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

THE TOPOGRAPHIC MAP. 

The feature, represented on the topographic 
map are of three distinct kinds: (1) inequalities 
of surface, called 'l"elief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called cUlture, as roads, 
railroads, boundaries, villages, and cities. 

Relief-All elevations are measured from mean 
sea-level. The heights of many points are accu­
rately determined, and those which are most 
important are stated on the map by munbera. 
It is desirable to show-nlso the elevation of any 
part of a hill, ridge, or valley; to delineate the 
horizontal outline, or contour, of all slopes; and to 
indicate their grade, or degree of steepness. This 
is done by lines connecting points of equal eleva­
tion above mean sea.level, the lines being drawn 
at regular vertical intervals. These lines are 
called COnto'W1'8, and the constant vertical space 
between each two contours is called the contoWl' 
interval. Contours and elevations are printed in 
brown. 

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

Fig. t.-Idea.l sketch and corresponding contonr map. 

The sketch represents a river valley between two 
hills. In the foreground is the sea, with a bay 
which is partly closed by a hooked sand-bar_ On 
each side of the valley is a terrace_ From the 
terrace on the right a. hill rises gradually, while 
from that on the left the ground ascends steeply 
to a precipice. Contrasted with this precipice is 
the gentle descent of the western slope. In the 
map each of these features is indicated, directly 
beneath its position in the sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

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

EXPLANATION. 
2. Contours define the forms of slopes .. Since 

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

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

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

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

Oultu4-e.-The works of man, such as roads, 
railroads, and towns, together with boundaries of 
townships, counties, and States, and artificial 
details, are printed. in black. 

&a1e8.-The area of the United States (exclud. 
ing Alaska) is about 3,025,000 square miles. On 
a map 240 feet long and 180 feet high this would 
cover, on a scale of 1 mile to the inch, 3,025,000 
square inches. Each square mile of ground sur· 
face would be represented by a square inch of 
map surface, and one linear mile on the ground 
would be represented by a linear inch on the 
map. This relation between distance in nature 
and corresponding distance on the map is called 
the scale of the map. In this special case it is "1 
mile to an inch." The scale may be expressed also 
by a :fraction, of which the numerator is a length 
on the map and the denominator the correspond­
ing length in nature expressed in the same unit. 
Thus, as there are 63,360 inches in a mile, the 
scale "1 mile to an inch" is expressed by _ 
Both of these methods are u~d on the maps of 
the Geological Survey. 

Three fractional scales are used on the atlas 
sheets of the Geological Survey; the smallest is 
., the intermediate I~OOOJ and the largest 62,!oo' 
These correspond approximately to 4 miles, 2 
miles, and 1 mile of natural length to an inch of 
map length. On the scale ~ a square inch of 
map surface represents and corresponds nearly to 
1 square mile; on the scale 1~00l! to about 4 
square miles; and on the scale. to about 16 
square miles. At the bottom of each atlas sheet 
three scales are stated, one being a graduated 
line representing miles and parts of miles in 
English inches, another indicating distance in 
the metric system, and a third giving the frac­
tional scale. 

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

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

Uses of tlw Wpou'OIJ!/tic ","'t.-Within the 
limits of scale the topographic sheet is an accurate 
and characteristic delineation of the relief, drain. 
age, and culture of the region represented. View­
ing the landscape, map in hand, every character­
istic feature of sufficient magnitude should be 
recognizable. It should guide the traveler; serve 
the investor or owner who desires to ascertain the 
position and surroundings of property to be 
bought or sold j save the engineer preliminary 
surveys in locating roads, railways, and irrigation 
ditches; provide educational material' for schools 
and homes j and serve many of the purposes of a 
map for local reference_ 

THE GEOLOGIC MAP. 

The areal geologic map represents by colors 
and conventional signs, on the topographic base 
map, th,e distribution of rock fQI'mations on the 
surface of the earth, and the stroctul'e-section 
maps show their underground relations, as far as 
known, and in such detail as the scale permits. 

KINDS OF ROCKS. 

Rocks are of many kinds. The original crust 
of the earth was probably composed 'Of 't"gneous 
'I'OCks, and all other rocks have been derived from 
them in one way or another. 

Atmospheric agencies gradually break up igne. 
ous rocks, forming superficial, or surficial, deposits 
of clay, sand, and gravel. Deposits of this class 
have been formed on land surfaces since the earli­
est geologic time. Through the transporting 
agendes of streams the surficial materials of all 
ages and origins are carried to the sea, where, 
along with material derived from the land by the 
action of the waves on the coast, they form 8edi­
mentary rocks. These are usually hardened into 
conglomerate, sandstone, shale, and limestone, but 
they may remain unconsolidated and still be 
called "rock," by thegeologi,~ though popularly 
known as gravel, sand, and clay. 

From tilDe "0 time in geologic history igne. 
ous and sedimentary rocks have been deeply 
buried, consolidated, and raised again above the 
surface of the water. In these. processes, through 
the agencies of pressure, movement, and chemical 
action, they are often greatly altered, and in this 
condition they are called 'fJU3tamorphio rocks. 

Igneous 'I'OCks.-These are rocks which have 
cooled and consolidated from a liquid state. As 
has been explained, sedimentary rocks were 
deposited o~ the original igneous rocks. Throu.gh 
the igneous and sedimentary rocks of all ages 
molten material haa from time to time been forced 
upward to or near the surface, and there con· 
solidated. When the channels or vents into 
which this molten material is forced do not 
reach the surface, it either consolidates in cracks 
or fissures crossing the bedding planes, thus fonn­
ing dikes, or else spreads out between the strata 
in large bodies, called sills or laccoliths. ,Such 
rocks are called intrusive. Within their rock 
enclosures they cool very slowly, and hence are 
generally of crystalline texture. When the chan­
nels reach the surface the lavas often flow out and 
build up volcanoes. These lavas cool rapidly in 
the air, acquiring a glassy or, more often, a crystal­
line condition_ They are usually more or less 
porous. The igneous rocks thus formed upon the 
surface are called. emflrusive. Explosive action 
often acoompanies volcanic eruptions, causing 
ejections of, dust or ash. and larger fragments. 
These materials when consolidated constitute 
breccias, agglomerates, and tuffs. The ash when 
~arried into lakes or seas may become· stratified, 
so as to have the structure of sedimentary rocks. 

The age of an igneous rock is often difficult or 
impossible to determine. When it cuts across a 
sedimentary rock, it is younger than that rock, 
am when a sedimentary rock is deposited over 
it, the igneous rock is the older. 

Under the influence of dynamic and chemical 
forces an igneous rock may be metamorphosed. 
The alteration ma.y involve only a rearrangement 
of its minute particles or it may be accompanied 
by a change in chemical and mineralogic composi. 
tion. Further, the structure of the rock may be 
changed by the development of plane, of divi. 
sion, so that it splits in one direction more easily 

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

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

When the materials of which sedimentary rockM 
are made are carried as solid particles by the 
water and deposited as gravel, sand, or mud, the 
deposit is called a mechanical sediment. These 
may become hardened into conglomerate, sand· 
stone, or shale. When the material is carried in 
solution by the water and is deposited without 
the aid of life, it is called a chemical sedimen.t; 
if deposited with the aid of life, it is called an 
organic sediment. The more important rocks 
formed from chemical and organic deposits are 
limestone, chert, gypsum, salt, iron ore, peat, 
lignite, and coaL Anyone of the above sedi· 
mentary deposits may be separately formed, 01' 

the different materials may be intermingled in 
many ways, producing a great variety of rocks. 

Sedimentary rocks are usually made up of 
layers or beds which can be easily separated. 
Thesa layers are called strata. Rocks deposited 
in successive layers are said to be stratified. 

The surface of the earth is not fixed, as it seems 
to be; it very slowly rises or sinks over wide 
expanses, and as it rises or subsides the shore-lines 
of the ocean are changed: areas of deposition max 
rise above the water and become land areas, and 
land areas may sink below the water and become 
areas of deposition. If North America were 
gradually to sink a thousand feet the sea would 
flow over the Atlantic coast and the Mississippi 
and Ohio valley, from the Gulf of Mexico to the 
Great Lakes j the Appalachian Mountains would 
become an archipelago, and the ocean's shore 
would travel'Re Wisconsin, Iowa., and Kansas, and 
extend thence to 'Texas. More extensive changes 
than this have repeatedly occurred in the past. 

The character of the original ,ediments may be 
changed by chemical and dynamic action so as to 
produce metamorphic rocks. In the metamor­
phism of a sedimentary rock, just as in the meta· 
morphism of' an igneous rock, the substances of 
which it is composed may enter into new com­
binations, or new substances may be added. 
When these processes are complete the sediment­
ary rock becomes crystalline. Such changes 
transform sandstone' to quartzite, limestone to 
marble, and modify other rocks according to 
their composition. A system of parallel division 
p4Lnes is often produced, which may cross the 
original beds or strata at any angle. Rocks 
divided. by such planes are called slates or schists. 

Rocks of any period of the earth's history may 
be more or less altered, but the younger forma­
tions have generally escaped marked metamor· 
ph~sm, and the oldest sediments known, though 
generally the most altered, in some localities 
remain essentially unchanged. 

Surjiaial rocks.-These embrace the soils, clays, 
sands, gravels, and bowlders that cover the surface, 
whether derived from the breaking up or disinte. 
gration of the underlying rocks by atmospheric 
agencies or from glacial action. Surficial rocks 
that are due to disintegration are produced chiefly 
by the action of air, water, frost, animals, and 
plants. They consist mainly of the least soluble 
parts of the rocks, which remain after the more 
soluble parts have been leached out, and hence 
are known as residual products_ Soils and sub­
soils are the most important. Residual accumu· 
lations are often washed or blown into valleys or 
other depressions, where they lodge and form 
deposits that grade into the sedimentary class. 
Surficial rocks that are due to glacial action are 
formed of the products of disintegration, together 
with bowlders and fragments of rock rubbed. from 
the surface and ground together. These are 
spread irregularly over the territory occupied by 
the ice, and form a mixture of clay, pebbles, and 
bowlders which is known as till. It may occur 
as a sheet or be bunched into hills and ridges, 
forming moraines, drumlins, and other special 
forms. Much of this mixed material was washed 
away from the ice, assorted by water, and rede­
posited as beds or trains of sand and clay, thus 
forming another gradation into sedimentary 
deposits. Some of this glacial wash was deposited 



in tunnels and channels in the ice, and forms char­
acteris~ic ridges· and mounds of sand and gravel, 
known as OSarB, or eskers, and kames. • The 
material deposited by the ice is called glacial 
drift; that washed from the ice onto the adjacent 
land is called modified drift. It is usual also to 
class as surficial rocks the deposits of the sea and 
of lakes and rivers that were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

Rocks are further distinguished according to 
their relative ages, for rocks were not fomed all 
at one time, but from age to age in the earth's 
history. Classification by age is independent of 
origin; igneous, sedimentary, and snrficial rocks 
may be of the same age. 

When the predominant material of a rock mass 
is essentially the same, and it is bounded by rocks 
of different materials, it is convenient to call the 
mass throughout its extent a formation, and such 
a formation is the unit of geologic mapping. 

Several formations considered together are 
designated a 8'JI6tem. The time taken for the 
deposition of a formation is called an epoch, and 
the time taken ·for that of a system, or some 
larger fraction of a system, a period. 'fhe rocks 
are mapped by formations, and the formations are 
classified into systems. The rocks composing a 
system and the time taken for its deposition are 
given the same name, as, for instance, Cambrian 
system, Cambrian period. 

As sedimentary deposits or strata accumulate 
the youllger rest on those that are older, and the 
relative ages of the deposits may be discovered 
by observing their relative posi~ions. This rela­
tionship holds except in regions of intense dis­
turbance; someti~es in such regions the disturb· 
nnce of the beds has been so great that their 
position is reversed, and it is often difficult to 
determine the relative ages of the beds from their 
positions; then fo8fJil8, or the remains of plants 
and animals, are' a guide to show which of two 
or more formations is the oldest. 

Strata often contain the remains of plants and 
animals which lived in the sea or were washed 
from the land into lakes or seas or were buried in 
surficial deposits on the land. Rocks that con· 
tain the remains of life are called fossiliferous. 

,By studying these remains, or fossils, it has been 
found that the species of each period of the earth's 
history have to a great extent differed from those 
of other periods. Only the simpler kinds of 
marine life existed when the oldest fossiliferous 
rocks were deposited. From time to time more 
complex kinds developed, and as the simpler ones 
lived on in modified forms life became more 
varied.· But during each period there lived pecul. 
iar forms, which did not exist in earlier times 
and have not existed since; these are character· 
istic types, and they define the age of any bed of 
rock in which they ar'e found. Other types 
passed on from period to period, and thus linked 
the systems together and formed a chain of life 
from the time of the oldest fossiliferous rocks to 
the present. 

When two formations are remote one from the 
other and it is impossible to observe their relative 
positions, the characteristic fossil types fOlmd in 
them may determine which one was deposited 
firs~ 

Fossil remains found in the rocks of different 
areas, of different provinces, and of different 
continents, affc:rrd. the most important means for 
combining local histories into a general earth 
history. 

Cfolors and patterns.-To show the relative ages 
of strata, the history of the sedimentary rocks is 
divided into periods. The names of the periods 
in proper order (from new to old), with the color 
or colors and symbol assigned to each, are given 
below. The names of certain subdivisions of the 
periods, frequently used in geologic writings, are 
bracketed against the appropriate period names. 

To distinguish the sedimentary formations of 
anyone period from those of another the patterns 
for the formations of each period are printed in 
the appropriate period.color, with the exception 
of the first (pleistocene) and the last (Archean). 
The formations of anyone period, with the 

guished from one another by dllferent patterns, 
made of parallel straight lines. Two tints of the 

Pleistocene .... _ ........ _ .. P Any colors. 

Neooone' {:&1f:ee::} . . . . . . . . .. N Ifufl's. 

Eooone 1 including oligooene} . . . . . • Olive-browns. 
Cretaceous ... _ . . • . • . . . . . . . . Olive-greens. 

Juratrias {~rlr:::l:} . . . . . . . Blue-greens. 

Carboniferous 1 including PemUlm.}. C Blues. 
Devonian ......••..••.... _. D Blue-purple!!. 

Silurian {inClUding Ordovician} •. 5 Red-purples. 
Cambrilm. . . . . . . . . . . . . . . . .. -£ Pinks. 
Algonkian . . . . . • • . A Orange-browns. 
Archean .. _ .. _ . . . . . . . . . . .. ~ Any colors. 

period·color are used: a pale tint (the underprint) 
is printed evenly over the whole surface represent­
ing the period; a dark tint (the overprint) brings 
out the different patterns representing formations. 
Each formation is furthermore given a letter­
symbol of the period. In the case of a sediment­
ary Iormation of uncertain age the pattern is 
printed on white ground in the color of the period 
to which the formation is supposed to belong, 
the letter.symbol of the period being omitted. 

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

The origin of the Archean rocks is not fully 
settled. Many of them are certainly igneous. 
Whether sedimentary rocks are also included is 
not determined. The Archean rocks, and all meta­
morphic rocks of unknown origin, of whatever age, 
are represented on the maps by patterns consisting 
of short dashes irregularly placed. These are 
printed in any color, and may be darker or lighter 
than the background. If the· rock is a schist the 
dashes or hachures may be arranged in wavy par. 
allellines. If the rock is known to be of sedi­
mentary origin the hachure patterns may be com. 
bined with the parallel.line patterns of sedi· 
mentary formations. 

Known igneous formations are represented by 
patterns of triangles or rhombs printed in any 
brilliant color. If the fl)rmation is of known age 
the letter.symbol of the formation is preceded by 
the capital letter-sym bol of the proper period. 
If the age of the formation is unknown the letter­
symbol consists of small letters which suggest the 
name of the rocks. 

THE VARIOUS GEOLOGIC SHEETS. 

A'realslteet.-This sheet shows the areas occu· 
pied by the various formations. On the mnrgin is 
a legend, which is the key to the map. To ascer· 
tain the meaning of any particular colored pat. 
tern and its letter.symbol on the map the reader 
should look for that color, pattern, and symbol in 
the legend, where he will find the name and 
description of the formation. If it is desired to 
find any given formation, its name should be 
sought in the legend and its color and pattern 
noted, when the areas on the map corresponding 
in color and pattern ~ay be traced out. 

The legend i. also • partial statement of the 
geologic history. The formations are arranged 
according to origin into surficial, sedimentary, and 
igneous, and within each class are placed in the 
order of age, so far as known, the youngest at the 
top. 

