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EXPLAN ATION. 

The Geological Survey is making a large topo' I others may then be ascertained by eOlluting up or 
graphic map and a large geologic map of the United dmvn from 11 llllmbel'ed contour. 
States, which are lJeing issued together in the form 2. Contonrs denne the horizontal forms of slopes. 
of a Geologic Atlas. The parts of the atlas are Since contours nre continuous horizontallin€s eOIl

called folios. Each folio contains a topographic forming to the surface of HIe ground, they wind 
map and a geologic map of a small sectioll of COUll- smoothly about smooth surfaces, recede into aU re
try, and is accompanied by explanatory and de- entrant :mgles or ravines and define all promi
scriptive texts. The complete atlas \vill eOlllprise nonces. The relations of contour characters to 
several thousand folios. forms of the landseape can he traced in the map 

THE TOPOGHAPHIC MAP. 

The features represented on the topographie map 
are of three distinct kinds: (1) inequalitieR of sur-
face, called as plains, prairies, valleys, hills 
and mountains; distribution of water, called 
drainage, as streams, ponels, lakes, and 
canals; (3) the works of man, called 
roads, railroads, boundaries, villages and cities. 

Reli.ef.-All elevations are measured from mean 
sea level. The heights of many points are accu· 
rately determined and those which are most im
porta.nt are stated on the map hy numhers printed 
in brown. It is desirable to show also the elent
tion of any part of a hiH, ridge, slope or valley; 
to delineate the horizontal outline or contour of all 
slopes; and to indicate their degree of steepness. 
This is done by lines of constant elevation above 
mean sea level, "'hich are dra\vn at rE'f,111lar vertical 
intervals. The lines are called contours and the 
constant vertical space between each two con
tours is called the contour inter1)al. Contours are 
printed in brown. 

The manner in which contours express the three 
conditions of relief (elevation, horizontal form and 
degree of slope) is shown in the following sketch 
and corresponding contour map: 

Fig. 1. The upper figure rflprHH!:mts a sketehof a river valley, 
with terraces, and of a high hill erwircleu by a r.lilI_ These 
features appear in the )lla.p be!leath. tho slope~ and forms of 
the Hurface being ~hown by contour~_ 

The sketch represents a valley between two hiUs. 
In the foreground is the sea .vitil a bay ",-hich is 
partly dosed by a hooked sand-baJ:'. On either side 
of the vaHey is a terrace; from that on the right 
a lliIl rises gradual1y with rounded forms, whereas 
from that on the left the ground ascends steeply 
to a precipice which pl'GSentB sharp corners. The 
western slope of the higher hill contrasts with the 
eastern by hs gentle deAcent. In the map each of 
these features is indicated, directly beneath itA po· 
sition in the sketch, by contOllrs. The follO\ying 
explanation may make cleaJ:'er the manner in which 
contours delineate height, form and slope: 

1. A contour indicates approximately a height 
above Aea level. In this illustration the contour 
interval is 50 feet; therefore the eon tours occur at 
50, 100, 150, 200 feet, and so on, above sea le\rel 
Along the contour at 250 feet lie all points of the 
surface 250 feet above sea; and so on with any 
other contonr. In the space bet\veen any two con
tOUl'S occur all elevations above the lower and be
low the }Iigher contour. Thus the contour at 150 
feet falls just below the edge of the telTace, while 
that at 200 feet lies above the terrace; therefore 
all points on the terrru:~e :u'e shown to be more than 
150 but less tban 200 feet ahove sea. The summit 
of the higher hi!] is stated fo be G70 feet above sea; 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are num
bered. 'Vhere this is not possible, certain contours 
are made heavy and are numbered; the lleights of 

and OIketch .. 
3. Contours show the approximate grade of any 

slope. The vertical spaee behveen i..vo contours is 
the same, whether they lie aloIlg a cliff or on a 
gentle slope; but to rise a given height on a gentle 
slope one must go farther than on a steep slope. 
Therefore contours are far apart on the gentle 
slopes and near together on steep ones. 

For a flat or g~ntly undulating country a small 
contour interval is chosen; for a steep or moun· 
tainouR (mmtry a large contour interval is JleCeS
sary. The smallest contour interval used on the 
atlas sheet.s Ot die Geological Survey is 5 feet. This 
is used lor distriets like the Mississippi delta and 
the Dismal Swamp region. In mapping great 
mount.ain maf'lses like those in Colorado, on a seale 
of 250~000J the contour interval may be 2,50 feet. For 
intermediate relief other contour intervals of 10, 
20, 25, 50, and 100 feet are used. 

Dl'airMlIJ8.-The ,vater courses are indicated by 
blue lines, which are drawn unbroken where the 
stream flows the year round, and dotted ,vhere the 
channel is dry a part of the year. ",There the 
stream sinks and reappears at the surface, the sup
pcw,ed underground course is shown by a broken 
blue line. Marshes and eanals aJ:'e also shown in 
bllle. 

Oultur6.-In the progress of the settlement of 
ahy region men establish many artificial features. 
These, such al'! roads, railroads and towns, tOf:,l'€ther 
\vith names of natural and artificial details and 
boundaries of towns, counties and states, are print
ed in bla,ck. 

AR a region develops, culture changes and grad
ually comes to disagree with the map; hence the 
representation of culture needs to be redsed from 
time to time. Each sheet bears on its margin the 
dates of survey and of revision. 

Scaks.-The area of the United States (without 
Alaska) is about 3,025,000 square miles. On a 
map 240 feet long and 180 feet high the area of the 
United States ,youId cover 3,025,000 square inches. 
Eaeh square mile of ground surface would be repre
sented by a corresponding square inch of map sur
face, and one linear mile on the ground would be 
represented by a linear inch on tlle map. This re
lation between distance in nature and correspond
ing distance on the map is called the scale of the 
map. In thiB special case itis "one mile to IlIl inch." 
A map of the United States half as long and half 
as high would have a scale ]Jalf as great; its scale 
would be "two miles to an inch," or four squaJ'e 
miles to a square inch. Scale is also often ex
pressed as a fraction, of which the nnmerator is a 
length on the map and the denominator the corre
sponding length in nature expressed in the same 
unit. Thus, as there are 63,360 inches in a mile, 
the scale "one mile to one inch" is expressed by , 
63,360· 

Three different scales are used on the atlas sheets 
of the-U. S. Geological Survey; the smallest is 
250~OOO' the second 125;(I(J{J' and the laJ:'geRt udoo. These 
correspond approximately to four miles two miles, 
and one mile of natural length to one inch of map 
length. On the scale ~500 one square inch of map 
surface represents and (~oI'responds nearly to one 
square mile; on the scale of iM;OOiJ to about four 
square miles; and on the scale of 250;(I(J{JJ to about 
sixteen square miles. At the bottom of each atlas 
sheet the scale is expressed as a fraction, and it is 
further indicated by a "bar scale," a line divided 
into parts representing miles and parts of miles. 

Atlas she6ts.-A map of the United States on 
the smallest scale used by the Geological Survey 
would be 60 feet long and 45 feet high. If drawn 
on one of the larger scales it would he either two 
times or four times as long and high. To make it 
possible to use such a map it is divided into atlas 
sheets of convenient size whieh are bounded by par
allels uHd meridians. Each sheet on the scale uf 

250~OOO contains one square degree (that is, represents I bottom is raised to dry land these rocks are exposed, 
an area one degree in exte.,nt in each direction); each and ~hen we may Jearn from them many facts ('on
sheet on the scale of 1251000 contains one-quarter of eemmg the geography of the past. 
a square degree; each sheet Oll the scale of 62~ As sedimentary At-rata accuIllulate the youn~r 
contains one-sixteenth of a square deg!'ee 'l'hese ?eds reHt on thos~ that aJ:'e ol~er and the relat1ve 
areas correspond neaJ:'ly to 4000, 1000 and 250 ~geR Of. the d~pOSltS ~l.ay be dlscovere~ byobse~T. 
square miles. mg theu'l'e1atlVe pOSItIOns. I~ finy serIes of undIs-

The atlas sheets, being only PaJ:'ts of (tne map of tnrbed beds the younger. bed IS abov~ the olc1er. 
the United States, nre laid out without regard to Stra~a genera:ly c.ontaI?- the l'emams of plants 
the boundary lines of the states, counties or town- and anl1llals whICh lIved III the sea or \vere washed 
ships. For convenience of reference and to rmggest from the land into lakes or seas. By st.udying tllese 
the district represented each sheet is given the remains or fossils it has been found that the speeies 
name of some well known town or natural feature of each epoch of the earth's history have to a great 
within its limitR. At the sides and comers of each extent differed from-those of other epodls. Rocks 
sheet the names of adjacent sheets ure printed. Hlat contain the remains of life a.re calledjossilijer. 

mts. Only the simpler forms of life fire found 
in the oldest fossiliferous rocks. From time to 
time more complex forms of life developed and, 
as the Aimpler 01les lived on in modified forms, the 
kinds of living creatures on the earth multiplied. 
But during each epoch tlleI"e ]i,Ted peculiar forms, 
which did not exist in earlier times and have not 
existed sincc; these are clta'radert~,;t£c t?lpe8, and 
they define the age of any hed of rock hI which 
they are found. 

THE GEOLOGIC }lAP. 

A geologie map represents the distribution of 
rocks, and h; based on a topographic map,-that 
is, to the topographic representation tIle geologic 
representation is added. 

Rocks are of many kinds jn origin, hut they may 
he dassed in four great groups: Superficial Rocks, 
Sedimentary Hocks, Igneous Roekl'l and Altered 
Rock.'!. The different kinds found \vithin the area 
represented by a map are shO\vn by devices printed 
in colors. 

Rocks are further d ist.ingnished according to 
their relative ages, for rocks were not formed all at 
one time, but from age to age in the earth's history. 
The materials composing them likewise vary with 
locality, for the conditions of their deposition at 
different times and placeA have not been alike, 
and accordingly the rocks show many variations. 
"Where beds of sand were huried beneath beds of 
mud, sandstone may now occur under shale; where 
a flow of lava cooled and -\'\'as overflowed by 
another hed of lava, the two may be distinguished 
Each of these maRses is limited in extent to the area 
over which it ,vas deposited, and is hounded above 
and helow by different rocks_ It is convenient in 
geology to ca.ll such a mass a jorrnat£on. 

(1) Superficial 1'Ocks.-These are composed 
chiefly of day, sand and gravel, disposed in heaps 
and irregular heds, usually unconsolidated. 

