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The Geological Survey is making a geologic 
map of the United States, which necessitates the 
preparation of a topographic base map. The 
two "are being issued together in the form of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three di,tinct kinds: (1) inequalitie, 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called dJrailnage, as streams, lakes, and swamps; 
(3) the works of man, called oultu'I'e, as roads, 
railroads, boundaries, villages, and cities. 

Relief.-All elevations are measured from mean 
sea-level. The heights of many points are accu­
rately determined, and those which are most 
important are stated on the map by numbers. 
It is desirable to show also the elevation of any 
part of a hill, ridge, or valley; to delineate the 
horizontal outline, or contour, of all slopes; and to 
indicate their grade, or degree of steepness. This 
is done by lines connecting points of equal eleva­
tion above mean sea.level, the lin~s being drawn 
at regular vertical intervals. These lines are 
called contowrs, and the constant vertical space 
between each two contours is called the contour 
interval. Contours and elevations are printed in 
brown. 

The manner in which contours express eleva· 
ti.on, form, and grade is shown in the following 
sketch and corresponding contour map: 

Fig. l.-Ideallketch and corresponding contour map. 

The sketch represents a river valley between two 
hills. In the foreground is the sea, with a bay 
which is partly closed by a hooked sand-bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from that on the left the ground aBcend, 'teeply 
to a precipice. Contrasted with this precipice is 
the gentle descent of the western slope. In the 
map each of these features is indicated, directly 
beneath its position in the sketch, by contours. 

-The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indic~tes approximately a certain 
height above sea·level. In this illustration the con­
tour interval is 50 feet; therefore the contours 
occur at 50, 100, 150, 200 feet, and so on, above sea­
level. Along the contour at 250 feet lie all points 
of the surface 250 feet above sea; and so with any 
other contour. In the space between any two con· 
tours occur all elevations above the lower and below 
the higher contour. Thus the contour at 150 
feet falls just below t.he edge of the terrace, 
while that at 200 feet lies above the terrace; 
therefore all points on the terrace are shown to 
be more than 150 but les, than 200 feet above 
sea. The summit of the higher hill is stated to 
be 670 feet above sea; accordingly the contour at 
650 feet surrounds it. In this illustration nearly 
all the contours are numbered. Where this: is not 
possible, certain contours-say every fifth one­
are accentuated and numbered; the heights of 
others may then be ascertained by counting up or 
down from a numbered contour. 
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EXPLANATION. 
2. Contours define the forms of slopes. Since 

contours are continuous horizontal lines conform· 
ing to the surface of the ground, they wind 
smoothly about smooth surfaces, recede into all 
reentrant angles of ravines, and project in passing 
about prominences. The relations of contour 
curves and angles to forms of "the landscape can 
be traced in the map and sketch. 

3. Contours show the approximate grade of 
any ·slope. The vertical space between two con· 
tours is the same, whether they lie along a cliff 
or on a gentle slope j but to rise a given height 
on a gentle slope one must go farther than on a 
steep slope, and theref~re contours are far apart on 
gentle slopes and near together on steep ones. 

For a :fiat or gently undulating country a small 
contour interval is used; for a steep or mountain· 
ous country a large interval is' necessary. The 
smallest interval used on the atlas sheets of the 
Geological Survey is 5 feet. This is used for 
regions like the Mississippi delta and the Dismal 
Swamp. In mapping gr~at mountain masses, like 
those in Colorado, the interval may be 250 feet. 
For intermediate relief contour intervals of 10, 
20, 25, 50, and 100 feet are used. 

.Drainage.-Watercourses are indicated by blue 
lines. If the stream flows the year round the 
line is drawn unbroken, but if the channel is dry 
a part of the year the line is broken or dotted. 
Where a stream sinks and .reappears at the sur­
face, the supposed underground course is shown 
by a broken blue line. Lakes, marshes, and other 
bodies of water are also shown in blue, by appro· 
priate conventional signs. 

Oultwre.-The works of man, such as roads, 
railroads, and towns, together with boundaries Qf 
townships, counties, and States, and artificial 
details, are printed in black. 

8cales.-The area of the United Stat .. (exclud. 
ing Alaska) is about 3,025,000 square miles. On 
a map 240 feet long aud 180 feet high thi, would 
cover, on a scale of 1 mile to the inch, 3,025,000 
square inches. Each square mile of ground sur· 
face would be represented by a square inch of 
map surface, and one linear mile on the ground 
would be represented by a linear inch on the 
map. This relation between distance in nature 
and corresponding distance on the map is called 
the scale of the map. In this special case it is "1 
mile to an inch." The scale may be expressed also 
by a fraction, of which the numerator is a length 
on the map and the denominator the correspond. 
ing length 'in nature expressed in the same unit. 
Thus, as there are 63,360 inches in a mile, the 
scale "1 mile to an inch" is expressed by ~. 
Both of these methods are used on the maps of 
the Geological Survey. 

Three fractional scales are used on the atlas 
sheets of the Geological Survey; the smallest is 
2M~OOO' the intermediate ~,and the largest 112,~. 
These correspond approximately to 4 miles, 2 
miles, and 1 mile of natural length to an inch of 
map length. On the scale tm,~ a square inch of 
map surface ~epresents and ,;orresponds nearly to 
1 square mile; on the scale 1\0~000J to about 4 
square miles; and on the scale~, to about 16 
square miles. At the bottom of each atlas sheet 
three scales are stated, one being a graduated 
line representing miles and parts of miles in 
English inches: another indicating distance in 
the metric system, and a third giving the frac· 
tional scale. 

Atlas skeet8.-The map is being publi'hed in 
atlas sheets of convenient size, which are bounded 
by parallels and meridians. Each sheet on the 
scale of ~ contains one square degree; each 
sheet on the scale of l~OOO contains one.quarter of 
a square degree; each sheet on the scale of ~ 
contains one·sixteenth of a square degree. These 
areas correspond nearly to 4,000, 1,000, and 250 
square miles, respectively. 

The atlas sheets, being only parts of one map of 
the United States, are laid out without regard to 
the boundary lines of the States, counties, or town· 
ships. For convenience of reference and to sug· 
gest the district represented, each sheet is given 
the name of some well-known town or natural 
feature within its limits, and at the sides and cor· 
ners of each sheet the names of adjacent sheets, 
if published, are printed. 

Uses of tluJ topograplvio Bk,t.-Within the 
limits of scale the topographic sheet is an accurate 
and characteristic delineation of the relief, drain· 
age, and culture of the region repres~nted. View. 
ing the landscape, map in hand, every character. 
istic feature of sufficient magnitude should be 
recognizable. It should guide the traveler; serve 
the investor or owner who desires to ascertain the 
position and surroundings of property to be 
bought or sold; save the engineer preliminary 
surveys in locating loads, railways, and irrigation 
ditches; provide educational material for schools 
and homes; and serve many of the purposes of a 
map for local reference. 

THE GEOLOGIC MAP. 

than in others. Thus a granite may pass into a 
gneiss, and from that into a mica-schist. 

Sedimentary 1'ookB.-These comprise all rocks 
which have been deposited under water, whether 
in sea, lake, or stream., They form a very large 
part of the dry land. 

"When the materials of which sedimentary rocks 
are made are carried as solid particles by the 
water and deposited as gravel, sand, or mud, the 
deposit is called a mechanical sediment. These 
may become hardened into conglomerate, sand­
stone, or shale. When the material is carried in 
solution by the water and is deposited without 
the aid of life, it is called a chemical sediment j 
if deposited with the aid of life, it is called an 
organic sediment. The more important rocks 
formed from chemical and organic deposits are 

The areal geologic map represents by colors limestone, chert, gypsnm, salt, iron ore, peat, 
and conventional signs, on the topographic base lignite, and coal. Anyone of the above sedi­
map, the distribution of rock formations on the mentary deposits may be separately formed, 01' 

surface of the earth, and the structure-section the different materials may be intermingled in 
maps show their underground relations, as far as many ways, producing a great variety of rocks. 
known, and in snch detail as the scale permits. Sedimentary rocks are usually made up of 

KINDS OF ROCKS. layers or beds which can be easily separated. 
Thes') layers are called 8trata. Rocks deposited 

Rocks are of many kinds. The original crust in successive layers are said to be stratified . 
of the earth was probably composed of i(J1U3Ous The surface of the earth is not fixed, as it seems 
'rooks, and all other rocks have been derived from to be j it very slowly rises or sinks over wide 
them in one way or another. expanses, and as it rises or subsides the shore·lines 

'Atmospheric agencies gradually brea.k up igne. of the ocean are changed: areas of deposition may 
ous rocks, forming superficial, or BWrficial, deposits rise above the water and become land areas, and 
of clay, sand, and gravel. Deposits of this class land areas may sink below the water and become 
have been formed on land surfaces since the earli- areas of deposition. If North America were 
est geologic time. Through the transporting gradually to sink a thousand feet the sea woulJ 
agencies of streams the surficial materials of all :fiowover the Atlantic coast and the Mississippi 
ages and origins are carried to the sea, where, and Ohio valleys from the Gulf of Mexico to the 
along with material derived from the land by the Great Lakes; the Appalachian Mountains woulJ 
action of the waves on the coast, they form sed;'" become an archipelago, and the ocean's shore 
inentary 'rocks. These are usually hardened into would traverse Wisconsin, Iowa, and Kansas, and 
conglomerate, sandstone, shale, and limestone, but extend thence to Texas. More extensive changes 
they may remain unconsolidatea and still be than this have repeatedly occurred in the past. 
called" rocks" by the geologist, though popularly The character of the original sediments may bel 
known as gravel, sand, and clay. changed by chemical and dynamic action so as to 

From time to time in b'f6010gic hi;story igne- produce metamorphic rocks. In the metamor­
ons and sedimentary rocks have been deeply phism of a sedimentary rock, just as in the meta­
buried, consolidated, and raised again above the morphism of an igneous rock, the substances of 
surface of the water. In these processes, through which it. is composed may enter into new com­
the agencies of pressure, movement, and chemical binationa, or new substances may be added. 
action, they are often greatly altered, and in this When these processes are complete the sediment· 
condition they are called rneta'J'll..01'}JlI,io 'I'ooh. ary rock becomes crystalline. Such changes 

Iyneous l'ooks.-These are rocks which have transform sandstone to quartzite, limestone to 
cooled and consolidated from a liquid state. As marble, and modify other rocks according to 
has been explained, sedimentary rocks were their composition. A system of parallel division 
deposited on the original igneous rocks. Through planes is often produced, which may cross the 
the igneous and sedimentary rocks of all ages original beds or strata at any angle. Rocks 
molten material has from time to time been forced divided by such planes are called slates or schists. 
upward to or near the surface, and there con· Rocks of any period of the earth's history may 
solidated. When the channels or vents int.o be more or less altered, but the younger forma­
which this molten material is forced do not tiona have generally escaped. marked metamor­
reach the surface, it either consolidates in cracks phism, and the oldest sediments known, though 
or fissures crossing the bedding planes, thus form- generally the most altered, in some localities 
ing dikes, or else spreads out between the strata remain essentially unchanged. 
in large bodies, called sills or laccoliths. Such Surjioial1'ooks.-These embrace the soils, clays, 
rocks are called intl'1t8ime. Within their rock sands,gravels,and'bowldersthat cover the surface, 
enclosures they cool very slowly, and hence are whether derived from the breaking up or disinte. 
generally of crystalline texture. "When the chan· granon of the underlying rocks by atmospheric 
nels reach the surface the lavas often flow out and agencies or from glacial action. Surficial rocks 
build up volcanoes. These lavas cool rapidly in that are due to disintegration are produced chiefly 
the air, acquiring a glassy or, more often, a crystal. by the action of air, water, frost, animals, and 
line condition. They are usually more or less plants. They consist mainly of the least soluble 
porous. The igneous rocks thus formed upon the parts of the rocks, which remain after the more 
surface are called ercfIrtu8itve. Explosive action soluble parts have been leached out, and hence 
often accompanies volcanic eruptions, causing - are known as residual products. Soils and sub· 
ejections of dust or ash and larger fragments. soils are the most important. Residual accumu. 
These materials when consolidated constitute lations are often washed or blown into valleys or 
breccias, agglomerates, and tufts. The ash when other depressions, where they lodge and form 
carriell into lakes or seas may become stratified, deposits that grade into the sedimentary class. 
so as to have the structure of sedime~tary rocks. Surficial rocks that are due to glacial action are 

The age of an igneous rock is often difficult or formed of the products of disintegration, together 
impossible'to determine. "When it cuts across a with bowlders and fragments of rock rubbed from 
sedimentary rock, it is younger than that rock, the surface and ground together. These are 
and when a sedimentary rock is deposited over spread irregularly over the territory occupied by 
it, the igneous rock is the older. the ice, and form a mixture of clay, pebbles, and 

Under the influence of dynamic and chemical bowlders which is known as till. It may occur 
forces an igneous rock may be metamorphosed. as a sheet or be bunched into hills and ridges, 
The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
of its minute particles or it may be accompanied forms. Much of this mixed material was washed 
by a change in chemical and mineralogic composi. away from the ice, assorted by water, and rede· 
tion. Further, the strUcture of the rock may be posited as beds or trains of sand and clay, thus 
changed by the development of planes of divi- forming another gradation into sedimentary 
sion, so that it splits in one direction more easily deposits. Some of this glacial wash was deposited 



gllished from one another by different patterns, 
made of parallel straight lines. Two tints of th~ 

PleiHt,oeene ........ . P Any colors. 

Neoeene {fu:li~~~g:} . N Buffs. 

same name is applied to a diagram representing 
the relations. The arrangement of rocks in the 
earth is the emhls strlN":tul'e, and a secHon exhibit· 
ing this arrangement is called a stJ'1wtwl'e section. 

ffhe geologist is nOL limitedl hO'wever; to the 
natural and artificial cuttings for his information 

in tunnels and channels in the icc, and forlllS char­
acteristic ridges and mounds of sand and gravel, 
known a.s osars, or eskers, and karnes. The 
material deposited by tbe ice is caned glacial 
drift; that washed from the ice onto the adjacent 
land is called modified drift. It, i.'l usual also to 
class as surficial rocks tbe deposits of the sea and 
of lakes and rivers that were made :Lt the sailie 
time as tlJ€ ice deposit. 

Eocene J including Oligocene} .. OliTe-browns. concel'lling the earthls structure. KnO'lNing the 

The first of tllese, seen at the left 01 the section, 
is the set of sanustones and shales, ."hich lie in 
a horiz'ontal position. These sedimentary strata 
are now high ahove the sea, forming a plateau, 
and their change of elevation shows that a POl'· 
tion of the eartll'slllass has swellecl upward from 
a lower, to a higher level The strata of this set. 
are parallel, a relation which is called ro-nfol'lll. 
aUe. 

K Ulive-greens. manner of the formation of rocksl and having 
Hlue·gr<lens. traced out the relations among beds on the sur· 

Cretaceous ......... . 

Juratrias { ~,~r:::f~} . 
AGES OF ROCKS. 

Carboniferous { including Permian ~. C 
Devonian ................ . 

Rlues. face, he can infer their relat1Ye positions after 
Blne"purples. they pass beneath the surface, draw sections 

The second set of formations consists of stmta 
which form arches and tl'ollghs. These strata 
were once continuousl hut the crests of tIle arches 
have been removed by degradation. The heds, 
like those of the first set, are conformable. 

Rocks are further distingnished according to 
their relative ages, for rocks were not formed aU 
at one time, but from age to age in the earthls 
history. Classification by age is independent of 
origin; igneous, sedimentary, and surficial rocks 
Illay he of the same age. 

