. Out in the 

Bad Lands they are for the most part, sands and clays. They are not the mantle rocks. 

In addition to color, another means of indicating rock formations is by pattern. 

This a ugful where color printing becomes too expensive, and so you will find ina 

number of cases where geologic maps are interpreted by patterns instead of colors. 

Here again, as to correct pattern, there are certain rules and regulations. You un- 

doubtedly realize that the chief consolidated rocks are stratified, therefore you 

will find sedimentary formations as being represented by parallel lines; now that 

doesn't mean horizontal. Any areas of parallel lines on a map would indicate sed- 

* imentary rocks. Now for instance, we may have a formation represented by lines 

gach as this, When we run out of lines we begin another pattern. When we run out 

of that pattern after a while, we start another, grouping the lines so that they are 

always parallel. 

: Igneous rocksare represented by intersecting lines. Ingother words, non-parallel 

lines. The interecting lines are usually so, arranged so as to give us rhombs, or 

parallelograms. Nowhere will you find squares used on geologic maps. If you adda 

third set of linesjthey form a triaggular pattern. Variation in the treatment of line 

: gives us a varied pattern. 

Then the third class, metamorphic rocks, are represented by irregularly spaced 

: short lines. Dashes, in other words. Metamorphosed rocks then would be represented 

by ?. All of these maps are represented by color and pattern, but still we have 

another way, and that is by means of symbols in which there are combinations of lettes
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and which indicate the age and the character of the formations. They indicate the age 

or the character. Now if we were to look at the areal map of, well, asuming that one 

had been made now with no information, 7fhe arrangement of the formations on the map 

may indicate the structure, and that, of course, would be of importance. If we have 

large areas covered by one formation, it is logical to assume that the formations are 

apparently horizontal. That is perfectly obvious. If we find that on the map there 

are bands extending across the map, if each of these represents a different series 

of rocks, then they are all inclined in one direction or the other, assuming, of couree 

that the surface is not too irregular. I guess the best example of the map is the 

colored fbands of green, yellow and gray. ‘The gray on the coast line represents a - 

formation of a definite geological age and we know that these formations shown here 

are all inclined, they are all inclined in one direction, that is, regional dip. 

Those of you who have taken Geology of Minnesota know something of the formations 

in the southeastern part of the state. They dip to the southeast. If in a sequence 

as represented here we were to find that ho - 

4)* . ga gos 

don't pay any attention to these colors as they are imaginary. That is, if we were 

to interpret the geologic formation here, starting with the yellow , the formation here 

might represent either one of two geologic formations, a fold or a fault. A fold 

would be indicated by a repétition of the colors in a reverse of? order beginning 

pipsebeee’ 
with the yellow,: yellow, blue, grey, blue, yellow. If our sequence was selected in 

the same order, yellow, blue, gray, yellow, blue, gray, then a fault is indicated 

so that just by observation of the distribution of the formations we can begin to 

know some of the structure, that is, by the arrangement of the formations. If on 

a map we were to fina that the series was repeated in reflected order, that the 

contacts “ate should know the structure was plunging. For example, these 

sediments might represnt an anticline. So long as it remains with the axis in 

horizontal position, the formation will appear as parallel bands on the sidea.
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When the axis is on the side, however, the trend goes around an we get this sort of 

structure, a plunging fault?. 

Well, I think now you can see what we can get from the areal maps. We can get 

class of rock, sed., ig., and met., and we can also get position or arrangment of the 

rocks. Most geologic maps have on them a time saving device which connects the 

structural facts. Again assuming this to be a geological map, now we want to know what 

the structure would be if we were going to cut through it and look at the end of it. 

If we wanted a cross section, we couédl make one. Usually there would be included in 

the report somewhere a section indicating the structure, Such diagrams are called 

structure sections. Let's make one here, 

a ' bmn f b 

Along this line we would lay off distances proportionate to where the line connects. 

We know this is gray, then blue, then yellow, etc. Now this is an anticline. I say 

_ it depends on the sequence of the rocks. If we want to stop and get the information 

we could tell from that, but in a report we are saved that bother by ?. This, for the 

most part, is fact. This interpretation that this is made from, that is, that the 

structure Sections ordinarily are made from, are purely hypothetical, and of course, 

the further you go beneath the surface, the more hypothetical it becomes. 

Structure sections indicate the arrangement of the rocks. They are not just like 

I have indicated them here in blank spaces; they are filled with a pattern which rep 

resentsithat particular formation, If the geology is a ls, then it is represented : 

by a blocked pattern like a brick wall emphasizing the fractures present in a ls. ae 

This next is ss represented by a stippled pattern. . ° The next is sh represented 

by lines parallel to the formation. The patterns of structure sections differ in that 

they follow the structure lines; they just stop when they get to the boundary - of a 

formation, ? represent an area, these, however, represent structure. Structuresections 

are of value in interpreting the geologist's ? of the formation. He is able to ??? the 

surface. In this particular case it indicates diastrophism in which the rocks beneath 

are folded. Later on we will have more of this.
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A nother method of representing formations 4 which is used, is the columnar 

section, It is just what its name implies. It is a colum, it is a diagram. It is 

a thing which is made. It does not exist except in the construction which appears on 

paper. 5 I won't stop to fill in the list of patterns provided in this structure. 

If we wanted to make a columar section, we would begin by arranging the rock in the 

order of age. Dow se the bottom would be the black, then, red, then white, green, 

blue, yellow. No where in a cross section and no where in a line? surface would you 

see such a thing as this. it is a construction. It represents a generalized condition. 

Some one hasfemarked of it in this way, "It represents only the original structure 

and none of the subsequent structures." Now let's see what they mean. After the 

deposition of the rock, thesarface was subjected to erosion and we have an unconformity. 

Wherever that line is, that would be an original structure, so that would go into the 

columar section. The intersecting part is the lowere series where ???. 

This represents a generalized conditions the vertical scale is drawn in proportion 

to the thickness. If we go back to the areal map and find this section represented, 

we would find a,a section in which ) in which we would have the same color, symbol and 

pattern. We would find a number of things, say if we were representing that in this 

formation we might represent diagramatically where the ss was, where the sh, and where 

the 1s, but in a columar section we would know in detail the thickness of the 1s and 

its position in regard to top or bottom. Much better opportunity for interpreting a 

columnarssction are the figures showing the thickness in feet given on the side of the 

section. Jt is approximately the only place on the map where we can tell the thickness. 

We could get it, of course, from the areal map of your cross section, but it is é 

easy to turn to the columar section. We have still another method of representing en ec 

the well log. You undoubtedly are familiar with the word log being used in connection 

with the word ship. A log is a record of the progress a ship makes. The same word is 

used for a ? of conditions found in the drilling of a well. The well log again is a 

construction. It is quite like a columar section in all its respects. It does not 

represent the subsequent changes that take place, but it doesrepresent the character and 

the thickness of the formation.
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It differs from the colummar
 

section in being applied to a special location
 

where it was Grilled whereas a columnar
 

section represen
ts 

a general area as represen
ted 

on the map. 

Now I think I have given you enough to understa
nd 

that there are various ways of 

getting geologic
al 

informat
ion. 

You can get it from the surface and you can get it 

from the subsurfa
ce. 

It is availabl
e 

in publishe
d 

form -- it is at the diposal of 

the general public. In most cases, any question
s 

of a geologic
al 

nature ???. These 

are the methods by which the facts are accumulat
ed, 

If we have the facts, the less 

time it takes to interpre
t 

it. It is the foundati
on. 

(Interru
ption. 

Question
: 

Can we get this in the text by Miller? Answer: Let 

me say a little about this text by Miller. It is very elementa
ry. 

If you begin to 

read it from cover to cover, I think you will stop at the end of the third chapter;
 

it is so well organize
d. 

However,
 

if you want to find somethin
g 

in a hurry, you will 

know exactly where to find it in Miller, in what chapter it is going to be, so it 

depends on how you want your dose of historic
al 

geology.
 

Miller, of coureg, is the 

dry toast. Chamberl
ain 

and Salisbur
y 

is a little bit more over on the interpre
tive 

Side, more interpre
tive 

than Miller, but also less factual,
 

and more interpre
tive, 

so 

in Chamberl
ain 

and Salisbur
y 

you are really getting all of the jam and none of the toast, 

so it is up to you to get what you want, all toast, all jam, or some of both. ? is 

less expensiv
e, 

If you want a historic
al 

geology since 1900 by all means buy that. 

It isperfec
tly 

all right because I am not going tofollow
 

any one of them. Other 

quesions?
) 

Then let's begin now with interpre
tation. 

We have the geologic
al 

informat
ion, 

now for interpre
tation. 

This will be nothing more now than a review of dynamic 

geology.
 

I don't know what concept you have of dynamic geology,
 

but I do know of : 

one that it should be. Geology represen
ts 

the action of the atmosphe
re 

and the 

hydrosph
ere 

on the lithosph
ere, 

the three states of nature which make up our earth. 

Well, when did this action begin? Well, we are pretty sure it was in existanc
e 

yeserday
 

and for a number of yesterda
ys. 

We can be sure, however,
 

that the action 

of the atmosphe
re 

and the hydrosph
ere 

on the Lithosph
ere 

has gone on for a long period
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of time, In other words, the geologic processes which are modifying the surface of 

the earth todayare the same as have modified it in the past — water, wind, vulcanisn, 

and diatrophism, It is hard to think of anything else even though ???, Such things 

as the Devils backbone or @evil's chair, etc., and such other natural features abe the 

result of men's work. (P.W.A. Joke) In other words these features have resulted from 

proces’ acting today. The sooner we realize this the better. Scottish geologist ? 

so firmly believed in that yet 22? evolved two schools of geologic thought. One 

school held ???; the other had erroneous ideas so we won't bother with those. But 

there did come into reality the more uniform one, which forms the A.B.C. foundation 

of geology. And if you don't understand that, I will guarantee that at least part 

of the time you will be lost. 

Law of Uniformity. Starting from that point, let us see what we can find out. If 

gealogy is the action of the hydrosphere ami the atmosphere upon the lithosphere, what 

is the lithosphere? I think that you know that it is the rocky portion of the earth. 

Well, what about the rocks? If the lithosphere is made up of rocks, then we shoudd 

know something about them. 

In a shell ten miles thick around the outside of the earth, it hasbeen extimated 

that 95% of the rock material there is igneous. In a shell taken ncaa the outer 

portion of the earth, 5% of that material is sedimentary. Most of it ismetamorphosed, 

that is, inverted back into an original form as a rock class as metamorphic igneous 

or metamorphic sedimentary, Then the ??? portion of the earth is made up of sedimentary 

rocks, but a great volume of igneous rock, That is not so surprising to you, I don't 

imagine, when we consider the subsurface distribution on the continents. : 

75% of the continental areas is covered by sedimentary rock, and 25% is exposed 

at the surface of igneous rock. Now stop for just a moment to see what that means. 

fo again begin our interpretation, this 5% covers 75% of the continents. In other 

words, it is jus! about as thick as the tarnish on this globe, or the peeling of an — 

apple?, An exceedingly thin film about the outer portion is the sedimentary record. 

Yet in this sedimentary record = going to lie all of our interpretations A 11 will
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be based on that. Not all of it, but 99.99% of it, for this is all down to 

approximately a distance of 4,000 miles, emdjis merely postulation and hypothesis. 

And so when Isay hsitory of the earth, I should say, history of theskin of the earth. 

Then back to this 5%. How is it subdivided? 4 of that 5% is sh, 3/4 of the re- 

maining 1 is$ and the other 1/4 of the sedimentary materiel is 1s. (Interruption. 

Question: What was that? Say it again, Answer: 4 of that 5% is sh, 3/4 of the 

1 that is left from the 5 is ss, and the other i/, of the 1 that is left is ls. Is 

that clear?) If we have a film of sediments around the outisde, the igneous rocks 

beneath, the quetion then is, what is the source of the sediments? And the logical 

answer would be, the erosion of the igneous rocks. 

Most of the igneous rocks would be made up ofsandry things as feldspar, quartz, 

and acessory minerals, commonly spoken of as ferro-magnesian minerals, What would 

happen to such a rock such as that if it becomes weathered? The feldspar decays and 

forms clay. And because the quartz is next in abundance, the sandstonesare next. The 

ls has resulted from the calcium leached from the feldspar. Limestone is the least j 

abundant of the sedimentary rocks. I might repeat to you that rocks are made up of 

minerals. We won't stop with the various minerals which make up certain rocks, but 

I think that youShould be familiar with such as quartz, calcite, limonite, hematite, 

magnetite, gypsum, halite, kaolinite. Those are the predominant minerals that you 

will find in our sedimentary rocks. The others we will give the proper attention 

as they appear. 

This supply of sedimentary materials is then resultant from a solution type of 

rock ???, However, we speak of a weathering process of decay which is known as de=- 

composition, the process of breaking up rock, As for disintegration, I think mos] 

of you-are familier enough with your dynamic geology to remember the agents associated 

with each of thestprocesses. In other words, distinguish the physical agents from 

the chemical agents The physical agents breek and tear down; the chemical agents 

dissolve and combine ???. 

Later on we can look at a sediment and say, this resulted from disintegration 

or or decomposition, and thus interpret the environment as indicated by, indicated by 

the ?2?.
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If weathering was all that we were to count on we would have a relatively uniform | 

topography. We would not have sculptured monuments? or canyons. The eae erosion 

is the principal removal of loose material. This takes plece by means of many agents 

but <sreams are the primary ones. We have undoubtedly become aware of the fact that 

an area, when it is completely eroded by streams, forms a smooth plain;such is; spoken 

of as a peneplain. In the history of the earth various peneplains have been estab- 

lished by erofon. I think you can recognize what the processes arg, excess drainage» wk, 

Rainfall of the surface runson the surface and begins to form a stream which 

grows in three directions. Firétin length, then depth, and ten finally swinging back 

and forth from the middle, with the result that the rocks will be levellea, truncated, 

or cut off, and the channel widened, Later on then there has been an uplift that 

has caused rejuvenation. We have evidence of an uplifted peneplain in the Appalachian 

Mountains. (Tennyson verse about everlasting hills). 

If you think of the processpf peneplanation, he had a pretty good idea, given 

sufficient time, the hills will melt and flow. Well, what happens to all of the 

materials? Part of it is deposited along the streams, but as a result} of this erosion 

action of theSsream plus the erokon action of the waves and ??? will result ultimately 

in layers depoited upon the continentel shelf, Well, let us stop. — 

What is a continental shelf? The oceans are too big for the basins; that is the ; 

simplest explanation. 

This representga cross section, this is sea level,; out here is a bain, It filled 

to overflow, Thismargin on the continent is spoken of asfthe continental ghelf, It 

has a depth of 600 feet. Then there is a drop sharply. There is a drop to a depth 

of perhaps 6,000 feet or more. This is the continental shelf then, the material con- 

tributed by the wavesbnd the streams — deposited in the shallow water. Today we find 

continental shelvespround the Gulf of Mexico and New York, out until you get Re the 

bharp break.
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At the present time the continental shelves, the continental shelf is the area in 

which the marine sediment records are bing formed, That has also been true in the 

past. If we had the opportunity to visit the various sections of the United States, 

we could very eaily be convinced that the distribution of the land and the water has 

not been as it is now, 

If we were to visit the Appalachian Mountains —- from the various facts that have 

been given you about the sequence of the rocks, you would know that they consisted of 

normal marinessdimentary rocks, ss, 1s, and sh. We would find that a thickness of 

3,000 ft. of material is represented not in any one place, for in various places, 3,000 a 

ft. of sediments all accumulated in water not deeper than 600 ft. Now we have to 

explain such an accumulation, 

It is believed that on the continents are sedimentary troughs, long narrow zones 

of weakmess which represent ? of deposition. These became submerged, leter areas 

contributed sediments, and asa result we ‘have deposition of 3000 ft. As the sediments 

are depoited, the weight of the sediments caused the bottom ot go down, and such 

a geologic feature is called a geosyncline. They, for the most, represent negative ; 

portions of the continent. Negative portions -- they are usually below sea level. 

If we were to examine the rocks that occur on the North American continent, we would 

find areas???. We have to go no farther than the ease bank. (Interruption: Question: 

What would say was a definition of normal marine deposits?) 

In thisarea between the mountains we find normal marine sediments, They are not 

on the continental shelf, not geosyncline, What are they? They represent the gradual 

submergence of the continents. The continents really remained where they were. The 

sea really moved in. The ocean level could rise or the continent could sink. We 

had submergence of continent and sea level becomes higher and higher, Jt spreads from 

the Gulf of Mexico and it spreads until it is up to Washington Ave., with the shore 

line at St. Cloud. This is an area of marine deposition, and they have to be given a 

name. Epicontinental seag they are spoken of a Epicontinental seas, seas on the 

continent. You may run across the term epeiric seas, that is one and the same thing.
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They represent portions of the continent, mot margins along the boundaries which 

have been submerged. Hudson Bay, for example, is an epicontinental sea at the present 

time. Tennyson was a better geologist than most of us know. I am quite sure he didn't 

know anything about ? but anyway he came pretty close (poetry) . : 

When the limestone was deposited out here, his last two lines were a perfect 

description, (repeat poetry). The sediments are deposited in these various areas, the 

continental shelf, geognclines, and the epicontinental seag ? of course the result 

of later erosion, so we should think of our geological history not only as ? but read 

the sediments as they are recorded by erosion. It is not enough to know that the 

area was submerged; we want to know where the shore line was, That is asking a good 

bit, but I think we can know something about it. 

For the most part, the composition of the sediments indicate its proximity to 

the shore line. On the continental shelf, the sediments are in zones, gravel, sand, 

mud and then from there on out we have the unconsolidated form known as ooze; the 

ooze later on makes 1s, the mud sh, and the gravel and sand ss. These are the main 

marine sediments not associated with ? conditions. However, with the 2??? the 500 ft. 

of water, that is part of the way we have to go about the interpretation. Now here 

isa ? in the records ???, Down on the river bank we have ss, 1s, sh. Which was 

deposited first? Firé ss, next sh, next 1s. We have this order when the area has 

not been affected by diastrophism, In other words, when the sequence hasnot been 

turned upside down, In other words geologic formations are not deposited in this 

way. We have one and the next one is deposited on top of it. If something did not 

disturb these pages of geologic history, they would be in the same order. (Interruption, 

Questions The ss on this rive bank, does that extend way downseuth? Answer: The ss 

on the rive bank goes way down into Arkansas. It is at the surface here, but it is 

far beneath the surface there.) This sequence of formations has led to another law. 

Law of uperposition. Ina series of sediments the youngest rock is always the 

uppermost one, Ordinarily we would have a recess, but I want to finish this intro-
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duction, so I am going to try to get on. If we consider sediments as pagez in the 

rock history, some of the pages are torn out, that is, they have been torn by the 

process of erosion, and we do not have a complete story from beginning to end. Several 

faces of the story have to be filled in else our record is not complete. These breaks 

or ? in the sedimentary record give rise to unconformities. 

Now every time you see the word unconformity, you should have thissequence 

of events going through your mind 2??? that is just a part of the processof interpretation 

We won't say much about unconformities, but bear in mind the types of unconformities 

that we have, that we have. I know I shouldn't be telling you this after dynamic 

geology, but it probably won't hurt, Under unconformity we have the term disconformity. 

If the erosion resulted without any change in the position of the lower bed, stating it 

another way, if the strata above and below the erogon surface are parallel, that would 

be a disconformity. 

This seriesrepresents submergence, deposition, emergence, erosion, submergence, 

and deposition, The beds above and below the erosion surface are parallel, and 

we speak of it as an unconformity, All other relations are called nonconformities. 

a non-conformity results when the underlying series has been displaced, and the 

deposition on the eroded surface is not parallel to the beds of the ? below, There 

may be a great variety of non-conformities, etc. 

- This non-conformity is spoken of as an angular unconformity. The interruption 

of such a squence of events is the basis for the lew of unconformity. In other words 

the sedimentary sequence of events is the basis for the law of unconformity, the 

sedimentary sequence being interrupted and ? resulting in an unconformable relationship, 

Our geologic process still includes another type of agent, vulcanism, let me 

remind you vulcanism is expressed in two ways, surface material known as extrusion 

: and subsurface material known as intrusion, For the most part, these can be recognized ; 

by texture. Texture is again different from structures it is size and arrangement 

of eet We can tell whether a rock is intrusive or extrusive, and of course that 

is important in determining the sequence of events,
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One of the goals in hitorical geology is to arrange things according to age. 

Now how are we going to arrange igneous rock? We date them by the time of solidification. 

If we have a flow rock, and an intruded rock as here indicated, in general they look 

alike but they are of different geological age. = es oe 

Age of rock is indicated by the sediments here, this after 2 this after l. 

Remember, all intrusivesare dated by time of solidification, 

E A nother law isthe Law of Intrusion. Simply stated thus: the intruded rock is 

always the younger, or perhaps it would be better to say the intruded rock is always 

younger than the intruding rock, Age is determined by rock intruded, but the materials 

that we are interested in here are the materials that came from the center of the earth, 

They are older, but nevertheless, the igneous rock is dated by time of slidification. 

If this were all, it would be a simple job, but after this, diastrophism came 

along and that ???, We classdiastrophism in two different divikons, orogenetic, which 

is mountain making diastrophism, Orogenetic diastrophism resultsfrom sediments or 

movements, trcumferential movements parrallelling the crust of the earth. Two ? 

move closer together and we have the diastrophism which forms mountains and geosynclines, 

The other isepirogenetic or continent making diastrophism. These movements are radial, 

that is, movement along the radii of the earth, with the continent moving farther from 

the center or toard the center along the radii. For the present we will let it go at 

that. Thos are the types of diatrophism given, 

There isjué one thing left now, and that is the Law of Correlation. Correlation 

is used in e number of comectiong but 772, The majority of rock units, the majority of 

rock units with regard to geologica age 2???. Later on I will tell you that the ls on 

the river bank is the equivalent of a lsin New York, That is what we call correlation. 

Correlation takes place over the entire earth and just in so far as the mapping has 

been done, we have a complete history of the earth'story of 2??? which means we have to 

guess more than anything else,
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This? of rock unit usually comes about by means of two typesof criteria, two things 

we look for when we want to map formations, I am not going to say much about them now 

beause I am going to spend more time on them later, I hawe chosen to call them the 

geological and biological criterias; these are physical criteria and these are organic 

criteria, We cannot consider this one until we know something about the animal and 

plant kingdom, and we won't Imow anything about that until after the 27? but we could 

talk of geological etwcia, 

They are relatively simple, for the most part, however, an enumeration of them 

should suffiee, 

1, Continuity, Well, if 22? table top I begin on thiside and I can go along an 

come out on this end of the tad top and there is nothing urprising about that. I 

know I am on the same ?, We can do the same with geological features, If you ulked 

over an area and did not cross other formations, you would kmow it was the same for 
mation. 

2. Similarity of materials. Another one that can be overlooked a little bit, 

put it isa fairly good thing to know, If, for example, we had a formation which 

contained a ???, Color, size of grain, composition, all those things 2??? in other 

words, similarity of materials, If you postulate 22? (A sentence or two about 

Vermillion range and overworking). 

Be Similarity of sequence isnext., In a ?we may not have the ame formation 

exposed over an entire area, yet we would know something about the geology, The 

similarity of sedimentary material in an area would lead. us to believe that this 

contact was 227 over that one, that formation over that one, ete, This of course 

does not over the question, but it is the bes’ we can do, The mining engineer in 

giving hisidea of a geologist, starts out g isfor guess, e for error. Anyway, it 

must of necessity be interpreted, There are other ways, but they are less 227. 

Thee are almost 2??? from the study of adjacent lands,
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Such is a foundation on which we will have to build. Now providing that the 

class continues, and so far as I am concerned, we will meet again next week if we 

have enough to permit us to continue the class ??? meet next Tuesday and make 

arrangements. : 

CD/HVA



February 18, 1936 19. 

Phy in general ? through which these forms came into beinge Se much is of common 

interest to use Therefore beginning on April 14th and 16th respectively those inter- 

ested in National Parks will meet on Tuesday evening and those interested in Historieal 

Geology will meet on Thursday evening. Now in order to know just where we are going to 

stand, 2 would like some expression on your part as to how this will divide use 

We are all, of course, you and I ? nature of both courses will have to be somewhat 

?- iI think I can organize it so that no course will suffer too muche 

For this evening the general topic which TZ want to considerg those of you who 

have not had an outline, I will give you one. The topic -- origin of the earthand 

geologic timee 

t would suggest that if you have not had previous geology courses that you had 

access to some kind of a booke There are going to be some things which you are 

going to want to look up, so 1 would suggest some kind of a text book. (Interruption 

Question: wager ree as a text book? Answer: Get one including both 

historical and dynamic geology.) 

The origin of the earth would seem a little far fetched, yet Iwlieve that you 

will possibly be interested a little bit in the origin of the earth. To those who 

are taking Historical geology, you are concerned in the origin of the earth, and 

are going to be influenced by some of the ideas concerning the beginning of geological 

time on the earths 

There are principally four hypotheses of earth origin. Let us begin with the 

oldest one, Laplacian. That is called the Laplaciane I am just going to hit the 

highlights now. The Laplacian Hypothesis was announced in about 1759, 1 think the 

date wase This French astronomer and mathemetician postulated that all of the 

material in our solar system ?¢ Now the sun and all of the planets and their 

satellites originally existed as a mass of gas which extended from the sun to the 

outermost of the planets. Now such a mass of gas must have been exceedingly rare, that 

is, meaning not densee It gust have been very ?.Having the mass of gas, he didn't 

say origin of the gas, he didn't know from whence it came, but he assumed it to



206 

be highly heated, that is, the loss of heat from this mass of gas began to contracte 

As it contracted, it began to rotatee In the process of rotation, there was a tendency 

for an equatorial bulge to form, that is the ? diameter was shortened and the ? 

diameter increased.e This process of losing heat, contraction, spinning, more rapidly, 

continued until the force which tended to draw material out in space, centrifugal force, 

in other words, gravity, tendendeito want to ?, began to be equal and the two opposing 

forces balanced. There was left off then, not drawn off, a belt of gas around the 

equatore The main mass condensed due to the cal rotating action and a belt of gas was 

left off, one belt being left off for each planete 

The sun, that is, the star of our solar system, represents a mass of gas which is 

left after all of the plamets are madee If we were to’ look down, say at the north 

pole, there, this mass, it was something like that. Then there was left off a belt or 

ring of gas, and here was a body which continued; another ring of gas left off, and 

so on until finally the material left in here was the sun. 

These belts of gas here are uniformly dense. In the weak portion the belts brokee 

z don't know which is the weakest portion heree And the belts broke and the mass was 

collected in one spheroidal body. This spheroidal body began rotating, cooling. and 

if left off a belt for instance around its ? one, and the process again would be re- 

peatede That would be broken; it would collect out here. 

' The sun is a stare The sun is a stare This mass which came from a breaking up 

of the rim, a planet, this a satellite or a moon. 

Now Laplace was convinced of thise 4e looked out and saw a planet in which these 

rings were still around it. In other words he was looking at Saturn?e Saturn is 

a planet with two light rings around ite So certainly there, there is our solar system 

in the making. 

The present day astronomers say that Laplace was mistaken, that the rings around 

i Saturn are satellites which have come to close to Saturn and have become disrupted. In 

other words, Saturn represents ? of our solar system@y rather than the construction of
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our solar system. If we assume this to be the earth rather than any planet in 

particular, this is the ideae First a portion of highly heated gas, then as the 

gas cooled it became a liquid globe still highly heatede ? in the nature of lavas 

perhaps, but a molten globe still more heatede Then ? began to freeze solids thus the 

solid globe, the outer portion of which would be a crust, the inner portion of which 

would still be molten. Consequently the ? kingdom is located beneath the ? of the 

earthe A true correlation if you want to think of it that waye Then too, Laplace 

thought that the earth originated from a mass of gas, and passed through a liquid to 

a solid stagee The material remaining was the source of the sune Otherwise 22? that 

was Laplace's explanation. 14 is sometimes called the nebular hypothesis. These 

highly heated masses of gas still sxist in the heavens are are still spoken of as 

spiral nebulaee They are still present, not in the form of Laplace, but in another 

onee 

Then two men at the University of Chicago, Chamberlain, the geologist, and 

Moulten, a mathematician, tried to explain the arrangment of the solar system on the 

basis of another process. We will give you a summary then. Chamberlain and Moulten, 

these men considered the mathematical aspect of the solar system and they found some 

rather surprising things. They found that 744/745 of all the material in our solar 

system is still in the sun, In other words 1/745 of our solar system is in the 

planets, a very big volume. Further, they studied the surface of the sun and found 

that high fountains of flames were rising from the sun's surface for thousands of 

miles and they would always return to the surface ofthe suns Having a velocity ??? 

return to us, a velocity of approximately 386,000 miles per second. These masses of 

flame returned to the sun 6 surface because of their gravitative force. 

The force of gravity for anybody is dependent upon its size or mass rather and: 

the sun has a tremendous mass, and therefore its force of gravity is enormously greate 

For example, if the world's Champion High Jumper were to expend his best efforts on 

the sun's surface, the record he would make would be three inchese The force holding 

to the surface of the sun is so great that you couldn't jump more than three inches.
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??? these men certainly were not masses of flame. ‘hey almo t leave the sun's surface. 

Wouldn't it be possible to have something to help them? They knew of the tides of the 

surface of the earth. Well, why not? They assumed then two stars, one of which was 

our sune They didn't collide, they merely came close to each other, close enough so that 

tidal effects of the passing pulled off from ff the sun, 1/745 of the material. Now 

we will postulate that these bodies were moving ?e 

We are going to consider them in three positions. Let us call this position l, 

2, end 3. This is ly 2 and that is 3. The tidal effect? would be in the direction 

of the line joining the diameter of these two bodies. In other words, ?e Any material 

pulled from the sun's surface, therefore, is going out in that direction. Coming in, 

22? any material pulled from that position is going in the direction indicated. To the 

third position the material would be drawn out as indicated. What happened to this? It 

started out in a direction as indicated by this arrow, but after this star passed, it 

took a ? part out into spaces This did the same thing, so in the third position we 

would have the bodies arranged something like this, the ? of them drawn from the sun, 

and I have indicated that process as not being contractione There would be an 

accumulation of that ?e The ? we leave for a period of time until it has ? againe 

Mercury, Venus, the Earth, Mars, Asteroids, Jupiter, Saturn, Uranus, Neptune, 

these are the astronomical bodies other than the sun which make up our solar systeme 

The planets and the smaller group of planet-like bodies arranged ai increasing distances 

from the sun to the outermost planet. When Chamberlain and Moulten proposed this 

probably 
hypothesise As most of us/know, there are two tides on the earth all the timee They 

are ? opposed. Sce this arrangement of planets, all of these small, all of these largee 

Why not have paired or double eruptions? When the material goes off in that direction, 

let's have some go off in the other direction. The smae for each of these stagese 

The large planets drawn from the side of ie sun near the passing star, the smaller 

planets drawn from the side of the sun away from the passing star, therefore, paired 

evant ious: Well, that sort of leaves an unbalanced condition. Here was a group for 

which there was no corresponding ? but eventually the planet Pluto was discovered, 

so there they are, there is the partner for the asteroids
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Paired eruptions. There is, however, one difficulty, and that is that Pluto is 

possibley going to prove to be a small planet instead of a large onee They don't 

know much about it yet. 

This materiel which left the sun's surface was ? more in the form of gas, more in 

the form of gas. As Laplace said, as it lost heat, the lithosphere then became solid. 

Those small bodies being emall planets, planetesimals, they call them, small planets. 

How large are they? Some of then think the largest ones are like the asteroids, about 

500 miles in diameter, and from there on down to moleculese Quite a range in size, 

but all of them solid bodiess 

Evidently in each of these there was a large enough body to act as a nucleus or 

a core or knote This body began to r volve around the sun and in so doing, it 

tended to sweep a part in the ?, sweep up the other planetesimal bodies. It is believed 

then, that there were 10 paired ? but only 9?. Hach of these others had a center 

: around which the material could accumulate (Interruptione Question: Does this mean 

that only 8 of these centered? Answer: Yese) 

According to this hypothesis then the material in the earth has been solid ever 

since the time it left the sun's surface. The planets have grown by the accuitulation 

of planetesimals added to their outer surface. This star went out into space and has 

been ? ever since. The chances of it happening again, of, one dmian endless number 

of signers after it. In other words, very, very remotee Chamberlain and Moulten 

proposed this hypothesis about 1900, so we can see that Laplace had about 150 years 

for his hypothesise 

Barrell. A geologist at Yale by the name of Barrell modified very slightly 

the planesesimal hypothesis. He believed the bodies were large rather than small, 

so he called them planetoids. The hypothesis, therefore, planetoidal. He thought 

these masses were so large that bombarding the surface of it with heat penetrated by 

the impace was enough to cause confusion aed those ? rock massese That is not 

commonly accepted at this present times 

Jeans, and English astronomer by the name of Jeans made another modification, 

but this time more or less of a hybrid, you might say between gabe and Moulten's
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and Laplaceb. He believed the solar system to have resulted from the close approach = 

of two stars. He, however, assumed all the material came off the sun at once and all on 

one sidee This represents an accumulation of the sume He shows and ? the material was 

pulled off in a cigar-shaped form. This cigar-shaped mass of gas would not be homo- 

genéouss; it would tend to break up into units somewhat in that shapee These représent 

the planets, Mercury, Venus, earth, Mars, Asteroids, a group of bodies, Jupiter, Saturn, 

and the rest of the planets. The cigar, broken up into units thene Those units in 

_ the middle of the cigar formed the largest planets and as we go out they become smaller 

or if they go out in the othet way they become smaller. That is true in generale That 

arrangement accordins to size, it ?e Jeans says these bodies that are large would remain 

gaseous or liquid the longest before solidifying; therefore they could hav e this smae 

process happen to theme The bodies which were small, began solidifying very soon, and 

therefore they would have little chance of having that happen to them. Mercury or Venus have 

no moons or satellites, Mars has two, Jupiter and Saturn both have many, one nine and 

the other ten. A long period for cooling and the possibility of ?e 

These conditions, there is not enough known about them to saye ? gas broken yp 

into units more or less collided into spheres still gaseouse Those spheres finally 

became liquid, then solid. You sce this has been called the Bidal Hypothesis, and 

you can see there is considerable difference in opinion between ? and ? and there is 

considerable difference of opinion between ? and ?. 

That is Jean's explanation. I haven't seen any written ? but just from my own 

information, 1 wonder why he didn't make two cigars, one large and one smalle 

Chamberlain and Moulten postulated, postulated one large and one small, why not two 

cigars? I don't propose to be an astronomer, but there are some things which I want to know. 

If one star swished by the other one in space as I drew the original, I think Jean's 

cigar would have been something more like thate In other words, the attractive force 

of this star going out into space would ten ???. It would tend to draw the material 

in a curved form and it would be more crescent-shaped than cigar-shaped. That is just 

a? of attractive bodies in space and I think that evidence should be included. That 

is about all I want to say about the origin of the earthe Any Questions?
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If we explain the origin of the earth we have, however, one little speck of 

astronomical ?. Anyway the sun was’ the ee of our universe until they found 

a there were thousands of otherse They found the milky way we speak of as a 

galaxy. Then they found the earth was ? Nevertheless it is soe In explaining 

the origin of the earth, it is just one little 222° 

When does geologic time begin? What I have considered so far may be called 

cosmic geology or the pre-historic geological eventse When do we begin to reckon 

geologic time? We should begin to reckon geologic time when the earth becamesuch 

a body that the processes now modifying its surface came into existences In other 

words, when the rain began to fall, the streams began to run on the surface of the earth, 

Waters began to collect on the ? to form ocean basins. We then had the three forms of 

matter on earth, solids, liquids, and gas. When we had three states of matter, we had 

an earth. 

Now let's see how long we have had an earth. There are various ways of arriving 

at ite One way would be to consider the oldest living individual on the earth. jell, 

man is not a very good form to use, neither are other forms in the animal kindgon, 

but among the plants there are individuals where age is recorded ?e Of course I am 

referring to the Redwood or Sequoia that grow in the western part of the U. Se They 

are four or five hwndwed years old; they have been determined by ring counts. Ig 

_ you go back four or five huméred years from 1936, that would be 2200 Be Ce, 

way back in a time when history:was being recorded by chips taken out in blocks of 

stone. Now the earth has been in existence during the rife of these ?e We do not 

know how much longer, but we are sure the earth is at least four to five thousand 

years old. 

I am going up through the gradual stages so we won't get too much of a shock 

Another way to tell the age of, the age of the earth would be to tell the age of the 

oceams if we could. The volume of water in the ocean is known. The average salt 

content is known, the rate at which salt is brought to the ocean by streams of the 

earth is known. Therefore, we should be able to make some kind of headqay as to 

the length of time the ocean has been in existences
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Total salt in the ocean divided by the amount brought to the ocean 

each yeare The latest figure gave 360 million years, 360 million years. That 

doesn't take into consideration the salt that was once deposited in the ocean and 

: now makes up rock layers on the continents of the earth. Perhaps we could arrive at 

some figure by another method of calculatione 

Since the rain has fallleri on the surface of the earth, streams have run into 

the ocean carrying sediments. These sediments have been @posited in rock layers in such 

away as it is possible to determine a continuous but unrepeated sequence. Rock 

layers from the time the sediments began to form up to the present. Ig by taking 

observation from various places so as to get all of the units, but not repeat any 

of them, we would find that there had been deposited along the shores of the ? oceans 

of th earth 529 thousand feet of material, 110 miles in other wordse The average 

accumulation is calculated to be 1 fte in ? years, that is, out beyond the continental 

shoreline, 1 ft. in 88 years on the continental shelf. In the ocean basins where 

they have been able to examine the records, they have found ? in ? yearse That is 

out beyond the continental shelf. 

The oceans are larger than the basins; therefore they spill out on the edge of 

the cont inente So much is spoken of as shelf, the other is basin. This is the zone 

in which the 110 miles of sediments have accumulated, not here in the ocean basin, 

but out in the margin of the continent. 465 million years or 500 million years if 

os want, is allright ro 465% million years. 

Then the physicist and chemist, the exact scientists began to work on it. 

Remember what I said about the geologist, g stands for guess and e for error. The 

physicist and chemist began to help out the geologist. They found certain elements 

which began to disintegrates These are of course the radioactive substancese These 

chemical elements are found in the minerals of some large masses of igneous rocks, 

Igneous rocks or intrusive rocks, that is, those which were once in a moulten state, 

essentially all the granitese



276 

These minerals the chemist has analyzed then to see if he can determine how 

much of the material there is left as a result of this disintegration. The most 

common of these substances is radium which breaks down into lead, not the kind of 

lead used in plumbing. There is just enough difference so the chemist can recognize 

ite The procedure is more or less thise ig a mineral has all bee n converted into 

lead, then we have a minimum figuree We don't know when the conversion stopped, but : 

when the portion of the mineral there is lead and part of it is still radium, then we 

can determine the age of the rocks ie can determine the ? in that rock. That rocke 

There was quite a scurry to examine masses of granite and after they did so, the fact 

isn't surprising that different observers, taking speicmens from the same mass, different 

observers taking specimens from the same mass, checked each other closely, and they 

were able to extablish the oldest rock mass, that is, intrusive, the oldest granite 

in the world. We can't lay claim to the oldest one. 

The granite which is in the southern Black Hills, that is 2??? The oldest 

determined is some of the Scandinavian masses. These computations give us figures 

with a ? of one billion 500 million to 1 billion 800 million years; that is a range 

of approximately 300 million yeafs. That is the most exact way of dating the age of 

the earth. ty gives us also the largest figures 

Now in considering the changes which have taken place in the earth and the changes 

taken place in regard to the forms of life on earthe We have at our disposal 

"approximately two billion years. That is, we are going to raise the figure just a little z 

bit because this intrusive rock forced its way into something which existed previously» 

Therefore in round numbers, the age of the earth is two billion years. Well, with 

such a erent ecoant of time we are going to have to do something with ite Thereforeg 

let's subdivide it as much as possiblee Someone has said that the rocks of the earth 

are the pages in its geologic history. If that is true, then we have the various 

volumes, chapters, pages and paragraphs which make up the history.
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In peologic time units we have: 

Time units 

Era 

Period 

Epoch 

Stage 

We have these as subdivisions of geologic time in ? ordere Ther era is the largest 

subdivision. The events have been ? by the rockse ‘he eras are all Greek terms which 

describe the character of the life which existed during that portion of geologic 

timee Cenozoic, liessozoic, Paleozoic, Proterozoic, Archaeozoic, well, they are the 

pages. They need some translation. Archaeozoic, a-r-c-h-a-e-0-z-o-i-c, Proterozoic, 

Paleozoic, Messozoic, Cenozoic, each of them ends in z-o-i-c, zoicg; that means life, 

primitive life. Old perhaps or ancient would be just as good. Messozoic, middle, 

Cenozoic, recent. I have purposely put this oldest at the bottom and the youngest 

at the tope Well, here are the subdivisions of geologic time. Now what are we going 

to do with these wo billion years? We are going to try to distribute it through 

heres Archaeozoic, 500 million years, another 500 million years, Proterozbic, 330 

million years Paleozoic, 110 million years for the Messozoic, and 60 million years 

for the Cenozoice That's total of 1,500 million yearse 

I am not using the 2 billion. I am being conservativee These two occupy, each 

of them occupies about ¢ o§ geologic time, and all the rest, the other third. That 

bears oute 

Now so far as years are concerned, you can add a cipher or subtract one if you 

want toe No one can say you are not just as right as he ise These are all ?. We 

have to deal also with periods so let us see what some of those names arée Now in 

order to avoid some well justified criticism, I am going to write this backwards. I 

should begin at the bottom and write from here on up, but blackboard space is limited, 

your notebook space is note I ? that they are arranged in the right order in your 

notebook.
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The subdivisions of the Cenozoic are Recent, then Quaternary, q-u-a-t-e-r-n-a-r-y, 

Tertiary, t-e-r-t-d-a-r-y. The Messozoic has three divisions, Cretaceous, c-ree-t-a-c-e-0- 

Jurassic, J-u-r-a-s-s-i-c, Triassic, t-r-i-aes-s-i-ce The Paleozoic, first Permian, 2 

P-e-r-m-i-a-n, ‘ennsylvanian, Mississippian, Devonian, Silurian, Ordovician, Cambriane 

Any of these which need translation? 

Proterozoic. In the Proterozoic and archaeozoic the subdivisions .areinot of 

the same rank as these due to ?7?; they ae subdivisions which apply to the Lake Superior 

ares. As we consider other areas, I will give you those as wells Keweetin and Huronian 

dor the Proterozéic, for the Archaeozoic, Keweenawane Unfortunately the periods, the 

period names doe not hive a uniformity in the basis on which the name was chosene 

In part they are geographic terms to discern character of rock; they are not sub- 

divisions to timee In other words, there is no system to is. I will tell you what 

these mean as we go alonge Geologic time used to be divided into four partse This, 

incidentally, is not necessary for your understanding, but I am telling you why they 

have such names as they doe 

Geologic time was divided into 2??? four-fold subdivisions. This was the primary, 

this the secondary, this the tertiary, this the quaternary. Now you can see how the 

ideas have changed, bub some of the subdivisions that have retained these two names, 

those are based on timee Cretaceous, cretaceous means chalk, so this is descriptive 

of the characteristics of this system, chalkye Jurassic, the Juba Mountains in ?e 

Triasic because it has three different kinds of formations in ite Permian, the 
Mississippian 

province of ? in Russia, Pennsylvanian, anmed from the states Bé¥ékidhk maned for the 

valley, not the statee Devonian, named for Devonshite, England, whete the rocks were 

first recognized. Keweenawan, named for the upper portion of Michigan which sticks 

out into Lake Superiore 4uronian because of the rock first studied on the shoreline 

of Lake Huron. Keweetin isa general term included in the area sw of Hudson Baye 

You can see there was no system at alle Now your job is to keep these names in the
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right order. 

There are three things which you must know. There is no way to get aroun ite 

It is just necessary. ne is geologic time, the other one is geography and later on 

it will be character of the rocks. Insofar as you have a historical foundation in 

any one of these things, so historical geology is going to be just that ? to youe 

If you are ? on your geography, you had better get out some kind of a geography 

book and begin looking at ite Any questions on this material? (Interruption. 

Question: What do you do about the Laurentian? I have included it in the series on 

the ? rocks. I have left out intrusive rocks. Those will be added at a later 

datee) 

That is one thing we are going to start next time, the geologic pattern of 

the U. Se In preparation for that, I am lost so far as telling you where to go and 

get ite There is only one place where #444 it is all gathered together and that is 

a book about 500 pages in which you can find it if you scratch hard enoughe Bowman 

is the author, Forest Physiography is the name of the book. Rather a peculiar title for 

the name of D soagg that is what it ise About 99pages in it are devoted to ? 

and the rest is about the geology of the Ue Se 

I will tell you the places you can get it if you want to begin scratching. Let 

me know and I will help you find it in our library. 

Now as to maps. lLobeck Physiographic Diagram of the Ue Se with text is 

the best one unless you know all about the ?. This describes the surface formations of 

the U. S. It should be available at all campus book stores for 35y 1 thinke At the 

University of Cincinnati they have put out a general outline covering somewhat these 

features of the ? of the Ue. Se Last year I ordered them for the group and I think it 

would be well worth again the price of the book, 25¢ or 30¢e That is about the most 

condensed source of material I know. If you want one I will order them and try to have 

them here as soon as possible. 

(Duttonts top for Lobeck.)
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ft told you I would have some maps heres so you could see some of the things 

you can get. They are not very expensive, sé I think most of you will be willing 

to have enee j 

Tonight we are going to start the subject of the geologic pattern of the U. Se 

Thi is, of course, a repetition of what you will have when you get the Lobeck diagrame 

The map represents, as I said, the physiographic features as they occur in the 

Ue Se You will notice that they have the coastal plains along the Atlantic and the 

Gulf of llexico. We have in here a mountainous region, the Appalachian Mountain 

region. Then the next mountainous region occurs way over heree This broad expanse 

in between is known as the Interior Lowland. Then we come to this region which is 

a region of ? and then the mountains as they occur on the Pacific coast. 

On your Lobeck diagram 1 should like you to become familiar with these formations. 

Know these rather than the states because the physiographic forms of the states 

of course, are relative to the rockse Inasmuch as the surface units are greater 

than the ? units, it is better to know the ? boundaried, but it is well to know 

the geographic boundaries as well. With that in mind, we want to call your attention 

to this ones 

This is just a little differently represented. In the main you can see wéll 

the similarity of the two mapse The legend to the right gives you the explanation 

as to what the surface forms aree Notice the cn occupied by plains, the areas 

occupied by mountains, the areas occupied by plateaus 

The mountainous region they have indicated here wijtes types of mountains, not 

a particularly good representation because too much has been includede The complex 

mountains # ? and the complex mountains # ? and ? and ?, and area folded in the 

Appalachian Mountains and the block mountains which are of course folded mountains 

29%. Now you see the general pattern of structures 

Strucrues is arragnement of rockse Je think similarity exists between ? and 

Beologic structure. Tonight we want to take the coastal plains and the Appalachian 

Mountain system. That is the same (map) as the one up abovee I can reach this on,
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hoverer, and I can't the other. The area which we are going to go over this 

evening begins in Texas, comes over through Arkansas, Louisiana, ???, and back 

to the south, and then from here we shall subdivide the Appalachian Mountains where 

my left hand is and this along the Atlantic Coast. It is going to be, thenm aa : 

relatively large portion of the Ue Se which we are going to consider this evening. 

First is the coastal plains. We should recognize that the coastal plains are ? 

and unconsolidated materials of relatively recent geological age. They primarily 

belong to the Messozoic and Cretaceous .erase Now I want you to become familiar with 

the colors on the map so the colors will mean geologic ages to youe Messozoic is in 

green, Cretaceous for the most part will be in yellows Well, perhaps I should tell 

you the truth rather than the half-truth while I am about it. 

The Cenozoic is divéded into Quaternary and Tertiary, the Quaternary is in gray 

stippling and the Tertiary is in yellow and the Messozoic is in greeny The Tertiary 

is in yellow and so all the yellow you see on the map here is Tertiary and the gray 

stippling of which.1 spoke also, largely along the coastal areas. These materials are 

largely sands and clayse They were deposited similar to the deposition which is going 

on today upon the continental shelf. 