ViTithin a recent period of the earth's history, a 
thick and extensive ice shoet covered the northern 
portion of the United States and part of British 
America, as one now covers Greenland. The ice 
gathered slowly, moved fCU'waJ'd and ret.reated as 
glaciers do with changes of climate, and after a 
long and varied existence melted away. The ice 
left peculiar heaps and ridges of gravel; it spread 
layers of sand and clay, and the ",vater flo'..ving from 
it distributed sediments of various kinds far and 
wide. These deposits from ice and flood, toget.her 
'with those made by \yater and -winds on the land 
and shore after the glacier had melted, and those 
made by similar agencies where the ice sheet did 
not extend, are the superficial formations. This 
period of the, earth's history, from the beginning 
of t.he glacial epoch to the present., is called the 
Pleistocene period. 

The distribution of the superficial rocks is sho.,,-u 
on the map by colors printed in patterns ot dots 
and eirc1es. 

(2) Sedimenta-7'Y 'l'ocks.-Th~se are conglomerate, 
sandstone, sllale and limestone, which have been 
deposited beneath sea..'l or other large bodies of 
water and have usually become hard. 

If North America were gradually to sink a t.hou 
sand feet the sea would flow over the Atlantic coast 
and the .Mississippi and Ohio valleys front die Gulf 
of Mexico to the Great I.Jakes. The Appalachian 
mountains would become an archipelago in the 
ocean, whose shore would traverse 'Viseonsin, Iowa, 
Kansas and TexlU'l. 1\10re extensive changes than 
this have repeatedly occurred in the past. The 
shores of the Korth American continent have 
changed from age to age, and the sea has at times 
covered mueh that is now dry land. Tlle earth's 
surface is not fixed, as it seems to be; it very slovv"ly 
rises or sinks over w-ide expanses; and as it rises or 
subsides the shore lines of the oceans are changed 

The bottom of the sea is made of gravel, sand 
and mud, which are sorted and spread. As these 
sediments gather they bury others already depos. 
ited and the latter harden into layers of conglom 
erate, sandstone, shale or limestone. When the sea 

Beds of rock do not always oecurln the positions 
in which they were formed. 'Vhen they have been 
disturbed it is otten difficult. to determine their 
relative ages from their pOAitiol1s; then fosRils 
are a guide to show WIliell of two or morc forma· 
tioHs is the oldest. vVhen two formations are re
mote one from thc other and it is impossihle to 
observe their rdative positions, the characteristic 
fossil types found in them may determine which 
one .vas formed first. Fossil remains found in the 
rocks of different states, of different eOlllltries and 
of different continents afford the most important 
means for combining- local histories into a general 
earth history. 

Areas of sedimentary rocks are shown on the 
map hy colors printed in patterns of parallel 
straight lines. To show the relative age of strata 
on the map, t.he history of the sedimentar:r rocks is 
divided -into nine periods, to each of \vhich a color is 
assigned. Each period is further distinguished by 
a letter-symbol, so that the areaR may be knO\vn 
when the colors, on account of fading, color l)lind
ness or other cause, cannot be recognized. The 
names of the periods in proper order (from new 
to old), with the color and symbol assigned to each, 
are given below: 

Neocene (yonngest), 
Eocene ..... 
Cretaceo1ls . 
Juratrias .. 
Carboniferous _ 

~!~ri~~Il.:::::: :\. 
Cambrian. 
Algonkian (oldest) 

K 

J 
C 
o 

COLOR-PRIN'l'ED IN 
PATTERNS OF l'AltAJ,T.EL 

Yellowish buff. 
Olive-brown. 
Oli\'e-green. 
Gray.blue-green. 
Gray-blue. 
Gray-hlue-purple. 
Gray-r.ed-plll'ple. 
Brown-red. 
Orange-brown. 

------- ---'-------

In any district several periods Jlluy be repre
sented, and the n~presentation of each may include 
one or many formations. 1'0 distinguish the sedi
mentary formations of anyone periOlI from those 
of another, the patterns for the Iormations of each 
period are printed in the appropriate period-color; 
and the formations of anyone period are distin
guished from one another by different patterns. 
Two tints of the period-color aJ:'e used: a pale 
tint (the underprint) is printell evenly oYer the 
whole surface representing the period; a dark tint 
(the overprint) brings ont the different patterns rep
resenting formations. Each formation is further
more gi\Ten a letter-symbol, which is printed on the 
!Hap with the capital letter-symbol of the period. 
In the case of a sedimentary formation of uncertain 
age the pattern is printed on ,vhite ground in the 
color of the period to which the formation is sup
posed to belong, the letter.symbol of the period 
being omitted. 

(3) Ignwu,s rock8.-These are cryst.alline rocks, 
which have cooled from a molten eondit.ion. 

Deep beneath the surface, rocks aJ:'e often so hot 
as to melt and flow into crevices, where they can .. 
geal, forming dikes and sheets. Sometimes they 



pour out of cracks and volcanoes and flow over margin iR a legend, which is the key to the map. I of the foreground as '\vell aA in the distance. The 
the surface as lava. Sometimes they are throvv'n I To ascertain the meaning of aTly pal'tielllar colored vertical plane cutting IL sect.iOl1 slJO\\'s the under· 
from volcanoes as aAhes and pnmice, and are spread pattern on the map the reader should look for that ground relations of the rocks. The kinds of roek 
over the surface by winds and streams. Often color and pattern in the legend, where he \",ill find a.re indicated in the section b)T a.ppropria.te symhols 
lava flows are interbedded with ash beds. the name and des('ription of the formation. If it of EnE'S, dots, and da:,;hes. These syrnholR admit 

It is thought that the first rocks of tue enrth, . is desired to fintl any given formation, its name of much variation, hut thefollmving are genf'rnlly 
which formed during 'what is calle.d the Arl.·heHn should be ROlIght in tIle legend awl its colored pat· m;ed in sectioIlt> to represent tho commoner kindfl 
period, were igneous. Igneous rocks have intruded tern noted, when the areas on the map corresllond. of ro('k: 
among masses bencath the surface und have been ing in color and pattern may be traced out. 
thrown out from volcanoes at all periodR of the The legend is a.bo a partial Rtatcment of the 
earth's development. These rocks occur therefore geologic hi::itol'Y of the district. The formations 
~rjth Redimentary formationR of all pl:'l'iodl'l, and are arranged in groups according to origin-super. 
their ages can sometimes he determined by the ficial) Rediment-ary, igneous 01' crystalline; thus the 
ages of the sediments with which they are asso· processes by which the rocks were formed Hnd 
('iated. the changes they ha\'e undergone are indicated. 

Igneous formations are represented on the geo· \Vithin these groups the formations are placed in 
logic maps by patterns of triangles 01' rhomhs the order of age so far as knmvn, the youngest at 
printed in any brilliant color. \Vhen the age of a the top; thus the succesilion of prOCefl.ReS and con· 
formation is not knmyn the letter.symbol eonsists ditions which make up the history of the (listrict 
of small lettors which suggest the name of the is suggested. 
rocks; '\·vhen the age is known the letter.symbol The legend may also contain descriptions of fol" 
has the initial letter of the appropriate period pre· mations or of groups of formations, statements of 
fixed to it. the occurrence of useful minerals, and qua1ifica. 

(4) Altered 'rocks rif (,1'Y8talline tfxtw'e.-These tions of doubtful conclusions. 
are rocks which have been so changed hy pressure, The sheet pr8sent,g the facts of historical gcology 
1n00'ement and chemical action that the mineral in strong colors with marked distinctiolls, and is 
particles have recrystallized. adapted to use liS a ,vall map as well as to clOReI' 

Both sedimentary and igneous rocks may change study. 
their character by the gl'O\vth of er:ystals and the Econondc geology.-This sheet represents tIlt' 
gradual development of new minerals from theol'ig. distribution of useful mineralR, the occurrence of 
illul partiele~. .Marhle is limestone ,vhi('h has thus artesian water, or other facts of eeolloTl1i(', interest, 
heen erystallized. )lica if'! one of the common min· showing their relations to the featmes of tOJlug. 
erals whidl lllay thus grow. By this chemical alter· raphy lind to the geologic formations. All the 
ation se(iilllenta.ry rocks become crystalline, and ig. g~()logic formations \vhich appear on the lIlap (If 
neous rocks change their eOlnposition to a greater or areal geology are shm.\'n ill this map :Llso, hut 
less ext~nt. The process is called rneta.m0l7)lri.'rfl~ the distinctionR oetween the colored patt~rns al'e 
and the rcsulting rocks are said to be metamorphic. less striking. The areal geology, thus printed, 
)fetamorphism is promoted by pressure, high temp. affoJ"(lR H subdued hackground upon \vhieh the 
erat.ure and '\vater. \V}wn u. mu.sS of rock, under areas of prodnctive formations may be emphasized 
these c~nditions, is squeezed during movements in by strong colors. 
the earth\, Cl'Udt, it may divine into many very A symbol for mines is int.I'()(lueed in this map, 
thin parallellayt'rs. \Vhen sedimentary rocks are and it is accompanied at each OCCllJ'rence hy the 
formed in thin layers by depofl.itinn they are ealled name of the mineral mined or the stone quarrieu. 
8hale8'- but when rockH of any dass are found in StJ'uctnre 8cctions.-This sheet exllibits the I'~. 

thin layers that are due to pressure they are called lations existing beneath the surfaee among the 
81ate8. \Vhen the cause of the thin layers of meta· formations whose distribution on the surface is 
morphic rocks is not knowll, or is not simple, the represented in the map of areal geology. 
rocks ate called sd£st.s, a term which applies to In any shaft or trench the rocks beneath the 
both shaly and slaty Rtmetures. surface may be expORed, and in the vcrtical Ride of 

Rocks of any period of the earth's history, from the trench the relations of different heds Tllay he 
the Keoeene back to the Algonkian, rna;," be more seen. A nat.ural 01' artificial cutting whidl exhihits 
or less altered, but the youllger formations have those relations is cHlled a 8r?ctwn, and the SlLllle nallle 
generally escaped marked metamorphism, and the is applied to a diagram representiTlg the relations. 
oldest sediments known remain in some localities The anangement of rocks in the earth is the earth's 
essentially unehanged. 8t1"u,ct1Ul'e, and a section exhibiting this arrangement 

Metamorphic crystalline formations are repre· is called a stJ'u.dtU'e section. 
sented on the maps lIy lJatterns consist.ing of short Mines and t.unnels yield some facts of under· 
dashes -irregularly placed. These are printed in grounil structure, and streamH cal'ving canyoml 
any color and may be darker or lighter tllan the through rock ma.sses cut sections. But the geol. 
background. If the roek is a schist the Jfl.shes or ogist is not limitpd to these opportunities or direct 
hW!hures Blay be alTanged in wavypurallellines. observation. Knowing the manner of the forma· 

If the formation is of known age the letter·sym. tion of l'oeks, and having traced out the relations 
bol of the formation i15 preceded by the capital among beds on the surface, he can infer t.heir rela· 
letter.symhol of the proper period. If the age of tive positions after they pass benea.th the surface. 
the formation is unknown the letter.symbol con· Thus it is pORsible to draw sections which repn'.-,ent 
SiRts of small letters only. the structure of the earth to a considerahle depth 

USES OF TIlE lI!APS. 

