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The Geological Survey is making a geologic |

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

THE TOPOGRATHIC MAP.

The features represented on the topographic |
map are of three distinet kinds: (1) inequalities |
of surface, called relicf, as plains, plateaus, valleys,
hills, and mountaing; (2) distribution of water,
called drainage, as streams, lakes, and swamps;
(8) the works of man, ealled culture, as roads,
railroads, boundaries, villages, and cities.

feelier.— Al elevations are measured from mean
sea-level, The heights of many points are accu-
rately determined, and those which are most
important are given on the map in figures.
It is desirable, however, to give the elevation nf_'i
all parts of the area mapped, 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 sealevel, the lines being drawn
at regular vertical intervals. These lines are
called contours, and the uniform wvertical space
between each two contours is called the contour
interval.  Contours and elevations are printed in
birown.

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

Fig. 1.—Ildeal sketeh and corresponding contour map.

The sketch represents a river valley between
two hills. In the foreground is the sea, with a bay
which is partly closed by a hooked sand-bar. On
each side of the valley is a terrace. From the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply
in a precipice. Contrasted with this precipice is
the gentle descent of the left-hand 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 sealevel. In this illustration the
contour interval is 50 feet; theretore the con-
tours are drawn 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
similarly with any other contour. In the space
between any two contours are found all elevations |
above the lower and below the higher contour, |
Thus the contour at 150 feet falls just below the |
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 sea. The summit of the
higher hill is stated to be 670 feet above sea;
accordingly the contour at 650 feet surrounds it.
In this illustration nearly all the contours are
numbered.  Where this is not possible, certain
contours—say every fifth one—are accentuated
and numbered; the heights of others may then
be ascertained by counting up or down from a
numbered contour, '

EXPLANATION.

| T B S —

9. Contours define the forms of slopes. Since | town or natural feature within its limits, and at |

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
{I..E]l.,l“t- l,ll'ﬂIl]_i[l,Ell(,‘.Eﬂ, rl‘]il‘ ].'E:].El.tiﬂl'lﬁ- ”‘[ l.!‘i]llt-{“.]"
curves and angles to forms of the landscape can

: be traced in the map and zketeh.

3. Contours show the :lppl‘{}xinlul‘t gl-.-uie 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 tugetlmt' on steep ones. |

For a flat or gently undulating country a small
contour interval is used ; for a steep or mountain-

ous country a large interval is necessary. The |
smallest interval used on the atlas sheets of the |
Geological Survey is b 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 blue
lines. If the stream flows the vear round the
line is drawn unbroken, but if the channel is dry

a part of the year the line is broken or dotted. |

Where a stream sinks and reappears at the sur-
face, the supposed underground course is shown

by a broken blue line. Lakes, marshes, and other |

bodies of water are also shown in blue, by appro-
priate conventional signs.

Ciudture~—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.

Scales—The area of the United States (exelud-

| ing Alaska) is about 3,025,000 square miles. On

i map with the scale of 1 mile to the inch this
would cover 3,025,000 square inches, and to
accommodate it the paper dimensions would need
to be about 240 by 180 feet.
of ground surface would be represented by a
square inch of map surface, and one linear mile
on the ground would be represented by a linear
inech on the map. This relation between distance
in nature and corresponding distance on the map

| is called the scale of the map, In this 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.- | : k8
cooled and eonsolidated from a liguid state.  As

ing length in nature expressed in the same unit.
Thus, as there are 63,860 inches in a mile, the
scale “1 mile to an inch” is expressed by L.
Both of these methods are used on the maps of
the Geological Survey,

Three scales are used on the atlas sheets of
the Geological Survey; the smallest is ' the
intermediate 'y and the largest 5l These
correspond approximately to 4 miles, 2 miles,

and 1 mile on the ground to an inch on the map, |

On the seale by a square inch of map surface
represents and corresponds nearly to 1 square
mile; on the scale ', to about 4 square miles;
and on the scale .\, to about 16 square miles.
At the bottom of each atlas sheet the scale is
expressed in three different ways, one being a
graduated line representing miles and parts of
miles in Engﬁﬂh inches, another in[iiuﬂ,ting dis-
tance in the metric system, and a third giving the
fractional seale.

Atlas sheets and quadrangles,— The map is
being published in atlas sheets of convenient size,
which are bounded by parallels and meridians.
The corresponding four-cornered portions of ter-
ritory are called guadrangles.  Kach sheet on
the seale of ', contains one square degree, i. e, a
degree of latitude by a degree of longitude; each
sheet on the scale of ', contains one-quarter of
a square degree; each sheet on the seale of
contains onesixteenth of a square degree. The
areas of the t::}l‘l'eﬁ'i}tallt]itlf._{ :111:1{|I':mgl&!5 are about
4000, 1000, 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 huum]:u‘j' lines of the States, counties, or town-
ships. To each sheet, and to the quadrangle it
represents, is given the name of some well-known

the sides and corners of each sheet the names of
adjacent sheets, if published, are printed.

Uses of the topoyraphic sheet,— Within the
limits of scale the topographie sheet is an accurate
and characteristic delineation of the relief, drain-
age, and culture of the district 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; save the engineer preliminary
surveys in locating roads, railways, and irrigation
ditehes; provide educational material for schools
and homes; and serve many of the purposes of a
map for loeal reference.

THE GEOLOGIC MAP,

The maps representing areal geology show by
colors and econventional signs, on the topographie
base map, the distribution of rock formations on

the surface of the earth, and the structure.section |

map shows their underground relations, as far as
known, and in such detail as the seale permits.

KINDS OF ROCKS.

Rocks are of many kinds. The original crust
of the earth was probably composed of dgnevus
rocks, and all other rocks have been derived from
them in one way or another,

Atmospherie 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 ear-
liest geologie time. Through the transporting
agencies of streams the surficial materials of all
ages and origing are carried to the sea, where,
along with material derived from the land by the
action of the waves on the coast, they form sedi-
mentary rocks. These are usually hardened into
conglomerate, sandstone, shale, and limestone, but

| they may remain unconsolidated and still be

Each square mile
known as gravel, sand, and elay.

called “rocks” by the geologist, though popularly

From time to 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
thﬂ Elfc-"lﬁﬂf_:i!;.‘ﬁ l_'lf }_}I'{:H!'j.'l_l]'i_.‘-’ IIIlffI"l."l_"'..]'llﬂllt-, 1L!H:I. l:.'i]lHl]]iE'.ﬂ]
action, they are often greatly altered, and in this
condition they are called wetamorphic rocks.