In other words, when these rocks were being deposited, the North American continent 

was changed to such an extent that the shore line was at the inner edge of the (gray 

or green?) or yellow there the (gray or green?) is absent. ‘here I have just traced 

my finger. Since the deposition of that material the shoreline has moved out to its 

present poBition because of an uplift because of the rising of the central portion of 

the continent. As a result of the lack of any more severe deformation, the rocks are 

inclined seaward,gently inclined toward the seae Tg we were to try to represent a 

efoss section through such an area the surface would be a plain sloping toward the See 

ee ee the rock inclined seaward at a fairly steep anglee 

Both of these angles here are greatly exaggeratede This would be a cross sections 

If we were to put a number here to represent age of rock, say this was ky 2, 3, 4, 

then as one might travel toward the coast, they would pass successively over younger 

and younger formationse In other words, this would be on the inner boundary and 

until you get (Dutton's chalk slippinge) There is a storm at sea, until you get



336 

to sea level. Wor or less of a shingle structure, more or less of a shingle 

structure. If we could look down on such an arrangement, we would find that these 

areas occur as belts, this being the ocean out here. The oldest formation would 

be the inner belt, and then the younger belts would occur as you get close to the : 

oceane If you observe the colors here you can see a banded and concentric arrangmente 

This is the general outline to keep in mind with regard to the coastal plains 

I am going to try to explain the geologic age, the nature of the materials and the 

geologic structure, in other words, the arrangement of the rocks. I am doing 4% 

primarily so you will understand something of the ? I am going to explain. If, for 

example, I tried to explain the general appearance of a cat I would have to spend 

some time regarding its physical form before Z coulda give you the details. The same 

is true of the Ue. Se We have to know something about it before we can begin our 

explanation. 

The coastal plain perhaps represents the simplest geology there is in the Us Se 

One of the reasons for its being the simplest, it was formed bitte ates most recent 

‘ of records. If, for example, we say the layers designated as 2 here, 2 is softer 

than 3. Then in the process of erosion valleys would develop in 2 and hills? in 3. 

This would be a relatively steep slope and this a relatively gentle slope. These 

- regions are spoken of as cuestas, cuestas, they are the only conspicuous land formd develope 

on the coastal plainse 

If a series of streams are going accross into the ocean, then the tributaries 

would look as the streams are diagrammed heres That is one of the characteristics of 

streams. ‘These two characteristics are to be found in ???. Well, the coastal plains 

being simple, we shouldn't spend any more time on ite 

Coming in from the Atlantic coastal plain the first subdivision or rather the 

next subdivision % should say, it the Appalachian Mountain systems If you will 

remember the diagram which I showed you, the Appalachian Mountain system is made up 

of a variety of formations. The Piedmont Plateaue The first one is ealled the 

Piedmont Plateaue To continue the diagram, this represents the Atlantic area and 

rising above the inner edge of the coastal plain there is a seaward sloping surface
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the product of erosion, that is, being cut down, all ancient rocks of complex 

structure. These, for the most part, consist of schists, and gneisses which are 

metamorphic rocks that is, the result of heat and pressure as well as large intrusive 

masses of granitee Collectively these may be called crystalline rocks. Most of them 

are of Pre-Cambrain age, that is, Archaeozoic and Proterozoic. Some of the granites 

are of carboniferous ages 

Then the Piedmont. Unfortunately what I was talking about was the Piedmont 

upland. These all apply to the Piedmont upland, the crystalline rocks of ancient 

age and the complex structures 

sub 

Anotha/division is called the Piedmont lowland. That represents a basin, 

that is, lower than the areas around it, a fault basin, the rocks of which are _ 

Triassic in age and consist of ss and sh and both intrusives and extrusvie rockse 

Now let us stop for just a minute to get the geography. Piedmont upland begins 

in Alabama, through Georgia, South Carolina, North Carolina, Virginia, through 

idaryland, and int Pennsylvania. At the Pennsylvania-“aryland boundary we have 

this area which represents Triassic @ « The most part of it ise In Pennsylvanian and 

New Jersey, there are other basins on the upland of the same character, but they 

are not large enough to make individual units. 

The ss and sh are less resistant than the ? rocks, thereby making a basin or 

lowland. (Interruption: Question: What or where is it which is called the lobe? 

Be caor In pennsylvania and ?. Most of it stops in northern Maryland. The main 

portion of it is in Pennsylvania and New Jersey.) 

The next subdivision to the west is the Blue Ridge country. Continuing our 

profile we come to the highest portion of the Appalachian Mountain systeme The 

highest point in the eastern part of the U. Se is found in the southern portion of the 

Blue Ridgee This area is a ridge only in its northern half. In the southern half it 

it quite broad. The general form on the map would be more or less spindle-shaped and 

the true ridge characteristics are in the northern half. This being a region of 

complex land formse Some of the most inaccessible portionf of the U. S» are in the 

southern portion of the Blue Ridges
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The rocks are chiefly igneous rocks, but also some sediments are presente 

These sediments are of lower Paleozoic age. Pre-Cambrian rocks have the most 

unusual complexity as described in the Piedmonte The lower Paleozoic rocks folded 

and faulted; they form a range of complex mountains and range of complex mountains. 

These two subdivisions are someti.es referred to as the Older Appalachians. They 

are a part of the mountain system, but they are of a greater geologic age than the 

other areas, but they are also included in the systeme : 

Valley and Ridges the next subdivision is the Valley and Ridge province. This — 

is going to be the last subdivision heree The Valley and Ridge province is this areae 

It is a range which is lower than the subdivisions both to the east of it and in 

the west. This range is as much occupied by valleys as it is by ridges or vice versae 

Most of the Appalachian Mountains are here presente This diagram is becoming lengthye 

If we are to take a portion of the Appalachian Mountains we would find this to be 

more or less the conditions present there in the Valley and Ridge Province. je have 

the entire Paleozoic representede ???e Nothing like making geology the way you want 

it. I am trying to get some carboniferous in theree I guess I am not going to make 

ite (Interruption: You@e substituting then here carboniferous for Pennsylvanian? 

Answer: Yes, for the last threes) 

I will tell you about this after I get it drawn. The telling will probably mean 

a lot more than the drawinge Well, now let's starte Along the eastern side of the 

Valley and Ridge province we have blocks which were thrust far to the nw so 

that they, now this is all backwards. The Appalachian structure is becoméng more 

complex than I have known it beforee (Interruption. Something happened there with 

your Ordovician. Answere t+ did. Well, I will draw you one before the eveing is 

overs 

(Slide shown) Here is what I have been trying to put on the blackboard. To 

the east we have thrust faults and as you go west we have ? and as we go farther 

west we have ? and still farther to the west the folds become undulating. Keep 

that in mind for the aeueaes of the Valley and Ridge province. The eastern side 

has the thrust faults and as you go farther west the ? become less and lesse 

: The rock there is, for the most part, 1s, ss, and she
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(Interruptions Question: In the eastern portion? Answer: All of it.) 

The mountains are in general of two kinds, mountain ridges which respresnt the 

truncated, the resistant edge of the ss, and mountains which represent the remainder 

of a geologic structure which was lifted higher on two sides of the mountains 

That is, these were the anticlines at the time the faults were formed, those here, 

the upward anticlines and because they were upward anticlines, they broke across ~ 

the crest and when erosion began to cutt off this ???¢ In most cases a thick ls. 

That was when conditions ??? are represented by that level. 

Then, when erosion began the next time, it began cutting valleys in this region 

and now the cutting has proceeded and left a mountain in the form of a synclinal 

mountain. This is one instance when ? and geologic structure are just the reverses 

The Valley and Ridge province is characterized by structures that are ne sw direction 

and so most of the ridges have the same trend, ne swe We 

West of the Valley and Ridge province the Appalachian plateaus -- that would be 

out in this region, a truly plateau area that is not af great topographic ?7?, rugged, 

I meane The rocks are carboniferous in age and in horizontal position, that is, 

essentially horizontal. The region still farther to the north and east is the 

New Englands This region is characterized again by complex structure, byt rocks 

which range in age from Pre-Cambrain through the entire Paleozoic. Most of them are 

crystalline although a few sediments are present, that is, unmetamorphosed, sediments. 

There are two general mountain axes here, the White Mountains through New 

Hampshire and the Green Mountains through Vermonte The area is essentially an upland 

above which are rising a few areas that represent the unreduced remnants of the 

cycle of erosion which produced the upland surface. Such is about the general 

outline of the later forms and now I am going to give you a recess while I draw this 

section. Jt is important and you have to have it. This will probably be so small 

you ~an% be able to see ite Now, I think that is avout what it should be. This over 

2 

here vr the Pre-Cambrian rock, this block moved to the nw; this block moved to the 2/ 

The athasnie cae ? theme Then as they come west, they pass into symetrical folds
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and finally come out into the flat lying sturcture of the ?e That then, is the general 

form of the mountain structure of the eastern part of the Ue Se I am go ng to get a map 

and I want you to look at those on the all, and we will continue after recess. I 

want you all to take a good look at these maps because I want you to become familiar 

. with the patterns and you can't do it back theree 

(Recess) 

Do you have the general idea you want about these units? This geosyncline about 

which some members of the class have asked is a trough of all sediments from which 

the Appalachian Mountains have formed. That is the frough of sedimentse Any other 

questions? All that I am trying to do this first time is to get you acquainted with 

the Ue Se Some of the tings are going to have to be explained and this introduction 

may seem as though we are hitting just the high spots. That is all we intend to do, but 

we are going back to theme 

I spoke of the older Appalachian and in here the Valley and Ridge province and 

these are the newer Appalachians, Then, in oe words, they came into being at 

another time and the New England came at still a third time so in the ? they will 

follow. We are showing the different things of which the Appalachian system was madée 

Any other questions? I 

I want to consider two other areas this evening. In some respects quite alike 

and yet in many respects quite different. They ae alike in being outposts. You 

might say of the region which occurs in southern ?; they contain much the same kind 

of rocks and much the same geologic structures Here in New York the A@irondacks aree 

The Adirondacks I have not included in the Appalachian Mountain system although 

sometimes they are included there. ; 

The Adirondacks consist een mountainous area in ne New York and are 

composed of complex Pre-Cambrian rocks, again characteristically crystalline. In 

this region, for instance we have marbles quite in abundance of marbles, not very 

many commercial marbles, mot the kind of marbles which occur ?, but there are marbles 

ens The area is so complex and so little work has been done on it, so there is 

relatively little to say about it. There are no land forms except ?. The area is 

almost completely ? with sediments of Paleozoic age. It stands as a neck of ?
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formed by blocks around which is a collar of other rockse (Interruption: Question: | 

Is it sort of an eroded dome? Answer: It probably never was covered with sediments. 

It was probably an island when the sediments were being deposited all the way around.) 

The other area is known as the Superior Upland. i+ includes northern Michigan, 

northern Wisconsin, and northern Minnesota. The Superior Upland. Now these two units 

which lie in the Ue. S. are ? and still a larger subdivision of the Ne Ae continent 

known as the Laurentian Shield. 

This map is so badly worn that I don't know whether or not you can see it heres 

it being the pink area which occurs throughout most of Canadas This is the shield 

of which I am speaking. It extends across into the U. S. in the vicinity of Lake 

Superiore On both sides of it we have rocks of such a nature as to put them in the 

Laurentian shield. The Superior Upland is somewhat of another bad region to explain 

in geological terms. : 

In the main, it represents a huge syncline or better, a synclinorium, that is, 

a folded synclinee That is a syncline or synclinoriume It is a structure in which 

we have both anticlines and synclines, but the general strucute results ina downward 

: trough-like forme The ? is a trough-like syncline. It is not a trye synclinoriumg ‘In 

general terms we will have to know the area as a syncline or cynclinorium whose axis 

“passes approximately along and through the center of Lake Superiore In other words, 

the two sides are spoken of as limbse ‘hese two limbs lie along the opposite sides of 

ae Superiore Now, the lake basin is only a small portion of this geologic structures 

So far as structure is concerned, the rock on the north side of Lake Superior dips 

beneath the lake and the rocks on the south side dip beneath the lake so we have 

geologic evidence of a trough in the rockse 

It is not as diagrammatic as I have indicated on the blackboard, but it does 

have that general formes the axis goes through Duluth, through Lake Superior and into 

Canada. Jt is not known just how far, perhaps 200 miles 

into Canada and it becomes obscures: That would be, let's modify this, make it a little 

more nearer fact. All I am going to indicate here is a general trend. I am not going 

: to complete the diagram. The rocks on the north side dip so as to pass beneath the



3a 

lake basin and the rocks on the south side are dipping so as to pass beneath the 

lake basin. We are putting some ? on these rocks. On the south side there is a 

fault in here and again we have a repetition of the same type of structure. These 

rocks lying 4a the vicinity of Lake Superior are Proterozoic in age and the 

rocks in these two areas are Archaeozoic in age. This one example in Minnesota would 

be the Vermillion range and this over in Michigan would be the Marquette range. 

Those would be the ? ranges.» I have tired to put this structure along with those : 

_in these two areas, tried to give you a concept of the whole things. 

On thing I think is worthwhile. It would imply that these rocks which occur 

here passed underneath here and here joined with these on that side so our postulated 

geologic structure of these basement rocks all completed is more of a synclinorium 

in forme Within the old structure which is of Archaeozoic age there has formed more ? 

materials and a more recentstructure, a geologic basin in which Lake Superior itself 

liesee But then the geologic basin was a result of the ice moving along a ? valleye 

The glacier here happened to gauge out that basin and ??? so there in northern Minnesota 

we have a geologic recordwhich is interesting, but it is as I said before, complex, 

and sucn a general impression will serve as much as anything to try to get something 

driven in which will stick. If I tried to describe it in detail it would be worse 

than water on a ducks back. Any questions about this? I know there must be millions 

of dadetions which you feel are not explained. This is an introduction, and later on 

I am going back and try to explain furthere That is about the extent of the material 

which I intended to cover this eveninge 

(Slide shown) This is the geologic map of Pennsylvania as it says and represents the : 

surface distribution of rocks in that areas Those of you who are being.introduced to 

geology perhaps think it is undoubtedly the worst thing with which you can come in 

contact (explanation of shale) 

(Slide - diagram of basin in cross section of Triassic through Manassaus, Prince Wme 

County.) ; 

(Slide - Lobeck map)
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The region which I have attempted to describe tonight, the coastal plain area, 

along here a region of unconsolidated ss and clay of relatively recent age and the 

Appalachian Mountain system which includes the area through heree The region of the 

Blue Ridge you wee the spindle shape of the Blue Ridgee ‘hen the Valley and Ridge : 

province and then to the northward we see ? In the plateaus to the west in here, 

the Adirondacks. This, the Supefion Uplands as it occurs in Minnesota, northern 

Wisconsin, and northern Michigan. This vicinity has a great number of intrusionse 

(slide - Index map showing the physiographic provinces of the Ue Se) 

You have seen the land forms. Now remember the age of the yellow wich is Tertiary, 

next, the ?,and the quaternary;around the outer region, the entire portion of Pre- : 

Cambrian. The Valley and Ridge province is Paleozoic, late Paleozoic being in the ?. 

The Adirondacks are principally Paleozoic although there is some Pre-Cambrian. 77%. 

I have tired to give you the surface structures and geologic agese Any questions? 

Now I am sorry this material is not collected in one place so I can say where to go 

and get ite There is no placee Thesbest one is ???.
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: (Lobeck slide) 

Before proceeding this evening to new material, let's briefly go over 

waht we considered last time. I tried to give you some general impressions as 

to the nature of the subject, nature of the rocks and arrangement of the rocks 

in this area known as the Gulf Coastal Plain and this area known as the Atlantic 

Coastal Plaine Then the next unit we discussed was the Appalachian Mountain 3 

system beginning with the Piedmont Plateau (westward and then the Blue Ridge area 

and still farther westward the Valley and Ridge Province, which begins in Alabama 

and extends up to the St. Lawrence. 

We learned that the cst Sl areas of complex structures In the 

Valley and Ridge Province it is ine he to the west the Appalachian Plateau, 

an afea of a rocks and the 22%. ns ee next, more or 

less of a complex area of ancient crystalline rocks of Pre-Canbrudin ages Then 

we jumped over here to the Lake Superior area and found again ancient rocks of 

complex structures 

This evening I want to cover the area which lies between the Appalachian 

Mountain systen and the Rocky Mountain system. This entire unit is known as the 

Interior Plains Area. The portion labelled Interior Lowland we are calling 

Central Plains ???. Then we are also considering this region known as the Interior 

Highlands, and then the Rocky Mountain system, and for the next time, we will 

take the rest of the United Statese4|You now should have the general area then 

which we are going to consider» 

¥This area lies north of the Gulf Coastal Plain and west of the Appalchian 

system and south of the Superior region. Let us again renew our acquaintance 

with the structures represented. The areas of complex mountains mean they are 

folded and faulted; they are broken up by structures known as faults; and they have 

been invaded by great masses of molten materiale As we see it here on the map, I 

will outline or give you the territory which is included in this area ??? Texas, 

Gases New Mexico, Oklahoma, eastern Colorado, Kansas, western Nebraska, North 

Dakota, South Dakota, montanae You see the extent of this area which I am going 

to call the Central Plains. :
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Then we will consider the area of the Central Lowlands which includes 

this general area here, eae come Of 1114 : + nois, all of Indiana, most of 
; Onie pit Pawn yond Lh Ys along Pika Ovtanico 

Michigan; it even goes across 229;-that is the area of the Central Lowlands. 

Now then we have the Interior Highlands which include Arkansas, Oklahoma 

and Missourie The area, as it says, is a plateau; it is in some respects 2 Almera mite 

praticularly in regard to the conspicuous relief. The Central Plains is the 

Westward 
district I first nentionedy Yurs is a district of Breat Plainse 2??e As for 

these areas in the west, 12 and 13, although they are represented here as complex 

mountains, this is someone elses interpretation, but if I were going to make this 
ah ; 

map I would have considered them as 2970 i 

First I want to introduce to you the extent of the last glaciation in 

the North American continent. Now the glaciation which was represented or is rep- 

resented by the surface materials of the area you see, does not represent the 

only glaciation or the only glacial period on the North American continent. There 
yea atdecte 

are older ones, but this 1e,the <a ta one you see heree This-is~the-most 

recent—onee You will notice it covers a large area of the portion we are going 

: to consider in the Central Lowlandse You will note one area was not covered, 

the driftless area; that is called the Driftless Area, The Ohio Oa one 

_ boundary and the Missouri River makes another boundarye That being the case, we 

can go ahead wihh some of the detailse 

Since it has been dark and you haven't been able to do much writing, let's 

get these areas straight. First the Interior Plains, called the Interior Plains; 

) its distribution then is this area here, the area north of the Gulf Coastal Plains and w 

‘ west of thi® area, the Interior or Central Plainse ‘The Central Lowland, the largest 

area, the Central Lowland. Then the Great Plains, the other subdivision, the Great 

Plains. 

3 Let us now turn our attention to the Central Lowland. Its present surface 

forms are the result of glacial deposition, therefore, little bed rock is exposed
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and exerts practically no influence on the lend formse They are largely, then, 

those of accumulation, glacial accumulation, and so far as age of rocks is 

! concerned, we might spend just a moment here again. The more firmly built the 

foundation, the better the superstructure will bee Cenozoic, liessozoic, Paleozoic, 

Proterozoic, Archaeozoic, this you will recall is the geologic time scale. ‘ke 

The Central Lowland is characterized by a Piedmont, the Piedmont being 

almost all Megsozoic and Cenozoic. These rocks whidi now occur over the Central 

Lowland are for the most part marine sediments, being deposited in, of course, 

water. They are made up of ss, ls and sh, what we speak of then, as normal marine 

sediments, the same kind of sediments that are accumulating along the shorelines 

today. The Cenozoic is the portion which is represented by the glacial deposits. 

On this map if we were to ? the surface materials, the area approximately along 

the Ohio River, yes north of the Ghio and Missouri Rivers, would have to be ???. 

We would have the rock structure as represented here, but for the most 

part we have Paleozoic and that is what we are concerned withe In most cases 

to the ? plain areas represent a lack of deformation. That is truee Mountain 

making forces have, for the most part, been absent from this areas You remember in 

Speaking of the Appalachian Mountain system, the great amount of deformation is on 

the east side and as we pass farther to the west, it becomes one Hone ‘ 

We find throughout the Central Lowlands they are approximately horizontale 

They are modified by great ican a eatin afew of them we should name. One 

is an arch which straddles the aa. ek it is known as the Cincinnati Arche 

It is an ik the rocks have been bowed up into an arche. Another structure 

we should mention is the Illinois Basin. All right, the state of Illinois 

represents a spoon-shaped basin, that is, the spoon without the handles ???=tHe 

perience ta rocks are inclined toward the 

center of the state. Michigan also has a basin; it, however, is uniformly 

circular. 

The western portion of the Central Lowlands has a structure inwhich the
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the rocks are gently inclined west or southwest,—west—or—southwest. That then 

should give us somewhat of a general view of what a cross section through this 

area woyjld bee I said before, it is an area devoid of intense deformation and 

vey the rocks have 994 ae it was high and subjeat to erosions The ei hog 
¥ Be Leen | Ahimprlae cn dom oreh only Ao digg Ogarmrvestivond, é 

arch went down into % and ,???-and_here-ere-going into the west? e (Interruptions 

Question: They slope down? Answer: Yes, they slope downward.) 

This would be a generalvdiagram 92? across the Central Plateau?, but 

for the most part, we are ?, but the rocks formerly went into the arch into the 

Illinois Basin and then into a smaller arch and they they dip to the west. This 

area would be eastern Ohio. The next basin would be? and the next arch would straddle 

the Mississ ippi River. 27%. The rocks, of course, in general follow the same 

general profile, just indicate then one layer and we would know the general form 

of the others. We know now the age of the rocks and we know the charactere 

Now let's say more about the surface formations. Dynamic geology, for 

the most part, is that portion of geology which considers the surface forms; 

historical geology cannot be concerned with that, but inasmuch as this course is 
: peta wig pee en propreyraphy 

; - more or less of a hybrid, ??%. The surface forms characterizing the Central 

Lowlands are, for the most part, a result of glacial deposition. The whole region 

Can be suodivided on the basis of this agent s—the presence of absence of this 

particular geological agent. This area in here was never covered by glaciers} 

it is one which begins in Texas, goes through Oklahoma and Kansas, up through 

Missouri. This area is known as the Osage Plains. “+ was beyond the boundary of 

glaciation. In this region the topographic forms, that is, the land forms are 

a direct reflection of the structure. — 

This is exaggerated in order to bring out the idea in generale The region consists 

of twoerosion levels, one is the top of the ridges, the other is the bottom of 

the valleys. The unusual thing about these erosion pi ie ecas inclined 

to the east, but they formed on rocks which are inclined westward, giving 

rise to forms which we mentioned last time, cuestase A ridge, one slope steep 

and the other gentlee If you go across the Osage Plains, if you go through
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Oklahoma or Kansas. If I remember I will get a map of Kansase You will cross 

a series of ridges, over one ridge to a valley, and over another ???. 

The other region is OUisotad We cianiavionsnes, most of a lies in 

Wisconsin, but extends into se Minnesota, ne Iowa and nw Illinois, ant area then, for 

the most part located in sw Wisconsin, yes—sw-iiseonsin, but in the other states I 

mentioned as well; never completely covered by glaciers and never completely 

surrounded. The glaciers would go to one side, to the east and the west, but they 

would never go completely around ite 

If you think of se Minnesota, sw Wisconsin, you know how diagramatically 

that section has been dissected by streams. There are large bluffs along the 

streams. They have never osc a however, thus havéing developed for the 

most part what might be called a mature area, a region practically ali ik a 

region very very poor agriculturally. Tt would be an area in which erosion 

remnants abound. “*f you are acquainted with Camp Douglas in Wisconsin, you know 

the masses of rock on the plains. Jt would be impossible for them to stand, had 

the glacier come across theme They would be knoeked down like so many bowling 

pins. This is spoken of as the driftless area, no drift. This region perhaps 

contains some of the most spectacular P ta tle Central Lowlands. It is about the 

only region waieh which you get much relief. In the crat Plains you do, but we 

Osage Plains + Driftless Avea s 

are talking about the Central Lowlands. These ares therefore, characterized by +he 

absence of glaciatione 

The next subdivision would include the southern ? of Ohio, Indiana, 

Illinois, northern portion of Missouri and Iowa extending on out, well, the 

boundary here becomes rather indefinitee This region if you think of it, think 

of the regione As you know, it is just about as monotonous as any place could 

be unless it is the next subdivision, the Great Plainse It is a flat region, 

a good region agriculturallye It is a region which which there was a great amount 

of glacial deposition and it is older than the region which we are considering 

next. —
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We also use the term till for glacial deposits, particularly of the 

clay type where they have been dropped by the ice and not sorted by water action. 

The desrgnat]ed area 
That is known as the till plains,.plains which have been constructed as a result 

of glacial deposition. Ohio, Indiana, and Illinois contain youger till deposits 

than those in the west because of the greater age of those deposits in the weste 

They have been subjected to stream erosion for a longer period of time; therefore, 

those have been cut up oe ak Missouri would be a region of dissected till plains 

Sut by stream erosion whereas the eastern states, Indiana, Ohio and Illinois 

would be less dissected. 

That portion of New York along Lake Ontario, Lake Erie, through Bennsylvania, 

northern Ohio, all of the state of Michigan, northern Indiana, all of Illinois, 

over into this Driftless Area, is a region én which there are about as many lakes 

as thers are in Minnesotae Because of its physiographic form, that is known as 

the Bastern Lake Section, the region of young glacial deposition, a maa 

the drainage systems have not had time yet to develop to such an extent that they 

drain the lakes, an area, therefore, of young glacial depositse 

Wisconsin, northern Wisconsin being in part of the Superior Upland, 

and liinnesota are the two typical states in the Western Lake Section, an area of 

great glacial deposits, and the stream action has not been able to drain the lakes 

as yete 

We have then, in the Central Lowland, six subdivisions, two of which were 

never covered by the ice, two that were not covered by the older sheets of glacial 

deposition, and the eastern and western sections, areas that were covered by 

but several . 

younger glacial depositse This ice alle did not result in one sheet of icef They 

moved down over the continent and then melted back. Sometimes we wish it would 

be just as simple as thate Really there was a succession of ice invasionse> Wisconsin, 

Tllinoigan, Kansan, Nebraskan. We usually subdivide these into four stages and 

the last one, the Wisconsin stage, into five substagese I have represented the
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oldest on the bottom. These you will recognize as geographic names taken from 

areas in which glacial deposition was typically exposede You will recognize the 

oldest depositions as being the farthest south, so far as area is concerned, and 

then the next oldest less farther southward. These sets of glacial deposition are the 

ones which give us the till plains and the lake sectionse 

(slide) ; 

First pay attention to where the state boundaries are, boundaries between 

Ohio and Indiana, southern boundary of Missouri, boundary between Illinois and 

Indiana, southern boundary of Wisconsin, etce (Interruption. Question: 9??? to the 

west of the Driftless Area? Answer : 2???) 

I should like to call your attention to the fact that the drift areas 

were ? than the areas which contained drift depositse This is a region of glacial 

till plains. You can see why it has that characters ???e Therefore, having had 

streams upon that surface for the longest period of time ???. 

Next in age, but uncovered for a shorter period of time, this area to 

the west, therefore less cut out. The last atages of the Wisconsin, the very last 

stages of the Wisconsin, therefore, gave rise to the lake areas. You will also 

recognize that the greatest share of lakes ? north of the third ice sheete 

The Great Lakes are very definitely related to the ice lobes or perhaps I 

should put it the other way, the ice lobes are very definitely related to ths 

Great Lakes. Here is Lake Michigan ???- Here is the outline of Lake Superior, and 

notice how it has come down here as a lobe into that ?e As some of you know, the 

Great Lakes were a direct result of glaciation. (Interruptione Question: Which has 

more to do with the boundary of Illinois, the structure of the rock underlying or 

the drift? Answer: For the most part it is a drift boundarye) Are there any 

questions about the Central Lowlands? (Interruption: Question: Do these glacial 

deposits show on this Lobeck map? Answer: No, they do not show on the Lobeck mape 

I don't know where I could tell you to get those. If you are interested in them zc 

could give you the sources from which the slides were takene)
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(Interruption Question: Are these bluffs along the Mississippi down between the 

two states? Were they formed as a result of the erosion of the Mississippi or. 

is that or does that structure run through back from the river? Answer: ???.) 

(Interruption: Question: Will you repeat what you said about the till plains? 

: Answer: ?9?) Other questions? Well, we will go on with the Great Plains thens 

Perhaps while we have light so we can write, let us again get them 

placed geographically. I know the ? but quite so bad. In Minnesota there is a series 

of rocks called theSte Croix or Croixan series, so I take little for granted in 

the way of geologye 

The Great Plains begin in Texas then occur through Oklahoma, Colorado, 

Kansas, Nebraska, yoming, North Dakotam South Dakota, Montana, and then keep 

right on going up to Canada. Of course we stop at the international boundary, a 

great strip at the western portion of the Interior Plainse Topographically 

you might call the area that portion where you can see fanther and see less than 

in any other region. It is a rather ? ?- It consists of an eastern sloping ?, 

the western margin of which is almost one mile then above sea level, but the 

eastern edge for the most part is in the neighborhood of ?e You have then, a 

difference in elevation of about 300 feet. The eastern and western edges of the 

Great Plains are marked by escarpments, cliffs, bluffs, they all mean the same 

thing. ; 

Going west from the Central Lowlands we would have to rise to get on 

the general surface of the Great Plainse However, in travelling over this area 

following roads and railroads, you do not come to a distinct bump in the rocks; 

as you go westward you would drop again before you got to the Rocky Mountains. 

Again the roads and railroads follow the ? so there is no pronounced drope 

(Interruption. Question: bere is a drop then in the rock? Answer: Yes, in 

the topographye Question: Dees that continue the length? Answer: Yes, practically 

800)
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Only very very exceptionally do we find a rather sharp contact between 

the Rocky Mountains. For the most part there is always a lower area between. It 

may not be conspicuous, you see it such a small area, but taken over a large 

‘area, it is true. (Interruption.) The materials in the Great Plains are also 

inclined wastward. The surface materials, they are of early Cenozoic age, early 

Cenozoic, but the Tertiary, the late Cenozoic, but the Quaternary contains of 

course the glacial deposits of which we have been speaking previously, but 

this would be in the Great Plains, that s, the age of the materials. (Interruption. 

Question: What is the structure under there? Answer: I will come to that in just 

a minute.) 

The surface materials incline to the east; it is Tertiary in age. Now 

for the age of the material. They are composed for the most part of sands and 

clays which were deposited by streams flowing eastward from the Rocky Mountains. 

Alluvial. Such stream deposition is given the name alluvium or is called 

alluvial sepand ac Because this material lies to the east of the mountaing we 

y attach the term Piedmont to it. Piedmont, at the foot of the mountains, and 

because the final product is a plain, we add that to it, and so the entire feature 

is called Piedmont alluvial plain. 

Think of it in terms of an apron if you want to, amd apron of streams 

was carried out from the Rocky Mountains. ???, therefore they have to drop the 

load of material they were carrying and thus deposit this material out here. 

Since then, that material next to the mountain has been cut oute So much for 

the Great Plains. We find other kinds of materiale We find a ? of the western 

sloping rockse 

Here in this portion they are dipping westward; here in this portion 

they are dipping southwest so that they pass beneath the Great Plains and then 

rise sharply as they approach the mountains. They don't a in thickness 

but I am not going to start out as I did last week. This structure is spoken 

of as a syncline; this is assymetrical on the eastern side. It dips to the 

mountains, but near the mountains they are very very steepe Those of you who 

have seen the Garden of the Gods know how steep they can be, Erosion of
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those vertical forms has given rise to the Garden of theGods. The rocks are 

principally iessozoic but the Paleozoic is also representede The structure the 

age and then the character; for the most part they are marine sediments, normal 

marine sedimentse (Interruptione Question: They are Messozoic and Paleozoic? 

Answer: Yes, they are.) I think that perhaps by this time you are beginning 

to realize that a large part of the United States has been under water for iz 

have spoken of marine sediments so much, marine through here, marine through 

here and here. ?7?. So much for the general character of the Great Plains. 

Now it is alse subdivided, subdivided for the most part on the basis 

of amount of dissection, amount of cutting up that has taken place where this 

apron Was formed. 29? that apron has been removed, giving rise to these sub- 

divisions. This part was glaciated and so it is known as the Missouri section 

glaciated. Jt is merely a region in which the surface forms are the result of 

ice action. We won't say any more about it at this timee 

The next is the Missouri section unglaciated, never covered by ice. 

The particular significance then about this Missouri section unglaciated is the 

development of the Badlands. The Missouri and its tributaries have in some ~ 

places so effectively frayed this outer margin that it has become sete weit) 

‘and because of that fraying of the outer margin, the region is spoken of as the 

Badlands. You are familiar with the Badlands of ?, the Badlands of ?, the 

Badlands of ?. The Badlands of the Great Plains then are merely a very thorough 

cutting up along the streams of what was formerly a uniform surface e (More 

explanation of Badlands.) And this portion which is left makes the pinnacles and 

needles of the Badlands. (Interruption.) 

We have two possibilities of course in the Badlands. If you look ‘down 

on these rocks which form the foundation, then the Bedlands are the features of 
Approach 

elevation. If, however, you 2 the Badlands on the top, on the Great Plains, then
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those well . 

. the features are ? of depression and you can see that quite ? at the present time 

in the Badlands because of the road being constructed there. (More explanation.) 

(Interruption. Question: The Badlands continue how far? Answer: ???«) 

( Interruption.) 

Sometime when you get ahold of a railroad map I would like to call your 

attention to the branch lines. The eastern boundary of the ereat Pleins more or 

: less determines the ends of the branch lines which come out in this region. This 

eastern boundary has less than 20 inches of rainfall per year, consequently this is 

poor agricultural land and one can pretty well tell by the branch lines the exient 

of the rainfall in that regione They go so far ant stope 

The Black Hills should go in here, but I am going to save that until 

last. I hope we have some time se I can show you some pictures of the Black Hills. 

Next to the south through Nebraska particularly we have a portion of the largest 

undissected portion of the Great Plains. Down through Nebraska there is only 

one stream cutting through it and that stream has not been able to cut through 

that territory. This region is known as the high plains area; the high plains are 

typical of what the Great Plains used to bes It is praticularly well represented 

in Nebraska. (Interruptione) In Colorado we have a portion which has been 

mentioned before, the Colorado Piedmont, the Colorad Piedmont. 

: Just as the streams coming from the Black Hills area had sufficient 

velocity to strip off the apron here in front, the streams coming from ? had 

sufficient vetocity to strip this apron off in fronte It is not so conspicuous 

over the low area between the Great Plains and the Rocky Mountains proper. 

Oklahoma and Texas have another very large undissected remnant of ?. I don't 

know where they get the name for ite Llamo estacado and that's the name. 

Sometimes it is spoken of as stwaked plains, not because they raise steaks on 

the plains, but if you put a steckeout there ?7?- There is not much to say 

shud 353 It represents an undissected portion of this ? apron. T
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i 4 The boundary here to the south then brings us in contact with another 

plateau region, brings us in contact with ???. It is a region in which all the ? 

° material has been stripped off. The surface follows ???. It is a plain then which 

we speak of as a stratum plain, that is the Edwards Plateaue All the ? material 

has been stripped off and in the stripping process it stopped, for at the present | 

time here is one layer over one wide area. It is therefore called a stripped 

plain, material stripped off the topes (Interruption. Question: Where was that? 

Answer: ???.) 

Now before 1 get to the ? before I have to talk too fast, I want to show 

you the Black Hills, show you some of the pictures. The Black Hills represents 

an elongated dome approximately 125 miles long and about one-half as widee. As a 

result of the uplift which formed, the dome rock layers are inclined ? around the 

entire ? of the done, so we have in this region not cuestas, but hogbacks, formed 

in the same way, except that the rocks are more steeply inclined. These are 

conspicuous features seen on entering or leaving the Black Hills, These hogbacks 

surround the Hillse 

Within these there rises the central region, the western half of it is 

als plateau, did I say the western helf or northernhalf? Zxcuse me, I should 

have said tne WK half, the vex esow half is a ls plateau, the wouthern 

portion of the eastern half is made up of granite intrusives, masses of granite 

that forced its way into the rocks. This granite has been very badly jointed, very 

intricately jointed, that is, broken and jointed. Along the planes of fracture, 

the rock has decayed more rapidly. As a result, the ??? in this way, then we have 

formation of pinnacles or needles, a system of jointse 

Supposing we were looking down from on top of the Black Hills, we might 

see a joint pattern something like that. As a result of this jointing, the material 

eroded around the edges like thin, each edge like this and this erosion kept on 

and finally therefore we have then the spires or needles, and each represents @ spire; 

this would be its neighbor, here another one and here another onée
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The northern half of the eastern area is composed of rock which we 

call a schist. it is a rock which has resulted from intense deformation. It 

is characterized by a cremulated laminations Lamination means layer and 

cremulated means wrinkled; it is rock characterized by wrinkled layers. This 

is the region of Lead and Deadwood, the mining area of the Black Hills e 

With the exception then, of these granite areas and these schist areas, 

the surrounding rocks are all of normal marine sediments or marine sedimentary 

type with one exception. Within the first hogback as you come from the easte 

29? there is a region spoken of as the Red Valley. The rocks are of ?, Triassic 

; in age; they are red ss and sh, softer than the materials with which they are 

associated and therefore they make a valley and the Black Hills is known as 

the ?. It completely surround the Black Hills; it is the chief route of trans- 

portation in the Black Hills following around inside the valleye This is one of 

the hogbacksm dakota sse This ss is drilled into for artesian water, it is 

a water bearing horizon. (Comment on fresh water of Chicago enteréng the ss 

300 years ago) (Interruption. Question: ??? minerals of Black Hills. Answer: 229) 

Other questions? The Black Hills represents one of the regions of the most 

concentrated geology in North America. You can get plenty of concentrated geology 

in Minnesota, but you can't understand it as well as you can that of the Black Hillse 

(Black Hills pictures.) 

CD/HVA
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I thought I weuld pass these maps areund so we coulb become better 

. acquainted with some of the divisions ef which we have been speaking, so I have 

prepared the mimeographed outline maps which you have just receivede I think you 

will be able to label that so that you will have in mind the proper names and 

the proper arease 

This evening I am going to consider the Interior Highlands. It is the 

region you will flind in the southern portion of Missouri, the adjoining portion 

of Arkansas and Oklahoma. Now locate that on your diagram there on your map. Lines 

which are marked thus are boundaries between the regional subdivisions, Within the 

major subdivisions you will find just plain lines which divide the sections. For 

example, you can follow the extent of the boundary of the Great Plains which we 

had last time. Through the southern portion of this Interior Highlands there is 

a dotted line. Jt should be made a full line. It is a division of the physiographic 

provinces; it runs east-west across ???%. : 

Let us first consider the area north of that line, the Interior Highlands. i 

E I would suggest a method somewhat similar to this in order to avoid having so many 

names on the map for it means nothing to use Beginning with the major subdivisions 

22%. Phen we would have the Ozark Plateause We label the Coastal plains. You 

can label these later on. Then, second the Appalachian plateaus and the Appalachian 

Mountain system; 3, the Superior Upland and 4, the Interior Plains and 5 would be 

the Interior Highland, so you can put a ? to the north of the line which I have 

just completed. * 

The geographical location of the area you can get from the maps It is 

principally southern Missouri, nw Oklahoma and nw Arkansase The land form there, 

e as the name implies, is a plateau, rather a series of plateaus. If I was to draw 

; a north-south, no excuse me, if I was to begin in se Missouri and draw a profile 

e through te the sw corner of Missouri and then turn south to the southern boundary 

of Sas Ozark Plains, the profile would be such as this upper linee Then in the 

very corner ??? is a region known as the Ste Francis Mountains. It is a region in 

which the ancient crystalline rocks are exposed. It therefore represents a dome,
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the central rocks or core of which has been exposed by erosions 

Then to the west there is a plateau, the result of stream erosion which 

? the lower Paleozoic formations; that is, the surface is not related to the ?. 

It is a distinct erosion level cutting across a series of sediments exposing the 

endse This is one of the plateaus. This is the Salem Plateaus 

Then we come to the Mississippi? rocks which temselves form a distinct 

plateau; it is the Springfield Plateaus. This Zf down here is lower and middle 

Paleozoic. The Springfield Plateau has resulted from the resistant character of 

the ls in it. Then the next one here is the Boston Mountains made up of the 

Pennsylvania formations, not particularly very thick ss layerse Now I don't know 

which part of this you are going to call the Ozark Mountains, but some place in the 

group lies the Ozark Mountains. That is, there is no such thing as the Ozark 

Mountains. The areas which are mountainous are ??? and of the dissected ? of each 

of these plateaus. Due to stream erosion the margin is cut by valleys; in such 

areas this takes on a mountainous appearance ???e Between the Springfield Plateau 

and the Boston Mountains, locally they can speak of any of these regions as 

mountains, ???e 

In general then, remember principally a region of Paleozoic formations 

for the most part undeformed. That is, they have a plateau character due to 

uplift, but that portion which lies south of the boundary you draw just a little 

highere 

Across is the Ouachita Province, the Ouachita Province. Tt is an Indian 

namee I will have to ? these names. We will then continue (Interruption. Question: 

This now is south of that dash line which we changed? Answer: That's right.) And 

the line which I am now drawing on the blackboard is due south. This is sw and 

this over here is ene and now we are going to bend the line of section and go into 

the Ouachita Province. The surface forms first which we will draw is a wide valley 

and then we get into a region of folds ??? where we come in contact with the Coastal 

Plains of the west coaste This region is the Arkansas Valley, the mountainous area 

is the Ouachita Mountainse So much then for the surface forms, and now then the 

rock structurese



566 

The formations beingin down from the Boston Moumtains are here folded, 

rather complex, but in a general strucutre known as a synclinoriume That is, it 

is a structure made up of anticline and synclines, but the general structure is 

that of a syncline, a downward folding trough, a synclinorium. Then, coming to 

the Ouachita Mountains the same complex ? conditions but it becomes arched into 

a strucutre which, for the mest part, is an upward fold, therefore called an 

anticlinoriam, a series of folds but the general trend is upward like an anticline. 

ihen we would have a eynclinorium and this the anticlinorium. These words merely 

mean series of folds, but in general, as I said before, the series of folds with an 

upward trend iscalled an anticlinorium an. a system of folds which has the general 

form of a trough is a synclinorium. 

Now in order that we don't have too many details to keep in mind, these 

: two areas are quite comparable to the folded region of the Appalachian Mountains. 

They do not have the same topographic expression but they ? the same as the 

Valley and Ridge Province of the Appalachian Mountains and just as we had in the 

Appalachian Mountains a plateau to the west, here we have a plateau to the northe 

22%, ‘The system of folds go to the sw taking up the Appalachian Mountain folds, 

go beneath the Gulf Coastal Plain, but they turn as they go beneath here and go 

out that way, so it is,believed there is a direct connection ?7?. Some of the 

oil field development is dependent on ???, with the folds present here in the 

akc region ???. 

This particular area, that is, the Ouachita Mountains, is a region of 

rather rugged topegraphy, rather heavily timbered; it has been one of the popular 

resort areas in the United States ??? Hot Springs, Arkansas. The Hot Springs 

themselves indicate, of course, some source of uncooled heat down beneath the 

surfacee As yet it has not been recognized what that source ise 

The setting aside of that region of Hot Springs was the beginning of the 

national park regions. Inasmuch as this is c combination of courses, i suppose I
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should bring in some of the facts of interest of both courses. Yellowstone was 

actually the first National Park, but the Hot Springs areag was set aside by 

‘ governmental action to be preserved for the public and this, as I said, was the 

initiation of the idea; it did not bear fruit until 40 years later when Yellowstone 

Was created as the first National Parke Any questions? (Interruptione Question: 

You said the Ouachita region is heavily wooded? Answer: Reasonably so, yes; it 

is a region which gangsters used for hideouts.) (Interruption, Question: Have the 

strata been changed from a flat to a curlycue; have they been hardened much? 

Answer: Not essentially soe There is one formation fn the Ouachita Mountains, and 

if we were to look at these ? from above you would find that they plunged and 

here the surface has been cut through them to get zig-zag ???, and gives rise to 

regions on a map which would lock about like that.) (Interruption. Question: 

Are diamonds associated with igneous rocks? Answer: ???.) 

This particular rock is a noaulite?. I don't expect you to remember it; 

it is a fine grained ? rock and makes an excellent whetstone. (Interruption. 

Question: Is this region undeformed? Answer? Well, ??? «) (Interruptions 

Question: The Arkansas valley, does the Ste Francis Mountains seem to be a 

compensation or what? Answer: ???) (Interruption.) Other questions? (Interruption. 

Question: These much-folded mountains were deformed the same time as that deformation 

of the Appalachian Mountains? Answer: Yes, maybe earlier. We will begin explanation 

later on.) Other questions? 

Then we come next to the largest subdivision known as the Rocky Mountain 

system. As the map indicates, the Rocky Mountain system begins in northern New 

Mexico and extends northwestward to the Canadian boundary crossing the Canadian 

boundary in the states of Montana and Idaho and also eastern Washington; it is 

subdivided into four parts, the first of which we are calling the Southern Rockiese 

This area includes the mountains of southern Wyoming, and from there south to the 

end of the wajor subdivision. It is a region of linear mountains,that is, the 

: mopnieine are in lines and they are not distinct ?; they are separated from each 

other by lower areas. 

Almost every mountain in this group is an anticline, and anticlinal ranges
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In general the areas are folded, trending slightly east of south, giving rise, 

therefore to an arrangement such as this, an arrangement in which the mountain 

folding overlaps, that is, the various lines of folding are not continuouse \ 

You begin with one mountain group and it gradually disappears out here; wee one 

starts here just before the other one disappears; another one starts here and so : 

on. If sometimes you are ??? you will see this general arrangement of this mountain 

axis through this region. Of course we cannot take up the details with regard to 

each of these areas. If we were to take the Laramie Range of southern Wyoming? or 

the ? range of ?, neither of then would serve ???; you woulé find in general that 

all of them have the same general cross section. Individaully they are quite 

different, yet almost each one of them will have this, a crystalline base, that is, 

of igneous and metamorphic rockse 

We will have an inclined series out here on the limb, the lower one 

Paleozoic and the upper one Messozoic formations. = 

The mountains themselves usually consist of this core, the foothills usually being 

rocks of Paleozoic and Messozoic age, thefoothills, the end of the foothill belt, 

of course, comes into this region of tertiary alluvial plains, that is, the Great 

Plains on the east for examplee 

Some of the other subdivisions run weste These sedimentary rocks, of 

‘course, ee the top at one times Since the formation of the Rocky Mountains, 

that material has been stripped away; it is quate logical that that would be donee 

After the formaiion of the mountains that was the high area, therefore subject to 

the most erosion and therefore the stripping of these sediments,gand these rocks 

ees so hard thaty they have retarded ??? whereas the foothills between occur on the 

sidese 

There are many regions where you can see these rocks as I have drawn them 

and sometimes they can be seen even more 7??. They stand up in regions as I showed 

you last time like in the Black Hills region ??? and this then vecomes a typical 

form spoken of as a hogback (Interruptione Questions Is that what we have in 

Denver Park? Answer: ?7?) These rocks which occur in the center of the anticline
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for example, Pikes Peak, usually are igneous, from an igneous masse The erosion 

surface was cut down through the granite. If I were to draw more of the details 

of this region I would have to change the general form of this mountain to a 

surface a little more like that. Inother words, not all of the ? is here and 

part of it has been removed to the extent that a peneplained region has been formede 

At the time it was formed the streams had eroded into the area as deeply 

as they could. ‘robably then the old surface was like that; uplift of the area, 

and as a result all the material on the sides was stripped swaye These isolated 

remaants which occurred aoove the erosion surface, were called monadnockse Pikes 

Peak, Longs Peak, which occur ??? is another such monadnock. If you take the ? 

road in ? National Park you come up on this erosion surface and you lock quite 

a distance over this surface and as you do so, you see these ?7??. ‘They are remnants; 

The streams were able to ? at the time these were formed. This is characteristic 

of the front ranges from the Laramie Range on the north to the crystal? range on 

the south end. All of them are characteristically ??7?; there are a few of them ???, 

that is, in the region of the mountains the pressure was from this line and down 

here acted as a plunger, and in so doing, arched up the sediments over the top. In 

some places it actually rose ???g in such cases then, the foothills belt disappearse 

These are eroded out heres Such you have for example, south of Colorado Springs. 

These formations which have been mentioned, the bedrock? ??? or whatever else you : 

want to call them, disappeared just south of ? and are present south of that 

(Interruption. Question: Was that an overthrust? Answer: No. uplift, uplifte) 

: Once getting veyond the ? range bends into a syncline and repeats the 

process of an anticline, so there are ??? the front ranges and the western belt 

made up of a ? series, but there is a distinct mountain axis over here, and this 

area between here is a cynclinee This is the area in which in Colorado they call 

the Parks?. We're not speaking of National Parks now but ???.- The result of the 

wearing off of the material on the mountains and being dumped off here ???. 