1'opography.-\Vithin the limits of scale the to· 
pographic sheet is an accurate and characteristic 
delineation of the relief, ilraillage and culture of 
the region represented. Viewing the landscape, 
map in hand, eyery characterii:ltic feature of suf
ficient magnitude should be recognizable. 
. It may guide the traveler, \vho can determine 

in ru:lYance or follow continuolLsly on the map his 
route along Rtrange highways and hywaYR. 

It may serve HIe investor or O\vner v .... ho desireR 
to ascertain the position and surroundings of prop· 
erty to be bought or sold. 

It may save the engineer preliminalY ilurveys in 
locating roads, railways and inigation ditches. 

It provides educational material for schools and 
homes, and serves all the purposes of a map for 
local reference. 

Areal geology.-This Rheet :"hows thl':' areaR occu· 
pied by the various rocks of tllt~ district. On the 

and to construct a diagram exhihiting wlmt would 
be seen in the [-lide of a trench muny miles long and 
severa1 thou~alld feet deep. This is illuHtrat,ed in 
the following figure: 

Fig. 2. Showing a vertical ~ect.ion in the front of the picture, 
with a land~cap(' aOU\'e. 

The figure represents a landscape which is cut 
off sharply in the foreground hy a vertieal plane. 
The landscape exhibits an exteuued plateau on the 
left, a hroad helt of lower land receding toward 
the right, and mountain peaks in the extrelllP right 

~'ig. 3. Sy\Obol~ u~ed to rcprcsent diITerent kinds of rocks. 

The plateau in Fig. 2 preRentfl. toward the low"er 
land an e~carpment 1dlieh is made up of cliffs and 
steep slopes. TheRe f.J,'ments of the plateau.front 
conespond to horizontal heds of saIl(iRtone and 
sandy shale shown in the section at the extreme 
left, the sandstones forming the cliffs, the shales 
constituting the slopes. 

The hroad helt of lower land is traversed by sey· 
cral ridgeH) which, where they are cut off by the 
Rcetion, are seen to correspond to onterops of Hand· 
stone that riRe to the surface. The upturned euges 
of these harder heul'! form the ridges, anu the in· 
termediate valleys follow the outcrops of lime· 
Rtone and calcareous shales. 

\Vhere the edges of the strata appear at the sur· 
faee their thieknesses can be measured and the 
angles at which they dip below the surface can he 
observed. Thus their positions undcrground can 
be inferred. 

\Vhen strata which are thus inclined are traced 
underground in mining or by inference, it is fre· 
quently ohserved that they form troughs or arches, 
such as the sectioll shows. Rut these sandstones, 
shales and limestones: were deposited heneath the 
sea in nearly flat sheets. \Vhere they are now 
hent they must, therefore, have been folded oy a 
lorce of compression. The faet that stmta are 
thus bent is taken as proof that a force exiRt.s 
,"vhich bas from time to t.ime cauRed HIe earth's 
surface to wrinkle along certain y.ones. 

The mount.ain pcaks on the right of the Hketeh 
are shown in the section to he eomposerl of schists 
whieh are traversed hy masses of igneous roek 
rrhe schists arc much contorted and cut up hy the 
intruded dikes. Theil' thickness eannot be meas· 
med; their anHngement unclergrOlmd cannut be 
inferred. Hence that portion of the Reef-ion whieh 
shows the strueture of the schists and igneous 
rocks beneath the surface delineates what may be 
true, hut is not ktl(nvn hy observntion. 

Structure sections afford a means of graphic 
statement of (;ertniu e\'ents of geologic history 
which are recorded in the relations of groups of 
formations. In Fig. 2 there are three groups of 
fOl'mationR) \-",hich are diRtinguished by their sub· 
terranean relations. 

The nrst of these, seen at the left of the section, 
is the group of sandstunes aml shales, which lie in 
a horizontal positioll. These sedimentary Rtrata, 
which accumulate<1 heneath watl':'r, are in them· 
selves evidence that 11 RPa once extended DVC!' their 
expanse. They are now high above the sea, form. 
ing a plateau, and their cha.nge of elevation sho>\-s 
that that portion of the earth's mass ou which they 
rest swelled npward from a lower to a higher len,l 
The strata of this are parallel, a· relation 
which is culled c<n,/i);·n",Oi<. 

The st'cond group of formations consists of strata 
whieh form arches and troughs. Thef'e strata were 
continuolls, hut the crests of the arches lwse been i 

removed hy degradation. The heds, like those 01 
the first group, heing pa.rallel, are conformable. 

The horizontal strata of Lhe plate(lu rest upon 
the upturned, eroded edges of the lJeus of thf 
second gt'OllP on the left of the fleetion. The over· 
lying deposit.s are, from their position, e\'idently 
younger than the underlying f0l1llations, and the 
bending and degradation of the older Rtrata JIlu:,;t 
ha\"e oecurred l)etween the deposition of thc older 
beds and the H,ccunmht.ion of the younger. \Vhell 
younger Rtmta thus rest upon an eroded surface of 
older strata or upon their upturned and eroded 
edges) the relation betwecn the two is 1Uwm{j'OI'1TI,' 

able, and dleir sUiface of contact is an '1I1won· 

jonn'ity. 
The third group of formations consist of erYi:1tal. 

line sehists and igneous ro('ks. At some perina 
of their history the s(~hiRts have lwen plieatcd by 
pressure and traversed by er1lptions of molten 
rock. But this pressure and intrusion of igneous 
rocks have not affected the 0\'er1 ling strat-a of the 
second group. Thus it is evident that Ull interval 
of considerahle duration t'lap~ed between the for· 
mation of the schists and the hebrl.nning of depoRi. 
tion of strata of the Recoml group. During this 
int.erval the schists suffered metamorphislll and 
\\"e,'e the scene of eruptive aeti,-ity. The contact 
between the second and third groups, markillg an 
interyal hetween two periods of nlCk formatioll, i:" 
an unconformity. 

The Rection and landscape ill Fig. 2 are }IYPO. 
thetical, but they illustrate only relations which 
aetnally occur. rrhe sections in the Structure Sec· 
tion Rheet are related to the Illaps 11$ the sed.ion in 
the figure is rel:tted to the landscupe. The profilm;; 
of the surface in the section correspOlHl to the aetual 
slopes of the gronnd along the section line, aud t.he 
depth of any mineml.producing 01' \\"uter.heal'ing 
stratulll \vhieh appears in t.he section way he meas· 
ured from the surface hy using the seale of the 

scdions.-This sheet contains a eon· 
cise deseciption of the rock formations which con
Eltitute the local record of geologie history. The 
diagrams alld verhal Rtatements form a summary of 
the facts relating to the characters of the rocktl, 
to the thicknesses of sedimentmy formations and 
to the order of accumulation of successive de· 
pOHits. 

The chara.ct.ers of the rocks nre descrihed nnder 
the corresponuing heading, and they are indicated 
in HIe columnar diagrams by appropriate symbol~, 
such as are used in the structure seetions. 

The thic.knesses of formations are given under 
the heaning "ThicknesR in feet," in figures which 
state the least /l.nd greatest thickneRses. The liver· 
age thickness of eaeh formation is ilhown in the 
column, which is drawn to a scale,-usually 1,000 
feet to 1 ineh. The order of accumulation of the 
sediments is shown in the ('olumnar a.rrangement 
of the descriptions und of _the lithologic symhols 
in tIle dia.gram The oldest formation is placed 
at the bottom of the column, the youngf'Rt at t11e 
top. '1.'he strata Ilre draW'll in a horizontal positiou, 
aR they were depoRited., and igneous rocks or other 
formations which are associated with any partic. 
ular stratum are indicated in their proper rela· 
tions. 

The strata are divided into groups, which eOl" 
respond with the great periods of g~()logie history. 
Thus the ages of t.he rocks are shmvtl Ilnd also the 
tot.al thickness of deposits rcpresenting any geo· 
logic period. 

The interva.ls of time 'whi('h cotTel'l]lond to events 
of uplift and degradation and cOllstituLe illtelTUp' 
tions of deposition of sediments lllay he indicated 
graphically or hy the word "ullconforwity,"prillted 
in the eolumnar Reetion. 

Each formation sho\vn in the eolumnar section 
is aecompllllierl, not only by Hie deseription of its 
chal'actl'l', but hy itR namC, its letter.sym hoI as uRed 
in the rnapH and their legends, amI 11 concise ae· 
count of th~ topOS'1'uphic .features, soils, or other 
fads re1ated to -it. 

J. W. POWELL, 
Director. 



DESCRIPTION OF THE LASSEN PEAK SHEET. 
GEOGRAPHY. 

GENERAL RELATIONS. 

The Lassen Peak district is situated in north
ern California, between the Sacramento Valley and 
the Great Basin, and adjoins the northern end of 
the Sierra Nevada. It i. bounded by the 121.t 
and 122d meridians and the 40th and 41st 
parallels. The district is 68.99 miles long; its 
mean width is 52.68 miles; its area, 3,634.4 
square mil ... 

Along the Pacific Coast of the United State. 
there are three mountain ranges, the Coast Range, 
the Cascade Range, and the Sierra Nevada. The 
Great Valley of California separates the Coast 
Range from the Sierra Nevada in the south, aIId 
the valley of the Willamette separate. the Coa.t 
and Cascade range. in the north: In the inter· 
mediate district of northwestern California and 
so~thwestern Oregon the adjoining portions of 
these ranges appear to be united into one group
the Klamath Mountains .. ' The Klamath Moun· 
tains really belong to the Coa~t Range. The name 
is here used in a general sense to include all those 
ridge. and peake which are locally known as 
Yallo Bally, Bully Choop, Pit River, Grizzly, 
Trinity, South Fork, Salmon, Marble, Scott, Siski
you, and Rogue River mountains. 

Lassen Peak marks the southern terminus of 
the Cascade Range and fills a great depression in 

. the auriferous slates between the Klamath Moun
tains and the northern end of the Sierra Nevada. 
It is wholly of volcanic origin, and thus, from a 
geologic point of view, it is like the summits in 
the long line of extinct volcanoes extending from 
Mount Shasta to Mount Rainier. 

The geographic feat"Q.l'es enumerated above are 
not all of the same geologic age. Some were dry 
land while others were beneath the sea, and still 
others were built up in later ages by accumulating 
lavas. The geographic hi.tory of the region must 
be read in the geologic records - the rocks of 
which the mountains are composed. 

TOPOGRAPHY. 

Within the district there are three distinct 

slopes are gentler thaD those in the Lassen Peak 
volcanic ridge. It extends from Susan River to 
Pit River, and its western border north of Lassen 
Peak is marked by Hat Creek Hill. The northern 
portion of this area is drained by Pit River, but 
the southeastern portion belongs to the Great 
Basin and drains into Honey Lake. 