Economic sh.eet.-This sheet represents the dis­
tribution of useful minerals, the occurrence of 
artesian water, or other facts of economic interes~, 
showing their relations to the fe~tures of topog­
raphy and to the geologic formations. All the 
formations which appear on the areal sheet are 
shown on this sheet by fainter color.patterns. 
The areal geology, thus printed, affords a subdued 
background upon which the areas of productive 
formations may be emphasized by strong colors. 
A symbol for mines is introduced at each occur· 
rence, accompanied by the name of the principal 
mineral mined or of the stone quarried. 

St'J'UCture-section slU'et.-This sheet exhibits the 
relations of the formations beneath the surface. 

In cliffs, canyons, shafts, and other natural and 
artificial cuttings, the relations of different beds 
to one another may be seen. .Any ootting which 

same name is applied to a diagram representing 
the relations. The arrangement of rocks in the 
earth is the earth's 8t1'uotwre, and a section exhibit­
ing this arrangement is called a sbructwre sectAm. 

The geologist is not limited, however, to the 
natural and artificial cuttings for his information 
concerning the earih's structure. Knowing the 
manner of the formation of rocks, and having 
traced out the relations among beds on the sur­
face, he can infer their relative positions after 
they pass beneath the surface, draw sections 
which represent the structure of the earth to a 
considerable depth, and construct a diagram 
exhibiting what would be seen in the side of a 
cutting many miles long and several thousand feet 
deep. . This is illustrated in the following figure: 

Fig. S.-Sketch Bhowing a vertical section in the front of the 
picture, with & landscape above. 

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

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

A~eous. 

Igneousrocks. 

Fig. a.-Symbols used to represent different kinds 01 rock. 

The plateau in fig. 2 presents toward the lower 
land an escarpment, or front, which is made up 
of sandstones, forming the cliffs, and shales, con: 
stituting the slopes, as shown at the extreme left 
of the section. 

The broad belt of lower land is, traversed by 
several ridges, which are seen in the section to 
correspond to beds of sandstone that rise to the 
surface. The upturned edges of these beds form 
the ridges, and the intermediate valleys follow 
the outcrops of limestone and calcareous shales. 

Where the edges of the strata appear at the 
surface their thickness can be measured and the 
angles at which they dip below the surface can be 
observed.. Thus their positions underground can 
be inferred. 

When strata which are thus inclined are traced 
underground in mining, or by inference, it is fre· 
quently observed that they form troughs or arches, 
such as the section shows. But these sandstones, 
shales, and limestones were deposited beneath the 
sea in nearly flat sheets. That they are now bent 
and folded is regarded as proof that forces exist 
which have from time to time caused the earth's 
surface to wrinkle along certain zones. 

On the-right of the sketch the section is com­
posed of schists which are traversed by masses of 
igneous rock. The schists are much contorted 
and their arrangement underground can not be 
inferred. Hence that portion of the section 
delineates what is probably true but is not 
known by observation or well-founded inference. 
. In' fig. 2 there are three sets of formations, 

The first of these, seen at the left of the section, 
is the set of sandstones and shales, which lie in 
a horizontal position: These sedimentary strata 
are now high above the sea, forming a plateau, 
and their change of elevation shows that a por· 
tion of the earth's mass has swelled l!pward from 
a lower to a higher level. The strata of this set 
are parallel, a relation which is called conform. 
able. 

The second set of formations consists of strata 
which form arches and troughs. These strata 
were once continuous, but the crests of the arches 
have been removed by degradation. The beds, 
like those of the first set, are conformable. 

The horizontal strata of the plateau rest upon 
the upturned, eroded edges of the beds of the 
second set at the left of the section. The over· 
lying deposits are, from their position, evidently 
younger than the underlying formatinns, and the 
bending and degradation of the older strata must 
have occurred between the de}Xlsition of the older 
beds and the accumulation of the younger. When 
younger strata thus rest upon an eroded surface 
of older strata the relation between the two is an 
unconformable one, and their surface of contact is 
an unwnJormity. 

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

The section and landscape in fig. 2 are ideal, 
but they illustrate relations which actually occur. 
The sections in the structure·section sheet are 
related to the maps as the section in the figure is 
related to the landscape. The profiles of the sur­
face in the section correspond to the actual slopes 
of the ground along the section line, and the 
depth of any mineral-producing or water-bearing 
stratum which appears in the section may he 
measured from the surface by using the scale of 
the map. 

Oolumna'l'-8eotion slwet.-This sheet contains a 
concise description of the rock formations which 
constitute the local record of geologic history. 
The diagrams and verbal statements form a sum­
mary of . the facts relating to the character of the 
rocks, to the thicknesses of the formations, and to 
the order of accumulation of successive deposits. 

The rocks are described under the cOlTespond­
ing heading, and their characters are indicated in 
the columnar diagrams by appropriate symbols. 
The thicknesses of formations are given under 
the heading "Thickness in feet," in figures which 
state the least and greatest measurements. The 
average thickness of each formation is shown in 
the column, which is drawn to a scale-usually 
1,000 feet to 1 inch. The order of accumulation 
of the sediments is shown in the columnar arrange­
ment: the oldest formation is· placed at the 
bottom of the column, the youngest at the top, 
and igneous rocks· or other formations, when 
present, are indicated in their proper relations. 

The formations are. combined into systems 
which correspond with the periods of geologic 
history. Thus the ages of the rocks are shown. 
and also the total thickness of each system. 

The intervals of time which correspond to 
events of uplift and degradation and constitute 
interruptions of deposition of sediments may be 
indicated graphically or by the word "unconform· 
ity," printed in the columnar sectit;m. 

Each formation shown in the coluinnal' section 
is accompanied by its name, a description of its 
character, and its letter.symbol as used in the 
maps and their legends. 

CHARLES D. WALCOTT, 
.J)irector. 
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DESCRIPTION OF THE SPECIAL· MAPS. 
TOPOGRAPHY. 

The three map' contained in this folio illus­
trate, in a detailed manner, the topography and 
geology of the important gold.mining di.tricts 
in the vicinity of Grass Valley and Nevada City, 
California. These districts are situated on the 
long western slope of the Sierra Nevada, at an 
average elevation of 2,500 feet, and about 15 
miles north·northwest of the town of Colfax, on 
the Central Pacific Railroad. The Banner Hill 
map represents an area very nearly 4 miles long 
by 3 wide, embracing 11.65 square miles; the 
la.rger part of it is within the limits of the CoI­
f"" atl .. sheet of the general topographic map of 
the Gold Belt. The tract .hown on the Nevada 
City map, adjoining the Banner Hill on the west, 
has the same dimensions and forms a part of the 
area of the Smartsville atlas sheet. The district 
embraced by the.e two detailed .heet, extends 
from 390 18' 50" to 39° 17' 16" north latitude 
and from ~20° 57' 05" to 121 ° 03' 45" west longi­
tude. South of the Nevada City tract, but 
extending somewhat farther west, lies the tract 
represented on the Grass Valley map, also about 
4 miles long by 3 miles wide, and containing an 
area of 12.09 square miles; it extends from 39° 
10' 22" to 39° 13' 5011 north latitude and from 
1210 01' 3511 to 12P 05' 00" west longitude, and 
forms a part of the area of the Smartsville atlas 
sheet. The total area of the three sheets is thus 
35.39 square miles. 

In addition to the large maps a smaller one 
has been prepared showing the vicinity of the 
Brun.wick and Gold Point mine.. This will be 
publi.hed in the final report on the di.trict, and i. 
referred to in the following pages as the Bruns­
wick map. 

NEVADA CITY AND BANNER HILL MAPS. 

the Providence mine, through another narrow 
canyon, the fall is 150 feet to the mile; and .from 
the Providence down to the edge of the tract it 
is but 53 feet to the mile, the creek meandering 
over gravelly flats. Lateral ravines, usually 
steep and narrow, lead to the creek from north 
and .outh. A .omewhat larger tributary i, Lit· 
tIe Deer Creek, which heads in the vicinity of 
Banner Hill South of Towntalk the drainage i, 
toward Bear River, the ravines forming the north· 
ern headwaters of Wolf Creek, a tributary of 
that river. Southeast of Banner Hill the steep 
ravines lead down toward Greenhorn Creek, also 
a tributary of Bear River. 

GRABS VALLEY MAP. 

IMiif.-The general relief of the country rep­
resented by this map is gentler and the outlines 
are more undulating than those of the region 
described above. The elevations range from 
3,080 feet on the summit of Osborne Hill to 
2,080 in the bed of Wolf Creek, at the .onthern 
boundary. The northeastern part consists of a 
.erie. of rather fiat-topped ridges, 200 to 300 feet 
higb, with comparatively steep slopes toward the 
watercourses. The larger, southwestern part may 
be considered as an undulating plateau, with 
somewhat irregular hills and ridges rising to a 
height of 100 or 200 feet ahove the general level. 
In this plateau the principal drainage line has 
cut a canyon, which in Borne places is natTow and 
.teep and the depth of which doe. not exceed 300 
feet. Rising high above the other relief and 
occupying a position similar to that of Banner 
Hill, .tand. the high ridge of O,borne Hill 

IJrainage.-The larger part of the area i. 
drained by Wolf Creek, a tributary of Bear River. 
From the city of Gras. Valley it run, .outh to 
the limit of the tract without larger tributaries. 
At Grass Valley it forka into two creeka, which 

Reliif.-The Nevada City and Banner Hill have a general ea,t·west direction. The fall 
districts 801'6, topographically as well as geoIog- varies from 50 feet to the mile in the Grass Val­
ically, intimately connected and may well be ley basin to 130 in the vicinity of the Omaha 
described together. The dominating features are mine. The smaller tributaries to the creek show 
the two long ridges whose crests descend gently a feature which is also marked in the other two 
westward-the Harmony Ridge, near the north- 'tracts, though to a less extent: they flow with 
ern boundary, and the Banner Hill-Towntalk gentle grade over the undulating, plateau-like 
Ridge, near the southern boundary_ The northern country, even forming marshes at their sources, 
ridge sinks with a gradual slope from an eleva- but on approaching the main stream they descend 
tion of 3,660 feet to 2,840 feet 8.t the western to it with a steep, torrential grade. East of 
boundary line of the Nevada City map, and is cut Osborne Hill the drainage is toward Rattlesnake 
in two by 8. gap north of Nevada City. A con- Creek, a tributary of Wolf Creek. The extreme 
spicuous pyramidal hill, the Sugarloaf, with an northwestern corner drains to Deer Creek. 
elevation of 3,075 feet, stands in the middle of VEGETATION. 
the gap and reaches at its summit the gradient 
or the ridge line. 'rhe southern ridge, beginning The vegetation is of generally uniform char­
at an elevation of 3,600 feet, is somewhat wider acter throughout the district of the three maps, 
than the northern, and has at the western boun- and consists predominatingly of a second growth 
dary line of the Nevada City map an elevation of of yellow pine (Pin'U8 ponderosa), the much 
2,700 feet. Near Banner Hill this ridge is cut in more luxuriant growth once covering a large 
two by the narrow canyon of Little Deer Creek; part of the ground having been cut for mining 
farther west several gaps are cut across it, the purposes since 1849. A few large white·oaks are 
most prominent one being that at Towntalk. found on the more open flats, and a strong, bushy 
The average .Iope of the ridge line i. 1to. At growth of chaparral (Manzanita and Ceanothu,) 
the eastern boundary of the Banner Hill district covers some of the hills. The serpentine ridges 
the ridges approach each other, and are in fact have a separate and peculiar vegetation of 
.eparated only by the deep canyon of Deer Creek. digger.pine (Pinus sabiniana) - el.ewhere rarely 
In the southeast corner of the Banner Hill tract, growing above 2,000 feet-yew, stunted oak, 
towering 500 feet above the ridges, .tands the and thorny bushe .. 
i.olated and con.picuollB Banner Hill (elevation GENERAL GEOLOGY. 
3,904 feet). From the edge. of the ridge.table. 
steep slopes lead down to the watercourses, 
steepest as a rule near the summit, then flatten­
ing out somewhat, then again becoming steeper 
toward the stream bed. The diBtance between 
the ridge. i. greatest at the we.tern edge of the 
Nevada. City tract, and here, 88 well 88 south of 
Nevada City, the relief is Jess accentuated. 

.DJ'ainage.-The principal strea.m is Deer Creek, 
which traverses the middle of the region from 
east to west, and which, 12 miles farther west, 
emptie, into the Yuba River. The total fall of 
the stream from the eastern side of the Banner 
Hill tract (2,840 feet high) to the we.tern ,ide of 
the Nevada City tract (2,160 feet high) i, 680 
feet, or a.bout 100 feet to the mile. The fall is by 
no means uniform, however; in the steep canyon in 
the eastern part of the Banner Hill tract it is 150 
feet to the mile; thence down to Nevada City, 
about 100 feet to the mile; from Nevada City to 

The general geologic features of the region 
here under discussion are delineated and described 
in the maps of the Gold Belt, especially in the 
Smartsville and Colfax sheets, and to them the 
student desirous of more extended knowledge of 
the Sierra Nevada must be referred. It is, how­
ever, desirable to indicate briefly the connection 
of the di,tricts here described with the general 
,tructure of the .urrounding country. Through. 
out the Sierra Nevada. there is one sharp geologic 
distinction to be drawn: it is the difference 
between the older rocks-the "Bed-rock series," 
as it is usually termed - on one hand, and the 
"Superjacent series," or the much younger gravels, 
sands, clays, and volcanic rocks, on the other hand. 
The Bed·rock ,erie. consi,t. of highly altered 
sedimentary rocks, crystalline schists, and older 
igneous rocks, on which the Superjacent series 
lies in approximately horizontal position. The 

rocks of the former series have been subjected to 
repeated orographic disturbances, and to a great 
extent have been compressed, broken, and crushed 
by these forces. The rocks which are now at the 
surface were once below it, probably thousands of 
feet; successive uplifts and constant erosion have 
removed the upper parts of the rock masses and 
exposed those once buried in ;the foundations of 
the range. Rightly to understand the geology 
this 'fact must be borne in mind., and the relation 
of the younger to the older series must be remem­
hered. 

EARLIER HISTORY. 

While it is comparatively easy to unravel the 
later (N eocene) history of the Sierra N evad., the 
same can not be said of the immeasurably longer 
periods preceding it. They included successive 
epochs of quiet sedimentation, when the ocean 
covered the place where the range now rises; sev­
eral distinct epochs of intense volcanic action, 
when the lavas built up mountains of igneous 
masses; and other epochs during which mountain. 
building forces lifted and crushed together these 
sedimentary and igneous produc~s. In these com­
pressed and crushed masses occurred enormous, 
abyssal intrusions of coarse-grained, granitic rocks. 
Animal life, on the remains of which we depend 
for the identification of the sedimentary forma­
tions, was unusually scant during the intervals of 
deposition, or most of the fossils were destroyed 
during the metamorphism which the rocks have 
undergone. Many parts of the Sierra Nevada. 
have, indeed, the aspect of pre-Cambrian com· 
plexes-the oldest known-though, from the 
evidence available, it is certain that the rocks of 
the range in general are of much younger age. 

The Nevada City and Gras. Valley di,trict i. 
located in the upper foothills, near the line where 
the old igneou, rocka of the foothill region give 
place to the wide belt of slaty, sedimentary rocks 
of the middle range; east of this sedimentary 
belt the granitic rocks of the highe.t part. of the 
range begin. High ridge. of fine.grained, dark· 
green rocks, diaba.ses and augite-porphyrites, 
form the first foothills of the Sierra Nevada in 
Yuba and Nevada counties; in the latter county 
these rocks extend to near Anthony Honse and 
Indian Springe, where they are replaced by a belt 
of coarser-grained, granitic rocks (granodiorite, 
diorite, and gabbro), which terminates along a 
line drawn by French Corral, Rough and Ready, 
and Wolf Creek Mountain. Eastward of this 
line, up to Nevada City and Grass Valley, the 
geology is very complex; relatively narrow belts 
of more or less metamorphosed sedimentary 
rocks, standing a.t steep angles, alternate with 
large quantities of fresh or metamorphosed igne­
ous rocks. Near Nevada City this complex is 
separa.ted from the predominatingly sedimentary 
slates to the east by the rounded southern end of 
the great intrusive granodiorite mass extending 
more than 20 miles northward into Butte County. 
In the .outhern part of Nevada County the di .. 
base, and porphyrite. of the foothills extend very 
far eastward, and an area of these rocks reaches 
northward, including Osborne Hill, to the east of 
GTa,. V all~y. 