Silurian {including Ordovician} 
Call1brian . (; ::~~~rples. . which represent the structlll'e of the earth to a 

Orango.browns. I conRiderahle depth, and construct a diagram Algonkian . 
Archean. ~ Any colors exhibiting ."hat would be seen in the side of a 

'Vhen the predominant material of a rock mass 
is essentially the same, and it is bounded by rocks 
of different materialsl it is cOllvenient to can the 
mass throughout its extent a forrnation, and such 
a fnrmation is the unit of geologic mapping. 

Se\reml formations considered together are 
designated a 8ystem. The time taken for the 
deposition of a formation is called an epoch, and 
the time taken for that of a system, or some 
larger fraction of a systeml a period. The rocks 
are mapped by formations, and the formations are 
classified into Aystems. The rocks composing a 
system and the time taken for its deposition are 
given the same name, as, for instancel Cp.mbrian 
system, Camhrian period. 

As sedimentary deposits or strata accumulate 
the younger rest on those that are older, and the 
l'elati \'e ages of the deposits may be discovered 
by observing their relative positions. This rela· 
tionship holds except in regions of intense dis· 
turhance; sometimes in such regions the disturb· 
ance of the beds has been so great that their 
pOl>ition is reversed, and it is often difficult to 
determine the relative ages of the beds from their 
positions; then f08&i18, or the remains of plants 
and animals, are a guide to show which of two 
or more formations is the oldest. 

Strata often contain the remains of plants and 
animals which lived in the sea or were washed 
from the land into lakes or seas or were buried in 
surficial deposits on the land. Rocks that con· 
taill the remains of life are called fossiliferous. 
By studying these remains, or fossils, it has been 
found that the species of each period of the earth's 
history have to a great extent differed from those 
of other periods. Only the simpler kinds of 
marine life existed when the oldest fossiliferous 

period-color are used: a pale tint (the underpI'int) 
is printed evenly over the 1vhole surface represent· 
ing the period j It dark tint (the overprint) brings 
out the different patterns'representing formations. 
Each formation is furthermore gi\Ten a letter· 
symbol of the period. In the case of a sediment­
ary formation of uncertltin age the pattern is 
printed on \vhite ground in the color of the period 
to which the formation is supposed to belong, 
the letter.symbol of tlle period being omitted. 

The number of surficial formations of the Pleis· 
tocene is so great that~ to distinguish its forma· 
tions from those of other periods and from the 
igneous rocks, the entire series of colors is used 
in patterns of dot,:; and circles. 

The origin of the Archean rocks is not fully 
settled. Many of them are certainly igneous. 
'Vhether sedimentary rocks are also included is 
not determined. The Archean rocks, and all meta­
morphic rocks of unknown origin, of ,vhatever agel 
are represented on the maps hy patterns consisting 
of short dashes irregularly placed: These are 
printed in any color, and may be darker or lighter 
than the background. If the rock is a Achist the 
dashes or hachures may be arranged in wavy par­
allellines. If the rock is kno,"Yn to he of sedi. 
mentaJ."y origin the hachul'e patterns may be com· 
bined with the pal'al1eI.1ine patterns of sedi­
mentary formations. 

Known igneous f011uations are represented by 
patterns of triangles or rhombs printed in any 
brilliant color. If the f0rmation is of known age 
the letter·symbol of the formation is preceded by 
the capital letter.symbol of the proper period. 
If the age of the formation is unknown the letter­
Rymbol consists of small letters whieh suggest tlle 
name of the rocks. 

THE VARI01JS GEOLOGIC SHEETS. 

rocks were deposited. From time to time more Areal s7wet.-This sheet shows the areas occu· 
complex kinds developed, and as the simpler ones pied by the various formations. On the margin is 
Ii ved on in modified forms life became more a legend, which is the key to the map. To ascer· 
varied. But during each period there lived pecnl. tain the meaning of any particular colored pat. 
iar forms, which did not exist in earlier times tern and its letter-symbol on the map the reader 
and have not existed since; these are character· should look for that color, pattern, and symbol in 
istic types, and they define the' age of any bed of the legend, where be will find the name and 
rock in which they are found. Other types description of the formation. If it is desired to 
passed on from period to periodl und thus linked find any given formation, its naJlle should be 
the systen\s together and, formed a chain of life sought in the legend and jts color and pattern 
from the time of the oldest fossiliferous rocks to noted, \vhen the areas 'On the map corresponding 
the present. in color and pattern may be traced out. 

'Vhen two formations are remote one from the I The legend' is also a partial statement of the 
other and it is impossible to observe their relative' geologic history. The formations are arranged 
positions, the characteristic fossil types found in accordillg to origin into surficial, sedimentary, and 
them may determine which one was deposited igneous, and within each class are placed in the 
first. oruer of age, so far as knovm, the YOllllgest at the 

Fossil remains found in the rocks of different 
areai'l, of different provinces, and of different 81uet.-This sheet represents the dis· 
eontinents, afford the most important means for trihution of useful minerals, the occurrence of 
combining local histories into a general earth artesia.n water, or other facts of economic interest, 
hiSttory. showing their rclations to the features of topog. 

Oolor8 and pattern8.-To show the relative ages raphy and to the geologic formations. All the 
of strata, the history of the' sedimentary rocks is formations which appear on the areal sheet are 
divided into periods. The names of the periods shown on this sheet by fainter eolor.patterns. 
in proper order (fr0ll111eW to old), with the color The areal geology, thus printed, affords a subdued 
or colors and symbol 'assigned to each, are sriven background upon which the a.reas of productive 
below. The names of certain subdivisions of the formations may be emphasized by strong colors. 
pe('iods, frequently used in geologic writings, are A symbol for Jllines is introduced at each occur· 
hracketed against the appropriate period names. renee, accompanied by the name of the principal 

To dilltinguish the sedimentary formations of mineral mined or of the stone quarried. 
auyone period from those of another the patterns I Str1J.ct1lrB·sectwn 8heet.-This sheet exhibits the 
for the formations of each period are printed in relations of the formations beneath the surface. 
the approp~ate period.color, with the exception In cliffs, canyons, shafts, and other natural and 
of the first (Pleistocene) and the last (Archeall). artificial cuttings, the relations of different beds 
The formations of anv one neriod. with the: to one another mav hp- !'oRen A TlV ("llt.tlW." whi(~11 

eutting many miles long and several thousand feet 
deep. This is illustrated in the folJowing figure: 

Fig. 2.-Sketch showing a vertical section in the front of the 
picture, with a landscape aboye. 

The figure represents a ]andiicape which is cut 
off sharply in the foreground hy a vertical plane 
that cuts a section so as to show the underground 
relations of the rocks. 

The kinds of rock are indicated in the section 
by appropriate symbols of lines, dots, and dashes. 
These symbols admit of lllueh Yariation, hut the 
following are generally used in sections to repre· 
sent the commoner kinds of rock: 

The hOrlzonttll strata of the plateau rest upon 
the upturnec1, eroded edges of the beds of the 
second set at the left of the section. The over· 
lying deposits fire, fmIll their positionl evidently 
youngel' than the unuerlying formati()1ls, and.the 
hending and degradation of the older strata must 
have occurred hetween the deposition of the older 
beds and the accumulation of the younger. 'Vllen 
younger strata thus rest upon an eroded Rurface 
of older strata tIle relation between the two is an 
'lllu:onformabw one, and their surfaee of contact is 

of formations consist of crystal­
line schists and igneous rocks. At some period 
of their history the schists were plicatea by pres­
sure and traversed by eruptions of molten rock 
But this pressure and intrusion of igneous rocks 
have not affected the overlying strata of the second 
/let. Thus it is evident that an inteyval of consid. 
erable duration elapsed between the formation of 
the schists and the beginning of deposition of the 
strata of the second set. During this interval the 
schists suffered metamorphism; they were the 
scene of eruptive activity; and they were deepl) 
eroded. The contact between the second and 
third setsl marking a time interval hetween hero 
periods of rock formation, is another uncon· 
formity. 

The section and landscape in fig. 2 are ideal, 
but they illustmte relations 1vhich actually OCCnT. 

The sections in the strllcture·section sheet are 
related to the maps as the section in the figure hi 
related to the landscape. The profiles of tlle sur­
face in the section correspond to the actual ,"llolJe-" 
of the ground along the section line, and the 
depth of any mineraI.producing or witter· hearing 
stratum 'which appears in the section lllay be 
measured from the Rurface by using the scale of 
the map. 

Ool'lvmnal'·section s7teet.-This sheet contains a 
19neon~ rods. concise description of the rock formations which 

Fig. a.-Symbols used to represent different kinds of rock. constitute the local record of ,geologic history. 
rrhe diagrams and yerlml statements form a Sl1In· 

The plateau in fig. 2 presents to,vard the lower mary of the facts relating to the character of the 
land an escarpment, 01" frontl "\v1li('h is made up rocks, to the thicknesses of the formations, and to 
of sandstones, forming' the cliffs, and ",hales, con· the order of accumulation of successive deposits. 
stituting the slopes, us sho\vn at the extrcme left The rocks are described under the correRpond. 
of the section. ing heading, and their characters are indicateil 1ll 

The broad belt of lower land is traversed by the columnar diagrams by appropriate Rymbols. 
several ridges, which are seen in the section t~ The thicknesses of formati.ons aTe given under 
correspond to beds of sandstone that rise to the the heading" Thickness in feet," in figllres which 
surface. The upturned edges of these beds form state the least and greate!'lt measurementR. The 
tIle ridges, and the intermediate valleys follow average thickness of each formation is shown in 
the outcrops of limestone and calcareous shales. the column, ,yhich is drawn to a scale-usually 

'Vhel'e the edges of the strata appear at the 1,000 feet to 1 inch. The order of accumulation 
surface their thickness can be measured und the of the sediments is shown in the columnar arrange. 
angles at which they dip belm,'- the surface can be lllent: the olde8t formation is placed at the 
ohserved. Thus their positions underground can Lottum of the column, the youngest at the top, 
be inferred. and igneous mek" or other formations, when 

1Vhen strata which are thus inclined are traced present, are indicated· in their proper relations. 
undergTound in miningl or hy inference, it is ire- The formations are combined into systems 
quently observed that tlley form troughs or arches, wIliclt correspond with the periods of geologic 
such as the section shows. Rut theRe sandstones, history. Thus the ages of the rocks are shown. 
shales, and. limestones were deposited lJeneath the and also the total thickness of each system. 
sea in nearly flat sheets. That they are now bent The intervals of time which correspond to 
and folded is regarded as proof that forces exist events of uplift and degradation and constitute 
which have from tilIle to time caused t.he ear-thls interruptions of deposition of sediments lllay be 
surface to wrinkle along certaiu zones. indicated graphically or hy the word "unconform· 

On the right of the sketch the section is com· ity," printed in the columnar section. 
posed of schists 1vhich are traversed by masses of Each formation shown in the columnar section 
igneous rock. The schists are much contorted is accompanied hy itll name, a description of its 
and their arrangement underground can not be eharacter, and its letter-symbol as lIsed in the 
jnferred. Hellce tllUt portion of the section maps and their legends. 
delineates what is probably tl'ue but is not I 
known by observation or well-founded inference. CHARLES D. \V ALCOTT, 

Tll flO" 9, thpT'P flT'P tnt·.,., ~.,t,~ .-.-F -F'-'T'mfl+i()ll~ /)i;·pd.o}· 



YELLOWSTONE NATIONAL PARK SHEETS. 
GENERAL DESCRIPTION. 

BY ARNOLl> HAGUE, 
(]l!.OI.OOISTIN CHAR<lE. 

GROG-.RAPHY. 

The area covered by the maps of the YeHow· 
stone National Park folio is represented upon 
four atlas slleets, known as the Gallatin, Canyon, 
Lake, and Shoshone sheets, and is embraced 
hetween the parallels of 44° and 45° north lati­
tude and the meridians of 110° and 111". It is 
situated in the northwest corner of the State of 
'\"yorning, and inc111rles 3,412 square miles. 

In 1871 Dr. F. V. Hayden, a United States 
geologist, explored this region, at that time com­
paratively un krHHvll, aceornpaTlied by a corps of 
skilled scientific assistants including geologists 
and topographical engineers. 'l'lleir explorations 
were eTllinently successful, and immeiliately 
attracted the attention of t}le world. It must 
always redound to the credit of Dr. Hayden that 
he appreciated the exceptional character of tIle 
region and the ad viRability of its forever being 
held intact by the General Govt'rnment. He 
laid the matter before the Congress of the United 
Rtates, and upon his earnest solicitation tile Yel­
lowstone National Park was established. 

By far the greater part of the Yellowstone 
Park is situated within the area of the foUl' atlas 
sheets, but a strip of country about 2~. miles in 
width lies to the nortll\'lard in Montana, and a 
still narrower belt extends along the \vestern side 
in Idaho and Montana. The eastern boundary of 
the Park, as defilled by law, is placed 10 miles 
east of the most eastern point of the Yello\ystone 
Lake. This eastern line nearly coincides ''lith 
the meridian of 110°_ The southern houndary 
lies 10 miles south of the lake, and is s}lOwn on 
the maps (Shoshone and J,ake sheets). 

In the organic act of 1872, defining the pur­
poses and boundaries of the Park, Oongress 
declared that the reservation was "oedicated and 
set apart as a public park and pleasure ground 
for the benefit and enjoyment of the veople." As 
defined by law', the area of the Yellowstone 
National Park includes 3,344: s(luare miles. 

All the country situated between the southern 
line of the Park and the parallel of 44° belongs 
to what is known as the Yellowstone Park Forest 
Reservation, set aside by proclamation of Presi­
dent Harrison on March 30, 18n, and therefore 
may be regarded as practically forming a part of 
the grand National reservation. The foul' atlas 
sheets may therefore he regarded as a unit and 
described as a single geographical area. 

TOPOGRAPHY. 