Going northward out of the mountainous area we come to the Wyoming basin, 

excuse me, I want to add one thing yet about this other areas The topographic form
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or central core has been modified by glaciation in central Nevada. As far as 

scenery is concerned ???. 

: Now for the southerr? rockies. It is a region of Tertiary alluvial material, 

again a repetition of the same thing we have out here on the Great Plains. The 

mountains are not interrupted in the sense that the structure is interrupted. The 

topographic form is of course changed but these. mountain area which ? north or 

slightly west of north, merely bend to the northwest, trend through the Wyoming basin 

: and then ???, so if you will look at the diagram I gave you, just imagine that those 

fingers which you see sticking out continue with a ? to the nw ??? which lies in the 

regicn to the north. 

The folds such as this occur in the region but they are so low that the 

Tertiary material have for the most part, covered them upe Now we change the 

diagram to the extent that we put a tertiary cover up about that far. In other 

places if we put the Tertiary cover up there, then we would have the ??? so extensive 

that if covered over everything ???;in some places the streams have been able to ?7?, 

in other words, uplift and stream erosion have exposed the ???. This is another one 

of the regions of badlands in western United States. : 

é As a matter of fact, this is a region which in terms of Paul Bunyan, ???. 

It is a region in which stream dissection has produced an infinite erosion patterne 

That is true of any of these regionse The continental divide is so low that it 

contains salt marshes of ? lakes, lakes that appear after a rain, and then the next 

day disappear. The Continental Divides 

I think that is enough and now hext, the Middle Rockiese This is the 

mountainous area in the vicinity of Yellowstone. Yellowstone lies in the nw corner 

of Wyoming. This region has a rather peculiar shape as you will notice on your 

MAapSe It includes the mountainous area of nw Wyoming, then a group of mountains 

which extends along the ? boundary and then along the ? boundary and then make a ; 

right angle turn to include the mountains alomg the Wyoming-Utah border, a rather 

peculiar shaped area and made up of a different kind of rock structures
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Let's begin with Yellowstone. The Yellowstone area consists of a 

‘ volcanic plateau and the predominance of this volcanic material is the reason 

: for the hot water phenomena we have at Yellowstone. In other words, the under- ; 

ground source is undoubtedly the same source which gave rise to the golcanic 

material, and it gives heat to the underground water. That region would be here 

in nw Wyoming. ; 

This plateau is surrounded by mountains, first the mountain off the 

east of Yellowstone; at the north of this group, the mountains are of this 

general character, anticlinal for the most part, anticlinal without a foothill 

belt on either side, ea rather rapid ascent from the plains into the mountainous 

region in which the rocks are these ancient crystalline rocks which we have 

described beforee These are the Beartooth Mountains. East and just a little 

bit north of Yellowstone, you can see you can see them, the Beartooth Mountainse 

It is a region of volcanic accumulation, both flows and explosive material all 

of Tertiary age, all Tertiary Ages 

The plateau has been dissected to the extent that it gives a mountainous 

designe That is,the streams have ? into it so effectively then that we have the 

Abseroka Mountains. Along this general trend, the lava and volcanic materials 

disappeared and again we have anticlinal mountains which make up the Shoshone Mtse 

_ I don't expect you to remember these mountains, but this seems to be the only way 

in which I can explain this material to you effectively, It is also an anticlinal : 

range, but not so thoroughly stripped of materials over the tope In other words, 

it is an anticline in which the sedimentary rocks go almost over the top. Now 

isn't that what you would expect? I said the Beartooth Mountains expose igneous 

rocks and I said these ??? therefore being low. Here is a ? between the Wyoming 

Basin and the uplift 77? and then taking ea great swing here back to the nw,in 

general, the Big Horn Mountainse 4
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It is an ? area which goes out and turns almost? a circle where ??? 

: and this portion out in here is the Big Horn Mountainse (Interruption: Question: 

In Wyoming? Answer: Yes, in Wyoming, and that extends into Montana just a bit.) 

Now I have to restore the diagram to its ?e Again we are back to the Big Horn, a 

mountain range stripped ??? a mountainous region in which some of the best features 

of glaciation are best developed. It is a region of beautiful cirques, that is, 

broad ???; it gorged out bowl-shaped areas in the mountains; these are so widely 

separated and do notinterfere with each other and can do a beautiful job of 

cutting up the surface. 

If you cross the mountains from the eastern side you see how the : 

cirques have developed. Then the Big Horn, that's another story. Taking the 

mountains which extend along the Idaho center border we have 29% are quite different, 

Just south of Yellowstone we have the Coton Mountains, characterized many times as 

the American Alps. The structure of the Teton Mountains consists of an uplifted 

bolck, the eastern side having risen, giving rise to a ?. It slopes to the west; 

then this was glaciated, giving rise to the sawtooth skyline. Off on this side we 

are in the Wyoming basin and so we have plateau ? topogtaphye ??? full blocks and 

this is one of the Teton Mountains just south of Yellowstone. 

Then we have the Wasatch Mountains just across in Utah in a ns direction, 

We have the Wasatch Mountains, another block, but tilted in the other direction, so 

the general relation is somewhat as indicated here ??? and this on which the Great 

Salt Lake is situated. The faulting along the Wasatch has been so recent that all 

of the spires? of the mountain, that is just what they are, nothing more than spires?. 

The interstream areas all have triangular ? sections that are shaped like that. The 

? gs rising so rapidly that in so doing it left the end of the ? area cut off. ??? 

and in so doing it has been so recent and so persistent that you still have the 

fault along which the slipping took place. That is eharacteristic of ???- Then 

we come to the largest east west mountain range of the North American Continent. 

They ? in Utah, the Uinta Mountains. It is estimated that the Uinta
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Mountains represent one of the largest single uplifts in the ?. We are still 

: in the Rockies and it is still an anticline, differing in this sense, these 

formations were steeply tilted and then ? over in a form like that, a flat topped 

arch and therefore the formations which came ??? and then have been cut off since the 

uplift. It has been estimated that the uplift here &as amounted to 30,000 ft, 

30,000 ft. of uplift. The mountains there are 12 or 13 thousand feet high. 

That means that the material stripped off the top was somewhere in the neighborhood 

of 18,000 fte, 18,000 ft, of material has been removed. (Interruption). : 

Well, let's stop for a moment. Any other questions about the Middle 

Rockies? (Interruption. Question: The Tertiary deposition was largely workings 

over of the two previous periods? Answer: Of everything previously.) Other 

_ questions? 

Then we are going to the Northern Rockies. The Northern Rockies extend 

nw from Yellowstone, the mountains which are present in sw Wyoming and ne Idaho, that 

is, just north of the Snake River, are for the most part again folded and are 

Paleozoic and Miessozoic formationse The folds are smaller but we have again 

anticlines and synclines, a group of folds through this region, and the rest of 

the Northern Rockies are entirely different. 

This region of the Northern Rockies consists of ??? several areas in the 

North American continent which are more or less headaches. Let's begin with the 

area represented by Glacier National Park. The mountains of Glacier National Farl 

consist of ancient marine formations. You haven't heard me say that very often, 

ancient marine formationse They are slightly deformed. The mountains are portions 

of a great fault block, not like I have described before, but another kind of faulte 

Now the topographic forms would be something like I have indicated here, great plains 

to the east and then the mountains of which GlaciarPark only represents a part, 

and then a trough » the result of ? then later the erosione This mass of rock here 

is a portion of the rocks of the earth which have been shoved out and over the 

rocks which were here. The shoving has been of such a nature that the formations 

up in this area, if we were to try to find them in this ? they would be down in such
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a region as this. In other words, these formations were the continuation of these 

E over here and as a result of the movement, they have been ? up and oute In some 

cases, a matter of 25 miles shortening of the crust of the earth, 25 miles shortening, 

one block of the earth moving out over the other. Such movement is spoken of as over- 

thrust and that in Glacier National Park is known as the Lewis Overthrust. 

And we have then ls, ss and sh which here as I said, are only gently 

deformed, just slight waves in the rock. I said that they were ancient, more 

specifically they are Proterozoic in agee (Interruptione Question: Would the 

overthrust appear to the eye? Answer: Yes, in some places ??? it extends from 

Montana to Idaho) Other questions? (Interruptione Question: Proterozoic on which 

side of the fault plane, Cretaceous on which side? Answer: That's the sequence 

as I have written here.) (Interruption.) 

As we continue westward from the Glacier National Park region these 

formations continue into lasus ona from there on west to ne Washington. We have 

rather abundant intrusive rocks, so throughout most of this portion, it is a 

repétition of this separated by structure troughs. The reason for these throughs 

is not recognized as yere 7? streams one of the unsolved problems of that region, . 

but in the ne area of Washington,as I said, there is a group of intrusives; to 

the se here is the area of folded Paleozoic and Messozoice 

That leaves jusr one region we have not discussed and that is Central 

Odanoe 4+ is made up of a batholith of a huge mass of intrusive material from which 

the sediuents which used to be above it have eroded away and there is left a land 

form developed upon this uniform mass of granite. It is therefor a mountain range, 

not system to it, no arrangement at all. “4 is merely the way the streams have left : 

it. It is practically impassable, valleys too irregular to follow, ridges too 

irregular to follow, little habitation and across it there is practically no 

transportation. It's the Salmon River country of which I am speaking, the Salmon 

River Mountains of Central Idaho. I think that's probably enough and maybe even 

too much on the Rocky Mountain system.
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Let's tkke just a minute to summarize what I have tried to give yous 

: This region which we described, that is the Rocky Mountain system, for the most 

part, consisting of areas or lines of folding in the south and in the middle and 

southern portiong of the northern subdivision, the ranges mark the areas of foldings 

In most cases the crystalline cores of the Mountain ranges are exposed. The 

sedimentary material is of liessozoic and Paleozoic age flanking the crystalline 

cores and makeing up the foothills.e ??? is a region in which deposition has almost 

or ??? completely covered the lines of folding and are gradually being uncovered 

as erosion proceeds and the very northern portion of the Rockies consists of 

this series of very ancient marine formations which I have also ???. 

One other region, that of Central Idaho, a region of large intrusive 

massese Any questions? (Interruption: Are they of about the same period of 

formation. Vid they all come into existance at about the same geological time? 

Answer : ???.) (Interruption. Question: How can we determine the age of the 

intrusives? Answer: By the youngest deformed rocke That is one thing that will 

stand you in good stead, regardless of what course of geology you take, by the 

youngest deformed rock. ??? marks the time the mountain range cane into existence.) 

(Interruption. Question: The quakes of that region recently were the result of 

what? Answer: ???) 

“ext time we will finish these physiographic features of the United States and 

then we Will begin to tell you how they all happenede 

(Slide. Lobeék Map. ere is the region which we have just discussed. Sere is the 

region etce, etce)
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I guess that's almost in focuse Gkes again we will get acquainted with the 

geography before we go much farther. Last time we considered the Rocky Mountain 

system which included the areas approximately where the pointer is traced. This 

evening I want to try to finish the western portion of the United States. As major 

subdivisions, the remaining portion of the United States us mide ae of two parts, : 

this portion just west of the Rocky Mountain system, known as the Intermontane Plateaus, 

then the mountainous area and the valleys which are spoken of as the Pacific Mountain 

Systeme 

In the Intermontane Plateaus we find three subdivisions, the Columbia Plateau, 

lying here through the Snake River area ???, the Basin and Range Province, mostly in 

the state of Nevada, from the Wasatch Mountains down into a2! across southern Arizona, 

sw New “exico and extending across the international boundarye Third, the Colorado . 

Plateau lies to the west of the Southern Rockies and south of the Northern Rockies 

' in the Wyoming Basins 

In the Pacific Mountain System are the Sierras and the Cascades which make up 

one provinces I will name all of these again so you can get them later; then the 

3 Pacific Coast Ranges, this the Puget Trough, and this the Great Valley of Californias 

(Interruption. Question: What trough did you call that? Answer: The Puget Troughe) 

Back again to the structure represented. We are dealing this evening with 

14, 15, and 16, 14 and 16, plateau areas and 15 an area of, as the name implies, of 

basins and ranges, and k7 is a complex mountain areae We hope to dissolve some of 

the complexity during the course of the evening. Had we called the Rocky Mountains 

number 7 in our provinces in our major subdivisions (Class answer : Number 6)- 6 the 

Rocky Mountains. All right, then 7 is the Intermontane Plateause 

AS the name states, this is a plateau region between the mountains; within the 

major subdivisions, mountains are essentially absent ot are limited to isolated 

ranges, separated by desert plainse 7A then we ill call the Columbia Plateau, 7B 

the Basin and Range Province and 7C the Colorado Plateaug ;
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: Let's begin with the Columbia Plateau as the first province, the first 

subdivision of the Intermontane Plateaus. First let's get the boundaries. It lies 

west of the Northern and Middle Rockies; it lies east of the Cascades. Remember 

that the Northern Rockies came up through Idaho and then join with the Cascades 

in northern Washington so that actually we can hardly speak of a northern boundary of the 

Columbia Plateau because 7??? lies to the west of the Columbia Plateaue The southern 

extent ads approximately the southern boundary of Oregon and Idaho as well. It is 

lower than its neighboring provinces except the one to the southe That is the Basin 

and Range countrye 

: The Columbia Plateau is characterized by flat lying, that is, it has lava 

flows of a dark color which have accumulated in this region to a thickness of 4,000 : 

feet. (Interruption. Question; Is that average or does it vary? Answer : ???) 

I have some specimens of lava from the Columbia Plateau which I shall pass apound the 

room. One specimen you will notice is very porouse +t contained abundant gas which 

blew bubbles in the rock and thus the rock solidified. The other one was more fluid, 

less gas content in it and therefore it flowed forward more smoothly in rolls. I 

was able to bring home only a small roll, some of them are as high as I am 7??? 

flowed forward slowly and cooled. (Interruption. Question: This piece here, is this 

considered scoria? Answer: Yes, that would be scoriae Scoria is the porous dark 

colored solidified lavae) 

: In general the rock is spoken of as a basalt, as a basalt. ihere the : 

streams have cut through the various portion8 of the Columbia Plateau, these layers 

of basalt, the ancient lava flows, you can see them there one after the other just 

like so many sheets of paper or so many pieces of wood arranged one above the others 

Where we have a large area such as this covered by lava flows, it is believed that 

the manner of eruption was 7??? slowly auntie sak the fractures and then being very 

fluid, spread out like a flood from these fractures. Throughout the region of the 

Columbia Plateau we find fissures or fracturese Throughout the Region of the Columbia 

Plateau we find fissures or fractures, numerous fractures from which these dark
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colored lavas camee it is evident that from 50 to 60 thousand cubic miles of 

lavas are found in the Columbia Plateaus On the map this area which is colored a 

: rose or pink, that's all lavas; 50 to 60 thousand cubic miles of material came up 

from the interior of the earth and was poured out on the surfacee In the succession of 

floods of molten paterial which came out from the fractures; they flowed out and 

we find them encountering a pre-lava surface which was very ifregulare When the 

lava flows came to a hill, they just surrounded it and during this time we have a 

hill of older rocks surrounded by younger lava flows. The next flood covered more 

of the hill, and the next one still more and so on until the later flows covered the 

entire hill and irregular pre-lava surface, and today the monotonous surface of the 

Columbia Plateau is due to the accumulation of these lava flows. 

All the irregularity of the pre-lava surface is covered. These lavas are 

said to be Tertiary in age. Remember, the Tertiary is the oldest of the last two 

subdivisions of geologic timee The Tertiary just predegded the ice age in other 

words. Rather inconsistent that we should have such a change in temperatures 

from lava flows to the spread of continental ice sheetse (Interruption. Question: 

Is there drift over these lavas? Answer: 9???) For the most part the lavas are 

undeformed. That is, they remained in this horizontal position. The variations 

from this horizontal structure, are largely two. (Interruption. Question: The 

: variations are largely what? Answer ; Two, gust two kinds or variations.) 

: First, a tilting or warping of the layers as they slowly slumped to 

occupy the space from which the materials had been brought to the surface. That is, 

we can hardly say that there would be ??? beneath the surface of the earth if 50 or 

60 thousand cubic miles of material had been removed, but rather the upper surface 

would tend to slump inasmuch as all that material on top, the lava flows, had formerly 

come from the interior of the earthe ??? not in one direction because the slumping was 

not uniform. The other change is found along the western margin where due to 

later uplift in the Cascade Mountains the lavas which flank the eastern side of the 

Cascades became uplifted as I will describe latere
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One other thing should be included in here. This repeated eruption of volcanic 

: material was not quite so continuous and uninterrupted as what I have drawne More 

correctly between certain of these lava flows are lake sediments, andoccasionally a 

lava flow may have a weathered gone at the top, a soil zone. These two characteristics 

the, the weathered surface of some lava flows and the presence of lake sediments 

between some lava flows indicate that the periods between lava flows were long. There 

are regions in which the lava flows are ?, practically no vegetation? on theme 

That condition would arise ??? the weathering is going to produce a soil horizon and 

later lava flows will bury ite (Interruption. Question: Those lakes, are they or : 

were they fresh water lakes? Answer: ???) Other questions? (Interruptione Question: 

How deep down do you find some of those weathered surfaces? Answer: Well, you 

find them at the bottom of the series which would be at least 3 or 4 thousand 

feet of material.) 

The greatest section of these materials is along the Snake River and there 

: are some places in which the Snake River, let's say that the profile of the Snake 

River is this line. In some places it flows right through lavas and in ether places 

it goes through the pre-lava indicating that in some places there are at least 

one half mile of materials which have been accumulated above, and they believe these 

low ? below the ??? they have about 800 feet shown right there and of course it would 

- between these two where we would get the lava flows. (interruptions Question: 

Does that indicate then as & whole this river has had a continuous chance to dig 

through or are there places where the river valleyg has been flooded or an I making 

no sense? Answers If I get what you mean, the Snake River has done a large share of 

cutting since the lava flows. I will speak of that later if I don't forget it.) 

The first section is the Snake River Plateaue This represents some of the 

youngest surface of the Columbia Plateau. It is a region in which the lava flows are 

practically unweathered. It contains a national monument which is called the 

Crators of the Moone These craters are associated with the recent rather late 

- volcanic eruptions, probably of the age which I have just erased, Quaternarye The
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lava specimen which I passed around came from the Craters of the Moon National 

: Monument. In this region not only did the lavas come up along fractures, but there 

was sufficient gas associated with it to create af ??? thus creating the spatter 

cones which have remained Craters of the Moone A portion of the Snake River Plains : 

is practically sie Senki of the absence of weathered material, the two principal 

products being sagebrush and jack rabbitse 

Through this region the Snake River has been able to cut a valley about 

a mile deep along the Idaho-Oregon boundary line, north south. ‘The Snake River 

‘comes west to the Oregon boundary and where it turns it is over one mile deep. Along 

the Snake River Plains, if you were to look at the morth side, in many places you 

would find ???. For example the Thousand Springs of Idahoe A cross section of the 

Snake River Capyon would be something like that. It is a very steep walled canyon, 

2??? and so whatever precipitation takes place out here if it gets into one of these 

proous lavas, it percolates along ??? until it comes to the water horizon and 

then it comes out as a spring. Some places here you have countless springs as far 

as the eye can see. and they are all ? of these porous portiong of the lava flowse 

The se portion of Idaho contains more late materials than the other 

parts of the Columbia Plateaue To this section is given the name Payette. It 

is, of course, a geographical name, maned for Payette, Idahoe The only difference 

we have more accumulation of lake sediments. The Payette Section is the present 

representation of what we had represented in the past leva flows. (Interruptione 

Question: Sw section was it? Answer: Yes, the sw sectione) 

In ne Oregon there is one mountainous area in the plateaue It is called 

here the Blue Mountain Section. The moun#ainous area trends in a ne-sw direction, 

and it is directed just about just about the ne corner of Oregon. Here we have at 

present a representation of what was ? of this region, a pretion of the pre-lava 

surface, lavas with the mountainous areas not completely covered. The lava never 

: went over the Blue Mountains. This gives you an idea of what the pre-lava surface 

was composed of, folded and metamorphosed ancient rocks. We won't say any more about 

the age of thate They are much older, much older than the lavas which surround ite
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In Washington we have the ??? Walla walla sectione Wait, 2 don't know ; 

: if both Wallas are capitalized. I1 guess I had better capitalize both so as not to 

slight anyone. The Walla Walla section is characterized by its coulees, steep 

sided valleys, steep sided canyons, I should say, without streamse A typical 

profile diagram, of course, through one of these coulees would indicate horizontal 

lava flows with steep walled canyonse This might even be an island in the canyon 

with the sides standing vertiaallye Occasionally it might be a lake basin. As a 

matter of fact, quite commonly lake basins might be formed. If the line which I 

have drawn represents approximately the boundary of the Columbia Plateau, then the 

Columbia River comes down across this way, and then crosses the Cascades. It 

follows along the north boundary and then turns south and then across the Cascade 

Mountains, That's the direction of the rivers 

In the explanation of these coulees a geologist of the University of 

Chicago has explained them in this way. During the ice age the northern portion of 

: the Columbia was covered by a glacial lake; therefore the Columbia's course was ?, 

no drainage in it, so it is perfectly ? but drainage which comes from the northern 

Rockies in this direction toward the Columbia, drainage which comes down the 

Snake River; my geography is a little bit off here, now, more like that. This 

drainage swould continue to flow; this drainage, however, was blocked and directed 

‘along the ice fronte It got out about so far and then took a short cute At another 

time and for some other reason not known, it took another short cut over here. : 

This longer one is Grand Coulee and this shorter one, Moses Coulee. They represent 

abandoned stream channels, having formed as a result of diversion of water which 

should go to the Columbia River, until it found a short cute 

In all respects then, these coulees are structural channels except they 

were probably eroded in a short period of time by a large amount of watere A 

normal valley should develop a profile more like this. They should not be steep 

i es, therefore this University of Chicago geologist thinks ??7? and must 

have been of large volume. (Interruption. Question: Aren't those rocks hard? 

Answer: Yes, but they ae be weathered.)



71s 

: In this region are relatively late lava flows; in this region are, 

however, ice lobes. Why not have a lava flow take place ? the glacier? That 

would furnish a large amount of water. This is a possibility for that does 

happen on islands?. Lava flows come out ??? those are the conditions which have 

been postulated fro the formation of the Grand Coulee and the Moses Coulee. At the 

: time these coulees were in existence, one of the greatest water falls that ever 

existed on the earth was in this Grand Coulees 44 was 400 ft, high and over one 

mile wide. Today there are great plunge basins below this region spoken of as 

dry falls, now a state park in Washington. 

Since the formation of these coulees ??? the Columbia has ??? and so 

these coulees lie at an elevation above the Columbia. I see I have drawn the ice 

boundary down here too far when I come to explain this. You all have heard of 

Grand Coulee Dam. Grand Coulee just happens to be a location; it has nothing 

to do with the dam, but it is located ?7?. The particular engineering problem 

involved there is a damming of the Columbia River and creation of a reservoir 

which will be used for irrigation purposes down throughout ??? but as I say, the 

Coulee itself has nothing to do with the dams G 

fs Well, we probably have spent a little too much time on the Coulee 

- District but within the Walla Walla section there is also the Yakima District. 

It is of importance only because it represents some of the lava flows which are 

not horizontal. The uplift of the Cascade mountains to the west brought up some 

of the lavas on its eastern flank ans as it did so, it twisted and turned these 

lavas in such af way ??? that you get a line of folding diagonal to the main trend, 

and in the Yakima District, the lavas are faulted or folded as a result of being ie 

and that's the only placé in this plateau where the lavas are in other than 

horizontal position. (Interruption. Question: What region does the Cascades 

cover? Answer: 9???) 

Harney Section and then we are through with the Columbia Plateau. This 

section is in se Oregon; it is a region known as the Oregon Desert. For the most 

part it is a pummice desert, a pummice desert; pummice you will recall is nothing
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i. more than rock froth resultant of lavas coming ??? interval ???. The rain that 

falls there leaves only by evaporation or by percolating in the ground. No streams 

leave the area. They almost dide As a matter of fact, they lack only about two 

geet of rise ??? and then they would have flowed out, but as the lake got higher 

and higher, the amount of evaporation was equal to the percipitation and then of 

course the lake level has remained constante Any questions about the Columbia 

Plateau and its subdivisions? 

Next we will take the Basin and Range province then. I have them in that 

order here. Again let us recall the boundary of theBasin and Range Province. It 

lies west of the Middle Rockies, west and south of the Colorado Plateau and east 

of the Sierra Nevadas. It dmcludes the entire state of Nevada, western Utah and se Califor 

nia, southern Arizona and sw New Mexico. As for general characteristics -- it should 

be described as an area of isolated sub parallel north south mountain ranges, 

surrounded by desert basinse I will repeat that, not that you have to get it in the 

' same words, but the idea -- an area of isolated sub parallel north south mountain 

: ranges surrounded by desert basins. They ranges are composed of a great variety 

of rocks, so much so that we won't try to name any of them in general, I mean in 

detail. The ne portion is an area in which the ranges are primarily of Paleozoic 

rocks; the nw area, the ranges are primarily of Messozoic formations and the 

southern portion, the ranges are primarily of Pre-Cambrian formations. In these 

: afeas and elsewhere as well, the ranges are composed of Tertiary lavas. 

Now perhaps you can see why the complexities. The basins lie normally 

at elevations of about 3 to 6 thousand feet, yet the area contains the lowest 

: elevation in the United Statede Salton Sea in se California is 273% feet below 

sea level. (Interruption. Question: What is the name of that? Answer: Salton Sea.) 

i ‘The Death Valley is between 200 and 300. 

: For the most part, Death Valley has been land for some time; this used 

to be the Bulf of California. The ranges are about 7 to 10 thousand feet, fairly ‘i 

respectable mountains then, and the greatest elevation is 12,000 ft., so from this
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s 12,000 to the bottom of the Salton Sea we have the greatest relief in continental 

United States. Mt. Whitney is the highest, to be sure, but you have to go some 

' distance from Kite Whitney to get such relief. 

ae The ranges are spoken of as fault blocks and depending upon the particular 

slope of the fault plane you may have one side ef the mountain steep and the other 

gentle, or it is just as possible you should have a condition like that; the sides 

of the mountain would be symmetrical. But every mountain crest represents the 

edge of a block; every mountain crest represents the edge of a block. For the most 

part, the movements have been such as to cause a lengthening of the earth's surfaces ; 

In a region where we have step faulting as indicated here and found in the 

Basin and Range Country, then, half of these faults is the result of tension and 

half faultinge The two points at the ends of the series are farther apart then, 

than before the faulting began. These are spoken of a normal faults. 

: Many of the faults are this kind, but there are some also which are 

spoken of as reverse or thrust faults, being ones in which the earth's circumference is 

shortened as a result of compressione Within the individual block, the formations 

é may have any structure. I have indicated them here as being horizontal. That need 

i not be true; they may be folded into anticlines; the rocks may just be a tilted 

: seriese You can have any portion of structure if you look long enoughe Around each 

of these ranges there is a basin filled with the debris which has come from the 

adjacent mountains. The basins, therefore, are allcovered #dffi all floored with : 

alluvium. The streams carried and deposited material. Here we have on a small ecale 

what I have once before described as the Great Plains, plains construction at the 

foot of the mountains as a result of streams coming down and spreading their material 

see 

Take this map. I would ask you to look at it at the close of the hours : 

The gray stippling is this alluvium as you can see the distribution of the basinse 

Such are desert basins. The other spots are the ranges of which I have spoken. 

Any questions? (Interruption. Question: What caused them? What caused the whole 

bateh of them? ia they come before of after the Rockies? Answer: 29?)
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(Interruption. Question: I sthat rock alluvium igneous or sedimentary? Answer: 

They are the result of the erosion of all of these varieties. As you see them now 

: they are sedimentary material, but they have come from the weathering of igneous, 

metamorphic and sedimentary rocks.) 

The first section here is the Breat Basin. It includes most of the state 

of Nevada and the adjoining portion of o It was named the Breat Basin because of the 

characteristics as observed by the early ?9?; they came across ??? and therefore its 

names It is very typical of the @eneral character which I have described. It is 

an exception for we ? ancient lakes which ??? ancestorof which Great Salt Lake is a 

pygme? desert. During the ice age Great Salt Lake rose until it was approximately 

100 ft. deeper than it is now. At that time it emptied into the Snake Rivere ??7?. 

The climatic conditions changed ans the lake bevel dropped and water did not flow 

wat assuming more or less the present salt conditions. Again the climate changed and 

it rose, but this time it found an altitude about 60 feet above the present level 

and so it flowed out. Along the area formerly covered by the Breat Salt Lake are 

some of the desert ranges and you can see the general ? of these ranges in the mountainse 

Locally they are spoken of as terraced mountains, and these terraces represent old 

; lake levels. 

Of course since the last one, water has not been flowing out. It has been 

concentrated as a result of evaporation. It is still a region of Playa lakes, lakes 

eitieh exist after a‘rain or heavy dew and then disappear. (Interruption. Question: 

Where are those lakes in the Columbia Plateau? Answer: 2???) These are saline water lakes, 

not suitable for drinking purposes. 

Then Lake Bonneville, there is no relation to the Donneville Dam or the 

Columbia River. Another section is the Sonoral Desert, It is actually composed of 

two desert regions, the Mohave Desert of ? and the Gila Desert of sw Arizona. It 

= is a region of greater aridity than in the Great Basin and also a region in which the 

desert plains are moreg extensive, covering a lamger areas
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: Salton Trough, another one of the subdivisions of the Basin and Range 

: Province represents a portion of the Gulf of lower California, which was cut off 

by the deposition of a delta. This represents the gulf and this would be land out 

here. The Colorado River with all of its cutting through the canyon area comes down 

??? and built a delta here. The delta continued to grow until finally it has 

flanked this area to the north. This became a region of evaporation and what was 

originally ocean water began to evaporate to form a relatively small body of watere : 

The present body of water is primarily due to a decision of the Colorado River to 

again go in that direction. It was largely the flooding of an irregular ?, but the 

present one was primarily the result of that condition. I don't think it merits 

more discussion than that. There are two other sections, but we have some interesting 

things, so I will go on. Any questions about the Basin and Range Province? (Interruption. 

Let's begin with the Colorado Plateau, lying west of the Southern Rockies, 

I south of the Middle Rockies and surrounded by the Basin and Range Province. It is 

@ region of horizontal sediments where elevations in the plateau are not below 

: S000 and may be as high as 11,000, almost two miles above sea level. I+ represents 

an area of some of the greatest canyon cutting hot only in the United States and 

North America, but actually in the world in a single canyon or series of canyons 

rather or maze of canyons. 

The cause of the canyons in thi particular segion is due to the through 

flowing streams, that is, the streams receiving their water from melting snows and 

rains from the mountains to the east and north. They receive practically no contrib- 

utions fas they flow through the plateau. Therefore the streams can cut deeply 

before they reach the level where they will not cut. Therefore we have the 

pronounced canyon characteristics of the Colorado Plateaus. (Interruption. Question: 

I don't understand stream cutting. What do you mean here? Answer: ???.) 

5 The area is largely one of plateaus. Think of it in terms of rock 

terraces far and wide throughout the region, the conspicuous form of a terrace or 

series of terraces. Particularly is this character noticeable in southern Utahe 

: Two of these terraces are very conspicuous so much so that we should know more
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about them. One is Triassic red ss. Above it is a Jurassic white ss. In one 

region even though I should say elsewhere, you hav e this step like characteristic, but 

: in one region the rocks have been worn until you have almost a ? face with a 

Canyon cutting down through it. 

‘ Then you come to this canyon. This edge here would be the face, this 

describes the general condition of Zion National Park, an area of res ss at the 

base and white ss at the summit, an area represented by this photographs If you 

want, you can stop at «he close of the hour and see the general character of these 

land forms. (Interruption. Question: How thick are the strata? Answer: The 

canyon is cutting about 2500 feet deep and 1 don't include 222)» 

If we were to get back on this plateau series we come to another terrace 

or whatever you want to call it. On this one we have Tertiary alluvium. Instead 

of a single canyon being cut as represented for Zion, again don't forget this one, 

this face is not this face. Here we have pinks , yellows, and whites, alluvium 

sands and clays for the most part, and instead of having a single stream, we had 

another stream which came in and more or less branched out and eroded a gulf, 

: eroded a Zulf. This region, therefore, in here would become pinnacles and spirede 

: This is the region of Brice National Park. We will have more of that at a later 

time. a 

Another region of which I should speak is known as the Canyon Lands of 

Utah, a region of entrenched meanders. It is a region in which the streams ???. 

(Interruption. Question: I didn't hear that name. Answer: Entrenched meanderse 

a They develop when a region has almost reached the end of its erosion cycle.) To 

‘become entrenched ??? and therefore it maintains its winding course, but it 

becomes ? into a gorge and so we speak of them as entrenched meanderse This would 

be a cross section through a region such as that. If the swinging gets to such 

a stage as that you have favorable conditions for a natural bridge. The riven 

eventually wears through the rocks underneath and then the water would come down, 

swing underneath the mxies and go like that. As a result, we would then have a 

bridge which would look more or less like that and erosion here cuts that portion 

ou 4
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out and we sould fave a reck arch going across the stream in this direction. 

: The water flows at right angles to it, the water here cutting underneath ite So 

far as the @rand Canyon is concerned, I will draw a generalized diagram and then 

consider it in more detail at a later time. I guess that's generalized enough. 

The river is flowing in Archaeozoic rocks which have been badly deformed, 

and the walls of the canyon and stair steps are of Paleozoic marine sediments, 

ss, sh and ls. On the north the elevation of the plateau is 10,000 feet, yet the 

upper plateau is formed on a ls which was once deposited in the ocean. We have 

the area uplifted 10,000 feet without disturbing the position. I apologize for 

slighting the Colorado Plateaus in this way, but those of you who are taking National 

Parks will hear more of the Colorado Plateaus later one (Interruption.) 

Next is the Pacific Mountain System. A Sierra Cascades is the eastern 

subdivision, B, the Pacific Coast Ranges, the western subdivision, and Ce. the Great 

Valley which lies between A. and B,and D, the Klamath Mountains which join A and 

B and separate the portions of C. The Pacific Mountain System should be thought of 

in terms of as a badly cripples letter He ; i 

( 

: The Sierras are here, then the Cascades, and the Pacific Coast Range, the Klamath 

Mountains, the Great Valley of California and Puget Trough. I'll repeat that. 

First the Sierras here, then the Cascades, the Pacific Coast Ranges along this side, 

the Klamath Mountains through here and the Breat Valley of California and Puget 

Trough. Is that clear? Now I think that perhaps is a little better than all that 

black area we had in the structure diagram. 

Let$s begin with the Sierra Cascades. The Sierra Cascades include the 

eastern mountain chain. We will first take up the Sierra Nevadas which represants 

a fault block, the upper surface sloping gently to the west, the eastern slope is 

steep down to the Great Basin, not as steep as I have drawn it, yet there are 

places where the descent from the top of the Sierra Nevada block to the bottom is 

10,000 feet in 10 miles,
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This is not a straight road. It is essentially a block made up of a huge intrusive 

. which we call a batholith, a large mass of rock. There are a few places in it where the 

sediments which formerly were more extensive over the top, stilllang down 

within the batholith. They are ore of a pendants. These are the portions which 

are mineralized, and form the gold belt of California. Otherwise it is made up of 

this uniform mass of granite. It is not actually granite, but we will call it that 

nevertheless. 

The details of the ? area is due to glaciation so we have the jagged 

skyline and we have such areas as Yosemite, a glacially gorged valley. Wext the 

Cascade Mountains. I hope you don't take notes on the wrong lectures The Cascades 

are essentially the result of vulcanism acting extrusively, rather than intrusivelye 

The southern end of the Cascades is the locality of Mt. Lassen, the most recently 

active volcano in the United States, and from there north, we have an increase of 

volcanic comes and then the accumulation is replaced with accumulated lava flows 

basin characteristics 

with ???. As you pass north, the lava ???/becomes less and less and the range 

characteristics more and more due to uplift. 

I might take time to diagram this while describing the Cascades down here. 

There were fissures, fractures through which the lavas came up and later lavas 

Came up through another fracture,and still another fracture gave rise to still 

more lava flows and so the Cascades represent a zone of faults through which the 

lavas came out. They were not so fluid as those of the Columbia Plateau. And 

: after the lava had been poured out, there was the formation of the volcanic cones 

on top of the plateau. The steep side of the cone is a composite cone, lava plus 

ash and cinder. Ash and cinder won't stand. Lava makes a low flat cone, but 

when you get the two of them together, you get the composite cone, the steep cone 

which I have describede 

You will notice on this map you cannot tell where the Columbia Plateau 

ends and the Cascades begins. Next, let's take the Pacific Coastal Rangese The 

_ Pacific Coastal Ranges of Oregon are made up of marine Tertiary rocks. They are 

in broad open folds more or less like that, only arches and troughs, no very intense



: 19. 

deformations The @oast Ranges of northern California down at San Francisco Bay 

§ are made up of folded Messogoic rocks; the folds in general are in a nw direction 

passing out into the Pacific Ocean; consequently in this region the mountain ranges 

also are nw along the lines of foldingeBetween the mountains we have valleys which 

are open ended which go right out to the sea. 

South of San Francisco the ranges consit of faulted blocks, fault blocks 

which are very recent in age, so recent, in fact, that it is di11 in the process of 

being formed or ??? and occasionally the Californians get wakened up by the 

shaking or quakes. This is the youngest mountain range in the North American 

continent, so young that it is still in the process of being formed. 

The Coastal Ranges south of San Francisco they weree Now the Great Valley. 

The mountains to the cast and the mountains to the west are being eroded and 

materials are being contributed, and that should explain the origin. Valley between 

the mountains here and valley between the mountains here with this floor of recently 

: deposited stream material. 

Now there is an interruption here, the Klamath Mountains. They are a 

combination of the complexities which I have described. It is a region of folding 

: and intrusives. It resembles the Sierra Nevadas except that we have little more 

folding and little more intrusives, but the complexities are just about as greate 

‘The ranges between the Klamath Mountains ?? and in no way related to rock structures 

The area between them becomes a mountain range, giving it a locak name. I might 

put in just a word regarding the north end of the Puget Trough. The north end has 

become submerged and has become Puget Sound. Its particular branching form is 

largely due to glacial agents and we won't stop to consider those. AnyQuestions? 

(Interruption. Question: What is the relation of those Olympian Mountains? Answer: 

Almost a repetition of the Klamath Mountains, and they connect with the mountains 

’ on Vancouver Island ???) 

Well, we have therefore completed a grand tour of the United States and 

from it I hope you have gotten some ideas as to the ages of the rocks , the character 

that is, whether they are lavas, intrusives, and the structure, AS are the zones
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of deformation, etce That last material is what is called the geologic pattern 

of the United Staces, the character of the rocks and the position and structures 

If you have this in mind, the things which are to follow are going to be simplified. 

Next time we will have the Pre-Cambrian, the rocks that are ?. I suggest that you 

read trying te follow the outline. It is merely an outline, however. Next time I 

will take up the physiocraphic features, or in other words, the rocks and records 

of the first two periods, the Archaeozoic and the Proterozoic, covering about 

two-thirds of geologic time in one lecture. 

cpfuva
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From the material which we have donsidered so far I hope that you have 

formed a general idea as to what 1 have tried to give you, that is, the geologic 

pattern of the United States, a general idea regarding the surface forms, the land 

forms, the relation of the land forms to the underlying structurese ‘Jn other 

words, ???, and the particular geologic age of the materials of those regionse 

For the next two evening sessions Ian going to try to explain these things in 

chronological order, that is, 2 am going to try to explain the development of the 

physical features of the United Statese 

You realize that geologic time is subdivided into five ersa, the oldest 

of these eras is called the Archaeozoic, so we will begin with the consideration 

of the Archaeozoic rocks and recordse What I am going to try to do in considering 

the development of the physiographic forms of the United States, is to tell you 

the facts and then try to make an interpretation for you which will create a general 

picture as to the conditions of the continent during that portion of geologic time. 

It would be hopeless to try to explain everything, not only for your point of 

view, but mine as well. Therefore, I am going to try to choose things which would 

be representative. Understand, they are to be selections. In no sense would the 

geologic record be complete. We hope to get a very, very general impression and 

, from that starting point, you can go on if you are interested in the details. 

: One ike wot know, of course, I should say, there are three 

things you must knowe ‘ou must know the geographic distribution; you must know 

the rock character, which includes, of course, structure as wells and you must 

know the ages of the rocks considered. That will then be more or less the 

general outline which we will consider of each of the erase 

The Archaeozoic and Proterozoic are sometimes classed as the Pre-Cambrian, 

or in other words, the Pre-Paleozoic. You remember that geologic time is sub- 

divided into these eras, Cenozoic, Messozoic, Paleozoic, Proterozoic and archaeozoic, 

the youngest one being the Cenozoic and the archaeozoic being the oldest Below
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this here we would be in the cosmic stages,in the formation stages of the 

development of the earth. We, of course, have no records of the ? until the 

Archaeozoic, so we are going to begin an explanation of the record of the rocks 

of the Archasozoic. J said sometimes those are referred to as the Pre-Cambrian. 

If you were to make the subdivisions you would remember that the oldest one in 

the Paleozoic is the Cambrian and the reocks before it are Pre-Cambrian or Pre- 

Paleozoic. These are the portions of the geologic time scale which we are going 

to consider this evenings 

Let's begin with the Archaeozoic forst. Where do you find Archaeozoic 

rocks? Where are they exposed? There is one area here in the Adirondacks and 

the adjoining portion of eastern Ontario. If you want to, you can call that the 

Ste Lawrence area, the St. Lawrence areae There is another one in the general 

vicinity north of Lake Superior; there are comparable formations also on the 

south side, but we are not going to pay any attention to that areae On the north 

you can speak of that if you want to as the Superior Area. Archaeozoic rocks 

are found in the Grand Canyon; some Archaeozoic rocks are also found in the 

Piedmont Plateaue Now there are other small areas in which Archaeozoic rocks 

are at the surface of the earth, but we are not going to bother with seeenlé 

Of these occurrences which I have mentioned, we know most about the 

‘Lake Superior area. We can make the best interpretation of Archaeozoic events 

from the Lake Superior formations. J will go ahead and speak concerning those and 

then fill in just a bit with regard to some of the other arease In the Lake 

Superior region it is normally subdivided, T should not say normally, because it 

depends upon whom you are reading or who is teaching ite In the igneous series, 

well, that isn't a good classification either. In chet uacies, it is spoken 

of a Laurentian and the lower series is quite generally referred to as the 

: Keewatine Both of these are represented in Minne We will speak of the Minne 

sieve at a later timee If that represents the Minnesota or the Lake Superior
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regions of the Archaeozoic formations. Then in some place there should be the 

oldest known rock on the N. A. continent, the oldest known rock on the Ne Ae continent. 

: Rte tatrinive, therfore it cannot be this rock, because by the Law of Intrusion, 

the intruding rock is always younger than the rock which it intrudes, The oldest 

known rock in the N. A. continent then, must lie in this part some places 

If we were to examine some of the ??? as we find them, we would find that 

what is called the Keewatin may be further subdivided in Minn. It consists of two 

subdivisions, called the Soudan and the Ely formations. There is another one which 

is sometimes used, but it has less and less of a geologic ? as more and more work 

is done. It is called the Koochichinge Now these are names and of course they 

mean little to you. Let's try to explain the names as we go along ans we will try 

to realize why the names were applied. The Koochiching, is, of course, an Indian 

namee We use it for a county in Minnesotae It refers to a portion of the boundary 

area between Minnesota and Canadae Most of the geologic names are from geographical 

localities. The Koochiching consists of schist at the present time. They are 

calcareous quartzose schists. They occur primarily on the north side of Rainy Lake ~ 

I say the north side because Minnesota geologists do not recognize the Koochiching, 

so when you come to a boundary as far as names of formations are concerned, they 

usually are different. (Interruption. Question: You say it consists of these 

various kinds of formations, the rocks at the present time? Why not at all times? 

Gamers It has been changed from somethings Previously it was originally something 

else and its character has now been changede) : 

The Ely formation is, of course, named from Ely, Minnesotae As a formation 

it consists normally of green rocks, many of which are characterized by elipsoidal 

structurese Cross sections, that is, in a horizontal or vertical or any other plane 

will show the rocks to be composed of masses such as this, elipsoids, and of course, 

the solid form is called elipsoidale It is also referred to as pillow structure. 

Associated with these green elipsoidal masses there are also layers composed of
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erupted volcanic fragments. Only very very sparingly do we have anything which | 

might represent a sediment. There are very fewe The Minnesota geologist would 

classify the Koochiching as one of the representative layers, in Minnesota, represented 

by the Keewatin. They say the Koochiching is a sedimentary portion in the base of 

the Keewatine ; 

: Let's go on to the Soudane The Soudan is, of course, the formation is 

named for the town of Soudan on the Vermillion Rangee It is interesting perhaps to 

know that the town there got its name as a result of the time keeper's requests 

After the mine had been established, ?7?7 in the spring when the order want out for 

supplies, he requested a thermometer with zero at the top so he could find out how 

cold it got ???. There the rock formation is justt about as hot as we would be 

likely to have it. It is brilliant red banded, some of the bands, bright red and 

some of them bluish black. It is a rock which is ca led jaspere It is entirely 

chert or flint which has been stained red or discolored if you want to call it 

thate 44 is stained that way by hematite which is the brightest red material which 

we use in the coloring of rouge and lipsticke There are layers of this red material 

interbedded with blues and blacks. (Interruptions Question: How thick are the 

layers. Answer: Varying thicknessese In some places the hematite, it gets about so 

thick and in other places it is about as thin as papers) 

These rocks are intruded in ne Minnesota by granite to which the name 

Laurentian has been given. They are very conspicuous granites, very coarse grained. 

They have in them very large grains of quartz which virtually stand out as knobs and 

are sometimes spoken of as quartz eyese It is a very unusual characteristic and 

can be used to distinguish the granite itself. (Interruptione) 

These are the ? of the archaeozoio era in Minnesota. We might stop 

here for a little bit and rather survey it and get it all together. It is interesting 

at least to me to know that the Koochiching which is the oldest known formation 

at the surface of the North American continent, was originally a sediment. It is 

an example of the Law of Uniformity, that the oldest known rock formation was the 

result of normal procésses of erosion and depositions I said that it was a calcareous
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quartzose schiste Calcareous means that it contains Caco, and quartz means that 

it contains silica or quartz and since it is a schist, it must have contained 

mica whichis Alsi? It perhaps won't help you any if I write it oute This was 

originally 1s; this was perhaps originally sand or ss and this was perhaps originally 

clay or shale. The deposition of the Koechiching, therefore, records the products 

of decomposition and disintegration, for these materials are the products of such 

processes today and the oldest known rock was formed by the same processes which 

are acting on the surfacé of the earth todaye Now I imagine that the next logical 

question would bes If these are the ? material, then what was the source of the 

materials for the Koochiching? The only answer to that is that we do not knows 

There is nothing older so far known, nothing older than the Koochichinge Now it 

is also logical to ask: Well, wasn't the Koochiching deposited on older rocks? 

The older rocks have since been destroyed, not by magic, but they perhaps have been assime 

dilated by younger intrusive rockse The older rocks have since been involved in a 

process which has resulted in its disappearance from the ? that area from the Rainy 

Lake district. It may be covered up boy some of the other formations, but it is 

not exposed in this areae 

Now with regard to the Ely formation, I spole of those elipsoidal 

characteristics. It is believed that such structures are formed as a result of sub- 

marine lava flows. The lavas may actually have flowed out underneath the sea under 

an area of water or it may have poured out on the land and then have flowed into 

a body of watere Today in Hawaiian volcanoes, where we have lava flows which reach 

the sea, the material moves in ? and it goes out there; the edge ??7 and it in turn 

becomes crustede More materials ??? and so the flow goes forward in rollse These 

elipsoids are more or less the result of the crustification of the adjoining edges 

The lava flow then does not move forward as a wall and we therefore have these 

masses breaking out into these elipsoidal units. The best example I can think of is 

the testing of sugar solutions in water when making frosting or candy. A drop of 

the solution is dropped into a vessel of watere The surface all around the drop cools
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on the outside as it falls to the bottom of the cup and tends to flatten out when- 

it reaches the bottom. Now the same process may have happened in the formation 

of the Ely formation. This is commonly called the Ely greenstone. (Interruptione ? 

Question: How big are these elipsoids? Answer: Well, all sizes from several inches up 

to » feet. That is the length, and the diameter is about one-fourth of that.) 

Now greenstone is one of the numerous geologic thrash pilese That is, when you do 

not know what to cal it, ??? Greenstone is such a term. It is green, so that 

word is perfectly all right and it is sé#one so that word is perfectly all right, ad 

the two words together are all right, but it actually means metamorphism whose original 

equivalent is uncertain. 