DESCRIPTIVE GEOLOGY. 

Twenty-two geologic formations are shown upon 
the map. Thirteen of these were deposited as 
sedimentary rocks; the remaining nine are of 
igneous origin and were erupted in a molten con· 
dition. Some of the sedimentary rocks, especially 
the younger ones, including the first six of the 
legend, have not been materially changed in text
ure and composition since they were deposited 
and consolidated j but others, such as the aurifer
ous slates, have been greatly altered or metamor
phosed by crystallization and the development of 
schistosity. They contain veins of quartz and 
metalliferous deposits. 

ALTERED SEDIMENTARY ROCKS (AURIFEROUS 
SLATES). 

SILUlUAN PERIOD. 

Gri;:$/;g formation.-Within the area rep .... 
sented on the map the Grizzly formation is com
posed chiefly of slates, but in Mount Grizzly, near 
Taylorville, where the formation has its greatest 
development, there are besides slates both quartz
ite and limestone. The last is of special interest, 
as, being of Silurian age, it is the oldest fossilifer
ous rock yet discovered in northern California. 

DEVONIAN PERIOD. 

ArlinlJlon f01"llU1tion.-The Arlington form .. 
tion is composed of the gray sandstone slates and 
conglomerates which extend into the district and 
form Arlington Height. and Hough'. Peak 
Fossils have not been found in this formation, but 
from the general relation of these rocks to the 
Carboniferous on the west and to the Silurian on 
the east, they are supposed to be of Devonian age. 

CARBONIFEROUS PERIOD. 

types of physiographic features. Beginning at Oalaverra8formatwn.-The Calaveras formation 
the west, it includes (1) a small portion of the is so named from its development in Calaveras 
eastern border of the Sacramento Valley, ranging County. In the Lassen Peak district it consists 
in altitude, with gentle .Iope, from 800 to 4,000 of comparatively small lenticular ma .... of q118J'lz. 
feet; (2) the Lassen Peak volcanic ridge, whose ites, slates, and limestones, with occasional aurifer
highest summit (Lassen Peak) is 10,487 feet oUB-ql1artz veins and considerable areas of gabbro 
above the sea; and (3), upon the east, a portion of and other intrusive rocks whose distribution has 
the Great Basin platform, with an average eleva- :not been separately delineated. The limestone of 
tion of about 5,600 feet. this formation on the divide between Yellow and 

The included border of the Sacramento Valley Mosquito creeks aDd just below Rich Bar on 
consists chiefly of a dry, stony plain, across which Indian Creek contains Lithostrotion, Fusulina, 
the streams from the Lassen Peak volcanic ridge and other characteristic fossils of Carboniferous 
cut deep canyons on their way to the Sacramento. age. Other limestones are f¥J fully crystaJline 
The plain is widest and the canyons are deepest that in most cases all traces of fossils have been 
.outh, southwe.4 and we.t of Bene Mill. The obliterated. It is possible that some of the bed. 
lower border of the plain is marked by a well. are older, and others may be younger, than the 
defined bluff 8 few miles east of the river. At Carboniferou., and further .tudy will probably 
this bluff the canyon. end abruptly and the lead to the .ubdivision of this broad belt. The 
streams emerge from them upon the alluvial rocb of this system are more widely distributed 
plains of the Sacramento. Northward the stony than any other yet recognized among the aurifer
plain continues to near Pit River, but it is not so ous slates in northern California. 
well defined, for the valley. of the monntain Robinson f01"llU1tion.-This formation can be 
streams are broader and contain more arable land. traced with interruptions from Robinson's in 

The Lassen Peak volcanic ridge is formed by a Genesee Valley to Keddie Lake on the Keddie
belt of volcanic cones --about 25 miles in width Dyer Ridge, where it forms a long, narrow belt 
and 50 miles in length, and extends northwest between masses of porphyrite. Like the same 
and southeast directly across the middle of the formation at Genesee, it is composed of siliceous 
district from the North Fork of Feather River to beds with conglomerate, a purplish sandstone of 
the Great Bend of Pit River. Its great peaks, volcanicmaterial,and tuff containing round crinoid 
such as Butt Mountain, Lassen Peak, Crater Peak, .stems, Bryozoa, and other Carboniferous fossils. 
Burney Butte, and those at the head of Burney 
Creek, as well a. a ho.t of .maller conical hills, 
are all ancient volcanoes. The lava which issued 
from the earth's interior through many volcanic 
chimneys within the district has formed a conical 
mountain or hill about each orifice. One of the 
most characteristic views of the ridge is seen from 
near Hat Creek, on the old emigrant road, looking 
northward towards Crater Mountain. 

The Great Basin platform, which is the general 
level of the plains in the adjoining portion. of 
California and Nevada, occupies the northeastern 
part of the di.trict. Although mountainous, it. 
differences of elevation are much less and the 

JURATBIAS PERIOD. 

Oedu;r formalion.-The auriferon. slates are all 
more or less metamorphosed rocks, chiefly of 
sedimentary origin, in which veins of auriferous 
quartz have been found. Within the district 
mapped upon the Lassen Peak .heet there are 
two areas of these slates: one at the northwest 
corner, along Pit River, and the other at the 
southeast comer, about the North Fork of 
Feather River. The Cedar formation occur. in 
both the.e area.. It is beet exposed on Cedar 
Creek along the toll road between Redding and 
Round Mountain, where it is overlain by the 

Bend formation. Although there are slates and water was once slow-moving or stagnant and 
sandstones, with occasional traces of conglomer- . spread out in shallow lakes. Such areas are well 
ate, the principal stratum is limestone, which illustrated by Dixie, Humbug, and Goose valleys, 
forms conspicuous ledges on the road 8. few miles and also by Big Meadows. In these ancient lakes 
west of Buzzard's Roost. This limestone is rich or swamps the gravel, sand, mud, infusorisJ. earth, 
in fossils. Like the Hosselkus lim~stone of and vegetable matter accumulated npon the bot. 
Genesee Valley, in Plumas County, it contains tom and gradually raised it above the water level. 
numerous pentagonal crinoid stems and small In this way the excellent grass land of these areas 
coiled shells like Aroestes, besides other fossils. was developed. Some of the areas are yet 

The Cedar formation has been recognized in swamps-for example, the eastern arm of Big 
the southeastern portion of the district, where it Meadows-but these are gradually filling up, and 
has been traced from Indian Creek across Rush in the course of centuries, if nothing happens to 
Creek and the North Fork of Feather River and change the ·present current of events, they will 
Mosquito Creek to the Humbug Valley region. be converted into valuable gras.lands. 
Here, as on Cedar Creek, limestone. forms an Auriferous U1'avela of 'lfWdern 8treams.-In the 
important stratum, and the Triassic fossils it con- present bed of the North Fork of Feather River, 
tains show clearly that it is in the same horizon Indian Creek, and Rush Creek there are deposits 
as the Hosselkus limestone and associated. Triassic of gravel which are auriferous. This gravel was 
rocks of Genesee Valley. once rich in gold and has been extensively mined. 

.Bend formation.-The Bend formation contains At some localities it has been worked over a 
BOrne li~estone, but is composed chiefly of slates, number of times and mining still continues. The 
sa.ndstones, and conglomerates, and crops out gold of this gravel has been derived immediately 
along the western arm of the Great Bend of Pit from the auriferous slates or from the ancient 
River. Isolated. areas of the limestone are exposed gravel of the same region, and is stiiI in process 
near the stage road., 1 mile west of Montgomery of slow accumulation. 
Creek, and the slates and sandstones form the 
upper part of the north .Iope of Ced"" Creek 4 
miles west of Round Mountain. 

Belemnites, ammonites, and other fossils have 
been found at a number of places on both sides 
of Pit River and on the north side of Cedar Creek, 
and they are closely related to those found in 
the rocb of Mount Jura near Taylorville. 

UNALTERED SEDIMENTARY ROCKS. 

The unaltered sedimentary rocks rest upon the 
auriferous slates with conspicuous unconformity. 

CRETACEOUS PERIOD. 

Ohico formation.-The rocks of this formation 
are chiefly .oft, yellowi.h sand.tones, but there is 
some conglomerate and shale. They have been 
seen on Chico, Deer, Mill, Bear, Cow, and Little 
Cow creeks, as well as at Tuscan Springs, and 
they extend beneath the Sacramento Valley. 

Marine shells of many types have been found 
within ill the areas of Chico rocks marked npon 
the map. 

NEOOENE PERIOD. 

IIJ'M formalion.-Near the we.tern border of 
the Lassen Peak di.trict and extending beneath 
the Sacramento Valley there is 8. series of feebly 
indurated conglomerates, sandstones, and shales 
which occasionally contain small deposits of coal. 
These beds appear to be continuous to the south
ward with the lone formation. On Little Cow 
Creek the strata have yielded. a U nio and a few 
plant fossils, of the age of the Auriferous gravels. 

A'lUI'iferoUB g'l'avela of ancient 8tream8.-The 
depo.its in the region of Lot'. diggings and Dutch 
Hill are the principal occurrences of auriferous 
gravels in this area. They have all been mined, 
and the. latter is said to have been rich. The 
gravel at Dutch Hill i. about 1,000 feet above 
the North Fork of Feather River. At Lot'. dig. 
gings, near the latitude of the 40th parallel, on 
the top of a high platform northwest of Spani.h 
Peak, the gravel lies nearly 4,000 feet above the 
level of the river where it cuts across the range. 
It is evident that there has been a great change in 
the drainage of the country since these gravels 
were deposited. 

T'USlJan formation.-The Tuscan formation i. 
compo.ed wholly of fragmental material derived 
from the numerous volcanoes of the Lassen Peak 
district. Much. of it is fine, clearly stratified, and 
properly called tuff, but a large part is an agglom. 
erate of coarse and fine material intermingled. 
Most of the fragments are angular, but some beds 
are made up of pebbles well rounded by water 
action. It is best exposed in the canyons of Mill, 
Deer, and other creeks on their way from the 
mountains to the Sacramento Valley. At anum· 
ber of points in the tuff there are eheets of lava. 

PLEISTOCENE .PERIOD. 

Allwvium, infuwrial earth, 8a1Ul, Ulna day.
Along the courses of a number of streams in the 
Lassen Peak district there are plaee. where the 

IGNEOUS ROOKS. 

By far the most abundant rocks of the Lassen 
".Peak: district are those of igneous origin. They 
are both intrusive and extrusive. The numerous 
volcanoes of the district have furnished a great 
variety of such· rocks, which are distinguished 
chiefly by their structure, the proportion of silica 
they contain, and the minerals of which they are 
composed. The extrusive rocks range from 
basalts, having as low as 48 per cent of silica, 
through andesite. and dacite. to rhyolites, ,ome 
of which contain over 74 per cent of silica. 
Among the intrusive rocks-diorite, peridotite, 
diabase, and porphyrite-the range in composition 
and structure is not as great, but their alteration 
is much greater. 