The region of complicated structure begins at 
Rough and Ready, 5 miles west of Grass Valley, 
with amphibolite. and gabbro,; then follow. a 
belt, from t of a mile to 11· mile, wide, of .edi· 
mentary clay.slates and siliceous slates, which, 
near the North Star mine, enters the Grass Val· 
ley tract. A branch of these slates is deflected to 
the southeast and traverses the northeaetern part 
of the GT ... Valley tract. Between GraBS Valley 
and the main clay .• late belt Ii .. a body of di .. 
base and porphyrite about three·fourths of a mile 
wide, the continu8.tion of which northward, 
though broken for a short distance by interven­
ing slate masses, is found west of Newtown. East 
of this diabase belt lie. the GTa •• Valley area of 
granodiorite, 5 miles long, a rather narrow body 
of coarse-grained, granitic rock, the nortberly end 
of which is found in the city of Grass Valley. 
Eastward of this comes the great porphyrite and 
diabase area. of Osborne Hill, limited again by 
the above-mentioned streak of sedimentary slates 
cutting obliquely aero •• the 61:. ... Valley tract. 

The greatest complication is found between 
Nevada City, Newtown, and Grass Valley. 
Within this area the rocks may be divided into 
three group.: (1) The two narrow belt, of ,ili­
ceous clay.slates with steep dip, one following 
the contact of the Nevada City granodiorite area 
for a long distance, the other embedded in por­
phyrite. one-fourth of a mile eastward. (2) Tho 
diabases and porphyrites, occupying a consider. 
able area to the south of Nevada City and contino 
uing down to the vicinity of the Maryland mine. 
The .. dark.green, fine.grained rocka form pointed 
areas running out northward j the largest, adjoin­
ing the first-mentioned slate belt, comes to a point 
about 8 miles west-northwest of Nevada City. 
(3) The diorite-gahbro·.erpentine complex, begin. 
ning north of South Yuba River, forming a lentic­
ular mass 9 miles long and not over 3 miles wide, 
and running out in several points a short distance 
east of GTa,. Valley. The large.t part of the 
latter area consists of a coarse-grained, lighter or 
darker green diorite or gabbro, or a rock inter­
mediate between the two. In it lie several len­
ticular masses of serpentine, usually running out 
to sharp points j the road from Nevada City to 
Newtown crosses the two largest of these serpen­
tine masses. Less-altered pyroxenites and per­
idotites are found in or near the serpentine. 
~here is e:x:cellent reason for believing that all 
the rocks of this complex are of similar age and 
origin. 

Turning now to the more interesting question 
of the relation. of all these dlll'erent rock., it 
should be stated that no fossils have thus far 
been found in the sedimentary rocks of the 
district. The grea.ter part of the latter have 
been referred to the Calaveras formation, which 
embraces the Paleozoic sediment!U'Y rocks of the 
Sierra Nevada. Among the Paleozoic rocks the 
Carboniferous strata doubtless predominate, but 
the paucity of fossils has permitted identification 
only at relatively few points. The determina­
tion of the rocks in question as "Calaveras," there· 
fore, rests on circumstantial evidence only, and 
this evidence consists partly in their lithologic 
similarity to beds determined farther south, near 
Auburn, and partly in their position in the pro· 
longation of these strata northward. These slates 
of the Calaveras formation are probably the old­
est rocks in the district. During a mountain­
building di.turbance toward the end of the 
Paleozoic or the beginning of the Mesozoic, these 
beds became folded and compressed. This e8l'li­
est uplift was associated with the outbrea.k of 
igneous rocks, which, indeed, in some localities 
took place even during the deposition of the 
Carboniferous beds, but of those igneous rocks 
there is no positive trace in the region under 
discussion. It is believed that all of the igneous 
rocks of Gras, Valley and Nevada City are po.t. 
Carboniferous, and probably none of them ante­
date the end of the Juratrias period. 

During the last portion of the Juratrias period 
a large part of the Sierra Nevada was a land 
area; part of it, however, was submerged, and in 
that sea the latest sedimentary division of the Bed­
rock series-the Mariposa beds-was deposited. 
These are black, carbonaceous clays, interbedded 
from the thirty-eighth parallel northward with 
volcanic tuffs, which shows that during their for­
mation volcanic forces had already begun to act. 
A narrow belt of hlack clay .• lates, interstratiJied 
with clastic, volcanic material, beginning about 
2,000 feet west of the Champion mine and thence 
running ,outheasterly by Towutalk and the Merri­
mac and Washington mines, has been detennined 
as belonging to the Mariposa beds. The slates are 
much less altered than those of the Calaveras for­
mation, possess great similarity to the well·known 
Colfax beds, and, while not directly connected 
with them, lie in their natural continuation to the 
northwe,t. Though not ab.olntely certain, this 
identification has a very great degree of probabil. 
ity. After the Mariposa epoch followed a time 
of the most intense mountain.building disturb­
ance, accompanied by the outburst of an enor­
mous quantity of igneous material of different 
character and texture. The younger .edimentary 
rocks were folded and compressed, and welded 
with the older .eri .. of the same· kind, while 



intrusive masses were injected in them far below 
the smace, and volcanoes with thousands of feet 
of lavas and ash masses were built up on the 
surface along what are now the ·foothills of the 
range. The diaba,e, and the porphyrite" as well 
as the diorite.gabbro·serpentine series, belong to 
this volcanic period, the former as partly surface 
flows and dikes, partly deep.seated intrusive 
masses; the latter entirely consolidated as coarse, 
granular rocks far below the surface. 

Finally, as the last and farthest-reaching phase 
of that period of igneous activity, came the intru· 
sion of the large granodiorite masses in the then 
deep.seated part o£ the range. This took place 
on so gigantic a scale that the mind strives with 
difficulty to comprehend the mechanics of the 
process. Thus, the granodiorites of Nevada City 
and Grass Valley are the most recent rocks of the 
Bed·rock series. Finally, after the intrusions of 
the granodiorite, dynamic forces, acting on the 
mass with different intensity and in different 
directions, produced fissure systems in which 
auriferous solutions ascended and deposited their 
contents. This forming of the mineral veins was 
the last phase of the Mesozoic revolution in the 
Sierra. 
'By no means all of the rocks of the district are 

now in the same condition in which they were 
formed. Successive dynamic forces have acted 
on many of them, producing deformation and 
schistose structure. Chemical forces have acted 
on them in at least three distinct ways, changing 
their mineral constituents until their original 
form is sometimes scarcely or not at all recogniz. 
able: first, as a result and concomitant of dynamic 
metamorphism; second, by the heat and mineral· 
izing exhalations of the intrusive granodiorite; 
third, by the action of the hot auriferous solu· 
tions on the rocks adjoining the fissures through 
which they circulated. Often several or all of 
these effects have been combined in one locality, 
rendering very difficult the task of unraveling the 
changes through which the rock has passed. In 
the region covered by the Smartsville sheet, in 
which the larger part of the area described in this 
folio is located, there has been less of that intense 
dynamic action producing slaty and schistose 
structure by compression than in some parts of 
the Gold Belt farther ,outh. One line along 
which the rocks have been crushed arid rendered 
8Chistos~ extends in a northerly direction through 
nearly the whole region, and passes some distance 
beyond the western boundary of the Grass Valley 
tract. As in certain localities along that line the 
granodiorite has been rendered schistose, it fol· 
lows that this line of disturbance was produced 
later than the intrusion of granodiorite. Another 
line of schistose structure in the Calaveras forma­
tion follows the granodiorite contact south and 
we,t of Nevada City, while a partly parallel line 
of schistosity follows the area of the pOl"p~yrite 
and the Mariposa slates to the west of the con· 
tact. But most of the rocks in the area of the 
special maps are of massive character. 

LATER HISTORY. 

At the beginning of the Neocene period the 
Sierra Nevada formed a mountain range of sub­
stantially the same outlines as that of to-day, but 
of much less height, the summits.-Iocated along 
the same line as the present ones-having an 
elevation probably of about 5,000 feet, in latitude 
380 _ 39°. The range had been above water since 
the e~d of the Juratrias period, and in its lower 
part long.continued erosion had reduced it to a 
hilly, undulating. country, frequently broken by 
high ridges and isolated peaks. A drainage sys­
tem somewhat similar to the one of the present 
day had been developed, and auriferous gravels 
accumulated along the streams from the debris of 
the numerous quartz veins. The stream receiving 
the drainage of Grass Valley and "Nevada City 
corresponded closely to the Yuba River, but also 
embraced the watershed of the upper Bear River. 
Its southern branch came down from Dutch Flat 
and You Bet with a northerly direction, crossing 
Deer Creek at Scott, Flat and the South Yuba at 
Blue Tent j then turned westward and flowed 
down to the Grest Valley by Badger Hill, North 
San Juan, French Corral, and Smarts ville. Dur· 
ing the latter part of the Neocene period (the 
Pliocene) volcanic eruptions began near the sum· 
mit of the Sierra, and masses of volcanic material 
began to pour down the river channels. The first 
material erupted was the light.colored, siliceous 

rock called rhyolite, which was of comparatively 
,mall volume, confining itself as a rule to the river 
channels. The eruptions consisted o:p.ly to a 
small extent of molten material, the larger quan. 
tity poured out forming volcanic muds, which 
easily found their way down to the foot of the 
range. On the lower ,lope, they became mixed 
with more or less gravel and sand, and their erup· 
tive character is now less apparent. Very heavy 
flows of this kind found their way down the old 
South Fork of the Yuba, and part of them Hooded 
a low divide and fiJled the Nevada City basin. 
After a short interval, during which considerable 
erosion took place, the so-called "cement chan· 
nels" or "channels of the volcanic period" were 
formed in certain parts of the Sierra, wherever 
erosion cut through the rhyolitic flows. No such 
channels have been found in the district here 
described. Then the period of andesitic erup· 
tions began, and mud·flows again poured down 
from the vents near the divide, at first 88 dark· 
colored, fine tuffs and sands, later as a gray or 
brown tuffaceous breccia, containing, in the" foot­
hills as well as in the high range, larger, more or 
Ie .. angular bowlders o£ the dark·colored porphy. 
ritic rock called andesite. These last flows, com· 
ing down in rapid succession, flooded everything 
and covered up the middle slopes to such an 
extent that 6nly isolated ridges and peaks pro. 
truded above them. The whole area here con· 
sidered was thus once a gently sloping lava field, 
above which only Banner and Osborne hills pro· 
truded. The rough, high diabase ridges of the 
fGlothills also rose" above the flows. The last of 
the andesitic flows is supposed to mark the close 
of the N eocene period. During the volcanic 
epoch the Sierra Nevada was subjected to a tilt­
ing uplift, which at the summit probably 
amounted to several thousand feet, and the 
streams at once began the work of cutting into 
this desolate lava plateau. The directions they 
took were more generally transverse than form· 
erly. Their similarity to the old drainage was 
caused by the high, protruding ridges of bed· 
rock, which in many places confined the new river 
to the old valley. Thi, work of csnyon·cutting 
has been continued with ceaseless energy until 
the present time. "Not only has mnch of the 
enormous lava masses been washed away, but, 
owing to the uplift, the rivers have cut down far 
below the old Neocene bed·rock surface and 
created the characteristic features of the Sierra 
Nevada of"to.day; these are deep, abrupt canyons 
separated by broad or narrow ridges of more 
gently undulating ,urface. 

In the district described in this folio the slop­
ing ridges-Harmony Ridge and the Banner 
Hill·Towntalk Ridge-are the only remnant.> of 
the lava·sheet which once covered nearly the 
whole region, while the present watercourses, here 
wholly unlike their Neocene predecessors, Me 
sunk several hundred feet below the N eocene 
surface. Between the close of the andesitic eru p. 
tions and the present day occurred the extensive 
glaciation of the High Sierra, but the glaciers 
terminated about 30 miles above Nevada City; 
and it may be stated with certainty that neither 
in the Neocene nor in the Pleistocene period have 
any ice streams extended as far down as the 
latter place. 

DESCRIPTION OF THE ROCKS. 
BED-ROCK SERIES. 

This series consists of sedimentary rocks which 
were forced into a nearly vertical position at or 
before the post-Juratrias upheaval, together with 
the associated igneous rocks. 

SEDIMENTARY ROOKS. 

(/ala;veraa formation.-The sedimentary rocks 
referred to the Paleozoic age and designated the 
Calaveras formation are represented on all three 
maps. In the Banner Hill district they surround 
the granodiorite area on the east and south. In 
the canyon of Deer Creek they are splendidly 
exposed, and consist of hard, black to dark.brown, 
very fine.grained, siliceous rocks which show 
no slaty structure and only doubtful traces of 
stratification. Exposed to atmospheric influences, 
they soon bleach and are decomposed to a 
soft, white, clayey mass, as may be seen on the 
road to Scotts Flat, near the edge of the areas. 
Weathering sometimes brings out an inherent 
schistosity not apparent in the fresh rocks. The 
strike of this is then north·northwest, and the dip 

steep to the east. In the southern part of the 
area the rocks are more like imperfectly fissile 
clay.slates, and show a nearly vertical schistosity 
abont parallel with the contact of the granodio. 
rite. On the ,urface they appear as grayi,h, fine· 
grained rocks, breaking into irregular, flat frag. 
ments. Along the contact with granodiorite the 
influence of the molten magma has rendered these 
rocks more crystalline and somewhat coarser in 
texture. They contain much mica, which gives 
them a dark-brown color. Such contact·metamor· 
phosed sediments are usually designated hornfels. 
The most intense metamorphism, well exposed in 
the bed of Deer Creek, extends only a few hun· 
dred feet at this locality, but a ,light alteration 
can be recognized for several thousand feet to the 
east of the contact. 

In the Nevada City district the Calaveras forma­
tion is confined to a narrow belt running diagon· 
ally across the district. Throughout this belt 
there i, ·a well·defined ,chisto,ity practically 
parallel to the contact and either vertical or dip­
ping east at steep angles. In the southern part 
of this belt, and farthest away from the contact, 
there are exposed black clay.slates" alternating 
with a :fine-grained quartzite. Near the contact 
the slates are more crystalline and metam.orphosed. 
From the vicinity of the Providence mine west­
ward the rocks are so much altered as to deserve 
the designation of crystalline schists, micaceous 
and chloritic in character. Mingled with the 
slates of sedimentary origin there are in this 
vicinity smaller dikes and masses of old igneous 
rocks, diabases and porphyrites, which have also 
been a:ff'ected by the metamorphism to such a 
degree as to render them schistose and difficult 
to di'tingoish from the altered clay·slates. Such 
masses are exposed in Deer Creek below the 
Wyoming mill. 

In the Grass Valley district there are three areas 
referable to the Calaveras formation. (1) The 
small area just south of Maslin shaft, embedded 
between serpentine and diabase, consists largely 
of fine quartzite and fissile clay .. late. (2) The 
central belt, which crosses the area of the 
map in a northwestern direction, extends north· 
westerly below the andesitic tuff and joins, near 
Newtown, the belt along the western margin. It 
also continues southwesterly below the tuff ares, 
and a small exposure of it is shown about 3,000 
feet east of the Electric mine. It consists of 
black clay·slate and black, hard, quartzo,e sand· 
stone, neither being very much altered. Weather· 
ing blesches both to a gray or white color. The 
schistosity is nearly perpendicular and is directed 
northwest. The stratification probably coincides 
with the schistosity, though the exposures are not 
good enough to be conclusive. A little crystal­
line limestone, of gray color, is also exposed on the 
dump of the New Eureks ,haft. South of Little 
Wolf Creek there is, mingled with the sediments, 
much porphyrite breccia. Along the contact 
with the granodiorite the sediments are highly 
altered to brown, compact, and hard hornfels, 
but the contact zone i, not wide. (3) The 
area along the western margin of the district 
consists of grayish, not very fissile clay-slates, 
alternating with much white or light·colored 
chert, breaking in small, sharp, angulax frag. 
ments. This chert is probably derived from 
limestone by a process of silicification. There 
are no outcrops of limestone within the area, 
yet the peculiar bowl.shaped depression on the 
top of the ridge 2,500 feet northwest from the 
North Star mine, known as the "Devil's Punch· 
bowl," can be explained only as a collapsed cave 
formed by the leaching out of a limestone mass. 

MlJIriposa /tmnation.-The narrow slate belt 
running in a northwesterly direction from near the 
railroad on the southern margin of the Nevada 
City tract across Deer Creek, as well as the nar· 
row band south of Indian Flat, has been tenta· 
tively referred to the Mariposa formation. It is 
characterized by black, very fissile clay.slates 
interstratified with fine and coarser tuffs. The 
stratifica;~ion and the schistosity appear to coin· 
cide and are nearly vertical. Good exposures a.re 
seen at the tunnel on the south bank of Deer 
Creek. A short distance south of the Nevada 
City district this belt is interrupted by massive 
porphyrites, but soon reappears in the district 
shown on the small Brunswick map, and is here 
nearly 8,000 feet wide. The tuff·slates are well 
exposed on the road a short distance above the 
Washington mine. 