The central portion of tlJe Yello"\ystone Park 
may be described as a broad volcanic plateau 
between 7,200 and 8,300 feet above sea-level, with 
an average elevation of nearly B,OOO feet. Sur­
rounding this platean on the sout}l, east, north, 
and northwest rise mountain ranges Witll culmi­
nating peaks and ridges standing from 2,000 to 
4:,000 feet above the general leyel of the inclosed 
area. 'fhe Gallatin Range shuts in the Park on 
the north and northwest. It is a bold, pictur­
esque range of mountains extending from Mount 
Holmes, at the southern end, far northward into 
Montana, where it presents a sharply defineil 
ridge along the west side of Y ello,ystone Valley. 
Electric Peak, situated on the northern boundary 
of the Park, and the highest point of the range, 
attains an altitude of 11,100 feet. South of 
Mount Holmes the volcanic lavas which form the 
l\1adison Plateau stretch southward heyond tIle 
limits of the map. The Teton Range upon the 
south looms up grandly and forms one of the most 
prominent geographic features of the northern 
Rocky Mountains. The eastern \vall of this 
mountain mass rises with unrivaled boldness 
nearly 7,000 feet above JaCKson Lake, which lies 
immediately at its base in tbe open valley of 
Snake River. Northward the ridges of the 
Tetons fall away abruptly, and only the outlying 
bold spurs and footbills come within the lirnits of 
the forest reservation. To the east of the Tetons, 
across the broad valley of the Snake, stretches 
the Gros Ventre and ,Vind River ranges. The 
latter forms one of the most prominent orographic 

features of central v~lyoming, and is one of the the amount of precipitation is higher, and the 
longest and broadest ranges in the State, extend- mean annual temperature lower. Rain storms 
iog in a series of high alpine ridges well up occur frequently throughout tbe summer, while 
toward the Park. An outlying ridge within the snow is likely to fall at any time between Sep­
area of the map has been designated Big Game tember and May. Such climatic conditions favor 
Ridge, and the cullllinating point has long been forest development and the growth of luxuriant 
known as Mount Hancock. This mountain, grasses, together with a varied alpine verdure. 
situated just inside the southern line of the These conditions, with numerous mountain tor­
Park, bas an altitude of 10,100 feet above sea· rents, plateaus, lakes, and waterfalls deseending 
level, and commands one of the most picturesque from the table-land to the lo .... dand, add much to 
views of the adjacent country. the scenic attractions of the far-famed Yellow-

Along the entire eastern side of the Park stone Park. Owing to the elevation of the coun­
stretches the Absaroka Range, so called from the try and consequent severity of its climate, the 
Indian name of the Orow Nation. At Hs south· region is one unfit for agriculture and undesir­
em end the range is topographically so closely able for settlement, and as the Park and Forest 
connected ,,,ith the ,Vind River Hange by the Reservation are under Government supervision, 
\Vind HiveI' Plateau tIlUt any line of separation no person is allO\ved to reside there permanently 
between them must be drawn arbitrarily. The or without permit from the Secretary of the 
AbsllTokas trend in a nortll-south direction for Interior. Good roads traverse the country and 
more than 80 miles, forming au unbroken barrier substantial bridges span the rivers, hoth being 
along HIe entire eastern side of the Park. All the built and mailltained by the General Govern­
westel'll slope of the mountains and many of tbe ment. 
higher peaks come \vithin the Park limits, but GENERAL GEOLOGY. 

the great hody of the range lies to the eastward, ApoMan 1·ock,~.-The oldest rocks in this region 
presenting all uncommonly rugged group of are erystalline granites, gneisses, and schists of 
peaks and mountain masses, scored by deep varions kinds, and, like similar occurrences else­
canyons. Near the northeastern corner of the where, are assigned to the Archean age. They 
Park a eonfused mass of mountains connects the are thought to constitute the earlier rock forma­
Absarokas with the Snowy Range. The latter tions of the crust of the earth. The granites and 
range, high and alpine in character, as its name gneisses are for the most part coarsely crystalline, 
indicates, shuts in the Park on the north, itR west- and the entire series shows the effect of meta· 
ern foothills connecting with the outlying eastern morphism by pressure. No exposures of Archean 
spurs of tlle Gallatin Hange. Only the southern rocks are known in the central region, but they 
end of the SnO\vy Range falls within the borders oceur in connection with all the great mountain 
of the Park reservation. uplifts that encircle the Park plateau. In con-

Across the elevated platean inclosed by these sequence, they are found only near_ the borders of 
lIlountaiIls Jies the continelltal divide, separating the district, where, with the exception of those 
the waters 01 the Atlantic from those of the found in the Gallatin Hange, they represent out­
Pacinc. :Bntering the Park at the southeast COI'- lying portions of much larger masses. In the 
ner, it rHns "\vith an irregular course in a llorth- Snowy Hange they occur along the northern 
west direetion. Following along the top of Two border of the map, and are found on both sides 
Oeean Plateau, it skirts the northern escarpment of the Yellowstone for a long distance. Along 
of Flat ]\fountain, winds among the undulating Big Game Ridge and in the mountain mass of 
low ridges lying between Yellowstone and which vrildcat Peak is one of the culminating 
Shoshone lakes, and thence, with a broad sweep- points, no Archean roeks occur, but southward, 
ing eUl've around the streams running into the in the \Vind River Range, as in the Tetons, they 
latter lake, crosses the Madison Plateau and form the central body of the mountains. 
leaves the llark a sbOlt distance southwest of the Algonkiam rocks.-In the Rocky Mountains 
Upper Geyser Basin. north of the Yellowstone Park there rests uncon-

li'our large ri','ers drain this region. The Snake formably upon the Archean a series of sandstones 
carries off all the water on the south and west and slates whicll have been referred to the 
side of the great divide, and the YelloW'stone, 
Madison, alld Gallatin t}lat on the east and north. 
The Snake River drains somewhat more than one· 
quarter of the area. 'rwo tributaries of the Snake, 
Falls and Beehler rivers, run off on the west side 
of the Tetons, flowing into the main channel 
beyond the limits of the map. All other tribu­
taries from this region join the main stream before 
reaching Jackson Basin. 

The Yellowstone has its source among the 
snows of the Absaroka Hange and the Wind 
River Plateau. It enters the Park at the extreme 
southeast cornel', runs northwesterly for 30 miles 
before flowing into the lake, thence across Hay­
den Valley and t}mmgh the far-famed Grand 
Cnnyon of the Yellowstone, and nnally leaves the 
Park at its northern boundary. A large part of 
the central plateau is drained by the Firehole and 
Gibbon rivers, "\\"ll"ieh nnite to make the Madison. 
The latter river, running llearly due west, cuts a 
deep gorge through the Madison Plateau, and, 
after a 'winding eourse, pours its waters into the 
Missoul'i at Three Forks. 'nthin the Park the 
Gallatin drains a mudl smaller region than any 
other of the large rivers, being restricted to tbe 
western slope of the Gallatin Range, with a drain­
age of less than 80 square miles, and, like the Madi· 
son, it empties into the Missouri at Three Forks. 
Across the Park Plateau and the Absaroka Range 
the country presents an unbroken mountain mass 
over 75 miles in width, with an average elevation 
unsurpassed by any other area of equal extent in 
the northern Roeky Mountains. From its position 
it offers exceptional physical conditions for gather. 
ing the moisture·laden clouds, which, passing over 
the arid region, precipitate large quantities of 
snow and rain upon the cool table-land and 
adjacent -cotlDtry. The climate is in many ways 
quite unlike that found in the surrounding low 
country. As is shown by meteorological records, 

A 19onkian period, yielding as yet no organic 
remains. ,Vithin the Park, rocks provisionally 
assigned to the Algonkian period do not occur 
associated with the older granites and gneisseR. 
They occupy limited and isolated areas, for the 
most part buried beneath lava :flows, preventing 
their relations with other formations from being 
studied. The beds consist mainly of massive, 
dense, bluish-white quart,dte. They are recognized 
only in the southern end of the Park, and are 
best exposed upon tlle southern slope of Mount 
Sheridan. Their assignment to the AlgDnkian 
period is based largely upon the fact that similar 
rocks are unknown in the Pnleomic series, and no 
sedimentary rocks older than these quartzites 
are exposed in this region. 

Paleozoic awl Mesozoic 1'ook8.-Upon the 
Archean crystalline bodieR, "\vhich rose as islands 
or continental areas from a broad open sea, there 
was deposited unconformably a great thickness 
of sediments made up of sandstones, limestones, 
and clays. These overlying sediments present a 
conformable series of Paleozoic and Mesozoic 
strata extending from the base of the middle 
Cambrian, the lowest beds exposed, through the 
upper Cambrian, Silurian, De\~onian, Carbonifer­
ous, Juratrias, and Cretaceous, including the 
Laramie sandstone. They were laid down under 
varying physical conditions, partly as coarse 
material in shallow waters as inshore deposits, 
and in great part as finer sediments earried farther 
away from land and deposited in relatively deeper 
and quieter seas. 

During the I}aleozoic age, from the time of the 
middle Cambrian to the end of the Carboniferous, 
the accumulation of sediments attained a thick­
ness; as measured in the Gallatin Range, of 3,250 
feet. The basal beds resting directly upon the 
old continental land surfaces were formed from 
the detrital material derived from the disintegra-

tion of the schists and granites under atmospheric 
agencies. These earlier sediments everywhere 
consist of coarse quartz grains and fragmentary 
material of the underlying rocks. Over this 
comes somewhat finer and lighter material, carry­
ing mica and clay, the latter derived from the 
decomposition of the feldspars contained in the 
crystalline rocks. Overlying these latter beds 
the first caleareous sediments were deposited, 
associated with quartz and mica and carrying Jess 
and less foreign material, until beds of nearly 
pure limestone made their appearanee. In- these 
beds occur the nrst remains of a marine fauna, 
showing a grouping of species characteristic of 
the middle Cambrian period. From the base of 
this limestone to the top of the Madison forma­
tion - the great limestone body of the Carbon­
iferous period in the northern Rocky Mountains­
the beds consist almost wholly of calcareous 
deposltR, varying eonsiderably, llO-wevcr, in the 
purity of tlleir sedimentation, some of them 
arenaceous, others more or less argillaceous, ,'{hile 
still others are marked by the presence of ferru· 
ginous material and belts of cherty and nodular 
limestones. Differences of color, mode of bed­
ding, ana a tendency of certain beds to assume a 
shaly structure, render it possible to separate this 
great body of limestone into a serieR of beds. 
Many of them are easily recognized and their 
geological position determined wherever they are 
exposed. One of these characteristic beds in the 
Cambrian has been designated the Mottled lime­
stone, so named from the irregular dark-gray and 
brown lenticular patches scattered through it. It 
is a persistent horizon, easily traced far beyond 
the limits of the Park region. No well-preserved 
organic remains have been found in it, but tbe 
fauna found below it has been referred by MI'. 
O. D. Walcott to the middle Cambrian, while all 
fossils immediately above tbis horizon in tbe 
Gallatin Range belong to the upper OambI'ian. 
The Cambrian has an estimated thickness of 860 
feet. 

The beds assigned to the Silurian consist of 
dark-colored, massive limestones, for the most 
part sharply defined lithologically, but in the 
Hallatin Range poorly defined by organic remainR. 
As the Cambrian limestone passes into that of 
the Silurian without any marked change of 
deposition, it is natural that conditions favorable 
to the development of many preexisting species 
should continue upward into higher hori7.ons, and 
that there should be a commingling of both the 
Cambrian and tbe Silurian species. In many locali­
ties only organic forms common to both periods 
have been obtaiJle,d in the 160 feet aRsigned to 
the Silurian. In the same way, at other localities 
the species found near the top are such as have 
a wide range and might occur in both Silurian 
and Devonian rocks. Again, without any appar­
ent interruption in the continuity of the oceanic 
Rediments other than by occasional more or less 
shaly beds, the limestones for the }lext 190 feet 
are sharply defined by marine fauna carrying 
such species as Atrypa l'eticulari8 and Pachy­
phyllum woodrnan,/, charaeteristic of the Devonian. 

Nearly 01' quite one-half the sediments of the 
Paleozoic sea in this region consist of Carbonifer­
ous limestones. They have been desif,l'llated the 
Madison limeRtone, and present a great thickness 
of beds laid down under fairly uniforn conditions. 
In the uplifted areas they play a conspicuous 
part in mountain building, forming the summits 
of many high peaks. Fossil remains character­
istic of the lower Carboniferous occur throughout 
the limestone, many of the species showing a 
wide vertical range, as might be expeeted in sueh 
uniform beds. In the Park region the fauna of 
the Carboniferous is much the sume wherever 
obtained, and several species, among them 
Chonetes loganensis and SpfJ'ifeJ' cent;l'Onat118, 
occur at a number of localities. 

At the close of the Madison period the lime­
stone-making epoch of the Paleozoie sea came to 
an end. Marked changes took place in the sedi­
mentation, and siliceous material began to aceumu­
late. At first the deposited quart,,; grains were 
accompanied by calcareous material, which gradu­
ally gave way to pure siliceous beds. These have 
been designated the Quadrant quartzites. Near 
the top impure beds again came in, showing a 



mingling of calcareous and arenaceous material, 
but apparently devoid of life. With the end of 
the siliceous deposition the great accumulation of 
sediments deposited in a llaleozoic sea came to a 
close. In a series of conformable beds unfavor· 
able for the preservation of organic remains, it is 
difficult to say just where the line of separation 
between the Paleozoic and Mesoic rocks should 
be dra,Yn. In some localities in the northern 
l{ocky Mountains the well.recognized Quadrant 
quartzites are followed by a limestone carrying 
Carboniferous fossils, but in this region such 
characteristic limestones are wanting. The beds 
immediately overlying the quartzites constitute 
in general a grouping of thinly bedded cherts 
and argillaceous shales by no means easy to cor· 
relate in the different areas, indicating variable 
conditions of deposition within limited areas: The 
only fossils yet obtained from these cherty beds 
are a few specimens of linguloid shells of little 
value in determining the age of the strata. These 
cherty and shaly beds are followed by red shales 
and sandstones forming a very persistent and 
sharply defined horizon south of the .Park " They 
are overlain by a series of limestones, sandstones, 
marls, and clays, all of them more or less arena· 
ceous, constituting a group of beds known as 
the Ellis formation, with a maximum thickness 
of only 200 feet. These indicate constantly 
changing conditions of sedimentation, and carry 
throughout a varied marine fauna of character. 
istic Jurassic species. Among them may be men· 
tioned Plewromya subcmnpressa, and Rhynchon. 
ella myrima. 

The Ellis formation is followed by decidedly 
arenaceous deposits, varying from medium-grained 
sandstone to coarse conglomerate. They are 
known as the Dakota sandstone and conglomer. 
ate. In this region, as elsewhere, the horizon is 
regarded as the base of the Cretaceous period. 
In the Park the conglomerates form the most 
conspicuous portion of the beds, made up for the 
most part of smooth waterworn pebbles finlily 
compacted together. They are evidently shallow­
water, in·shore deposits. Associated with the 
conglomerates in the Gallatin Range occur a few 
feet of dark-gray limestone, in places filled with 
fresh·water gasteropods. It is evident that the 
limestone was deposited in a land·locked area, 
and as no fresh·water Jurassic fauna has heen 
recognh:ed in tbis" region it indicates the first 
appearance of fresh·water life. 

The middle Cretaceous, or Oolorado formation, 
shows evidences of a deeper sea throughout it 
long period of alternating ferruginous sandstOIles 
and cluy shales, the latter greatly pretiominating. 
Associated with them are occasional limestone 
Rtrata. A marine fauna occurs at different hori· 
zons from base to summit. Fragmentary plant 
remains, evidently transported for considerable 
distances from neighboring land areas, are by no 
means uncommon in the shales. In distinction to 
the Colorado, the overlying )[ontana formation is 
essentially a sandstone, and, considering its great 
thickness, was evidently deposited under fairly 
uniform conditions. This is so marked that on 
Big Game Ridge and in the region of Huckle· 
berry Mountain it is impossible to differentiate 
Pierre shales from Fox Hill sandstones. The 
conditions governing deposition being similar, it 
is natural to find that life continued much the 
same, and as a matter of fact it is found difficult 
to separate by their faunas formations elsewhere 
clearly defined. There is a decided mingling of 
a marine fauna throughout the Montana epoch. 

The I~aramie, essentially a sandstone formation, 
is far less uniform in its sedimentation than the 
underlying Montana. The sandy beds are less 
pure and frequently intercalated :with bedR of 
clay and shale. It bears evidence of shall01,{' 
water deposits and constantly changing con· 
ditions of land to water. In the Laramie occur 
the great coal.bearing beds which have proved of 
such importance in the development of the 
country northward in Montana. In this region 
occur seams of bituminous clays and impure 
coals of little economic value, but showing physi. 
cal conditions favorable to its formation similar 
to those found elsewhere. The Laramie has fur· 
nished a varied flora and a cllaracteristic fauna of 
brackish·water types. All these conditions fore· 
shadowed marked changes in the geological 
development of continental areas. 