.Diorite.-The diorite of the region usually con
tains, besides the essential minerals plagioclase 
and hornblende, a variabJe but generally large 
amount of black mica and quartz, so that the 
rock belongs to the quartz.mica-diorite series. In 
places orthoclase and pyroxene become important 
constituents, relating the diorite on the one hand 
to granite and on the other to gabbro. On the 
southwest slope of Chip Creek the sedimentary 
rocks in contact with the diorite were greatly 
altered at the time of its eruption, showing that 
the diorite is younger than the, associated Cala
veras formation. 

Peridotite.-Peridotite is an eruptive rock 
originally composed chiefly of olivine, but in 
many places it contains pyroxene, which may 
greatly increase in quantity, when the rock becomes 
pyroxenite. Since its eruption the olivine and 
some of the associated minerals have in many 
cases been changed to serpentine. All of the 
larger masses of serpentine so far studied in 
northern California have originated in this way. 
The surface of the peridotite often weathers red· 
dish, so that the hills formed of it are frequently 
called "red hills." The one at the junction of 
Indian Creek and the North Fork of Feather 
River is a good example. Near the contact of 
this eruptive and the adjacent country rock con
siderable quantities of gold have been already 
taken out, and prospects are promising. 

.Diabase umd porplllgrite.-The diabase and por· 
phyrite, which are among the ancient eruptive 
rocks of the region, at the time of their eruption 
n.ually reached the .urface and flowed out as 
lavas similar to the andesites and other closely 
related volcanic rocks of the Lassen Peak district. 
Since then they have been subjected to great 
pressure, accompanied by an alteration of their 
mineral constituents. They form a large portion 
of the Keddie-Dyer Ridge as well a. of that 
extending into the district from the deep canyons 
of Indian Creek between Arlington bridge and 
Shoo Fly. . 

H01'nhl.eruJe.atndesite.-Hornblende-andesite con
taining rather prominent cry.tal. of hornblende 
and u.ually a little pyroxene is the olde.t lava 
expo.ed in the di.trict. Its Iarge.t area is in the 
mountain. about the head of Burney c,.ek, but 



several small peaks are nearly buried beneath the 
Tuscan formation. 

P1f1'fXJJ6ne-a!luie8ite.-In this group are included 
andesites which are characterized by the predom
inence of pyroxene. In some places the hypers. 
thene and augite are present in nearly equal 
amounts, but more frequently the hypersthene 

The bluJl' which marks the western limit of the 
dry, stony plain 4 miles east of Red Bluff is due 
to an abrupt downward bend of the Tuscan tuff 
to plunge beneath the Sacramento Valley. This 
monoclinal flexure in its effect resembles a fault. 

GEOLOGIC HISTORY. 

predominates and the rock is hypersthene-ande- To get a clear view of the geologic history of 
site. In a similar manner some of the lavas are the Lassen Peak district it is necessary to outline 
augite-and~8ites. Traces of hornblende and the principal events in the development of north
olivine are occasionally found and relate these ern California and southern Oregon. 
rocks to the hornblende-andesites and basalts. The oldest rocks yet positively identified in the 
The scale of the map is too small to allow these geologic series of California and Oregon are those 
various forms of lava to be clearly outlined in all of the Grizzly formation. They are known to be 
CRSeS. Generally, if not everywhere within the Silurian by fossils found in them near Taylor. 
district, the lavas of this group are older than the ville. These fossils are of marine animals, show
rhyolites, daCites, and basalts. ing that the slates, quartzites, and limestone of 

R/i,lIolite.-.Although the andesites of this Mount Grizzly were formed beneath the sea. 
region are generally porp~yritic, with white The source of these early sediments has not yet 
phenocrysts of feldspar or dark ones of pyroxene been definitely determined, but it is probable that 
or hornblende, the rhyolites are not so. Theyare they were derived, at least in part, from 8. land 
light.colored, usually lithoidal, but occasionally, 8.8 mass of pre.Silurian rocks which occupied during 
near Deer Creek Meadows, they are composed of Paleozoic time the western part of Nevada and 
perlitic glass. At Bear Creek Falls the rhyolite may have extended a short distance into Cali
Mntains streaks of black glass. Canyons have fornia. Part of the sediments may have been 
been cut in the rhyolite by Deer Creek and its derived from islands which skirted this ancient 
branches. Streams of basalt have flowed down coast, a source from which later formations have 
these canyons .and show very clearly that the evidently derived much of their material. 
basalt of that region is younger than the rhyolite. The relations of land and sea continued, in 

.Daoite.-Lassen Peak is composed chiefly of northern California and Oregon, to be essentially 
dacite, which, although it contains much glass, has the same throughout the Silurian, Devonian, Car· 
occasionally a superficial resemblance to gray boniferous, and Juratrias periods, although f,... 
granite. Near the northern base of the peak is quent oscillations of the land with reference to 
an extremely rough, treeless tract, which has the sea-level are recorded in the changes of 
been called" Chaos." At that place the youngest sediments in that region. Including the Grizzly 
dacite of the region is well exposed. beds at the base, there is a mass of marine sedi-

Basalt.-Basalt is the most common and widely menta, over 4t miles in thickness, which accumu· 
distributed lava of the district, and has escaped lated on the sea bottom throughout northern Cali· 
from many volcanic vents. One of its best pre· fornis between the early part of the Silurian and 
served and most accessible craters is on the south the close of the Juratrias period. These strata, 
slope of Inskip Hill. Most of the basalt is although originally horizontal, have since been 
younger than any of the lavas already mentioned. closely folded, faulted, and metamorphosed, and 
It has flowed down the canyons, cut in the older the fractures have been filled by auriferous 
volcanic rocks, and, occasionally forming dams, quartz veins. 
has given rise to many fertile meadows. The deformation of the strata did not all occur 

Quartz-barolt.-Quartz-basalt occurs at three at the same time. The Silurian and Carbonifero 
localities within the Lassen Peak district: at the ous systems received their first tilting before the 
Cinder Cone, at Silver Lake, and on the northern oldest Triassic formation was deposited on their 
slope of Lassen Peak. The Cinder Cone and the upturned edges. So also during the Juratrias 
lava-field 10 miles northeast of Lassen Peak are the rocks were again folded, and it is probable 
the result of one of the latest volcanic eruptions that upheaval accompanied the folding and that 
in this country BOuth of Alaska. It is illustrated the land areas were thereby enlarged, but how 
upon the accompanying sheet. The lava is a much is not yet known. It was not until the 
basalt, which is peculiar in containing numerous close of the Juratrias that the great deformation 
grains of white quartz_ occurred which raised the whole of northern Cali. 

STRUCTURE. fornia above the sea. At that time, so far as is 
yet definitely known, the first dry land appeared 

The beds of unaltered stratified rocks, none of in that region, but it is probable that islands 
which are older than the Cretaceous, still lie as existed there as early as the Archean. Immedi· 
they formed, in a nearly horizontal attitude. ately after the post:.Juratrias uplift the land 
Although uplifted they have not been compressed extended northwest from the Sierra Nevada and 
enough to produce folds. On the other hand, the Klamath Mountains into the Pacific west of Cape 
auriferous slates have been thrown into a series Blanco. How far westward and north westward 
of arches ( anticlines) and troughs (synclines) and beyond the present coast-line the land may at 
so greatly compressed as not only to close the that time have encroached upon the sea is not 
folds, leaving the strata approximately vertical, known, but its extent was probably not very 
but also to break and displace them along a series great, for the sea soon came to occupy the Sacra
of thrust faulta. These changes occurred during mento Valley and a large part of Oregon. 
the earth movements by which the mountains During the Cretaceous period the land gradu. 
were produced. ally subsided, so that the sea again swept over 

The auriferous slates crop out in the northwest· and covered a part of the area that had lately 
ern and southeastern corners of the Lassen Peak been raised above sea-level. During the latter 
district. Between these points there is a great part of this period the Klamath Mountains and 
depression in these ancient rocks, marking the other portions of the Coast Range were almost, if 
limit between the Sierra Nevada and the Klamath not altogether, beneath the ocean, but the Sierra 
Mountains of the Coast Ra.nge. The depression Nevada has remained above the sea ever since its 
is filled below by the Chico and other unaltered development at the close of the Juratrias. When 
sedimentary formations, and these are overlain the Chico formation was deposited the seashore 
by a great thickness of lavas, which have been lay along the western base of the Sierra Nevada 
erupted from the volcanoes of the Lassen Peak and extended around its northern end. The 
region. Although the older igneous rocks, such· Pacific occupied nearly the whole of the Lassen 
as diab8Be, porphyrite, peridotite, and diorite, Peak district and spread far into Oregon. 
have been subjected to the same sort of extensive At the close of the Chico epoch the Klamath 
displacement as the auriferous slates, the newest Mountains were again raised above the sea, and 
lavas have not been folded to an appreciable the Cretaceous strata over portions of these moun· 
extent. They have, however, been faulted on a tains were much folded and broken. A large 
small scale. Several fault cliffs may be seen part of the Chico beds thus exposed to erosion 
about the head of Butte Creek and on the road were washed off the land before the sea again 
between Big and Mountain meadows. The most partially invaded the same. region and deposited 
important one in the region, howe~er, is that the Tejon formation. which, although well repre
which forms Hat Creek Hill, east of Hat Creek. sented in middle California and part of Oregon, 
At that point the lavas have been broken along a ·has not yet been certainly recognized in Cali· 
fissure for at least 25 miles, and those on the east foruia north of the 40th parallel. 
side of the fissure have been lifted so as to form The lone formation of the N eocene system 
a prominent cliff. appears in some places to lie upon the upturned 

edges of the Chico and contains fresh-water 
mussels. It must have originated in a body of 
essentially fresh water which extended from the 
northern end of the Sacramento Valley through 
the Lassen Peak region into northeastern Cali· 
fornia and separated the Klamath Mountains 
from the Sierra Nevada. It was an estuary or 
lake at or near the sea-level, for the water was 
salt at Marysville Buttes, and the leaves found 
buried in the formation are of the kind of vegeta
tion prevailing at low altitudes. 

After tbe uplifting at the close of the Chico 
the land of northern California was long sub
jected to continuous erosion, and finally, during 
the early part of the N eocene, had been worn 
down to almost a plain-a peneplain. The 
streams, having nearly reached their baselevel of 
erosion, wpxe unable to remove the insoluble 
residual material resulting from the disintegra
tion of the rocks. As a result the land became 
coated with a sheet of such material, containing 
quartz, gold, and other insoluble detritus. 

In the early N eocene there was such a change 
of level of the land that the grades of the streams 
were increased and the residual material was 
swept down. Most of the fine and light material 
was camed into the Sacramento Valley, but the 
coarse and heavy material (quartz gravel and 
gold) accumulated in the old channels which fur· 
nish the principal placer mines of to-day. 