Igneous vocks—These are rocks which have

has been explained, sedimentary rocks were
deposited on the original igneous rocks. Through
the igneous and sedimentary rocks of all ages
molten material has from time to time been foreed

upward to or near the surface, and there con- |

gsolidated, When the channels or vents into
which this molten material is forced do not

| reach the surface, it either consolidates in eracks

or fissures erossing the bedding planes, thus form-
ing dikes, or else spreads out between the strata
in large bodies, called sills or laceoliths. Such
rocks are called éntrusive.  Within their rock
enclosures they cool slowly, and hence are gener-
ally of crystalline texture. When the channels
reach the surface the lavas often flow out and build
up voleanoes. ,These lavas cool rapidly in the air,
acquiring a glassy or, more often, a partially crys-
talline eondition. They are usually more or less
porous, The igneous rocks thus formed upan the
surface are called extrusive
often  accompanies voleanie eruptions, eausing
ejections of dust or ash and larger fragments.
These materials when consolidated constitute
breceias, agglomerates, and tuffs. The ash when
carried into lakes or seas may become stratified,
so as to have the structure of H{-EIHIIIHILHLJ‘}-' rocls,

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,
and 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 may involve only a rearrangement
of its minute particles or it may be accompanied
by a change in chemical and mineralogic composi-

Explosive action

tion. Further, the structure of the rock may be |

changed by the development of planes of divi-
sion, so that it splits in one direction more easily
than in others, Thus a granite may pass into a
Cgneiss, and from that into a mica-schist.

Sedimentary rocks—These comprise all rocks
whiih have been depusited under water, whether
in sea, lake, or stream. They form a very large
part of the dry land.

When the materials of which sedimentary rocks
are composed are carried as solid particles by
| water and deposited as gravel, sand, or mud, the
deposit 1s ealled a mechanieal 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 chewmieal sediment:
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. Any one of the alove sedi-
Enwnturj‘ deposits may be separately formed, or
the different materials may be intermingled in
many ways, produecing a great variety of rocks,
Sedimentary rocks are usually made up of
layers or beds which can be easily separated.
These 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 shorelines
L of the ocean are changed : areas of deposition may
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 valleys from the Gulf of Mexico to the
(rreat Lakes; the Appalachian Mountains would
become an archipelago, and the ocean’s shore
would traverse Wisconsin, Iowa, and Kansas, and
extend thence to Texas. More extensive changes
than this have repeatedly ocenrred in the past,
The character of the original sediments may he
changed by chemieal and dynamie 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 1s 1:unl|m.‘;ud may enter into new con-
binations, or new substances may be added.
When these processes are complete the sedimen-
tary rock becomes erystalline. Such changes
transform sandstone to quartzite, limestone to
marble, and modify other rocks according to
their composition. A system of parallel division
planes 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-
I_I]Iibilll, and the oldest sediments known, th::ugh
generally the most altered, in some localities
remain essentially unchanged.

Surficial rocks— These embrace the soils, clays,
sands, gravels, and howlders that cover the surface,
whether derived from the breaking up or disinte-
gration of the underlying rocks by atmospherie
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 aceumu.
lations are often washed or blown into 1.':[“1.‘}':-1 or
other depressions, where they lodge and form
1]{’:1:“!-'-“..‘-1 that gl":u'iu into the Hﬂ:]imﬁmt:u'y 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 oceupied by
the ice, and form a mixture of clay, pebbles, and
bowlders which is known as till. It may oceur
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



DESCRIPTION OF THE COLFAX QUADRANGLE.

——— B —

GENERAL FEATURES.

Geographic position.—The Colfax quadrangle
includes the territory between 1207 30" and 121°
west longitude and 39° and 39° 30" north latitude.
The area is 34.5 miles long and nearly 27 miles
wide, and contains 925 square miles. It embraces |
large portions of Sierra, Nevada, and Placer |
counties, as well as a little of Eldorado County,
California.

Relief —The quadrangle includes parts of the
middle and upper slopes of the Sierra Nevada,
but does mot in any place reach the summit of |
that range. At the northeastern corner, however, |
the divide is only a few miles east. The relief is
strongly marked. Numerous and deeply trenched
V.shaped eanyons divide the area into a great num-
ber of ridges with a trend varying from east to
west to northeast to southwest. Many of these
ridges are broad, of comparatively centle relief, |
and slope, as does the rest of the range, in a sou th- |
westerly direction. Where the drainage lines are
crowded the ridges become sharp and narrow.
Following, for instance, the Southern Pacifie Rail-
road, one may travel along one of these ridges and
see comparatively little of the rugged features of
the region, except when oceasional turns of the

road bring forth surprising glimpses of wild can- |
yons with abrupt, rocky slopes, and bottoms 1500
to 2500 feet below the summits of the ridges.
Were one to attempt to traverse the guadrangle
from the northwestern to the southeastern corner
in a straight line, it would be found a most labor-
ious undertaking, involving the crossing of twenty
or more eanyons, most of them having precipitons |
walls. Up to an elevation of abont 4500 feet the
ridges are fairly regular in slope, but above this
altitude the rise is much more rapid, the configura-
tion is less regular, and the canyons, at least in the
northeast quarter, are less sharply cut. Some
peaks and short ridges project high above the
seneral level of the eastern half of the quadrangle,
and seen from below form conspicuous landmarks,
Such are English Mountain, Black Mountains, Old
Man Mountain, Signal Peak, Monumental Hill, and
Dunean Peak. English Mountain, attaining an
elevation of 8404 feet, is the highest point in the
quadrangle ; the canyon of North Fork of Ameri-
an River near the southwestern corner, having an
elevation of only 900 feet, is the Jowest.
Drainage—The quadrangle is drained by the
varions forks of Yuba and American rivers, which
empty into the Sacramento River. All of these
forks are torrential streams, flowing in sharply |
incised canyons, with no bottom lands excepting
small gravel benches. The grades are very steep,
and erosion is progressing rapidly where not

interfered with by mining débris. The northern
part of the quadrangle is drained by
the Middle Fork of the Yuba and its
tributaries, Oregon, Kanaka, and Wolf
crecks, all of them entering from the north.  Owing
to the slope of the range and the direction of the
main rivers, the latter mostly receive their tribu-
taries from the north. In this quadrangle the
average grade of the Middle Fork of the Yuba is
100 feet per mile. The South Fork of the Yuba,
separated by the broad North Bloomfield ridge
from the Middle Fork, has a general east-west
direction and flows in a rather broad eanyon. It |
receives as tributaries Humbug, Poorman, Canyon, |
Fall, and Fordyce creeks, all from the north. In
this quadrangle the average grade is 100 feet per
mile though only 60 or 70 feet in the western half
of the area, Bear River occupies a small triangular
watershed between the South Fork of the Yuba
and the Nerth Fork of the American. It flows
in & narrow canyon, as a rule not above 1000 feet

Middle Fork
and South
Fork of Yuba
River.