IGNEOUS ROOKS. 

Grtmodiorite.-The granodiorite of the Neva.da 
City and Banner Hill districts is a coarse-grained, 
grayish, granitic rock, composed of dark.green 
hornblende. dark·brown mica, colorless or gray 
quartz, and white or slightly yellowish feldspar. 
The grains average 2 to 8 millimeters in diameter. 
The hornblende is relatively more abundant than 
the mica and is frequently present in large, pris· 
matic grains.. The feldspar is predominatingly 
a soda.lime.feldspar of the composition of oligo­
clase or andesine. A smaller quantity of ortho· 
clase is always present. Analysis of a typical 
specimen gave 66! per cent silica, 4.,. per cent 
lime, 8t per cent soda, and 2t per cent potassa. 
It is thus an acid rock, in composition between 
a diorite and a granite. The texture and com· 
position of the rock are pretty constant through. 
out the area. In the vicinity of the contacts­
near North Banner, for instance,"and on the north 
side of Deer Creek - the rock is more basic and 
contains more hornblende, thus resembling a dio· 
rite. From the Nevada. City mine to the western 
border of the district it apparently gradually 
changes to a normal diorite. The granodiorite is 
soft and weathers easily; frequently, especially 
in the eastern part of the Banner Hill district, it 
is decomposed to great depth, producing a deep. 
red, clayey soil. It often shows a tendency to 
concentric weathering, leaving round" bowlders" 
undecomposed in the resulting clayey mass. Out· 
crops are usually well rounded. Dikes of grano. 
diorite are found at several places in the adjacent 
sedimentary rocks, for instance, in Deer Creek at 
the contact below Federal Loan mine, and in the 
cliff on which the Providence mill is built. 

The granodiorite of Grass Valley is slightly 
different from that of Nevada City. It is a 
grayish.green rock, medium· to coarse·grained, 
and contains black horn blende, r~ and greenish 
feldspar, and quartz; only exceptionally is there 
much brown mica in the rock. The tendency to 
weather in rounded outcrops is not quite so pro· 
nounced as in the Nevada City rock, and the 
rock is also somewhat harder. Dikes of grano· 
diorite in diabase are found at the crossing of 
Rhode Island ravine, a little south of Peabody 
mine, and at several points along the contact 
,outh of Little Wolf Creek. 

A specimen from Kate Hayes Hill gave 64 
per cent silica, 4! per cent lime, 3t per cent 
soda, and 8 per cent potassa, but it appears that 
in other parts of the district there is considerably 
less potassa. Accessory in the granodiorite are 
titanite, zircon, apatite, and magnetite. 

ApUt6.-In the rocks adjoining the granodio. 
rite, and more rarely in the latter rock itself, are 
dikes and smaller bodies of a white, medium· 
grained, granular rock consisting almost entirely 
of feldspar and quartz, with occasionally' a very 
little brown mica. This rock, which should prob­
ably be considered a product of differentiation in 
the granodiorite magma, occurs in the Nevada City 
district as a dike in contact metamorphic slates 
above the Champion mill, and as a larger mass, 
with ramifying branches in diorite and pyroxen­
ite, about a mile northwest of the Nevada City 
mine. The exposures in Rush Creek show well 
the intrusive character of this rock. A typical 
sample contained. 77 per cent silica, t per cent 
lime, 5 per cent potassa, and 3t per cent soda. It 
is thus a dike rock composed chiefly of alkali 
feldspar and quartz, and should be designated an 
aplite. A small mass of similar material occurs 
in the Grass Valley district1 in Little Wolf Creek, 
south of Golden Treasure mine. 

Qu<>rtzporplYy'l"!f.-In the vicinity of the Omaha 
mine, in the Grass Valley district, there are, in dia· 
base and near the granodiorite contact, one large 
dike and several smaller ones of quartz-porphyry, 
the latter principally on the east side of Wolf 
Creek. Smaller dikes of the same rock also 
occur in the diabase in the Omaha mine. These 
rocks are gray or white, fine-grained, and porphy. 
ritic, sometimes also showing a microscopic spher. 
ulitic structure, and al'e typical quartz-porphyries. 
Like the aplite, they ,hould probably be regarded 
as a differentiation product of the granitic magma. 
The rock near Omaha contains i per cent lime, 
4t per cent potassa, and 3t .per cent soda. A 
white dike found in the Peabody mine evidently 
also belongs to this class of rocks. 

Diabase and porplYyrite.-Rocks o£ daxk.green 
color, fine· or medium.grained. texture, and often 



of porphyritic habit, occnpy considerable areas 
in these districts. Collectively they might be 
referred to as "greenstones." They include sev­
eral species of rocks, so intimately connected by 
transition that it is not, as a rule, possible to sub­
divide them in the field_ They comprise medium­
grained diabases, going over into hornblende­
diabases, augite-porphyrites, and hornblende-por­
phyrites, as well as fine and coarser breccias and 
tuffs of the Bame rocks_ Very frequently they 
are considerably altered to uralite-diabases and 
uralite-porphyrites, and sometimes they have 
become schistose by pressure_ In some instances 
they have been converted to crystalline schists by 
an almost complete recrystallization of their orig­
inal minerals. They are probably of substantially 
the same period of eruption. They certainly 
antedate the granodiorite, hut, on the other hand, 
dikes of them are found intrusive in the diorite­
gabbro-serpentine group. They are believed to 
be in general contemporaneous with 01' in part 
somev;rhat later than the Mariposa slates. 

r n the Banner Hill district east of the granodio­
rite contact, north and south of Deer Creek, there 
are contained in the sedimentary series a great 
number of dikes, most of them small and trace­
able only for short distances. Although occurring 
abundantly close up to the granodiorite contact, 
none of them have been found in the latter rock. 
The dikes are all porphyrites, brownish, gray, or 
green in color, and carry porphyritic hornblende, 
in long, slender crystals, and usually also feldspar_ 
A few, sueh as the dike at the foot-bridge a short 
distance east of Federal r~oan mine, carry only 
augite, in abundant porphyritic crystals, and 
appear to be fourchites_ The dikes exposed at 
the summit of the Scotts Flat road and at the 
eastern border of the district are hornblende-por­
phyrites with some free quartz. Some of the 
dike rocks are brownish. from finely disseminated 
biotite in the ground-mass. Pyrite and pyrrhotite 
are very common as small grains. The ground­
mass has usually a fine-grained, holocrystalline 
structure. The dike at the northern border of 
the district is very much altered and almost con­
verted to an amphibolite. 

The southern part of the district contains two 
larger masses of greenstone, both of which are 
decomposed to considerable depth and form a 
dark-red, clayey soiL Good continuous outcrops 
are rare. The rock at the extreme southeast cor­
ner of the Banner Hill district is variable in com­
position and texture. It is made up in part of 
greenish or brownish porphyrite with large crys­
tals of black hornblende 01' angite, or both_ The 
porphyritic feldspar crystals are usually small. 
The ground-mass is fine-grained and holocrystal­
line. Other rocks are fine-grained diabases com­
posed of augite partly converted into uralite and 
feldspar in granular mixture_ Still others are 
granular, almost coarse, and composed of large 
augite crystals, frequently surrounded by black 
primary hOJ'llblende, between which lies a fine, gran­
ular aggregate of soda-lime-feldspars. Between 
this area and the sedimentary rocks there is first 
a belt of volcanic breccias, the fragmentR of which 
are principally hornblende and augite-porphyrites 
with very fine-grained holocrystalline ground-mass; 
there are also some fragments of a pale-gray or 
brown, dense, flinty rock similar to the siliceous 
rock from near the Federal I~oan. Pyrrhotite is 
extremely abundant in this breccia. which is not 
very coarse, the fragments seldom exceeding an 
inch in diameter and being firmly welded together. 
The next belt, including the summit of Banner 
Hill, is a grayish or brownish breccia composed 
chiefly of gray or brown fragments of the sili­
ceous sedimentru'Y rock, _with a small amount 
of volcanic, more 01' less altered material. This 
breccia gradually changes into the normal sedi­
mentary rocks. There can be little doubt that 
these areas represent" contad breccias" 01' "fric­
tion breccias" formed by the violent disruption 
of the hard and brittle sedimentary rocks by the 
porphyrites, and that the former were thus not 
only deposited but also at least partly altered 
before the porphyritic ernption took place. The 
small area shown in the southwest corner of the 
Tn»-p, bordered on the east and north by sedimen­
tary rocks, is the continuation of a similar area 
seen on the Nevada City map_ The rock of part 
of this area is a greenish to brownish hornblende­
porphyrite, with small feldspar crystals and 
larger crystals of black, prismatic hornblende_ 
This rock oontains 59 pel' cent silica, 6t per cent 
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lime, -} per cent potassa, and 3 per cent soda_ blende, evidently primary; the feldspar shows the hanging wall of the :Maryland llline, it is a 
Other dense, dark-gl'een rocks are found, under twin striation only in part, and the diabasic dark-green, medium-grained diabase, carrying also 
the microscope, to consist of a fine breccia or tuff l'ophitic" structure is not so marked as in typical some brown primary hornblende. It contains 51 
of augite-porphyrite. In places coarser breccias diabases. Primary pyrite, pyrrhotite, and titan- per cent silica, 101 per cent lime, 1 per cent po­
with -fragments of sedimentary rocks also occur, iferous magnetite are present. A specimen was tassa, and 4t per cent soda. Along the serpentine 
and there are several smaller areas of breccia in found to contain 53~ per cent silica, tit pel' cent contact at the east edge of the area it is similar 
the sedimentary rocks to the east, the outlines lime, 2t pel' cent soda, and -1 per cent potassa. In in appearance, but proves under the microscope 
of which are difficult to determine aecurately the northern and larger part of the area this to be a fine breccia or tuff made np of fragments 
on account of surface decomposition_ In a few coarser granular rock changes, by gradual transi- of augite-porphpite. Over the remainder of the 
places the rock is coarser and diabasic in compo- tion, into a more or less fine-grained, dark-green, area, at Goldpoint mine, along the milroad, at 
sition_ porphyritic rock, containing white feldspar crys- Brunswick mine, and in the southern part of the 

}jntering the district of the Ne,rada City map tals of varying size. The ground-mass shows, small Brull8wick tract, the rock is a green to 
in the southeast corner, the greenstones extend under the microscope, a structure very similar to grayish-green breccia of augite-porphyrite, some­
diagonally across it as a band about parallel to tbat of the coarser diahases, hut the augite h~ times carrying fragments of sedimentary rocks, 
the granodiorite contact, and nal'l'OW down con- largely converted into uralite and the feldspars which has a more 01' less strongly defined schistOf~e 
siderably in the western portion. They are are more or less decomposed_ The coarse, dia- structure with northwest direction aTld vertical or 
decidedly more altered than in the Banner Hill basic structure of the ground-mass changes some- steep easterly dip. In a few places, such as at 
district, and the extent of the alteration increases times to a finer-grained structure characteristic of the Lucky and Brunswick mines, tlle force pro­
as the area becomes narrower_ the porphyrites_ Porphyritic hornblende crystals dueing the schistose structure has been more 

Along the southern edge, and north of the race- do not occur_ Schistose structure has not been intense and has resulted in the formation of a 
tracK, dark-greenish to brownish hornhlende-por- observed_ 'l'he rocks in this area thus grade grayish-green, chloritic schist bearing scarcely any 
phyrites prevail, sometimes showing small por- from diabases and hornblende-diabases to por- resemblance to the original rock. 
phyritic feldspar crystals. Similar rocks also phyritic Ul'alite-diahases and augite- or uraHte- Very numerous dikes of diabase are found in 
occur in the northern part of the small Bruns\vick porphyrites_ the serpentine north of the J\fary land mine, 
tract. About Herring reservoir the dark-green The principal eastern area, extending from the mostly running about east-west, parallel to t,he 
rocks are of varying grain, and have, as seen under southeastern part of the town of Grass Valley vein system_ Quartz veins frequently occnr on 
the microscope, a distinctly brecciated or tuff-like to the southeastern corner of the district, and the contacts with the serpentine. Such a dike, 
character, being made up of fragments of augite- I including Osborne Hill, borders toward the west for instance, accompanies the Eureka vein, in the 
porphyrites. Massive I1nd fresher augite-porphy- with a sharp contact against the granodiorite. serpentine area_ The large hody to the south of 
rites occur near the railroad, at the eastern end of It shows considerable variation in composition the Spring Hill vein is a densE', dark-green rock 
the small greenstone area included in the sedi- and texture_ The coarse, nornlal diabases are less of soft, chloritic character, and ShOllld he COll­

mentary rocks. In the vicinity of the Pittsburg common in it. The northern end iB occupied by sidered as a decomposed diabase. Dike" of 
mine, and thence northwestwardly, at very many fine-grained, dark-green rocks, sometimes calTying augite 01' hornblende-porphyrite also occm at sey­
places the rocks are dark-green, fine- to medium: small, white, porphyritic feldspar crystals_ L nder eral places in the diorite and serpentine to the 
grained, and are, to the naked eye, largely made the microscope the apparently massive rOCKS are north of the Maryland mine. A small area of a 
up of small hornblende grains with some pale- found to be largely porphyritic tuff or finely dark-green, medium-grained rock of diabasic 
greenish feldspar and occasionally epidote and ground-up breccias, greatly altered, but showing appearance occurs 3,000 feet to the east of the 
pyrite. By aid of the microscope these rocks are no schistose structure_ The ground-mass is fine- railroad station of Grass Valley. It is of excep­
proved to be much-altered diabases. The augite grained, microcrystal1ine_ The rocks are now tional composition, containing as much ortho­
is very largely converted to uralite, and the soda- largely uralite-porphyrites, but were originally clase as soda-lime-feldspar, and should be classed 
lime-feldspars are often to considerable extent augite-poTphyrites, some rocks stilI showing fresh iUJ an augite-syenite_ Its affiliations are not cer­
converted to secondary epidote-albite-muscovite augite. The porphyrites in places, such as those tain, but it is probably only a form 01' facies of 
aggregates_ Brown mica is also extensively east of Heuston Hill and neal' the Golden Treas- the normal diabase_ Dikes of greenstone also 
developed as a secondary mineral in the uralite. ure mine, go over into fine-grained Ilralite-diabase, occur in the sedimentary area of Grass Valley_ 
The rocks are best designated uralite-diabases. similar to the rock neal' the PittRbnrg mine Sorne of them range from fine-grained uralite-dia­
A streak in which are developed augite and (Nevada City map). U ralite-diabases, frequently bases to augite-porphyrites 01' ul'alite-porphyriteB, 
hornblende-porphyrites, as well as tuffs of these changing to uralite-porphyrites with larger white while between the Crown Point and New Eureka 
rocks, follows the narrow band of Mariposa feldspar crystals, occur at several points along mines they consist of peculiar hornblende-diabases 
slates to SOllle distance north of Deer Creek the granodiorite contacts_ Sometimes they con- having a great tenden(IY to serpentinization. Some 
Ahout 2,000 feet south of Deer Creek these tain abundant iron pyrites_ Coarser, dark-green of the serpentine in this vicinity iA, beyond douht, 
rocks begin to show slaty strueture. This is well porphyrite-breccias, containing some fragments of derived from these rocks hy chemical alteration_ 
exposed at several plaees along Deer Creek, and a brown or light-colored, dense, siliceous, sedi- IJi()l"Ue_-It has already been mentioned that 
does not affect all parts of the belt equally, but mentary rock, begin south of Preseott shaft, and in places the granodiorite changes to a diorite_ 
is strongly developed at many points between form the snmmit and whole eastern slope of There are other areas of the latter rock, which, 
Deer Creek and Indian Flat_ In this vicinity the Osborne Hill. however, are not geologically equivalent to the 
greenstones are exteusively altered, but in most Qual'tzpmphyrite_-Beginning some distance granodiorite, but, on the contrary are associated 
pllU~es the derivation from diabasic rocks can be south of the Empire mine and extending at least with gabbro and serpentine_ To the northwest of 
clearly demonstrated_ In extreme forms, not only to within a few hundred feet south of the DaiBY the Kevada City mine the granodiorite appears 
has aU of the augite been converted to amphibo- Hill mine, there is, -in the dark-green porphyrite, gradually to go over into a diorite, which again, 
lite, but all of the original soda-lime-feldspar is a series of branching dikes of a lighter-colored, neal' the edge of the map area, changes into a 
convel'ted to new feldspars, principally albite and more siliceous porphyrite. The rock is much coarse-grained, llralitic pyroxenite_ However, it 
other min-erals, so that the rock beoomes in fact a altered and cOllsists of porpbyritie, decomposed is pORsible that there is a contact line, even though 
schistose amphibolite_ Smaller dikes of the same feldspar crystals and wholly decomposed bislli- it can not be distinguished on account of the 
llralite-diabase or umphibolite occur in the Cala- cates (augite or hornblende) in a light-gray, flinty similarity of the two formations along the con­
veras formation to the eaBt. ",Vherever the con- ground-mass of small feldspar crystals and quartz tact j for farther north, at Shady Creek, and also 
tad between these two is exposed, as for instance grains. This rock is no doubt closely related to in the South Yuba River where the exposures are 
on Home Bluff, south of Deer Creek, the massive the normal porphyrites. South of the Daisy Hill good, the diorite and the granodiorite border 
or only slightly schistose uralite-diabase is found mine the exposlll'es are very pOOl' on account of against eaeh other with sharp contact, and the 
to break across the strongly schistose or slaty deep soil, but similar rocks are found on the latter is int1'llsive into the former_ Along Deer 
sedimenta.ry rocks, showing not only that the for- r~a£ayette tunnel dump, as well as neal' the Comet Creek, at the western edge of the "Nevada City 
mel' rock is the younger but also that the latter mine. A small outcrop of a similar porphyrite is I district, the main diorite area begins; it }las a 
obtained its slaty structure prior to the occur- found about 400 feet southwest of the Comet width of It miles, and is bordered on both sides 
rence of the diabase ernption. tunnel. All oceurrences contain much epidote_ by serpentine. This diorite continues into the 