The ancient auriferous gravels of the northern 
end of the Sierra· Nevada were deposited by 
streams tributary to the body of water in which 
the lone formation was laid down. This water 
body surrounded the northern end of the Sierra 
Nevada and received one of the ancieut Auriferous 
gravel streams at the southern end of the Moun· 
tain Meadows. 

Some of these gravels which were once but 
little above sea·level are now on the summits of 
the Sierra Nevada, at altitudes ranging from 
5,000 to 7,000 feet above the sea. They contain 
leaves of :maple, fig, walnut, magnolia, and oak, 
besides those of other trees which are common at 
low altitudes, but, so far as yet known, only few 
if any leaves of pine or other conifers which now 
grow so abuntantly at the present altitude of 
these gravels. This indicates clearly that since 
these early gravels were deposited the northern 
end of the Sierra Nevada has been upheaved 
more than 4,000 feet. 

By the upheaval of the range the drainage was 
considerably changed and the erosive power of 
the streams increased. Since then all the streams 
flowing down the western slope of the northern 
portion of the range have cut deep canyons. The 
canyon of the North Fork of Feather River is 
nearly 4,000 feet deep, opposite a mass of ancient 
gravel at Lot's diggings, showing tbe large 
amount of cutting done by the modern streams 
since the ancient gravels were deposited. 

In this brief sketch of the geologic history of 
northern California the mention of volcanic 
phenomena has thus far been avoided, so as to 
render as distinct as possible the sequence of 
great events which can be made out from the 
sedimentary rocks alone. The Lassen Peak dis· 
trict abounds in volcanoes, both ancient and 
modern, and lava-capped terraces suggest that 
volcanic energy may have had something to do 
with the uplifting of the land in that region. 

In the Taylorville region there were active 
volcanoes during the Carboniferous and J uratrias 
periods. The large mass of diorite, which forms 
an important part of the northern end of the 
Sierra Nevada, is an eruptive rock, and originated 
either immediately after the deposition of the 
early portion of the Juratrias formation or at the 
close of that period. Many of these older emp· 
tives have been folded and displaced with the 
sedimentary rocks. 

The volcanic action which has built up Lassen 
Peak with its many associated cones is compara· 
tively recent. It began at the close of the lone 
epoch and occurred most violently at the time the 
Sierra Nevada was upheaved, but it has continued 
spasmodically to the present time. The earliest 
eruptions were of hornblende-andesite, which 
were here succeeded by those of pyroxene·andesite. 
In general the rhyolites are older than the dacites. 
Although some of the basalts are old, yet, taken 
as It. whole, they are the youngest lavas of the 
region. Many of them were erupted after the 
canyons had been deeply cut in the older lavas 
and slates. This is especially noticeable along 

the North Fork of Feather River, where the basalt 
has flowed down the canyon for about 20 miles. 
The river has worn through this lava:flow and 
cut its canyon several hundred feet deeper, leav· 
ing bits of basalt to form terraces along the sides 
of the canyon. At a number of points the gravel 
of the old river channel is visible beneath the 
lava of the terraces. 

To the younger flows of basalt the Lassen Peak 
district is indebted for the development of its 
most valuable agricultural and grazing lands. At 
the entrance of every canyon into which basalt 
flowed the lava accumulated so as to form a dam 
for the streams of water. In this way lakes or 
swamps were produced, and from these, by the 
gradual accumulation of gravel, sand, mud, 
infusorial earth, and vegetable matter, the beauti· 
ful meadows of Prattville, Coppervale, Butt 
Creek, Battle Creek, and Dixie were produced. 

The latest volcanic eruption in the Lassen Peak 
district, and possibly the latest in the United 
States south of Alaska, occurred at the Cinder 
Cone about 200 years ago. Some of the trees 
killed at the time are still standing. The lava, 
although very viscous, spread more than a mile 
from the vent and formed a huge tabular pile 
which extends across a little valley. The Java 
dam thus formed developed Snag Lake, which 
contains stumps of some of the trees drowned at 
the time the lake originated. 

That volcanic activity is not yet extinct in the 
Lassen Peak district is shown by the presence of 
numerous solfatal'as and hot springs. At Bum
pass1s Hell, near the southern base of the peak, 
there are boiling mud pools and vigorous solfataric 
action. Near by, at the head of Mill Creek, 
the sulphur deposited by such action is so abun· 
dant that attempts have been made to mine it. 
Similar phenomena occur in Hot Spring Valley 
and at Lake Tartarus and the Geyser, near Wil· 
low Lake. The geyser is much less vigorous 
than formerly, and now the column of water rises 
scarcely a foot above its pool. 

Having considered the geologic history written 
in the stratified rocks and the lavas of the dis
trict, we come to that recorded in the superficial 
deposits about the higher parts of the region. 
There we find strire and moraines left upon the 
rocks by glaciers. Patches of perennial snow 
still cover portions of Lassen Peak, and their con
dition is almost that of a glacier. Formerly they 
were much more extensive, real glaciers stretch. 
ing in all directions from Lassen Peak. The 
period of glaciation Dlay have been a long one. 
Its maximum occurred soon after the mountains 
had reached their greatest altitude, when by far 
the largest portion of the lavas had been erupted. 
The canyons were cut in the earlier lavas, and 
some of the later lavas, as well as the glaciers, 
flowed down these canyons for long distances. 

MINERAL RESOURCES. 

Upon the economic map special attention is 
called to the distribution of the auriferous slates, 
in which alone there is any probability of dis
covering valuable deposits of precious metals. 
These rocks are exposed in the southwestern and 
northwestern portions of the area mapped, and 
extend through, under the lavas of the Lassen 
Peak district, from the Sierra Nevada to the Kla
math Mountains. The broad stretch of unaltered 
lavas about Lassen Peak does not contain an 
appreciable amount of the precious metals, and 
may be wholly neglected by the prospector. 

Among the auriferous slates seven formations 
have been distinguished, ranging in age from the 
Silurian to the Jurassic, inQlusive. Of these the 
Cedar formation, of J uratrias age, and the Cala
veras formation, of Carboniferous age, have been 
the most productive.. By their disintegration 
they have furnished the gold for the placer mines 
of Indian Creek below Sboo Fly, of Soda Creek, 
Rush Creek, the North Fork of Feather River, 
and also the rich deposits about Lot's diggings 
and Dutch Hill. The mines near the North Fork 
of Feather River are on this belt, and active pros· 
pecting is going on at a number of points. 
Numerous copper prospects have been discovered 
in the Pit River region, and at present prospecting 
is active. 

Intermingled with the auriferoml slates are 
eruptive rocks, such as diabase, porphyrite, 
peridotite, and diorite, which have much to do 
in detennining the distribution of certain classes 
of ore bodies. The areas of eruptive rocks have 



been outlined, and it has been found that the 
most promising prospects of that region are 
located near the borders of these eruptive masses. 
The ore deposits may be in the auriferous slates 
or the eruptive rock, but in either case they are 
not far from the contact. The eruptive rocks in 
which the active mines of Crescent and Green· 
ville are located do not extend into this area. 

Limestone is abundant in the Cedar formation, 
and occurs also in the Calaveras formation, as 
indicated upon the economic sheet. It is most 

conveniently located by the stage road along 
Cedar Creek in .shasta County, and has been 
burned, making good lime, near Prattville. 

The coal of the lone formation has been pros
pected on Little Cow Creek and elsewhere in the 
same region. At several places small quantities 
have been taken ~mt for local use, but nowhere 
haa a sufficient outcrop been seen upon the sur· 
face to warrant expensive exploration. 

The Tuscan tuff, when fine·grained and suffi· 
ciently indurated, stands :fire well and may be 

used to advantage in building chimneys and 
hearths. On account of its porosity, which 
allows considerable evaporation, it is used for 
water coolers. The same sort of material, espec· 
ially when highly colored, is used quite exten
sively in the manufacture of cement. 

The large deposit of infusorial earth on Pit 
River below the mouth of Hat Creek is of eco
nomic importance. The beds have a thickness 
of nearly 100 feet. This earth makes an excel
lent polishing powder, and it is used alBo in the 

preparation of cement and explosives, as well as 
for protecting steam boilers and pipes. 

The minerals in the basalt are such that by 
decomposition and disintegration it furnishes an 
excellent soil for agricultural purposes, much 
richer than that derived from the other lavas of 
the district. As the basalt was more liquid at 
the time of its eruption than the other lavas of 
the region, it spread farther and fonned compara
tively smooth surfaces; this also is in its favor 
from an agricultural point of view. 

ILLUSTRATIONS OF RECENT VOLCANIC ACTIVITY. 

THE CINDER CONE, CALIFORNIA. 

The general view.-Looking southeast from the 
summit of Prospect Peak, one sees the general 
view represented in fig. L It is the sccmtl of a 
comparatively recent volcanic eruption at the 
Cinder Cone, 10 miles northeast of I~assen Peak, 
California. The dark, desolate, treeless lava field 
and cinder cone present a strong contrast to the 
deep-green pine forest by which they are sur
rounded. From this point, better than anywhere 
else excepting the summit of the cinder cone 
itseli, is ohtained a view of the hopper.shaped 
depression of its crater. On the right of the lava 
field is Snag Lake, whose waters escaped through 
the lava into Lake Bidwell on the left. 

When one obtains the first near view of this 
scene the impression of its newness is vivid, and 
he looks in the 'expectation of seeing steam rising 
from the crater or la.va field. The feeling of dis· 
appointment is somewhat allayed, however, when 
he observes charred trunks of trees (fig. 2), 
apparently long since dead, yet a.ttesting the 
scorching temp~rature of that place in recent 
times. 