!givrﬂ. the l}rm-.ipit‘-v,t.iui1 at 73 inches.

deep, and receives the Greenhorn and Steep Hol- |
low rivers as tributaries from the north. The
size of its eanyon is manifestly out of proportion
to the area of its watershed, and an examination of
the relations near its head shows the reason for
thiz. Half a mile north of Emigrant Gap, Bear
River and South Fork of the Yuba approach
within 2500 feet of each other, and a gap scarcely |
100 feet above the former almost unites the two |
canyons. It is very clear that for some time the |

| upper South Fork of the Yuba and Fordyce

Creek formed the leadwaters of the Bear and
areatly inereased the erosive power of that stream.
At a comparatively recent date, by reason of the

| :ha{-]:(-uiug of the canyon of the South Fork of the

Yuba about 200 feet, the headwaters of that stream
were turned from Bear River into their old chan-
nel, This probably happened when the upper
sierra was covered by ice.
event are discussed below, together with the
elacial phenomena,  The grade of Bear River
within this quadrangle averages 100 feet per mile.

The North Fork of the American River trav-
erses the quadrangle in a narrow and rugged can-
yon, which in the eastern part of the

. ’ . N h Fork
area reaches a depth of over 3000 feot. and Middie
5 ; . - Fork of
Southeast of Colfax the river receives American

as tributaries Shirttail Canyon and

Indian Creek, draining the Forest Hill divide,
while farther up, sontheast of Towle, the North
Fork of the North Fork empties into it near
Euchre Bar. The average grade of this river in
this quadrangle from the southern boundary up to
Juchre Bar is 55 feet per mile, while from Euchre
Bar to the eastern boundary line it is 100 feet per
The Middle Fork of the American flows in
a deeply incised canyon near the southern bound.
ary line, receiving from the north the North Fork
of the Middle Fork. The average grade of the
Middle Fork in this quadrangle i1s 140 feet per

III:IIt".

mile,

Many small lakes of glacial origin are found in
the northeastern corner of the quadrangle. The
larger of these are Bowman, French, and Fauche-
rie lakes, All of these and many more of the

smaller lakes have been artificially dammed in

order to serve as reservoirs, and their original size
has thus been considerably inereased. .
Climate—The climate, though varying greatly
with the elevation, is in general temperate and is
characterized by heavy precipitation during the
winter and by dry, warm summers, Rain, how-
ever, falls occasionally during the summer in the

' northeastern part of the quadrangle. At Colfax,
| with an elevation of 2400 feet, the average rainfall,

according to fonrteen years’ observation, is about 45
inches, Here snow may remain on the ground for
a few weeks during the winter, and the lowest
and highest temperatures recorded are 157 F. and
106° F. At Ciseo, with an elevation of 6000 feet,
the average precipitation is 57.41 inches. The
snowfall here is very heavy, and the highest and
Jowest temperatures recorded are 9° F.and 96° I,
At Bowman Lake an average of thirteen years
In general,
the precipitation may be said to increase north-
ward and eastward.

Vegetation—Nearly the whole of the Colfax
quadrangle is included in the great forest zone of
the Sierra Nevada. The only area outside of this
zone is the northeastern part above the elevation
of about 6000 feet. The ridges and to a consid-
erable extent also the slopes of the canyons are
covered by a luxuriant growth of timber, chiefly
vellow pine (LPinus ponderosa) and sugar pine
(Pinus lambertiana), together with much sproce
and fir. Oaks also are found to some extent along

the lower slopes, as, for instance, near Colfax and at |
| takes water from the same river a short distance
above Bloody Run. The Eureka Lake Company’s |

other places along the western boundary.  Even
the steep slopes are densely covered with brush
of various kinds, chiefly manzanita and ceanothus.
Only the most rocky and inaccessible slopes are
free from vegetation. Above an elevation of 6000

feet in the glaciated region of the sierra, the tim-

ber is sparse and of poor quality, consisting chiefly |

of tamarack, fir, and spruce. The ice sheet swept
away the soil from large areas in this region, leav-
ing the slopes and ridges completely bare.  Thus
the northeastern corner of the quadrangle east of
a line from Cisco to Pinoli Peak offers a most
striking contrast to the remainder, the extensive

:{:Hl:f}#u]'t‘:‘- of gray granite and dark-hrown slates

heing particularly impressive,

A small grove of the so-called big trees (Sequoia
gigantea) of California, consisting of half a dozen
individuals, is found on a tributary to the Middle
Fork of the American River, near the southeast
corner of the quadrangle and about 5 miles east

The canzes of this |

| of Big Oak Flat. This is interesting and note-
worthy, it being the most northerly occurrence of
these trees in California.

Industries—The principal industries, in the
order of their importance, are gold mining, timber
cutting, cattle raising, and horticulture,
The region embraces zome of the most
productive gold-mining districts in the Sierra
Nevada, and hoth quartz and placer mining are

Mining.

actively carried on.
hydraulic mines, however, placer mining in Nevada
County has suffered a considerable sethack, Gold

est rezion being that along the eastern boundary.
The lumber industry is important, the principal
mills being located at Towle on the Southern
Pacific Railroad. Along the line of the
railroad nearly all of the valuable tim-
her has been ent.  Valuable bodies of timber still

| remain on the Forest Hill divide, on the ridges

Lumber,

Bloomfield divide, and on the ridges of the Sierra
Nevada. By cattle raisers, the region is used
chiefly as a summer range, the feed remaining green
in the mountains when it is completely dried up
in the lower valleys, where the ranches are loeated.