A t the contact of the serpentine and the diorite The latter rocks, however, do not appear to be so Nevada City district, south of tho andesitie ridge, 
there are two distinct dikes of highly altered, but acid as the typical ones first described. On the and is found in the vicinity of the race-track, as 
not schistose, fine-grained uralite-diabase_ A Indiana claim, at the south end of Oshorne Hill, well as in the adjacent portiolls of the Grass Val­
large dike-like mass of the same material divides is a dark-green, dense, hard rock eontaining milch ley district and the small Brunswick district, bor­
the diorite area into two parts_ On both sides of epidote, small greenish feldspar crystals, and dered on the north\,~rest by porphyrite and on the 
this there are numerous smaller dikes of the same needle-shaped crystals of black primary horn- southwest by serpentine_ The diorite is a coarse­
rock blende. On the Goodall claim, a little farther grained, gray to greenish rock, and consists of 

In the Grass Valley diAtl'ict the western area of south, the highly altered rock is dark grayish- green hornhlende and soda-lime-felUspal', 'with 
diabase and porphyrite borders with sharp con- green, fine-grained, and contains abundant epidote occasionally a little quartz. On the 1vhole, the 
tact against the Calaveras formation to the west, and pyrite_ rock is more altered than the granodiorite, 
and, with equally sharp ('ontact, against the The large greenstone tract between Grass Val- though it never shows schistose structure. The 
granodiorite on the east. No contact meta- ley and Colfax (see Colfax sheet) reaches up into hornb1ende in some of these diorites has a 
morphism can be observed along the latter con- the Grass Valley district and terminates in the uralitic appearance, as if in part derived from 
tact, the freshest rocks frequently occurring close vicinity of the Maryland mine; toward the north pyroxene, and in its northerly continuation the 
up to it. Good exposures are not common, as the and east, in the Grass Valley district, it borders diorite frequently changes into a gabbro by 
rock is deeply decomposed on the ridges and pro- with sharp contaet against serpentine; toward the gradual transition. Frequently the grain varies 
duces a clayey, dark-red soil. In the southeast- west, with irregular and yery ill-defined contact, much in a short distance, and the more basic 
ern part of the district the rock approaches a against coarse, light-colored gabbro, the diabase varieties afe mixed with those eontaining con­
normal diahase, being fresh, fine- to medium- appearing to run out into the gabbro in a maze siderable quartz_ On the dump of Carl's tunnel 
grained, and dal'k-green, composed of dark-green of dikes_ The exposures between the Maryland I (Nevada City map) an extremely coarse-grained 
bisilicates and pale-green feldspar. The augite is mine and the railroad are not good_ In this north- 'variety occurs, which should perhaps be regarded 
very fresh and partly surrounded by brown horn- west part of the area, where the rock also forms as a uralite-gabbro. The contact with the serpen-



tine is mostly sharp, and the latter often extends 
into the diorite 88 wedge-like masses. Lenticular, 
ill-defined masses of diorite are included in the ser­
pentine at the northern edge of the Gx ... Valley 
district. Smaller masses and outcrops of dioritic 
rocks are found in the serpentine near the west­
ern edge of the Nevada City district. Two dike­
like masses of coarser diorite, with somewhat gab­
broitic habit, are contained as intrusives in the 
schistose diabase to the west of the Nevada City 
mine. It is probable that they should be 
regarded in a geologic sense as belonging to the 
granodiorite eruptions. 

GahhrQ.-Normal gabbro is not abundant in 
the area under description. In most of the gab­
bro rocks the pyroxene (diallage) has been con· 
verted to uraHte. A long dike of coarse·grained 
gabbro with white lime-feldspar and pale-green 
uraIite lies in the Nevada City district at the con­
tact of diabase and serpentine on both sides of 
Deer Creek below the Providence mine. At its 
southern end it is contained in the serpentine, 
and in place, the gabbro appears to change grad· 

ceous age. It is probable that the diaba.ses and 
porphyrites were the next older eruption" though 
it can not be asserted that they are all of the 
'ame age. The diorite.gabbro-'erpentine group 
would seem te be the oldest; but even of this it 
can not be ,aid confidently that all part, of it 
have the same age_ Though dikes of diabase are 
abundant in this group, there are also one or two 
serpentine-pyroxenite-gabbro masses which appear 
in porphyrite in dik .. like form. 

Most of the igneous rocks are of the granular 
type, which we associate with deep-seated intru­
sions, while some others, at not much different 
elevations, show the pronounced porphyritic 
typee of structure which generally occur in rocks 
consolidated nearer to the surface. It may be 
snggested that in early Cretaceous times vast 
masses of volcanic origin, perhaps several thou­
sand feet thick, probably covered what is now 
the surface of this part of the Sierra Nevada. 

SUPERJACENT SERIES. 

NEOOENE PERIOD_ 

ually into that rock. In the northern part of the Awriffi'roUB (ravels and rhyolitic liuff8.-In the 
Gra" Valley district lenticular, i]].defined masses southern half of the Banner Hill di,trict there i, 
of gabbro are embedded in the serpentine. The hardly any gravel exposed on the bed-rock below 
largest body of gabbro is the crescent-'haped the volcanic capping. In the hydraulic cut south 
area west and south of the Maryland mine; it is of the Murchie mine, about 2 feet of fine, well­
pale-greenish, coarse-grained, and consists of white washed quartzose and metamorphic gravel rests 
or greenish feldspar and pale-green, uraIitized on the bed-rock, and this is overlain by fine, ande­
diallage. Good exposures are seen at the Mary- sitic tuff containing scattered, fine gravel in ita 
land assay office. The area beginning near Mas- lower portion. In the deep hydraulic cut 3,500 
lin shaft (see Grass Valley map) extends for some feet east-southeast of the Murchie mine, there are 
distance into the Brunswick district, and is very exposed 6 to 10 feet of rounded or subangular 
mixed. It contains much normal, pale greenish- bowlders of granodiorite up to a foot in diameter, 
gray gabbro, but along with it there is also much cemented by fine quartzose and metamorphic 
of a fine-grained and darker, diabasic rock, which gravel. This channel is about 200 feet wide, and 
may either be a local modification of the gabbro the gravel is immediately overlain by 10 feet of 
or represent intruded dikes of a later rock. clay of clearly volcanic origin, containing frag-

P1/rlXMni!e.-Coarse, dark-green, uralitized pyr- ments of decomposed rhyolite. Above this lies 
oxenite occurs, as stated, near the aplite area in normal, soft, andesitic tuff. On either side of the 
the northwestern part of the Nevada City district. deposit the andesitic tuff rests directly on the 
In connection with serpentine it is mentioned bed-rock. At the Mayftower hydraulic cut, 2,000 
below. Separate bodies of pyroxenite occur to feet southeast of the Canada Hill mine, 2 to 8 feet 
the west of the Nevada City district in intimate of gravel rests on the bed-rock and is covered by 
connection with the serpentine. andesitic tuff. -

EJer:pe;n,ti;ne.-AB is well known, this rock is Much larger accumulatioDs of gravel are found 
always a product of alteration of other rocks, such under Harmony Ridge. In the small hydraulic 
as peridotite, pyroxenite, gabbro. The large mass cut 3,500 feet east of the East Harmony mine, 10 
in the western portion of the Nevada City district feet of fine gravel is exposed, overlain by clays 
is very prominent and easily tracea.ble by abundant and rhyolitic tuff. Below that mine occurs, 
rocky outcrops, weathering brown or red. Smaller principally, metamorphic gravel, with a maximum 
and often ill·defined ma"e, of diorite, hornblende depth of 20 feet, re,ting on the bed·rock and 
rock, or gabbro frequently occur in it. The covered by rhyolitic tufT_ The same body of 
normal rock is black, lusterless, fine-grained, and gravel was found in the East Harmony incline. 
rather soft; this is only partially serpentinized, South of the West Harmony mine the rhyolitic 
and under the microscope gives ample evidence clays rest directly on the bed-rock and no gravel 
of having been derived from a. pyroxenite or a is exposed in the incline. West of that mine 
peridotite, as remains of pyroxene and olivine 2,500 feet, well-washed. gravel appears again, at 
are abundant. A considerable part of the rock first forming lenticular bodies in the clay, and 
in this area is, however, completely serpentinized, then, at the edge of the district, reaching a thick­
and forms the well-known smooth, green frag- neBS of about 60 feet, with some intercalated 
mente, with waxy luster, which are so character- bodies of clay and sand. In the deep channel 
istic of serpentine areas_ The small area sonth of mined by the Harmony and Cold Spring mines 
Towntalk shows a similar origin. The large area the gravel on the bed-rock is laxgely quartzose 
lying chiefiy within the Gxas. Valley district is and .ubangular, of bluish color, frequently well 
characterized by the same surlace appearance, but cemented, and does not often exceed. 10 feet in 
the serpentinization seems to have advanced thickness. It is usually thinner, and is frequently 
further, and remains of the original minerals are mixed with irr,egnlar masses and streaks of sandy 
rarely to be seen. The serpentine to the northwest clay. 
of the New Eureka mine and in the vicinity of the On the north side of Harmony Ridge gravel 
St. John mine shows an extremely close connection bodies appear in the vicinity of the old Harmony 
with diabase and porphyrite, and has evidently shaft. They are intermixed with clay and sand 
been derived from these rocks_ Pyroxenite and and aggregate 50 feet in thickness_ This is at 
peridotite, and also to some extent gabbro, are, the inlet of the north branch of the Harmony 
however, so intimately and frequently associated channel. Along the river from this point to the 
with these serpentine masses, especially with inlet of the Stokes shaft channel, there is a good 
their continuation northward beyond the limits deal of well-washed gravel, frequently interstrati­
of the area' of the,e mop', that they mu,t be con· fied with clay. North of the Stoke. shaft the 
sidered. as the principal mother-rocks_ gravel is abont 70 feet deep, and is exposed in 

The small area to the ,outh of Towntalk the hydraulic pit ju,t north of the road. In the 
appears in a form suggestive of an intrusive dike vicinity of the Yosemite incline heavy clay masses 
in porphyrite, while the similarly shaped area in again appear_ On the Rock Creek ditch, near the 
the northeastern part of the Brunswick district incline, two small streaks of gravel are enclosed 
appears to be a dike in the Mariposa slates. in this clay. The Yosemite incline shows 20 feet 

The 8eq""""e of igneous rocks.-Though the of sandy clay, underlain by 30 feet of extremely 
general succession of rocks has been established, well-washed black gravel, well cemented. This 
there are several obscure points as yet undeter- gravel rests on the bed-rock, which, however, dips 
mined. rapidly into the hilI. Below the black gravel in 

It is probable that none of the igneous rocks the channel lie at least 120 feet of clay and sand, 
of the Bed-rock series are older than the Mariposa with some gravel in the deepest part. 
formation, and that they all were erupted within The gravels are much more extensively devel­
a comparatively short period. The granodiorite loped in the area of the Nevada City map. The 
is certainly the youngest member of the series, northwesterly slope of Harmony Ridge, below the 
and it is of late J uratrias or very early Creta- andesitic tuff, shows a succession of light-colored 

clays and soft sandstones, with smaller bodies of 
gravel. The excellent exposure at Howe Cut 
shows, on the bed-rock, 60 feet of light sands and 
clays, containing frequent impressions of decidu­
ous leaves. Above this lies, unconformably, a 
heavy body of coarse gravel, containing well­
washed pebbles of metamorphic rocks and quartz. 
In the Odin cut (a short distance west of the 
Odin mine) 40 feet of white and yellow sandy 
clay with some fine gravel is exposed_ On the 
south side of the ridge the line of demarcation 
between the light-colored clays and sandstones 
(rhyolitic tuffs) and the gravel, is usually dis· 
tinct, and the gravels axe heavier than at any 
other place. In the Manzanita channel, now 
largely worked out, a blue, quartzo,e gravel 
rested on the bed-rock. The average thickness 
of this was 6 to 10 feet; above this gravel lies 20 
feet of white clay, with some quartzose sand. 
The next 175 feet, up to the level of the east gap, 
is occupied by clays and sands containing several 
bodies of well-washed, chiefly metamorphic gravel. 
Owing to rapidly varying, :fluviatile structure, the 
section is quite dissimilar in different portions of 
the cut. Between the level of the gap and the 
lower limit of the andesitic tuff, there is 40 feet 
of sandstone, with a little fine gravel; and above 
this, 40 feet of white clay; both of rhyolitic origin. 
In the Odin mine, on the northerly continuation 
of the Manzanita channel, there is 6 or "1 feet of 
gravel on the bed.rock, mostly quartzose, of 
medium to fine size, and not always well-washed. 
Heavy bodies of clay cover this gravel. The 
iargest bodies of gravel were found west of the 
Sugarloaf. Their maximum thickness is 60 feet, 
as shown in the excellent exposures in the 
hydraulic banks; the strata are alternately 
coarser and finer, with very fine fluviatile stratifi­
cation in places. The gravel is composed largely 
of metamorphic pebbles with some quartz. On 
the bed-rock it is rather coarse, hard, and firmly 
cemented. Above the gravel lie from 100 to 
200 feet of light·colored clays, sandy clays, and 
sandstones. On the northeast side of Cement 
Hill- as the ridge west of the Sugarloaf is 
called-there is but little gravel exposed along 
the rim, and this is overlain by about 160 feet of 
white, rhyolitic clays and sands. The tunnels 
driven by Dean and others have, however, shown 
that large bodies of well-washed gravel lie on the 
southerly slope of the rim, under the hill. At 
Stevens and Trevaski there is, below the clay and 
sand, about 30 feet of well.washed, black gravel. 
The gravel on the bed-rock is coarser and angular. 
At Ragons no gravel is exposed on the surface. 
On the rim, which dips rapidly northward, some­
times clay, sometimes 5 to 6 feet of well-washed 
gravel, is fonnd on the bed-rock. Eighty feet of 
light-colored, rhyolitic clays and sands are exposed 
below the andesite. At Peck's diggings, in the 
extreme northwest corner of the district, 2 to 4 
feet of fine angular quartz gravel is exposed in 
the bottom of the channel. Above lie quartzose 
sandstone and a stratum of hard, black conglom­
erate, both often cemented by opal Immediately 
below the andesite there are again light-colored 
sands and clays. 

In the southern portion of the Nevada City di,· 
tric..-t, and in the Grass Valley district, there are no 
considerable bodies of Neocene gravels. A little 
fine gravel is sometimes mingled with the ande­
site tuff along the rim in the depressions of the 
N eocene surface, for instance, just north of Town­
talk and along the contact of porphyrite and ande­
site east of the Empire mine. In the Alta chan­
nel, extending under the andesitic area in the 
north-northwestern corner of the Grass Valley 
district, there is gravel 2 to 3 feet thick, overlain 
by clay. Iu the hydraulic cut just north of Mill 
street, Grass Valley, a few feet of yellowish-white 
clay rests on the gravel in the channel, and 
directly above this there lies a fine-grained ande­
sitic tuff. About 3,000 feet southeast of the 
Empire mine a small channel has been drifted on 
under the andesite. On the bed-rock lies 3 or 4 
feet of a subangular grave1. consisting mainly of 
diabase fragments; above this lies 5 to 6 feet of 
sandy clay; then an almost normal, but rather 
fine, andesitic tuff. 