Post·L(JIJ'aJlnie movement.-",Vith the close of 
the deposition of the ,Laramie sandstone the con· 
formable series of Paleozoic and Mesozoic strata 

came to an end. The entire region was once mentary formation of Tertiary age in the Park Denudation of these early basic breccias has 
more elevated above the sea. The strata were are beds of waterworn conglomerate and friable taken place on a grand scale. Deep canyons 
plicated and folded. The region became one of sands exposed in the walls" of the Grand Canyon were trenched and a vast amount of volcanic 
profound dynamic action and a center of moun· and in the valley of Lamar River, in both cases ejectamenta carried away. ",Vith material so 
tain.building on a grand scale. So far as the age o,~erlain by basalt. In the Grand Canyon they varied in texture, erosion has produced many 
of these mountains encircling the Park is con- are both overlain and underlain by basalt. They curious rock forms peculiar to the interbedded 
cerned, evidence goes to show that upheaval was: were deposited after the outbursts of andesitic breccias, agglomerates, and mud flows which make 
contemporaneous in all of them and coincident: breccia, but before the great flows of rhyolite up this group of lavas. Bowlders and irregular 
with dynamic influences which uplifted other which covered the country were poured out, so masses of dense basic rocks, withstanding erosion 
north·and-south ranges stretching across ",Vyom. that their ,geological position with reference to better than the more friahle cementing materiaJ, 
ing and Montana. These orographic movements the igneous rocks is \yell determined. They are have protected the underlying rocks and have 
blocked out for the most part the Rocky Moun· of slight importance in themselves, seldom exceed· produced the most fantastic and ever.changing 
tains after the close of the Laramie epoch. 'rhere iug 50 feet in thickness, and t}ley cover limited forms of rock sculpture. This rock sculpturing 
is evidence, however, to show that in the region areas. is well exposed in the Hoodoo Rasin, at the head 
of the Park powerful faulting and displacement, Volcanic pedod.-Throughout post· Cretaceous of Lamar River, in the Absaroka Range, just 
accompanied by continental elevation, prolonged' time the Yellqwstone Park region was character· east of the Park boundary. These grotesque 
the work of mountain.building through the i7Jed by great ;volcanic energy, enOl1nous volumes forms of erosion are strikingly shown in fig. I, 
Cretaceous and the greater part of Tertiary time. of eruptive material being poured out during the where the so·called hoodoos stand out boldly OIl 

But sitch orogra.pllic movements must be neccs· Eocene and N:eocene periods, but probably not the brink of a profound canyon wall. 
sarily greatly obscured by the accumulation of extending into Pleistocene time, at least not after That the duration of the earlier eruptions of 
lavas that cover the Park region. For instance, the appearanc~ of glacial ice. Active volcanoes acid and hasic breccias and agglomerates con· 
the post.Cretaceous tll0vement 'vhi~h uplifted the surrounded the ',Park on the east, north, and west, tinued throughout a long period of tin1€' is made 
Livingston formation northward in Montana can and broke out iIi the central region. The greater evident by plant remains preserved in volcanic 
not be recognized as such, although it would. part of the Absaroka Range as seen to.day \vas as}les and in mud -flows associated with the eoarsE:'f 
,seem more than probahle that it must ha\Te built up by vast accumulations of volcanic breccias and more 01' less compacted lavas. :Much 
exerted a powerful influence in all adjacent con· ejectamenta, and the depressed basin lying of this plant material is in an excellent state of 
tinental areas. between the encil'cling ranges was filled to its preservation, and it is in these beds that the well· 

The Galllltin is the only range formed mainly present elevation" by f!O\vs of rhyolite, forming known fossil floras occur. In the acid lavas a 
~f Paleozoic and 1fesozoic rocks that is embraced the present 1'ark Plateau. distinct flora has been discovered in a number of 
within the area of the map. Structurally the Amongst the oldest igneous rocks in the Park localities upon both sides of the Yellowstone 
sedimentary beds present a hroad syncline com· are those found jn the Gallatin Range, where River. In the escarpments along the west side of 
pressed bet\veen two g]'and Archean bodies. Only they occur as int'rusive bodies in the form of Lamar Valley the forest and plant.bearing beds 
the nortllerly dipping beds of this syncline come massive laccoliths, as intercalated sheets forced are admirably displayed, erosion having cut 
~yithin the Park, the axis of the fold lying still between sedimentar~y strata, and as dikes of vary· numerous lateral ravines in the eruptive material 
northward beyond Electric I)eak. Along the ing widths cutting older"rocks. -The intercalated of the basic lavas. Many trees are still standing 
southern borders of tlle Snowy Range the sedi. sheets freqll€ntly pass from one bed to another, in upright positions, others lie horizontal, firmly 
mentary rocks lie gently inclined toward the and then resemble normal dikes. All these imbedded in the layers of volcanic muds and 
Park. In the northern end of the Absaroka intrusive bodies penetrate sedimentary beds of all ashes. The section across the beds exposed" by 
Range the strata dip uniformly southward and ages from the middle Cambrian to the Laramie. the ra\'ines measures nearly 2,000 feet in thick­
rapidly pass beneath igneous rocks. Rig Game ",Vhile these early intrusive bodies show consider· ness, with evidence of a fossil flora from base to 
Ridge and the region of country of which Huckle· able variation in mode of occurrence, they pos· summit. 
berry Mountain is the culminating peak are scss a chemical composition intermediate between Large collections have heen made from tlle 
formed of compressed and folded :Mesozoic strata basic and acid magmas, and have been grouped extensive fossil floras found in the P3J'k, and all 
broken up by pl'Ofound longitudinal faults. Out· together under the designation of andesite·por. the material has been referred to Prof. F. II. 
bursts of igneous rocks have complicated and in phyry. Similar rocks may occur elsewhere in the Knowlton for study and identification. From 
~nany instances obscllred the strllcture. In the Park, but if so they are limited in their exposures tllis rich field of research nearly 150 species lJave 
Tetons tlle entire series of conformable strata lies or else are buried beneath later extrusive flows. been determined, of which more than one·half are 
steeply inclined as a broad anticline curving Next in order of succession in the Gallatin Hange new to science. 'rhe new species are fairly well 
around the northern end of a massive A,'chean comes the more acid (or siliceous) rock, dacite· divided between the two groups of rocks, and 
body which extends far southward into \-V"yoming. porphyry. It occurs as a laccolitllic body younger only a few of them, so far as known, are common 

Volcanic energy, which later played so import- than the andesite.porphyry, as Sho\Yll both at to both. Of the species found in these lavas pre· 
ant a part in the geological dev.elopment of the }Iollnt Holmes and at Echo Peak. Similar viously described as occurring elsewhere, only 5 
region, was probably intimately connected with masses elsewhere in the Park are too much are common, to both the acid and basic breccias. 
the post.Laramie movement, and followed closely obscured by later rhyolite flows to present any The flora from the acid breccia is so closely 
upon the elevation of the mountains and the field evidence of their relations to earlier igneous allied to that obtained from the Fort Union beds 
accompanying disloeation and compression of masses. Electric Peak, situated in the Gallatin near the mouth of. the Yellowstone River iTI 
sedimentary beds. The eruptive masses forcing Range, lies partly within the area of the map, Montana, that they are regarded as identical in 
their way upward followed lines of least resist· but in great part beyond its border. It ,,"'as the age, and are consequently referred to the Eocene 
anee, along planes of faulting or wherever strain center of volcanic enerf:,"J continued throughout a period. 
had been great.est in the crumpled sediments. long period of time. The eruptive material, At several localities along the contact of the 

Eocene'l'Ocks.-Between tlle h]ocl(lng out of the presenting a great variety of igneous rocks, acid a~d basic breccills between Yanceys Station 
mountains at the close of the Laramie and the occurs as intrusive bodies penetrating the shale and Crystal Oreek there occurs a flora distinct in 
pouring out of vast eruptiOlIS of igneouR rocks and sandstone strata of the Colorado and Montana its grouping of species from that which is found 
there were deposited certain strata, whieh in the formations. As the area represented by them is either in the acid breccia helow or the basic 
Park region aTe limited to the southeast corner small, they llave been grouped together under breccia above. The :flora from this limited area 
(Lake sheet). Here are found, rest-ing uncon· one color and designated the Electric eruptives. carries 30 species, of which more than one-half 
form ably upon the tilted" and eroded sandstones The early eruptions are probably closely related are new to science, and of those previously 
of the Laramie epoch, u series of nearly horil'lontal to the intrusb"e masses southward in the Gallatin described many have a wide geological distribu­
beds which have bBen designated the Pinyon con· Range, while the JuteI' ones are apparently con· tion. '1'his grouping of trees has been designated 
glomerate, flamed from the mountain where they nected with the extrusive, basic breccias of the Intermediate :flora, and is regarded as belong. 
are best exposed, on the d-ivide between 1\T 01- Sepulchre Mountain. ing to the base of the N eocene period. The flora 
\'erine and Gravel creeks. Nine·tenths of this Extrusive lavas, or those that have been forced from the basic breccia which is so characteristic­
material consists of waterworn pebbles mingled out and cooled near the surface, covel' hy far the ally developed at the Fossil Forest is of sti1l1ater 
with sand and grave1. Associated with them are greater part of the Park area. From Sepulchre age. It has been named the Lamar flora. 
fragmentary pieces of rock derived from the I Mountain eastl'{ard along the northern boundary Among other charact.eristic species found imbed· 
underlying Mesmr,oic strata, with occasional well· of the Park, and in the northern end of the ded in the acid breccias at Crescent Hill and along 
rounded pebbles of volcanic origin, together with Absaroka Range, occur areas of acid andesitic Yellowstone River near Hellroaring Oreek aJ'e 
granite and gneiss. This material has accumu· breccias and flows consisting mainly of hom· the following: SapindlJ.,~ Cornus acumi· 
lated to a thickness of nearly 600 feet, and is blende·andesite and hornblende· mica-andesite. nata, Populus speciosa, coutt,~i()3. 

elearly a shaJIow·water, in-shore deposit, as it is They al'e among the oldest of the extrusive lavas I From the Intermediate the following ruay 
far too coarse to have been transported to any of this region. They occupy relatively small be mentioned as characteristic: mono 
great distance. As regards thejr age, these con· areas, owing to the accumulation of later eruptive Laurinoxylon 
glomerates have been provisionally referred to material, and in T\10~t instances are exposed only ium, P~Dul"Wlllon 
the Eocene period, since they were deposited suh· by erosion of the overlying lavas. Intimately }'rom collections from the Fossil 
sequent to the Laramie upheaval and must have associated with them, but of later age, occurs a Forest there may be selected the following speci~s 
preceded the acculllulation of \-Tolcanic rocks. If vast accumulation of basic breccias, agglomerates, as typi-cal of a much higher horizon: Platanus 
not older than the volcanic lavas, they would and mud flows. Interbedded in these later guillel1n(JJ, Laurus calij'ornica, Magnolia 8pecta­
certainly eontain large quant.ities of the basic breccias occur flows of compact basalt, varying bilis, PlanfYJ'a wngij'olia, Aralia 'wliitneyi. 
breccias of the A bsaroka Range and of the acid in extent and of greater or less thickness. This The trunks of two well.preserved silicified trees, 
rhyolites of the Park Plateau. They show no mass of breccias was piled up to a thickness of for the most part laid hare by erosion, but with 
evidences of either, but on the contrary are over· several thousand feet, and forms a greater part of their roots firmly imbedded in coarse breccia," are 
lain by both in the neighborhood of Pinyon Peak. the northern end of the Absaroka Range, extend· shown in fig. 2. Nea.r by stands a bold crag of 
These gravels aTe the northern extension of much ing eastward far beyond the limits of the park.! hreccia which conveys a good impression of the 
larger areas occurring in the ",Vind River Moun· Throughout the greater part of this area all easily eroded volcanic material. These treesy 

tains. earlier rock formations were buried beneath these with others in the immediate neighborhood, may 
Neocene 1'ocks.-The only other strictly sedi· volcanic accumulations. be easily seen in the bluff which overlooks Lam3.l"· 



Valley near 'Crystal Creek on Specimen Ridge,. 
At Sunset Peak, in the Snowy Range, beyond 

the limits of the Park, occur one or two outflows 
of acid lava closely related to the early basic 
breccias. They have been designated trachytic 
rhyolite from their resemblance to both these 
types of rock. Simi1ar bodies occur along the 
Yellowstone VaHey within the Park, where their 
relations to both the older and the younger rocks 
are probably much the same, although their geo­
logical relations are not always easily made out. 
In places they are overlain by basalt, but the 
re1ative age of the latter is not well determlned. 
In the southern end of the Absaroka Range other 
bodies of similar minera1 composition are recog· 
nized, but they occupy very limited areas, and 
only one occurrence is indicated on the map. 

!-lesting directly upon the early basic breccia 
comes a series of basalt flows, pHed up one upon 
another till in places they attain a thickness of 
] ,000 feet. These basalts form the tops of many 
of the higher summits of the Absaroka Range, 
appearing as broao, table·like masses with vertical 
,ya1ls. They are remnants of a much larger field. 
They may be observed on both sides of tbe 
Lamar HiveI', where they form the somber escarp· 
ments exposed a10ng the west side of Mirror 
Plateau. From the latter p1ateau they present a 
continuous body nearly as far southward. as the 
southern limit of the early basic breccias 
tenninate in the Signal Hills east of Yellowstone 
Lake. In determining the relative age of 
eruptive masses these early basalt fields play an 
important part, as they overlie the ear1y series of 
acid and basic breccias and underlie a somewhat 

eruption of the rhyolite are known, the two prin. side of the river low kn'ohs of dacite are partially I basalt sheets, both near the top and the bottom, 
cipal sources being the grand volcano of which concealed beneath the flows of rhyolite forming I and followed by the more recent basalts, which, as 
Mount ",Vashburn is now the culminating peak, the slopes of Huckleberry and Wildcat moun-I' far as can be tol~ brought to a close the volcanic 
and the Sheridan volcano, of which Mount Sheri. tains. At one time this dacite was probably com- , period in the Park country. The section also 
dan is the central point. On all sides the long pletely buried beneath the later rhyolite. i brings out the relation of the Pleistocene deposits 
slopes of the preexisting ranges were submerged Some thin flows of basalt were forced to the, of still later age to the igneous rocks. 
beneath the rhyolite. It rests against the deeply surface before the completion of the rhyolite I The Glacial epoch.-With the last -of the 
eroded slopes of the Absaroka Range and buries eruptions, flows of the latter rock overlying the basaltic eruptions volcanic energy came to a close. 
the outlying low spurs of the Teton Range and former at several localities, notably along the I That it lasted weIi through the PJiocene period 
Big Game Ridge. On both the east and -west Grand Canyon of the Yellowstone neal' Tower I seems probable, but there is slight evidence of 
sides of the Gallatin Range the rhyolite encircles Creek. In general the large masses of basaltic I its continuation during or after Glacial time. 
the sedimentary beds at about the same level. lava were poured out after the cessation of rhyo. After the dying out of the basalts came the 
The rhyolites of the Park have been referred to litic activity. These recent basalt bodies occur g1acial ice. rl'he Park and adjacent mountains 
the N eocene peribd, although no plant remains or I near the outer edge of the rhyolite p1ateau, and constitute such a broad mass of high country 
invertebrate fossils have as yet been found asso· I are well shown about Bunsen Peak and in Falls favorab1e to the precipitation of moisture that the 
ciated with them. Strong evidence as to their, River Basin. Occasionally they cut the rhy01ite entire plateau was in Glacial time buried beneath 
age, however, has been obtained from the Canyon I in the form of dikes, but in no single instance is a heavy capping of ice, constituting one of the 
conglomerate exposed in the Grand Canyon of there an extrusive flow of basalt in the central largest of the many glacial centers occurring in 
the Yellowstone just north of Tower Creek. the Rocky Mountain region south of the conti· 
Here a fe,,, vertebrate remains were collected, nental ice sheet. The ice sheet broadened. preex. 
which, though fragmentary, were sufficient to isting drainage channels, opened new waterways, 
enable Prof. O. C. Marsh to d.etermine them as and deepened profound gorges through the rhyo. 
be10nging to the ske1eton of a fossil horse of lite lavas. GIMial lakes, terminal moraines, 
Pliocene time. Overlying this conglomerate is a kames, and nearly all the phenomena of ice action 
thin flo-..y of basalt, in turn covered hy rhyolite, usually seen in high glaciated regions may be 
a portion of the great rhyolite field. In the con· found here. . 
glomerate careful search failed to find any frag. From the Absaroka Range glaciers -were forced 
ments of rhyolite, proving that none were present down into the Lamar and Yellowstone valleys, 
in the 'region when the deposits were laid down. thence westward over the top of Mount Everts to 
As the basalt, conglomerate, and rhyolite appear the Mammoth Hot Springs Basin. On the opposite 
in the walls on both sides of the river, it is evi~ i side of the Park the ice from the summit of the 
dent that they were deposited before the canyon I Gallatin !-lange moved eastward across Swan 
was cut. Valley, and, passing over the top of '1'errace 