Horticulture is carried on on a small seale at all
| settlements below 5000 feet. Near Colfax the
industry is of considerable importance,
large areas being covered by vineyards
A little higher up on the
slope, as, for instance, near Duteh Flat, the apple
erows to perfection and large orchards of this
fruit have been planted.

Means of transportation.—The Southern Pacific
Railroad traverses the quadrangle diagonally, and
is loeated on the ridge between Bear
River and the North Fork of the Amer-
ican.  The railroad is protected by snowsheds
extending from Blue Canyon to far beyond the
eastern boundary of the quadrangle.

Horticulture.

and pear orchards,

Railroads.

Two of the principal wagon roads across the
mountains traverse the quadrangle, one, the
so-called Henness Pass road, following
the North Bloomfield ridge, the other,
the Donner Pass road, following the line of the
railroad.

Settlements—Nevada City, the county seat of
Nevada County, is situated on Deer Creek, less
than one mile west of the western boundary of

Wagon roads.

the quadrangle, There are a number of small
mining towns with a few hundred inhabitants
.‘ﬂl"!llt.{il'ﬁ:'i.l l'l'\'["'["tllﬂ |1‘gi'}", FI.‘}]'.'HU' ane Nf'l]'t-h l{lni Mil-
field, Moores Flat, Graniteville, North Columbia,
and Washington in Nevada County ; and Colfax,
Duteh Flat, Gold Run, Iowa Hill, Forest Il and
Michigan Bluff in Placer County.

Water supply—The abundant water supply
has been extensively utilized to provide water for
the hydraulic mines, and lately also to supply the
needs of irvigation in the hortieultural distriets in
the valleys,

The principal ditches are as follows: The Milton
diteh takes water from the Middle Fork of the
Yuba at Milton, about 10 miles from
English Mountain, and earries it down
to the hydraulic mines near San Juan.  Its capae-

lerkgntlon

dltrﬁtﬂ.

diteh utilizes Faucherie and French lakes as reser-
voirs and earries the water down to North Colum-
bia. It has a capacity of 5800 inches. North
Bloomfield diteh has a capacity of 3200 inches, and
utilizes Bowman Lake as a reservoir, taking the
water down to the gravel mines of North Bloom-

Yuba and the North Fork of the American is sup-
plied with water by the South Yuba Company,
which utilizes the headwaters of the South Fork
of Yuba and the lakes in that region mapped on
the Truckee sheet as reservoirs. The ditches of

from Bear River near Colfax, follow the various
ridges down to the mining districts of Nevada
| City, Grass Valley, Quaker Iill, You Bet, and
| Dutch Flat, and continue still farther west to the

:. horticultural districts of Auburn and Neweastle, |

Since the closing of the |

field, The ridge between the South Fork of tlu:r

this company, including that taking the water |

south of the South Fork of the Yuba, on the North |

The total eapacity of the South Yuba Company’s
ditches is 10,000 inches. The Blue Tent diteh,
supplying the gravel mines of the same name,
takes its water from the South Fork of the Yuba
above Emigrant Gap, and has a eapacity of 2100
inches,

Besides these there are a number of smaller
ditehes both in Placer and Nevada counties. The
waters of the North Fork and the Middle Fork
of the American River are not utilized at present,
It has, however, been proposed to build a ditch

| from near Euchre Bar on the North Fork, which
is mined practically over the whole area, the poor- |

would supply the land in the vieinity of Auburn
and Neweastle with water for irrigation.
GEOLOGY.
BED-ROCK SERIES.

Under this general heading ave included all of
the older rocks of the Sierra Nevada, consisting
of sedimentary rocks deposited during or before

| the Juratrias period and effusive or intrusive

——

ity 18 3000 miner's inches. The San Juan diteh |

igneous rocks, which mostly date from the Jura-
trias period, or possibly in part from the early
Cretaceous. None of the igneous rocks belonging
to the Bed-rock series in this quadrangle are
vounger than the early Cretaceous and probably
none are older than the Juratrias.

SEMMENTARY ROOCKS.

As usual in the Sierra Nevada, the fossil evi-
dence of age is very scant, but it is confidently
believed that the sedimentary rocks
of the Bed-rock series may be divided
into three groups: 1. The Carbonifer-
ous group, equivalent to the Calaveras formation
of other folios. In this quadrangle this gronp can
be subdivided into five formations, lithologically
very distinet, though the fossils do not afford data
for paleontologic diserimination. These are enum-
erated from east to west as follows: Blue Canyon
formation, Relief quartzite, Cape IHorn slates,
Delhi formation, and Clipper Gap formation.
2, The older Juratrias, or Sailor Canyon formation.
8. The younger Juratrias, or Mariposa formation.

The sedimentary rocks consist of clay slate,
quartzitic sandstone, limestone, and chert, all
1n(-.t;mmrlﬂmﬁw] near the grante contact to schist
All are greatly disturbed, and
most of them have been strongly compressed.
The igneous rocks consist partly of diabase,
diabase tuff, gulﬂn‘n, IJEI'i:lut.ifu, HE‘l‘l\\E’,IItiTH", por-
phyrites, the schistose forms of these rocks

Three grou
o sr:l:limlm-pci
tary rocks.

and quartzite,

:I‘!;‘sult-ilt:__{ from pressnre, and lr.'ll't]}' {:ltul predomi-
nantly) of granitic and dioritic rocks, all of which

| are probably somewhat later than the Juratrias
| sediments.

CARBONIFEROUS IM'ERIOD.

Blue Canyon formation—To the east of the
great serpentine belt which traverses the eutire
quadrangle from north to south is the main Car-
honiferous area. These rocks have heen called the
Blue Canyon formation, the name heing derived
from the village on the line of the railroad. The
formation occupies nearly the whole southeastern
corner of the guadrangle, being adjoined on the
east hy the Juratrias rocks of the Sailor Can-
yon formation, In the northern half its area is
reduced by large masses of intrusive granite.  The
oeneral petrographic character of the series is very
constant and similar  throughout, except in a
small belt near its eastern boundary. It consists
of elay slates and quartzitic sandstones.
The clay slates are black and very
fissile. The quartzitic sandstones are
dark gray and, as a rule, fine grained. They are of
very quartzose character and have been 511]=jf_-.1'tf.’.1|
to considerable compression, which has imparted
to them a rough schistosity. Conglomerates are
as a rule absent, the only occurrence noted being
a rather fine quartz conglomerate in the canyon of
the South Fork of the Yuba 3 miles above Wash-
ington. A few limestone lenses oceur as marked
on the map in the canyon of the North Fork of
the American.