The cone.-Descending from the summit of 
Prospect Peak toward the cinder cone, attention 
is at once arrested by the soft, dull·black volcanic 
sa.nd 'which covers the surface and renders walk. 
ing tiresome. At first it is fine and only a few 
inches deep, but as we approach the cinder cone 
the sand becomes coarser and deeper. How thick 
the layer of sand Illay be at the base of the cone 
is unknown, but one-fourth of a mile away in all 

directions it is about 7 feet in thickut'ss, and it 
decrt'ases so as entirely to disappear at a distance 
of 8 miles. Encircling the cinder C(lne at its base, 
as shown in figs. 3 and 7, is a collection of \'olcanic 
bombs, ranging in size from a few inches to 8 feet 
in diameter. They are much fissured, and many 
of them have fallen to pieces, showing an interior 
of compact lava, while the snrface is somewhat 
scoriaceous and ropy. 

we struggle up the steep slopes of loose material The lava field.-From the summit is obtained 
the scorioo, lapilli, and sand, improperly called an excellent view of the lava field. A small por· 
cinders and ashes, give way under our feet, and tion of it near the cinder cone, being covered with 
the climbing is found to be especially fatiguing. sand, is smooth, as illustrated in fig. 4 j but the 
The cinder cone is regular in form, with surpris- larger portion, composed of angular blocks of 
ingly smooth, dark surface, showing no traces of I lava loosely piled together, as in fig. 6,.1s extremely 
waterways or other marks of the ravages of time. I rough. The relation of these two portions to 
It rises to an elevation of 640 feet above the ' each other and to the volcanic sand of the region 
low~st point of its base (6,907 feet above the: is of special importance in tracing the history of 
sea), with an average diameter of 2,000 feet the volcanic phenomena of this vicinity, but will 
below and 750 feet across the top. Its slopes not be noticed until after the form of the lava 
are as steep as it is possible for such loose vol· field and the character of the ancient lake bed 
canic material to maintain, and are marked in associated with it are considered. 
many places by slides. The angles of the slope The general form of the lava field is tabular, 
range from 30 to 37 degrees, according to the size and it covers an area of about 1 by 2t miles in 
of the volcanic fragments. The dun, somber extent. It ends on all sides abruptly, like a 
aspect of the smooth, dark slope is greatly terrace, and is in many places over 100 feet in 
relieved by the carmine and orange.colored lapilli height. Fig. 9 shows this termination at the 
on the southeastern side, so that when viewed northwest corner of Snag Lake. 
from near Snag Lake the cone presents the TIM old lake bed'.-Within the lava field and 
pleasing hues of sunset. The strangeness of the about its end bordering on Lake Bidwell is a lot 
scene is greatly enhanced by the almost complete of soft, white material which, when examined 
absence of vegetation; only two small bushes under the microscope, is found to be infusorial 
cling on the outer slopes and give life to the earth, mixed with vegetable matter, such as grows 
barren cone. on lake bottoms. It is evident .that this was once 

On the summit of the cone, we have before us the bed of a lake, and as it connects directly with 
the well-developed crater illustrated in fig. 8. the present bed of Lake Bidwell, it shows that 
The pit has a depth of 240 feet, with a narrow Lake Bidwell was once larger than it now is, 

i~=:!:esan<tlapllu. bottom and partially slaggy slopes, so steep as to occupying not only its present area but also much 
~=~~o~~r::r:m~tk:'~byst!:.~o1vOIC..mC'8hes. be scaled with difficulty. A peculiar feature is of that now covered by the lava field. The 
1i.-Treeo1thepreseatforest. the double character of the crater. It has two thickness of the ancient lacustrine deposits is at 
Having arrived at .the cinder cone, the first rims, one within the other, separated by a shallow least 10 feet, and they are well exposed at several 

impulse is to climb to its summit. It is then that moat which encircles the great funnel-shaped points. Near the western end of Lake Bidwell, 
we become aware of its real composition, for as depression in the center. where the sheet of volcanic sand which covers the 
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country about the cinder cone may be seen 
adjoining the ancil:'nt lake bed and the lava field, 
a trench was dug tu determine their relations, and 
it was found that the lake bed separated the lava 
from the volcanic sand. The sheet of volcanic 
sRnd formed the foundation on which the ancient 
lake bed was deposited, but this in turn was 
covered by the flow of lava, which has no sand 
on its surface. 

Section of ehe formatWn8.-Beneath the ancient 
lake beds, and to some extent covered by volcanic 
sand, is a lava which corresponds to that occur
ring near the southern base of the cinder cone. 
The general relations of all these parts are shown 
in fig. ~,a section of the cinder cone and lava 
field. The country rock on which the cinder 
cone and sheet of volcanic sand rest is basalt 
from the neighboring but older volcano of Pros· 
pect Peak. The two sheets of lava in the lava 
field are separated by the infusorial deposit of 
the ancient bed of Lake Bidwell, and also by • 
thin sheet of sand which covers the older lava 
near the cinder cone. The hopper-shaped crater 
in the summit of the cone, the collection of vol
canic bombs encircling its base, and the volcanic 
neck within, are all represented in the section. 

HISTORY OF THE ERUPTION, 

OJ'der 01 events_-The facts just mentioned 
show that there were at least two periods of 
eruption from the cinder cone, and that they 
were separated by a time interval sufficiently 
long to allow 10 feet of infusorial earth to 
accumulate on the ancient bottom of Lake Bid
well. The first period was characterized by a 
violent explosive eruption, which formed the 
cinder cone and ash field; the second, by a quiet 
effusion of a large mass of lava. 

The first eruption began with an explosion and 
the ejection of a great deal of light, scoriaceous, 
almost pumiceous materinl, blown chiefly by 
escaping steam 1rum the upper portion of the 
molten lava (ma,gma) in the throat of the volcano. 
Succeeding the explosion and the eruption of the 
pumiciform material, and continuous with it, 
came the volcanic sand, lapilli, scorioo, and bombs. 
They fell about the hole from which they were 
blown, and by their accumulation built up the 
cinder cone, which is composed almost wholly of 
fragmental material. 

After the greater portion of the fragmental 
material had been ejected the magma rose in the 
cinder cone, and, bursting it asunder, flowed over 
the southeastern portion of its base. This effu
sion was accompanied and succeeded by a shower 
of sand, which may have given rise to the inner 
rim of the crater and formed a thin coating over 
the lava already effused. Whether or not the 
effusion of the oldest lava and the succeeding 
shower of ashes belong to the closing stages of 
the first eruption is not easily determined, but it 
is certain that both preceded that long interval of 
quiet during which the old lake beds were 
deposited. This season of volcanic rest was 
probably at least a century long, for to accumu
late 10 feet of infusorial earth would require con
siderable time. 

The new flow of lava, which developed the 
tabular lava field, filled the shallow valley, and 
formed the lava dome, giving birth to Snag Lake, 
OCCUlTed at the close of the lake-bed interval. 
The remarkable characteristic of this eruption as 
compared with the former was the entire absence 
of any explosion from "the crater in connection 
with the effusion of so large an amount of very 
viscous magma, sinctl the same vent at an earlier 
period had been the scene of violent ejection. 

Everywhere in the lava neld one is impressed 
with the idea that the lava of this final eruption 
moved slowly and with great difficulty, repeat
edly breaking its crust and pushing along as a 
great stone pile, presenting an abrupt terrace-like 
front on all sides. It is a typical example of a 
lava field formed by the effusion of a viscous lava 
on gentle slopes. Had it been highly liquid, like 
many of the other basalts in the same great vol
canic neld, it would have found egress at the out
let of Lake Bidwell and stretched down the little 
valley for miles to the northward. 

Age 01 the 61'1ption.-The whole aspect of the 
cinder cone and lava field is so new that one at 
first feels confident of finding historic evidence of 
its eruption. To say that it was formed in the 
geologic yesterday, even, makes it too old, for it 
appears rather to belong to the early part of 
to-day. Yet the evidence clearly demonstrates 

that the earliest eruption occurred before the 
beginning of the present century. 

Its age is best shown by the relation of the old 
aud new forest trees to the volcanic sand of the 
first eruption. The living trees near the cinder 
cone, shown in ng. 4, grow upon the top of the 
sand, but the dead ones in the foreground were 
standing at the time of the eruption, and, instead 
of growing upon the sand, grow from the soil 
which now lies beneath it, as represented in fig. 
2. It is evident that the region was forested at 
the time of the eruption, for about the cinder 
cone there are many pits in the sand, resulting, as 
illustrated in £g_ 2, from the decay of the earlier 
generation of trees. 

The new forest has attained its maximum 
growth for that region, and there is no appreci
able difference between it and the present forest 
farther away from the cinder cone. Several of 
the largest pine trees (Pinus ponderosa) in the 
vicinity of the cinder cone were measured 2 feet 
above the ground, and found to be 12 feet in cir
cumference, with a diameter, therefore, of 45 
inches and a thickness of solid wood of not less 
than 43 inches. The rings of growth were 
counted upon numerous stumps of the same pine, 
and it was estimated that the large trees near the 
cinder cone must have not less than 200 rings of 
growth. There is in that mountainous region but 
one season of growth and one of repose for each 
year, and there is therefore good reason for sup
posing that each ring represents a year's growth. 
If so, the trees by the cone must be about 200 
years old. Presumably, as is well known to be 
true in other cases, the vegetation would take 
hold upon the volcanic sand very soon after the 
eruption, so that the age of the oldest trees may 
be taken as a rough approximation of the age of 
the first eruption, and we may with some rf'.ason 
eonclude that it occurred nearly a century before 
the American Revolution. The second or effusive 
eruption occurred at a much later date, but cer
tainly more than 50 years ago, and was of such a 
character as not to attract attention. 

THE GREAT VOLCANIC REGION OF 
THE NORTHWEST. 

The cinder cone and lava field just described 
are part of the Lassen Peak volcanic ridge, which 
was built up by the eruptions from over 120 
volcanic vents_ Some of these eruptions were on 
a grand scale, and a few of the craters are over a 
mile in diameter_ During the development of 
the volcanoes some of the vents shifted their 
position. Lassen Peak is connected by lava with 
Mount Shasta, and may be considered the south
ern end of the Cascade Range. From this range 
the great volcanic neld, which is perhaps the 
largest in the world, extends eastward, covering 
a large part of northern California, Oregon, Wash
ington' Idaho, and Montana. The lava covered 
area is estimated to be 200,000 square miles in 
extent, or larger than France and Great Britain 
combined. 

In the Lassen Peak region and throughout the 
Cascade Range the lava was generally rather 
viscous, and the amount erupted at one time from 
the same place was not very large. Being too 
stiff to flow far, the lava accumulated about the 
vent and formed large cones, of which Lassen 
Peak, Mount Shasta, Mount Hood, Mount Rainier, 
and other peaks, ranging from 10,000 to 14,000 
feet in height, are conspicuous examples. One of 
the longest lava-flows in the range cam~ from the 
southern slope of Mount Shasta and descended 
the canyon of the Sacramento River for 50 miles. 
To the eastward, along the Columbia, Deschutes, 
and Snake rivers, the lavas at the time of their 
eruption were much less viscous, and sometimes 
almost as fluent as water, for they spread out into 
thin sheets, following the sinuosities of the lower 
slopes of the ridges, and surrounding isolated 
hills as islands in a lake. The thickness of the 
great la.va field, which has been studied by Le 
Conte, Geikie, Symons, and Russell, is supposed 
to average about 2,000. feet. The lava beds are 
exposed in excellent sections along the Columbia, 
Snake, and other rivers, where the lava is seen to 
be arranged in horizontal layers, like undisturbed 
sedimentary rocks_ The sepllJ."ate layers range 
from one to scores of feet in thickness. 

MOUNT VESUVIUS. 