The Grand Canyon of the Yellowstone is a I Mountain," joined the ice mass coming from the 
magnificent .and picturesque gorge penetrating I' east. The united ice sheet ploughed its way 
deeply into the volcanic rocks of the Park northward to the lower Yellowstone, where the 
Plateau. An excellent picture of the canyon, broad valley may be seen strewn with material 

flows. The surface relations of .these reproduced from a large photograph, is shown in transported from both the east and west rims of 
eruptive bodies are well shown from Pelican fig. 3. It presents on a grand. scale a remarkable the Park. This g1acier has been named the 
Cone eastward to Lamar Valley (Canyon sheet). illustration of recent canyon.cutting, being later Yellowstone g1Mier. Another glacier having its 

The second series of acid and basic breccias than the rhyolites and basalts of Pliocene age. source on the plateau moved southward down the 
bears the closest resemblance in mode' of occut'· The Yellowstone River, leaving Yellowstone Lake broad valley of the Snake, receiving tributaries 
rellce to the early series, and Prof. J. P. Iddings at its broad outlet, flows northward through an from both the Wind River and the Teton ranges. 
has shown that in minera1 composition they are open valley for about 15 miles, then suddenly I , It has b~en designated the Snake glacier. 
much the same. Un1ike the early acid breccias, plunges, by two impressive waterfalls, respec. I An instance of the transporting power and mag· 
the late acid breccias are not so deeply buried tive1y 110 and 312 feet in height, into the Grand I nitude of these ice ~elds is shown in the granite 
beneath more recent lavas, but form the tops of Canyon. All that portion of the canyon repre. bowlder which rests upon the rhyolite near the 
many high peaks and cover broad areas along the sented in the picture has been excavated out of brink of the Grand Canyon about 3 miles below 
summit of the range, extending from Pelican the rhyolite, which, however, still forms the under. the Falls of the Yellowstone. '1'his massive block 
Cone southward for 30 miles. lying rock of the river. The wans of the canyon measures 24 feet in length by 20 feet in breadth, 

The late basic breccias resting upon the more rise with more or less abruptness 800 to 1,100 and stands 18 feet above its base. It came froni 
acid outbursts make up the entire southern por· feet above the rus}ling, turbu1ent stream at the the Soo'wy Hange. Fig. 10 is a reproduction from 
tion of the Absaroka Range, stretching south· bottom of the gorge, as clearly indicated in the ao excellent photograph of this majestic bowlder; 
ward far beyond the limits of the map, and form picture. which stands alone, hidden in the midst of the 
the top of the Wind River Plateau. The illustration hrings out strongly the relation coniferous forest, and consequently is rarely seen 

The successive flows and- beds of these later of the canyon to tI1eParkPlateau, the undulating f hy travelers, although easily accessible. 
basic breccias are nowhere more expressively surfaee of the rhyolite stretching far southward I In the Teton ltange, beyond the limits of the 
shown than in the magnificent escarpm"ent found in a series of monotonous ridges covered with a map, sman glaciers still exist, remnants of a mueh 
on both sides of the Upper Yellowstone somber coniferous forest. The vicinity of the I larger system, 'and in the Beartooth }.Iountains, 
above the Lake. In places these abrupt canyon has been an active center of hydrotherma1 to the northwest of the Park, nevo :fields stretch 
expose a thickness of over 2,000 feet of accumu· energy throughout a long period of time. Much for miles along the more elevated portion~. 
lated volcanic material. The west wall of Table of the exquisite beauty and impressive grandeur In the Absaroka Range just east of the Park, 
Mountain, with its irregular and turreted edge, is of the region comes from the brilliancy of color· but within the. forest reservation, a small glacier 
shown in fig. 11, presenting an excellent muska· ing' found in the canyon walls. Probably no lies in the amphitheater of the deep canyon of 
tion of this interesting geological structure, which other area of equal extent in the world affords so Sulphur Creek, one of the principal tribu~al'ies of 
forms a marked physical feature of the Yellow· varied and vivid a bit of natural c010r. Hot Sun1ight Creek. The glacier flows northward, 
stone Park and the Absaroka Range. springs, steam vents, and solfataras are still found and is protected from the direct rays of the sun 

Resting upon the 1ate acid and basic breccias along the river bank, remnants of a mucll earlier GENERALIZED SEC~~~LO°,);s.J6WE Ig~~~.us ROCKS OF THE and the warm winds from the south by bold 
are found numerous flows of dense hornbleude· and more powerful thermal activity. In the accompanying illustration there is given escarpments of volcanic breccia. It has been 
mica·andesite. As this rock 'withstands erosion The rhyolite walls from the bank of the river a generalized section, in their order of sue· named the Sunlight glacier, and, although limited 
better than the underlying breccias, it frequently to the brink of tIle canyon have everywhere cession, of the extrusive lavas of the Yellow- in extent, presents an the phenomena of an active 
occurs as the summit rock on several of the higher undergone decomposition by solfaturic and ther. stone Park, from the earliest acid breccias to the glacier. 
and isolated peaks of the range. Althoug]l mal agencies. Every product of decomposition top of the recent hasa1ts, as described in detail in Since the close of the Glacial period no geolog. 
covering relatively small areas, these occurrences may'be observed, from nearly fresh rhyolites to the text. At the hase of the section the upturned ical events hp,\'e brought about Ilny markeu 
note a distinct period in the phases of volcanic rocks completely a1tered to pure white kao1in. Laramie sandstones are, represented in high1y changes in the physical features of the Park other 
phenomena in the Absaroka Range, for, so far as Every shade 'and tint of red occurs on the canyon inclined ridges, with tIle Pinyon conglomerate than those produced by the active agencies of 
can be determined, no breccias followed their -out· walls, from delicate pink and salmon to a vivid resting horizontally upon them. Over the con· steam and thermal waters. A1though eruptions 
bursts. Indian red, the prevailing color being a deep glomerate comes the earlier series of acid and of lava ceased with the basa1t flows, unmistakahle 

Closely related to these andesitic flows are num· orange. 'rints of yellow and green are inter· basic breccia.J3, followed by the more acid trachytic evidences of undergroun~ heat are clearly visible 
erous dikes penetrating the breccias. In' the mingled with those of the prevailing red. rhyolite and the monotonously bedded early in the active hot springs, geysers, and solfataras 
region of Sylvan Pass they are especial1y abund· It is this ever.changing condition .of rock tex· basalt flows. The . latter, which spread over a of to.day. ~hese 'hydrotbe·rmal phenomena, 
ant, representing many types of igneous rocks. ture, brought about by these processes of decom· large area, mark a distinct period in the volcanic wllich are in it sense evidences of the', gradual 
While not necessari1y contemporaneous, some of 1 position, that has produced the varied and fantastic history of the region, resting directly upon the dying out of volcanic energy, have doubtless been 
them are known to cut the late basic breccias. 1 foims of rock sculpturing which present so char. early series of breccias, in turn followed by the active throughout along period of ~ime. A proof 
Owing to the small scale of the map, they are acteristic it feature of the Grand Canyon of the later acid and basic breccias. The Electric and of the antiquity of the earli~r hot.spring deposits 
grouped together under the designation Sylvan Yellowstone and which have made it so famous Sylvan intrusives, which in many ways resemble may be advanced, based upon ,the strongest geo· 
intrusives. throughout the world. each other, are repr~sented as penetrating the logical reasoning. 

After the cessation of the volcanic energy Closely related to the rhyolite, but insignificant breccias, the former those of' the older series in At 'l'el'race Mountain, Just w.est of _Mammoth 
which forced to the surface the andesitic and in their OCCUITence, are several sman exposures the neighborhood of E1ectric Peak, and the latter Ho~ Springs, the flat. summit is C!vel'lain by 
basaltic breccias and flows a long period of ero· of dacite found on both sides of Snake River, the later series in the Absaroka Range. rrhe deposits?f travertine, the' beds forming the bl~est 
sion followed. Then, with renewed activity, below the mouth of Lewis River (Shoshone hornblende·mica·andesite flows found capping portio~s .of the Mammoth Spring sediments. 
immense volumes of rhyolite were poured out, sheet). The'interest in them consists in the fact several of the prominent peaks in the Absarokas Lying upon the surface-of this travertine_ on the 
which converted the depressed basin lying that- they are -slightly more basic than the broad are represented -as overlying the entire hody of top of the m~U:ntain are found glacial bowlders 
between the surrounding ranges into the Park areas 'of the acid rhyolite, and apparently ante· breccias. Overlying the andesites come,the great brought from the suiniiiit of the Gapatin Hange, 
Plateau. Only a few large vents or centers of date them in ,the ,order of eruption, as on the east accumulations of rhyolite, with the interbedded 15 miles to the westward, which were transported 
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on an ice sheet across Swan Valley and deposited properly to designate them arsenical waters. 
on the top of the mountain '100 feet above the Arsenic is found in all the geyser waters, in 
intervening valley. These bowlders present a.mounte varying from .02 to .25 per cent of the 
ample evidence that the travertine is older than mineral matter in solution. The greater part of 
the glacier. this arsenic is probably present in the waters as 

Long-continued currents of thermal waters and soluble sodium arseniate. Coating the overflow 
acid vapors have acted as powerful agents in the channels from the hot pools, and incrusting the 
decomposition of the igneous rocks. They have rocks surrounding the springs, are frequently 
produced an indelible impression upon the surfac~ found arsenical minerals, such &8 the red and 
features of the plateau. Large areas of altered yellow sulphides of arsenic, realgar and orpiment, 
rhyolite and extinct soUatara indicate the former and scorodite, an Mseniate of iron. 
existence of still greater thermal activity before The number of thermal springs known in the 
historical time. Decomposition of rhyolite by Yellowstone Park exceeds 4,000. There are 
thermal waters and deposition of sediment by about 100 geysers in the Park. Between a geyser 
siliceous waters are extremely slow processes, and a hot spring no sharp definition can be drawn, 
judging from what ma.y be seen going on to-d.ay although a geyser may be defined as a hot spring 
in the different geyser basins. It is evident that throwing with intermittent action a column of 
to accomplish such changes, even through more water and steam into the air. A hot spring may 
intense action than the present, a long period of boil unceasingly without violent eruptive energyj 
time was required. This thermal activity is con- a geyser may lie dormant for years without any 
fined almost exclusively to the area of rhyolite explosive action and again break forth with 
eruptions, and it is probable that the few hot- renewed force. 
spring localities that lie beyond its limits are Old Faithful, in the Upper Geyser Basin, may 
closely connected with it by subterranean be regarded as typical in many ways of an active 
passages. It is these unrivaled hydrothermal geyser. The regularity of its eruptions, the 
manifestations and their close relations to vol- violence of its explosions, and the grace and 
canic eruptions, which are on a far grander scale beauty of its water column, make it one of the 
than those of either New Zealand or Iceland, that most admired of geysers. The illustration given 
have made the Yellowstone Park famous through- in fig. 6 represents Old Faithful in a state of 
out the world. eruption. The interval between eruptions aver-

The thermal waters of the Park may be classed ages 65 minutes. The period of eruption lasts 
under three heads: first, calC&l'eous waters hold- about 4t minutes, during which, it throws with 
ing calcium carbonate in solution j second, sili- great power into the air a column of water seldom 
ceous waters usually carrying free acid in solu- Jess than 95 feet and seldom ~xceeding 130 feet in 
tionj third, siliceous, alkaline waters rich in dis- height. The Giantess Geyser, also in the Upper 
solved silica. Geyser Basin, when in action is a far more power-

Calcareous waters, upon reaching the surface, ful geyser than Old Faithful, bnt plays with less 
have deposited immense quantities of calcium regularity, with in~ervals of nearly three weeks' 
c8J"bonate, the famous Mammoth Hot Springs duration. It has never built up a sinter cone, 
being built up almost entirely of travertine. but, on the contrary, presents a funnel-shaped 
With one or two exceptions, only siliceous waters crater or chasm that gradually fills to the brim, 
are found issuing from fissures in the rhyolite_ standing for several days with water slightly 
Areas of acid waters may easily be recognized by below the boiling point before explosive action 
the whitened and altered appearance of the rhy. takes place. The crater measures 35 feet across 
olite in the region of the vents, and in most its widest expansion, and is surrounded by a thin 
instances by efllorescent incrustations of alum and crust of laminated sinter, which projects over the 
brilliantly colored salts of iron, and not infre- sides of the basin. During the most violent erup­
quently by the presence of minute crystals of tions the column of water is thrown to a height 
yellow sulphur. These acid waters are char... of nearly 250 feet. The picture of the Giantess, 
terized by an astringent taste. Alkaline springs fig. 7, is 8. good illustration of a dormant geyser. 
present more of general interest than the acid 11lustrations or both active and dormant thennal 
waters, as it is only in connection with the former springs are well shown in :figs. 8 and 9. Chrome 
that the geyaers are found. They are the principal Springs, in Hayden Valley," is in a constant state 
waters of all the geyser basins and most of the of ebullition, boiling and bubbling with great 
h"ot-spring areas. Alkaline waters deposit mainly violence to a height or 2 :feet or more. The name 
amorphous silica. as siliceous sinter in an endless is suggested by the color of the water, which 
variety of forms, 88 shown around the geyser is due to finely disseminated sulphur held in 
vents and incrustations upon the surface and suspension by the agitated water_ Water slowly 
edges of the hot pools. These sinterB· form. the fiows from the rim of the spring, leaving a thin 
brilliant white deposits found over large areas in coating of siliceous sinter around the outside of 
all geyser basins. the pool. Black SlIDd Spring, in the Upper 

While deposits accumulated about the open Geyser Basin, on the contrary, is rarely agitated, 
vents vary greatly in appearance, due to the ever- and presents the appearance of a quiet pool not 
changing condition! under which they are laid unlike a dormant geyser. A thin crust of sinter 
down, it is always easy to distinguish the traver- encircles the edge of the pool in a way seldom 
tine and sinters from each other by their mode seen in other than comparatively still waters. 
of occurrence. Fig. 5 i8 a. reproduction from a The spring lies at the base of a gravel bench 
photograph of Minerva Terrace at the Mammoth largely made up of black obsidian 8&Dds derived 
Hot Springs, and illustrates the building up, one from rhyolite rooks. 
above another, of a series of terraces and shallow After the disappearance of the glacial ice she~ 
basins by the gradual deposition of calcic car- the only other geological events which impressed 
bonate. Minerva Terrace is one of the most themselves upon the physical features of the 
beautiful of the far-famed travertine deposits, Park are the lacustrine deposits and the still later 
and has for a long period of years poured out a alluvium. The lacustrine sediments attain prom­
steady flow of calcareous waters. inetice only on the border of that grand sheet of 

The Castle Geyser, situated in the Upper water, Yellowstone Lake, which at one period, 
Geyser Basin, shown in fig. 4, is a typical example after the melting of the ice, reached its maximum 
of siliceous sinter deposited. about the vent of one elevation of 160 feet above the present level of 
of the most characteristic, if not one of the most the lake. Evidences of such deposits are every­
powerful, geysers in the region. The terrace where to be seen in broad benches encircling the 
structure is wanting, the deposition being most Lake for the 100 milee of its circuitous shore. 
irregular, with a tendency to produce botryoidal These lacustrine deposits reach their maximum 
forms, piled up one upon another in a most con· elevation at about 8,000 feet above sea-level, the 
fused mass. present level of Yellowstone Lake being about 

After the deposition of the sinter from the 7,840 feet above the sea. The alluvium covers 
siliceous waters, nearly all the remaining mineral most of the river valleys and :Hood plains, and 
constituents, consisting mainly of salts of the partially iills the depressionB in the nndulating 
alkalies, for the most part very 801uble in water, surfaces of the rhyolite, 88 shown by the frequent 
are carried off by runnillg streams. In some meadow lands dotted over the. plateau. It is 
instances other mineral substances, such as oxides mainly derived from the disintegrtLtion of the 
of iron and manganese, are deposited around igneous rocks, and consists of gravels, sands, and 
orifices of thermal springs, but always in limited clays. It is in part older than the hot-spring 
quantities. Next to the silica held in solution bY, deposits, and partly younger, when it forms a 
these waters arsenic is the most interesting con- 10088 volcanic soil resting directly upon the light.. 
stituent, and is present in sufficient quantity colored sinter. 