The narrow area of sedimentary rocks extend-
ing from Emigrant Gap toward Pinoli Peak and

Clay slates
and quartzs
itic sand-
BLOMES,




surrounded by granitic rocks differs in character

to some extent from the main series. The rocks
consist of clay slate together with large masses of
grayish quartzite and a black, hard sedimentary
rock showing but little stratification. There is
also a wellmarked belt of limestone extending
from Fall Creek Mountain to near Pinoli Peak,
which would probably be found to be continuous
if the exposures were perfect. Near the contact
with the Sailor Canyon formation the petro-
graphic character differs again to some extent from
that shown in the rest of the area. From Duncan
Peak there extends across the North Fork of
American River to the viecinity of Monumental

Hill a belt of gray or brown chert, referred to as |
the Duncan chert. It is well exposed in the can- |

yons near Canada Hill and in the canyon of the
main river, This chert is in all probability not
of clastic origin, and may have been derived from
limestone by a process of silicification. On the
surface of the ridges the Blue Canyon formation
decomposes to a light-colored, poor, siliceous soil
containing fragments of quartzite. (Good outerops
are found only along the eanyons where the char-
acter of the formation may be studied to great
advantage. The strike and dip of the schistosity
coincides as a rule with that of the
strata. Dips measured on the steep
canyon sides and on the summit of the ridges are
rarely reliable because of the weathering of the
rocks. Near the southern boundary the series
has a northeasterly direction and a vertical or
steep easterly dip. In the main part of the area
the strike is north-northwest and the dip is steep
to the east. A marked exception to this rule is
noted in the area extending between the serpen-
tine belt and the granite mass of South Poorman.
Here the schistosity has a northerly direetion and
the dip over large areas iz from 50° to 90° W,
Near the northern boundary of the quadrangle
the normal easterly dip appears again. Along
the North Fork of the American River from east
of Mumford Bar to Granite Canyon the schis-
tosity, which is nearly vertieal, has a marked north-
west-southeast or even east-west direction. This
is local, however, as north and south of this vicin-
ity the normal direction again asserts itself.

Owing to the petrographic charvacter of the
series, the strike and dip of the strata may often
be accurately observed, and in the e
majority of cases it coincides closely &b ofBiuc
with the schistosity, as, for instance, in ™™™
the canyon of the South Fork of the Yuba above
Washington and in the canyon of the North Fork
of American River near Euchre Bar. Oceasionally,
however, the dip of the schistosity and strata
may differ, as in a case noted 1} miles above
Mumford Bar. Ilere the schistosity is vertical,
while the strata dip 60° E, as is made apparent
by a small bed of limestone embedded in the
slates.

The narrow belt between the granite areas
shows strata and schistosity with a northeasterly
direction and a steep westerly dip. The quarte
ites and slates in the vicinity of Bowman Lake
swing gradually around from a northeasterly to
a northwesterly strike. The dip of the strata
appears to be constantly to the east and at smaller
angles than are usnally met with, It ranges from
30" to 80°.

Only two fossil localities have been found in
the Blue Canyon formation. One is situated in
the canyon of the North Fork of Amer-
ican River on the trail from Cisco to Biae Canyon
Sailor Canyon, at a point between the praany
river and Granite Canyon. At the contact with

Schistosity.

the Sailor Canyon formation lies a small lens of |

erystalline limestone having a width of perhaps

to change into cherty masses. In this limestone

poorly preserved fossils were found, none of which '

can be satisfactorily determined. The forms found
were as follows: Lithostrotion, .erinoid stems,
Awiculopecten, lamellibranch (elongate shell) and
Murchisonia. These forms indicate nothing more
definite than a Paleozoic age. The second fossil
loeality is found in the large limestone mass south-
west of Pindli Peak in Poorman Valley. This

limestone appears to contain corals resembling |

Syringopora, Diphyplyllum, or Lithostrotion, as
well as erinoid stems. Here again the evidences
point to nothing more definite than a Paleozoic age.

2

Blue Canyon formation and the Juratrias present
strong evidence of contact metamor-

| phoric action, The altered zone is as metamor-
'much as a mile wide, the metamor- "

| phorie action being most intense at the contact.
Here clay slates are converted to gneissoid sechist
and mica-schists, while ecaleareous rocks are
changed to a dense gray or brown hornfels.

Creek Mountain and on the hill southwest of
Faucherie Lake, are made highly erystalline and
filled with garnets, epidote, wollastonite and other
characteristic contact minerals. Near the diorite
and gabbro contact metamorphoric action appears
less intense. The contact itself is nearly always
sharp, and as distinct, usually, as if drawn with a
pencil.  An excellent place to study the relations
of the rocks is along the beautifully exposed con-
tact from Emigrant Gap up to Grouse Ridge.

Religf quartzite—From Relief to Dutch Flat
the Relief quartzite forms a narrow belt adjoining
the Cape Horn slates, North and south of these
points this formation is cut out by the broadening
serpentine belt. The best exposures of this for-
mation are found in the canyons of the South
Fork of the Yuba below Relief, of Bear River,
and of Steep Hollow north of Duteh Flat.

The Relief quartzite consists of a very hard
grayish or yellowish siliceous rock of fine grain
and clastic origin. It might be charac-
terized as a very fine-grained quartzite i e
alternating with streaks of siliceous g
clay slates. This belt shows stratification very
plainly. The general direction is {from north to
south and the dip is nearly vertical. In detail,
however, the stratification planes are exceedingly
erumpled and twisted, as if by the aetion of a
compressing force acfing horizontally in the per-
pendicular plane of stratification. Moreover, the
quartzite is completely filled by small irregular
bunches and veinlets of white quartz.  No fossils
have been found in this formation.