Underlying the andesitic tu£E there is, as stated 
above, a series of white or light-colored clayey or 
sandy rocks, commonly described fiS pipe clay 
and sands, and which are largely rhyolitic tuffs 
bronght down as mud-flows from the volcanoee 
in the upper part of the Sierra. Being of ,maller 

volume than the andesitic flows, they were usually 
confined to the valleys, and are therefore often 
valuable as indicating the position of the aurifer­
ous channels. The connection of these tuffs with 
the auriferous gravels in the bottom of the a.Dcient 
stream-beds is a very intimate one, and it is indeed 
impossible in most cases to draw a sharp line 
separating the two terranes_ The line indicated 
on the map is at best approximate, and is intended 
only to convey the fact that the upper part of 
the really continuous series is composed of com­
paratively pure tuff, while the lower part is 
deri~ed largely from the disintegration of the 
older rocks. The series of rhyolitic tuffs and 
gravels are of unusual thickness in the Nevada 
City basin, aggregating 300 feet in the vicinity 
of the Manzanita mine. 

The typical tuff, appear as ,oft, light-gray or 
yellowish sandstones, and are made up almost 
wholly of angular fragment' of glassy rhyolite. 
Such is the character of a rock outcropping on the 
road 850 feet we,t of the We,t Hormony mine. 
These almost pure glass-sandstones are well 
adapted to certain abrasive and polishing pur­
poses. Other tnffs are more clayey, soft, and have 
a somewhat greasy feel, but a certain amount of 
sand is almost always present. The composition 
of the pure tuff from the locality just mentioned 
is 69 per cent silica, 16 per cent alumina, 1 per 
cent lime, 5 per cent potassa, and It per cent 
soda. 

The stratum of sandstone cropping out on the 
North Bloomfield road 1,000 feet southwest of the 
Sugarloaf is of yellowi,h·gray color with ,mall 
black-mica foils. It contains abundant grains of 
quartz, feldspar, hornblende, etc., derived from 
the granodiorite, but also many grains of 
undoubted rhyolitic origin, and carries 8, per 
cent soda and li per cent potasss. . Between this 
and the normal tnffs there are all gradations. 

The occurrence of the rhyolitic series is con­
fined to the northern half of the Banner Hill and 
Nevada City districts. It is well exposed in the 
Manzanita pit and along the ditch on the north­
eastern side of Cement Hill; also along the road 
and ditches in the vicinity of the West Harmony 
mine. In good exposures the rapidly alternating 
character of the beds is well shown. A tendency 
to form gently sloping benches is frequently noted 
on ~he north side of the Harmony Ridge, which 
contrast strongly with the abl'llpt declivities of 
the andesitic tuffs. The soft and easily disin­
tegrating rhyolitic tuffs show, as a rule, poor 
exposures, and are usually covered by debris 
sHdden from the overlying andesitic tuffs. In 
some places the rhyolitic series rests directly on 
the bed-rock, while in others it covers the aurifer­
ous gravels. The principal occurrences have 
already been described. 

.As the line between these two formations is so 
difficnlt to draw, it was of interest to ascertain 
how far down in the series the rhyolitic tuffs 
extended. It has already been ,tated that the 
sandstone on the southwestern slope of the Sugar­
loaf at the elevation of 2,760 feet is tuffaceous. 
Another sandstone, from near the bottom of the 
Manzanita channel, has also been found to con­
tain grains of rhyolite. Furthermore, rhyolitic 
tuffs and fragments of normal rhyolite are found 
in the Odin cnt at an elevation of 2,700 feet, or 
abont 40 feet above the lowest bed-rock. It is 
thus evident that the whole series, except the 
very lowest gravel, contains rhyolitic fragments, 
and that the deposition of. it went on about con­
temporaneously with the rhyolitic eruptions in 
the high Sierra, although only the upper part of 
tlie series contains so much rhyolitic detritus as 
to be properly cla,sed as tuff. Thus the age of 
the gravel and pipe clay is confined within rela­
tively narrow limits, and only the very lowest 
layers of gravel antedate the beginning of the 
rhyolitic eruptions. 
TheN_ topoflraphy and <lrllliJnage 8'fj8tem8.­

The surface forms and the clJannel systems of the 
Neocene topography, as they were before the vol­
canic eruptions began in the Sierra Nevada, may 
be determined with considerable accuracy from 
the remaining exposures of the gravels and the 
later volcanic rocks. In order to obtain a correct 
view of these relations, it is necessary to include 
in the statements a somewhat larger territory 
than that embraced in these sheets. The results 
obtained will be given briefly. The topography 
was in general decidedly accentuated, though not 
so strongly as at present. The ridges rose to a 



maximum height of 1,300 feet above the· lowest 
channels, and a height of 500 fee.t was quite 
common. The drainage of the whole region was 
toward the Neocene South Yuba River, but 
divided into two distinct watersheds. The :first 
embrnced the larger part of the aren covered by 
the llanner Hill and Nevada City maps, and the 
direction of its principal stream is indicated hy 
the Manzanita. channel. Continuing outside of 
the special areas, by Round M;ountain and Monte­
zuma Hill, >",henee it turned wesh'i'ard, joining 
the Yuba River near French Corral (see the 
Smn:rtsville sheet), the upper part of this stream 
drained the southern end of the soft and easily 
eroded granodiorite of Nevada City, which was 
surrounded on all sides by higher ridges of slate 
and metam0l'P.hic rocks. Toward the east it 
was separnted from the adjoining South Yuba hy 
a high bed-rock ridge -running northward from 
Bnnner lIiH nud continuing high up to the 
vicinity of Patterson; a lower gap existed, how­
ever, near where the Blue Tent road crosses Rock 
Creek, and probahlyanother in the vicinity of 
the Fountain Head mine on Harmony Ridge. 
From Banner Hill westward the divide followed 
closely the present ridge up to Towntalk, \vheuce, 
without much doubt, it eontinued across Deer 
Creek in a northwesterly direction parallel with 
the contact of the granodiorite. ",Vithin· this 
watershed there are several sections of the 
channel preserved. The large Manzanita channel 
running northward from the Manzanita mine to 
the Howe cut is almost level, with a slight fan 
southward. It is probable that the channel was 
originally nearly level and that tIle present slight 
inclination southward has been caused by the 
general tilting of the Sierra Nevada. 

The best-preserved channel is that of Harmony 
Ridge, coming with a steep grade from the east 
and having its outlet near Laney's tunnel. Some­
where between the Laney tunnel and Hound 
Mountain it probably joined the Manzanita chan­
ne], and tIle two united cOlltinued down t01vard 
Montezuma Hill. The HarmoTIY channel splits up 
into several branches, the principal one continu­
ing up through the Cold Spring ground. This 
is doubtless near the headwaters, and the high 
bed.rock ridge mentioned before is probably con· 
tinuous below the Harmony Ridge. There is a 
possibility that a narrow gorge may cut through 
this ridge and extend the watershed a short dis­
tance eastward, but the probahility is that the 
Fountain Head claim covers the head of the 
gulches that emptied directly eastward into the 
South Yuba between Scotts Flat and Blue Tent. 

On the south slope of Sugarloaf and Cement 
Hill the 100vest bed·rock is wen exposed, and 
continnes nearly as low as the channel at the 
Manzanita pit. At the extreme 't .... e~tern end of 
the hydraulic ground it is even 20 feet lower 
than at the Manzanita, and that the channel wus 
continuous between these two points is certain. 
Between the big hydraulic diggings and "cement 
diggings" in the northwestern corner of the tract, 
there is, beyond a doubt, a continuous channel 
which is almost level. Many strong reaRons 
appear, however, in favor of a former southeast­
erly direction of the stream. On the nortI] side 
of Cement Hill there are also strong indications of 
a channel, though itR depth, direction, and exten· 
sion are doubtful. It is evident that the wllOle 
district from the narrow portion of Cement Hill 
to the Manzanita was a low and flat country, over 
which the stream ran in changing channels. A 
granitic hilI 150 feet high at the western gap of 
the Sugarloaf protruded above this basin, and it 
is not improbable that the channel at one time 
ran to the north of this knoll and at a later time 
to the south of it. Though at first glance it 
would seem more likely that the Manzanita chan. 
nel agreed with that of the present Deer Creek, 
there are many facts bellI'ing strongly against 
sllch an opinion, a chief one being the· entire 
absence of rhyolitic deposits beneath the andesite 
in the vicinity of Rough and Ready. It is much 
more probable that the whole southern end of 
the Nevada City granodiorite formed a depres. 
sion open only toward the north, and which, 
through one or more low gaps toward the Blue 
Tent channel, became filled to a certain leve1 
with the extensive rhyolitic mud-flows coming 
down that principal valley from the vicinity of 
Towles and Emigrant Gap. None of the channels 
about Nevada City belong to the main Neocene 
rivers, and many of the richest deposits represent 

Special Maps-5. 

only N eocene creeks which were richly laden 
with the products from the disintegration of the 
seyeral quartz veins they crossed. 

N umel'OUS creeks led down to the valley from 
the highlands in the vicinity of Banner Hill. 
They contain little gravel, and that is directly 
covered by andesitic tuff. Hydraulic cuts have 
been made at the outlets of several of them, but 
of their direction under the lava little more can 
be said than has tentatively been indicated on 
the map. The steep gulch crossing Little Deer 
Creek below the ~~ ol'th Banner mine should be 
noted. Its bottom is apparently lower than the 
bed of the creek, and has never been exposed. 

The other drainage basin includes the area 
covered hy the extreme southern part of the 
Nevada City and Banner Hill maps. The direc· 
tion of the draiuage was westerly, and, passing by 
Rough and Ready, it emptied into the Yuba 
Uiver about where Deer Creek now debouches. 
One channel of this drainage system undou bt­
edly lies below the ridge west of Towntalk, and, 
running down near Hughes's ranch, finds its out­
let at Schroeder's tunnel, a short diRtance outside 
of the special al'ea. 

In the southern part of the Grass Valley dis· 
trict the N eocene topography iR probably pretty 
accurately represented by the present plateau, 
except where it has been Cllt down by 'VoH 
Creek. Above this plateau rose in Neocene times, 
as it does n01Y, the great ridge of Osborne Hill. 
In tlle vicinity of the North Star mine the 
present configuration of the surface is probably 
substantially the same as it was in Neocelle times. 
The broad depression south of the mine doubt· 
less represents a part of a ~eocene drainage 
channel. A large part of the Grass Valley area 
drained toward the Yuba River, and the princi­
pal stream is indicated by the Alta channel, 
which passes down under the andesitic flow in a 
·westerly direction toward Rough and Ready. 

Andes-ite.-It has already been mentioned that 
the high, gently sloping ridges at the northern 
and southern borders of theRe districts are cov­
ered by andesitic flows, and their general character 
as tuffs and tuffaceous breccilU; has also been 
described. As a rule, these flows consist of a 
detrital mass, well cemented and made up of 
andesitic grains. Abundant angular or roughly 
rounded fragments of andesite, of all size~ up to 
a foot 01' more in diameter, are cnclosed in this 
finer-grained mass. This andesite is of a gray to 
brown or reddish color, hardly ever greenish, and 
is usually distinctly pOl-phyritic, with small crys­
tals of white feldspar and black augite or horn­
blende. As a rule, it has a rough, trachytic 
appearance. Mica is rarely found. Pyroxene 
(both augit.e and hypersthene) is almost invari­
ably present. Black, basa1tic hornblende fre­
quently occurs "\-vith the pyroxene, and usually in 
larger crystals. The ground-mass is glassy, or of 
a fine-grained, holocrystalIine texture. The thick­
ness of the volcanic flows ranges from 400 feet in 
the Banner Hill district to about 200 feet in the 
Nevada City district. The easily disintegrating 
cement renders the exposures unsatisfactory, and 
a deep, reddish soil usually covers the tops of the 
ridges. 'fhis disintegration, and the tendency of 
the decomposed material and residual andesitic 
bowlders to slide down hilI, often make the COIl­

tacts with the underlying formations obscure and 
difficu1t to trace. Good exposures nre found in 
the v"icinity of the Harmony gra\~el mines. The 
best exposure, though practically inaccessible, is 
in the bluff of the Manzanita hydraulic pit north 
of Ne,-ada City. Resting unconformably on the 
sloping snrface of the white clays and sands, 
there are here at least four separate flows of ande­
sitic tuff, each 20 to 30 feet thick and separated 
by irregu1ar, worn surfaces. The amount of angu­
Jar andesitic bowlders is not constant, and some 
flows consiRt entirely of the nne, detrital, cement­
ing tuff. Of such character are the tuffs overly­
ing the clays and gravels exposed in the hydraulic 
pit just north of Grass Valley. 

PLEISTOCENE PERIOD. 

Alluvium.-The alluvial deposits of the Ban­
ner HilI district are of sman extent, and consist 
principally of a few gravel flats along Deer Creek 
and Little Deer Creek. Most of these bodies of 
gravel are formed of dehris from hydraulic gravel 
mines. 

In the adjoining district alluvial sands and days 
have accumulated in several swampy flats to the 

south and southeast of Nevada City, and also to I Spring tunnel. A large opening has been made 
some extent near the race-track. The largest to mine the channel south of Deer Creek, a short 
alluvial deposits lie in Deer Creek below the distance southwest of the Lecompton mine. As 
Providence mine, and consist of well-washed the gravel is very thin and a bank of 100 feet of 
gravel of quartz and metamorphic rocks, with andesitic tuff is already exposed, not much more 
some sand. They al'e largely made up of the cun be accomplished by hydraulic methods. 
debris from the extensive hydraulic mines just Drifts haye been run for a short distance, but no 
north of Nevada City, which had their principal ,York is being done now. The same statement 
outlet through the first gulch emptying into applies to the hydraulic cut south of the }furchio 
'Vood's ravine £rom the east. In the Grass mine, where a minor channel runs north and south. 
Valley district extensiye flats of sand and clay For some distance from this point along the rim, 
occur on both hranches of 'V 01£ Creek above the hydraulic work could be prosecuted. '1'0 the cast 
city, and smaHer gravel flats are also found at the bed·rock rises rapidly. Thence southward to 
intervals along the creek below the city. In the the reservoir smaller hydraulic cuts have been 
southwestern part of the district tllere are, at the made at intervals along the lava contact, either 
headwaters of the gulches, a number of shallow on smaller cllannels or, more frequently, on the 
alluvial -flats of sand alld clay, usually of a marshy decomposed croppings of quartz veins extendillg 
character. The largest is fOllnd south of the under the lava. Especially extensive are the old 
North Star mine. pits in the vicinity of the Mayflower mine, where 

ECONOMIC GEOLOGY. some ground is yet left for hydraulic operations. 
Small tunnels have been run in under the lava at 

GOLD. 

Although gold is widely distributed over the 
Sierra Nevada, in veins and placer mines, there 
are but few regions in it which show such a con· 
centration of valuable deposits within a narrowly 
circumscribed area as occurs in the districts 
described in this folio. The mines in the GrasR 
Valley district have been and are especially pro­
ductive. Next in production follows the Nevada 
City district, and the Banner HilI district comes 
third. Statistics for the first decades succeeding 
the discovery of the gold in 1849 are very defect­
ive, but it is estimated that the mines in the three 
districts together have produced $120,000,000 up 
to the present time. Most of the production of 
early days came from the placer mines, which 
were often of extraordinary richness. Of late 
yearA the gold from Grass Valley is derived almost 
exclusively from the quartz mines, while in the 
other districts the placer mines still contribute 
a small part of the product. Since 1889 the prod­
uct of Nevada Connty has heen constantly about 
$2,000,000 per yeal·. Of this, from $1,100,000 to 
M,500,OOO comes from the areas of these special 
sheets (including the Brunswick area and the 
smaller mines on Deadmans Flat, 4 miles south· 
west of Grass Valley). Grass Valley and vicinity 
leads, with a production of from $750,000 to 
$1,000,000, while Nevada City (Nevada City and 
Banner Hill maps) foHows, with from $300,000 
to $600,000. The larger amount of the produc­
tion from Grass Vaney has come from a few 
prominent mines, such as the Eureka, Idaho, 
Empire, North Star, Omaha, and "\-V. Y. O. D. 
In the vicinity of Nevada City the mines west of 
the town, mmally referred to as the "Creek 
mines," haye yielded the largest quota. 