SEDIMENTARY ROCKS. 

BY W.AI1I'ER HARVEY WEED. 

Sedimentary rocks appear in relatively limited 
areas within the boundaries of the Yellowstone 
Park, being for the most part buried beneath the 
lava :O.ows and volcanic accumulations of the 
region. They present, however, a prominent fea­
ture of the geology of the Park, as they fonn sev­
eral of the mountain ranges Which inclose the 
Park Plateau, while the smaH exposures rising 
above -the rhyolite :Hoor give an indication of their 
former extension over the entire district. 

The Paleozoic and Mesozoic rocks of this region 
embrace representations of all the grand divisions 
of geologic time from the Cambrian period to the 
Cretaceous. Leaving out the old Algonkian rock!, 
whose exact relations to the earliest formations of 
the Paleozoic age are not known, the conformable 
series begins at the base with middle Cambrian 
strata and is capped by beds of the Laramie 
(Cretaceous) epoch. The total thickness of con· 
formable sedimentary rocks in the Gallatin Range 
is nearly 9,000 feet, of which less than one-half 
formed during Paleozoic time. This is the most 
complete section of the conformable series of the 
Paleozoic and Mesozoic rocks to be found within 
the Park borders. 

The ooourrence of stratified rocks is largely 
confined to the mountainous regions of the Park. 
In the northeastern part of the reservation they 
have been deeply covered by the breccias of the 
Absaroka Range, recent erosion exposing them in 
the deeper valleys. In the GaUatin Range, within 
the Park area the sedimentary rocks dip uni· 
formly to tho north and a.re but slightly di .. 
turbed by numerous in~ru8ion8 of igneous rocb. 
To the eastward of this range Ii few exposures 
are . seen, notably at Mount Everts, but to the 
south no sedimentary rocks outcrop until the 
Birch Hills ar. reached. Still farther south they 
are exposed in the vicinity of Berry Creek, where 
the great anticlinal uplift of the Teton Range 
dies out. In the mountainous area about Mount 
Hancock the Cretaceous rocks attain their most 
conspicuous development. 

STRATA OF THE ALGON1ilA.N PERIOD. 

8luJrihn quar'-"ito. - Beds assigned to the 
Algonkian occupy very limited area. in the Park, 
and are found at only three localities. They a.re 
best exposed upon the slopes of Mount Sheridan, 
which has furnished the name for the formation. 
They are made up wholly of siliceous material, 
and for the most part consi!!!t of dense, bluish. 
white quartzite, weathering with rounded out­
lines and breaking with a conchoidal fracture. 
Bowlders of this rock may be seen strewn over a 
large area, having been transported southward by 
glacial ice. Similar quartzites ()u~rop near the 
shores of the Yellowstone Lake and on Flat 
Mountain, and at both these localitUls are over­
lain unconformably by the Ellis limestone. The 
third area is an obscure exposure west of Lewis 
River. 

STRATA OF THE CAMBRIAN PERIOD. 

Cambrian rocks occur in several of the,moun· 
tain ranges surrounding the Park and fonn the 
prominent terrane at the south end of the Galla­
tin Range. The strata consist of sandstone, shale, 
and limestone, the latter constituting the upper 
member. The basal sandstone rest!!! directly upon 
the Archean and includes many fragments of 
gneisses and schists of that age. The system is 
separable jnto the divisions known as the Flat.. 
head and the Gallatin fonnations, the two being 
distinguished by different fossil faunas, a sepa­
ration that is also defined by lithological differ· 
ences. 

FlatMad !fft'flUltion. - This group of beds, 
which takes its name :from exposures in the old 
Indian pass across the Bridger Range, inCludes 
the oldest fossiliferous rocks of the Park and con­
stitutes the base of tbe Paleozoic section. The 
lowest bed is a sandstone or quartzite, ul!lually 
weathering with a reddish or yellow tinge, and is 
frequently a conglomerate at the base. The 
shales of the Flathead formation lie above the 
quartzite, and consist of micaceous and arena­
ceous material, changing to an alteration of shale 
and thinly bedded limestone above. The latter 
are usually glauconitic and frequently conglomer­
atic with lime.tone pebbl... These rocks carry 

fossils of middle Cambrian type. The geriPTilI 
lithological character of the formation is quite 
COl18tant, but the shale and limestone attain 'BOme" 
what different proportions in the variQUS l'llIlges 
enclosing the Park. Good exposures occur at the 
south base of Antler Peak and at Beveral other 
localities in the Gallatin Range. The bed. .r. 
also exposed on Berry Creek at the norch end of 
the Teton Range, and in the walls of Slaugh 
Creek Canyon in the Absarokas. 

Gallatin litne8tmW.-This limestone is named 
from itA! typical occurrence in the Gallatin Range, 
:where it forms the upper part of the Cambrian 
series and has a thickness of 110 feet. It is 
essentially a series of limestones, more massively 
bedded than those of the underlying Fathead fol'­
mation, and forms the first prominent limestone 
bluff that rises above the Archean areas. The 
lowest bed is a massive limestone, varying from 
50 to 100 feet in thickness, characteristically 
mottled black and gray, and forming a readily 
recognizable and persistent horizon. Above this 
mottled limestone the rocks 8J'e more thinly bed­
ded, and carry fossils that are of distinctive 
upper Cambrian types. Good exposures O,ccnl' 
along Soda Butte and Slough creeks in the north­
western comer of the Park, in the Teton Range, 
as well as in the range from which the limestone 
takee its name. 

STRATA OF THE SILURIAN PERIOD. 

The rocks BMigned to this period have been 
recognized in all the Paleozoic areas of the Park; 
and aggregate about 160 feet of more or less 
itnpure and arenaceous limestone. The forma­
tion is named from. its occurrence in the Jefferson 
Range west of the Park. 

TIuJ Jeff ..... " Umeot01w.-This is composed of 
layers of dark-blue or black limestone alternating 
with brown granular lime.tone; the darker .rocks 
po ..... a strong fetid odor, and are distinctly 
crystalline. Th. brown beds ore usually markedly 
arenAceous. Fossils are rare. This horizon is 
prominent in the mountain ranges of Montana, 
where the limestone forms bold bluff ledges, and 
weather! with a peculiarly rough and pitted sur· 
face. Good exposures occur in the' Gallatin 
Range at Antler Peak, and in the Teton area. in 
the gorge of Berry Creek. 

STRATA OF THE DEVONIAN PERIOD. 

The rocks of this period have been recognl.ed 
in the Park, but are seldom well exposed. 'Fhe 
best exposures are in the ranges to the north­
ward, where a typical Devonian fauna has been 
obtained from the shaly members of the forma· 
uo~ , 

TIuJ Thre8j'01'''' u....torM.-This formation, so 
named from its fine development near the june. 
tion of the three forks of the Missouri River, is 
in this r.egion genelillly a massive gray limestone 
esrrying cherty beds, with more thinly beddeil 
limestones that are argillaceous and -carry typical 
Devonian fossils. The Devonian has a thickness 
of 190 f.et. 

STRATA OF THE CARBONIFEROUS PERIOD. 

The Carboniferous rocks occnr in all the moun· 
tain ranges of the Park, and form a number of 
isolated areas that rise above the rhyo1ite plateau. 
The series consists of two divisions, lithologically 
dietinct, but characterized by a similar fossil 
fauna. The rock! constitute the great limestone 
terrane of the mountains, weathering into rough 
and ruggsd peaks that form the most· striking 
scenery of the ranges to the north and west. 
Contrasted with the softer Mesozoic beds the 
Carboniferous rocks rise in strong relief, but the 
separation from the underlying Devonian lime· 
stone is not 80 eardly recognized. 

1 IuJ Madist»> UmeliWne. - This formation is 
named from the mountain range of the same 
name west of the Park. It consists of 1,600 feet 
of limestone of varying color and composition, 
but characterized throughout by a very uniform 
f088il fauna of lower Carboniferous types. The 
formation is separable into two divisions. The 
lower division, embracing 1,200 feet of beds, eon­
sists of bluish, dark-gray, 01' dove·colored lime­
stones, well bedded, and often weathering in 
broad ilagttones. These rocks are sdmetimes 
coarsely crystalline, but normally dense and COIn­

pact, carrying an abundance of fossils. Impnre 
limel!ltones th&t might be classed as .calcareous 
!hales allJO occur, but do not form a prominent 



feature of the series. The limestones are :fr.6. 
quently cherty, but this is not ~ essential fea­
ture. 

The upper part of the Madison limestone dif· 
fers quite strongly in general character and 
appearance from these lower beds. The rocks 
are cream·colored or white, compact, and quite 
massively bedded. They weather in rugged and 
craggy blocks. Near the top the limestones 
possess a saccharoidal, sandy texture, and are fre­
quently brecciated. These granular limestones 
carry layers of red or purple earthy magnesian 
material, which often weather as brilliant red 
streaks. In the Gallatin Range the reddish beds 
occur irregularly distributed throughout the lime· 
stone, to which they impart a pink color. Fossils 
from this horizon are all of lower Carboniferous 
types. 

The Madison limestone is the great mountain­
forming formation of the sedimentary series, and 
is the most prominent horizon in all the Pale­
ozoic areas of the Park. The upper valley of the 
Gallatin River is cut out of these rocks, and they 
may be seen west of Swan Valley, forming the 
slopes of Quadrant Mountain. They are also 
prominent at the northern end of the Absaroka 
Range, in the spurs of the Teton Range, and east 
of the fault line that separates the Cretaceous 
beds of Big Game Ridge from the sedimentary 
rocks which lie to the westward of Two Ocean 
Plateau. 

The Qua<bwnt quart.ite.-This formstion con· 
sists of white, yellowish, and occasionally pink 
beds of quartzite, with intercalated beds of drab 
saccharoidal limestones. The quartzite is gener­
ally compact, occurs in beds from 4 to 25 feet in 
thickness, and weathers in massive blocks. More 
rarely it breaks into small fragments that form 
debris slopes, as seen in the Teton Range. The 
total thickness averages 400 feet in the Gallatin 
Range. In the southwest corner of the Park it 
is far less prominent than in the Gallatin, but its 
resistance to weathering makes it easily recogniz­
able, outcropping beneath the soft red clays of 
the Juratrias. It takes its name from the Quad­
rant Mountains in the Gallatin Range, where it is 
well developed and forms a picturesque bluff 
encircling the mountain. 

STRATA OF THE JURATRIAS PERIOD. 

The rocks of the Juratrias period embrace a 
thickness of several hundred feet of strata whose 
upper part is characterized by a typical marine 
Jurassic fauna. The Juratrias is divided into 
two formations: the underlying Teton formation, 
and the Ellis formation above. The two are 
clearly defined upon lithological grounds, the 
Teton being the probable equivalent of the well­
known Red Beds of Wyoming a~d Colorado. 

TluJ TetonJormation.-This formation takes its 
name from the imposing Teton Range. Within 
the Park it attains its most conspicuous develop­
ment along Snake River and on Red Creek. At 
the northern end of the Tetons and in the Gal­
latin Range, and at other localities, the series is 
thinner and the beds are very generally concealed 
by the soft clays into which they 80 readily 
weather. The formation consists of the basal 
sandstone, usually dull-brown in color and more 
or less calcareous, characterized by rods and rolls 
of white chert, and carrying interbedded gray 
limestones containing lingnloid shells. Above 
this basal bed are gray and greenish calcareous 
shales, often micaceous and capped by a red 
arenaceous shale that forms a conspicuous part of 
the formation. This series of beds is capped by 
a sandstone, generally bright-yellow, with red 
weathered surface, this rock delimiting the over­
lying Ellis formation. The thickness is estimated 
at over 400 feet in the Snake River region and 
200 feet in the Gallatin Range. 

The EUiBlormatWn.-This formation consti· 
tutes a series of fossili1erous beds carrying a 
Jurassic fauna. The formation consists of two 
divisions: a lower one, limestone, and an upper 
one, chiefly sandstone. The formation derives its 
name from the old military post near Bozeman in 
the Gallatin Valley. 

The limestones of the Ellis formation form its 
lower part. They are impure, argillaceous, gray 
limestones and shales, and carry marine fossils at 
several horizons. Good exposures occur north of 
Terrace Mountain and at a number of localities 
in the Gall~tin R~nge. 

The sandstone of the Ellis formation overlies 
the impure· limestones just noted. It varies 
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from a coarsely crystalline, quite pure limestone 
carrying an abundance of fossils-which are, 
however, generally fragmentary-to a true sand­
stone, often with conglomerate layers. Owing to 
its resistance to weathering, this sandstone is 
often well exposed resting on the slopes above 
the gray clays of the underlying series. 

STRATA OF THE CRETACEOUS PERIOD. 

Cretaceous rocks cover large areas along the 
southern borders of the map. Their aggregate 
thickness greatly exceeds that of all the Paleozoic 
strata of this region. The Dakota, Colorado, 
Montana, and Laramie formations, the four sub· 
divisions of this period, are all recognized, 
although the distinctions·are not always easily 
defined in the Teton and Wind River ranges. 
The Livingston rocks of the post-Laramie epoch, 
which are so greatly developed in the region 
north of the Park, are not found within its limits. 
The Cretaceous rocks differ materially from the 
older sedimentary rocks of the Park, consisting 
of sandstones and earthy shales with impure lime· 
stones, a series whose color, physical char&cters, 
and mode of weathering are all in strong contrast 
to those of the Paleozoic rocks. 