Now with regard to the elipsoids. We are rather certain about the origin, 

but there are other materials in the Ely formation of which they are not too certain 

of the origin. Some of these are spoken of as tuffs. Tuffs are layers composed 

of volcanic fragments. Inother words, they are a sedimentary rock composed of 

vobcanic materialse Explosive volcanoes blew the materials into the air and then 

they settled and formed layers so in the Ely formation we have a record of both quiet 

and explosive volcanic action. The flows are the quiet action and the tuffs the 

explosive vdcanic actions The accumulation of such materials as these indicates an 

area of submergence. “The sediments were accumulated; they accumulated in a sub- 

merged area, otherwise “ would not have lse The elipsoids of the Ely formation 

also indicated an area of subnergencee 

Now for the Soudan formation. It is not positively known what the 

environment was in which the Soudan accumulagede It is most probable, that it was 

a submerged area, because of the strata characteristics and furthermore because it 

contains a ? jasper, whose modern equivalent forms only in areas of submergencee 

The Soudan came into existence as a result of solutions heavily charged with silica 

and irone Now whether those solutions came from normal processes of erosion from 

the surface or whether they were direct contributions from volcanic sources is not 

known, but because of the abundance of silica and iron it is probably similar to 

that which I have described. Each of these various subdivisions points to an atea



876 

of submergence. The characteristic structures indicate that during the Archaeozoic, 

an area of submergence must have existed. 

Now let's leave this region and consider the Ste Lawrence area. In the 

St. Lawrence area we find only two subdivisions of the rock, Laurentian and Grenvillese 

The Grenville, of course, named for the Englishman who was associated with the 

early exploration in eastern Canada and the Laurentian from the occurrence along 

‘ the Ste Lawrence River. That's the origin of the two namese (Interruptions Question: 

Is it comparable to the Laurentian of Minnesota? Answers 27?) 

The Grenville consists of metamorphic sediments which cannot be less than 

two miles in thickness and full half of that consists of marble, marble which was 

originally 1s. Now that means that there was an area of submergencee Some of the 

other characteristics regarding the Grenville will come up at a later timee but we 

are interested in the abundance of ls. It represents, of course, the thickest 

accumulation of 1s known on the North American contientn, if not in the world, one 

of the thickest accumulations. (Interruption. Question: What did you say the 

thickness was? Answer: ?77) 

The area of occurrence is here, the other region is in here. Have you the 

geography straight now? The Laurentian intrudes the rock of this area. Other 

intrusive rocks also called Laurentian are flound in ne Minnesota; they are both 

granites and are believed to be ? although as Z said before, we cannot be suree 

Throughout our consideration of these events we are going to find something which 

youymight as well get acquainted with at the present time and that is intense ~ 

deformetion and large igneous intrusions are contemporarye I will repeat that, 

intense deformation, both with regard to geography and geological time, that is, 

intense deformation and large igneous intrusions are contemporarye Now which 

is the cause and which the effect? It is not knowne That is, we are not sure 

whether the intrusion produced the deformation, or as a result of the deformation, 

igneous rocks were ?. But the two of them today occur in the sume areas at 

approximately the same geological timee 

If we were to examine the geological maps or field experiments? we would
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find that the rocks uniformly trend east, not exactly, but about N70°Ee So : 

uniform are they that you would hardly need a compass in these arease You could 

just take a look at the edge of the rocks and those edges would trend in a N70°E 

directions (Interruptione Question: I want to get those two areas againe Answer: 222) 

(Interruption. Question: Is that area in Minnesota along the Rainy River? Answer: ?7?) 

(Interruption. Question: They wouldn't be exposed along that river then? Answer: ??7?) 

Now this trend of which I have spoken is referred to as the strike of the rocks, in 

other words, the trend of the rockse (Ingerruptions Question: Is that true in both 

areas? Answer: 77?) That's the strike of the formations, the axes of the folds, 

also trend N70°E, and the strike of the faults also trend N70 Ee What does it mean? 

It is interpreted that these things represent the roots of an ancient mountain 

ranges These are the grain, we might say the geological grain, much as you would 

have grain in wood. At the present time, the surface is worn down to a relatively 

level surface and with the formula for geologic structure, the geologist can restore 

some such observations that a mountain range once existed in this area, 

Now we know that mountain ranges normally result from the destruction of 

troughs in which sediments have accumulated. We speak of such troughs as geosynclinese 

Now this is, of course, inference from now ome We know these various thingse It is 

inferrdd that there existed in Archaeozoic time a trough which at least exsended from 

Rainy Lake east far enough to include this area of the Adirondacks and se Ontarioe 

This trough had sides which spread toward the east, so we had a trough submerged as 

indicated by my handse It was a trough like that ee whose axis was N70 Ee 

Neat the western end where the sides converged, we had predominantly the deposition 

of clastic materials, the product of disintegration. Farther east, the land areas 

were a greater distance from the edge, and so here we have the formation of the 

Grenville and therefore abundant 1s. 

’ Now this conception is like the railroad schedules, subject to change 

without wiiens Any time a geologist finds any additional information, the schedule 

will have to be changed, so much so that geology which was proposed about five years 

ago 77? anything more about ite
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This is called the Quebec syncline. But you might as well ? the concept : 

even though it has to be changed at a later time. Now the Quebec geosyncline was 

destroyed at the close of the ?-e The close of each geologic era is marked by the 

destruction of a geosynclinee This one was evidently destroyed by the ferces which 

were compression? and as these sides ??? the rocks were folded and faulted in lines 

which today indicate the general trend of the axes of that tegione The strike of 

the formation, the strike of faulting, the area of formation will indicate the areas 

showing where the transformation took place here as I have indicated, With this 

deformation which destroyed the trough, came the Laurentian granite ? surrounding 

large blocks of sediments and incorporating them into the granite, a process which 

ids called stopinge They incorporated them into themselves, melting them up and making 

igneous rocks of theme There lies the answer to what happened to the material below 

the Koochichinge The basement rocks on which these materials were deposited, 

have disappeared because of the intrusion of younger materials, so the oldest 

rocks of the Keewatin lie upon something younger than itself. 

Remember the Law of Superposition and the Law of Intrusione That's about 

all we can say in regard to the general appearance of the North American continent 

in Archaeozoic time. I hope you are not disappointed. I said there were some 

rocks in the Grand Canyon, but from there to Rainy Lake is rather a long distance 

for any ?. I also said there were some rocks in the Piedmont Plateau, but they 

are quite different from the rocks in the Adippndacks, so if you were able to strip 

off this younger material, we would find that extending to this region and underneath 

all of this, 4n other words, the foundation of all younger rocks must, of necessity, 

be Archaeozoic, because the Archaeozoic was the oldeste 

According again to our present concepts of historical geology, when, as 

more and more information is gained, of course, our concepts will have to & changede 

Any questions? (Interruption. Question: according to that idea then, it might be 

possible tor Archaeozoic or Pre-archaeozoic material to be there? Answers: It may 

cover this whole region in here, in which case, we would have to have still another



90. 

subdivision of geologic time.) (Interuptione Question: There might be material 

comparable to the Laurentian granites elsewhere then? Answer: ???) By the way, 

the destruction of the Quebec geosyncline is referred to as the Laurentian Revolutione 

The destruction of geosynclines will always be called revolutionse (Interruptione 

Question: What about the rocks along the North Shore, are they Laurentian? Answer: 77?) 

(Interruption: Question: What is meant by the Canadian Shield, is that both Archaeozoic 

and Proterozoic or what? Answers ??7)e While I think of it I will get some of these 

rocks from Minnesota and let you see what they aree 

This is one of the elipsoids of which I spokee You can see the eliptical 

cross section. Many of them are more perfect than this onee All cross sections 

would be eliptical. The back part of this tends to be rounded off, but it has been 

broken. This is some of the Soudan Iron formatione You can see the black and blue 

and red bands in ite The black is the ? and the bluish red is hematitee This is a 

mass of hematite; this is what they mineée Don't let this one drop on your toese 

Any questions before we go on to the Proterozoic? 

Perhaps you might be interested with a note here in regard to the Vermillion 

Range. The Vermillion Range is made up of an ore body or ore bodies which are the 

Soudan formation as ? in the Ely Greenstonee The Vermillion Range was visited in 

1878 and again in 1880. In 1878, Profe ? from Hamilton College in New York ? this 

for a group of financiers and turned in a favorable report and two years later they 

began to verify this report and they began to acquire property in the Vermillion 

Rangee The first ore was shipped in 1864. The ore ‘Tax was lg a tone You might 

be interested in thate 7??? 17,000 acres acquired for $41,000000e They did such a 

good job that no extensions of the iron range have ever been founds It gives you 

some idea of the thoroughness of their worke The same man passed over the eastern 

end of the Measabi Range and of course, turned in a negative report and he was, 

of course, justified in his reporte The eastern end of the Messabi Range ??? and 

they went in by canoee 

Now we will go on to the Proterozoice The distribution is agian importante 

It is quite simple and yet a little more difficult than that which we had for the
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Archaeozoice The Canadian cccurrence lies north and east of Lake Hurone The 

Superior Upland is again an important area for Proterozoic rockse The Grand Canyon 

will give us a little more information. Proterozoic rocks are also exposed in Glacier 

National Parke They are also present in the Blue Ridges We will stay close to home 

with the Lake Superior Section an then go out from thate The subdivision of the 

Lake Superior section would be as follows: I am going to write them from the 

youngest to the oldest which would be upside down geologically, but it will be all 

right when you have them in your notebock thene Killarney, intrusive, Keweenawan 

series, Huronian series, Upper, Algoman intmmsive, Lower Middle Huroniane Perhaps 

I had better stop to do some explaininge As I have writtep, Killarney is intrusive, 

then the Keweenawan series, the Huronian series, the Upper portion which is made 

up of, I guess I had better make an addition here, the Upper portion which is made 

up of the Virginia Slate, the Biwabik Iron formation and the Pokegama quartzitee 

Then the Algoman intrusive and the Lower Middle Huronian which is composed of the 

Knife Lake slates and the Ogishke conglomeratee Now 2 will try to describe the 

character and the geologic record which may be interpreted. T 

The Ogishke conglomerate, as you can well suppose, it is an Indian name; 

it is taken from alake in ne Minnesota which means kingfisher. Along the shores of 

the lake there outcrops a conglomerate which means it is a cemented gravel. This 

conglomerate contains boulders of granite, a granite in which there are large quartz 

eyese This conglomerate also contains boulders of greenstone; and it also contains 

boulders of the iron formatione I don’t think it requires very much logic to 

interpret the source of the Ogishke conglomerates 1; was derived from Archeeozeic 

rocks which were exposede The significant thing or interesting thing is this: There 

are boulders of the Laurentian granite present in this old gravel pite 

Now granites solidify at great depths beneath the surface of the earthe 

: Yet in otder to furnish boulders to the conglomerate, that mile or two of material 

above the granite must have been eroded, so between the Archaeozoic below and the 

beginning of the Proterozoic rock record, there must have been a very profound
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interval of erosion, so much so that there has eroded a mile or two of sediments 

which were carried then into areas which as yet are not recognizede So far we do 

not know theme This is referred to, this type of formation, as a basal conglomerates 

It is at the base of the beginning of the sedimentary cycle as the product of the 

various ??? a long period of erosions 44 indicates further that the old Laurentian 

mountains were peneplaned. “Thye were cut down until in this area we could have 

the spreading of a ? trough over conglomerate rocks of Archaeozoic ages 

The Ogishke conglomerate was followed by the Knife Lake Slatese In 

northern Minnesota, you can walk across a mile of them and never repeat a férmation. 

The slates are not typical of those which you would use for roofing or blackboards, 

but theytireak with sharp angles and edges. They do have a ringing sound when 

broken. The early exporers named the lake from the rocks that cut their canoes 

and shoes and the geologist turned around and named the formation from the lakes 

They are very sharp and if you skid down very many of these you will have to buy a 

new pair of boots. This is composed of fine granular materialp Much of it was 

originally mud; part of it had resulted from erosion and part of it represents very 

fine-grained volcanic dust and ashe The thickness, as I said, is over one mile 

i indicating deposition in an area of continued submergence. The deposition was 

interrupted by the Algoman intrusion « That is named for a Canadian ? e As I said 

before, diastrophism and intrusion are contemporaneous, so we find that these 

materials below here are deformede 

The Algoman granite was intruded and then another period of erosion set 

in, for upon the eroded edges of the Ogishke conglomerate and the Knife Lake 

3 Slates, there began the deposition for the Messabi Range, and so on the eroded 

edges of these two we had the deposition of the materials which are in the 

Messabi Ranges 

- This is a geologic cross section which is taken from the Minnesota 

. Geological State Mapes fhe Ely greenstone is this area in here, intruded by the 

Laurentian granite and then on top of that, they just cail them the Lower Huronian
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slates heree Those were intruded by the Algoman granite and those rocks were : 

here deposited on the eroded edges of the folded Lower Middle Huronian alates and 

the granite, so this granite exposed at the surface shows a profound period of 

erosion before the deposition of that series. 

The 4essabi Range series consist of three types of formationse We are 

interested only in one, that is the Biwabik formation. It is the iron formations 

This here was originally a ss of course and is now a quartzite. The Indian name é 

for iron is Biwabik. They named the formation and then they named the town after 

the formatione The Biwabik Iron formation, thene If it were translated, it 

would really be the iron iron formation. It is quite different from the Vermillion 

Range. That is a hard oree They mine it by underground methods, shaftssand of 

course in the Messabi range, they do it like they are mining out here on the 

parade. They dig a hole. +t is called a soft ore, mined by steam shovel. When 

they first discovered the Messabi Range, they thought they couldn't mine it because 

they couldn't sink a shaft, and that kept them from mining it that year 22% 

The Biwabik iron formation was originally a cherty iron carbonate, that is, a 

flinty iron carbonate. Now it is quite different at the present time because the 

silica and the carbonate have been removed and the iron has remained behind to be 

concentratede 4+ is spoken of as negative enrichment, enrichment, not by something — 

‘veing added, but by something being taken away, negative enrichments 

This sedimentary series adds nothing to the general picture of the 

conditions. It, of course, shows submergence. I have included it in here because of 

the local interest. If I were teaching geology somewhere else I might not even 

have talked about it, and for instance, being at Minnesota, I teach the hot water 

theory but if I were at Wisconsin, I would advocate a cold water theory, but 

: personally, as far as I am concerned, I do think I believe a little more in the 

hot water origine 

This is the Huronian record, The following the Huronian, we have the 

deposition of rocks which are called the ee ae. Tt begins with the
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pouring out of lava flows. These are the lavas which occur on the north and 

south shores of Lake Superiore (Interruptione Question: Was there an unconformity 

between the Upper Huronian and the Keweenawan? Answers Not a conspicuous onee) 

These lava flows poured out on the surface until it has been estimated that 24,000 

; cubic gbtoe material was poured out. Such an area would be comparable to the 

Columbia Plateau. 

It is believed the material came to the surface and passed through 

structure faults or fissures and then spread as a flood over the regione As the 

material was transferred from a magmatic chamber beneath the surface of the earth 

on the the surface, there would be a tendency to be a cavity; the flows tend to 

accumulate in an area above the cavity and there seems to be a compensatione The 

extreme weight of the surface material tends to collapse the chamber below ite ?7? 

and the lavas are more or less horizontal, but go beneath the lake, Lake Superior, 

to form the leke basin. On the north they dip south and go beneath the lake and 

on the south they dip north and go beneath the lake so a trough is formeds 

As the lava flows formed, the inclination? thet you eee here probably 

resulted from the sit inoue of that roof of that magmatic chambere The bottom of 

the Keweenawan is lava flows, but as you get near the top, it is more sedimentary and 

on the top, you have almost a ss- I might say that the rocks at Taylors Falls are 

these Keweenawan lava flows. 

The next rock in Minnesota was an intrusivee 44 is a dark colored rocke 

It is a gabbro and is spoken of as the Duluth Gabbroe The hills of Duluth are 

composed of this rock. In the area north and east of Lake Huron, is a region whidh 

is spoken of as the Killarney region, and that is where they get this name, There 

the intrusives are granite. It is believed that the granite intrusives of the 

Killarney district and the granite intrusives of northern Michigan and Wisconsin as 

well as the gabbre intrusives of northern Minnesota are all of the same geological 

age oa all came from the same magmatic reservoire There was also a separation of 

the materials. The intrusives began with the granite materials coming off and 

the last intrusive was the material which had settled at the bottom, the heavy rocks,
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which came out here are now on the north shoree So much for the occurrences in 

the vicinity of Lake Superior. (Interruption. ) 

I think we have probably spent enough time on the Lake Superior region 

to convince you that there must have been an area of submergence heres If we were 

to go to the Grand Canyoh, here is where the Columbia River is, it is flowing in 

a series of schists, Archaeozoic in age; above them lies a tilted series of 

Proterozoic rocks in which we find suen things as, for example, ls, and because of the 

thickness here up to 12,000 ft, it is believed that this Grand Canyon series is 

also indicative of an area of submergence. It is hard to imagine a series of two 

miles of sediments in other than a geologic ? when you have ls theres 

In the rocks of Glacier National Park we have also an accumulation of 

Proterozoic material of even greater thickness in which there are ???2 I speak also 

of the occurrences of rocks in the western part of the Piedmont Plateag and of the 

Blue Ridge, another area of submergencee First I spent quite considerable time 

on that which extended through the Lake Superior region and on into the next, an 

area north of Georgian? Baye 14 extends at least that far easte To the southwest 

it extended down to the Grand Canyon areae This region was joined by another trough 

more or less north-south which went up into the region of Glacier National Park 

and ancther rggion over here in the vicinity of the Blue Ridge and the Piedmont 

arease 

These four areas were named as follows: This one is the Cordellarane 

I guess I had better write horizontally. Cordellaran the name ise It is used for 

the mountainous region of the Americas, This was the Appalachian trough and this 

one is called the Ontario and this one the Sonoran. That was the general distribution 

= of the lands and seas during the Proterozoice These are the areas in which the 

sediments have accumulated. 

Now that I have you convinced of that, In Indiana they drilled a well 

4000 feet deep and they drilled into Proterozoic sse On the basis of the previous 

{nformation those are the areas of submergence for the Proterozoice I think you will 

realiz® the geologic evidence for theme The Lake Superior region would be in here
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on the north side of the Ontario geosynclinee The Grand Canyon would be here, 

then Glacier National Park in here and of course the Piedmont and the Blue Ridges 

You you come to the ? of the Proterozoic; it was characterized by 

intrusion. We have learned that 77? I have said that geologic diagtrophism was 

accompanied by mountain makings The area of submergence became on of emergence 

and in place of submergence there were mountainous folds which are traced by 

means of underground structures even into this portion of Kansas and Oklahomae 

Under all this material these mountain folds are found aie turn and go ne : 

in a direction like thise The range is indicated in the same way as previouslye 

The strike of the formation, the axes of the folds and the strike of the faultse 

These have been called the Killarney mountains or the lost mountains of 

Wisconsine The Proterozoic rocks of the Grand Canyon region are also deformed. In 

this region there was some deformation which had to do with the shifting of the 

trough forming like this. This period of deformation, closing the Proterozoic, is 

often referred to as the Grand Canyon~Pendkee Revolutione Penokee from this 

district set demain tees boundary line where I have erased these ?e The 

Grand Canyon deformation which took place in the Sonoran trough and the Penokee 

in the Ontario trough 777. Any questions about this? (Interruptions Question: 

The Quebec geosyncline you said has a vast deposit of ls, which would indicate 

what? Answer: 2???) 

I know these won't be clear to you, but you can think about these 

things and what isn't clear to you, you can check with me next timee Next time 

I am going to cover the Paleazoic and this covers a lot of pages in your books, but 

you can be sure I am going to hit only the high spotse | 

CD/HVA
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Some of you were asking about when you might expect a quize It will 

be at the conclusion of the part at which we are now, part 3e We will probably 

spend one evening on the Paleozoic, and one on the Messozoic and one on the 

Cenozoic, or I should say, we will probably spend one evening on the Messezoic 

and the Cenozoic together, and the following week we will have a quize 

Are there any questions concerning the material which we have covered 

so far, that is the Pre-Cambrian or perhaps better, the Pre-Faleozoic? The 

next in this outline is what is called the Lapalien intervale Now that is 

different than the French mathematician and astronomre. The term Lapalian 

means gone or missing, gone or missings *t refers to the fact that wherever 

Paleozoic and Pre-Paleozoic rocks are found, there is always a gap in the sedimentary 

record between these two different ages» That is, as represented by the geologic 

recorde 

If we were to go over to Taylors Falls and go up on the bluffs near 

the school house, a road leading down past an exposure, there you would find, 

in that area you have lavas, the Keweenawan lava lend, Proterozoic in agee 

Right on top of those lavas, there are boulders which themselves are composed 

of lavas, but we find that ? from these boulders the particles become smaller 

and then you get out here into a region of, a region of still finer grains, and 

‘80 you are now here in a region of sSe Such a structure as that indicates an 

erosion interval, a period in which deposition ceased because these lavas here 

formed on the surface of the lande They were eroded into the profile which you 

see there and at a later time as the seas moved into that area, there was more 

and more that condition along the erosion surface. Such an erosion surface 

is spoken of as an unconformity. That is one of the examples of a geologic record : 

3 of this group. 

; If we were to ge to the Black Hills, let us say, there at Deadqood, 

South Dakota, on the south side of an exposure there we would find the badly 

altered rocks changed into mica schists. Over the top of that we would find
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a conglomerate or ancient gravel layer composed of quartz pebbles and from there 

on up until we get to finer material, first a ss and then sh and there occurs a 

layer of ls» 

“ere again is marked an erosion surface, an unconformity, the geologic 

record of a gape (Interruption. Question: What would that be following the 

straight line there? Answer: Mica schist, a metamorphosed rocke *t is a solid 

piece, yese Question: What is above the ss and sh and 1s? Answer: ???) 

If we were to go to the Grand Canyon, again we would find a basement 

rock composed of these crumbled rocks. We would find above that a tilted series 

and above that a series which is horizontal, the surface of which I am marking 

at the present time. We could repeat these examples inflefinitely, not only for 

the United States, but for the rest of the continents, all the continentse Wherever 

we have post Paleozoic rocks in contact with pre-Paleozoic rocks, they are always 

separated by an unconformity. : 

What does it mean? Those are the geologic factse Now I want to try to 

interpret that record. It indicates that at the close of the Proterozoic, the 

continents were involved in diastrophism which resulted in all of the basins of 

deposition becoming emergente On the basis of that, then, all the basins of 

deposition became emergent, and therefcre those areas were subject to erosion and 

we find that unconformity or gap existing between the pre-Paleozoic and the post- 

Parecspic rockse In other words, up to the present time, there are no rocks known 

which represent a transition from pre~Faleozoic to Paleozoic time. ; 

Now in all this I am trying to create pictures as to what would happen 

to the North American continent. We should picture the North American continent 

during this interval as being larger, more emergent that at any other time so 

far recorded. All of the geosynclines were dry, all of the seas of the continent, 

that is, in the central part of the continent, were gone, but insofar as we have 

ue anetin: it was an emergent North Americas It was being wroded to be sures 

but the materials were being carttied beyond the present shore lines The continent 

Was in an uplifted condition, more uplifted thah at the present time, no basins
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of deposition. 

I would like you to carry that concept then as to the Lapalian Interval. 

Now after I have you fully convinced that that is the truth, I will tell you 

that in Minnesota we have a series of rocks ??? but until they decide, the concept 

will still hold, the concept is still worth while as an intorduction. That is true 

or was true for all the continents, not only the North American continent, but 

for all the continents. 

The close of the Paleozoic resulted. in wide spread diastrophism, and 

the continents were subject to emergence and erosione The next is the introduction 

to the Paleozoic. Consideration of the Paleozoic is going to involve such a large 

_ geographical area that it is impossible to treat it as we have the previous periods 

of geologic time. I have to give you the shock gradually. Let's begin with the 

general distribution of the Paleozoic formationse let's learn, however, a little 

: bit about the emeenhy concerning the Paleozoic rockse 

On the geologic map of the United States there are certain areas which 

stand out as exposing large areas large amounts of Paleozoic rockse For the most 

part, they are represented on here in blues, greys and whatever color you want 

to call this in here, so we will find that Paleozoic rocks are distributed from 

the Blue Ridge of the Appalachian Mountain system throggh the Central Lowlands, 

the Inerhor Highlands, but of course, excluding the Superior Highland which we 

considered last time. Then they occur along the focthills of the ranges in the 

Southern and Middle Rockies and in scattered exposures in the Northern Rockies and 

broadly exposed through the Colorado Plateau, and scattered exposures through 

the ne Basin and Range Country. From there on west, exposures are again scattered 

Sos geologically speaking, let's think of the Paleozoic rocks as not occurring 

east of the Blue Ridge and as occurring only in scattered areas west of the Rocky 

Mountains and the Colorado Plateau. That still gives us quite a large portion 

of the United States covered by Paleozoic rockse 

If you have been reading in your books, and I hope you find a little time 

to read occasionally, you have found that the general character of the Paleozoic
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rocks seems to be an endless succession of ss sh and 1s and the topic here is 

the general lithology of the group which means stfudy of the rock characteristics. 

t It refers tovhat I have desribed whether they are marine or non-marine, whether 

they refer to clastic or non-clastic. If, in this endless succession we try to 

interpret 
the condition which it indicates, both you and I would be hopelessly lost. 

Wherever there is no particular ? or exceptional conditions, indicated 

Z that igwkere there is a series of 1s, ss, and shwhich are in no way unusual, we 

; are going to refer to those as a normal marine sequence. When I use that term 

or use thosewrdg, it means, of course, that the area was submerged, that it was 

receiving sediments, but there was nothing exceptional about it or that condition 

of sedimentation, nothing unusual which we should attempt to remember. (Interruption. 

Question: Do you have to follow that order necessarily? Answer: No, juét as long 

as the three of them are there, not that order.) Yet while we are recognizing 

that there is ahd normal sequence, we are going to choose or select certain 

formations which would indicate what the conditions of the continent was. 

I have adopted this system of choosing formation principally because 

it emphasizes the interpretation. It probably would be just as easy for me to 

go ahead and tell you what the land and sea distribution was for the Paleozoic, 

but you would not know the ? on which it was based, you would not know how the 

interpretation was based, so I will try to show you can work out what the physical 

eonditions of the continent were, We are going to recognize a normal marine 

goquance, and yet we are going to ? the variation from this condition to indicate 

the abnormal cases and consider them in the line of the facts which are given us 

and the interpretation which can be made from thoge facts. 

If, for example, a.ss is red in color, that is significant. Why? Beeause 

red color means hematite, an iron oxide, it means an iron oxide in which there 

is no water. If water were present, instead of the ss being rec, itwould be 

yellow or brown indicating that the color was produced by the iron compound knom 

as limonite, a compound, I don't care if you remember these formulas, but a compound



101 

in which there is waters “t is under very unusual conditions that no ? would be 

. absent in any basin of depositione If that basin is 7??? arid climate, water is 

going to be absent and the ss is geing to be rede If the deposition nasin had 

sufficient water, the ss would be yellowe +f the ss is crossbedded, it indicated 

an entirely different condition, sometimes spoken of as fabkse beddingy Such a 

structure results from the deposition of sand on the front of a eles the 

front of a sand dune. It's when we find cross-bedded ss that we begin to get 

suspicious and lock for other characteristics which might intidate whether this 

was a delta or a desert, end there are ways in which we can determine thate If 

we had a rock in which there were mud cracks, it indicates that at the time 

this rock was being deposited, at least once it was exposed te the drying action 

of the sun, that there was more or less of a mud bottom, probably along a 

shor zone, and as it dried up, the cracks formede This one came from Pipestonée 

Here there is another one from Pipestone in which there are ripple markse There 

are waves in the sse Those marks are caused by waves driving along the shallow 

water zone at the time this ss was being depositede So we have a number of 

different characteristics we can usee Some exceptions may be distribution or it 

may be thickness. Well, we will have plenty of thatbefore the evening is overe 

If we were able to have a magic carpet as well as a magic drill, let 

us say, and we wanted to find out some information about the United States in 

Paleozoic time, and we started in Minneapolis and started to drill down through 

the Paleozoic series, you would find that in less than 1,000 feet you would be 

through the Paleozoic rockse +¢ we went further down the Mississippi Valley, you 

increases; it, however, 

would find that the thickness/would never exceed four digitse In other words it 

would never get over ? thousand feete That is true for the Paleozoic through the 7c 

We would find thet characteristic all through the Central Lowland. Ip we went to 

the Appalachian Mountains and tried that, what do you thick the thickness of sede 

iments would be, Paleozoic in age? 30,000 feet, 30,000 feet of sediments in the 

Appalachian Mountainse In other words, you would have to go down six miles before 

you come to Pre-Paleozoic rockse ‘rf you tried it in certain regions in the west
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I could pick out any one for you, you would again find thiokneases measured in 

: terms of five digits, and yet all of those sediments or, for the most part, the 

majority of them, have accumulated in water never deeper than 600 feet. 

Now we have some physiographic geology, certain ideas concerning these 

basins of deposition. In those areas where we have great thicknesses of sediments, 

it indicates that they have accumulated under shallow water conditionse We speak 

of those areas as geosynclines. I spoke of the geosynclines, for example, of the 

Proterozoic last time, but that is nore or less an introduction. We want to 

consider what might be called continental structures 

This applies particularly to Paleozoic, although it is not necessargly 

restricted entirely to Paleozoice Every continent, and the North American continent 

is no exception, is made up of what might be called a nuclear portion. It represents 

that portion of the continent in which pre-Paleozoic rocks poedesinate,. Te you don't 

want to use that term, we will call it the old rock platform. These old rock platforms 

in every continent consist of pre~Paleozoic rocks. They have all been badly 

deformed so the rocks are badly crippled and broken. We find that in addition to, 

I should say we find that the old rock platform may be subdivided, that there is an 

emergent portion which throughout geologic time seems to have remained more or less 

- above sea level, not continually so, but its general tendency has been to remain 

above sea level. 

You likewise find a portion whose general history through a large portion 

of geologic time has been submergede It has been subjected to floods and therefore 

it has on its surface, marine deposition. Lying at the borders, excuse me, I 

will mkae this a different outline. If we have a central portion, then it is obvious ; 

that we must have a border portion to the continent. These are more or less found 

in the present border area of the continent and they may likewise be subdivided 

into emergent areas and submergent arease
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With regard to the North American continent I am not going to stop to 

5 draw a map; you know the North American continent, but you would find that the 

region which includes the Canadian Shield, about the northern one-fourth of the 

North American continent, the area over all this region which is pink in here, 

represents the emergent portion of the old rock platforme te is now spoken of 

as the Shield, largely because it ???7 liek the surface of the Shield. ith regard 

to the North American continent, since it lies in Canada, is spoken of as the 

Canadian Shielde 

The submergent portion of the continental border areas lie along the 

margins 

# of this shield areae Again I am applying it to the North American continent, 

but in general, it is true for the other arease These submergent areas are spoken 

of as geosynclines. They awe areas which were periodically or continuously depressed, 

and thus allowed the accumulation of great thicknesses of sedimentse 

Seaward from these geosynclines there were areas which were periodically 

er continuously elevated, thus furnishing sediments to the adjacent ‘troughs. These 

are spoken of as border landse Now let's, well, now the details of that continental 

pattern we going to change during Paleozoic time. Tt is quite obvious that they 

should and yet all the time we should have thie general pattern in mind for the 

North American continent. 

; This region here which I haven't named is the sulbergent portion of the 

old rock platform. Any questions about the continental structure? ¢Interruptione 

Question: Were the materials from the borderlands constantly going into the 

geosynclines? Answer: ???) (Interruption. Question: Are those geosynclines deeper 

than the middle portion there? Answer: 77?) (Interruption: Where would the 

geosynclines be geographically? Answer: 222?) 

This is very much exaggerated on a vertical scalee That would te the 

general cross section. That would be the cross section in generale This would 

be the western geosyncline; this would be the eastern one; that would be the western 

borderland;that would be the eastern borderland; that would be Appalachia and this 

would be Cascadias (Interruption. Question: The southern part of the Ozarks mous
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be an indication of what? Answer; ??7) (Interruptions Question: The two troughs 

indicated by arrows are the geosynclines? Answer:???) (Interruptione Question: The 

sediments from the borderlands and Canadian Shield help to make up the Paleozoic 

formations? Answers ??77) These were the main source of materials because they were 

high. In this area relatively few materials were brought ine (Interruption: Question: 

To what extent would those glacial periods previous to the cnc seem 

to be coming from the Shield area too? Answer: ?7?) 

I think you have heard the statement before, diastrophism is the ultimate 

basis for the subdivision of all geologic time. Now we have seen how mountain 

making diastrophism closed the Proterozoic and also closed the Archaeozoice With 

regard to the Paleozoic, there is going to be continued uplift, that is eptirogenetic 

diastrophism, which is going to separate period from period. Remember the era is 

the largest period of geologic time and they are separated by orogenetic diastrophism. 

The periods are the shorter subdivisions and they are separated by epeircgenetic 

diastrophisme Let's postulate and then I will try to prove it to yous 

At the beginning of the Paleozoic or during the Lapalian Interval, 

that represents the profile of the North American continent, and then sea level was 

so low that the thoughs were not floodede The continent was entirely emergente 

Now let it be subjected to epeirogenetic diastrophism, and the continent begins to 

decrease in elevation, and as it begins to fall, the sea level rises. Now remember 

this is not a barracks excluding the seme As the sea level rises, then, the trough 

becomes flooded, but after the submergence, both troughs contain water. Successive 

or continued submergence results in a flood from borderland to borderlands. That 

ought to be the middle of a period thene That should be the middle of a periode 

As the continent begins to be uplifted then, the waters recedee They go back so 

that they are just in the troughs, and after continued or with continued uplift, 

they may be completely withdrawn from the continent and we have the end of a 

Paleozoic periode The next period the same sequence would be repeated, a cycle then, 

a cycle in which the continent is emergent between the periods and during the passage 

of a period, the continent becomes more and more submergent and then with uplift
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of the continent the seaa retreat and the continent becomes emergente 

I am trying to introduce some system to all these changese That is going 

to be then what we call the paleographical cyclee z don't know whether that is 

going to save any words or note Paleographic then, paleo means old and graphic 

means land and sea distribution. ‘So we have a cycle in these changes in land and 

sea distribution which I am postulatinge Now follow the pattern which I have given 

youe Of course this inferred cycle is as yet a postulatione You have no evidence 

for ite I think you have widence for this ? of what the sediments were and where 

the thick sediments were and where there was absence of sedimentatione You just 

have to accept my word for the paleographic cycle until 1 77?- Let's make another 

postulation or inferences 

If a Paleographic cycle is present, what would we expect to find in the 

oe sediments which were depositede When the seas were such that this represents 

a submergent condition of the continent, the borderlands were contributing sediments 

to those troughs. There was no sedimentation in tthéescentral part of the continente 

We would than expect to find ??? and we would expect them to be ss and she They 

sedimentation 

are close to the source of ¥, therefore, the materials in the trough should largely 

reflect the proximity to such areas e If now we change the picture to maximum sub- 

mergence, the troughs are still going to carry on their clastic deposition, but the 

non clastic material is going to spread out over the central part of the continente 

Materials will be coming from the borderlands and Shield, but being removed, the ss 

and sh will be in least abundance and there will be more lse 

In any Paleozoic period represented by this cycle we should expect to find 

4#& evidence of it as existing as a relatively thin widespread non-clastic formation 

in the middle of the period. Then as the period begins to close, maximum: submergent 

conditions pas into one in which the troughs only are occupied. Then we again return 

to an emergent continente (Interruption. Question: During each one of these intervals, 

do these geosynclines drop a little more so this nice balance can be maintained? 

Answer: 2???) (Interruption. Question: Does the bottom of the geosyncline falling 

down, maintain the rule if you push a string down in the middle, the sides come
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closer together. Does that push Cascadia and Appalachia closer together or what? 

Answer: That is the theory of iséstacy for which there is some basis of foundation, 

but it is not proven.) (Interruptione Question: Does that cycle take place then 

in every era in only the Paleozoic or what? Answer: 777) Any questions, other 

questions about this introduction? (Interruption, Question: Did this occur before 

the ide age? Answer: 277) (Interruption. Question: I don't quite understand the 

distribution of the sediments. Answer: ??7) Any other questions? (I, terruptions 

Question: Is that the best geologic record for those three or four eras or is 

that pestulation? Answers: ???) 

I will try to show you that there are geologic evidences, but so far this 

is just a postulatione. (Discussion of sediments in the ocean basin and on the 

continental shelves.) Other questions? (Interruptions Question: That's pretty much 

like building a road on the side of a peat bog, the marle comes up so no ? from the 

marle can ? over? Answer: 777) 

Well, I am going to cover the Paleozoic in terms of this paleographic 

cycle, and what I am going to say is going to be abbreviated considerablye There 

are pages and pages in the text books, and when you finish with them, you won't 

have a very concrete idea of it all. In terms of this paleographic cycle, if it 

conforms to the postulated condition, if it is a widespread ls approximately in 

the middle , then we are going to sey this represents an ideal period. With that 

: in mind, let's begin the classification of the Paleozoic periods based on geologic 

evidencee 

The first period is the Cambriane Where are we going to put it? With the 

ideal periods or with the non ideal periods? We have to go to the geologic recorde 

> These rocks which I had on the blackboard ? ? the lava flows of Taylors Falls are 

/ upper fee eT as They constitute the Upper-Gambréan Croixan Series, named 

for the type exposure along the Ste Croix River. Of the materials included in the 

St. Croix series, they are marine sediments, now I didn't say normal marine sediments, 

I said they were marine sediments. Out of these three, ss, sh, and 1s, which occur 

most abundantly in the Ste Croix series? Dresbach, Franconia, Ste Lawrence and :
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Jordan, those are the four formationse Only one of those is 1s and that has a lot 

of sand in ite Abundant ss and sh in the St. Croix series» That means that the 

area contributing sediments to this region was relatively highe The streams were 

flowing with sufficient velocity to transport the sand and mud particles,and the 

clastic materials lie up against the edge of the ???. On the basis of that would 

you say it was ideal or non-ideal, the period I meane (Interruptione Question: 

I don't know what you mean by ideal or nonideal periods? Answer: 977) (Interruptions 

; Question: If you had this at DesMoines, Iowa, couldn't it then be ideal? Answer: ???) 

You recall the physiographic conditions of the continent in the Lapalian 

Intervale The continent was emergent. Now, 4@ the Cambrian period begins, the water 

invades the geosynelines; the borderlands are high; they contribute clastic materials 

into the troughs and eta into the central part of the continentee What is 

this region? The Superior Highland you recall. ??? the region of the Killarney 

Mountains and it is quite probable that in terms of Paleozoic seas, there were still 

mountain ranges bordering on the edge of that sea, the Killarney Mountains were not 

eroded completely and were contributing sediments to that regione 

I will show you that this isn't something I have thought up in a night mares 

This is the interpretation of Schuchert of Yale, who perhaps knows more about the 

paleophysiographic conditions of the North American continent than any other mane 

Palcophysiographic means ancient land formse This is Cambriane You will notice 

the troughs are the only part of the continent floodede Here is the Cordellaran 

geosyncline, and here is the appalachian geosyncline split into two at its northern 

end. Here are the Killarney Mountains which & he believed were present as land 

forms in the Cambriane They were the result of diastrophism at the close of the 

: Proterozoic and were still present in the Cambrian, so that is pretty good evidences 

This is, cf course, interpretation. There was no one here to draw that mape It 

is based entirely on geologic interpretations 

. One other thing yet regarding this Cambrian series of the Ste Croixe 

The Ste Croix series is definitely Cambrian in ages Maximum submergence of the 

continent in Cambrian time came in the upper part, not in the middle. Why? Again
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i probably related to this uplifted condition of the continente The continent was 

wtill of a sufficiently elevated character so maximum submergence did not cross 

the continent, so there are two things which don't permit the inclusion of the 

Cambrian as an ideal periode 77? it is sometimes spoken os as a delayed floode 

It was behind schedule so far as the Cambrian is concernede That is the important 

thing.e about the Cambriane Let's not say any more about it and go on to the Ordoviciane 

If you think of the Ordovician rocks represented in Minnesota, the closest 

one to us would be straight down on the river bank where there is exposed the 

PlattevillesIg ss and sh follow ite If you examine Ordovician rocks, we find that 

they are just the reverse of the Cambrian. They are dominantly non-clastice Ls 

cceurs in abundancee They may not necessarily all be ls» As you know, Minnesota 

has abundant dolomite which you may think of as magnesium bearing lse That results 

in the same waye This predominance of the non-clastic material is just as significant 

to us as was the reverse relationship in the Cambriane The lw which you find out 

on the river bank is geologic evidence of maximum submergence of the middle Ordevician. 

When 764% I mention of the North American continent, how much of it? About two-thirds 

66 the present North American continent was submerged at the time of this maximum 

flood. (Interruption. Question: Why does it represent a maximum flood? Answer: ??7?) 

(Interruption. Question: Which seems to have been the center of the Ordovician or 

closer to the center, the Shakopee of the Plateville? Answer: ??7g Questions 

What I am getting at,i4//AA the St. Peter ss between that is clastic isn't it? What 

does it indicate? Answer: ???). 

The Ste Peter ss is ? elsewhere, would be found to be more or less something 

like thate Now here in Minnesota we call this ls the Platteville, named for a 

type location in Wisconsin, but generally speaking the widespread ls of Ordovician 

a Age is the Trenton, not Trenton, New Jersey, we will have another one in New Jerseys 

/ but named from Trenton Falls, New Yorks The Trenton ls éeteralaut of the Blue 

Ridge, ont we have no Paleozoic rocks east of the Blue Ridge, so none of these 

rocks are comparable to the Trenton ls, so I would suggest that in order to keep 

an example in mind of this maximum flood of the North American Continent during
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Paleozoic time, you remember the Trenton ls and the correlated 1s elsewhere which 

happens to be Platteville in Minnesotae Why did they choose the Trenton? Because 

many names are apread from the east to the west, and the heathens in this section 

of the land have to accept the names proposed for eastern arease The Ordovician then 

represents the first of our ideal periodse This flood of the middle Ordovician is 

the maximum flood during Paleozoic timee 

Next the Silurian. The Silurian contains quite a variety of rocks which 

would be ? in here as a normal marine sequences That is true of the Cambrian and 

Ordovician as well. After an examination of the Silurian rocks, we want to pay 

particular attention to the distribution and character. We would find that the : 

water of the Niagara River dropped over a brink of 1s of middle Silurian age, and 

if we traced out this formation or its ?, the ones with the same general age, we 

would find were also widely distributed. We would find that the North American 

continent was submerged to the extent of about 50%- About one-half of the continent 

Was submerged during middle Siluruan timee 

I will put down the names of the formations used for geologic evidence. 

The Trenton is the geologic evidence bdliat the Silurian belongs to ??? because in 

the middle tfe continent was submerged, not as much as in the Ordovician, but enough 

so that we had widespread ls forming in that timee The close of the Silurian wasn't 

quite according to Hoyle, but we have in certain regions, some rocks known as the 

Salina seriese They cover more or less of a boomerang or elbow shaped area, well 

in the central portion of Michigan and this area ever in New Yorks In ths region we 

find salt beds associated with a normal marine seriese Now salt, we know, as a rock 

layer results from deposition in an area where there is concentration by evaporatione 

At the present time we have then, formation of salt deposits in the playa lakess 

They exist in the west. We have deposition in the Great Salt Lake, of course, but 

it is not there as arock layers However, in such a region as found on the eastern 

side of the Caspian sea, we have a Bay in which salt is being deposited at the present 

time, so much so that it is one of the natural resources of the ? ?e The waters flow 

from the Caspian Sea into the Gulf and evaporate so rapidly that there is a constant
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: current from the bay into the gulf and 7??. Now in order to have salt deposits of such 

: a region, it is reasonable that we should postulate the existance of some such gulf 

or lagoon cut off arm of the sea which would ? such an areae It is usually referred 

to as a lagoon or basin of deposition which is periodically or continuously repleng&shed 

- from the scten, and then as the water evaporates, you have a deposition of salt. 

3 There is then continued replenishment or continued or repeated depositione There 

are times when streams from the surround areas continued to drop sand or mud, and 

so, for a time, we have the deposition of those materials, and that decreases and the 

salt was deposited again, and so we have a series of salt deposits and marine sed- 

iments. (Interruptions Question: Does that boomerang go into Lake Erie? Answer: 22?) 

Now in the case of the present Caspain which I have describ-ed, the 

evaporation rate is so high that the flow is constante Where we have just a 

continent, it is subject to movements up and down. It is possible that salt water 

to such an area as this 7??? tottered back and forth and if it aia so, you would have 

alternate or intermittant ???.2 I am not saying that is true, but we will try to 

explain it later on. 

Next the Devonian. If we were to examine the rock history of the Devonian, 

we would find again a ls occurring in the middle of the period. Tt represents 

about a 40% submergence of the North American continente As I have said before, 

the amount of submergence is indicated by the present distributions It is a ls 

_as I have already described. Therefore the Devonian is also to be classed as one 

of these ideal periods. ty so happens that it is the laste None of the others 

which we will consider will be classed in this groupe Now the close of the Devonian 

like the close of the Silurian, was not entirely normale Across New York there are 

sediments which are of the same geologic age and yet are quite different in the 

character. They are quite commonly spoken of as the Chemung-Cakskill seriese 

Of course named for the New York locality, the Catskill is on the east and of course 

is exposed in the Catskill Mountains. To the west we have the Chemunge Get these : 

geologic relations straight. The Chemung is a marine sh, but the Catskill is a 

red ss, conglomerate and sh. We find that westward the Catskill is interfingered with
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the Chemunge. They are dovetailed. One lenses out between the other. Now 

that red color as well as some of the fossils which occur in the Catskill show it 

to be of non marine origine The Chemung is definitely marine. 

What does it mean? These materials were being deposited in the northern 
material 

portion of the Appalachian geosynclinee The Catskill/is a delta or alluvial plain 

built out into the waters of the Appalachian geosyncline and the Chemung is 

the material which was deposited beyond the face of the delta, beyond the region 

where the iron could be oxidized. The deposition of a delta, the size of the 

Catskill delta implies a large source of sediments and of course that source of 

sediments could be only in one placee It was being deposited in this trough, 

therefore Appalachian must have been the source of those sedimentse 

That represents the contour lines which indicate the thickness of the 

sediments. 4ere in the black is the profile of it indicating that £X¢ it gets 

thicker to the west, thinner to the east. That was the old shore line. Here 

it was 100 ft. thick, 100, 200, 300, 400, 500, 600, 700, 800 feet thick then 

grading back, 700, 600, 500, 400, 300, 200, and 100 feet thich againe Wells have 

been drilled and they know the thickness of its This also is a restoration 

with regard to the conditions theres These streams are presemt today, streams 

which flow easte 

: At the time the delta was béing formed, the streams were coming from 

Appalachiae Placed geographically it is se ? which represents the center of 

that delta, and from there the sediments get thinner. (Interruption. Question: 

What is the topographic expression of it now? Answer: 2???) Now in order to have 

such a high accumulation as that Devonian delta, there is only one thing logically 

to postulate, and that is that Appalachia must have been rejuvenated, and as 

it was uplifted, the velocity of the streams was increasede They could carry more 

and they did carry more, and as a result of this periodic uplift of Appalachia, 

there began this delta. Sy the close of the Devonian the ??? that the waters 

were completely entrenched by the Appalachian geosyncline. That is Schuchert's 

interpretation of the geologic facts which I have given youe
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Now this uplift of Appalachia was a diastrophic event; it involved ??? 

: which is known as Acadia, in other words, New England and a portion of Canada, and 

it is spoken of as the Acadian disturbances We are going to call thisa disturbance 

and reserve the term revolution for ??% This is the Acadian districte It is 

actually, of course, represented by an unconformity between the Devonian rocks and 

younger rocks. The Acadian désturbance deformed rocks of Devonian and older ages 

and of course, it could not deform rocks which were not present yet, so when they 

came into existence an unconformable relationship resultede 

The next is the Mississippiane The Mississippian is not an ideal period 

because it had two floods. In other words, there were two extensive submergencesy 

and if we are to abide by our ??? we would have to say that the Mississippian is 

really two periods, but the fossils do not substantiate ite The Mississipian had 

two floodse There are three formations which have three names, such as the 

Madison-Kinderhook-Ponocoe The Madison occurs in the Rocky Mountain region and it 

is a thick la, the Kinderhook occurs across the Central Lowland and is a thin 1s and 

the Bonoco occurs in the Appalachian Mountains and is a thick ss. Coudl you relate 

that now to this condition of the continent?, The Madison 1s being thick out here 

in the Rocky Mountain area, suggesting that Cascadia was not as high as it had 

been previously, so continued deposition gave us lsg the Kinderhook 1s was thin 

because it was in the central part of the continent. The Appalachian, you remember, 

had just been uplifted, so strems which had just formed the delta, were bringing 

materials out here so we have the formation of the Ponoco sse Therefore, we have 

three formations, this is ls, being thick; this is 1s being thin, and this is thick 

ss, each of them definitely ‘related to a physical condition of the continent. 