Al:'RIFEROUS GUAVELS. 

'rhe disintegration of the go1d-bearing quartz 
veins has, as is well known, yielded the material 
for the gravels. The gold set free is in part 
distributed through the mass, but as a rule the 
larger quantity has been deposited on the surface 
of the older rocks on which the gravels rest, or as 
the miners say, on the bed-rock. The N eocene 
auriferous gravels, some of which are exposed, 
others being buried unaer several Imndretl feet 
of unproductive clay, sand, and volcanic material, 
lie in the ehannels of the Neocene streams from 
200 to 500 feet above the bed of Deer Creek. 
'Vherever exposed without heavy covering 
material they llave bt:lell washed by the hydraulic 
process, by which the whole mass of the gravel is 
removed. The richest gravels in the bottOIll of 
the old stream are removed hy drifting along the 
bed-rock and subsequently washing the mined 
gravel. By the former proeess gravels contain­
ing only 5 or 10 cents per cubic yard may 1e 
made to pay, while the latter process requires a 
value of at least $2 or 83 pel' cubic yard. 
Hydrallljc mines have not been operated in the 
district for the laRt ten years on account of the 
debris litigation. The only ground adapted for 
extensive milling with the hydraulic process is 
found neal' Nevada City. The alluvial gravels 
are the auriferous accumulations in the depres. 
sions of the present surface. Every creek and 
ravine in these districts has been worked over 
one or several times by sluicing, and very little 
gold is now obtained from this source. 

Within the area of the Nevada City and Ban­
ner Hill maps a small hydraulic cut has heen 
made in the fine gravel to the east of the Cold 

various places. 
The drifting operations under the Harmony 

Ridge are extensive. The Harmony channel with 
its branches has been opened and worked profit­
ably by the Cold Spring incline and tunnel, and 
lately hy the East and 'Vest Harmony inclines. 
A northern branch has been mined from Stokes 
shaft and other places in the vicinity of Munroe's 
vineyard. South of this, attempts to reach the 
same channel have been made at the Yosemite 
incline and at the edge of the Banner Hill 
district. Allison's tunnel and incline are now 
being driven in search of the continuation of the 
Harmony channel In the adjoining district it has 
been mined almost continuously from Coleman 
shaft and Nevin's and Laney's tunnels to its out­
let. The pay gravel in the Harmony channel is 
from 150 to 200 feet wide and only from 2 to 4 
feet deep. It is frequently subangulal', and con· 
tains many quartz bowlders. Gold-bearing quartz 
veins are sometimes exposed in the bed. As it is 
firmly cemented, it is necessary to crush the 
grave1 in stamp miIIs in order to extract all of 
the gold. 

The Manzanita channel has been worked exten-
81ively by hydrauHc methods from its southern 
end, and also to some extent at the northern end, 
at Howe cut. Between these points it has also 
been drifted nearly continuous1y by the Man­
\l;anita, Nebraska, Live Oak, Odin, and other com­
panies. Neal' the Nebraska indine the channel 
was narrow and especially rich, while to the north 
the gravel spreads out considerably and is more 
spotted in character. The channel lS estimated 
to have produced over $3,000,000. The most 
extensive hydraulic mines are southwest of the 
Sugarloaf, where an area of at least 100 aeres of 
bed-rock has been exposed. The different pol" 
tions of this ground, going westward, are referred 
to as Buckeye Hill, Orcgon Hill, Coyote Hill, 
Lost HilI, Wet Hill, and American IlilI. Over 
this ground the gravel probably averaged 60 
feet in thickness. The last work done before the 
debris litigation was in the extreme northwest­
ern corner, and is referred to as the Hirscbmann 
cut, from which, it is said, $100,000 have been 
taken. The whole mass ltydraulicked contained, 
roughly speaking, 10,000,000 cubic yards, und has 
probably yielded several million do11ari';. 'rhe 
hydraulic operations cou1d he continued for some 
distance northward, until the ovedying clays and 
tuffs become too heavy for profitahle handling. 

To the north the bed-rock rises slowly, but in 
a northwesterly direction it continues low, and 
the ground has been opened by the Knicker­
bocker and Grover tunnels, in which good pay is 
found in spots. StilI deeper is the Phoenix tun· 
neJ, on which the last work was done fifteen or 
twenty years ago. It is about 1,200 feet long, in 
hard granodiorite, and stnwk gravel in an upraise 
of 15 or 20 feet near the end. The gravel did not 
show good pay. From here on northwcstvi'ard 
there are no developments till Ragon'S claim and 
the old Empire shaft are reached. The latter is 
146 feet deep, and some rich gravel was extracted 
from it long ago. The channel has here the char­
acter of a narrow ravine. Some good pay has also 
been found higher up on the rim in Ragon'S 
incline. The same channel is again exposed in the 
hydraulic cut on the north side of the ridge, in 
the extreme northwestern corner of the district. 
Some drifting has also been done at this place, 
and the pay streak is said to have been 50 feet 
wide. At Stevens and Trevaski a little hydraulic 



work has been done in the black gravel, and sev-j plane of the vein; these are called ore-chutes, or district. It runs about west 15" north, with steep mine the vein is about 1 foot wide and has been 
eral tunne18 have been run in. The principal one shoots. The width of the pay-quartz varies southerly dip. It has been worked to a depth of worked to a depth of 200 feet. On the California 
is 420 feet in, with the bottoIll in bed-rock at the from several feet to a fraction of a foot; the 100 feet at the western end of the Glencoe claim, ground the shaft is 600 feet deep on the incline, 
face. Another is being driven 16 feet lo·w-er, and : narrower the vein the richer the contents must be where the ledge is said to be 4 feet thick and and in former years Hluch good ore has been 
is 200 feet in, entirely in bed-rock. At the north· to pay. 'fhe general tenor of the pay-ore of the heavily sulphureted. The ore is not of high grade. extracted. NorthwaJ'd the Gold Tunnel claim 
eastern side of Cement Hill, near Dean's, several district varies between $5 and *50, though smaller Between the strong vein of St. Louis and Glencoe follows, with an inclined shaft GOO feet, deep. 
long tunnels have been driven, "'whieh at a certain masses of higher grade are met with. The sul- lies a network of veins running in different direc'j The Gold Tunnel ·was a heavy producer for linn)' 

distance in lose the bed-rock and run into black phurets make up from a fraction of 1 per cent tions. The most important is the Canada Hill- : ,Years, but has been idle of late. It is known to 
gravel. Dean's new tunnel is BOO feet in, at an ele· to 10 pel' cent of the quartz mined, and contain l\fayflo\ver group. An exceedingly well-defined have produced several hundred thommnd dollars. 
vation of a.bout 2,700 feet, and still entirely in from $30 to $100 or $200 per ton. sheeting of the granodiorite is noted near Canaila At the northerly end of the vein is the Penns)'l­
bed-rock. Black gravel has been struck in a 20- The veins of the district may be divided into Hill. There are several veins parallel to this vania mine, with a shaft 500 feet deep. The vein 
foot upraise. Under the andesite ridge ·west of four classes, according to their direction and aip. sheeting and dipJJing west at slight angles. The is from It to 2 feet wide, and the ore extracted 
Towntalk there is a channel the bott,om of which 1. The Orleans-Idaho system; strike, ·west-Horth- Charonnat vein has been \vorked to a depth of averages $1:') to $20, ,yith 8 pCI' cent of Rulphu­
has not thus far been exposed. It seems to head west to east.southeast; steep southerly dip. 2. The 1,300 feet on the ineline. Reh·veen 1879 and rets. 
near TO\'i'lltalk, \vhere the presence of a small WiHow Valley system; strike, a.bout east to westj 1887 it produced about $350,000, from ore ,vorth The westerly veins of the Providence system 
channel was indicated in the railroad tunnel. The dip, medium to fiat, northerly or southerly. fl. The $1f.) per ton and cont.aining 2t per cent sulphurets, begjn. -with the Mountaineer, , .... lJich for numy 
tunnel 1,000 feet west of Towntalk was made in Omaha·l:mpil'e system; strike, north to south; di p, \vith a value of $100 per ton. The Grant vein is years has heen a heavy producer. The shaft i~ 
1880 and proved too high. Several tunnels have meJiulll to flat, westerly. 4. The Providence parallel with the Charonnat, but dips to the east. 850 feet on the incline. The average thickness 
been run in along the rim. on the north side of the system; strike, north to south; dip, medium, Of the many \'eins in the Mayflow·er ground the of vein is 1 foot, and the ore is often heavily 
ridge. Carl's tunnel was run 1,000 feet in bed· easterly. Beckman is the most important. Its strike is east 8ulphul'eted. The granodiorite adjoining the 
rock and struck only clay and sand in an upraise. In the Ranner Hill district the veins are, as a and west, and the dip is very flat southward. It vein is usually very hard. 
Hughes's tunnel is 500 feet in, in bed-rock. rule, comparatively narrow. The ore is often rich is about a foot thick and the ore is very heaYlly The Merrifield is prohably tIle heaviest, and 
Schroeder's tunnel is loeated at the outlet in a and heavily charged with sulphurets, among sulphureted, containing, as do most veins in the longest vein in the district. It is first noted 3,000 
small hydraulic cut just outside the map limit, which iron pyrites, arsenieal pyrites, and zinc- vicinity, large quantities of arsenical pyrites and feet south of the Providence mine_ Further 
and drifting was going on there on a small scale blende are the mogt prominent. The sulphul'ets zinc-hlende. A similar small flat vein, which has southward is the smaIl vein of General Grant 
in 1894. The elevation there is about 2,516 feet. contain a considerable allount of sil\"e1'. Along been worked at several plaees, is found to the and El Capitan, which may pORsibly indicate a 

In the Grass Valley district, the Alta channel Deer Creek, especially in the eastern part, there west of this, on Sharp's and McCormick's ground. still more southerly extension of the 1Ierrifield. 
has been drifted for about 3,000 feet from several is a strong system of sheeting de\'eloped, cutting About North Ranner an important group of veins At the Providenee mine the yein loayes the sllLte 
shafts. The width of the channel was from 50 to both the granodiorite and the sedimentary rock. occurs, which have in general a northerly direc- and enters the granodiorite; it continues strong 
150 feet, but beyond the Hope shaft it appeared The sheets or benches usually SIIOW a dip of 30° tion and an easterly dip of from 35" to (lO°. For- up to aboye the Spanish mine, with a slightly 
to widen, making the extraction less profit- to riO" to,vard the north, and strike east and west. merly the most important was the Banner vein, more westerly direction; abovo the Spanish mine 
able. The total produdion is estimated to be In the fissures dividing the sheets a narrow line worked principally from 1865 to 1875, to a depth the vein splits up somewhat, but there can hardly 
$1,000,000. showing iron pyrites und a bleaching of the coun- of 620 feet. It yielded sevel'lLl hundred thousand be any doubt that Mount Auburn represents its 

Along the northern edge of the andesite area try rock may be noted. .Most of the quartz veins dollars. The ore was heavily sulphllreted and continuation northward. It is prohably the same 
east of the Empire mine, smaller hydraulic cuts are parallel to this fissure system. The Omega, averaged $20 per ton. The vein lies in hard, Merrifield vein that emerges from under the lava 
have been made and 700 feet of the channel Neversweat, lle11e Fountain, Lecompton, MOIl. black slate, and evidently shows the same ten- in the northwestern eorner of the map area and 
drifted. A sman channel southeast of IIeuston tana, ",Villow Valley, and FrlLuklin are the most dency as the .Federal Loan to splinter up in continues down to the South Yuba River, neal' 
Hill was d.l'ifted upon for about 400 feet in 1894. prominent of these mines. They are narrow stringers. The Banner vein does not continue Hoyt'S crossing. The development.s to the north 

The alluvial gravels are stin occasionally veins, and ha\'e not been worked on It very north of the creek, or at least can not be traced of the Spanish mine are slight. At the Spanish 
worked in the vicinity of ~evada City and Grass extensive scale. 'fhe ore frequently runs abo\'e ,vith certainty. On the North Banner ground mine there is a shaft 300 feet deep on the incline. 
Valley, and a gradual process of re·concentration $100 pel' ton. The bullion contains m~ch silver, there are four nearly parallel veins. These have The vein is of variable width, averaging B feet, 
is going on in them. The gravels of Deer Creek and also, it is said, antimony_ The developments recently been worked to some extent, producing and in places is heavily f;ul]Jhureted. The next 
will probably be ·worked again at some future- on the Cyane, Constitution, and Levant are slight. from $30,000 to $50,000 for several slwcessive developments are at the old Merrifield mille and 
time. The :Federal Loan, ,yhich has been worked dur- years; the ore is not heavily sulphureted and on the nort.h side of Deer Creek. South of Deer 

GOLD-QUARTZ VET~S. 

The gold-quartz yeins are fissures in the bed­
rock series filled more or less continuously ·with 
quartz carrying native gold and auriferous 
metallic sulphides_ These fissUl'es were formed 
subsequent to the general metamorphism of the 
range, and also later than the granodiorite intru­
sions. They are arranged in several systems, the 
fissures in each system being approximately paral­
lel. The force producing them had frequently the 
effect of dividing the country rock into a great 
number of parallel sheets, from a feYl' inches to 
several feet thick. Along a few of these fissures 
considerable faulting took place, but ,,,,here the 
rock was extensi\'ely divided into sheets the moye­
ment on each was probably small. Open spMes 
varying in width from a fraction of an inch to 
several feet I'es111ted along the fissures. Solutions 
of thermal water charged with carbonates, silica, 
gold, and other metals entered these fissures, 
probably ascending from below, and deposited 
their contents in them, usually also penetrating the 
adjoining porous and often shattered rock for a 
distance varying from a few inches to several feet. 
The effect produced on the conntry rock was to 
convert it into a gray or light·colored rock, of 
greasy feel, consisting of carbonates, white mica, 
and pyrite. The gold h~ almost invadably con· 
centrated in the quartz which fills the open fis. 
sure. The adjoining altered country rock, some­
times referred to as (i cab" or "gouge," 
seldom contains a paying amount of gold. Shat­
tered zones, or seam-mines, in 'which the country 
rock is traversed by sVI"arms of minute, often rich 
quartz seams, do not occur to any large extent in 
this district. The pay is chiefly confined to the 
quartz within the we11·defined limits of the wa11s 
of the fissure. The ideal vein is a plate of quartz 
containetl bet\veen t"vo well-defined separating 
planes, the foot and the hanging wal1. Such veins 
occur, but the ideal regUlarity is usually not pre­
served for any long distance. The quartz may 
pinch Ollt entirely, leaving IUl guide only a narrow 
seam j the space behveen the walls may contain 
several smaller veins separated by masses of 
country rock, or "horses." \Vhile in certain mines 
all quartz may be pay-ore, it is usual to find 
rich and barren quartz alternating. The dch 
quartz forms irregular or, more frequently, long­
drawn masses, usually with a steep dip on the 