Cape Horn slates— A short distance east of
Colfax the Mariposa formation is adjoined by the
Cape Horn slates, which extend as a belt from the
southern to the northern boundary of the quad-
rangle. The name is derived from the prominent
point called Cape Horn, overlooking the canyon of
the North Fork of American River. This belt
has a width of 2 miles at the southern boundary
and of 5 miles near Colfax, and narrows north-
ward gradually until in Sierra County its width
is only 14 miles. The characteristic rocks are
fissile typical clay slates, almost black o
when fresh and weathering to a gray sht
or silvery-white color. Small limestone lenses are
found below Cape Horn, in Bear River Canyon
west of Duteh Flat, and in the canyon of the South
Fork of the Yuba south of Relief. They are
ordinarily only a few feet thick.

On the surface of the ridges the formation
weathers to a poor, light-colored soil mixed with
many small slate fragments. Along the canyons
excellent exposures are found ; among the best are
perhaps those in the North Fork of the American
River, easily accessible by the trail from Colfax
to Iowa Hill. The strike of the schistosity is
from north to north-northwest, the dip almost
constantly from 80° to 90° ENE. Oceasionally,
however, as in Bear River southwest of Duteh
Flat and in the Middle Fork of the Yuba north-
west of Moores Flat, steep dips to the west are
noted. The strike and dip of the strata can only
rarely be determined with certainty., In Bear
River Canyon southwest of Dutch Flat these
limestone lenses inclosed in slate dip 45° 'W.

‘f The only fossils thus far found in the Cape
100 feet, which farther north and south appears |

Horn slates oceur in the little limestone

mass below Cape Horn on the trail from Capeara
Colfax to Iowa Hill. They consist of b
round crinoid stems, probably indicating a Paleo-
zole age.

Delhi formation.—The division of the Carbon-
iferous appearing west of the Cape Horn slates
is the Clipper Gap formation. A short distance
north of Colfax there begins, however, a new for-
mation, very characteristic as to its petrographie
character, to which the name Delhi has been
'given, from the Delhi mine, near which it is
typically developed. It occupies an area along

| the northern half of the western boundary line,

Along the contact of the main granitic area the |

Limestone masses, as, for instance, those near Fall |

continuing over into the Smartsville quadrangle
westward and the Downieville quadrangle north-
ward, A narrow belt of eruptive rocks separates
it from the Cape Iorn slates on the east. In

| the vieinity of the lower Greenhorn River the

formation borders with fair v distinet contacts
against the same slates. In its general petro-
graphic character the formation eon-

sists chiefly of a peculiar dark-brown o back e
or black hard rock, so fine grained as ket
to be almost flinty and rarely showing either
stratification or schistosity. In many places the
similarity to the particular product of contact
metamorphism called hornfels is very striking, and
the dark-brown color is due to newly formed bio-
tite. The rock has often a chert-like appearance,
but it contains less silica than the normal chert.
Wherever a somewhat coarser structure permits
a microscopic diagnosis this rock is found to be of
clastic character. The peculiar petrographic char-
acter is probably due to regional metamorphism
acting on fine sediments of a certain kind, Very
few lenticular limestone masses oceur in it, the
largest being found at the mouth of Missouri
Canyon, 3 miles sonth of North Bloomfield. In a
few places, as, for instance, near Edwards Bridge,
the series shows a marked schistosity, and the
direction of the dip is, as usual, east-northeast at

 steep angles.  This schistose rock has the appear-
| ance of a dark, siliceous clay slate.

On the surface of the ridges the Delhi forma-
tion 1s decomposed to an often deep, light.colored
soil, sometimes, as, for instance, one mile east of
Plum Valley, almost white in color. In the can-
yons of Oregon Creek and the two forks of the
Yuba, the formation is ln-:u[tifuli}-' exposed, show-
ing miles of hard, massive, dark-brown sedimen-
tary rock. Near the Federal Loan mine, east of
Nevada City, the Delhi formation adjoins an
intrusive area of granodiorite and is for a distance
of about a quarter of a mile greatly metamor-
phosed, the result being a more or less coarse,
typical hornfels. No notable metamorphism
appears along the diorite area near Edwards
Bridge.

The only fossil locality found in this formation
13 in the limestone mass referred to above, This
containg numerous pieces of large, round erinoid
stems, indicating in all probability a Paleozoic
age,

MNipper Gap formation—This formation com-
prises the Carboniferous sedimentary rocks lying
to the west of the Mariposa slates, the name
being taken from a village in the adjoining Sacra-
mento quadrangle. The formation is extensively
exposed in the Sacramento and Placerville gquad-
rangles, where, however, it has been included in
the Calaveras formation. In this quadrangle it
is represented only by a small area in the sonth-
western corner.  To the north and northwest it is
cut off by large areas of basic eruptive rocks.
In the Smartsville quadrangle only a few frag.
ments of this formation appear embedded in the
diabases and porphyrites,

The rocks consist of a highly compressed
sequence of black clay slates and dark argillaceous
aandstones,  Bodies of limestone are Si
abundant but they are usually lenticular i',!"ﬁf_gi,
and are not continuous for great dis. "o
tances. Bluish or grayish chert is also common,
and is so closely connected with the limestone as
to strongly suggest its derivation from that rock
by a process of silicifieation.

The cherts appear to be most abundant :a,].r_mg
the eastern contact from Weimar to Howell Hill,
while clay slates are more prominent in the west.
ern part. The chert does not ordinarily show
stratification. In one place, however, on the road
leading down from Howell Hill to Bear River, it
1z markedly banded, showing the dip and strike
very plainly. The clay slates are dark gray when
fresh and break in irregular fragments without
pronounced fissility. The relief of the area,
rounded hills and ridges, is not very marked.
The surface is deeply disintegrated and outerops
are very rarely found except in the eanyons and
on steep slopes. The hills are covered by a deep
reddish soil which contains small fragments of
chert that have escaped decomposition. The few
outerops met with usually consist of gray or bluish
chert. The strike and dip can be observed only
in the canyons and ravines, The dip is rather

uniform, generally averaging 80° ENE. The
schistosity and stratifieation coincide.