Tlw .Dakota 8andstone.-This formation consists 
of three members: a basal sandstone that is in 
part a conglomerate, overlain by sandy clays 
carrying a thin bed of fossiliferous fresh·water 
limestone, with a massively bedded quartzite at 
the top. The conglomerate is the characteristic 
feature of the Dakota, and wherever exposed 
throughout the Park region is a readily recogniz. 
able horizon. It consists of well.roundedf vari­
colored, firmly·cemented, siliceous pebbles, which 
break with the matrix. This conglomerate forms 
but a part of the basal sandstone, and its position 
in the beds varies at different localities. The 
fossiliferous limestone is filled with fresh-water 
fossils, and in the Gallatin Range affords a well­
determined horizon, but one which has not been 
reCognized in the Teton and Wind River ranges. 
The quartzite bed capping the formation is a 
cream·colored, dense rock that breaks into massive 
blocks in weathering. 

TluJ Cblorado.-This formation embraces the 
two subdivisions, Benton shales and Niobrara 
limestones, aggregating 2,000 feet in thickness in 
the Gallatin region and exceeding this in the 
southern ranges. These subdivisions are not 
recognizable in the Park, as the lithological 
characters are not sufficiently distinct, and the 
meager fauna does not warrant separation. The 
Benton shales consist of finely laminated, carbona­
ceous shales, seldom well defined, and carrying 
thin beds of impure sandstones. Good exposures 
are to be seen on the south face of Electric Peak, 
at the base of Mount Everts, along the Snake 
River near Mount Hancock, and on the flanks of 
the Tetons. Marine fossils and indistinct, vegeta­
ble remains characterize the beds. The Niobrara 
consists of calcareous, argillaceous beds carrying 
nodules of limestones with occasional thin beds 
of sandstones. The shales are lighter colored 
than the Benton, but. no line of separation can be 
established. Moreover, the beds are not well 
defined from the Pierre shales above. 

TluJ Montana.-This subdivision of the Creta­
ceous includes both the Pierre shales and the Fox 
Hill sandstones. It covers large areas along the 
southern part of the map, and occurs also along 
the northern border at Electric Peak and Mount 
Everts. The character of the beds varies widely 
between the northern and southern regions. In 
th·e region to the south, drained by the Snake 
River and its tributaries, the subdivisions of the 
Montana are poorly defined, the rock consisting 
mainly of yellowish sandstones. In the northern 
areas the lower member, Pierre shales, is quite 
clearly defined lithologically from the overlying 
Fox Hill sandstones. The Pierre beds consist of 
leaden-gray argillaceous shales carrying bowlder· 
like limestone masses. They are distinctly bed· 
ded, with wen.developed joint planes, producing 
abrupt cliff faces. The rocks weather readily to 
plastic clays, and are distinguished by the pres· 
ence of gypsum scattered through them and 
covering the outcrops with white efflorescence. 
Good exposures occur along the Gardiner River 
and in the bluff face of Mount Everts. In the 
southern areas these clays are not well exposed 
and the formation is essentially a sandstone. 

The Fox Hill sandstone, the upper member of 
the Montana, is. the predominant stratum of Big 
Game Ridge. In this area the rocks are yellow-

ish sandstones or varying degrees of hardness. 
The beds are singularly uniform in character, and 
carry fossils at several horizons. Along the 
northern border of the Park the Fox Hill is a 
series of argillaceous sandy shales and interbed­
ded sandstones. The latter are not persistent 
beds, but form lenticular bodies, rarely over a few 
hundred feet· in length and from 5 to 25 feet in 
thickness. This feature may be seen in the face 
of Mount Everts. In the Gallatin Range the Fox 
Hill is essentially the same, and usually may be 
distinguished from the underlying Pierre by its 
lighter color and greater resistance. to erosion. 

The Lar(J;'1"nie. - This formation consists of 
light-colored, grayish-yellow sandstones and inter· 
bedded shales. The sandstones are often cross 
bedded, of variable character, and formed essen· 
tially of quartzitic material. The shales are 
argillaceous, and frequently carry considerable 
carbonaceous material, in places developing into 
impure coal. In Montana the Laramie contains 
valuable seams of coal, the formation being the 
great coal.bearing horizon of the northern Rocky 
Mountains. 

Plant remains occur throughout the formation, 
and brackish·water fossils have been found at a 
number of localities. The Laramie forms the 
summit of Mount Everts and occurs along the 
northern boundary of the Park, but attains its 
greatest prominence in Big Game Ridge. The top 
of the Laramie is probably not exposed in this 
region, but there is a thickness of at least 600 
feet on the summit of Mount Everts, and a still 
greater development is found to the south. 

STRATA OF THE EOCENE PERIOD. 

Pinytm conglomerate.-The sedimentary beds 
referred to this period occupy limited areas and 
are found only in the southern end of the Park. 
They have been designated the Pinyon conglom. 
erate from the name of the mountain where they 
are best exposed.. They consist of a series of 
conglomerate beds with local intercalations of 
sandstone, the formation resting unconformably 
upon the upturned Laramie (Cretaceous). The 
congl<?merate is almost wholly made up of peb. 
bles, sometimes as large as 10 inches in diameter, 
of vari·colored quartzites, caITying occasional 
fragments of gneiss, and still more rarely a few 
polished pebbles of porphyry. The quartzite 
pebbles are mostly light.colored, but are associ. 
ated with others of widely contrasting sltades of 
red, purple, and green. They are well rounded 
and polished, and show indentations and sheared 
surfaces that are the result of pressure and move­
ment. The pebbles are cemented by a matrix of 
coarse sand, which passes in places into lenticular 
beds of sandstone. This sandstone is coarse and 
loosely compacted, and shows strong cross·bed· 
ding. 

STRATA OF THE NEOCENE PERIOD. 

The OWfl'Jltm Ctmfllomerate.-Rocks of the Neo­
cene period occupy still more restricted areas 
than those of the earlier Tertiary deposits. The 
Canyon conglomerate is named from its occur­
rence in the Grand Canyon of the Yellowstone, 
and consists of thinly bedded conglomerates and 
gravels, exposed only in stream cuttings along the 
Lamar River and the Grand Canyon. The beds 
are light-colored and are composed of well­
rounded pebbles of Archean gneisses and ande­
sitic material, derived frolD the underlying brec· 
cias, the latter greatly predominating. At both 
localities the beds are capped by recent basalt. 

DEPOSITS OF THE PLEISTOCENE PERIOD. 

GlacW1 Wilt.-Glacial drift covers large areas 
within the Park, but it has been indicated upon 
the map only in a few conspicuous instances. 
Gravel, sand, and bowlders of a great variety of 
crystalline, igneous, and sedimentary rocks are 
common throughout the glaciated areas. In Hay­
den and Pelican valleys extensive morainal 
deposits occur whose clays and loosely cemented. 
sands closely resemble lake beds. The uplands 
about Yellowstone Lake show extensive accumu­
lations of glacial sands heaped in typical morainal 
forms. The bowlder moraine at Junction Valley 
is -the most striking example of -this :variety of 
drift. The glacial heapings of Swan Valley and 
the sand hills east of the junction of the Firehole 
and Gibbon rivers are noteworthy occurrences of 
drift deposits due to glacial ice. 

Lacusw--ime depoBits. - The water·laid and 
assorted sands, gravels, and clays forming the 

terraces about Yellowstone Lake are all included 
under this designation. The beds are not consol­
idated, and· consist of glacial, waterworn material 
assorted by the lake waters when they stood at 
much higher levels than they do to-day. Th~se 
beds are formed of material derived from the 
adjacent uplands and transported. by the out· 
spreading ice sheets of the GJacial period to the 
shores of the ancient lake. 

AlZuvium.-The deposits included under this 
heading embrace the stream gravels, sands, and 
clays forming the stream bottoms and terrace 
lands found in all the larger valleys, together 
with accumulations of debris forming the allu­
vium cones and :fans found at the base of steep 
mountain slopes. Under this designation there 
are also found limited areas of diatomaceous 
earth, generally occurring in connection with 
centers of thermal waters. These deposits are 
usually covered by a thin layer of loose soil upon 
which grasses have grown up more or less luxuri· 
antly. 

HOT-SPRmG DEPOSITS. 

Areas indicated upon the map as hot.spring 
deposits include calcareous, siliceous, and solfa­
taric areas, both active and extinct. No distinc· 
tion has been made upon the map between depos. 
its formed by the hot waters and the areas of 
decomposed and altered rocks brought about by 
solfataric vapors. The latter are often difficult 
of precise delimitation, since the altered and 
unaltered rocks pass into each other by gradual 
transition. In a few cases solfataric areas which 
might be indicated on the map have not been 
discriminated as such; as in the Grand Canyon 
below the Falls of the Yellowstone a fine example 
of bleached and decomposed rhyolite, the result 
of solfataric activity, is colored upon the map as 
rhyolite. The distribution of these hot.spring 
areas upon the map of the Park is confined to 
the rhyolitic areas and their immediate borders. 

Oalcarreoua dtpo8it8.-These deposits consist of 
carbonate of lime occurring principally as traver· 
tine at several localities in the Park. They 
attain their greatest ma~tude at the Mammoth 
Hot Springs. Here the hot waters :flowing since 
pre.Glacial time have built up large accumnla· 
tions of travertine, forming the well·known 
terraces. The deposits themselves are pure·white, 
but when freshly formed are often brilliantly 
colored by the alga'! that live in hot waters. This 
plant life is the principal agent in producing the 
formation of travertine. 

Siliceous sinler.-This is the deposit formed 
by the hot·spring waters carrying silica in solu· 
tion. It is a white, opaque mineral occurring in 
a great variety of fOnDS, consisting of amorphous 
silica carrying from 3 to 6 per cent of water and 
small quantities of impurities. It is this sinter 
that forms the brilliant deposits over large areas 
in all of the geyser basins of the Park. The 
geyser cones and the beaded, coral-like incrusta­
tions about the springs, as well as the basins of 
the springs themselves, are built up of this 
material. The principal sinter deposits of the 
Park are found at the Norris, Lower and Upper, 
and Shoshone Geyser basins, and on the shores 
of Yellowstone and Heart lakes. Siliceous sinter 
is deposited partly by evaporation, but chiefly 
through the agency of vegetable (algous) life, 
whose vivid colors tint the margins of the pools 
and hot·water streams. Siliceous sinter is not 
found at the Mammoth Hot Springs, but is very 
generally present wherever alkaline waters occur. 
It is also deposited sparingly by evaporation from 
acid waters carrying free hydrochloric acid, form­
ing spine-covered concretionary pebbles about the 
borders of the springs and along overfl.owed 
channels. 

&lfatalrio areas.-These areas are common 
throughout the Park. At such places hot vapors 
rising through the rocks have largely decomposed 
and altered them. Where the action is complete 
the hot water charged With sulphurie acid has 
leached out the soluble constituents and left a 
white residue of silica. In places where the 
decomposition is not so complete the rocks are 
tinted yellow and red by the oxides of iron and 
their compounds. 

The Highland Springe, Crater Hill, l'i! orris 
Geyser Basin, and other localities furnish strik. 
ing examples of solfataric rock decomposition. 
The so·called mnd pots and paint pots of the 
Park belong to this class, as they are formed of 
clays derived from decomposed rock. 



IGNEOUS ROCKS. 

BY JOSEPH PAXSON IDDINGS. 

By far the larger part of the area covered by 
the maps of the Yellmvstone Park folio COT1RiRts 

of igneous rocks. Notwithstanding the broad 
area thus covered, similar rocks extend far 
beyond the limits of the Park into Idaho, ::\fon­
tana, and 1\T yorning, reaching from the highest 
peaks to the lowest valleys. These erupted 
masses present marked differences in their field 
appearance and geological relations, but they all 
falll'eadily into Olle or the other of tVi'O groups, 
extrusive and intrusive rocks, the distinction being 
based upon their mode of OCCUlTence. The intru­
sive rocks consolidated beneath the surface; the 
extrusive rocks reached the surface and formed 
lava-flows, mud-flows, breccias, and ash-beds. As 
the extrusive rocks are the most w-idespread they 
,yill be first described. 

EXTRUSIVE ROCKS. 

The distinctions between the various rockH, 
indicated by differences of color, are based partly 
on petrograpllical clJa.racteristics, partly on geo­
logical ones, including their order of sllccession. 
They might all be treated under the general 
groupings of andesitic breccias, agglomerates, and 
lava-flows j basaltic breccias, agglomerates, and 
lava-flows; rhyolitic lava-flows. They \vill be 
described, however, so far as possible, in chrono­
logical order, which is also the order followed in 
the legend on the atlas sheets. 

Alldesitic and basaltic breccias or agglomerates 
are subaerial accumulations of rock .fragments, 
dust, and mud-flows. In general they consist of 
angular fragments of andesite and bl\salt, of vari-
011S sizes, cemented together by finer material of 
the Hame or of similar composition. In places 
the petrographical character of fragments and 
cement is quite uniform through large masses. 
In most instances the fragments differ consider­
ably in their habit, and somewhat in mineral com­
position. The breccia for the most part is rudely 
bedded in slightly inclined layers, and there are 
few contemporaneous sheets of massive lava. In 
places intercalated lava streams are more abund­
ant, and sometimes predominate over the breccia. 
Occasionally the bedding is distinct, especially 
where volcanic dust prevailed_ Thus the more 
perfect bedding is usually found farther from 
the centers of eruption. Near these centers the 
breccia exhibits little or no bedding and the 
petrographical character is more uniform. In 
certain localities there are waterworn and well­
stratified beds of volcanic material intercalated in 
the roughly bedded breccia. They are plainly 
the result of water action, but it is impossible to 
differentiate tllem on the map. 

Early aoid bl'eooia. - The early acid breccia 
and flQws consist of hornblende-andesites and 
hornblende-mica-andesites for the most part. They 
are generally light.colored and variegated, less 
often dark-colored. This oldest breccia frequently 
contains fragments of gneiss and schist, besides 
othel; foreign material that formed the country 
rock through which the earliest eruptions 'were 
forced. This breccia is more or less highly 
indurated and compacted to a mass wMch fre­
quently breaks with an even fracture traversing 
rock-fragments and cement alike. It underlies 
the early ba'sic breccia, in some cases being clearly 
delimited -from it by strongly contrasted colors 
and by a chloritization of the ancient surface of 
the acid breccia. The best localities in which to 
observe this relationship are: the north base of 
Sepulchre Mountain, the lower portion of Cache 
Creek Valley, and a ravine at the south base of 
Prospect Peak not far from Tower Creek. In 
places the lower breccia grades into the upper 
breccia without a noticeable plane of demarca,­
tion. Massive contemporaneous flows of acid 
andesite are seldom observed. The early acid 
andesitic breccia in the several scattered localities 
where it is exposed in the valley of Towel' Creek 
and its trilmtaries consists in part of well-rounded 
and water-laid pebbles of acid andesite. In places 
it carries leaf impressions and fragments of wood. 