Now tie cc as Mississippian is ? in the central part of the continente 

That is just where the Missouri, and Ohio Rivers joén the Mississippi by a series 

known as the Chester seriese ‘/t is composed of alternating ls and sse Tt begins 

with oa and after that, they alternate to give us eight pairs or clastic and 

non clastic materials. The materials occur primarily in Missouri, Kentucky, end
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Illinois. I always think of Edna Ferber's "Showboat" in connection with thise 

Kim, called Kim for Kentucky, Illinois and Missourie ??? very unstable condition. 

y You remember as a result of materials along a shoreline, the ss indicates shallow 

water conditions, the ls represents deeper water conditionse If these occur 

one on top of the other, it means the water has been shallow and then deepse In 

terms of changing geography, it means the shoreline has moved up on the continent 

3 and then moved back. ‘In terms of sea level, it means the Continent was uplifted, 

and so it got to almost bouncing back and forthe ty became 50 unstable that it 

actually wobbled back and forth between shallow and deet water depositione 

(Interruption. Question: The ss is a result of what kind of deposition? Answer: ???) 

Well, we have rum seven minuted over time and I haven't finished the 

. Paleozoic, but I guess it will wait until we get back to ite Ig you haven't 

read it, there is a lot for you to reade Now we are through with the Mississippian, 

saying nothing, of course, about the fossils, nothing about the life during any 

one of these periodse Later on we will come back to these arease 

CDZHVA
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During the last class meeting we had considered some of the changes 

: which had taken dace in the land and sea distribution during the Paleozoic. 

You remember that we had postulated certain conditions which we will call ideal 

: periods and were attempting to classify the Paleozoic periods on the basis of 

conformity to this ideal conditione The Cambrian had not been classified as 

an ideal period because of a predominance of clastic materials as well as the : 

clastvc vecks formed Jn 

fact that the flood come late in the period and also ??? of the center of the 

continent. The Ordovician, Silurian and Devonian were ideal periods, each of 

them having a widespread ls, approximately at the middle of the period indicating 

widespread submergence. The Mississippian was not an ideal period because of 

two submergences and that was about where we closed. 

: The period following the Mississippian, that is known as the Pennsylvanian. 

The outstanding characteristic of the Pennsylvanian rocks could be very easily 

remembered by yee eae principal economic product of the state for which the 

system is named. You think of the coal and that is the diagnostic characteristic 

of the Pennsylvanian series or I should say the Psnnsylvanian system throughout the 

eastern half of the continent. There are Yarious formations which we can choose 

to represent this carboniferous character. The one you will find in your out- 

line being emphasized in the Monongeheta, the Monongehela series. I have chosen 

that one because it contains the largest sincle coal bed in the United Statese 

The Pittsburgh oH one largest individual coal layer in the United Statese 

Now the Monongehela series contains in addition to the coal, normal 

marine sediments. You remember those are sandstones, limestones and shalese The 

normal marine sediments indicate submergence; that's quite obviouse The thing 

which is diagnostic is the interpretation of the coal horizons» This can be 

best brought out by telling you more of the details of one of thesries of coal 

layers. This information has been worked out by the Geological Survey of the 

State of Illinois where they have studied it most intensively, 1t applies to 

other regions as well. ‘
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If we begin with the series that is relatively complete, we would begin 

- with the ss, followed by a sandy sh, a feesh water ls, then under clay, coal, 

black shale, calcareous shale, 1s, and sh and then an unconformity at the top and 

bottom of the series. These formations are normal associates of a coal seame 

They would normally be related to coal in the order in which I have listed them 

here. Now such repeated associations mean that there must be a reoccurrence 

of the physical conditions in which the coal is the diagnostic or characteristic 

rock layere 

Now let's see if we can postulate what would be the conditionse The 

natuve es 
matter of ss, that begins the series indicating that it is non-marine, non-marine. 

Evidently then, the conditions of deposition are somewhat similar to an alluvial 

plain, because these are going to cover large areas and you would have to consider 

it in terms of alluvial deposition. Then the condition of elevation is changed 

qvodients velocities 
seo the streams have decreased sraduadiyy shave decreased gradually. They can no 

longer bring just sand, but they bring mud with the sand. In other words, the region 

is one of less relief and therefore the velocity of the streams is lessened and 

the deposition is finer. Now finally this decreases and the relief changes so 

greatly that the streams can bring in only material in dissolved conditions 
lenses which ave Aiscontinvses 

and then in the basin we have ls; it gives rise to fresh water ls ??? they are just 

locale (Interruptions Question: Is that the same as the marle that we have today? 

Answer: Somewhat similar to it, yese) The area has now become so low, so poorly 

drained that we have what is called then, a poorly drained soil préfile. *eaching 

under there. 9t Weath erry s 
has been so great that the clay which was called underclay is gonee—??%e I said it 

Was leached and oxidized. That means that the iron minerals have been taken out; it 

means that the calcareous content has been removed and you have left a material 
verv actor 4 Ney, neat resistant 

sihilar to kaolin, something like kaoiln, highly -99%. A part of this leaching was 

probably done by organic acids from vegetation, contributed by organic greundse 

You realize that such extensive vegetation gave rise to swamp lands. I 

don't mean now, tropical vegetation, not necessarily tropical vegetation for in
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tropical areas, decay is too rapide The material would be decayed before it would 

be buried, and thus you would not have favorable conditions for coal accumulation. 

So far this has been all with vie tether Jor the land. First of all, 

alluvial plain, then basins, then swamp soil and then swamp vegetatione The 

area continues to desrease in elevation with the nce that the sea begins to 

move over the swamp. In other words, the sea moves in over them, the carboniferous 

material becomes a part of the mud, so you have a black or carbonaceous shalée 

As the area continues to be submerged, the shoreline moves in and you are farther 

away from the source of the sediments and you have calcareous shale. Finally the 

region is so thoroughly submerged that you have the clearing of the waters, and 

marimey marine ls is deposited. The uplift starts and it shifts back to the mud 

: deposition and then the area becomes emergente This is spoken of as a coal cycles 

Repeated occurrence of this cycle justifies its acceptances 

Time and again in the study of Illinois coal basins, they find such a 

sequence. Erosion may stop any place down in the coal cycles The cycle may be 

complete or incomplete. VYccasionally, for example, you may find one coal seam 

: on top of the other indicating that this portion did not develop and you have the 

succession of one coal after the other. Think of this as an ideal condition, all 

parts of which may or may not be presente 

Now the coal of Pennsylvanian age is found largely in these arease 

The Appalachian Plateaus, usually known as the Appalachian Coal Field; Michigan, 

here it occurs in a basin, almost a circular basin; Indiana, where it is on the 

west side of the Cincinnati Arch and is going toward the Illinois Basin, which is 

a spoon-shaped area like the ladle portion of a spoon; it next occurs then west of 

the Mississippi, north of the Missouri River and South of the Missouri Rivere 

You will see that coal deposition took place over the eastern half of 

eastern two-thirds of the United Statese Let's translate this coal cycle into 

physical conditions, into paleographical conditions, if you wille Repeated occurrence 

of the coal cycle would then seem to indicate repeated oscillation, an oscillatory
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condition of the continent and the coal represents a swampy condition in each 

. of these oscillations. The coal then, is the result of the combination of those 

forces which gave rise to the Chester series in the Upper Mississippian. You 

remember you had eigh series of ls and sse The continent was wobbling back and 

forth, but always below sea levele In the Pennsylvanian, the unstable condition 

of the continent existed, but the continent was slightly higher, so in the area 

of coal deposition, the oscillations between marine and non-marine conditions, 

if we were to try to diagram it by means of a chart or graph, we will say this 

line represents sea level, I will start this mow and finish it later. 

Then in the Mississippian, the general oscillations of the continent 

would be of that nature, always below sea level. When the water was shallow, we 

had the ss; then when the water was deep, we had the lse Then in the Pennsylvanian, 

we had oscillation which was like thate This would be the dividing line; this 

would be the Mississippian and that would be the Pennsylvaniane Later on we will 

complete that. 

In the region west of the coal deposits which I have described, we had 

Normal 
a continuance of nem-marine deposition, so we don't have to say any more about 

thate In other words, the Cordellaran geosyncline as well as the Pacific trough 

contained normal floods in which there was being deposited ls, ss and she There 

is nothing particularly different about that area. 

The next period is the Permiane The Permian of the United States can 

be rather easily summarized in this way. In eastern United States, only the 

lower Permian was represented by deposits centering in Vest Virginia. In the 

western part of the United States, we had two geologic records which are red beds 

along the eastern side of the Cordellaran geosyncline, but there is a marine depesit 

in the southern part of that geosyncline and on the Pacific Coast. I am going 

to say more about that ar a later time, so we won't stop for it nowe It is 

significant that in eastern United States on the side occupied by the Appalachian 

geosyncline there are no rocks @©ther-yourger-Permianyeno=recks deposited after . 

eS
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Now according to our foundation of earth history we want to date the 

: disappearance of that geosyncline} I think we are justified in assuming the 

geosyncline became destroyed during Permian. Heretofore we have called those 

diastrophic forces which closed eras, revolutions, and in each case, a revolution 

has destroyed a geosyncline and given rise to a mountain rangee The Paleozoic 

was closed by a revolution; it destroyed the Appalachian geosyncline and gave us 

the rock structures of the Appalachian mountains. Notice I didn't say land forms -- 

they are the result of later history.e The sock structures are Paleozoic in agee 

This unstable condition, if we were to continue it into the Permian, would be 

characterized by an oscillatory condition above sea levele The rest of this would 

- be Permian and the emergence of the troughe 

Now let's review for just a moment. You will remember the geologic pattern 

of the Appalachian Mountain system. The Appalachian Plateaus are essentially 

horizontal. Some broad waves are present in the rocks, howevere The Valley and 

Ridge Province contains anticlines and synclinesy with the most intensely deformed 

Phruct faults + overturned folds are present 
rocks on the east side where 29% For the most part Paleozoic rocks are absent in 

the Piedmont. ‘There are a few present there, but more abundantly present in the 

; Blue Ridge. 

that” : 
I think you will recognize as a general fact ttre @eformation is greatest * 

near the applied force. For example, if you put your finger on a rubber ball or 

loaf of bread, right where the pressure is applied, that's there the deformation, 

the greatest deformation takes placee We can say the force tah place along the 

eastern side. The folds and thrust faults are more abundant there. Well, then, 

what was the nature of the force? I+ was compressione Two segments of the earth 

moved together and squeezed the Fe wtaccuis Now that could take place by both 

sides changing positions or either one of them doing sos On the eastern side we 

have the borderland Appalachia. “ow the trough is between them; the trough is 

destroyed by Appalchia moving toward the nw, toward the Canadian Shield, crowding 

the gone in betweene What made Appalchia move, is of course unknown. 

; I think you can see quite easily how this can be interpreted from rock



. 78 

structure. We know how long the Appalachian geosyncline was in existence by 

by overfurning of 

: the series of rocks deformed. We know the nature of the debdraakean. acpeas anticlines 

and synclines and thrust faults and that Appalachia moved from east to west because 

oF the oo ot folds 

292. his resulted in the joining of Appalachia to the continent. Stich were the 

closing events of the Paleozoic all of which should have been covered last time 

: but wasn't. 

I will take just a moment to show you the condition of the continent after 

the geosyncline has become dry. Here we have the ridges where the Appalachian 

and 

Mountains came into existence, from Alabama to the Gulf of Ste Lawrence/they 

are in the region now occupied by the Vallye and Ridge Privincee I will call your 

attention to a penninsula here in the wiser That is an area in which the red 

Ouachita Mts as the App, Mts, 
beds were Geing deposited. Here are the #9 completed at the same time-???. These 

connect under the Costal Plain strata, 
are based on pretty good geology. Now these do not 9? They are probably of the 

conti nuoas 

same geological period, but the rock structures are not Me Any questions about 

the Paleozoic? (Interruption. Question: Would the Permian be an ideal period then? 

Answer: No, only three, the Ordovician, Silurian and Devonian were ideal periods. 

we can't say that the Pennsylvanian was ideal because it is non-marine, coale 

The Permian is not ideal because the geosyncline was destroyed and there was no 

Widespread floode 

= The next is the Messozoic erase The first period of this era is the Triassice 

First I would like to call your attention to the distribution of Triassic rockse 

They occur in basins in the Piedmont Plateau, North Carolina, to New Jersey in 

a basin along the Connecticut River and similar areas in Nova Scotia and Halifax. 

There are also Triassic rocks in the Rockey Mountain system, Colorado Plateau and 

the Pacific Mountain system. Let's begin backwardse The Pacific Mountain System 

is continued marine deposition, the Colorado Plateau and Rocky Mountains contain 

red beds deposited in a basin which you just saw on the projected map, deposited 

in a lagoon, a cut off portion of the sea, in an area of arid climate.
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The eastern region is the most significant to use Almost without exception 

the Triassic rocks lie upon pre-Paleozoic rockse The pre*Paleozoic rocks are 

crystalline materials containing abundant feldspar, liek this pink minerale The 

Triassic contains a material which is called arkose. ‘Jt is a feldspathic ss, a 

granular rock made up of fragments of feldspar. There are as well red ss and shales. 

Now let's see if we can build a picture from that information. We should have learned 

that the srystalline pre-Faleozoic rocks of the eastern part of the United States were 

to be found in the worderland which we call Appalachiae We know that Appalachia 

was a land area, no marine rocks on ite We now find these Triassic materials 

deposited on top of the pre-Paleozoic crystalline rocks and they contain arkosee 

What is the source of the arkose? Obviously the rocks right beneath this seriese 

The Newark series is the name of ity named from a type exposure at Newark, Ne Je 

The gneisses which occur abundantly in the Piedmont Plateau represent 

predorn inated 

the type of rock which ? in the old land mass Appalachia. These gneisses were 

broken down. Then the feldspar grains became fragments. That breakdown took 

place by disintegration. If decomposition had caused the rock to break down, the 

feldspar would have been kaolin. So the evidence of feldspar grains indicated that 

Appalachia was subjected to intense physical breakdown. That condition was brought 

about by the Appalachian Revolution which not only destroyed the trough but Xp fitteg 

Appalachia as well. 

The streams were rejuvenated and had increased vebocity and began to erode 

Appalchia. They carried large volumes of material into the ocean but in the 

low portions of Appalachia, the materials became trapped. The streams could not 

carry them out and so we have this Newark series, non-marine, deposited on the land 

mass Appalachia. We commonly speak of it as intermontane deposition, the kind of 

deposition going on at the present time in the state of Nevada, an area without 
Fhe vintell pevenits eresion of themts, but athe bade 

a through-flowing streame ???-amd there is deposition under desert conditionsel’| [he ASIN 

: The gneisses contain various iron minerals. Under such conditions the 

materials are converted into hematite and we have red ss and sh, so I would like 

’ for you to think of the Triassic in eastern United States as being a time when due
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to the previous Appalachian Revolution, this land mass was standing high; then the 

streams were cutting through its surface rapidly attempting to carry the material 

out to the sea but resulting in the deposition of that basine If we were to examine 

one of those basins at the present time we would find a condition somewhat as I am 

diagramming. For the most part the red ss and sh have been softer than the 

surrounding material so they have been worn into lowlands, but in the lowlands we 

have conspicuous ridges which are either one of two things, indicating igneous 

: and toeme&® flows ajkes sills 
activity in this region. These were fed by underground sourcese ???e } a a 

Now in the highlands of New Jersey, for example, the region formed from 

igneous rocky, either intrusive or extrusive igneous rock. (Interruptione Question: 

Why couldn't the streams carry the material to the sea? Answer. ???) These are 

the general geological conditions today indicating that the basins have since 

been deformed. They have dropped. This period of deformation affected all of the 

area in which Triassic rocks occure Therefore, it must have affected most of 

Appalachia. It is called the Palisade disturbance. The Palisades would be 

somewhat comparable to what I have drawn there. If I modified it to this extent, 

make that come up to the surface and spread out there with the Hudson River ? 

at the east end. (Interruption. Question: Are the Palisades only one side of 

the River? Answer:???) 

This, of course, does not give us a very complete picture of the Triassic, 

but it gives us the fundamental picturee The Appalachian geosyncline is gone; 

the Rocky Mountain geosyncline is an area largely of lagoonal deposition and the 

Pacific Coast continued as normal marine sediments. ‘4et's go on the he next one, 

the Jurassice 

The most significant thing in the Jurassic is the area east of the 

Mississippi River. There we have the absence of Jurassic sediments, not the 

avsence of a Seeks Sees put the absence of Jurassic sedimentse “ow this 

absence can be explained in one of two ways: either the materials were deposited 

and then completely eroded away, or during Jurassic time, eastern United States 

was subjected to erosion and the deposits which formed as a result of that erosion
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were carried beyond the present borders of the continent. At a later time I will try 

to show you that the materials were probably never deposited. 

For the present just assume that to be the case and we will go pack to 

ite Western United States, well, to be more specific, in the Rocky Mountain region 

during Jurassic time, the area was flooded, not throughout the length of the 

es geosyncline, but the southern part, well, northern Utah, about northern Utah, little 

bit farther south but not as far south as southern Utah.e This was a submergence 

Which came in from the Arctic ocean. It is indicated by the widespread sse 

While this area was submerged or probably just previous, in southern 

Utah, there began a desert condition which has continued up to the present timee 

The desert condition is represented by a formation which is called the Navajo for- 

mation. I think you will recognize the region in which a formation would get 

such a name, essentialy ne Arizona, with the adjoining portion of Colorado, Utah, 

; and New Mexico, the only place in the United States where four states come together 

in one place. The Navajo formation is significant because of its splendid cross 

beddings This is represented in almost all exposures of iabeseto rocks in thé 

region which I have described. *¢ is particularly significant in Zion National 

Park. These corss-bedded layers, remember I showed you last time something about 

cross-bedding; in the case of the Navajo formation, these indicate layers in 

the neighborhood of some fifteen to twenty feet longe That would be the length 

- ont Se, are the results of advancing fronts of a sand dune. You undoubtedly 

know that sand dunes migrate, move forward and in so doing, they build successive 

fronts. The angle of inclination in these successive fronts here now represents 

; this angle of inclination in the Havajo formation. tt isa relatively thin 

widespread ss through the Rocky Mountain region, north of southern Utah. This was 

succeeded by a sWampy condition, nct in a swampy condition, but in an emergent 

condition in which lakes and streams were abundante 

- Then the Sundance submergence gave way to an emergent condition of 

still sufficiently low elevation to give you lake and stream deposits known as 

the Mosrison formation. This formation has more reptiles of dinausaurs than all
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the others in the world put together, more dinasaurs and their related reptiles — 

: thanks to the courtesy of the Sinclair 011 Company, than all the rest of the 

formations put together. We will say more about that latere These are the 

: high lights or significant things concerning the Jurassice 

3 2 Now let's go to the Cretaceouse The Cretaceous brings about a condition 

which is very significant in that the continent begins to assume its present 

configuration, its present outlinee On the geological map of the United States 

we remember that the green is Cretaceous. During the Cretaceous time the shorelines 

of the Sulf of Mexico took the course which I am tracing with the pointer at 

the present time. You can see that the Atlantic and Gulf Coastal shore lines 

were established at this timee In otder to interpret this we will have to know 

more about the conditions. Jf I modify this diagram a bit we will MA#A find that 

these are Cretaceous rockse The Cretaceous rocks lie on top of an eroded 

surface, across Triassic rocks. 

The lowermost Cretaceous is non-marine and the upper Cretaceous is marinee 

This geolegic evidence indicates than that Appalachia became tilted. The 

eastern side was submerged beneath the Cretaceous seas, beneath Cretaceous seas 

and the shoreline moved in Appalachia to the eastern boundary of the United States. 

How far it came in we do not knoW, but we are sure that in upper Cretaceous time 

. the shoreline of the Atlantic was very similar to what it is at the present tinee 

The fact that the Cretaceous always lies on a well eroded surface is the 

geological fact that the Jurassic has always been absent in this are&e 

After Appalachia was rejuvenated with the Palisade distumbance, it took 

the entire Jurassic period and pbobably a portion of the Cretaceous to reduce it to 

as the Creataces*$ Came WAS thug produci hi 
a plain of which ?#%, tilted, A a striking untonformitye Just remember the general 

process rather than clutter up your notebook with namese That extensive erosion 

Was going on Was indicated by the Selna-Austin, Selna named for a locality in : 

Alabama, Austin named for a Texas localitye ‘The Selna-Austin chalk formatione 

Noticé where it is, just across the end of the Appalachian Mountain system. What
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was the condition of the Appalachian Mountain system in order to have chalk 

ge areal Selations are 
. deposited over the end of it? further evidence of pre-Cretaceous erosione 

We have chalk layers, and remember chalk is ls, ls deposited under very favorable 

conditions, and here we have chalk deposited on the Appalachian Mountains >> 

< 
indicating that they were worn down so low that the streams were unable to con- ¥ 

tribute sands or mud to that regione (Interruption. Question: That's the Old = 

Appalachian Mountains, isn't it? Answers: 2???) So during Cretaceous in eastern re 

3 

United States, I should like for you to think of the Atlantic coastal line Ry 

the Gulf coastline mavkea by cxtengivg 4° 
assuming its approximate present condition and then #2? It is not of Mississippian 

The water Spreod ever Coastel Plain 
age, but it is a “ississippian embayment. ?9? and so i%: came up in the valley 

as far as southern Illinoise 

In the Recky Mountain region we have a different geological condition. 

If we were to consider the rock record in geosynclines of the Rocky Mountain 

Graot” Plains 
region and %, we would only need to take the two end members of the seriese The 

Colorado series is principally marine, whereas the Fort Union is entirely non- 

marine. The Colorado series includes such formations as the Dakota ss, a very 

important water bearing horizon in the Rocky Mountains and Great Plains regione 

The distribution of the Colorado series is such as to indicage maximum 

submergence of the continent during Messozoic timee The Rocky Mountain or 

Cordellaran geosyncline was flooded from one end to the other, and spread 

the waters to the east continuing until the green which you see here on 

the state of Minnesota, not the green, but the formation resulted from this 

widespread submergencee We have a flood of the Cordellaran trough, quite 

comparable to the widespread submergence of the Paleozoic periede Get a general 

picture as to what it Wase 

The Atlantic coastal plain was under water and the Gulf coastal plain 

Was under Water and there there was this great area submerged in the west and 

: now in this Cretaceous system as it occurred in the west end of the Rocky Mountain 

region, we begin with a marine and end with a non-marine formatione Some place 

in here if the conditions were such that they area became unstable, we might
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expect to find coal layers and there are coal @eposits between the top and the 

; bottom, but in between the two of them there are coal layerse 

Let's recall what happened in eastern United States. The coal was the 

oscillation 
forerunner or geologic evidence of aceumulation. The continent was fluctuating, 

it was changing and in these changes the physical conditions were such as to give 

you coal horizons. The same thing was true in the Cordellaran geosyncline. At 

: the clost of the Messozoic, the Cordellaran geosyncline became so unstable 

that it was ? formed in which coal layers indicate oscillatory conditions. Now 

s such oscillation should lead to deformation and in the case of the Cordellaran 

geosyncline it was destroyed at the end of the Messozoic. Again let's recall 

how it is dated. It was destroyed at the end of the Messozoic. The young:st marine 

materials to be deposited in the geosyncline fall within the Cretaceouse After 

Cretaceous time, ee was no longer an area of marine deposition, 

therefore we know that the trough os destroyed between the bottom and the top 

of the Cretaceous systeme This has been called the Cordellaran Revolution. I 

would prefer to call it the Rocky Mountain revolution. Hach revolution is 

related to mountain formation. We get back agjn to the same thing, diastrophism 

is the ultimate basis for the subdivision of geologic time. So it is represented 

here again closing the llessozoic. (Interruptione Question: What's the difference 

between that and the Laramide Revolution? Answer: ???) 

In my haste to get over this I forgot one thinge You will save to insert 

it here and phen put it where it belongs in your notes. At the close of the 

Jurassic there were huge igneous intrusions which today are present in the 

: Sierra Nevadas and the mountains of central Idaho and along the coast of British 

Columbia. This batholith or one of these batholiths was responsible for the 

present rocks that make up the Siprra Nevadase Since it is, the deformation 

associated with the period is called the Sierra Nevada disturbances 

Intrusion is always accompanied by deformatione This intrusion was 

accompanied by the formation of an arch which separates the Pacific waters from
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those of the Cordellaran geosyncline. (Interruption. Question: That makes the 

en basin in the west? Answer: 2???) (Interruption: Question: The Great 

Basin is on the east-side of this arch then? Answer: 9???) Any questions about 

the liessozoic? As I said, 1 am just trying to outline it in such a way so that 

you can add to the skeleton if you want to from your readinge Just try to 

picture the general conditions and how we now what it wase 

The next is the Cenozoice The Cenozoic is subdivided into two parts 

which we call periods; the older of these is the Tertiarye On the geologic map 

the yellow and orange represent Tertiary rocks. You can see where they are, 

Tertiaty sediments I should say, represent Tertiary sediments. 

The Atlantic and the Gulf coastal plains were submerged during Tertiary 

time and received for the most part marine clastic material, ss and sands, clays 

and shales. During Tertiary time the Atlantic and Gulf coastal plains were 

continental shelvese The succession of rock formation in the coastal plains 

sucee Ssively 
indicates that the continent has Arisen, increased its elevation and the shoreline 

moved out and out until its present condition. Simply stated then, we can say 

that the Atlantic and Gulf coastal plains resulted ffom enlargement of the 

continent. During the Tertiary the SET ceviwe larger and as it came up 

there was less and less area submerged for Tertiary deposition. One of the other 

' significant records of Tertiary time, this distribution of materials through the 

Great Plains and in the basins and the plateaus of the Rocky Mountains. All of 

that material is alluvial. That is, it is fresh water, in contrast to this other 

material which was all marinee The oldest Tertiary materials are found at the 

present time only in the basins between the mountains. The Younger materials are 

found in the basins between the mountains and out across the Great Plains. These 

alluvial materials are composed of sands and clays, some conglomerate with 

essentially calcareous contente 

Let's begin the interpretation. Those are the facts, Let's begin 

the interpretation. What is the source of all this material? The newly made 

Rocky Mountains had come into. existence at the close of ee
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Qhey were elevated, areas in which streams could erode rapidly, As the streams 

: began to cut down the newly made mountains, there first began a process of 

intermontane materials so the older materials are found between the mountains. 

carried stAi ments bey ond 

When the basins begame filled, the streams % the basins of the mountains and 

then spread out this alluvial apron in the Great Plains which we have nowe 

One other thing during Tertiary, a large share of the Rocky Mountains 

were buried underneath sediments which they themselves contributed. We had 

a plain extended across the Rocky Mountains, a plain as a result of both 

deposition and erosion, erosion of mountain area, deposition of basin area, a 

graded plain, neither the result wholly of deposition or erosion, but of these 

two processes together, known as gradation. That was the general condition which 

prevailed to about the middle of the Tertiary and then things began to happen. 

The area began to be rejuvenated, rather'I<should say the area began 

: to be uplifted and the streams were rejuvenated. They then began to cut new 

; courses through the basins. They began to cut new courses through the plains and 

as a result of erosion and rejuvenation the alluvial apron has been cut up énto 

the frayed form you see on the mape It once was continuous, but now it is all 

cut upe Streams which were able to flow across the mountain ranges due to the 

: fact that it was buried have continued to flow across im mountain ranges so 

you have, for example, the Royal Gorge of the Arkansas, SESS so narrow that 

tracks Oe OT Setcen or se railroad calzwnstenornc ee es that crosses 

the Big Horn Mountains. It misses the end of the mountains about 25 miles, yet 

it flows through a canyon 2000 feet deep to get out of it and all of this, a 

ntvenchment by wp bit 
result of 99% (Interruption. Question: Have the Cretaceous sediments been 

all cut down to make up that condition? bankas 29?) 

That's the alluvial Tertiary record through the Rocky Mountains and _ 

ton Ane 
Great Plains. These red areas are Tertiary igneous rock. All of the ¢eterade 

Plateau or mest of it and this portion of the ghee. tea known as the 

Snake Rivere Many of the mountain ranges are Tertiary mane Here in 

Arizona and New Mexico there are two kinds of vulcanism exposed. As the lava



: } 7) 

flows of the Columbia plateaus, successive floods of dark colored lava so 

: + fluid sa Liquid 292 that flevlea to surround or cover all the irregularity of 

that regione Such a formation may be very well seen at Yakima and one of the 

series of lava flows at Washington is the Yakima flow. These flows were not 

continuous but interrupted, interrupted oy periods sufficiently long to have ; 

- fhe formation of Bake sediments as seen at the town of feng bee nave some of the 

lake materials interbedded with lavas known as the Gisnpburs formation. 

Going through the Columbia plateau we have lava flows, tier on tier 

of lava flows that are conspicuous. Occasionally it would be interrupted by a 

zone of colored materials, the lake sediments. seh sinele 1s page 

known as the Day formation, the John Day river (description of J,hn Day River). 

a These two types of formations are the conspicuous thing in the Columbia plateau. 

You find practically nothing else. I spoke of another type of eruptive materials 

being represented. That is volcanic ash and dust. Some of that occurred early 

enough to be included in the materials on the Great Plainse It is present, but 

not abundantly. In some regions of western United States the ash beds are quite 

thick. Some of the beds in this John Day formation are ashe (Interruption. 

: Question: Are these aasociated with potash formations? Answer? 22?) 

One of the most famous localities for these ash and dust beds, I 

should say famous for the fossils it contains, is found in Colorado west of S 

Pikes Peak near a little town of Florrisant, so it is called the Florrisant bede 

it was an intermontane region in which there was sufficient water so these 

: materials became stratified. They became bedded or as it fell in this area it 

entombed insects and eeicags this, the Yakima would be the flows and the 

Florrisant would be the eruptive materials. As I said before, we are merely 

choosing types to represent these conditions. 

Now here on the Pacific Coast Ranges south of SaniFrancisco and in the 

Washington and Oregon coast regions we have Tertiary sediments. I haven't said 

: very much about these regions on the west coast. You pemember I pointed out
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; an arch deparating ®@& this one commonly Inown as the California trough and 

this one known as the Gated Sach. These were areas of normal marine 

deposition during Tertiary. During Tertiary these were the only geosynclines 

which were left. ‘We had Tertiary sediments, Tertiary clastics, sands, sandstones, 

clays and shales. The youngest material of marine origin in these areas is about 

just a little bit later than middle Tertiary. That means that the trough began 

to be deformed, began to be emergent in Tertiary timee Now you remember our 

principle of diastrophism. Yiastrophism is the ultimate basis for the subdivision 

of all geologic time. : 

Applied to the west coast the destruction of these troughs is still 

going one 4#hen it is completed we will probably have the end of the Cenozoic. 

The continued deformation of the region is repponsible for the earth quakes which 

we have in southern California. The forces have not occurred sufficiently to 

cause the rocks to fracture in Washington and Oregon. tt may be that ie may 

never occur to that extent. So I should like to have you think of the destruction 

ef these troughs on the Pacific coast as being related to the close of the 

Tertiary and extending through the Quaternary which is the youngest subdivision of 

the Cenozoice 

Now for the Quaternarye So far as geological records are concerned, 

it is a repetition of present conditions with one exception and that is, of course, 

glaciation. Continental glaciers spread from centers east and west of Hudson 

Bay until they came as far as the Ohio and Missouri Rivers. The particular 

features of. continental glaciation we are not going into at the present time. 

I think most of you know the type of record we have as a result of glaciation, 

otherwise ke Quaternary is a repetition of what is going on today, marine 

deposition along the Atlantic and Gulf coasts. The grey on the map indicates that 

Tertiar 
the continent has been enlarged since ® tiie. They grey in the Great Basin 

indicated deposition of alluvial charactere We have then, at the present time, 

the same processes going on which formed the geologic records of the past, 

except for one exception, that is geosynclinal depositions 4+~eeritainly comes
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That may even be represented now by the Gulf of California. That may be a 

geosyncline. It certainly comes close to our idea ef a geosyncline, an area 

submerged with high areas to the east and west ¢ontributing sediments to that 

region. Ferhaps that is the next section which will become uplifted and 

become a part of the North American continent. (Interruptione Question: Why 

didn't you include the Gulf of Mexico? Answer:???) 

Just to recall to you now that we nod ve land masses, the Canadian 

v Shield, I hope there are five, Appalachia, Cascadia, and paring four land 

masses, four land masses, a central one and border areas with troughs, but the 

general process has been the destruction of the troughs and the addition of the 

borderland to the continent. In each case it has been the adding of a borderland 

to the continent. . 

You can see that we are getting to a place where we wil ‘ate about 

some interesting geology and we are also at present where we are about half throughe 

From now on we part company and shift dates. “ext week the Historical Section will 

meet on Thursday and meet on Thursday from then on, accomding to our pre-arranged 

schedule. The group interested in National Parks will mcet on Tuesdaye Those 

Who come next Thursday will spend the first hour telling me something about what 

they have learnede 

CDZHVA
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April 23, 1036 — Bing 

Now that we have started on the second half ff our interest is going 

= to be centered primarily on the forms of life. Last time in addition to the aks 

I added a few remarks with regard to the processes and environment of fossils. 

That was putting the cart before the horse, so this evening I am going to talk 

about the various characteristics of animals and plants. If we understand 

so mething about these organisms while they are living, then the preserved remains 

which we call fossils mean more than just impressions in rock, for they really - 

did exist at one time. Most of the time will be spent on the animal forms because 

they are better preserved, but we wild briefly summarize the characteristics 

concerning the plant kingdom. 

First a few words with regard to the classificatione Inasmuch as 

confusion is apt to arise depending upon the nationalities of the individuals 

doing scientific work, the naming of organisms is based on the Latin and Greek, 

Latin and Greek names, so we should become acquainted with these termse In 

English the classifications would be written this way, Kingdom, Phylum, Class, 

Order, Family, Genus, Species, Variety, Individuale These last two are not 

: strictly for the purpose of classification. Each higher subdivision is made up 

; of units of the lower subdivisions. We have two kingdoms, the animal and plant 

kingdoms. The subdivisions within these two kingdoms are then called the Phyla, 

a the plural form, Phylae 3 

With this classification in mind, let's talk about the plant kingdom. 

This will be a one-way conversation really, not let's talk about it, but I will 

tell you about it. What is usually considered as the most primitive plants are 

included in the subdivision called Thallophytes, Thallophytes. The translation 

of the term would be, that is, a literal translation, shoot and pant, shoot and 

plant. These forms are characterized by an absence of stems, roots, and leavese 

Common. forms are such as bacteria, algaee They are the most common forms of 

‘ Thallophytes. From those two examples you realize the presence of the character-
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istics which I have given youe Mildew, yeast, toadstools are other known varieties 

of these forms. Some of them manufacture their own food from other substances, 

; others live on decaying substances, thereby being parasitic or saprophytic. 

I think it would be well to know something about the physiologic 

processes typical of Thallophytes. The simplest type of plant you could have 

would be a single cell, a single celled plant, and there are such plants, a uniform 

mass of protoplasm which absorbs food through the eell wall. It grows and when 

it has reached an appropriate size, the cell is constricted and you have two cells 

resulting from the subdivision. This represents the regeneration or the new 

generation of that plant. That's the simplest type of growth or reproduction that 

there is possible to havee 

Still among these forms there are other single cells in which a portion 

of the substance which is known as protoplasm, is most concerned. There are usually, 

two, two parts to this protoplasm, one is called the nucleus and the other is the 

chloroplast, chloroplast meaning color bodys It contains chlorophyll which is 

fesponsible for the coloring in plantse Now in such a cell the work, that is, the 

physiological work of keeping the cell alive is subdivided; the chloroplast 

: manufactures food for the cell, supplies food to the cell. When the cell divides 

we find that the nucleus splits and the chlo roplast splits, the two subdivisions 

migrate to opposite poles and then the protoplasm between constricts so you have 

“tes individual bodiese Hach cell then, begins fully equipped with chloroplast 

and nucleuse The nucleus distributes the hereditary qualities, so in addition to 

the protoplasm, the nucleus and chloroplast first divide and migrate and then the 

cell creates a new generatione 

About the next most complex form would have to have units of cells, 

an individual plant made up of a number of cells, and each cell independent. When 

reproduction takes place the protoplasm shrinks away from the cell wall and it 

subdivides into a certain number of units, four let us saye When the cell wall 

: breaks, the units are freed into the surrounding waters Remember now these are all
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water forms. Wherever they come to rest in favorable environment, they grow into new 

- plants. These bodies are called spores, these subdivisions which can make new Se 

plants. Subdivision takes place inside the cell. When reproduction takes place® 

in this way the old individual them becomes a ? of lifeless cells. Still among the 

Thallophytes and among the water plants we have another changes ‘hen the protoplasm 

chrinks away from the cell wall ??? and if one is smaller, it is impossible for 

these units to grow into new plants, but we find them fusing with each other. This 

fused form is given the name zygots. The units are like spores in all physical 

characteristics except size -- they are smaller than spores. There is no way of : 

telling them from spores except by size. 

There is still one other change among the Thailophytes. ‘*hey are getting 

more and more complex and these units which form the zygote are not the same size; 

one is large and loses its power of motion and the other is small and retains its 

power of motion. These bodies which form the zygots, we are going to use the same 

scheme later on, the large one becomes the egg and the smaller one becomes the 

sperm and they are both produced by the same plant. All of these methods of 

reproducing species are present in primitive plandts and these are water plants. 

The important thing is their environment, their water environment. The matter of 

2 reproduction will be important at a later time. 

: Bryophyte is the next ones The term means moss plant and it indicates 

one of the commonest forms present in this subdivision, the mosses and another 

less commone one, the liverwort. Many do not see them unless they are on the 

lookout for them. The characteristics of this group can best be described or 

indicated by the despription of one plant. Perhaps you are familiar with the 

cap moss which exists as a sort of fringy clumpy bit of vegetatione In the fall 

when the plant becomes mature, from this clump, this fringy clump of material, 

there will arise a slender brown stalk, the top of which has a little cap. It 

looks something like that and there is a lid on the bottom here. Now that general
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form you undoubtedly will recall seeing, a form like thate Let's try to describe , 

: ite ‘ j 

The generation which is feathery-like, manufactures its own foods . 

When in the reproduction period when the zygote is formed, it grows into a form 

which is dependent upon the food manufacturing generation, but since it is a plant : 

: which manufactures spores, it is called the sporophyte. From the sporophyte then, 

there are produced spores. The spores grow into new plants as we described prev- 

iously. ‘Those plants are capable of making gametes. Gametes would be just like 

spores except for size. The spores grow into gametes, gametes produce the eggs and 

sperm which unite and form zygotes ??? this one, this is the green one; it is the 

one which manufactures food. This @ne is the sporophyte and it is in a sense : 

a parasitic generation; it lives @n this small green clump. Now when the plant 

has reached maturity, this little lid on this capsule falls off. On the inside 

are the spores and when the wind blows, this bell is shaken by the wind and they — 

fall out and are carried awaye . 

3 Of course you can see that they “oa t go very far. Reproduction takes 
° g 

place quite close by. You undoubtedly have seen the smoke or cloud of a puff ball ; 

when it is squeezed. That cloud which you see consists of the thousands and thousands 

of sporese Such bodies are released from the cape Now as this generation is only : 

several inches high you cansee that the spores will not be blown a very great 

distance, so the clump moss gpows in clumps close together, all resulting from . 

these spores which I have described. If a great gust of wind comes along, of 

course it will be spread farther. (Interuption, Question: How long does it take 

for one of these generations to occur? Answer: 77?) Now this is called alternation 

oe of generations and it is characteristic of all plants except the Thallophytess . 

It is a very important process. 

Pteridophytes. The next phylum is the Pteridophytes. The term pterid 

means are feather plant, because the commonest form is the fern. Now you ao 

will realize why it is called the feather plant. Other varieties are the horsetails; 

they are also called scouring rushes. They may also have the name Equisitae --
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that's the generic name for them, Equisitae. The ground pine is another one 

: that belongs here. ‘+t is sometimes used for Christmas decoration and they are 

also called lycopods. These forms were important during the Carboniferous. 

during the time the Pennsylvania coals were being formed. They grew to tree-like 

proportions and were important in the formation of the coalg The ferns are so 

common that I am going to spend gf little time talking about them, but I want to 

call your attention to this difference. In the fern the gametophyte generation 

is so small that most of you have never seen ite The showy part of the fern ?? and a 

is independent so far as habitation? is concerned. Ln general the gametophyte 

generation would not be quite as big as my little finger, and not thicker than 

a few sheets of paper. This is the dependent generation and the sporophyte generation 

has become the independent form. 

Now when the ferns begin to have brown dots on the underneath side, that 

is nothing more than the cases which contain spores and when the spores are ripe, 

: the cases break. The spores fall into favorable environment and produce the : 

gametophyte generation and the process is repeated. (Interruption. Question: In 

the case of a perennial plant, is the process the same or repeated or what? 

‘Answer: 2???) There there is a subdivision of rather questionable rank which is 

=) known as the pteridosperms. ,They are on fossils if they exist at all. The 

: ’ potanists are not sure how to class them. They are forms which are intermediate 

between flowering plants and plants that ???. That is all we are going to say 

about theme 

The flowering plants have been given the name Spermatophytes. I don't 

know why they chose that name for them, Spermatophytes, flowering plantse 

These are further subdivided ee I can thinks of the second one but I can't 

think of the first one now. Gymnosperms, gymnospermse T aon t remember what the 

translation of it is now. These are the evergreen or pine trees or forms related 

to the pines. They are related to the flowering plants in the sense that the
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7 cones are the flowers. ‘hey are not abundant on the earth today, but they are the 

zh large sequoias and redwoods, examples of the gymnospermse The Spermatophytes in 

addition to being called flowering plants are also called seed plants. “n the 

case of the gymnosperm, the seeds are born at the base of the scales of the cone, 

and in some of tnem the scales have to turn way back before these seeds are looses 

and drop oute 

The other subdivision is the Angiosperms. these are characterized by 

the seeds being coated. The seeds are coated usuaaly giving rise to some sort 

of a fruit although not all of them have that propertye Among these Angiosperms 

it is interesting to know the changes taking place in this alternation of generationse 

A flower exists soley for the purpose of perpetuation of the species. It 

consists of certain reproductive structures and other things to aid this process, for 

instance, colorful petals to attrace inséets. The petals are to attract the 

attention of the insects; the nectar is to pay them for their visit to the plante 

Let's see what happens when they do visit the plants An ordinary flower 

would consist of these parts, the central portion or the vase or vase, depending 

whether or not you got it in the ten cent store or tea shop, known as the pistol. 

Around that there should be some thin shafte-like structures known as the stamen. 

: As that is a flower, it may have some petals, and they would be around the out- 

‘sidee In some cases, if petals are present these structures are green and act 

as a protective coat around the bud; these are known as sepalse In many cases 

the sepals take on all the functions of the petals. When the plant has reached 

maturity, in the stamens there will be produced pollen grainse The pollen grains 

are that portion of the alternation of generations which ??%e In the base of 

the pistol there are generated the other portion, the eggse The visit of the 

insect from one flower to the other is usually sc manipulated in the plant that 

in entering the plant it does not get pollen from this individual, but any 

brought with it from another neighboring plant is deposited on the sticky fluid
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of the pistol. If that is of the same species or comparable species, then the 

pollen grainf beginsto grow and sends down a ‘tube and then we have ??%. In the 

: base of the pistol these eS. ? into the form which is the zygote which grows into 

a sporophytic generation and this produces spores within the base. These are 

usually encased in a fruit or comparable structure and when it falls into a 

favorable environment, the seeds produce and the process begins agains 

From a structure in which the sporophyte generation was this small 

cap such as we saw here at the beginning of the sporophyte generation, which we 

saw in here, excuse me, I made a mistake, and from this sporophytic generation 

Z which we see here, we come to thise These are the gametophyte generations so from 

the relatively small sporophyte generation we come into a ? here which ???. 

Plant growth covers most of the surface of the earthe And now I think 

you have a few more ideas concerning plants and their characteristics than you 

knew before, unless you have had some botany and know then more thoroughly what 

I have just given to yous ‘There is one thing I forgot. These plants begin to have 

wood. These have wood from here on. The Thallophytes and Brypphytes have no woods 

Wood has a transporting system; it takes moisture from the roots to the leaves; 

another system takes food from the leaves to the roots. tt isa system of tubes 

resulting from the ends of the cells being dissolved oute They are in a straight 

line, that being their general form. 

: The essential characteristic which I want you to get from this is something 

with regard to the complexity of the organism and then one other thing. In giving 

you my notes I neglected the various environmentse Let's call this one the water 

plants. Most of them grow in water; these in areas of moisture, the mosses if 

you keep those in mind; the Petridophytes still in moist environment, but getting 

above the surface of the earth, swampy environment} and then the Spermatophytes, 

_ the land forms. Increasing complexity of organization is related to different 

environments, the simple plants existing in a uniform environment, and the more 

complex plants in an envirenment which is not uniform. We can take a moment now 

for questions about the plants as long as we don't run into an involved discussion



137 

of botany. (Interruption. Question: The seed, isn't that eentially a new 
sy 

plant? Answer: 2???) 

. From what I said last time I think you will realize why plantsare 

not as important as animals for fossilization. They can only be fossilized if — 

the wood is preserved and you know how wood decays and that is the reason for that. 

(Int erruption. Question: What is that stuff which grows on the dides of trees 

and boulders, lichen, 1 guess, where does that fit into this? Answers 222) : 

Now let's try the animals and see howwe get along with those. Now 

the Animal Mingdom., Protozoa, the first phylum is the Protozoa; it means first 

animal, and like the first phylum of plants these are single cells. We are going 

to dispense ith zoological classification nowand make two further subdivisions. 

We are going to know that the Protozoa are divided into Foraminifera end Radiolaria 

Now there are no other words:for some of these things. I think I have told you 

about the woman who visited the museum. She was not so surprised that anybody 

found all these things, but how they mew what to call them. Most of you know 

what foram means and this means to bear, so these are ? bearing forms. The 

skeleton is calcareous carbonate. It may coniistof one or a number of chambers : 

although the animal is only a augle cell, The number of chambers result from the 

animal's growing so large that it cannot be encased in the shell anda when the 

protoplasm begins to extrude, it grows another compartment and all of these 

- animals make shells of CaC03. They have been, for the most part, external. Now 

the perforated character applies to only a part of them. The protoplasm extends 

out through these perforations in threads, and these threads entangle other 

protoplasm and in so entangling then, the protoplasm, it extracts the food; 

those in which there are perforations, they feed 4 in that way, otherwise they 

f@ed much like an amoeba. ‘hey merely engulf their food; they digest that portion 

_ of it which is digestible and them move on leaving the undigested part of the 

‘ food. 

"Now then, Radiolaria. Radiolaria has nothing to do with ?. The term
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: means little ray. It refers to the fact that the external shell is quite 

S usually ornamented with radiating spines which are the rays and that's the origin 

of the name, these radiating pines on the surface, These skeletons are always 

made of slie and I think it isinteresting to note here that these amplest forms 

of organismsliving in an environment where there were two compounds they could 

use forskeletons, have been able to make use of both. The foraminifera have been 

important forms making up chalk deposits. Radiolaria have been recognized as 

fossil forms that do not make up rock formations. + would like to pass some 

Protozoa around, but they are microscopic in size and you would perhaps not be 

able to see them. One is about the size of a dime, another about the size of 

ioe half a wheat grain, another form, the size of a pin head. It is just a globular 

form. If you want to see them I will get some (books) from the office and show 

you. 

The next Phylum, the Porifera. The term Porifera means just what it 

ays pore bearing in the sense that the pores are larger than in the foraminifera. 

These are of the sponges The sponges belong to this Phylum. Sponges are 

’ ordinarily of three varieties, those siti /cinlieton of silica, known as the siliccous 

pponge, those with a skeleton of CeC03, kmown of course as the calcareous sponge, q 

and then one, well it isthe bath sponge which iscomposed of spongin. Spongin 

is a substance which is an organic compound, essentially carbon, oxygen, hydrogen, 

i nitrogen, as most organic compounds are. (Interruption. Question: Is it 

something like chitin? Answer: 22?) 