The 1denfification of this series as probably Car-
boniferons rests on the fossils found at three
localities. The first locality is in the Placerville
quadrangle, in a small limestone mass on the south
side of the canyon of the Middle Fork of the
American River 2 miles above Mammoth Bar, In
this 11].'t1’.'.i.' erinoid stems and sections of shells were
found, the latter, however, in poor preservation,
The second locality is in the Placerville quad-
rangle threefourths of a mile southeast of the
sonthwestern corner of the Colfax quadrangle.
[t 1s apparently from exactly the same horizon as
the first. The formation here contains a small
lenticular mass of limestone in which a coral
(LPhitlipastrea) and a gasteropod (Plewrotomaria)
were found. The remains could not be specifically
identified. The third and most interesting locality
is located on the east bank of Bear River Canyon
2 miles due west of Colfax. A large outcrop of
crystalline limestone here appears, a few hundred
feet wide and long. This mass is adjoined by the
t}'piml Mari posa slates on the northeast and south,
while across the river is a large avea of porphyritic
diabase, The mass is thus disconnected from the
main area of the Clipper Gap formation, and it is
probable that 1t 1s a fragment torn loose from it
at the time of the diabase eruption. In this erys-
talline limestone were found the follow-
ing fossils: erinoid stems, Clisiophyl- Ciippes dap
lum gabli Meek, Lithostrotion wlhitneyt, gy g
and brachiopod fragments of varions species.
These are the best Carboniferous fossils thus far
obtained from this region and they ean be unhesi-
tatingly referred to the lower Carboniferous. A
small area continuing into the adjoining Smarts-
ville quadrangle and consisting of siliceous rocks
and clay slates, appears about 3 miles northwest
of Colfax. It is embedded in voleanic rocks, and
probably belongs to the Clipper Gap formation,

JURATRIAS PERIOD.

Sailor Canyon formation~—This series, named
from a small tributary of American River, adjoins
the Blue Canyon formation eastward near the
qastern boundary of the quadrangle and extends
over into the Truckee quadrangle. The belt,
which is from 2 to 3 miles wide, extends from
north-northwest  to south-southeast for about
10 miles, terminating at Signal Peak. An intru-
sive mass of granitic rocks there intervenes, but
7 miles northward, on both sides of English
Mountain, sedimentary rocks are again noticed,
which probably belong to the same formation,
though no fossils have thus far been found in
them. In the southern area the contact line
between Carboniferous and Juratrias can be estab-
lished without mueh doubt, but in the northern
area the line of demarcation is much more uneer-
tain. It lies between the Carboniferous limestone
zone and the quartz-porphyry dike just east of
Bowman Lake. This limestone zone forms a defi.
nite horizon from Pinoli Peak to Emigrant Gap,
and its continuation is probably represented hy
the cherts of Duncan Peak and Big Valley.

The southern area consists of black caleareons
shale, without pronounced fissility, interbedded
with subordinate strata of quartzite and -
limestone, The dip is fairly constant, careous shate.
ranging from 50° to 70° ENE. The stratification
is plainly visible, being especially well shown in
the reddish-brown bluffs forming the northern
slope of the canyon of American River. The
schistosity is far less strongly marked in this
series than in the older sediments to the west of
Sallor Canyon. If the beds really form one unre-
peated series, the total thickness must be no less
than 6000 feet and possibly 10,000, But the for-
mation has not been studied in sufficient detail to
permit the assertion that such a thickness exists.
In the canyon of American River the formation
rests on a heavy bed of chert grading into lime-
stone, the course of which is plainly visible along
the eanyon slope. This chert bed has a general
northwest strike and a steep dip, changing from
east to west. The basal part of the Sailor Canyon
formation, resting on this chert, is a closely packed
conglomerate of chert and slate. West of the chert
hed the schistosity becomes strongly marked and
has a strike ranging from northwest to southeast
to west to east. All the relations observed point



strongly to an unconformity between the Juratrias | southern boundary of the quadrangle.

and the Carboniferous,

One of the prinecipal fossil localities is on the
“western side of Sailor Canyon along the trail to
Canada Hill, a few hundred feet above
Sterrett mine. Many poorly preserved EEE-EF.:EEN-'
ammonites and shells of Daonella were :
found here in the black ealeareous shale. Again
imperfect ammonites and casts of shells were
found at several places along the hed of Sailor
Canyon. At the mouth of New York Canyon
the beds contain Monofis shells, The fossils,
though imperfect, indicate a Juratrias age, the
time of deposition probably ranging between the
upper Trias and the lower Jura; thus the beds
are older than those in the Mariposa formation.

Toward the northwest the formation is eut off
by granodiorite and is strongly metamorphosed
near the contact. In faet, the whole
wedge of sedimentary rocks near Cisco
appears influenced by contact metamor-
phism. The ealeareous slates are altered to hard
black hornfels showing no stratifieation; the
quartzites appear more crystalline. These meta-
morphic beds form the flat top of Signal Peak,
while granitic rocks crop below on the northeast
and west. The reddish brown of the sediments
contrasts very strongly with the white of the
granodiorite, and the whole produces distinetly
the impression that the former rest like a torn
fragment upon the latter. The summit and west-
ern part of Signal Peak contain many dikes of
eranite-porphyry and diorite-porphyry, one promi-
nent dike projecting from the main granodiorite
area far into the sedimentary mass.

The northern area, forming the supposed contin-
uation of the Sailor Canyon beds, is divided into
two parts. The western part, between
the quartz-porphyry dike and English
Mountain, consists of black, hard slates
with but little fissility, alternating with gray or
white quartzite or quartzitic sandstone and narrow
bands of a yellowish-gray limestone. The strike
and dip of the strata are very well defined, the
latter being from 35° to 60° E.and apparently

Contact
metmmor=
izm.

Twao divisions
in northern
arcm of Sailor
Canyon beds.

dipping below the eruptive masses of English |
Mountain, just as in the Truckee quadrangle the |
i 1 ¥ sym [ . . [

| are poor in silica, rich in iron and magnesia, are

beds dip below the diabase-porphyrite of Snow
Mountain. Small streaks of a black, fine-grained
tuff are intercalated in the diabase-porphyrite of
English Mountain with a dip of from 25° to 35° E.
The outerops in Jackson Creek are much ohseured
by morainal débris.

The eastern part of the area northeast of English
Mountain consists of indistinetly stratified quartz.
ite alternating with yellowish-gray limestone.
All along the granite contact from Culbertson
Lake to English Mountain this series is marked
by contact metamorphism, the limestones being
converted to masses of garnets and other contact
minerals and the slates to mica-zchists, Some of
the rocks northeast of English Mountain also show
strong indications of contact metamorphism.