ing the last few years down to the (lOO-foot level, contains a considerable amollnt of silver. To tbe Creek, in the Providence mine, the yein is most 
dips south and is parallel to another and less- ,vest of the Korth Banner is the Union mine, on extensively developed by a shaft 1,800 feet deep 
developed system· of sheeting. The ore from the which the developments are slight. At 200 feet OIl the incline. The vein is eharacter-i7.ed by Ilea,'y 
Federal Loan is of a character similar to that of below the surface tile vein cuts across the slate quartz, up to 10 feet \,:ide, and contains 
the mines mentioned. The vein varies from a contact without ehange in direction or dip. much sulphurets; there is also a cOTlsid(>rable 
few inches to several feet in thickness, and rich The quartz veins of the Nevada City district are percentage of silYer in the ore. The granodiorite 
stringers are freqnently abundant in the adjoin- as follows: The Orleans vein continues from the on both sides of the vein is usually greatly 
ing rock. There is about 6 per cent of sulphu- Ranner Hill district across Gold Flat. In direc- broken and crus}led and is traversed by numerous 
rets_ The vein system at the Texas mine is par- tion and dip this strong, continuous vein is paral- seams parallel to the vein. Sometimes the crush· 
allel to that of the "\\Tillow Yalley mines, but leI to the Idaho of Grass Valley. The develop- ing has gone so far that the rock is converted to 
little work has been done to develop the property. ments are small, however, being chie-fly confined a schistose, chloritic mass. In certain places 
The ore is said to contain 4 per cent of sulphu- to the old Orleans shaft, 200 feet deep, and the there are two or more veins, separated hy zones of 
rets and to yield $10 pel' tOIl. The Texas sbaft shaft at Fortuna mine. At the Gracie claim the crushed granodiorite, the whole mass "between 
was sunk to a depth of 160 feet ten years ago. vein is 1 to 2 feet thrck. To the north of this walls" attaining 30 feet in width. To the south 
The Deadwood is a -flat vein, dipping west. Its vein there are many smaller veins, and stillmore of the Prmidence mine, beyond the point where 
true direction is nearly north-south, though the to the south of it. The Sneath & Clay, in grano· the vein enters slate, the old underground work~\ 
topography gives its outcrop a nearly east-west diorite, has a westerly, fiat dip and is a compara· not accessible now, sho\ved the vein to follow the 
direction. About 8300,000 have been produced tively narrow vein, hut a pay-shoot proved very eon tact for about 800 feet on the incline, as shown 
from this vein, on ,vbich no work has been done rich in former years. It has been idle fol' the on the structure·section slleet. All this indicates 
foJ' the last ten years_ . In ore and character it is last few years. The Pittsburg, in diabase, has a heyond doubt that the force producing the l\ferri­
similar to the other ",Villow Valley mines. '1'he north-northeast direction and an easterly dip. The field fissure was of unusual st.rength and thut the 
deposits of the Murchie mine consist of t,vo vein averages 15 inohes thick, and the quartz, resulting movement 'vas considerable. From tlle 
veins with flat westerly dip, the Independence whenever present, is of high grade. The sulphu- relations mentioned it is believed that the move­
and the T~one Star, and two east-west veins, rets are not abundant, consisting chiefly of iron ment along the dip of the vein must have been 
the Big Blue and the Alice Belle; the principal pyrites and galena. The Pittsburg has, at inter· about 800 feet, and the fault is clearly an over­
work has been done on the first three. The veins vals, been an important producer. Tbe shaft is thrust in which the hanging wall has moved up 
are 2 to 3 feet thick; the ore contains 4 to 5 pel' 800 feet deep on the incline. The Gold Flat-Potosi relatively to the foot wall 
cent of sulphurets and runs about $15 to the ton. vein lies a short distance westward. In cbaracter The contact vein lies to the west of the J\.ferri­
The pay-shoots on the Big Blue are said to have it is similar to the Pittsburg, and has been ,yorked field, and its southerly part is parallel to it in 
followed the lines of intersection with the first. to a depth of 200 feet. Both veins are repeatedly strike and dip. It is first seen at the Providence 
t,vo. The property was worked between 187H faulted by severa] east-and-west fissures. Con- mine, where a rich pay-shoot has been opened on 
and] 883, producing about $600,000. siderable work has been done in former years on it. It is also extensively worked on the Oham-

Parallel to the Big Blue are the Caledonia and the Thomas and l\'Iohigan veins. The shaft on pion ground, as well as at the old and ne'lV Nevada 
Kingsbury veins, the latter of which has been the former is 800 feet deep; the ore was heavily City shafts. Neal' the latter it turns rather sud­
but slightly developed. The Caledonia has been sulphureted and rich, hut the ore bodies ,yere denly, without break, toa west-northwest direction, 
opened to the level of Little Deer Creek. It is very ilTegular. running. across the Chapman randl. The vein 
said to be a wide ledge with low-grade, heavily The veins of the Providence-Gold Tunnel sys- exposed in the Coan mine is probably the same, 
sulphureted ore. The large St_ I~ouis vein also tem are of the greatest interest ftnd economie but it can not be traced farther than this. It has 
belongs to this group, \vhich shows the somewhat importance. They have in general a direction not been opened ~xtensive]y to the west of t.he 
unusual east·northeaAt direction and steep north- ranging from north·northw'est to north-northeast :,Nevada City mine. Practically the whole south­
erly dip. It is an exceptioually straight and and on the whole a very uniform easterly dip of erly part of the vein lies on the contact between 
strong vein, which can be traced from the point CroUl 35" to 45°. A peculiar radiating ulTange- granodiorite and slate_ About GOO feet south of 
where it emerges from under the andesite as far as ment is dearly noticeable, all of the veins COIl- the Nevada City new shaft it leaves the contact 
l\.fcCormiek's place, just over the map-line in the verging toward a point a short dist.ance west of am] enters the granodiorite. It is usually IL wide 
Nevada City district. It is very wide in places, the :Fortuna mine, but apparently dying out vein,}leaYilysulphureted~even more sothatl the 
but the qUlLrtz is of low grade and has not before reaching it. The easterly veins are ill Merrifield-carries considerable silver, and shows 

,vorked extensively at any place. The granodiorite, and begin with the Nevada County abundantly the same indications of an extensive 
Charonnat or Canada Hill vein is faulted con- and Midnight (Stiles) veins, on both of which overthrust fault fissure, the thro\y of which must 
siderably by it_ The Glencoe-Alaska, south of I comparatively little work has been done. 1Yest- he larger than that of the ::\ferrifield. A very 
the St. Louis, is the continuation of the strong ward lies the long Gold Tunnel Yein, which has short distance south of the Providence ore·shoot 
and well·defined Orleans vein in the Nevada City been worked at several places. At the Reward it runs into diabase (exposed on the 6th level) 



and slate, and closes down to a mere seam. I and forms here large, barren outcrops. Between 1 foot thick and carries coarse gold in rich but but they have not be~n worked extensively for 
The fissure has a strong tendency to throw the Maryland and the Maslin shafts the vein does irregular shoots. The vein cuts the diabase con- many years. 
out stringers and fissures in the slate foot wall; not show on the surface, but its continuation is tact without change. The North Star group of veins has a westerly 
these have generally a flatter dip than the main clearly shown underground. For some distance In the continuation of this vein southward lies or northwesterly strike and a :flat northerly or 
fissure. Several such veins and stringers axe seen on each side of the latter shaft there are outcrops the Omaha vein system, all veins dipping west. southerly dip. The ~orth Star vein, which dips 
in the Providence mine. A shaft Ileal' the ,vhich are believed to be those of the Idaho vein. The Omaha vein, which has long been an impor. to the north, has long been one of the principal 
',,"yoming miIl has been sunk on such a vein, Beyond this the vein can not be traced on the tant producer, lies, like all others of this system, producers of Grass Valley, and is opened hya 
which is found to unite ,vith the contact vein. surface. The Idaho vein dips southward at in very hard granodiorite, and has been opened shaft 2,400 feet deep on the incline. The vein 
The norther]y'Vyoming shaft is sunk 900 feet angles ranging from 50 0 to 70°. On the Eureka up through the Omaha and Lone Jack shafts to is narrow, averaging 1 foot and sometimes clos· 
on the incline on a slate vein, which mayor may ground it is in serpentine, with a diabase dike in a depth of 1,500 feet on the incline. The ore is ing down entirely. The ore is of high grade, 
not be the same as that exposed near the mill, the hanging wall; at the Maryland shaft it is high·grade, with 2l per cent of rich sulphurcts, running from $15 to $50 per ton, and carries 4 
and which in depth will probably be found to between a serpentine foot wall and a gabbro principally iron pyrites, with a little galena, zinc· I per cent of slllphurets (pyrites and galena) with 
unite with the contact vein, as it does on the hanging wall, and then enters the serpentine. blende, and copper pYJ'ites, the vein averaging 1 an average value of $53 per ton. The country 
strike near the old Nevada Oity shaft. Between Undergr01111d, however, most of the vein east of, foot in thickness. South of the Omaha and on 'I rock is a porphyritic diabase. The production 
Indian Flat and Deer Oreek the schists contain a the Maryland slmft lies between a diabase hang. the same vein are the Hartery and Homeward for 1893 was about $355,000; considerably less, 
great number of seams, mostly dipping southwest, ing wall and a serpentine foot ,vall. The vein is Bound, which have been opened up to a less however, was produced in 1894. Roughly par· 
from 10° to 40°, anel which are sometimes very I remarkable for its strong, continuous ore shoot, extent. The'Viscollsin is a parallel vein to tlle I a11el to the North Star vein is the Ne\v York Hill 
rich in coarse gold. The hydraulic method has dipping east at a moderate angle on the plane of west. The system is continued sonthward by vein, opened to a depth of 500 or 600 feet by the 
been used in places to wash the surface soil con· the vein. The vein is 2 feet thick and carries many veins, the most prominent of which is the, Ne\',r York Hill and Ohevanne shafts. This vein, 
mining the decomposed seams. This locality is about 1 per cent of iron pyrites, copper pyrites, Allison nanch. It was "'ivorked between 1855 I also in diabase.porphyrite, averages 15 inches in 
known as Red Hill. The Home and Cadmus and galena; the sulphurets contain from $100 to and 1856, but was opened only to a depth of width. The are averages $40 per ton, carrying 
mines are located on this seam belt, soutII of ~175 per ton. The average value per ton has 500 feet. It produced in that time 82,300,000. coarse gold and 2 per cent sulphurets of a tenor 
Deer Creek. been about $28. The annual production of the The vein is about It feet ,vide and shows no of $80 per ton. The vein has not heen worked 

A short distance northwest of Ooan's mine, vein has rarely fallen below $300,000. Attempts extensive croppings on the surface. during recent years. 
outside of the area of the map, the contact·meta· have been made to find the continuation of the The great Osborne Hill vein system contains a The workings on the New Rocky Bar miue 
morphosed slate runs out to a point. A little Idaho vein in the BruIlswick district at Ohm"anne large number of parallel and linked veins, nearly have exposed an interesting, fiat veiH belonging 
farther on the serpentine atld pyroxenite also run tunnel, but thus far without success. In the all with a moderate westerly dip. TIle ,"V. Y. to the same system, not cropping at all, but form· 
out in a point in the diorite, leaving the grano· southwest corner of the small Brunswick district O. D. vein has been an important produeel' during ing a flat arch, 01' "hog's back," as shown ill the 
dimite adjoined by a large area of darker, dioritic there is a series of parallel veins, dipping south the last few years. It is partly in granodiorite, structure·section sheet. 
rock, sometImes containing pyroxene. The Ella I and striking northwest, \\hich may be considered partly in diabase, and has heen sunk upon to a Outside the limits of tIle Ilrea of the map, hut 
or 01'0 Fino,ein cuts across the granodiorite and I as belonging to the Idaho system. Of these depth of ],100 feet on the incline. '1'he Pennsy1. usually considered aR belonging to the Grass 
diorite "ith a north northwest strike and an east the BrunSWICk, Gold Point, Union Hill, Lucky, ,"ania mine lies to the west of the ,\V. Y. O. D., Valley district, are the veins of Forest Springs. 
erly dip of 45°. The shaft is 300 feet deep. 'fhe and Cambridge are the principa1. An are con I in granodiorite. It is a narrow vein, averaging 1 They are located neal' ,"Yolf Creek, 4 wileR south 
Yellow Diamond hilS a northwest strike and lies I tained in a schistose diabase.tuff, and considerable foot, and has been worked to a depth of about I of Grass Valley, the two principal ones being 
in the chlm·itic and fine'grained dioritic rocks sepa- : v./ork has been done on them in former years. 600 feet on the incline. The celebrated Empire Norambagua and the Slate I.edge. The former is 
rating the serpentine from the coarser and more 'I With the exception of the North Star group, mine contains t"WO veins, Rich Hill and Ophir Hill, I in granodiorite and dips 15° east. The vein 
normal diorite. Still closer to the river, in dio· nearly all of the veins in the larger, southern part the principal work ha~'ing been done on t.he latter, averages 9 inches, carrying ore going about $GO 
rite, but near the granodiorite, lie the heavy lEtoa ,of the district have a general north·and·south on which a shaft has been sunk to a depth of per ton and containing It per cent of sulphurets, 
and Dement veins, both striking northwest and II direction and a medium to flat dip either eRst or 2,400 feet on the incline. The vein is from 1 to chiefly arsenical, wort.h about $50 pel' tOIl. 
dipping east. ,"Vhile there is no one continuous weRt. T,hey are usually rather narrow, and II feet thick, and frequently contains coarse gold. The shaft is 500 feet on the incline, and llas not 
and ,""ell·defined vein leading down to the South carry a high.grade ore, with occasional bunches The sulphurets amount to 2t per cent.. The ore been worked much since] 868. It is said to have 
Yuba River from the Ne\Tada Oity mine, it can of coarse, free gold. The sulphurets, which is high.grade and for many years averaged $25 produced $1,000,000. The Slate Ledge, close by, 
not be denied that there is a system of linked and consist chiefly of iron pyrites and some galena, per ton. is in RJate and porphyrite, with strike east and 
interrupted veins extending io that direction. On are not abundant, and are usually of only medium The veins in the continuation of the Ophir Hill west, dip :\00 south, and an average width of , 
the river, also, three·fourths of a mile above grade. In places a strong sheeting of t.he ,country were worked to a depth of a few hundred feet foot. The ore contains much flTRenical pyrite 
Jones's bal', the diorite and the granodiorite are rock parallel to tIle vein may be noted, as, for prior to 1870. From tlletl tin recent years but and is in plirt very rich. 
separated by a distinct fault fissure, with easterly instance, in the granodiorite of the western part little was done. The developments in this About 4 miles west·southwest of Grass Valley, 
dip and northwesterly strike, though at this point of :Mill street, Grass Valley, or in the diabase in vicinity during the last few years, however, are, on Deadmans Flat, there are several \'eins with 
there is no qua.rtz present. the vicinity of the Larimer mine on Wolf Oreek. on the whole, encoura.ging. The Osborne Hill dips ranging from 30° to 70° west. None of them 

In the northeastern part of the Grass Valley Intersecting the vein is a system of "crossings," mine has lately been opened to a depth of 500 are opened below 300 feet. The country rock is 
district, veins more ~r less paral1el with the Idaho or barren seams, with steep dip and general feet on the incline, exposing good bodies of high. diorite and amphibolite. The California (Pitts· 
east·and·west system predominate. The Spring northeasterly trend. These crossings sometimes grade are. The Osborne Hill veit) is from a few burg Conso]idated) shows a narrow vein of high. 
Hill, Kentucky, and Alpha are in serpentine or fault the veins slightly, and usually carry a great inches up to 2t feet wide, and is characterized by grade ore with 5 per cent sulphul'ets. The Seven· 
on the contact between serpentine and diabase deal of water. a large amount of arsenical pyrites in the suI· Thirty is a little farther sout.h, and shows a wider 
dikes, and dip northward at a moderate angle. The Rocky Bar vein extends for 3,500 feet 011 phurets, as are also several adjoining veins. Good vein of good ore, while the Normandie, to the east 
The Spring Hill is a very heavy vein, impreg. the west side of ,\\101£ Oreek, and lies in diabase, ore shoots have also been found recently in the of the veins before mentioned, contains two 6·inch 
nated with fine.grained pyrites. The Ooe mine the dip being flat to the east. It has been worked Electric and Oentennial mines. To the south of veins of high.grade ore. 
is on a very heavy vein, in serpentine, also dip. only to a depth of a few hundred feet, but is the Osborne Hill mine there are several strong 
ping north. The St. John shows a heavy bnt known to have produced several million dollars. and well·defined veins) as shown on the map, but 
irregular vein on the contact of serpentine and During late years it has not been worked to any the de\relopments on them are not extensive. The 
slate at the 500·foot level, as well as several extent. The vein is yery irregular in its ten01', country rock in all these mines is diabase.porphy. 
seams, all dipping north at steep angles. There sometimes being extremely rich in coarse gold, rite or porphyrite.hreccia. 
is evidence of an oyerthrust fault in this mine. sometimes not paying milling expenses. On Along the granodiorite contact west of Osborne 
The Crown Point has a vein in serpentine strik- the east side of ,"VoH Oreek Jies the Dromedary Hill and about in the continuation of the ,,\V. Y. 
ing northwest and dipping north 75°, Most of vein, in granodiorite and with a west.erly dip. It O. D. vein, there are several veins, mostly in 
the gold in this mine is yery coarse. has not been worked to the extent of the former granodiorite and dipping east or west. The prin. 

The celebrated Eureka·Idaho vein is first seen vein, but is known to have produced some rich cipal are the Bullion, Alaska, and Ben. Franklin, 
2,000 feet north·northwest of the Maryland shaft, ore. At the Granite Hill mine the vein is about from all of which good ore has been extraeted, 

Special Maps-7. 

IRON ORE. 

A small deposit of magnetite with quartz is 
found in the diabase near the granodiorite con· 
t.act. The locality is 4,000 feet east of the Omaha 
mine, in Diamond Oreek. Scattered fragments of 
magnetite are also found near the dry reservoir 
1,'100 feet east of the railroad station at Grass 
Valley. 

WALDEMAR LINDGREN, 
GeologilJt. 
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