The calcareous and silicéous spongeshave skeletons which are made up of 

units called spicules They are more or less rod-like, that is, for example, with 

these pieces of chalk, they would have a form something uch as this which I am 

holding now, three rods at right angles to each other. Another form is one in 

which the lower bar does not develop andso you have a form @mething like that. : 

Still another form is one in which the bars are arranged 60, three of them in the
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plane and one at right angles. These are soarranged that oe fawn them end é 

: z to enu leaving mich space between the spicules. They act as stiffening bars 

: or rods through the protoplasm.. hen the animal cies, protoplasm begins to 

i decay, the sponges begin to decay and are not preserved as feassils, and thus 

we do no t have gg sponges preserved. The me I passed around is the most common 

and that's its name, receptaculites. This is sometimes called the sunflower sponge, 

I think you can see whye (Interruption. Question: Are those extinct now or 

: what? Answer: 29?) Any more questions about sponges? 

I haven't said much about the organization of theme They represent 

aggragates of cells. If you take the protoplasm of a sponge, separate it from the 

skeleton, strain it through silk and put it in a favorable environment, it will 

go right back into a sponges. This is also characteristic of a collection of the 

cells. If you take two sponges, strain them through silk, you will get one : 

spongee If you take three animals and do the same putting them in favorable 

conditions you will get one sponge, so it seems to have a loose form of organ= 

ization in the individual. (Interruption. Question: Are those holes in the 

sponge devices where the inner or older portions still eat or what? Answer: ???) 

The next Phylum is the Coelenterata, c-o-e-l~een~t~eer-a~t-ae6 If we ae 

translate it the term would mean nothing so we won't bother with ite The 

‘corals are the most common variety of the coelenteratae The term coelenterata 

means that these forms have a body cavity and that was not true of the previous 

forms. The coelenterata can perhaps teat be understood by describing the 

characteristics of the sea anemone, sea anemoniew are like corals but they do 

not secrete a skeleton; comuls secrete a skeleton of CaCOge A Sea anemone 

may be thought of as a sack, the top portion of which has been turned in and the 

marging of which hasebeen brought or drawn out into tentacles or projectionse 

I will try to draw one although it will be rather crude when it is drawne I am 

drawing just a section so I will cut through some of these tentacles. If this 

went around and joined like that there would be other of thesee Something like 

: thate This represents a cross section through the edge of the sack where tie :
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portion is turned down. In here it is quite intricately wrinkled and this is the 

. digestive cavity. The animal feeds in thiw way. These tentacles possess stinging 

cells which causes them to ??? and if it becomes entwined about it, it is 

paralyzed and then that tentacle will move over in such a way as to put it inside 

this gullet. In the process of moving these tentacles, they encounter food and that 

is the way it lives -- it captures these food particles as I have described and 

releases them inside the gullet. This form is all tissue, no skeleton. They 

are interesting to watch on the shore when the tide comes in ???, too much 

agitation will cause them to constrict that cavity and if you get too close ???. 

In the case of corals they have built a cup for themselvese The cup 

would be like this area which I have drawn nowe Inasmuch as the animal increases in 

size and the deposition of the material at the bottom results in the moving of 

the animal up when it is grown, the shape of the shell is quite often cone-likes 

This material would all be Caco, and flit would be like this with the animal at 

the small end and so you get a form such as this or this, distinctly cone-shaped 

like a cow's horn. (Interruption. Question: Those horn corals, are they to be 

found in the sea today? Answer: ???)« 

If you look at a wide end of the coral you would find radiating lines 

known as septae. They represent portions where the tissues folded up into a 

" wrinkle and Caco, was deposited in there and so in each one of these there was 

a fold in the tissue. In other words it is just the framework, just the 

strengthening of these tissues and those are built right inside of this cup. . In the 

forms which I am going to pass around about the small one you can still see the cup 

in this for which has been fossilized, for the most part, the cup has been broken 

z although here you can see the edgee I will call your attention also to this 

specimens “hen you see it, look for structures which resemble some zigsaw platese 

These are graptolites. ‘hey a re extinct forms which resemble zigsaw plates and 

are classed with the coelenterates. The term graptolite means written stone and 

they vere though to represent writing in wedge shaped characterse Anatomically



14} 

they are like the coaras and the sea anemone but they had a different habit 

of likee Instead of building CaC0z shells for themselves they built an en- 

casement which was shaped like that, blast-furnace shaped, or mortal shapede 

This would be the enlarged portion of thate When they were feeding, their 

tentacles would be out like thats They have skeletons of chitin like the material 

in your finger nails or haire They are normmlly found in shales and existed : 

in coloniese They went out here from a central bulb like plant and these 

floated at the surface of the water and so at times they were practically world- : 

wide in their distribution over the sease As they drifted into a stagnant area 

then that would be a favorable place for them to fall and also a stagnant area 

would be favorable for shales so that is where you find theme What was originally cor- 

ners have been flaitened so you get a sharp point here instead of a round pointe 

Of course, as I said these are extincte (Interruptione Question: How was 

the growth added, below or what? Answer; ???) These are all extinct and we will 

have specimens of theme 

Four, the Echinodermatae The next phylum is the Echinodermatae The 

term means hedge-hog skin because some of the forms had spinese A very common 

form is the starfishe First the general characteristics, pentagonal symmetrye 

That is the symmetry of a star, a plated skeleton, that is, a skeleton made up 

of a series of platese Cystoid, one subdivision and again I am not talking about 

Classese This is an ideal ??? Cystoids were bladder like formse We won't 

say more about theme The next subdivsiion, Blastoidse They are nut like, like 

a hickory nute All of you are acquainted with the starfish so let's talk about 

this in terms of a starfishe : 

Tupn a starfish upside down and bend the arms back, then we sould have 

: an anatomy comparable to a blastoide We would have five grooves and tube feete 

These grooves were food groovese The space in between was merely filled with 

plates to make the grooves solide The blastoids are extinct, but they have been 

important fossilse (Interruptione Question: Are they from the Paleozoic? 

Answer: ???)
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They were stemmed or stalked and have the appearance of rods or 

circular platese Crinoids, they are lily-likee That is the best description 

of them, sometimes spoken of as sea-lilies. If we continue the deformation 

of the starfish, turning it upside down ?7? then we would have an animal comparable 

te acrinoide They are always in mltiples of five, five,ten, twenty, twenty-five 

and so one Each arm hag a groove and in these grooves are projections, where in 

the case of the starfish, all these tube feet have cilia which created the 

currents carrying food with it going into the mouth and into the digestive cavitye 

The starfish has an obnoxious habit of feeding and the crinoid being a little 

more delicate #n its habits, builds more room for its digestive processe The 

crinoid would consist of the cup and the armse The starfish would be included 

in what is known as the Asterozoa, and we can’t call them Asteroids, because 

they would be celestial bodies, and there would be confusion, so they are 

classed as Asterozoae Then one more group, the Echinoidse 

This grou gives its name to the entire phylume The sea urchins or 

sand dollars are excellent examplese These forms are so different from the starfish 

that it is hard to compare them although there are some similarities. If you 

kept the starfish on its back, filled up the space between the arms, they it 

would be something like the chinoide It may be flat or like the sea urchine 

Somehow or other the mouth got underneath on the other sides Don't ask me how 

5 it happened because I don’t knowe Most likely this is what happende ??? bend 

back until they meet in the back and them some of them became atrifiede The 

grooves are’no bonger in usee (Interruptione Question: How did these things 

manage to get from here to there or did they stay put? Answer: ??7?) 

: Five is Molluesoideae Again the translation of the term means nothing 

so we will dispense with ite There are two subdivsionse Bryozoae That ought 

to be easy for you to translate, for we have just had it in the plant kingdom. 

Moss animals, that is what the name means and that is what they are commonly 

callede They are of a variety of formse They are colonial, a number of
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individuals living togethere They are some of the most important ls making 

animals that have ever been in existencee They have made large volumes of 1s 

and the only way you can recognize them is by their porous charactere The 

surface has porese They may be twig-like, they may be encrusing mosses over 

recks and other shells, taking a variety of formse They may be anyy shapee 

They are still living today and they have lived ever since the Cambriane Of 

course the individuals are microscopi in sizee Their actual classification is 

somewhat in doubt but we will useeite There is no mecessity to aay anything 

about the physiology, they are so small anywaye 

And here is one of the most important gossil groups, Brachigpode The 

term means armefootede A number of these names of course have been based on 

Mi conceptionse This is an example of a brachiopod, somewhat mutilated, the 

inside of ite They have a ? structure which they thought were the arms by which 

the animal walked, but that is not true ???¢ These are sometimes spoken of as 

lampshellse The one I am passing around is on to which the name ? is applied. 

That would be the shape on one valvee If you had a wick there and a 

handle here you would have a form like a Roman lampe That which represents the 

wick there is the pediclee The animal consists of two valves or shellse We 

have names for themg the one which contains the pedicle is the pedicle valve and 

' it can always be recognizéd by this perforation through which this tissue 

protrudede The other one is the brachial valve; it contains the supports for 

the gillse The brachippods are characterized by a symmetry in which fff the 

valves are of unequal size, but may be divided into two equal halves. If I were 

to draw a brachiopod, then the brachial valve of the animal would have a shape 

or form something like that, this projections being represented by this area 

and here would be the openinge You can see the pedicle valve is larger than the 

brachial valve and if I had drawn it correctly there would have been a plane 

of symmetry through each valve, dividing it into symmetrical halvese
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Brachiopods are opened by two muscles, one for opening and one 

for closinge That is the difference between those and another form which I 

will mention at a later timee Such projections are commonly spoken of as beakse 

The organism opens at right angles, the valves drawing away from each one and 

the area opposite the portion opened is spoken of a a hinge area and there 

may in some cases, be a hinge line so we have hinge areas and hinge linese This 

portion here is a hinge area; this one is a brachiopod with a rounded hinge areae 

Later on we are going to have some with extended hinges like thate Some of : 

them meet absolutely straight and they become shield shapede We have a variety 

of styles, but don't let that scare youe This one would be biconvex, both 

shells convexe This would be biconvex planoconvex, and this concavoconvexe As 

to surface ornamentation, it may have radiating ridges, plications; they are 

nothing more than corregations on the animale There may be concentric rings 

which represent stages of growth, known as growth linese I think that's plenty 

with regard to the brachiopod with the exception of size; they are fopm a 

dimension of /8 of an inch to two feete (Interruptione Question; Those things 

in the South Sea Islands are ??? Answer: 777) (Interruptione Question: These 

brachiopods stay put don't they? Do they have a swimming stage? Answer: ??7) 

Well we are very short of ???- I would have like to have finished the 

animal kingdom tonight but we will have to let it go until next time,
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At the previous meeting of the class we considered the first five 

phyla of the mimal kingdom and stopped with the Molluscoidea, so the sixth one 

would be the Molluscae Ther term Mollusca means soft-bodied animal, soft- 

bodied animal. When I tell you that this division of the animal kingdom 

includes such animals as clams, mussels, and snails, then you have some idea as 

to what I mean by soft-bodied animals. Within the phylum the subdivisions ate 

these, Pelecypod, Gastropod and the Cephalopod. Now each of these terms refer % 

to the type of locomotion of the animal and almost all of them are misnomers. 

Pelecypod means ax-footed, ax~footede These forms are the clams or 

mussels. The oyster also belongs to this groupe As I discuss more fully their 

characteristics their name will become apparent. Pelecypods are forms consiting 

of two valves, or at least have two external shells composed of CacOns the 

shells themselves each of them being of equal size and having a plane of symmetry 

between them so that one shell is the mirror image of the other, each one being 

exactly alike. Therefore the plane of symmetry passes between them, between the 

valvese Last time we had the Brachiopod. You will remember that the Brachiopod 

Was the mimal in which the plane of symmetry passed through each valve and the 

valves were of unequal size. We are not interested in the anatomy of these forms 

because they, of course, are not ever preserved, but we should be able to 

_ recognize the external forms, the classification of these formse 

The Pelecypod in its normal living condition is up on edge whereas the 

Brachimod in its normal living condtien has one of the valves down against the 

surface of the environment in which it is living. As I said, the normal position 

of the Pelecypod, at least this fresh water variety, is on edge so the valves 

become right and left instead of top and bottom. This animal moves by means of 

@ mass of musche that protrudes or is able to be protruded from about this 

portion of the shell, that is, from the posterior portion of the shell.



146 

That represents the side view of the shelle te is in a position such as you 

see heree Then in here is this mass of muscle which can alternately be protruded 

; and retracted and as it is protruded it is shoved into the mud and more or less 

uses this muscle as a pry and is shoved aheade This process is repeated and the 

animal moves ahead or wherever it is goings The animal moves in that way thus 

the name ax-footed. Someone thought this portion here represented an ax, perhaps 

an old stone ax ??? that is, well, those are the general characteristics. These 

forms had a variety of shapes, the same as the Brachiopods hade Some had plicated 

surfaces, others had concentric lines of growth marking the stages in the growth 

of the organism. The Pelecypods do not become important members of the fossil 

communities until the Messozoic, until the Messozoicg and from the Messozoic one 

A few are present in the Paleozoic, but they are not very abundant. 

The Gastropods are represented by the snails and slugs. The term means 

stomach-footed. The name was applied when it was believed that the animal walked 

on its stomach, that portion of the body outside of the shell which hasg the 

property of locomotion and 7774 Slugs are also classed heree Of course the slug 

is merely a snail without a shell. The most common snails are characterized by 

an unchambered or undivided coiled shell. The next group, the Cephalopods, are 

going to have a shell that is divided into chambers and that is why I stress 

.that this one is undivided. 1t is a tapering tube, tapering tube in a spiral 

forn oe the animal and as it has grown and increased in size it has 

wound the house about itself. There are both right and left-handed spirals wa&thin 

a the same species. This is not the common fresh water snail that you find in 

riverse 44 is not quite as common as the ? snail you find about here. 

Sere is another one of the fresh water snails that I ground through so 

you can see the sections. Zt is a continuous tube ? where I have ground through 

ite Sometimes these forms can be easily recognized and sometimes there is some
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difficulty. That is particulatly true when you have a cast of the inside, 

that is, sedimentary materials fill the tube and retain the shape of the tube, 

: and sometimes the outer shell is all or partly destroyed. You would, of course, 

recognize the spiral form, but you would not be able to identify the fossil 

form. 

This form is living today and in many respects it tesembles some 

of the first gastropods which appearede “t has started to coil but it has not 

as yet completed one revolution. An individual revolution is called a whorl and 

in this form there is a cavity for living tissue; the other acts as a cap to 

protect it. This is representative of some you will hear about. We speak of 

the Gastropod in the following terms, as low or high spired, depending upon 

just what it describes, the height of the spiral. fe speak of the whorl as being 

circular or angular. tn the form which I am passing around, that would be 

an example of a circular whorl. That is, the cross section of the tube is 

circular, so it is a circular tube wound in a spirale Others are angular. The 

one I had in mind was of a cross section in which the whorl has that general 

shape so you can see it is far from being circular. These forms may be 

ornamented with lines extending to the ?. They may be spiral lines which wrap 

around the shell and some of them may be very spiny, particularly some of 

. the modern forms. “ith regard to the history of this group, they have never 

made important contributions, so far as abundance is concerned, to the 

communities in which they have existed and they are probably at the height of 

their development at this time. There are probably more snails in waters now 

at this time than at any other times 

The Cephalopeds are represented by the nautilus, the octapus and the 

squid, cuttle-fish if you want. All of these forms move or can move at least, 

by ejecting streams of water from tentacles which surround the head. Now the
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octapus can use these tentacles as great arms, and yet it is possible for it 

to move by expectorating these streams of water. These ere probably the first 

animals to use this principle of locomotion. Their tocomotion is a little 

more successful than man's attempt 4n the same process. The water is drawn 

into a bladder-like compartment and is forced out of the tentacles, md the 

animal moves in the opposite direction. 

Under the Cephalopod we are going to have to say a little more 

concerning the subdivisions, subdivisions based on the number of gills which 

they havee There are two divisions, first the Tetrabranchs which have four 

gills, and the Dibranchs which have two gills. Now the gills were never pre=- 

served. Among the Tetrabranchs we have two further subdivisions into the 

Nautiloid and the Ammonoid. The Tetrabranchs are characterized by cylindrical 

shells or shells coiled in a plane. it is subdivided by transverse partitions 

into units which are called chamberse Here is a fossil Cephalopod of the 

Nautiloid subdivision and around it you would find marks, marks, going around 

as these chalk lines which I am putting on now. They represent the sutures wher 

the internal part joins the external portion of the animal. As the animal grew 

and increased in size, it grew up into the portion of the shell with a greater 

diameter and then built a floor for itself; as it grew still larger, it moved up 

asain and as it continued to grow, it moved up and up and up, and so you have 

those lines fomed which I have marked here With chalk, marking a paxtition in 

the original form. 

Now these particular lines are spoken of as sutures. Nautiloids 

have straight sutures and yet when we say straight sutures, we recognize that 

if the animal was complete these sutures would form a circlee (Interruption. s 

Question: Is the animal as big as the distance between the two sutures? 

Answer: 2???) (Interruption. Question: Am there any today? Answer: 227) :
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(Interruptione Question: Could it have anything to do with the habit some 

E of them have of temporarily leaving their shells? Answer: 777) (Interruption. 

Question: Some of the species as I understand it, can, well they find their : 

shells are baggage and they leave them and if danger comes they scurry back 

only to their own shells instead of somebody elses. Answer: ???) 

In these forms there exists a tube which permits the animal to fill 

the chambers with water or air, thus it can float or sink, and in order to do 

: that it must have some tissue attached so it can go back into ite That is why 

= I say I don't think they are able to leave it and go back into it at a leter 

time. : 

These nautiloids represent some of the largest forms of Cephalopods 

during the Ortoviciane They were about a foot in diameter and twelve feet longe 

If you are very ambitious you may be able to find some around the Twin Cities, 

or at least a specimen of it. tncidentally they were the straight froms but there 

were also the curved ones like the present nautiloid which is living todaye . 

The ammonoids have sutures which are not straight and they may be wavy, 

have undulating sutures or they may be completely wrinkled. The external form 

of the nautiloid may be straight as in some of these specimens which I passed 

around. They have more or less of an oval cross section, or they may be coiled 

in a plane instead of in a spiral so there again, external form is indicative of 

classification. 

One of them included in here is included in the dibranchse “t is a S 

cigar-shaped from whose generic name is Belemnitese It is the Messozoic an- 

cestor of the cuttle fish or squid. That portion which is preserved is cigar- 

shapede Now at the light end of the cigar there was a conical depression. In 

this conical depression there was fitted a structure which today is the cuttle 

: bone of the cuttle fish, a thin spear-shaped masse If you look down on it from :
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the top you will find it was shaped something like thate The tissue of the animal 

surrounds this mass and this was the cavity for the animal. Here were the tentacles 

or its mouth, a circle of tentacles with the mouth as the central portion of ite 

This is commonly spoken of as a guarde That at least is an intorduction to these 

forms and we will have more of them at a later dates Any questions on this sube 

division? 

The next phylum is the Arthropodae We have been introduced to this end 

of the word so we know the name refers to a method of locomotione If you have 

not been introduced to arthritis, you are luckys The term arthro means point, 

joint-footed is the explanation of the term, These are the first animals which 

we can my have such a thing as lobes or legs for locomotione Among the arthropoda, 

I am not going to follow the zoological classification, for many forms are not 

preserved, and they do not have a geological recod so there is no reason to 

bother with theme 

One subdivision we are going to use we will call the Trilobites. These 

are fascinating fossils and a rather important groupe I will try to reproduce a 

likeness heres Not only were the limbs segmented, but the body was segmented as 

well, and there were a pair of appendages for each segment of the body. The E 

trilobites probably wouldnt be very enthusiastic about this ancestor of theirs, 

put that's somewhat the general form which they had» I think you can see where 

they get the name Trilobite. “t had three divisions, both longitudinal and 

transversal, the head, body, and tail which are also the cephalon, thorax, and 

pygidium, but the name Trilobite has such ? from this which is the axial lobe and these 

two portions are the pleural lobes. Some of these forms had the head extending 

' actually into these ? although there was an infinite variety of forms. They eyes 

were set on bumps protruding from the top of the heade These had multiple lenses so 

the animal saw thousands of images instead of onee Because the body was segmented 

they were abel to toll up into a ball, putting head and tail togethere therefore 

everything was ???- The animal had a ? or ? the same as the crayfish or lobster,
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which belong to the Arthropods,and thus was able to ? quite effectively. There 

is one of these Trilobites rolled up as the last act, I presume, on earth, and 

if you look on one side you can see the multiple lenses of the eyese : 

The Trilobites varied in size from one-fourth inch in length to 

twenty~seven inches in length. They are exceedingly interesting to find and 

they did constitute a rather important geologica&’ records (Interruption. Question: : 

Is that a fossil you have there? Answer: No, this is a cast of a form which 

was molded, modelled I mean into a caste * think this was the natural size, 

no, this particular form did not get as large as thise Some of these forms had : 

a@ variety of shapes. The heads and tails were sometimes almost ? in form. Some 

forms were ? shaped; certain forms were perhaps adapted to burrowing and perhaps 

could move just as well in one direction as in the other. All of the Trilobites 

were scavangerse They lived on the bottom of the sea and lived on deceased 

, organic material. You will hear more of the Trilobites at a later time. 

About the only other group here which I think we will need to include 

S are the insects, that is, ? the Arthropods considered, but under the circumstances 

I think it is justified. The term #nsect means cut in two and you know the 

abdomen of the insect is almost separated from the body. There is a considerable 

constriction between the abdomen and the body. Most of you would recognize an 

aus if you saw one so there is no reason for my describing them to you. “hen 

you get dragon flies with a wing spread of 27 inches and cockroaches with a 

spread of 3 inches ???. 

Again I am going to avoid zoological classification and call the ‘ 

eighth phylum the Vertebrates. These are the forms which are quite commonly 

thought of when the word animal is mentioned. To most people the workd is 

populated with bugs, worms, and animals, and anything beyond that, there is no 

classifications
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The vertebrates include an extinet form of certain principal character- 

istics known as the Ostracoderms. Ostracoderm means ?7%- ‘These lived for a very 

short period of time. They are important because they were the first vertebrates 

to live. “ext, the fishes, which need no description; then the amphibians which 

are adapted to twe environments; they can live on either land or water. Their 

eggs are laid in the water; their young hatch in the water and grow there, but 

i the adults ree inhabit either land or water environment, as for example, the frogs 

Well, they need no further description. 

Next the reptiles, the lowest form of animal life which is entirely 

adapted to land environment, as for example the snake, which also can live in the 

water, not permanently, but temporarily. Turtles are reptiles, but of course they 

live in the water or on land. The term reptile means creeping. 

a Next the birds, a form characterized by warm bbood and a body covering 

rs feathers, and +hen the mammals, the great group of animals which suckle their 

young and are considered to be the highest type of animal on the surface of the 

earth. Of course man made the classification of the group so it would have to 

; be up theree Any questions about this survey of the animal and plant kindgoms? 

Let me repeat -- all I have tired to do is to introduce you to a few of the 

: characteristics so you won't think of them in terms of just something found in the 

rocks and that they did exist, did live on this earth at one time. 

One lady who was viewing the fossils in an exhibit at ??? remarked to the 

man in charge that she couldn't see how these forms could live without any fleshe 

I want. you to do a little vetter than that with regard to fossilse “ow in order to 

keep to the schedule, we want to go on and consider the successive development wich ; 

has taken placee This has been with regard to zoological classification. Let's 

try to see what changes took place in order that the earth might have the ¥ 

population that it has at the present timee As previous, we have hit the high 

spots and then have <a back over them more thoroughlye
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fossils. There are certain evidences that life was probably in existence, but 

there are no fossils. The evidences consist of graphite horizons and abundant 

graphite can only result from accumulation of plant or animal material and also 

the presence of iron formations, for it is believed the presence of iron 

precipitating bacteria which are quite abundant today ???e That is a complete 

statement about the life in the Archaeozoice That is 500 million years of history, 

and we have covered that quite rapidlys 

In the next group of rocks, the Proterozoic, which also took another 

500 million years, we find fossil remains. They are essentially unicellular 

organisms, that is, single celled forms, Foraminifera and radiolaria have been 

found in the Proterozoic rocks. “f course they would have to be found in areas 

where the rocks are undeformed and in the North American continant, those two 

areas would be the Grand Canyon and the Bell series of northern, no western 

Montana. Sponge spicules have also been found, these rods of silica which were 

the internal framework of the spongee Such was the record of life for the 

first two-thirds of geologic time. You can see we have to go rather rapidly to 

get the earth populated in the remaining one-third of geologic times 

Beginning with the Cambrian all of the Phyla are reppesented except 

_ the vertebrates. Now that was almost a phenomenal advance. In the Proterozoic 

we had two represented, the Frotozoa and the foraminifera, end then in the 

Cambrian, every Phylum was represented by some forme Note that I say, some form, 

except the vertebrates. From here on the succession of introduction follows 

almost exactly the zoological classification. 

In the @rdovician we have the appearance of the first vertebrat, the 

Ostracoderm; in the Silurian, the first fish appear in the form of sharkse Tn 

the Devonian the Ammonoids appear -- they have not been present previously, the
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Ammonoids appear. We find that certain forms have reached the end of their racial 

: history and so extinction begane The last of the Ostracoderms lived in the : 

Devonian, only three periods for them. The ancestral forms of the echinodePmata, 

the cystoid was extinct so the population of the earth is changing. During the 

Mississippian we have introduced the insectse Uy to that time the world was free 

of them. The next, the vertebrates, also appearede The Amphibian appears in the 

Messozoic, and the last graptolite lived in the ocean waters. In the Pennsylvanian 

the coal plants reached the height of their development and in the marine waters 

the last blastoid was in existence. Blastoids you remember ase those nut-like 

forms along with the Echinodermata. In the Pennsylvanian there was also the appearance 

of reptiles so you see that they are being introduced in just the order in which 

they were heree The next is the Permian and we have modern corals, the appearance 

of modern corals, having septae arranged in sixes rather than in fours, that is, 

six, or multiples of six. The time has come for the end of the Trilobites. Ie 

you ever find a Trilobite, you can be sure that it came from the Paleozoic, for 

none lived before and none lived after the Paleozoic. The same is true of sithers 

of these in this summary which I am giving youe ??? Blastoid during Paleozoic times 

: In the Messozoic, during the Triassic, the last straight nautiloid lived. The 

ruling reptiles, that is, as distinguished from the modern, the ruling reptiles 

. began their modern history. (Interruptione Question: What was that, the end 

of the Triassic? Answer: ??7) In the Jurassix the first birds and the first 

mammals lived and this was the climax of the reptilian development. +t is the 

Jurassic which has been made famous through the courtesy of the Gnelair 011 Coe, 

that is, all the reptiles come from the Jurassice A few come from other rocks, 

Cretaceous, for example. The Cretaceous was the chalk-forming age of the world. 

Practically all the chalk deposits of the earth were formed in Cretaceouse Modern 

: plants, or I should say, flowering plants, make their appearance. The Ammonoids 

have disappeared from the waters of the earth, the Ammonoids, The ruling reptiles 

are gone after the Cretaceous. In the next era, the Tertiary communities are
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characterized by the development of mammals, First they are primitive, un- d 

specialized forms, but as you come closer and closer to the present, forms assume 

more and more modern characteristics. The primitive and archaic and out-of-date 

ancestors die out; they become extinct. ilan as a form of animal life is know 

from the Bleistocene, but not earlier than the Sleistocene, the ice age. 

A nd so in this brief summary I have tried to show you how the animals 

of the earth have changed, that is, how to take a composite view of the animals 

living on the earth during each peti of geologic time. Each portion of 

geologic time has been diagnostic because of the animal or plant life curing that 

time. A ny questions over this material? 

Perhaps just a word can be added as a summary to what I have geven you. 

It may help you to orient yoursclf when we get into it a little bit decper. : 

The Proterozoic we can call the age of unicellular life. The Paleozoic, let's 

divide the Paleozoic — the early Paleozoic would be the age of invertebrates 

and the late Paleozoic would be the age of primitive vertebrated. The Mesozoic cs 

we could call the age of reptiles and the Cenozoic, the age of mammals. Those 

would be more or less the high points along the way. 

Qne very commom misconception which I would like to remove before it 

is too firmly established is that all I am trying to do is mention the changes, 

and it is up to you to accept the ideas as we go along otherwise we could never 

: ' cover the material. 

Now when we say the Paleozoic is the age of invertebrate and primitive 

' vertebrate life and the llesozoic is the age of reptiles, ef course you realize that 

the unicellular forms would continue and then as we go on, the invertebrates 

would continue and then the primitive vertebrates would also continue, All I 

am trying to do is give you a skeleton. 

f will take just a little time to show you some illustrations of these 

forms. These are the foraminifera; they are unicellular, You can see the variety 

of forms these animals can build. Notice that many consist of a number of chambers ~
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such as that form and it is all constructed by one single cell. In this form, 

; groups of sand grains have been cemented into a house ano these spiral forms. 

These graptolites are supposed to have started their geologic history by first 

growging up from the bottom and then floating downward from some floating body. 

Then there was the construction of the float and the construction of the feathery 

like extensions end then that is the final reconstruction of them, 

These are bryozoans, moss—like animals usually. These lace-like pa terns, 

these threads in the lace wo 1d be the calcium carbonate in the individual. By : 

these you can imagine the size of the individual. Novice this one in the corner. 

This is the one with = spiral central support. (Interruption. Question: You 

: can get that one in the G&enwood series, can't you? Answers 22?) Notice these 

: with the projected hinge areas, this being the hinge across the top, extreme 

extension of the hinge area. Other forms here show the hinge area more rounded. 

That would be in the right-hand corner. There are still others which are not 

represented. \ 

Here are some representative pelecypods and some cephalopods. The name 

ammonite or ammonoid comes from the Greek God Ammon who was a goat, so they 

: named these forms from the coiled shell which resembled a ram's horn. These 

Gark portions represent the sutures of the ammonoid. This would be a side view 

_ and this would be an end view so you can get an idea. This will show you where 

I got some of my thunder. A. would be a normal nautiloid; B. in here is jurassic, 

belemites, which were part.cularly characteristic of the Jurassic. You can see 

: from this that projection which comes out of the animal here. That shaced portion | 

is the only part that is preserved and is the fossil, and the bone shrinks away. . 

(Interruption. . Question: That tube on the side, that isn't a feeler, is it? 

Answer: 22?) 

Some gastropods or snails, quite a variety of them. Trilobites. 

(Interruption. Question: That one up on the top must have been a pretty 

prickly mouthful for any who wanted to eat it.) This one I won't have to name
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for you. This is some of which I haven't as yet spoken, the family tree of wan, 

: I want to find out something now before we go any farther. There is about one-half 

hour left of this evening's perioa and I want to find out how much these names 

g mean to you. Do you have a definite impression of an organism when it is named? 

Would you know it if you saw it? I think personally the time would be well 

spent if I turned you loose on some specimens, We can spend part of the time 

: doing that and then maybe go cownstuirs into the museum after. Next time I am going 

to try to cover the changing populations, and that is gatas to be a pretty pig job. 

CD: HVA
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This evening I want to try to tell you something concerning the : 

a various populations which have inhabited the earth. I speak of these in the plural 

largely because from time to time they had characteristic individuals living in 

the various commnities and for that reason, one population was not the same as 

; the other even though they were ?, that is, groups of animals, yet the individuals 

as well as the varieties were different at different portions of geologic time. 

We will take them up in chronological order, 

i have told you something about the evidences of life in the Archaeozoic, 

and that is an algae or alga, I should say. It was found in the rocks of 

northern Minnesota and identified by Miss Tilden of the Botany Department, who, 

if anybody can identify dgae, it is she. She says there is no question about 

the identity of this form, but it is the only fossil known from the Archaeozoic. 

Other evidences of life consisted of the graphite in the Grenville series. You 

remember the Grenville is the series of ? rocks found in northern New York and 

the adjacent provinces of Canada, Thus for the first one-thira of geologic time, 

the record of life is conspicuous by its obscurity if not. by its absence. There 

is no place in the world where Archaeozoic rocks are unmetamorphosed, unaeformed, 

and that universal characteristic undoubtedly explains a large part of the 

lack of recognizable forms in the Archaeozoic rocks. 

. Now I should like to postulate that the life that existed on the 

earth during the Archaeozoic was similar to that which exists today in larval 

forms found in fresh water as well as marine water. During the Archeeozoic few 

i forms had gone beyond this rather primitive state, yet today they are, of course, 

: the primitive forms of the earth. If we want to characterize the various portions 

of geologic time by the-pext types of life which prevailed, 1 think we should : 

do that in order to get some conception of continuity, then we should call the 

Archaeozoic the «ge of larval life. Another reason which we might introduce 

here in considering it to be 1 -rval -—— these forms have no skeletons and 

therefore they would not be preserved.in the rocks, so therefore it is not a matter 

of imagination, There is some basis to that.
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Now for the next third of geologic time, the Proterozoic. Fossils 

which have been founc in the Proterozoic have been recognized in areas where the : 

: rocks are little deformed. With respect to such areas on the North Mmerican 

continent, you will recall that they are largely found in the Northern Rockies, in 

the vicinity of Glacier National Park, and in the Grand Canyon, the rocks at 

the top of the narrow gorge in which the river flows and at the rim of the Canyon 

- wall. The forms which have been found in these rocks incluce radiolaria, 

foraminifera, (Interruption, Question: What was the last? Answer: Foraminifera.) 

and spicules of sponges. 

: In addition to these animal forms, there are also founac again, masses ’ 

of 1s deposited by algae. The precipitation of ls by these plants which we call 

algae is an involuntary process. They extract co, from the water ana use it in 

the manufacture of food. In the water surrounding them where the C02 is ex— é 

tracted, theCaCO, is precipitated and that is the derivation of the solid material 

3 > C02 and He 
which exists as a fossil. It's like this: Ca(HCO3)2 + ca00, e itis the 

CaC03 precipitated around the plant masses. 

With regard to animal forms you recognize the presence of the protozoan, 

the unicellular animals, the single-celled animals. This has led to the aesignation 

of the Proterozoic as the age of unicellular life, indicating that the forms hac 

gone beyond the larval stage and that in their maturity they still consisted of 

"a single cell, but they had advanced or developed sufficiently far so that they 

possessed skeletons, and thus left a record of their existence. As tb¢ the 

possible reason for the absence of other forms during the Proterozoic, I think 

it can be left until we come at it from another point of view. In such a way 

we have Gisposed of the biological recora of the first two-thirds of geologic 

time. 

Thus we come to the Paleozoic. Quite often you will hear the term pre- 

Cambrian used. It has been so sued because the Cambrian represents the oldest 

series of rock formations in which there are well-preserved remains of animals.



= 160 3 

That has been taken ¢¢ff then, more or less as a stendard to which rocks can 

: be referred, Pre-Cambrian means thet the rocks are essentially deformed and 

characterized by absence of fossils, whereas Post-Cambrian time coes not 

exclude deformation, but it does mean thag the rocks contain more fossils. i 

think Cambrianis to geology or I should say geologic time what the birth of 

C hrist is to the designation of time under the present circumstances. 

Among the Cambrian incividuals or the groups of animals in the Cambrian, 

the most important form because of its abunc.ance, is the trilobite family or 

group or class or whatever you want to call them, the trilobites. By and large s 

: considering the Cambrian forms of the entire earth, the trilobites make up 

about 60% of the population, (Interruption. Que.tionk At that time you mean? 

Answer: Yes:) Now there are a few areas in which trilobites are abuncantly 

: preserved and in almost all Cambrian rocks you will fino some fragments of 

trilobites. The St. Croix series along the eastern boundary of Minnesota has 

3 trilobites in it. They are not especially well-preserved, that is, whole specimens 

aren't, although the heads and tails are beautifully preserved. Just in case 

; you have run out of names, that will be one to add to your vocabulary, Discellochphals 

‘ Minnesotensis, That is the trilobite that designates the rocks of the upper 

Cambrian, Discellocephalus Minnesotensis, that's it's name. “e had enother 

' relative by the name of ? but Discellocephalus Minnesotensis is the horizon marker, 

the index of the upper Cambrian age of the rocks. 

in the various outcrops of the Cambrian rocks as exposed on the 

North American continent, you can usually find some fragments of trilobites. 

Perhaps one of the most outstanding regions in which you find trilobites is located 

in eastern British Columbia. It is Mir. Stephen, S-t-e-p-h-e-n, lir. Stephen, 

about the village of Field, Fielc, British Columbia. It is just a short distance 

west of Lake Louise and if you ever get as far as Lake Louise, by all means go 

oat into British Columbia and Mb. Stephen and hunt for trilobites. The locality 

is east of Field about a mile, although you go out of the south boundary of the
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town. There is a trail which leads up the mountain side, a climb somewhere in 

the neighborhooa of ? feet, and the last part of it is stiff going 2??? but after 

; you get up above the timberline, you get to this talus slope, just rock fragments 

from there up to the top of the mountain. As svon as you get to the place where 

there are no trees you find trilobites and from there on up, everywhere you go, 

walk, stand or sit, you will be on trilobites. There are so many, one may get 

sackfuls. : 

My personal experience in the vicinity resulted in rather an amusing 

incident. Finding such an abundance of trilobites, it was of course, very greedy 

on my part to try to bring back most of the mountain. I collected as many as 

I possibly could with the help I had with me. then we started down I found I 

had more trilobites than I could carry. The collecting bag was full, the lunch : 

bag full, breech and jacket pockets full, and yet I wanted to bring back more 

of them so there was only one thing to dc My wife had on two paid or socks : 

in her boots and she came down the mountain side with but one paid and the other 

paid full of trilobites dangled around my neck, That was one day's collecting. 

If you want trilobites, that is where to get them. They are mid—Cambrian, 

5 so they are of a diiierent variety trom that one I hac on the blackboard. 

("Adventures in Molluscoidea" read.) 

The trilobites of the Cambrian period reached a maximum length of 15 

inches so they would be from that size on downwerda to forms, oh, 1/8 of an 

inch , which would be the maximmm size of some of the smaller forms, That will 

just give you an idea as to their size, 

Next in abuncance in the inhabitants of the Cambrian seas were the 

brachiopods, Although two types of brachiopods were present, one was especially 

charagteristic. “t was hingeless, or said to be inarticulate, that is, the valves 

or the shells did not open by moving in opposite directions from each other, that 

is, by moving up and down, They moved by rotating the valves, 2??? and by ros&étion, 

the long axis of the 2??? and it left an open space whereby the animal could
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feed. These forms had long and pointed beaks, by beaks we refer to the 

portion where the valves normally remained constant, where the shell 7??? if it 

Gid hinge. The form which is being passed around has a shape somewhat like that, 

more or less ? shaped. This would be the larger valve. The other valve was less 

long at the beak and thus there was this projection beyond where there was an 

opening through which came the pedicle which held the animal to the mass of rocks 

: or to whatever it was attached. This particular form which you have is characteristic 

od the St. Croix series. 1t represents the Cambrian and its name is lingulepis. 

I am not interested in your rememiering these names, +f you want to, all right, 

but anyway I should like to have you remember it is a pointed hingeless, smooth- 

surfaced brachiopod. The only markings on the shells would be some very find 

concentric growth lines, (Interruption. Questions Would you find those over 

at Burkhardt's Milis? Answers 2???) 

There is another one, well, I don't think we will put it in here. 5o 

in the Cambrian, there were these pointed hingeless somooth-surfaced forms. 

(Interruption. Question: Those rocks where you find them, do they belong to 

the Cambrian series? Answers ???). 

Now at the same time we had these forms and all others which were hinged. 

They had a straight hingeline, and they were slightly plicated, so the animal 

SG looked somewhat Like I sketched here. This would be about one-half inch for the 

height. This is always spoken of as the height of the brachiopod. I am-not going 

_,  to-stop to mention that one, “I am just indicating that there were other forms. 

. The first one, the inarticulate one, was the ? form, I shouid mention one more 

thing. The inarticulate forms have phosphate shells whereas all of the hinged 

; forms have calcareous shells. (Interruption: Questions; Is that the type 

- | of shell that makes the phosphate deposits of the Tennessee Valley? Answers 22?) 

(Interruption. QuestionsWhich one was inarticulate? Answers 2???) 

: Other inhabitants of the Cambrian seas were some simpl¢y coiled gastropods. 

There is one form that looks something like that, like a cap, like a liberty cap 

; ; of France. The animal had begun to coil but it is only about one-half way around.



: 163. 

There are others in which the whorl is complete. They are never high-spired, never 

: very many revolutions to the forms. . 

: Another form in the Cambrian seas were the cephalopod. They were 

represented by the cylindrical nautiloid, the Cambrian ancestors of these forms. 

They were relatively small compared to the Ordovician descendants, but they? were 

present in the Cambrian seas end all of then were these cylindrical types. They 

are commonly spoken of as Orthoceras, The term means a straight cone in the 

sense that these tapered and may have looked like a cone. They are not abundant. 

There is another form present, put not abundant. Those are the graptolites 

the graptolites which grew up more or less as a plant would grow, attached to the 

sea bottom. You can see that the number of forms of life lifing in the Cambrian 

were not particularly abundant, that is, not so many varieties, yet the develop— 

ment which had taken place was advanced, far advanced over the previous ers. And 

in the forms present we would probably have to say that as much development took 

place previous to the Cambrian as has taken flace since. We have one of the most 

highly developed of the invertebrate forms 2??? insects, which are competing with 

‘ man for the possession of the earth at the present time. In these Cambrian 

fossils, all the ? phyla were present. They had means of capturing food and 

digesting it. They had organs of idgestion and ?, in fact, every organ which 

was necessary for life was in these Cambrian forms, Since the Cambrian only 

one other addition has been made to the animals, and that is the internal 

* skeleton. None of the Cambrian forms had internal skeletons. That is the only 

fundamental aifference, that has taken place since Cambrian time. 

Gowing on to the Ordovician we come to the forms which you would 

expect to find along the river bank here on the Campus. If you went out here to 

the outcrops and began to look for fossils, possibly one of the first things 

: that you would find would be a bryozoan - they are so abundant in the Ordovician 

rocks.. They were so abuncant that one man who was working on them was accused 

of being paid by piece work in the naming of them. | He found such a number of 

varieties of them. His book on them is about so thick, 2??? has been written about
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thex forms of the Twin City region. 

% For the most part there are three varieties, twig-like encrusting 

meases, crust-like masses and some hemispherice forms; although these forms 

were abundant and varied in the Ordovidian I should like for you to remember them 

as a form which existed throughout geologic time ith very little change. They 

are just about as simple today as when they first appeared as fossils, Perhaps 

the second form you would find out here in the rocks on the river bank would be 

g the brachiopod. The brachiopods of the Ordovician period were usually one of 

, : two kinds. They are concavo-convex with straight hing lines and slightly 

plicated surfaces, more or less shield-shaped. This is one case where competition 

is illustrated by the fossils. As soon as some manufacturing concern markets 

something for which they think there will be a market, as soon as they put it 

out their competitors put out something just as good, or so their salesmen say. 

: Well, here are two brachiopods who did the same thing. This one ??? so in one 

: form the pedicle valve is convex and in the rival form the pedicle valve is 

concave, otherwise they are quite alike. This one is Rafinesquina and this 

one is Strophomena. This type of brachiopod is so characteristic that I should 

: like you to think of it as the concavo-convex straight-hinged brachiopod. It 

is characteristic, or they are characteristic of the Ordovician, these two. 

_ These are demonstzation models which were made for the purpose which I will use 

them now. 

: There are the two valves. Jt is rather impossible to believe that you 

could have a concavo-convex organism and have any living material in between and 

vet when you put the two sh@lls together there was room enough for the animal 

: itself, (Interruption. Question: “hich-side did the animal rest on? Answer: 2???) 

This one is a model of this one and this one is the concave valve and this one 

is the convex valve. If, in making this, they had split it along the other 

: edge, they would have had the other brachiopod. That is the only difference. 

Ehe brachiopods were becoming such abundant forms that we begin to 

find ies the Ordovician the intgroduction of new varieties and this is one 

: of those forms. We will speak of these as the round-hinged plicated forms,
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these ribs being the plications. They are the corrugations. They serve the same 

purpose 4n this animal as the corrugations do. ‘hey ae for strengthening the shell. 

¥ If we were to take a cross section of the shell we would find that these corrugations 

would be something like that. They strengthen the shell without adding thickness 

to the shell. These forms had two sets of muscles, one for closing and one for 

opening. if the shell was constructed properly the ? goes underneath and the center 

or pivot point ???. It is rather hard to demonstrate. It was a matter of two 

purposes, cne was to strengthen the shell. You will notice this brachiopod has 

one other feature. It is quite probable that, well, it has this depression called 

a sinus and this hump called a fold. +4 has an interlocking featire « *t is quite 

probable that this brachiopod was being preyed upon by some other animal and the 

Cambrian forms such as these could be very easily opened or cracked and as soonas 

they were, they were exposed to being eaten. 

Now in this model, well, the shells of the organism were about that 

far apart then they were eating and if something did try to eat them, not a chance. 

As to why this type developed, purely foolishnesse As I have heard this was a 

Scotch brachiopod 7??? to pay him for this effort. That is endowing him with a little 

too much intelligence but nevertheless that's the evidence. “ow there were other 

types of brachiopods. I ont mean to say these were the only two but these are 2 

: the characteristic forms. Now there were other forms. 

: They were biconvex forms. “his very fat one of this model is biconvexe 

There were others which had this general outline and yet both the shells were 

biconvexe lhese two forms, however, are the characteristic forms in the Ordovician. 

Fou will remember that these organisms were able to go wherever there Was open water, 

because they were able to be widely distributed; the graptolites are an excellent 

horizon marker, an index to “rdovician rocks. There are other graptolites, but 

if you know graptolites, then thee are the best horizon warkers that you can use in 

the Ordovician. 

The corals were characteristic forms although they became more 

abundant at a later date. Out in the rocks of the river bank you would find maybe ©
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some horn corals. This is a model of the horn coral. These are the ridges or 

septa of the horn coral. + think most of you would recognize a horn coral when 

you see it so there is no reason why we should burden you with namese 

The masters of the °rdovician seas were straight cephalopods and straight 

: nautiloids. They got to be 15 feet long and were about one foot in diameter. 

They were carniverous forms and therefore they must have been quite ? inhabitants 

of th Ordovician seas. Although these straight forms are more abundantly rep- 

resented, there are others in the Ordovician which are bent, curved, and coileds 

if you can recognize the difference in these fours terms, straight, bent, curved, : 

/ and coiled, so at the time of the greatest abundance we also have the greatest 

variety of these nautiloids. 

They are rather abundantly found in the Twin City region as well. 

Then we come to the trilobite. Although the trilobite represents the most 

abundant form of the Cambrian, yet the greatest abundance of trilobites came in 

the Ordovician. That is, if we were to consider just the racial hsitory of the 

trilobite, we would find the greatest number and the greatest variety in the 

Ordovician than at any other time. Unfortunately in the Twin City area they are 

not especially characteristic of the Twin City rockse One particular habit of 

these was to1oll up so as to put head and tail together and thus protected them- 

selves by the ? on the outer portion of the back. “any are found f ossilized a 

in that condition, and adaptation to #é¢ perhaps such a forms as the cephalopode 

(Interruptions Question: Is this an evidence of social organization of these 

forms? Answer: 77?) (Interruption: These fossil examples over here, they are 

all going in the same direction indicating that thay might be a suggestion of a 

social organization like in the schools of fishes? Answer: 22?) 

The next, the Silurian, which is characterized by the chain coral. You 

- remember that they are colonial forms in which wach individual builds a 

cylindrical case and these cylinders are one attached to the other, and when é¥en 

in cross section, resemble a chain. Soneycomb corals were also presant, bus



167 

they were not so abundent as the chain coralse Among the brachiopods we have 

g ; the appearance of still another form. have found that students usually refer to 

this as the butterfly brachiopod. 44 think it is rather an apt term. It is ; 

- rather biconvex, it is plicated and has a fold and sinus, but differs from the 

others in the hinge line. The hingeline is prolonged or extended so as to produce 

5 theee wing-like structures. Spirifer, that's the generic namee On the ? side 

of sheaee valves, the ? were supported on spiral calcareous supports and that's 

where they get the name. It is on the spiral internal supports. You remember the 

enging Jfifer which means to bear, sothis would be a spire bearing forme These 

29? and lived through the rest of the Paleozoice You can see from what I have told 

you about brachiopods so far that you can tell the age of a series of rocks by 

the variety of forms present. If we find these we know the age of the rock; if 

we find this one, even though this one lived through the entire Paleozoic and either 

of these two, we could tell the age of the rock, and if we found this one 29? we 

could till tell the age and so one I might add that in the Silurian we had descendents 

from these forms, the straight-hinged-concavo-convex shell with this difference, not 

as flattened an area which we call the ? areas In the Silurian descendants, there 

are transverse lines going across heres That is essentially the only differences 

We will see what happens to that in a very short timee Among the trilobites we 

. find a rather interesting thing. Whenforms approach the end of their racial h&story 

they begin to do all sorts of peculiar things and that was true of the Silurian 

trilobite. They began to oh, grow spines or nodes and they get rather peculiar 

: shapes and things whiéh were as useless as & fifth leg on a dogs In the modern 

slang, they are pest decribed by calling them sport models. They existed for a 

: short period of time and tien they went out of style so far as the community was 

concemned, and then they were gongs 

: I don % mean to imply that the conservative forms were not present, for 

: that is not truee (Interruption. Question: Wouldn't that be an effort on the part of 

e the species to protect themselves? Answer: 27?)
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: In your text book, if and when you read it, you will find probably 

mention of the form eurypterid in the Siluriane the eurypterid was a fresh water 

form. It is commonly described as a water scorpion. It belongs to the Phylum 

Arthropoda. (Interruption. Question: - What is the life span of the individual in 

days, months or what? Answer: 77?) The eurypterids are menticned quite frequently 

in the book. ‘hat's largely due to done reasone The best specimens have been 

; found in the state of New York and most ahybody who makes a ? at wriging a book 

has done work in New York or has visited the New York museum and gets in these 

eurypterids. 