Ertrly basic breccws.-The early basic breceias 
and flows consist of fragments of pyroxene.ande­
site, hornbij3nde-pyroxene-andesite, and basalt 
associated .... yith lava-flows of the same kinds of 
rock They are generally dark-colored, mostly 
chocolate-brown, but sometimes the colors are 

quite light. They are often distinctly bedded, as I Late andel!;ite flows.-The lat~ andesite fl.ows 
in Sepulchre Monntain and in the mountains on within the Yellowstone Park constitute some of 
both sides of Soda _Butte Creek, and in many i the more prominent peaks in the Absaroka 
other localities in the Absaroka Range. The, Range: Mount Doane, Mount Stevenson, and 
character of the andesite becomes more basic Colter Peak. They are light-colored, massive 
toward the upper portion of the accumulation, rocks with well-developed columnar structure. 
where it is often basaltic, passing into the tllick They are hornblende-mica-andesite, some having 
layer of basalt sheets directly overlying this brec- very few ferromagnesian constituents. The light­
cia. It carries abundant plant remains in some gray gt'oundmass carries phenocrysts of plagio­
localities, notably those of the Fossil Forest on clase-feldspar, besides those of hornblende and 
the eastern side of I~amar Valley. It occurs biotite. These andesites appear to have flowed 
over a much larger area than the early acid brec- as lava streams over an irregular surface of ande­
cia. The greater part of the volcanic mountains sitic breccia. In places they are closely connected 
in the northeastern portion of the Yellowstone with intrusive bodies of similar andesites and 
Park is formed of it. have broken up through the breccia. 

Early basalt s7teets.-Early basalt sheets are Basalt.-Basalt in small sheets or flows OCCUI'S 

closely associated with the basic breccia just immediately upon the late basic breccia in a few 
described and constitute a massive capping to the localities and beneath the great sheets of rhyolite 
underlying rocks, in places 1,000 feet in thick- which form the Park Plateau. The basalt sheets 
ness. They are lava-flows that Iluve poured one are of no great thickness anel are frequently 
over another, with an occasional intercalated columnar. The rock is dark-gray to bluillh-black, 
layer of tuff or breccia. The individual sheets more or less vesicular to compact, with pheno­
vary in thickness from 5 to 25 feet. The basalt crysts of feldspar and olivine, and sometimes of 
is andesitic in habit, consisting of microlitic augite. Often the phenocrysts are quite small and 
groundmass with porphyritic crystals. Its com- scarcely noticeable_ Its habit is mostly andesitic 
position varies within narl'OW limits, the more rather than ophitic. It occurs beneatll rhyolite 
extreme forms being rather alkaline and carrying at the southeast end of Mount Everts, at Osprey 
leucite with alkaline feldspars. These early Falls, and in the neighborhood of Towel' }'al1s 
basalt sheets fonn the east wall of Mirror Plateau and elsewhere. It occurs intercalated with r1yo­
and cap the higll summits of the mountains east lite in the canyon of the Yellowstone neal' the 
of Soda Butte Creek, as well as other heights of mouth 0:£ Deep Creek. I~arger bodies of similar 
the Absaroka Range. There are occasional sheets basalt occur overlying the rhyolite south and east 
of basalt in the hlJ'ge body of early basic breccia of Bunsen l'eak and in Falls HiveI' Basin. Rut 
,\'hich are not indicated by a special color on the no great body of it is found within the Yellow­
map. Their petrographical characters resemble stone ~ark limits. 
those of the more numerous basalt sheets immedi- Dacite.-Small exposures of dacite occur on 
atelyover this breccia. Columnar structure is both sides of Snake River. Those on the west 
quite generally developed in these flows. side are situated along the river bottom, partially 

TJ'aohytic ThlloUte.-This occurs in lava~flows by glacial and alluvial deposits. Those 
intimately associated with the oldest basic brec- on the east side lie several hundred feet up the 
cia. immediately north of the boundary of the steep slope of the ridge, near the boundary of the 
Yellowstone Park. V\Tithin the Park it forms rhyolite flows with the Montana sandstone. 
scattered patches of massive lava on both sides Rhyolite. - Rhyolite constitutes the largest 
of the Yellowstone River. It resembles the rhyo- body of igneous rock within the Park. It is 
lite of the region in general appearance, being almost wholly in the form of massive lava-flows 
lithoidal and glassy, with pronounced flow-struc- without fragmental breccia, except at Mount 
ture_ It carries phenocrysts of sanidine and Sheridan. A small deposit of rhyolitic tuff 
plagioclase, but none of quartz. It differs from underlies it in places, as at Mount Everts and 
the rhyolite of the Park in having biotite in small elsewhere. The rock is quite uniform in com­
amount. It is also lower in silica. The lithoidal position, but varies greatly in pIlysical appear­
varieties are white to yellowisll, reddish, gray, ance and habit_ It ranges from wholly glassy to 
and more or less altered. Chemically and miner- a lithoidal or stony texture, and is filled with 
alogically the rock is intermediate between phenocrysts of quart"", sanidine, and rlagioclase 
tracllyte and rhyolite, with the physical aspect in some cases, but is entirely free from them in 
of the latter. '£he rock frequently carries frag- others. It generally exhibits marked banding or 
ments of andesite. The same kind of rock occurs flow-structure, and often carries spheroidal bodies 
as tuff or breccia associated with the early basalt about the size of pebbles, called spherulites, 
in several localities, notably at Two Ocean Pass. besides hollow ones called litllOphysm. In color 
It is characterized by its ligllt color, abundant it may be any tone of gray, from white to black. 
sanidines with plagioclase, some biotite, and the The lithoidal varieties are usually light-gray, 
absence of quartz. It is mixed with many frag- bIuisIl, yellowish, or purplish. Red, orange, and 
ments o-f andesite and basalt. Its exposW'es are yellow besides black and white occur in the 
of very limited extent and are not always indi- glaHsy varieties. Brecciated masses often pre­
cated on the map. sent a highly variegated appearance. Glassy 

Late acid breMia.-The late acid breccia and forms of rhyolite (obsidian, pitchstone, perlite, 
flows resemble the early ones very closely in and pumice) cover a large part of the area of the 
many particulars. The rocks are light-colored, plateau, forming the upper surface of the 
variegated hornblende-mica-andesites and horn- rhyolitic lava-flows and sometimes the lJOttom 
blende.andesite, sometimes with intermingled £rag- surface. They often constitute the whole mass 
ments of basic andesite. In general the late acid of small flows. The most noticeable exposUt'e of 
breccia is not so highly indurated as the early obsidian is at Obsidian Cliff. Fragments of 
acid breccia. It directly overlies the early basalt black glass are strewn every,vhere. Pitchstone 
sheets on Mirror Plateau and in the mountains Plateau and the plateau west of the Upper Gey­
south of Lamar River. Massive lavas are seldom ser Basin are cO\'ered with black and red obsidian. 
observed, the great body of the formation being Pumice is much less abundant, and has possibly 
subaerial breccia or agglomerate. Its extent is been carried away in large quantities from the 
considerable, reaching from Mirror Plateau to surface by erosion. Lithoidal rhyolite forms the 
Mountain Creek. 6"l'eat mass of the rock, constituting the 

Late basic breccia.-The late basic hreccia and portions of the lava-ftows, where they were 
flows consist of pyroxene.andesites and horn- considerable thickness. It is often highly Inmin­
blende-pyroxene-andesites and basaltic andesites, ated parallel to the planes of flow, as at Obsidian 
which closely resemble those of the early Cliff. Typical exposures or rhyolite may be seen 
breccia. This breccia directly overlies the late at. the Golden Gate, in the canyon of Gibbon 
acid breecia jUi:lt described, grading into it River, and in the lower portion of the Grand 
some places, and in others being separated from Canyon of the Yellowstone. TIle brilliantly 
it hy distinct unconformity. The basic br~ccia colored part of the Grand Canyon exhibits the 
is mostly dark chocolate-brown, and is bedded in effects of alteration and solfataric action within 
almost horizontal layers throughout large areas, great body of lithoidal rhyolite which forms the 
notably in the mountains on both sides of the walls of the canyon. Spherulitic rhyolite is 
upper Yellowstone Ri,'er and Thol'onghfare widespread, and may be seen at Obsidian Cliff, 
Creek. This breccia forms the greater mass of the Natural Bridge, on the west side of the Yel­
the Absaroka Range in the southern part of the lowstone Lake, at Keppler's Cascade, on the 
Park, thinning out northward where it caps the Firehole River, and at many other places. Col­
summits of the mountains in the vicinity of umnar structure similar to that of busalt is fre­
Mount Chittenden. qllent, both in glassy and lithoidal varieties. It 

is wen developed at Obsidian Cliff, in the walls 
of the Grand Canyon near Deep Creek, in Madi­
son Canyon, and elsewhere. 

IK'I'RUSIVl) ROCKS. 

The intrusive igneous rocks within tlle Yellow­
stone Park form a great number of small hodies 
presenting considerable variation in mode of 
OCCllrrenee and mineral composition. 

Outside the limits of the Gallatin Range they 
are by no means conspicuous, and, beeause of 
their restricted areas and wide petrogl'aphieal 
range, have not been closely discriminated on the 
map l\y differencE's of color. In other words, 
rocks of different composition hut similar in 
mode of occurrence have been grouped together. 
They have been represented in chronological 
groups, and fall into three periods. The first of 
these ls, sllbdivided petrographically because of 
the prominence of tIle intrusive masses belOJlging 
to it. The first series embraces porphyries of 
both acid and intermeiliate composition, dacite, 
and andesite. 

Andesite-pol'p7tyry.-Andesite-porpllYl'Y OCellI'S 
in laccoliths and intrusive sheets and dikes in the 
sedimentary strata of the GtJlatin Mountains. 
The rocks are light-colored, mostly gray, with 
lithoidal to finely crystalline groundmass and 
numerous small phenoerysts of plagioclase-felds­
par, hornblende, and biotite. In some cases bio­
tite is wanting. The habit of the rock is andesitie, 
with phenocrysts vU1'ying in amount and siy,e. In 
composition they range from that of acid andesite 
to that of intermediate magmas with 61 per cent 
of silica. Mineralogically they correspond to 
hornblende-mica-andesite and hornblende-ande­
site. 

Dacite-pol'phyry. - Dacite-porphry occurs in 
large laccoliths and as smaller intrusions in the 
southern end of the Gallatin Mountains, and in 
two other localities, Bunsen Peak and Birch 
Hills. It is light-gray to white, with aphanitic 
to finely crystalline groundmass and few or lllany 
phenocrysts. In the Gallatin- }Tonntains the rock 
has few phenocrysts of biotite and plagioclase, 
and in places, if non-porphyritic, having the 
appearance of a felsite-porphyry. At Bunsen 
Peak it is porphyritic with small phenocrysts of 
feldspar, biotite, and occasiona.lly quartz. At 
Birch Hills the pllenocl)Tsts are somewhat larger 
and the porphYl)T-like habit is more pronounced. 
In the Gallatin Mountains it is younger than the 
andesite-porphyry. 

Electric intrU8ives.-The Electric intrusives 
are situated in the northwest cornel' of the Park, 
in the neighborhood of Electric Peak. They 
occur as dikes and larger vertical bodies, and aR 
a stock or volcanic neck. They possess a \vide 
range in texture and composition, and em brace 
diorite, diorite-porphyry, and andesite-porphyry, 
hoth basic and acid, and also quartz-bearing 
varieties, besides andesites, dacite, and basalt as 
intrusive bodies. A detailed description of these 
rocks has been published as a special paper' in 
the Tv{elfth Annual Report of the United Rtates 
Geological Survey, "The eruptive rocks of ~lec­
tric Peak and Sepulcht'e Mountain." These rocks 
are probably in part contemporaneous with, and 
in part subsequent to, the early hasic breccia. 

8ylva'n, intrusives. - The Sylvan intrusives 
break through the late basic breccias and earlier 
rocks in the vicinity of Sylvan Pass in the 
Absaroka Range_ :Here the rocks form dikes 
and irregularly shaped bod ies. They range from 
diorite and granite-porphyry to andesite-porphyry 
:md andesite, and vary in composition from basic 
to acid, from diorite to granite, from basalt to 
dacite. They are probably COJltemporaneolls with 
the later outbursts of the late basic breccia and 
the latest andesitic lava-flows. Owing to the 
small size of these intrusive bodies and to the 
great variability in their composition, they are all 
represented in one color. 

Diorite.-On Sulphur Creek south Ot DUlll'aven 
Peak (Canyon sheet) occurs an obscure exposure 
of fine-grained diorite, ~omposed of plagioclase­
feldspar and hornblende. Similar diorites occur 
elsewhere in tlle region, notal)ly among the Elee­
trie Peak and Sylvan Pass intrllsives, but they 
a,re too far removed to be correlated with it. 
The occurrence is of slight importance in itself, 
the interest lying in the fact that it is the only 
body of the kind known in the central portion of 
the Park. 

May, 1896. 
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l. - HDODOO BASIN, ABSAROKA RANGE. 

This view gives the varied and fantastic forms of erosion seen in the basic breccias They occur along the 
summit of cliffs. and have been designated" hoodoos." from their irotesque appearance 

FIG. 2.-FOSSIL TREES, SPECIMEN RIDGE. 

The view represents two fine specimens of fossil trees exposed on a steep hi llside by the erosion of the basic 
breccia in which the roots are firmly embedded. Near by is a bold cliff, showing the character of the 
breccia and the manner In whICh it has been deoosited 

FIG. 3.-GRAND CANYON OF THE YELLOWSTONE. 

The Grand Ca ... yon is a profound chasm cut in the Igneous rOCKS of the Park plateau It varies from 700 to 1, 100 feet in depth, and from one.fourth to three·fourths of a mile in width. The canyon walls are decomposed by hydrothermal action, the brilliantcolor ine: beini due to various 
conditions of alteration in the rhyolite. 



Flo. 4.-CASTLE GEYSER, UPPER GEYSER BASIN. 

Castle Geyser presents an admirable illus tration of the buildinl! up of a sinter cone a round a geyser vent. This deposit is characteristic of the botryoidal forms surrounded by the g:radua l 
accumu lation of sinter. 

FIG. 5.-MINERVA TERRACE, MAMMOTH HOT SPRINGS. 

Minerva Terrace affords an excellent illustrat ion of the buildin £" up oftravertioe depos its from thermal waters holdin£" carbonate of lime in solution Sepulchre Mountain is shown in the d istance. 



FIG. 5.-0LD FAITHFUL, UPPER GEYSER BASIN. 

Old Fa ithful is the most regular in its action of all the geysers in the Park It throws a column 
of water in the air ~arying from 90 to '40 feet. The mound surroundIng the orifice is built 
up by a series of sinter te rraces 

FIG. B.-CHROME SPRING, CRATER HILLS. 

An active hot spring in a state of violent agitation. constant ly bubbl ing and sendin e- off a column of steam in to the air. The 
colo! of the water is yellowish. green. from f ine ly d 'ssem inated sulphur 

FIG. 9.-BLACKSAND SPRING, UPPER GEYSER BASIN. 

This quiet pool issues from black obsidian g ravel. A boOrder of siliceous s inter encircles the basin, which falls away eently 
toward a funnel.shaped orifice. The water has a turquoise.blue color. 

Flo. 7. - GIANTESS GEYSER, UPPER GEYSER BASIN. 

The view reptesents the Giantess Geyser in a dormant state. When in act ,on the water is thrown out from a deep funnel_shaped pool It is one of the 
most powerfu l of all eeyse's. but is ve ry irregula r in its action. 

Flo. 1 a.- GLACIAL BOWLDER. 

The bow lder stands in the forest near the brink of the Grand Canyon of the Yel lowstone, a short distance from Inspiration Point It meaSureS ~4 feet in 
length by ~o feet in breadth, and stands 18 feet above the base. It was transported on ice to its present position from the Snowy Range 

F,o. 1 I.- TABLE MOUNTAIN, ABSAROKA RANGE. 

This view g ives the characterist ,c bedding of the brecc ias and their mode of erosion in abrupt esoearpments. 