Mount Vesuvius is illustrated in fig. 5, and the 
marked similarity of its cinder cone to that near 
Lassen Peak is at once apparent. It is composed 

of a larger proportion of coarse fragments, and 
the surface of the lava in the foreground is puck
ered by the flowing of the underlying material, 
so as to produce what has been called a ropy 
surface j and, being also very vesicular, it is 
strongly contrasted with, the extremely rough 
lava field near Lassen Peak. On the slopes of 
the cone of Vesuvius, as shown in the illus
tration, is a spiracle, formed of lava that rose 
out of a little vent at that point and, being stiff, 
remained close to the orifice, building up a very 
steep little cone_ The ropy lava fields of 
Vesuvius were formed by slowly moving streams, 
and the rough cindery ones by streams t~at 

moved rapi~ly and yielded a great quantity of 
stearn, which tore up the surface and left it 
extremely rough and jagged. 

Mount Vesuvius is a much larger and more 
complex volcano than the Cinder Cone near Snag 
Lake. It is made up of both cinders and coulees 
(lava-streams), and illustrates the structure and 
growth of such large volcanoes as Lassen Peak, 
Mount Shasta, and many others of the Cascade 
Range. With a circular base 30 miles in cir
cumference, it rises from a plain that borders 
the Bay of Naples and reaches an altitude of 
nearly 4,000 feet. The lower part of the moun
tain is like the base of a simple cone, but the 
upper part, above 2,500 feet, is double, being 
made up of a crescentic ridge, Monte Somma, 
encircling the base of the top cone, which forms 
the highest summit of Vesuvius. Although the 
name Vesuvius is applied to the whole mountain 
from the sea up, it is sometimes restricted to the 
small summit cone, a portion of which is illus
trated in fig. 5. The basal portion of Vesuvius 
rises from about 2,500 feet; beyond this extend 
Monte Somma to 3,730 feet, and the cone to about 
4,000 feet, abot'e the sea. 

The base of the mountain is encircled by a fer
tile plain, whose soils are derived from the vo]
canic material of the mountain slopes. Above 
this belt, although vineyards extend here and 
there in fertile spots to an altitude of 2,500 feet, 
a large portion of the mountain is a barren waste. 
The fresh lava has not yet been sufficiently 
decomposed to furnish soil. Many ]ava-streams 
which burst from the slopes above have crossed 
the cultivated belt, which is traversed in its older 
portions by small ravines or waterways, marking 
lines of long-continued drainage. Upon the newer 
slopes such ravines are filled by later streams of 
lava, and thus what is removed by erosion is 
restored by volcanic activity. At present the 
additions by eruptions greatly exceed the loss by 
erosion, and the mountain is growing. In this 
respect Vesuvius differs from Lassen Peak and 
Mount Shasta. As they are extinct volcanoes, 
they have stopped growing and are now gradually 
wasting away. 

Monte Somma, the semi-circular ridge which 
forms the northern summit of Vesuvius, has, out
ward, a gentle slope connecting with the general 
slope of the cone below. Inward it is very steep, 
anq a crescentic valley, above which it rises
generally about 1,200 feet-separates it from the 
summit cone_ Monte Somma is an older portion 
of the mountain, a remnant ot an ancient crater 
rim, which indicates that the mountain was once 
larger than it now is. 

The cone which forms the principal summit of 
Vesuvius is regular in shape and rises to an alti. 
tude of about 4,000 feet above the sea, or 1,500 
feet above the sterile valley of Aerio del Cavello, 
which separates it from Monte Somma The steep 
slopes, composed largely of loose cinders and 
ashes, have an angle of from 30" to 40°, and the 
ascent on foot is very laborious. The sand, ashes, 
lapilli, ahd cinders are arranged in layers parallel 
to the slopes of the cone, and occasionally they 
alternate with small streams of lava descending 
from the well-developed crater on the summit or 
from £ssures in its sides. Within the crater the 
molten material is accessible, and tourists may see 
it ladled out and impressed with coins for souve
nirs. 

The crater always shows signs of activity 
within, and generally these signs may be seen at 
night from Naples, a distance of about 10 miles. 
As seen from Naples they vary greatly in intensity, 
ranging from the faint, inteITupted glimmer in 
the sky above the c1,"ater, through brilliant but 
moderate ejections thrown up high into the air 
and illuminating the height of the cone, to 
paroxysmal eruptions which are often terrible in 
their wide-spread disastrous effects. 

As a result of this continued activity the crater 
of Vesuvius is ever changing. Small cinder cones 
are formed within the larger crater, only to be 
blown out when the eruption becomes more vigor
ous. Small streams of lava escape from the crater 
and course down the steep slopes of the cone, 
which is built up by the addition of successive 
sheets of ejected and effused material. Much of 
this growth may go on in comparative quiet. So 
far'as the people of Naples are concerned they see 
only the glow by night and the smoke by day. 

Previous to the year 79 V flsuvius was not 
recognized by the Greeks and Romans as an 
acth'e volcano. At that time the summit of the 
mountain was a large crater, of whose rim Monte 
Somma is a remnant. Within, there was a cir
cular, depressed plane, where the upper cone now 
rises. The change toward the present aspect of 
the mountain took place in the year 79, when the 
southern part of the rim was blown away and its 
place was occupied by a new cone, partly encir
cled by Monte Somma. Vast quantities of ashes 
were thrown out at that time and fell upon the 
mountain slopes. Torrents of accompanying rain 
saturated the loose material, and great mud-flows 
were formed. They descended the slopes of 
Vesuvius to the plains and buried the city of 
Herculaneum. Pompeii and Stabioo were 
destroyed by the same eruption. No streams of 
melted rock flowed out in connection with this 
explosive.eruption; the material was wholly frag
mental. Pliny the younger, who tells how his 
father perished, gives a graphic account of the 
darkness, blacker and more dismal than night, 
caused by the showers of ashes obscuring the 
sun. The nrst warning of the approllching ~rup
tion was the earthquake in the year 63. Moderat~ 
earthquakes continued at intt'r,-als, and the dis
turbance culminated in the great eruption of 79, 
About V f'suvius, and also in other ,-olt-aBic 
rt'giuns, earthquakes are frequently associatt'd 
with eruptions. 

With long periods of repose Vesuvius continued 
moderately active until Deeember, 1631, when 
another great eruption occurred_ Vast qnantities 
of ashes and stones were ejected and Ele'f't'n 
streams of lava descended the mountain slope_ A 
number of villages and 18,000 people were 
destroyed. In October, 1822, another notable 
eruption occurred. The top of the cone fell in, 
and this was succeeded by the fmiss.ion of a 
stream of hwa a mile in width. So great was the 
quantity of ashes and cinders ejected at that time 
that the country for 20 miles about Vesudus was 
overshadowed by darkness. Some of the ashes 
were carried over 100 miles from Vesuvius. Six 
hundred feet of the top of the cone was blown 
away, and a crater nearly 1,000 feet deep was 
produced. 

In 1828 a. small cone arose until it was as high 
as Monte Somma, but in 1834 it was destroyed 
and a copious stream of lava 9 miles in length 
buried the village of Camposecco_ One stream of 
lava took the direction of Pompeii, and in 1850 
another coulee, 1, miles broad, followed the same 
course. 

In 1855 a long, narrow stream of very fluid 
lava, issuing from the side of the cone, reached 
almost to the suburbs of Naples. Another erup
tion occUITed three years later, and still another 
in 1861. The last issued from near the base of 
the mountain toward the bay. At that time ten 
small craters were formed and great quantities 
of ashes were ejected. 

A long-continued,.irregular eruption occurred 
in 1867-8, furnishing many small streams of lava 
and contributing material to the elevation of the 
summit cone. In 1872 a violent eruption occurred. 
Lava burst forth at a number of points on the 
cone, while terrific discharges, accompanied by 
lightning and loud bellowings and thunderings, 
were taking place at its summit. Upon the south 
and eastern side of the mountain the streams of 
lava did not extend farther than the borders of 
the cultivated nelds, but upon the western side 
several villages were destroyed and fertile gardens 
and fields laid waste. 

Since the first historic eruption of Vtlsuvius in 
79, although there ha\'e been many hundreds of 
moderate outbreaks, often accompanied by small 
streams of lava, gradually upbllilding the moun
tain, only about fifty-four eruptions are considered 
of sufficient size to be classed as paroxysmal. 

April,1894. 

J. So DILLER, 
Geologise. 
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ILLUSTRATIONS OF RECENT VOLCANIC ACTIVITY. 

FIG. ".- VIEW OF THE CINOER CONE NEAR LASSEN PE,t,K, CAL IFORNIA, LOOKING NORTHWARD. THE SMOOT H, ST EEP SLOPES OF THE CONE RISE BEHIND THE TABUlIIR COULEE OF LAVA, 
WHICH IS COMPOSED OF ,o, NOUL,o,A MASSE6. THE CONE CONSISTS OF VOLCANIC "'SHES, WHICH " ltD COYER THE SURF/l.CE OF T i'iE L"'VA~FIELO AND THE SURROUNDING SLOPES. THE 
DE"'O TREE IN THE FOREGROUND GREW BEFORE THE ERUPTIONS fRO""' T HE CONE OCCURRED i THE FOREST IN THE Olsr ... NCE HAS SPRU NG UP SINCE THEY OCCURRED. 

FIG. 5.- VIEW OF THE CINDER CONE FOR"'INO THE SUMMIT OF MOUNT VESUVIUS. THE STEEP SLOPES OF THE CONE CLOSELY RESEMBLE THOSE OF THE CINDER CONE NEI\R L "'SSE N PEAK. 
FOREGROUND ARE: MASSES OF LAVA, CONGEALED AS THEY FLOwED OU T. A L IT TLE SPIRACLE OF ST IFF LAVA HAil BEEN BUILT UP OVER A VENT IN THE SIDE OF THE CONE, 

LIlssoll Penk-ti. 



ILLUSTRA,TIONS OF RECENT VOLCANIC ACTLVITY. 

flO. 7.-VIEW OF THE LOWER SLOPE Of THE CINDER CONE NE .... R T~:s::U~:;~SC"Ll fORN I .. , SI-iOWIN(l THE VOLC"'NIC BOMBS THROWN OUT DURING 

FIG, S.- VIEW OF THE nUOOED SURFACE OF THE L"V"-FIELD IN THE VICI NITY Of THE CINDER CONE, CALIFORN IA, FORMED OF "R "aMENTS OF T HE 
CRUST, WHICH w",g 8110K£"-I "'NO TOSSED ABOVT IN THE ONWARO FLOW OF THE VISCOUS MASS. 

fIG. 6,.-SKETCH OF THE CR"TER or THE CINDER CONE HEMl LASSEN PEAl( CAl,.lfOANli~~~~~N~E:~.E PECULIAR FEATURE OF TWO RINGS, OF WHICH THE IN N Ell ONE ENCIRCLES" FUNNEL 

fIG. 9.-VIEW OF THE EOOE OF THE LAV"-FIElD AT THE NORTHWESTERN CORNER OF SH"a L"'KE. C"'L lfOflNI" 

Lassen Pcllk-1. 