Going back to he marine forms we should mention the sharks, the first 

successful vertebrate. They lived in the Silurian and of course as sharks, have 

continued to live tothe present. $9# 

Whe next period, the Devonian, The Devonian is important because of 

the introduction of a new subdivision of the Cephalopods, the Ammonoids, the forms 

which are characterized by sutures which are not straight. This is the interesting 

thing to know concerning these ammonoids, that they began with an externalform 

: which is a most complex development from the nautiloid. The nautiloids began straight, 

then bent, then arved, then coiled and even in the coiled form they had straight 

suturese When the ammonoid form began they are straight but the sutures are not 

straights ??? and again let me say that even though the ammonoid is characteristic : 

of the Devonian, the nautiloids continue and all the varieties are still present 

and living in the Devoniane 

In the Devonian among the brachiopods the spirifer becomes a very 

important forme A great number of varieties of this form were present. There were 

probably more Spirifers present in the Devonian than at any other time, that is, 

not spirifers because there were more brachiopods living during Devonian than at 

any other times The Devonian would then be the zenith or climac of the racial ~ 

history of the brachiopod. They were great in abundance at that times Then they 

began to do some rather peculiar things.
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I spoke of the Silurian descendant of this form that had lived one In 

the Devonian they began to have little spines which stick up along the edge of the 

hinges. The spines are usually poorly preserved and so on this form I don't know 

if you can even see them. If we had a good specimen, we could. This form becomes 

Chonetes. It is concavo-convex, straigh hinge-line, slight plicated and begins to 

have spines along the edge. J will draw it for you so if you could see it, you would; 

you can see it on the drawing however. That's the »ay it would begin to look. Then, 

not content with that because of the abundance and the varieties, the spines begin 

to move over this surface and the plications become less apparent and less pronounced 

and so you have little pretrusions over the surface. The form is still more or less 

semicircular and then these spines begin at the hingelinee. As you go farther and 

farther into the Devonian, the spines go farther and farther on the valve. That one 

is Productellae 3 

During the Silurian I spoke of some honeycomb corals being presente 

This one which I am passing around is one of the honeycombed corals of the “Silurian. 

This next form is a small nautiloid from the Ordovician. One other thing with 

regard to the Devonian. +4 is commonly spoken of as the age of Fishes. Every 

variety of fishes except the modern forms were present. There were more of them : 

during Devofian than at any other time. There were sharks of which we have already 

spoken in the Siburian. There were lung-fish forms in which there was an outgrowth 

from the alimentary tract which served as a lunge There are till three species 

living on the earth today, one each in Africa, Austrialia, and ?. These lung fish 

live in an environment which fails seasonally. The lakes dry upe During the drouth 

the fish secrete themselves in a coat of slime and then stay that way until the 

wet season comes again when the cocoon disintegrates and the fish feed enough for 

Z the next time and the process is repeated. Most of the lung fishes were fresh water 

forms.’ During the Devonian we also had enamel scaled fish like the garpike or 

the sturgeon which live today, and there is still another variety which we won't 

bother to name, a joint-necked fish, a fish which could move its head up and down
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: in a vertical direction. if you had it in a fish bowl, it could nod good-morning 

: to yous. These were the most savage forms of the Devonian environments and these 

were marines They had very massive crushing jawse ‘he coincidence of these fish : 

with the cnushing jaws and the brachiopod is rather interesting. 

The next is the Mississippian, when we have as one of the outstanding 

things, the abundance of echinoderms, ang abundance of blastoids and crinoids. Some 

limestones such as, for example, the Chester series of which you have heard before, 

are made up largely of the remains of blastoids and crinoids. In Iowa is probably 

the richest area for Mississippian crinoids in the world. there are others <- one 

is in ? Indiana. Most of the Mississippian specimens of crinoids come from that 

Iowan locality. Out in the Chester series in a little gully that wasn't over two 

feet long in shale, some of the very few shale horizons which occur in the Chester 

series, I have gathered all the blastoids that you could hold in your two hands. 

That gives you some idea of the abundance. Some places in the Chester where it is 

fractured, these forms drep to the bottom of the crack and you can take out as much 

as a cigar-box full of perfect specimens. The stems of these forms are quite 

similar Ag and they Ayf/ are very abundant in almost all Mississippian rocks 

There is one coral which is an index to the Mississippian. I think you 

are beginning to realize that the only thing I am beginning to refer to is or are 

“the indices. This coral is a colonial forms. Each individual built a hexagonal 

prism, but it lives in a cup at the tope Now we speak of a form such as that one 

at present 

as a cup coral and also as a horm coral. We are going to/deseribe this one which 

is characteristic of the Mississippian as the colonial cup coral in order not to 

confuse it with this one which is a solitary form. They are entirely different. 

That form is designated as Lithostrotione (Interruptione Question: Is that a 

magnesian discoloration on this specimen or is it iron? Answer: ??7). 

. : Another index or horizon marker for the Mississippian is this spiral 

shaped support for the bryozoan. If you want to remember it that way, all right. 

It's name is Archimedese Archimedes was a very smart man in that he made the 

first pump, and he was the first one to realize the value of the spiral. That is
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hew he made the pump. He put the lower end of the spiral into the water and 

as he turned it, the water wound 'round and'round and came out of the top. This 

fossil archimedes is an index fossil in the Mississippian. That is the only 

place it is found, In the brachiopods, the spirifer form continues and then 

we begin to have forms in which the spines appear on both surfaces and the form 

is larger. I8 yo don't want to remember the name of this one, it is known as 

the spiny brachiopod. Perhaps 1 should add that it is plano-convex, one valve 

plane and one valve convex. Now you prob ably want to see the spines on these, 

All you will see is slight projections from the surface. ‘The spines have broken 

in recovering the fossils, but if you fina them in place, you will see the spines, 

Then another brachiopod more or less combines the good characteristics 

of many of them. 1t is called the Composita. It is a composite form, in other 

- words. This is its model and the from is being passed around, It is round 

hinged, You cal also use the term short-hinged if you want to; they mean the 

same. It is a smooth-surfaced biconvex form with a fold and sinus and thereby 

differes from these other forms which we have described, I spoke of the inter-— 

locking edge. These forms have an interlocking edge without the necessity of 

plications, but when the animal is feeding ?2?? and yet the valves cannot be 

twisted apart and so the folds of the sinus interlock to give us that characteristic. 

: The fishes of the Mississippian then, The most abuncant forms are 

the sharks, the shell-eating shark. At the present time we have the man-eating 2 

shark, but in the Mississippian time there were no men, so they fed on brachiopods. 

These forms hag pavements of crushing teeth. Today the sharks have a pavement 

of cutting teeth. Here again a coincidence, the shell eating sharks follow 

the abundance of brachiopods. 1t is well worthy of note that the forms feeding 

on brachiopods lived in greater abundance at the same time as the. brachiopod. 

Z Now we should pay attention to a protozoan of the Mississippian, 

more - less of a shperical form that is found abundantly in the rocks known 

as the Bedford 1s, Indiana Stone, the ? building stone or whatever mame you want 

to give it. This animal was very abundant at that time. ;
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The last period is the Bennsylvanian, when of course we haa the coal 

: plants. I haven't said much about the plant kingdom, but during the Pennsylvanian 

there were coal Srming plants and regarding that material, I am going to ask 

you to go to your tests. The pictures of these plants are important. 

In the Pennsylvanian swamps there were significant insects, particularly 

if size means anything — dragon flies with a wing spread of 29 inches. Dragon 

flies were also called snake feeders, frying darning needles or whatever you want 

to name them. Insofar as insects are oncerned, you might call the Pennsylvanian 

the age. of cockroaches, for they were unusually large, 2??? you had to tie your 

shoes to the bed posts if you wanted them in the morning, During the Pennsylvanian, 

the Productus and Composite are bery abundant and characteristic. They are 

about the only two brachiopods you will find in the Pannsylvanian rocks. It is 

not surprising that you find quite a num ber of amphibians. They first appear 

in the Mississippian, but were not significant forms, but in the Pennsylvanian 

coal swamps they were, They were similar to an over-grown salamander or mud 

puppy. ‘They were not particularly graceful? indicating that they more or less 

2 themselves through the slime of these swamps. In general, these amphibians 

were spoken of as stegocephalians, Of course you recognize this, and ‘the first 

part means ???. They had a kind of 2 on their heads. Reptiles were all present, 

_ but not very abuncant. 

‘ Then in the next period of the Paleozoic, the Permian, we have the 

appearance of the appearance of -the modern corals, the corals of the six-fold 

symmetry. The trilobites are present for the last time. The blastoids are 

not even present here. They dies out at the end of the Pennsylvanian. The 

amphibians are approximately like those of the Pennsylvanian, and some of the 

reptiles begin to grow useless structures, the most conspicuous one of which is ; 

a vertical fin down the back, and that's all that we have time for except just 

a word with regard to a summary now, 

The Archaeozoic was the age of larval life; the Proterozoic, you will 

remember was the age of unicellular life, and the Paleozoic is dominantly the
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age of invertebrates. Other forms are present as you can see, but as you 

think, ty and large, of the Paleozoic rocks, it is the age of the invertebrates. 

That is the conspicuous form of life in the Paleozoic, Next time we will finish 

the Mesozoic and the Genozoic in relation to the biological and geological 

changese 

CD/HVA
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Last time we considered the commnities of the Paleozoic and 

before proceeding, I think we should take enough time to summarize. I have 

forgotten whether or not I did, therefore we will. Now it is a little diffiecult 

to keep these changes in mind, therefore it is well for us to emphasize certain 

of the mileposts among these various changes and we do that best by describ- 

ing various portions of geologic time as being the age of such and such, for 

example, we call the Cambrian the age of trilobites because of the abundance 

of those forms in the Cambrian communities. Now that doesn't mean that they 

were the most abundant in their racial history, but it Goes mean in the 

Cambrian, the trilobites were the most conspicuous forms. 

The Ordovician we would designate as the age of Nautiloids. We use 

that designation because they were large, because they were abundant and ‘ 

because they were the most ? and therefore probably the most ferocious animal 

pf the Ordovician time. They have been characterized as the masters or the 

rulers of the Ordovician seas, 

For the Silurian it would perhaps be best known for its chain and 

honeycomb corals although the appearance of the first vertebrates in the form 

of sharks is significant. The Devonian would be known as the age of fishes 

_. and possibley the age of brachiopods. It represents, this period represents 

the climax in the racial history of the brachiopod. 

The Mississippian would be the age of blastoids and crinoids, 

The Pennsylvanian would be designated as the age of coal and amphibians, The 

Permian has no characteristic life forms by means of which we can designate e 

it. Perhaps if we want to emphasize one thing in the Permian that occurred 

during no other time, it was the presence of fin~backed reptiles. So much : 

then for review in summarizing the Paleozoic. Any questions over that material? 

: Beginning then, the Mesozoic. The first period of the Mesozoic 

would be the Triassic, A mong the Triassic forms attention should be called 

to the beginning of plant life of/nigher type. For example, the Triassic
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contains abundant representatives of the group known as gymnosperms, 

The most common of these living forms at the present time are the ever~ 

greeng trees and the petrified forest of Arizona which is Triassic in age and is 

made up exclusively of conifers, that is, cone-bearing trees, evergreen trees. 

Other gymnosperms were present, but the petrified forest represents the 

greatest abundance of these forms, You will perhaps recall that the modern 

corals were introduded in the Permian, By modern corals I refer to those forms 

in which the septae are introduced in multiples of six. For example, those 

would be the early or primitive forms, €2 Then the next ones would still 

be in sixes & And now another group is introduced, and that would be 2 

in twelves, in twelves, EB If another group is introduced, then of course 

that would be in 24's and so the animal has an entirely differeny symmetry 

than those corals which had been iving through the previous periods of the 

Paliozoic. z 

: Paleozoic corals diagrafmatically seem to be divided into four sets with 

the partitions radiating from the center or converging at the center, @ 

Actually they don't quite to that, but along the side, well it is like this, &e 

; so just at a glance one would say it was radial, but closer examination 

would show that it was actually divided into four partitions. It is therefore 

spoken of as the tetracoral and that is the characteristic coral of the Paleozoic 

This one is divided into six parts and therefore is spoken of as the hexacoral. 

The last tetracoral lived in the Triassic. Now here again, if we closely examine 

the arrangment of septae in a coral we can approximately tell its ages; we can 

tell if it eae or older than the end of the Paleozoic. Before the 

Permian only the tetracorals lived, After the Triassic, only the hexacorals 

lived, That is an illustration of the use of these forms as indices to the 

a ge of the rock, 

5 When we were copdidering the various communities of the Paleozoic 

I mentioned a great variety of brachiopods. Now when we come to the Mezozoic 

rocks we find the brachiopods very very inconspicuous, another instance of
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the way in which we can recognize the age of the rocks, by the fossils in them. 

I wonder what brachiopod we would choose to have lived on the Mezozoic generation? 

Se (Interruption. That Composita, that one.) Yes one that is similar to the 

Composita. 1+ had a short rounded hinge line and a smooth surface, The top view 

@ the valves would be like that O whereas the other view would indicate 

that it was biconvex, () and where the valves came together, thre was this 

fold and sinus interlocking, The brachiopod of the Triassic is the descendant 

E of this particular form which I have here on the desk, and again I am not interes _ 

: in the name, but if you want it, it is Terebratula, Terebratula is the form which 

is still living today, not the same individual and of course not the:same species, 

but the same type of shell is living at the present time and began its geologic 

history at the beginning of the Mesozoic. 

There is one other form that lived during this time in which the fold 

and sinus were absent and the surface was marked by plications. It wasn't 

quite as round as this one, but there was a brachiopod with some sort of a surface 

ornament. These two brachiopods are practically the only forms that are quite 

abundant in the Triassic. The other forms which we considered were for the 

Paleozoic. The Paleosoic, then, is the time of the brachiopods and since then 

they have been relatively inconspicuous. The 

The cephalopod of the Triassic also shows some significant changes, The 

last straight nautiloid lived during the Triassic. They begam their geologic 

history in the upper 6ambrian, at least that is the oldest fossil form that 

has been found, They lived through to the first of the Mesozoic period. Since 

that time only the curved variety has lived and we call them the chambered nautilus 

of which you have seen specimens. 

Another variety of ammonoids is present in the Triassic, In the 

Pennsylvanian, the ammonoids were introduced and the form present was one which 

was coiled and in which the suture lines were all in broad waves such as something 

edie oie These with the broad waves, all of them are known as goniatites.
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: other a mmonoids appeared in which the forward lobe of the suture was complicated 

by a series of wrinkles such as this & That loop is know as ceratite. 

. In the Mesozoic during the Triassic, now as I stated you wee thre apppars a form 

in which the entire suturef is cerrated. & This one is the ammonite, a 

group of the ammonoids. (Interruption. Question: What was that, did you say? 

Answer: A mmonite, a group of the ammonoids,) All portions of the cutures 

are cerrated, as I said. The ammonite is the characteristic form of the entire 

Mesozoic. A form was also present, well let's skipit. : 

By far the most important fossil of the Triassic are the beptiles. 

In the Priassic the reptiles were so abundant and so well represented that we 

find them divided into three groups. These forms were sometimes déeignated 

as the ruling reptiles to distinguish them from the modern reptiles. 2??? thanks 

to the courtesy of the Sinclair Oil co, a form known as the dinasaur and 

another form known as the enaliosaur and the third subdivision kmown as the 

pterosaur., This inhabited the land, the dinasaur, the enaliosaur the sea and 

this one, the pterosaur, the air, A 11 three subdivisions were present in the 

Triassic, but the variety of the forms in the subdivisions was not as important 

as at a later portion of the Mesozoic. You will perhaps recall that one of 

' the formations of the Triassic was the Newark series deposited in intermontane 

basins on the land mass Appalachia, (Interruption. Question: What did you 

ca 11 that one? Andwers Newark series, N-e-w-a-r—k) The specimens of the 

Dinasaur tracks which you saw in the museum were taken from the Newark series. 

You remember that they were shaped more or less like a bird's foot, of course 

there are other resemblances between the birds and the reptiles, (Geologic 

story of footprints in the Newark series), I think we can let the dinasaurs 

go until we come to them at a later time. There will be more for consideration 

The mammals were present in the Eriassic. These were, however, small and 

very primitive and more or less like reptilian associates. 

Now for the Jurzasic. Among the plants we ‘should mention for the
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Jurassic a local abundance of cycads, c-y-c-a-d-s. These were forms, well 

there were, there are some of them still living, They are sometimes used as 

hotel decorations. They resembleg palms, which belong, however, to another 

classification of the plant kingdom, As a fossil form, I can't think of any— 

thing that would resembie a cycad more than a pineapple, somewhat larger than 

a pineapple, Where the scars are on the pineapple, that represents the : 

bases of the stems to which was attached a ? like leaf, These have been found 

in abundance in a certain number of place, They are found in the Black Hills. 

There is a plece there which is known as Cycad Monument. A geologist went ~ 

into this territory and collected all the cycads he could possibly get and in : 

his zea 1, he became a paleobotanist and he gathered up all the specimens 

; there were I guess and brought them back with him. Apparently his conscience 

boteared him afterwards and ??? to see to it that this territory was set aside 

@ Ss a national monument, The cycads are all in the Smithsonian Institute. 

In the marine Jurfassic,now by tht of course, you recall it would be 

related to the west coast. In the marine rocks of Jurassic age there are found 

abundant eiesites The European Juruasic is particularly prolific in chimoids. 

Some of the specimens contain 6000,000 individual segments, You remember they : 

had plated skeletons;that would give you an adea as to the complexity of the 

form. (Interrutpion, Questions That would be one skeleton? Answer: Yes, 

that would be one skeleton.) That would be worse than teking apart a grandfather 

clock. 

You will recall having seen specimens of echinoids, ‘Some were 

radially symmetrial. ‘They looked like small canteloupes or japanese lanters, 

Those forms first appeared in the Mesozbic and are still living and yet in the 

Jurassic there begins to appear another variety of echinoderm, one that is 

nore ‘or less heartshaped, and if you look dow on it, the symmetrical form 

é appears circular. These forms which begin in the Jurassic, begin by developing : 

assymmetry, such as that, thus producing a form which is at least crudely 

i bilaterally symfetrical. You know the meaning of the term symmetrical. For :
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example» @ brachiopod woukd be a bilatterally symmetrical form, Those 

. pilateral symmetrical echinoderms appear for the first wimein the Jurassic and 

are ill living. The cephalopods of the Jurassice are more diagnostic in 

the abundance of the belemnitem the ancestor of the squid or cu tile fish, the 

form that looks like a cigar although the specimens commonly are three or four 

inches long, The maximum size of the individuals went up to two feer., Squids 

or cuttle fish were as large as two feét. (Interruption. QuestionE Was that 

the size of the whole animal? Answer: Yes) Right at the time that the ruling 

reptiles were very abundant I think it is interesting to note the appearance 

@ modern reptiles, Of course by appearance, I mean the first appearance in 

the fossil record. We don't know how long thy lived before that. Turtles, 

lizards, crocodiles and snakes were all introduced in the Jurassic, 

Now if you will recall the general plan by means of which the 

communities have changed to many forms through geologic time, what would be the 

next one you would expect? There is only one of which we haven't spoken. The 

birds appear in the Jurassic. The oldest specimens come from a limestone in 

Bavaria or what was Bavaria before they began juggling politically. The form 

vas found in a 1s which accumulated on the inside of a coral atol. Therefore the 

sediment was very fine and the delicate features of the bird were preserved, 

- Two specimens have been found and they are of two different species. That 3 

means that the birds have a previous geologic record. The Jurassic bird is 

the Archeopteryx, the ancient winged forms, that is what it means. Archeopteryx 

was a rather peculiar looking bird. It has claws on the wing because the 

wings had developed from fome limbs, that is, from the front limbs, and had 

digits which had become atrified and thus were present. It is doubtful that 

Archeopteryx could fly. It is most probablg that he could climb and fly : 

like a flying squirrel. He had 2??? which refers to the tail which was fully 

as long as the body, It existed as the extension of the backbone and from that 

tail the feathers stuck out radially, Of course no bird at the present time
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has such, Archeopteryx had teeth in his jaw, teeth which were set in 

individual sockets and they did not touch each other thus indicating the 

reptilian ancestry of archeopteryx. ‘he feathers were not the thoroughly 

developed feathers which adorn mottern birds, but they were what you might speak 

of as fringed scales. The birds at the present time have not as yet completely 

gotten away from some of the reptilian characteristics. If you examine the 

leg of a chicken or bird, you will see th@ir feet and the bottom part of their 

legs are covered with scales which are merely a modification of the feathers. 

The modern bifds still have that characteristic and the feathers are just more 

@ less modified scales. (Interruption, Question: Do the reptiles have some 

sort of a stop so they don't shove the teeth into their gums? Answer: I don't 

know.) 

I am going to pass by the ruling reptiles in the Jurassic and speak 

of them in the Cretaceous when I can speak of the varieties of all of these forms, 

Perhaps I shouldn't pass them by completely, but I can emphasize the geologic 

’ history this way. (Reading) Wyoming of course has contributed more dinasaur 

remains than all the rest of the world together. ‘Excuse, me, I should say 

Wyoming and Utah, and most of them have come from the Morrison formation. 

, (I, terruption. Question: When did you say they disappeared, Answers At 

the end of the Cretaceous.) I don't mean to slight these vertebrates but you 

can go out and hunt a lifetime and frind probably just a few fragments and 

then spend a lifetime putting them together, You can go out and find a 

brachiopod, on the other hand, in its entirety, but if you went out and found 

a bone or some such semains of the vertebrates, you probably wouldn't know what 

it was anyway, so we will deal with the reconstruction of these forms, : 

Going on to the Cretaceous, here again the plants make significant 

advances. Flowering plants are present, The oldest flowering plant had 

been found in/pphAbgtiid/sddiheht the io Cretaceous on the Atlantic Gulf 

Coastal Plains. Those of course obviously were found in non-marine sediments,
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growing on land; they would be found in non-marine sediments. The animals : 

which are characteristic of the Cretaceous would include such forms as for 

example an abundance of foraminifera, ‘hey make the chalk beds, Practially 

all the #4¢4¢ representative chalk deposits in the world are in the Cretaceous. 

This is why the system is given that name, cfeta, meaning chalk — the chalk 

deposits of Dover, the chalk deposits of Brittony, Those of the Gulf Coast 

are all Cretaceous in age and resulted from the abuncance of these eet: 

: forms that secrete Ca C03 (Interruptions Question: Was the water deep or 

shallow? Answer s 2???) Going on there is a heavy shelled pelecypod; it is 

named ?; it is the form which you saw down in the museum which had a shell several 

inches in ? and that had begun to twist on the end. It is known shat pelecypods 

prefer shallow water and the pelecypod and pelecypods with then indicate shallow 

water deposition, The cephalopoé of the Cretaceous are wuite interesting and 

are found with considerable abundance in the Pierre sh, named for Pierre, S. D, 

In this sh, there are mumerous concretions of CaCQ3 in which these fossils 

are found, There are Bound both the coiled forms such as this one, for example, 

and anothr one which is an index to the Cretaceous, a cylindrical form, the 

sutures of which are characteristic of the ammonites. The fossil is cylindrical } 

_ yet internally the sutures are like that of the ammonite, yy 

You have heard this, but it won't hurt to hear it again, In the 

Cambrian, only straight nautiloids were present. In the Ordovician, straight 

and bent. These are horribly drawn, but nevertheless , straight, bent, curved 

and coiled ones were all present in th Ordovician. They are represented by 

forms, the stages by means of which we arrive at the coiled nautiloid whch has 

dive on to the present time. The first ammonoid which appears takes on the 

external form of the coiled ammonoid, but it has a different kind of g¢f¢tfy 

suture. They lived from the Devonian to the Cretaceous and then in the Cretaceous 

we get just a reversal of the geologic history and which one marks the end 

of the ammonoids, so here we have two subdivisions of the cephalopods, one



182. 

begins its history and increases the complexity of the exterior form and lives 

on and the other begins bis history with a complicated exterior form and a 

a complicated interior and in its final stages resumes a simple exterior and retains 

the complicated interior, Rather an interesting line of development there in 

the cephalopod, Perhaps the cephalopods are the best forms to be used in the 

representation of development. (Interruption. Question: Was there any reversal 

in type of environment? Answer : 2???) (Interruption. Questions What do you 

call the straight one? Answers Baculites and th s one is scaphites. These 

are pictured in your text books and you can look them over more thoroughly there.) 

Then we come to the reptiles. Now again I am going to try to describe 

a few of these forms and yet all the time I will spend in describing them here 

won't do as much as looking in the book. I will point out a few of the 

characteristics of these forms, starting with this one. This one is, or was 

one of the largest beasts as has ever been on the surface of the earth, Brontosaurus. 

That means thunder lizard. The form has been described as more representing 

: an elephant's body with a snake-like head and tail, These forms were inhabitants 

of the swamps and concentrated the heavy bones in the lower part of the body, 

and when walking in swamps were thus buoyed by the water. This form was vegetarian. 

It got up to 90 feet long. The best siuitcion of 90 feet is to tell you that 

if you put him on the steps of Northrop A uditorium, his head and tail would 

reach the ends of th steps. This was one of the very characteristic forms 

that lived in the Mesozoic, particularly Jurassic and Cretaceous. 

: Here is another beats, Was it, yes it was King Kong in which this 

animal was reconstructed. It is characterized by two rows of triangular shaped 

plates down the back, Stegosaurus, Its name was Stegosaurus, Stegosaurus was 

a vegetarian. He was sort of a docile creature not being able to ? himself 

because of his greag size and yet bery able to take care of himself because of 

his spiked tail. There were prongs or spikes porjecting from the tail of 

this animal. The forelimbs were short and the hind limbs were high. It is 

believed that this animal when protecting itself eo its slechine teil tovard
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the enemy. ‘his animal had to have two brains in order to make the back part 

go where the front part wanted to go. He had an enlargement of the spine in the 

back portion of his hip which controlled bhis tail. Stegosaurus was about 25 

feet in éngth. 

This is an illustration of two different forms of dimmasaurs, this 

one is Tricerotops. Tricerotops was a vegetarian and had spikes on his face 

and in order to increase the effectiveness, the head was balanced by a boney 

frill and the head was so pivoted so the animal could bend its head up and 

down so it dould use it for protection. There is an excellent skull of this 

animal in the mseum at Rapid City, S. D., so if you ever go there, don't fail 

to see it. 

King of the lizards, or tather tyrant of the lizards, This was one 

of the most destructive machines of that age. Tyrannosaurus. The front limbs 

were atrified. The animal walked on two feets this was because of the heavy 

e ta il. The head was lerge; the teeth were dagger—like, It was about 47 feet 

in length and about 20 feet in heighth. This one is a form which was made famous 

: by Roy Chapman Andrews in the Gobi Desert. He has made a statement about the 

eggs of dinasaurs.... they average about one inch in length to one foot of 

(Ginasuary This one was the vrested dinasaur, an aquatic form living in the 

waters of the land. A restoration of this form is found in the museum at 

San Diego. Well, that's all of the dinasaurs, I think you realize some of 

the variety of these forms and their huge size, 

Among the enaliosaurs there are such forms as Plesiosaur which can 

best be described by a turtle strung on a snake. The body was shaped like 

a turtle. It had no shell; it was rather tub-like, with a long head ang 

a long tail and paddle like limbs, so when it sent about in theseas, it used 

its limbs as oars. It is known that this form was vegetarian from the environment 

in which it lived, I£ is found with round smooth stones, andit is believed these 

were used for purposes of mastication if the animal did not have time to chew its
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food, ‘they merely swallowed the stones and then the food was masticated by the 

grinding action of the stones. 

Another form was the mosasaur. This was distinctly more lizard~like 

than any other form we hve considered, It was adapted to swimming and the fore 

part of the body was pointed. These forms lived largely upon @ish as indicated 

by sharp teeth for catching the slippery form, 

Another one is Icthyosaur, Icthyosaur, This one was adapted to 

swimming even more so than the mosasaur. He probably had more fish in his diet. 

He had more teeth and sharper teeth so a fish diest was more convenient for him. 

: Then we have the Pterosaurs. These forms were built for 2, It was 

generally accepted that he could not fly. They nested in high places. iihen they 

wanted to fly they would fall off the elitt and glide and then crawl back to 

the cliff again. The largest of these forms had a wing-spread of 25 feet. Ly 

was almost ?. Yet it was one of these flying reptiles like Avchsopuoye that 

had claws on its wings, They had three fingers on the ends of their wings and 

a fold of flesh was 222, Some had very ? shaped bodies, not particularly 

beautiful, I can best describe them as a flying telegraph pole. “ome of 

them had long slender bodies and ???. 

Now you have an idea of some of these forms of the Mesozoic. Your 

text books will tell you much more and they have fine pictures of them. Look 

them over anyway if you don't read about them. 

Next time I think we will be able to finish up with the Cenozoic.
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(Pictures) I forgot my speech, Tonight the general topic which I 

vant to try to consider is the relation of biologic changes to geologic events. 

This is going to be an attempt to correlate these two sorts of records, a 

geologic record and a biologic redord. Wow the geologic record is that which 

was formed by the deposition or the formation of different kinds of rocks and 

the biological record is that which is found in the rocks as fossils. I 

should like for you to think in terms of correlating tocks as records of 

earth history and the successive changes that have taken place in the earth. 

Now we have considered previously both of these topics so what I say shouldn't 

be too new. 

First with regard to the Pre~Paleozoic records, You perhaps will recall 

that the forms of life present during that time were exclusively unicellular so 

among those unicellular forms they had already established the habit of building 

two kinds of skeletons, one of CaCOjand the other of silica. When we think of the : 

Pre-Paleozoic rocks in addition to the presence of these unicellular forms we 

usually thing of them because of the scarcity of them. Now the scarcity or 

sparcity of this population is often explained in terms of cGeformation, It 

has been suggested that the rocks are so deformed that the fossils have been 

destroyed. Seemingly that is a rather logical suggestion and yet there are not 

many rocks severely deformed, not of Pre—Paleozoic age but of the Paleozoic age 

and yet the fossils have not been destroyed; the fossils have ee os deformed 

so the absence of fossils from the Pre-Paleozoic rocks 4g¢ cannot be explained 

on the basis of the severe deformation to which the rocks have been subjected, 

A nothe suggestion has been made that the lack of abundant fossils 

in the Pre-Paleozoic rocks is due to the cpmposition of the oceans. You see the 

oceans had existed for only about 200 million years and during that time it 

has been suggested there had not been enough material carrier into the oceans 

from the continents to give it the composition necessary so the forms couldn't 

extract their skeletons from the dissolved material in the oceans. In other
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words, there were not enough dissolved subststances in the ocean waters to 

furnish material for the animals to make thier selections, This seems improbable 

; when you consider such forms as the Grenville series which are 50,000 feet of 

1s, and when we consider the Belt Series of the Northern Rockies where there is 

abundant 1s and only, with only the unicellular forms of like preserved in it, 

or the ls. of the Grand Canyon region, Seemingly then, there was plenty of 1s 

or dissolved CaCO3 in the ocean waters, Anothe suggestion was made that perhaps 

the forms were unable to use this material in the construction of skeletons. 

The first sgggestion is less likely. In the process of development 

then, most of them found no need and therefore no ability to use the CaC03. 

They were unicellular forms, floating organisms and skeletons were of no 

particular value to them, In some such terms as these we have to explain the 

lack of fossils in the Pre-Cambrian rocks, Now which of these suggestions, 

which one of these suggestions should be used in this explanation? It is merely 

a matter of choice. If you have better suggestions, it is up to you to use 

@ produce them. It is just a matter of choice, 

Here in the outline the term limeless seas is used. That isa little 

bit misleading. It should be seas with less lime, That is, the oceans of the 

Pre-Paleozoic conbined less dissolved salts than they have at the present time. 

That is the meaning of the statement, 

In the line of these suggestions let us contine the geologic record 

and the next event is the Lapalian Interval, You will recall that the geologic 

record of the Lapalian Interval was a world wide unconformity which separates 

the Paleozoic rocks and the rocks on which they lie, the older rocks on which 

they lie, a world-wide unconformity. 

Now let's interpret that in terms of lend and sea distribution. If 

everywhere on the continent there exists this unconformity, then it is logical 

to say the continents were all larger than what they are now. We also know 

that at the present time all the continents or practically all of es continents 

are surrounded
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by a submerged margin in which the ocean waters have flooded onto the 

continent, making an outer zone, the continental shelves with a depth a maximum 

depth of about 600 feet out here with a sharp break then to a depth of about 

6000 feet. This is the fundamental formation of the earth, that is, the continental 

shelf results from that flooding of the ocean waters onto the continents. 

Let us suppose thit we go back to the time of the Lepalian Interval. 

The shorelines were farther out at that time; the continentw ere thus larger, 

much larger, but the continental shelves were smaller, considerably smaller. 

Before the Lapalian Interval, the animals were in a zone that wide, During : 

: the Lapalian interval they were limited to a zone less than half that wide. You 

sae realize that the unicelluler forms which were in this coastal sone, 

normally they prefer to live in the shallow water end of this zone, but uncer 

entirely different conditions, some may exist in deeper water or even float in 

water over the ocean basins. 3 

Supposing we start with the single celled forms. Now if those forms had 

more or less attempted to congregate along the shore zones, then the uplifted 

condition of the continent means that the forms distributed over a wide zone 

would have to be concentrated over a small zone. In other words the density of the 

population was considerably changed. That is, all these conditions prevail. 

The density of the population is going to be increased, ae we are not speaking of that 

increased density of population. Up to this time the unicellular forms had been 

free to feed from the surface all around them, that is, they were surrounded by 

water and therefore there was no particular object in their going through any 

changed, and some keep that form up to the present time, Yet those animals 

which found themselves in that crowded zone, eventually came to a place where 

in order to protect themselves from overcrowding, they built a house or skeleton 

around themselves, Furthermore it is postulated that due to the aggregation 

the cells the external skeleton was built around a group of cells which constitute
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an individual, “uppose we have an aggregate of cells, ‘he celk on the outside are 

going to do the feeding job most likely for they are closest to thesource of 

food supply. In some forms living today even though the cells are aggregated, 

each one performs its own particular or individual function. In an aggregate 

such as the sponge, that goes one step farther and thre is a division in this 

job of living. Some of them get food, some of them digest it, some of them make 

a skeleton, some of them perform other functions, and then we are on the road : 

: to a multicellular animal, Now because there is thie great difference in the 

population before and after the Lapalian Interval, it seems plausible that the 

Lapalian Interval was that portion of geologic time in which the animals adapted 3 

themselves to a littoral condition, that is, to this inner portion of the 

continental shelf, and we might add as an additional statement that by aggregation 

of cells, more complex groupd of animals appear in the population succeeding this 

: interval. (Interruption, Questions Then you feel that according to that, that 

would be the period in which they became f of the use of the dissolved materials 

in the water? Answer: I think it is more than just that. It is not only that 

they learned to make shells but there was more material there from which to make 

the shells.) 

I have postulated that the Lapalian Interval was a worldwide unconformity. 

Unconformity means extensive erosion, worldwide erosion and it is therefore 

entirely possible that the composition of the oceans was changed to a considerable 

extent, changed as a result of the erosion that took place in the Lapalian 

Interval, What ape the contentions for that? We have abundant animals, The 

animals find themselves in a more crowded condition and they can protect themselves 

from overcrowding by an external skeleton. That much space is staked out so that 

they can accommodate themselves individually, Whether or not you want to accept 

that postulation is up to you. (Interruption, Question: How do you explain 

that the slugs came though without having any shells in all these ages. Answer: 

I can't explain it.) Of course there ave many things which cannot be explained,
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and thet would be one of them, (Interruption, Question: Has it come through 

all the other ages that the gastropods did? Answer: That would be hard to say; 

they have no skeleton and we have no fossils of them.) 

: In mot of these cases, you have to keep a system such as this in mind 

starting from any form of life, animal, plant, unicellular, multicellular, you 

are going to go along so far and you will find that there is going to be a 

variation and that variation is ging to be to an advantage or to a disadvantage; 

if it is to their advantage, they continue and if it is to their disadvantage, 

they will probably discontinue, If it is to their disadvantage, the line will ~ 

go on from here and the same thing will probably happen again, Here are we 

well out bre on the ends; that is where the g for guess comes in geology. As 

you see, the end product is entirely of a different nature, One is fact; the 

other is postulation, 

Just a summary now, the general physiological changes brought about : 

during the Lapalian Interval I would like to stress again. The character of 

the Cambiran animals. You remember that each Phylum of the animal kingdom 3 

was represented by some form excapt the vergebrates, The funcamental plan of the 

: animals has already been developed when Cambrian time began. If you take such 

a form as the trilobite, we have later a highly specialized organism, one in which 

‘were the fundamental physiological organs developed, organs for digestion, 

organs for secretion, and excretion, organs for locomotion, organs for mastication, 

the sense of smell, sight, nerve system developed, etc, 

The fundamental plen of the animal kingdom was present at the beginning 

: of the Cambrian, It certainly was not present before theLapalian Interval. If 

: you want a yardstick for measuring the Lapalian Interval, I would suggest that 

you get some conception as to the length of that time, 

Let's leave the Lapalian Interval and see what succeeding events 

tring (Interruption, Question: Following that Lapalian Interval, is that
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basal conglomerate, isn't it? Answer: 2???) Any other questions? 

Let's see some of the events that took place after the Lapalian 

Interval. Now again that is a survey so let us take thefirst half of the 

Paleozoic. Recall if you can, some of the physical conditions which were 

present in the Cambrian, Ordovicia, and Silurian, the first three periods of 

the Paleozoic. Recall if you can, some of the physical conditions which were 

present in the Paleozoic, Now I will grant that there were (Successive 

emergences and submergences, that there were periods of clastic and non-clastic 

deposition, but the first hald of the Paleozoic time passed on the North American 

continent without any orogenetic diastrophism, so here was a portion of the 

Paleozoic ere in which there was no stress, no physically adverse conditions 

superimposed upon the organisms. Now after the flood advanc8d, the successive 

generations of snimal life advanced with it; as ths flood receded, successive 

generations receded. Those that didn't, we find in the rocks as fossils, we 

find fhem in the younger rocks as fossils, 

So the shifting of the floods of the Cambrian, Ordovician, and 

Silurian, had little effect on the organisms of the sea. The conditions of 

temperature, composition of the ocean, so far as we know were quite uniform, 

so where there was a flood, we could have organisms living of some kind, 

I like to aise the fossil commmities as compared to human commnities 

which we have at the present time. If you can remember the time when everybody 

who wanted a job could have on, that was what we called boom days and everybody 

was doing just about as much as he could, During such a period produetion is 

normally high, production of all things including humans. During such periods 

there is a tendency for over population, that is, because conditions were 

favorable. ‘hen with adverse cmditions begin to appear the forms that were 

head and shoulders above the rest of them. Now the animals are no different 

in power of adaptation and also development, They had just about as much 

conbol as man has over finance and economic environment at the present timel :



191 

So far as the marine organisms were concerned, we find animals 

deve leniugfaiien conservative lines, but along radical lines. We find them 

; beginning to seek new advantages, trying one direction and succeeding and then 

there begins to be a variety of forms, for instance, the plicated brachiopod, 

the concavo-convex brachiopod. I don't see that there was any logical explanation 

for them, ‘there were new conditions and they just competed with the other. 

organisms, The same is true of the corals. In the Silurian there was an 

abundance of corals, individual corals, and coral reefs, There was no particular 

stress to bring it on, but there were ideal conditions in which to develop 

ra idly and abundantly, I think the trilobites are the most interesting of 

all in this connection. 

The Cambrian trilobite had much the same habits as the crayfish 

at the present time, crawling at the bottom, seeking out food that they could 

get without much trouble, They were scavengers feeding on material at the 

bottom of the continental shelves. In the Cambrian the trilobites were in 

abundance and thus the food supply was beginning to get short. In a region 

of sedimentation it & probably that a large part of their food became covered 

up in this process of sedimentation, A group of enterprising trilobites began 

_ to make miners of themselves turrowing down in under to get their food and they 

developed shield like heads and tails thus indicating thet they could burrow 

underneath theunconsolicated sands, muds, end clays of ithe continental shelves, 

and once beneath¢/ the surface, it didn't make much difference which way they 

: went, forward or backward. (Interruption. Question: ‘ort of a streamlined 

: . efair?) Now again oe eye itself on the head was modified because it was set 

up on a standard. I don't know that there was any particular reason for 

: developing such an eye, but it would be possible for these forms to be beneath 

the surface end let their eyes protrude so that they could watch for danger 

or see what was going on, The crocodile does nothing more than that, for that 

: is how he stays at the present time, right in the water with only his nose and
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: two eyes out. These forms of course just protrude from the bottom, 

! Then in the Silurian we find in this general line of development 

: another wide break in the trilobites. The trilobites found that the teal 

supply on the bottom was inadequate so they began to burrow down and use ~ 

that food supply covered up by the sediments. There was only one other place 

left to get a food supply now and tht was before they get to thebotiom. Then fie 

find trilobites which start to swim, They came up and swam from the bottom to 

the top. ile find that the trilobites had developed various cases of spine 

projections, not of great weight or of considerable volume, In other words they 

acted as water wings, byoys, so the animal could live in the neighborhood 

on the bottom and come up and get its food supply up above. (Interruption. 

Question: Were they gliding fins or hollow floats? Answers 222) : 

; Now again I hope thst these postulations don't obscure the facts. 

There are certain facts and certain interpretations that I am trying to make 

for them, Then on to the later portion of the Paleozoic, As thezgeologic 

record indicates, about hald of the Paleozoic period was characterized by the _ 

absence of stress, then the geologic records of the latter half certainly 

indicated the reverse conditions. 

In the Devonian we had the construction of theCatskill delta and x 

the northern portion of the A ppalachian geosyncline, The delta resulted 

from the rejuvenation of the land mass A ppalachia so there was some 

diastrophism in the northern portion of theAppalachian trough. It was folded 

and we named it the Acadian disturbance. in the Mississippian we had the 

Chester series, a series of alternating 1s and ss indicating a wobbling 

of the continent with respect to sea level. Toward the close of the Mississippian 

; an east-west trough in the southern portion of the United States began to be 

deformed and finally the Ouachita Mountains began to appear. This you have 

had before. Then in the Pennsylvanian we had the coal cycles which include 

both marine and non-marine phases which indicates the oscillation of the . 

continent. Then the Appalachian trough was destroyed and thfwe bathe formation
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of the Appalachian mountains. : 

Now what does the whole tiing mean? ‘the physical conditions were 

just the reverse in the latter half of the Paleozoic than they were in the 

first half. Things were calm and peaceful in the first half of the Paleozoic 

and were quite the other way around during the latter half, Crganismz living in 

the marine emvironment might find that euvironment rather ais changed. 

The various changes which took place were such as probably would not affect 

the invertebrates, That is, the various types of invertebrates had their choice 

of either migrating with the shifting seas or becoming fossils, but they were 

living with organisms that had no choice. Y 

You remember in the Silurian there were sharks, then in the Devonian 

there appears an abundance of fishes, now why an abundance of fishes? I think 

it rather due to the fact that they could move effectively and rapidly with 

the various bodies of water. Supposing that one of these areas began to be 

uplifted, ‘orms which could move swiftly and effectively, they will move as 

: the shoreline moves and thus the fluctuation of the shoreline means no adverse 

condition for them. ‘hey merely mige&téeas the shoreline does and that was 

true of relatively few other forms. 

Te brachiopods reached the climax of its development in the 

: Devonian, Thery were a particular food supply for the Bishes, abundant food 

for the fishes. It is only like saying 2 and 2 is four, tather 2 and 2 are four, 

it is so obvious. Yet the abundance of brachiopods is not so important in 

the latter part ofthe Paleozoic, It is believed that not all of these fish 

forms got away. In other words as the shorelines began to go down, some 

of them tarries in pools and shallow water pockets and many fish were trapped. 

It is believed that in the Devonian some such process existed and some 

of these ‘aauad fishes attempted to leave this basin in which they were trapped 

and doomed to die, At that time then there perhaps developed bhe lung fish, 

which could most likely migrate to another b:dy of water. Today a fish can 

do that providing the distance isn't too far, Probably you have caught a fish
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; and have had it flop back into the water. That is its way of lecomotion on 

land. In the Devonian one form of fish developed lungs. There was another form 

which had a peculiar fin which consists of a boney girdle with radiating 

appendages and that boney girdle and appendages were the foundation for limbs 

and did not develop without any alteration or changes. 

Well, supposing we had along this line of development a form which had 

both a boney girdle plus the lungs. That form attempting to migrate from one 

place to another would have relatively little aifficulty. 1% would not have to 

: use its gills but could use its lungs during the migration and so it is believed 

that the amphibian appeared as a biological response to this unstable condition : 

during the latter part of the Paleozoic. 

We see the amphibian is a form which spent part of its time on land 

and part in the water and it is not entirely free from either of them, Even 

though it stays on land, the eggs have to be laid in water and have to be hatched 

in water, and when it becomes an adult, it can move on land, yet its body is 

always moist, therefore you find amphibians in areas where there is at least 

; water pericdically. It seems they have always been near areas where there is water, 

moist areas; you will find them there at the present time. 

: The oldest possible record of any amphibian is a foot print in the 

Devonian, a single foot print in the Devonian, At least it is believed to be the 

oldest trace of the amphibians. This fossil foot print is in the museum at Yale . 

: and if I were teaching geology at Yale, I would have to say that is the oldest 

record. ‘They reached their racial climax in the Pennsylvanian. Here we have 

a geologic condition which is an unstable continent, Response to that condition 

is abundant growth of swamp or coal plants Gontemporaneous with that development 

of amphibious plants there appears the amphibious animals which are not particular 

as to whether they are on land or in the water, They are not specialized with 

their habits and so you could realize that between the biological record and the 

geological record there is a correlation, As
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As we continue the consideration of the Paleozoic, we find that during 

that period eastern United States was subjected to hore arid conditions indicated 

by the red color in the sands, and the mud cracks, rain drop impressions, cross~— 

bedding, and it is not surprising that the forms which developed so abundantly 

with the destruction of the swamps, their racial history has the same decline, They . 

drop off very suddenly at the close of the Paleozoic. iihy didn't they go some place 

else to live? They did. They have given rise to the inconspicuous reptiles which 

we have at the present time. They were not entirely killed off. The favoralbe 

conditions merely passed, and once past, they began to go toward the inconspicuous 

place they have at the present time. The best phrase whiwh would summarize these 

events at the cloase of the Paleozoic is one taken from a rather popular treatment 

of geology, "The friendly slime was turned to cust.” "The friendly slime was turned 

to dust," the slime in which the coal plants grew, the slime through which the 

amphibians moved, Turning to dust reptiles, the drying out of the materials was 

prought about and with that the contem:orary discontinuance of the forms. 

Let's go on to the Mesozoic. As before, a consideration of the geological 

records as represented in ths Newark series of the eastern United “States, should 

convince us that the dry conditions of the eastern United States, continued into 

the Mesozoic, red ss, and shale, md cracks, raindrop impressions — all such geologic 

records can be used to determine climatic eee Back in those Paleozoic 

coal swamps there were a few reptiles that are Vale — 

to the huge thick~skulled amphibians 
that slithered through the Boe e = 

duampe s Yet when they began +o decline, the arid condition was not unfavora 

9 ae present time the reptiles are concentrated in arid — . it 

: sa te promot wane cece Pom NE 
was through that that the reptiles ne te cu « icin : 

by putting Hd 2 shell around then = . end yet the membrane around 

oouts a the shell is porous enough to ee = z eee either, the 

a — 2 = eggs, bub shen they Gid, SHS 

: s¢ form which puilt shells erount = tite ofisrping 

beginning of tS gestion that developed wae — 

forms were reptiles. & nother Suse
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passed through the tadpole stage inside of the egg. Now then the continuation 

of this arid condition merely was an advantage to reptiles in that the amphibias 

decreased, but it had no particular effect on the reptiles. 

Then es soon as competition is removed, the source of food sullpy is 

more and that is the foundation of the reptilian dynasty of the Paleozoic in the 

destruction of the swamps, in the absence of any form that could compete with 

the reptiles, Remember these reptiles were so successful that they could inhabit 

water, Imd and air. Their climax was one of the milestone’ in the earth's pop- 

ulation, They were so successful living upon the earth that they established 

all time records in size of animals that walked, This is, of cou se, more or 

less a summary of these Megozoic reptiles. It is to be thought of in terms of 

these conditions in which there was relatively little competition except among 

themselves. These reptiles, take for example, the dimasaur —- these reptiles 

came out on land, What do they find? Perhaps a few snails, a few insects, a 

few amphi bians, and all of their reptilian ancestors, and they found a land 

surface clothes with vegetation. 

I forgot one thing which should have been obvious to you. The land 

surfaces began to have a development of land plants in the Devonian. The plants 

' migrated onto the land and began to be food supply for the animals, Then in 

the Mesozoic éhese reptiles came out on the land, The plants had been preceded 

by the gymosperms, the cone-bearing trees, the needle or scale trees. Why had 

those developed? The needle of the pine tree or the scale of the cedar tree 

is one of the most economic structures for the preservation of moisture. A leaf 

from a maple or elm or ash has enough fpore space in it from whth water is 

evaporated in almost unbelievable amounts. ‘The tree exists from the moisture 

which it takes from the ground and it is given into the air through the leaves, 

Now in reducing the surface of the leaf down to the needle or scale, you reduce 

the transpiring surface and the ratio of intake and output is decreased. 

(Interruption. Questions What furnished the food to the reptiles? Answer: Maly



: 197 

the vegetation.) 

These succeeding developments, the arid conditions, with the gymnosperms 

and the dominance of the reptiles, and here again we have to introduce a thing which 

cannot be explaine and that is, before the decline of the reptiles there is the 

appearance of the mammals. The oldest form of mammals can only be described by 

the tooth structure, for the oldest mammalian fossils are merely jaws and that gives 

us little else so we put that down to one of the unsolved problems of geology. Perhaps 

some day somebody will have an inspiration and go ahead and explain it. Befor 

Before the close of the°@retaceous another thing, another important thing, 

happened...the angiosperms appeared, the flowering plants. : And with this I am going to 

try to show you something else. Heretofore I had suggested that most of the 

development had been due to physiological changes, The facts about the angiosperms 

: would lead us to believe that their development depended upon the stability of the 

continent. In the non-marine lower cretaceous rocks of the Atlantic Coastal plains 

the oldest angiosperm fossils are found. Examination of the Cretaceous and succeeding 

plant fossils seems to indicate that from these regions the angiosperms spreac until 

they were over the entire North American continent. Now other continents also had 

more or less centers in which these forms originated. These angiosperms gradually 

spread throughout the United States. Thatis the fossil evicence, What is it at the 

present time? 

What is the distribution of the hardwood areas of the United States? They 

are concentrated in the southeastern mountainous regions of the United States, end 

as you go out from that region you find less and less hardwoods, There is that 

parallel development of the fossil records. spreading across the North Americen 

continent as well as their present distribution, distribution of the present type. 

From lower Cretaceous up to the present, the angiosperms spread farther and farther. 

The appearance of these angiosperms in the Cretaceous brings up another rather 

interesting point. A large share of the angiosperms depended upon the insect for 

fertilization, Now here is the same problem, the hen and the egg, which came first? 

The insects get their food from the flowers and the flowers are polinated by the insects,
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As soon as the flowering plants appear that is when the insects appear in 

abundance, There were of course, lizards and crocodiles, etc. At the close of the 

Cretaceous you will recall that the Cordellaran geosyncline was destroyed, that is, 

a geological condition, the destruction. We are having a geosynclinal disturbance, 

It implies considerable diastrophism; it should mean a period of considerable in- 

stability. Instability should mean ‘oscillating conditions in which there would ® 

swamps and accumulation of vegetable reamins to form coal. ‘ou know of the lignite 

deposits of the great plains and you know of the coal deposits of the Rocky Mountain 

states. The Baleozoic coals were pteridophytic, the Cretaceous cols are essentially 

angiosperms, some gymnosperms, but essentially angiosperms. Here we have two different 

types of plants and yet both of them can respond to similar conditions, both of them 

respond to swamp conditions and both of them can give rise to coal deposits. As 

As soon as the troughs began to be destroyed/f#g mountains began to rise 

here, That is a record of the world, it is a record of the North American continent, 

Similar events are in the South American continent. Other continents also suffered 

2 diastrophic forces, Now the accumulated effect of all this diastrophism was shifting 

of the currents of the ocean which independently of independently shifted the windg 

belts of the earth, These climatic changes wherep well as far as the lend goes, we 

‘find a very very rapid decline of the ruling reptiles. 

Now I don't know et one can see his way through all these distur bances, 

yet the ultimate cause of the extinction of the ruling reptiles was diastrophisn. 

You can say it was temperature or you can say it was moisture, yet everyone one of 

those actually means diastrophism. Jt is rather wmfortunate that with such a 

significant geologic history you cannot attach a more definite cause to theér 

disappearance. : 

Now let's go on to the Cenozoic. We begin with the Tertiary when perhaps 

the most significant event was the appearance or at least the dominance of the 

grasses. In other words, there began the construction of areas Imown as prairies. 

Now the grasses are angiosperms, flowering plants, If we are to go back to the
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time that Columbus discovered America and be able to know something about the 

plant geography of the continent at the time, I think you would realize that it 

was essentially wooded, The great area that was not woods we now call the Great 

Plains, the area east of the Rocky Mountains, 

Is there any particular reason for that being grassland instead of 

woodland? ‘That portion is in the rain shadow of the Rocky Mguntains. That is, 

the rain has dropped before it gets over the mountainous area, It descends 

across the Great Plains then as a drying wind and tends to gather moisture, takr 

moisture away from the soil, (Interruption, Questions ijhat good will a shelter 

belt to do his area? Answers Well, it's a matter of dispute now, really no 

good at all.) It is an area in which the rainfall was so low that it would 

support only grasses. 

The Rockey Mountain revolution still had its effect on this territory and 

that effect was felt by the construction of this plains area and that in turn 

affected the life, the animal life, The ruling reptiles had become extinct; 

the modern reptiles were present, the inconspicuous amphibians were present, then 

later competition, and the answer is like 2 and 2 are 4 again. You get considerable 

development of the mammals and they certainly do develop during the Tertiary. 

You recall the general development of the mammals during the Tertiary. 

.There were three things to remember. 1, The increase in size which directly 

reflects on the abundance of food. 2. The changes in limbs directly relative 

to the environment in which the forms lived, 3, The tooth structure whose 

development reflects their diet, 

By taking one form that can best be illustrated, th horse for example, 

we can see this development, It began ts geologic history with a form about 

as large as a fox terrior, pastas on five toes with teeth possessing conical 

knobby projections, The line of development was its increas in size, running. 

more and more on its toes until at the present time we have its present size 

and it is running on one toee The development of the flat tooth bounded by 

ridges which could grind the food is noticeablee The Tertiary forms passed from 

browsing forms to grazing forms and when these snimals got big enough, the
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carnivors appeare they do not appear until the other animals have appeared, 

have lived long enough so that they can feed on theme Following this outline, we 

leave the hoffed mammals of various kinds and then we have the rodents, the gnawing 

animals, and the trunked forms, and the flying animals such as the bat and the 

marine animals such as the whale, and now we have a great number and we can find only 

traces of this at We don t have the whole story. 

During the Tertiary all of the subdivisions of the Anthropoids, that is, 

the man-like group of animals, were represented except man himselfe We had such . 

forms as the lumur, orang-utan, the chimpanzee, the gorilla, all of these various 

subdivisions except man-kind. 

What was the physiological event that brought about man? It is generally 

considered by anthropologists that the advent of man is due to the correlation 

of the increased coolness of the world, in other words, due to the correlation 

with glaciation. As the mean temperature dropped, the forest habitat of the 

anthropoids was destroyed and like the forms which lived in the various submergences, 

they had their choice of moving to areas of idential environment and some of them 

did, and some of them changed to new environemntse The latter group by successful 

generations gave rise to mankind. That, of course, is a bare suggestions The last : 

topic is the history of mankind so we will let that go until a later timee The stress 

of the ice therefore we think brought about the appearance of mane
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This evening one of the topics in the outline which I will cle briefly 

2 entitled " ? ? Changes". The general record of the fossils and the variety of forms 

that @xist on the surface of the earth today seems to indicate that the general direction 

toward which all Like is trending is to occupy a variety of environments. This can 

be best understood by considering a few samples, 

If we were to take up a group such as the arthropods, those forms with the 

segmented external skeleton and jointed appendages, we have a group in which will be 

found the cray fish inhabiting fresh water, the lobster inhabiting marine waters, the 

thousand legged worms, which are really not worms - they inhabit the land surfaces, 

and the insects, which are rather serious competitors in almost any environment. 

Those forms have so diversified themselves so that they occupy different environments 

and do it successfully. 

The snails have done a good job of diversification as well. There are 

abundent marine snails, a fair representation of fresh water snails, and rather numerous 

land snails. The forms thus can live either in a submerged environment or in one in 

which submergence does not exist. 4 should like for you to recall the classes of the 

ruling reptiles, The classes are based on the environment. The enaliosaurs lived 

in the water, the dinasaurs on land and the pterosaurs in the air. 

Taking such a group as the vertebrates, we are taking a little larger group 

now, we find very successful adaptation — fish, both marine and fresh water, birds 

in the air, and the mammals most conspicuously on land, the whale in the sea and the 

bat flies in the air. Among the vertebrates then, there has been this spreading out 

with the final result that the forms dominate practically every environment in which 

life can be sustained. 

The plants have done just as well. iie have the aquatic plants of various 

types, from the unicellular form which makes up the pond skum to such isan” 

as the water lily —- from the unicellular then to the flowering plants. We have 

those plants that like a moist environment — we call them swamp or amphibious 

plants. And there are also the plants living on the land such as trees, for example,
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that is, the, of course I mean the common trees not related to the swamp as would 

be the difference between an oak which would prefer the field, to a cypress which 

lives with its roots in a submerged state. Further representation in the plant 

kingdom are th grasses which/J/f¢ inhabit some of the driest portions of the 

continent. 

Thus we see that the plants and the animals have attempted to occupy the sea, 

the land, and all the gradational zones, The plants have only one place in which 

they haven't been successful, and that of course is the air. ile have relatively few 

plants in the air, There are a few plants that grow in the air where they are sub- 

jected to wind and air currents. 

: “n this general tendency of spreading out we must not confuse cause and 

effect. ‘The ability to produce all these changes resides in the organisms them- 

selves. It is only the environment that brings out that ability. It has been 

stated in this way, "Environment permits and directs, but does not cause development." 

"Environment permits and directs, but does not cause development." That's the 

crystallization of the idee which I have tried to present here from these illustrations. 

In each case the physiological conditions surrounding the organism, permitted and directa 

the development, but did not cause it. 

The next topic is probably a little more ? than some of the other aspects 

: of earth history which we have considered so far. It has to do with the succession 

of faunas. A fauna is any commmity of animals, Now we may qualify those communities; 

we may limit them by time or we may limit them by geographical bouncaries, That is, 

for example, we may have the succession of fauna in “innesota — the animal communities 

: existing in Minnesota in the summer wo 1d be quite different from those existing 

here in the winter, Therefore, though we use the term quite broadly, it can also 

be used in a restricted sense, ‘shen we use it in earth history, we are interested 

in the time limits. The geological limits are not so distinct, so we speak of 

the Devonian fauna or of the Silurian fauna or the Platteville fauna. The subdivisiona 

* determine just hou mich of the racial history of the inhabitant is to be included in 

our grouping.
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Now by succession of fauna, it implies that there were changes and A 

I hope you realize that changes dic take place. The term succession of faunas 

Goes not mean that each period had those specific creations of animals and then they 

dissapeared inff the next period. Rather it means that the complexion, the general 

character of the communities was changed, not the entire group. Those changes 

could be brought about in a variety of ways. 

Let us first consider adaptation. Adaptation would be the response of 

the organisms to their habitats. (Interruption, Question: What did you say just 

now, will you repeat it? Answer: Adaptation would be the response of the organisms 

to their habitat.) let's limit ourselves now to a consideration of marine environment. 

In marine environment the organisms would attempt to adapt themselves to such things 

as temperature, currents, abuncance of sediments, food supply, and other factors. 

Geological history recorded the fact that much adaptation took place at the : 

beginning or the end of a geological period. If you will recall what the geological 

conditions of the continent were, you will remember that the beginning or the end 

Z of a period was characterized by a restruction of the submergences. Jn other words, 

the continent was more or less emergent. 

: During such restructed conditions there seems to be a great tendency for 

the organisms to adapt themselves to the local conditions in whieh they reside. 

? These restructiwnal portions develop individual communities whose characteristics 

are not uniform because the environments are not similar. There are barriers which 

separate one community from the other. These barriers I have just mentioned — those 

are the barriers that keep the animals from moving out of one local area, These 3 

organisms in these particular provinces develop their own particuler characteristics. 

These communities are called provincial fauna. ‘rovincial fauna, then, are the 

z z response which animals make to the restruction of the sea, 

now let's consider the opposite ?, ‘The middle of a period is normally 

characterized by en expansion of the submergence. The continent becomes widely 

submerged, uniform conditions prevail, the barrier is removed. “ow we find the
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forms migrating, that is, inhabitants of cifferent commmities move out; they inter- 

migrate and thus instead of having a group of animals having characteristics of 

only one local area, we have commmities of animals in which there are imigrants 

coming in from numerous provinces. Such a group of animals is referred to as 

cosmopolitan fauna, a group of animals in which there are a number of imigrants. 

Now after we have these two types of fauna, 1 mean just after we have these 

two fauna, we have two types of organisms, we have the provincial type which retains 

its characteristics and whose resident area can re recognized by its characteristics. 

As for example you would have relatively little difficulty recognizing a human 

homing from another country. You could be sure of the country from which they came ???. 

The same is true of fossils, that is, when you get so you can uncerstand it. In 

the same way in which we have groups of individuals made up from imigrants, excuse 

me, that is all wrong. dn the same way in which we have an individual who has 

v isited many provinces and had gotten someth ng from those many visits and is 

called a cosmopolitan person, so the snimals have done the same thing and are spoken 

of as cosmopolitan types. 

If you read the Devonian chapter or the chapter on the Silurian you will 

find illustrations concerning these provincial and cosmopolitan characteristics. I ‘ 

can speak of thes of them, one for example, is a group of animals which seemingly 

prefer sandy bottoms on which ‘to live. Now those particular individuals appear in 

the central part of the J¢¥phidh/ North American continent in the Devonian, but 

their provincial characteristics indicate that they migrated from a resident ? in Brazil. 

During the Devonian they migrated to that extent. That would be an example of a 

cosmopolitan type, no it would be a provincial type. 

As +i lain of a cosmopolitan typeg, there is a brachiopod which first 

appears in the lower Devonian of western Europe and then it successively appears in 

younger and younger Devonian rocks as you go east across Burope and Asia and finally 

it appears in younger Beavonian on the North American continent, about middle Devonian, 

In younger rocks it appears in ? valley and in the vicinity of the Great Lakes and in



205 

late Devonian time it appears in the Devonian of New York. That particular brachiopod 

is only capable of moving during the first few weeks in its life and yet during 

its life it was able to migrate around the world in gne geological period. That : 

would be a cosmopolitan type, the brachiopod which in one geological period encircled 

the earth, (Interruption, Question: That would be exceptionally subject to drift? 

Answer: 2???) 

Not only do we have the rise of new fauna due to changes but we may also 

have the disapp arance 6f forms, in other words, extinction. Now those are largely the 

two features which produce the changes in the communities. Extinction is primarily 

due to biological and geological factors. So far as the biological features are 

concerned, 1 will have to refer you to the zoologists in order to understand it completely 

We can say that in a number of ways. Such things as for example, disease, will cause 

extinction of organisms, ana then racial old age, in which the race merely becomes 

less and less able to survive anu finally disappears; a third way is mtation, 1 

don't know any other word for it, mutation, Mutation would be the process in which 

changed descendants live on, their ancestral forms becoming extinct. Notice that 

I said the changed forms live on, (Interruption. Question: Survival of the fittest, 

is that?. Answers ???). I had in mind the horse, the one-toed form coming from the three- 

toed form, That is exactly the meaning of mutation. Those are the biological factors 

and I gave them to you as ???. 

The geological factors can be primarily related to diastrophic forces, that 

is, ultimately we would come to diastrophism as the cause of much of the extinction. 

It depends upon these things for example. 1% will remove barriers and surround 

invading froms, overwhelm resident communities; it will permit rivalry for the same 

food supply and the one better able to get it lives on, 44 will permit intermigration 

and in many cases, a decrease in the food available per copita, th t is, zoologically 

speaking. 4t will change the current of the oceans; the changes in the shorelines 

may shasta greater abundance of Sediments and ? the physiological conditions which 

‘ surround the organisms and are primarily arlated to the balance of the conditions 

which have been and which are going to be with relation to the 2 conditions of that
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one particular area. You can blame it on these two things if you want to. You 

can say it was the change in temperature or moisture. In the case of the land animals 

you can say it was lack of ou ae yet all those things are related to diastrophic 

changes. 

.Now I suppose we should make some use of all of that. The goal of historical 

geology is to arrange the events of the earth in their correct sequence. In order to 

do this we have to be able to determine the relative age of the formations, not 

their actual or absolute age in number of years, but the relative age. At the first 

part of the course I spoke concerning the geological criteria for correlating, that is, 

the basic method by means of which we can map a known unti with another rock unit and say 

that they are of the same geological age. 

If you have forgotten them, then let me repeat First the continuity of the 

deposit. i think I could explain it in this way. If I go from here to there on this 

board and there is no ? between, I am certain that I am on the same board. The same 

thing is true in geology. Next, similarity of materials, granting thet the materials 3 

are characteristic, of course. if you have two sandstones, that does not mean that they _ 

are of the same geological age — it depends upon the character of the sand grains. 

A third wag is the similarity of sequence, ss, ls, and sh, ss, 1s, and sh. in that 

| order in two localities does not mean they are of the same geological age unless there 

is something distinctive about their thickness or character of the formations. The 

fourth one is the attitude of the structures. 4t is somewhat negative in character. 

You would never call the series of A and B of the same geological age because a 

geological event separates them, one of tilting and erosion; therefore they cannot be 

the same geological age, Those are the geological criteria, 

Now let's go to the biological criteria, the various ways in which fossils 

may be used to correlate rock units, The best way is perhaps the identity of special 

forms, These are usually referred to as guide fossils or index fossils or key fossils 

These forms of course are only recognized as being guide fossils after considerable 

study, but once they have been recognized as guide fossils, then of course they are 

of great value in attempting to correlate rocks, The use of fossils for the correlation
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of rocks first came about in the Jurassic, thatis, 4 mean not in Jurassic time, but 

in using Jurassic fossils, when the ammonites vee so abundant and in such a variety 

of forms that they were used as guide fossils for the Jurassic. 1 think I have 

spoken of the trilobites which occurred in the St. Croix series under the horrible name 

of Dis. Minnesotensis. That generally is a guide fossil for the upper Cambrian, It 

has never been found any place else than in the upper Gambrian. Now Dis, Minnesotensis 

is the form which is found in the St. Croix series, but applying another species name 

to it such as for example, Disj Pepinensis. it is the trilobite of the upper Cambrian 

of the Black Hills, yet the genus is characteristic of the upper Cambrian, Perhaps 

/ you will recall the spiral axial support of the bryozoan Archimedes, "archimedes is 

a guide fossil to the Mississippian, Whenever it is found, the age of the rocks you 

know is Mississippian. (Interruption, Question: flhat.was that again? Answer: The 

fossil Archimedes, is a guide fossil to the Mississippian.) Now I have given you 

examples. What are these? They are fossils of wide distribution, that is wide 

geographical distribution and of short geologic r nge. That is, they lived only a 

short portion of geologic time and they when they were living they were practically 

world wide in their distribution, What kind of a fossil would that be? A cosmopolitan 

fossil. All guide fossils mst, of necessity, be cosmopolitan types found in widely 

' separated areas in the rocks of the earth, i think you need no more than that to 

; indicate the way in which we correlate rocks by the identity of specific forms. 

4 Second, This next one is the aggregation of forms. That is, this would be 

the general complex of the commnity, not taking a single individual, but taking all 

the enighbors in the area. Maybe there is no guide fossil in the community and yet 

by knowing ¢7/7/ZfK something concerning the general group of the organisms there, we 

can say approximately what the geologic age would be. Some of these overlap, so don't 

be 2, With regard to aggregation of forms, let me refer you to the cross section of the 

city dump that they had at the World's Fair at Chicago, There was no particular article 

in the dump that identified the date of the horizon, rather it was an aggregate of the 

discarded articles. Well, suppose these was a wardrobe. if you looked only at the 

men's things, you wouldn't know where you were, whether it was 1900 or 1875, but if
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you looked at the women's wardrobes, you could just about tell the date. In : 

other words, the men were conservative in their dress; the women were not. The 

smae is true of fossils, Other organisms change readily and those changes are the 

significant things in trying to date geological events. Now conservatism has its 

place, well granted, but for arranging things in order, it is the changes that are 

of value. The trilobite lived from the Cambrian up to the present and had perhaps 

few changes, therefore it is not a very good guide fossil. One lived from the 

Ordovician to the present and it is about the same, Jt would be ? to try to use 

that to determine the age of the rock, 

And the third way would be the formation in the development of the organism. 

In other words, you have to know their racial hgistory. If you know when the form 

began, the stages through which it passed and when it became extinct, the finding of 

any one of these forms could be ? with this racial history mid you could tell where 

the form belongs. ¢ 

The fourth way is the percentage of living specimens represented in the 

commmities. If, for exemple, you had a rock in which there were only, oh, maybe two 

or three orgenisms in the rock and they are still living whereas if you have another 

rock in which there are a dozen species in the rock in which they are still living, 

I ink you would find the younger geologic age in the second rockf, There are more 

forms in that rock.which live in the present, therefore, it must be closer to the 

present. The tertiary is an example of th + on the basis of cephalopods, gastropods 

and snails, The first subdivision contains 5% or less of forms which live on to the 

present; the next one is aboud 20% and the 1 st one is around 40%, and so forth up until 

you get to the Pleistocene and most of them live on to the present; only a few have 

not. Cecasionally people say things in other ways and if it is easier to remember them 

when said the other way, then if you are more, I don't know what the word should be, 

' more, more exact, you say it. This one I came across lately (poem) Any questions 

concerning the biological changes?
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As in the next topic concerning proofs, and ? and development — they 

: could just as well be examples of development. I am going to choose certain forms 

to illustrate lines of development. it is quite obvious that I couldn't follow 

all of them out but there are a few which I think are significant. Let's start 

with the classic one which you fina in all the text books, the cephalopod. This 

is going to be our geologic time scale. As you review, recall that the cephalopod : 

began its geologic history in the upper Cambrian with a form externa ly straight. 

: Its geologic history continues up to the Triassic, then they become extinct. In 

the Ordovician there were forms which were bent and forms which were coiled ana 

these bent forms go about to the bevonian and become extinct and the coiled forms 

go on to lilay 28, 1936. These three then are the nautiloids-and that is their 

geologic history. The form began -xternally straight; new forms were added in the 

Ordovician, one of which was unsuccessful and the other one is the survivor of 

the nautiloids of the present time. The other subdivision of the cephalopocs 

is the ammonoid whch began its history in the Devonian as a coiled form with 

- undulating or wavy sutures and that form was gradually replaced in the Pennsylvania 

by a form in which the forward undulations show the sutures were cerrated and that 

form was replaced in the Triassic by a form in which the forward ana backward 

undulations were cerrated and then, it, in turn, was replaced by a form in which 

‘the entire suture became wrinkled, Then the Cretaceous -—- they continue into the 

Cretaceous and become extinct, And from that there are forms which are bent and 

straight and ail of them become extinct at the end of Cretaceous. 

Now these changes have been successively gradual pee on 

of the Ammonoics here came about by stages from this form and then in turn came 

about the development of the ???, so the line of development would go like this 

with increasing complexity of the sutures and when the form comes about to the end, 

it reverses its previous history; it is coiled, bent, and straight, and all of 

then ane extinct. It is the same ? ?; it is straight, bent, and coiled in the 

beginning and before that there were none. This change in the Gephalopods is one
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s of the classic examples which you will find in almost every text book as an s 

example of the changes thet have taken place in the organism, 

; While I am explaining that I will call your attention to other changes 

which are not quite so co:mon, such as for cxample, the snail. They began their 

geologic history with forms which were not coiled; later they had begun to coil 

but had not completed one coil, These forms were very low in their spirals and 

the general record through geologic time is the decreased diameter and the increased 

height. Now there are exceptions, but if you take the majority of the Gastropods, 

you would find that to be the general tendency. The Gastropods are more complex, 

have more varieties end are in greater abun ance on the surface of the earth 

today than they ever were in the paste In obher words, it may be the climax 

of the hsitory of thegastropod. Many animals when they reach the zenith of their 

racial history begin to ornament themselves. If you are acquainted with marine 

gastropods, you know what they are now — they heve all sorts of projections from : 

the surface. There is an extension at the one end called the siphon?; it has been 

prolonged in some cases to several times the length of the shell. I don't know 

what thé reason is for these ornamentations, but a great many animals show them. 

let's try another one, a more commun form now such as the brachiopod. 

The brachiopod app-ars in the Cambrian in a form which is more or less pear- 

- shaped and inarticulate, a brachiopod that is biconvex; it still ? today. Also 

present in the Cambrian is the shield-shaped brachiopod, articulate, very lightly 

plicated, slightly concavo-convex. In the Devonian there arises from this form 

a brachiopod, but it is more h avily plicated and it is biconvex and rather fat. 

From that same line of development there arose some ? shaped ? and plicated 

and concavo-convex forms. Sime place in between these two forms in the Ordovician, 

there arose a brachiopod thathad a round hinge, very, very ?, very, very biconvex, 

very, very strongly plicated. In the Silurian from this lest form there came 

one in which the hinge area was much more pointed, otherwise quite similar to it. 

Oh, back in this ong you remember there were two forms that were concavo-convex. 

. These forms go on into the Silurian ano if we take a form like the. concavo-convex
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and if you take the edge of the concavo-convex shell, you fina that the edges 

a were slightly ?. Then in the Devonian, a brachiopod app area with the extended 

hingeline; the butterfly brachiopou undoubtedly devehoped from this one. This 

last one does not live on. This form appears in the Devonian with these ridges 

“now becoming projections or spines. This one down here goes on to the Permian ~ 

and becomes extinct. This also becomes extinct at the end of the Devonian, From 

3 here between these two in the Pennsylvanian, there Geveloped a form which is 

articulate, has a hinge here ??? has a well-developed convexity and has a fold in 

the sinue. I don't know how I am going to do this, They lived up to the Permian, 

and from that it goes foff to this form and from this one, the-e are merely 

modified descendants. They are not identical. Now I hope you can trace through 

that. I can point out some of the significant things. The spined forms are 

characteristic of the Carboniferous; the forms with the extended-hingelines 

developed the greatest extension in the Devonian. The forms with the ridges 

along the hinge line are limited entirely to the Silurian. Now we have to use 

negative results. If you find none of the spiny form of this one or none with 

, the extended hinge area or non of these, theny you have only your choice of these 

"two. In the Ordovician, the forms were convex or barely convex - neigher of 

them developed very great complexity. jie are not particularly interested in the 

- details, but from that I think you can get some idea as to the changes in the 

' forms. : : 

Now for the vertebrates, We don't want to Zorget about those. In 

considering the development of the vertebrates, I should like to review very 

sketchily the successive geologic changes. You remember the first successful 

vertebrate was a fish that appeared in the Silurian. The amphibians are first 

definitely known in theMississippian and undoubtedly came from a fish ancestry and 

the developme:t of limbs and lungs ave the important structures which made 

seeplkaac life possible. After the climax or during the climax of the amphibians 

there app ared also a reptile in which the significant chage was the ? or the 

é tadpole formation within the egg, an adjustment to amid condtions. 

: Following the reptiles was the development of the mammels. The mammals
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are subdivided into the monotremes and the marsupials and the placentais. 

Hach of these subdivisions is characterized by a 2? complex especially with regard 

to the reproduction of a = generation. In eash case there is a greater opportunity 

for development and training of the offspring. That may or may not be of significang 

but a greater period of development is there. The primary maumals are present in 

the Cretaceous, and today the greatest collection of marsupail forms are found in 

Australia. The marsupials are the forms which are born in an immature state and 

are curried in pouches by the mother. Australia has a number of forms 227 £4¢éigh than 

the test of the world. It is thought that this distribution was dependant upon 

the isolation of Australia at a tim when the marsupial mammals were developed. 

#ith the isolation they did not have to compete with the placental mammals. The 

2 Tertiary history concerns largely the placental forms. 

there are great numbers as well as almost infinite varieties. Again 

we have to choose. I am going to choose the one in the text book, the horse. The 

: horse is represented by the odd-toed hoofed mammals. The horse begen its geologic 

history in the Eocene as a relatively small form about the size of a fox terrier, 

possessing five toes. Now briefly summarizing the history of the horse. Through 

the Tertiary it increased in size which is illustrative of the abundance of food and 

: his ability to use it. Inasmuch as he lived on the prairies, he hed to range fro 

food as well as to run for his life. He hac to come up on his toes anc first there 

were three functioning and then only two and eventually only one toe functioning 

and finally the horse got way up on one toe protected by the hoof. The other 

change was in the téeth. The small forms sere browsers and hau knobby teeth 

= and later forms were grazers and therefore hac grinding teeth. in such cases 

: where forms have passed through the stages I have represented, occasionally there 

: will be evidences in the living forms touay, that the changes haa taken place. 

_ this is a ? bone of a horse which lived in South Dakota. 2??? and here there are 

“two fossil toes still attached to the main one. ‘The hing legs were not as well 

= preserved. f 

: Now we have not mentioned the even-toed forms, cows, sheep, camels, ?
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and like forms which rise from % instead of walking on the foot thef way they 

: should walk, they came up on two toes anc they ave still on two as illustrated by 

the cloven hoof. If you want to ? see a fossil form, I want you to lock closely 

at the foot of a pig the next time you get a chance -- there a:e two fumetional and 

two almost rouching the ground, but not quite. 

That is the general history of all of the mammals and there is no 

particular reason why we should go any faither into the discussion of it now -——- 

increase in size as a result of the change in the tooth structure as a change of 

2 habit and the other, the modification if the hoof ???. Rodents and carivors had 

a@ modification of teeth and limbs. Dogs and cats have claws. ‘Some of the claws are 

?, some ave cependant upon the habit of the form. As soon as the mammals became 

carnivorour, we find a difference in the teeth. The back teeth ave fro gringinda 

— the fr nt teeth ave fron biting and the canine teeth are for tearing. In 

the dog the canine teeth ave developed; the rodents have no canine teeth, but 

5 Z in order to be able to gnaw, the secamd incisor took on the function of being 

prolonged and they are the gnawing teeth of the rodent. Im the case of the elephant, 

the second incisor was prolonged into a trunk, nobhing more than a tooth, (Poem) 

‘ One group of animals which I have not considered suffictently is the 

i group to which man belongs, so I will spend a few minutes on the geologic history 

a of mankind. This is getting into the field of anthropology. A geologist has to 

be many things among which anthropology is includec. im order to avoid certain 

: elements of emfusion, let's get our founcation properly constructed. This group 

of animals belongs to that group or subdivision known as mammalia. That would be 

= the class, the order is known as primated, Man first because Man is the ? and 

e made th. order, so he should be first. Then we have the families among which are the 

lemurs, tarsiers, monkeys, apes end mankind, The apes are further subdivided into 

: the gibbon, the orang utan and the gorilla and the chimpanzee, 

: Comparable to these subdivisions of the apes, mankind woul be divided into 

: : one solitary genus know as homo. Now let's briefly trace the geoligic history of
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these forms. The primates first appeared in the Eocene where fossils ot the 

: first three groups appear, lemurs, tarsiers, and monkeys;. they are all present 

as fossils in the Hocene. The lemurs anc tarsiers are four-footed walkers and living 

forms do not have stereoscopic vision, that is, they cannot see an object with both 

eyes at one time. The sense of smell is more important thain the sense of sight 

and they have more of a mugzle than a face. 

The monkeys are also four-footed walkers; they have stereoscopic vision; 

they sit on their haunches and in that position the front limbs serve for other 

than locomotive functions. ‘They have stereoscopic vision, therefore the front 

limbs pick yp the objects and bring them to the eye for vision. The thumb is 

opposed to the four fingers and they have a grasping hand. ‘hey didn't have Model T 

Fords in those days so ???. The accuracy in the vision of 4 monkey is of great 

importance to them in order to be able to judge the strength of a limb to which 

they are going. Those that jucged successfully gave rise to the present monkey, 

and those that judged inaccurately are fossils. (Interruption. Question: iihet : 

do you call that kind of vision? Answers Stereoscopic, stereoscopic vision.) 

The lower anthropoid, thst group, appears at the close of the Eocene. 

Their geologic history does not become significant until the following period, the 

Oligocene. Then in the next subdivision, the Miocene, we have these forms appearing; 

‘and the gibbon, orang utan and the gorilla and the chimpanzee at the present time 

have the habits and characteristics that they do because they lived in different 

areas. For example, the gibbon and the orang utan move through forest aveas by 

walking on one limb and reaching overhead for the other one and they distribute 

their weight over two limbs; they are lerger then the monkey. The others, the 

gorilla and the chimpanzee do not move through the trees; they live in forest areas, 

but they move on the ground in an erect posture. jf 

Mankind does not appear until the ice age, until the Pleistocene. That 

= would be the oldest form that is, in the Pleistocene, wo which the name mankind 

can be given. At this point it is proper that we consider the origin of man. As 

an organism, he had the same ancestry as the other primates. This ancestry, however,
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is not to be confused with the pseudo scientific explanation that man has come from 

5 the ape and that some pl ce there is a missing link. 1 imow of no one with a scientific 

: reputation worth ace who has said any such thing. Rather put the apes up here 

with man because they are both living. That is, they maybe have developed from 

the same parental stock, may have developed from the same primaie stock, but have 

gone off in gifferent Girections and have arrived at different goals. It is 

believed thet the place of this eeictica was in Central Asia and took place 

or occurred as a result of the ice age. It has been diagnosed somewhat in this 

way. Theye are found in the Tertiary tocks of this region other forms of fossil 

primates. jie will say that this represents an area in which the primates were 

living in thet tegion. At the close of the Tertiary, the area was subjected to 

Giastrophism and there rose through here a mountainous chain, the Himalayas. he 

chain of mountains served as a barrier not only the mountains changea the life, 

Bo but the temperature was decreasing. The ice age was in the office; the trees were 

= Tetnie Gestroyed. Before this mountain barrier gose to such an extent that the forms 

could not migrate, the apes moved out — they went to the east to areas of similar 

environment where they are found today and one group went to the west into the areas 

222 and those that were left behind mace the best of the conditions where they lived. 

The trees were going; erect posture became the method of locomotion, it was cold; 

these forms needed food, 4t was colds; the skins kept the animals warm, why shouldn't 

they keep man warm? ‘So that's the beginning of what we call man. 

Wie can read about it in books. So far as the geology of it is concerned, 

we stop with the advent of man on the suiface of the earth. From there on it is 

anthropology. ian did live dmring the ice ages. we have good records from Europe 

and in North America, but here they have not been as complete. There has been one 

record of a form belonging to the Pleistocene anc that was found here in “#innesota,, 

the Minnesota laid, found up here at Pelican Rapids?. It is five minutes after eight, 

so I think we had better stop now. Next time we will finish this up and then for 

the last hoyr or so, I will let you tell me all about what you have learned,
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: I believe last tima we had gotten as far as the appearance of what might 

be called mankind, on the surface oi the earth, in what might be called the 

Pleistocene. ‘hat I have to say this evening is largely anthropology, so what 

I have to say with regard to these forms is, of course, merely what I have gotten 

from reading and no actual experience in the field. I think it is primarily of 

interest to us to arrange the forms more or less in order ? to mankind or rather 

to the present forms of man, would be a better way of stating it. 

Pithecanthropus; one of the rather ola forms that has been found has been 

given this name, Pithecanthropus. It was found in Java and is sometimes called 

or known as the Java Man. Perhaps this form has received greater attention than 

& of the other forms put together and yet actually there was so little of it found 

that the actual classificatio of it is somewhat questionabbe. They found part 

of the head, skull cap, three teeth and one thigh bone, the femur. Now from those 

fragments they heve attempted to reconstruct an individual. iIt is of course apparent 

: that the reconstruction wiit imply considerable interpretation, so much interpretation 

that many anthropologists say it is.a man-like ape, a highly developed type of ape. 

The general process of reconstruction is more or less in this form. The 

teeth indicate somewhat the matter of the diet of the form; the size of the teeth 

ana the general arrrangement would give some indication as to the dentition, the 

‘arrangament of the teeth. Zhe size of the teeth would give some indication as to 

the probable size of the jaw. The skuil cap would give some indication as to the 

relative size of the head. The convalutions on the inside of the skull would 

give some indication as to the brain capacity of the individual. The femur bone 

would approximate a human size. The general shape and projections on the bone 

indicate that the form was rather massively built, a rather muscular individual, 

walking probably with a stoop. That is true of some forms later knovn and that is 

probably true of Pithecanthropus as well, 

: Now this I say, is interpretation, I have given you the facts of those 

things founda and the rest is merely reconstruction of the fhings found. ??? lies in
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the fact that it was found in stream gravels and it is herd to say what the geologic 

: age of those gravels might be. Some geologists have called it Tertiary, Pigiocemes 

others have called it Pleistocene, belonging to the ice age. Choose whichever side 

: you want to. I think the anthropologists themselves are divided, so you will be in 

good company on either side. 

The next form in the anthropological sequence, Sinanthropus, sometimes 

spoken of as the Peking Man, found near Peking, China, or what was Peking before they 

changed its name. They found the upper portion of the skull, several teeth and 

two lower jaws, of course belonging to different individuals. Of this form, no 

culture is known, thet is, noth ng which they mace or used. There is stall con- 

siderable work to be done on these forms. 

The next form is Eoanthropus, sometimes referred to as Piltdown Man or 

Dawn Men, Eo means"the beginning, of course, not true of mankind, This is 

called the Piltdown “an because the fragments were found at Pilidown, Sussey, England. 

I think one of the important things about these forms is the distribution they have, 

one in Java, one in China, and this in England. The Piltdown Man is one of the 

nose questionalbe of all anthropoid finds. They found bhe skull and jaw fragments , 

. the question is whether the skull and jaw belong together. Again these were 

associated with gravels; the age has been determined as belonging to the first 

- or second interglacial stages, so these forms were living in Europe curing the 

; ice age. These forms are then the mere or less primitive and ancestral forms 

to that group spoken of as mankind, 

The next one would be the beginning of the genus homo. Now there were 

fossils or extinct races of man and one of the most primitive would be the 

Homoheidelbergensis, known as the Heidelberg Man. In these you might do this, 

this would give them some distinction. These forms are primitive and are not 

mankind, With these fragments of Heidelberg iian there is also found artifacts, 

that ‘is, they found chipped flint implements; they found them in caves indicating 

that they were learning to make implements and had learned to use shelter. These
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forms also belonged to the first or secona interglacial stages of Europe. 

Wisconsin, Illinoian, Nebraskan, Kansas, th=t would be the glacial succession 

in North America; that is subdivided into four parts. I have purposely left 

out one because thre is a tendency to correlate North American glaciation with 

European glaciation. I 

In Europe thre were four well-defined periods of glaciation. In North 

American glaciation there is a tendency to include the Iowan, but that is now 

being considered as the beginning stages of the Wisconsin glaciation. This is 
° 

the European succession with the appa:ent correlation, a,parent relations of 

these, Wurm, Riss, Mindel, Gunz. Now an interglacial stage would be any place 

; in here, when the ice was absent from the area. ‘of course man could not live in 

an area when it was covered by a glacier, but after the glacier had receded, man : 

could migrate into the region and the artifacts and the skeletons would be ? 

in the ? between the periods of glaciation. These two forms belong in either 

one of these two periods. (Interruption, Question: Will the French accept those 

names for European glaciation? Answer: 227) (Interruption. Question: Are 

the names selected in the same manner as they are in North America? That is, 

did the glaciation getjonly as far as Germany and no farther? Answer: 2???) 

(Explanation of word drift) 

wee The next if homoneanderthalensis, being a true man and known of course 

: ' as the Neanderthal Man. There have been a great number of specimens found of this 

particular form. Up to about ten years ago they had found 53 skeletons, so there 

is a compléte record of these forms associated with caves, rock shelters and 

artifacts, With regard to Neanderthal Man, wath the restoration at the Field 

ifuseum at Chicagog there is a family group and it shows family life rather 

vividly. The man is a muscular individual, rath-r short in stature, heavily . —- 

built, shoulders somewhat hunchea, knees slightly bent and in this group he 

haa just been successful in killing a deer. The implement with Which he killed 

it is in his hand. The prize was not won without a scuffle because his knee} has 

been cut as indicated by the restoration. The mother is sitting by the campfire, :
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If I remember, she is working on the skin of an animal. A youngster 10 or 12 years 

old is having what you might call a feast, I suppose. He has a bone and is 

chewing on it; it is uncooked. The group is shown as being at the entrance to 

a cave, shelter. it is rather an interestinggroup. If you go there I think it 

is well worth your while to stop to sve it. 

After these then there are some others and all of them are known as 

: homo sapiens, and from there on thr is, of course, a continual condition of 

man and his existence and his development, In this group there would be the 

various principal races of man, under it, Cromagnon and other races of man that 

have become extinct. From homo sapiens, man had become diversified and has 

taken up different environments and ? and thuse we hye them distributed over the 

surface of the earth and they have ? just as we have them at the present time. 

Aft{ Anything more than that would be an encroachment on the subject of anthropology. 

I have said nothing about the types of culture for that is not geology. 

That is anthropology, that is, as I said, another field in this general history 

of the development. I th-nk you will recall th«t the first successful vertebrate 

was a fish and that there formed from fish-like ancestors, amphibians th-i could : 

move about temporarily on land, and from forms with amphibien-like characteristics, 

there developed an organism imowm as the reptile <i stock probably characteristic 

of all thes three thre appeared a form mown as mammals, and from mammal stock, 

there appears what we call man, Yet man's appearance and his ? are quite similar 

to that of the other animals. Psrhaps there are objections to man's(primitive primate) 

ancestry, but that isn't as bad as it seems, ??? reptile, amphibian, and aquatic 

ancestry rather than this anthropoid ancestry. As I said before there are other 

ways of saying that, but I think th s is oe of the best ways, so if you object é 

to primate ancestry, then keep this in mind. * 

With regard to one topic I have avoided inientionaily, that is the subject 

of evolution. iivolution means nothing more than development. Now I. have tried 

; to show you the development of the complex organism from simple ancestry. I have
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also purposely left ? ? until the very last one. If through several hundred 

million years, the general biological plan has been the development of complex 

forms from simple ancestry, then it seems rather surprising that in the last : 

million years the plan should be changed, that all the rest of man's associates, 

: animal and plant associates, should develop from more primitive forms and yet 

not apply the same geologic history to man. You don't need to if you don't want 

to. Theat is up to you. Evolution should be thought of, at least I like to think 

of it, in the same way as thousands consider the origin of the earth, The development 

of man is 222, the question is merely how you are going to explain it. ivolution 

is merely one way. Now if you prefer special creation for each geologic period, 

that is up to you. If you prefer an explanation of uniform ? (Interruption. 

Questions: What do you mean by that? Answer: Once they were created they were 

never changed, that is what I mean). Evolution is nothing more thak the explanation 

that we have in the same sense, the explanation for the origin of the earth. 

Rather few people doubt that the earth is in existence, the only question is 

how it got to its present state. The same is applied to animals. They ge here; 

they are diversified; they we adjusted to their environment — it is simply a 

matter of what you want to choose, I think nothing more need be said, In fact 

it should not be aid in a course in geology with regard to those particular 

features. 

Now I do want to take time to have you record some things which I consider 

to be, I find, important. I don't remember whether I gave them to you during the 

first part ot not. First I will give you the ten fundamentsls, the ten commandments, 

so to speak, concerning the gaological history oi the earth. 

i. ‘The continent has been subjected to successive submergences and 

emergences as recorded by superposition and unconformity. If these things are 

not clear, ask me about them. As a matter of fact, all the things I hav tried 

to teach you have been about these things, 

2. The reconstruction of successive geographies is based upon the 

distribution and correlation of marine strata. 

3. The reconstruction of ancierit physiography is besed upon the
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composition ana structure, no, wears, composition and texture of shallow 

water sediments. 

: 4. ‘the postulation of geosynclines is based upon great thicknesses 

: of shallow water sediments. 

5. - the absence of geosynclines in the ceniral lowland is igen 

by the thinnes of the samine sequence. . E 

6. All ceformation of rocks is dated by the youngest formation 

involved. (Interruption. Questions What does that mean, the last one? Answers 272) 

7. ‘The present mountain ranges of the continent have resulted from the 

deformation of geosynclines and their consequent disappearance. (Interruption. 

Question: Does thatapply to all mountain ranges? Answer: 22?) 

8. Where a mountain range hs been peneoplaned, its former presence 

may be determined by its roots. (Interruption. Question: Its what? Answers 

Its roots — strike of fold, strike of formations, strike of schistocity, and 

strike of faults, those zre spoken of as roots, of mountamns.) 

9. Uiastrophism is the ultimate basis for the subdivision ef all 

geologic time, 

10. Igneous activity is usually contemporaneous with severe diastrophism. 

Now perhaps in this list of ten you would put some others, but to me 

that seems to be more or less the ? on which the geologic history of the earth 

‘is based. 

Now let's take th. second ten. ‘hese will be the fundamentals of the 

biological history of the earth. 

1. Changes in the life of the earth have been toward increasing 

complexity. 

2. Successive changes in life apparently have been #4%¢d related to 

geologic events. 

_ 3. Decline or extinction cf organisms was primarily caused by changes 

resulting from diastrophism. Now with regard to this third one, you might say 

it was climate or you might say it was the change in temperature or the change
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in moisture; it might have been the zsemoval of barriers —- it might hav been 

any of those things, but pr-marily the cause was diastrophism. 

4. Diversification of organisms results from adaptation to environment. 

Now in sume of these thre is going to be an overlap. Jf the forms did not adapt 

themselves to the environment, then of course they became extinct and whether or 

not that environment was suitable ???. That is of course overlap. 

: 5. ‘The oo ee or flora is determined by a restriction or 

intermigration,. 

6. Glacier; strata may be correlated by the use of biological 

criteria. Now like the roots of the mountains » if you have forgotten what those are, 

there would be such things as identity of species, in other words, guide fossils, 

? of th» forms, in other words, cosmopolitan or provincian commnities, It shoula 

be in the hsitory represented by the organism being studied, and the last one, the 

percentage of living species. 

7. ‘The order in which vertebrate animals appeared is the same as the 

zoological order. That is, when the scientists began to study the back—boned 

animals, they began to arrange them in increasing complexity. “hen when they 

began to work out the geologic history, they, found that they appeared in exactly 

the same way in which the living forms hqd been arranged. “omeone suggested that 

the scientists got the order from the geologic history, and that is n’t true; 

they got it from the character of living oiganisms, and yet it coincided with 

the geological record, 

8. The vertebrate animals have duminated the earth in the same order 

as that in which they appeared. First we have amphibians, then the reptiles, 

and then the mammals, and the rest of the mammals was ? an undoubtedly inhabit 

: the earth today. ; 

: 9. This one is not written out so I will have to stop to thnk how 

to say it. The histories of the animals and plants have followed parallel 

developments. “erhaps a word of explanatin is needed, The plants, aquatic,
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: amphibian, and terrestrial, ‘he animals started ajuatic, amphibian, and terrestrial. 

The amimals always follow the plants because that is the meaning of the statement. 

; 10, Mankind was the most recent form to appear. Perhaps thet is lending 

too much emphasis to the last one, but we are all egotistical enough to want to 

Be know when man arrived, and we want some place to put hin. (Interruption, Question: ‘ 

Where do bacteria come in? Answer: 2???) Any other questions? 4 

Well, we will let yoy get started on your pert of the ? tonight. z 

*
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