Mariposa formation—This formation, the most
recent part of the Bed-rock series, n-n'.i.tul_ri{:ea fl
small area in the sonthwestern part of the quad-
rangle; this is the northern end of the long
belt of Mariposa slates, traceable from Mariposa
County. Its northward continuation is cut off by
masses of diabase-.porphyrite and by the Delhi
formation, which outerops from this peint north.
ward. The Mariposa slates form a belt from
2 to 3 miles wide, bordered on the west
and east by older Carboniferous strata.
The formation containg a number of
small greenstone dikes, and along its
eastern and western contacts lie many dikes of
serpentine and amphibolite. Its northern end 1s
divided by a projecting mass of gabbro and dia-
base. The formation is distinetly different petro-
gl'}lil]li(_‘::i]l}’ 'EI'UT'.I']_ t-]]l" S'I.'I.I'J'{’Ill]]l:l.ill:‘_.[ (‘Ill'lll'ﬂllifl‘]'ll"."‘
rocks, It consists of black shales or slates, nsually
not very fissile, alternating with dark-gray sand-
stones of coarser or finer grain, and a great number
of conglomerate beds. The rocks are tuffaceons,
contain much iron, and weather into a deep reddish-
yvellow =s0il.  Good onterops are found only in
railroad euts or along ravines and eanyons. The
conglomerate beds, which are very numerous,
thongh rarely very thick, are most abundant and

_best exposed along Bunch Canyon, near Colfax,
and in the canyon of the American River at the
Colfax.

Black shale
or slates,
dark-gray
sandstones,
and con-
glomerate.

| are often difficult to draw.

western part of the area they are less common.

The ]'-e'l:nh]v_ls consist PI'E—‘(]U!]Iillfltil‘lf_fl_\' of 1:]!#1‘1‘-.i

quartz, slate, and limestone evidently derived from
the older Clipper Gap formation, but voleanie

material, diabases, and porphyrites are also pres. |

ent, giving the sediments a strongly tuffaceous
aspect. The formation was clearly deposited in a
gulf or shallow bay, the conglomerates indicating
the immediate proximity of the shore line.

The strike and dip of the strata are usually
easily deciphered. The strike is ordinarily north-
westerly, though sharp changes may be
noted. The dip is decidedly less than
that of the surrounding Carboniferous
slates, being 25° to 80° K. Oeccasionally the strike

Strike amd
dip of Mari-
psa forma-
tion,

swings around to east-west, as in Liveoak Ravine |
| near Bunch G!ill:\'ﬂ]]. The (|ip is here 45° 8. The
schistosity has generally a north-northwest direc. |
tion and steep easterly dip, by no means always |
‘milmiding with the stratification. The first men-

tioned locality illustrates this strikingly.

The best exposures of the contact of the Mari-
posa formation with the Cape Horn slates are
found along the western side of Cape Horn. The
black Mariposa slates, dipping at a moderate angle
east, are closely adjoined by the fissile, silvery-
white Cape Horn slates, standing nearly vertical.
No fault is visible, but there is almost certainly
an unconformity,

Characteristic fossils have been discovered at
only two places. The first loeality is at a railroad
cut one mile south-southwest of Colfax,
one mmnonite, Periophinctes colfaxi
Gabb, having been found here. The
other locality is at Irving’s ranch, 11 miles south-
west of Colfax, where specimens of the ammonite
Olecostephanus lindgreni Hyatt, oceur in a rusty-
brown, sandy slate. The fossils point to the
uppermost Juratrias,

Fozsils in
Maoriposn
formation.

IGNEOUS ROCKS.

Greenstone geries— Under this head are com-
prised a number of rock species, occurring chiefly

| in the western part of the quadrangle. They con-

gist of diabase, diorite, sabbro, peridotite, pyroxen-
ite, porphyrites, amphibolite, and serpentine. They

generally dark green, and in structure range from
gnum]:u' to 1101'1}1I3’rii:i{-. 'i‘]lﬂ}' appear to bhe very
llllt-im:lte].y connected gt-uei.i{':1||l}'1 s0 that contacts
Compressive stresses
have acted more or less intensely on all of them,

' often producing a slaty or schistose structure over

| portions from those not so affected.

ill.defined aveas. It is not possible to separate
sharply the schistose or dynamometamorphosed
For these rea
soms it hias seemed better to deseribe these areas by
geographic rather than by petrographic divisions,

In this description are not included the diorites,
gabbros, and peridofite in the eastern part of the
quadrangle, which genetically belong to the grano-
diorite series and are best deseribed in conneetion
with that gronp of rocks.

This series, which continues over into the adjoin-
ing Smartsville, Downieville, and Bidwell Bar
quadrangles, consists of a variety of rocks. In the
northwestern corner of the quadrangle is an area
of massive amphibolitic rocks, evidently largely
derived from a diorite or diorite-porphyrite.
Adjoining this is a large area of serpentine, which
contains unaltered peridotite on the northern side
of the lava ridge on the slopes of Indian Creek.
Near Pike there is an area of diabase-
porphyrite having extremely irregular
outline. The rock is dense, dark-green, of altered
aspect, and contains in places much chlorite and
serpentine. At the Alaska mine the roek in
hanging and foot walls is a chloritie schist; ordi-
narily, however, the rock is not very schistose,
Most of the fresh rock appears to be a fine-grained
breceia of diabase-porphyrite, the augite of which
often is converted into uralite,

The relations of this series to the sedimentary
series are not established beyond doubt. Dike-
like masses project into the slates, and in turn
contain as inclusions masses and slabs of sedimen-
tary rocks,
on the ridges, where exposures are poor. In the
canyon of the Middle Fork of Yuba River also
the contact iz unsatisfactorily exposed. The rocks
should probably be regarded as intrusive into the

Pike area.

In the |

Most of the com [.li{.-:u.ed areas ocenr |

sediments, and not as interbedded masses. A sys.
tem of long dikes of the same rock erop north and
Sﬂ'l,ltll flr Nfl]'th C(II'I].III}:I;:'L _.|'1!. Hllf‘i"llllf‘]'l fT'UIII nennr
- I{'E"II]]I"‘!)E‘{': _['IHII."‘\-& lf].'“"l-'l‘.'[l T ]IP il }]!'E‘(‘[’-i-’ltﬁ!l l;].iﬂ-] (H TR
| porphyrite, much altered by pressure,

| Small areas of an intrusive medium-grained
' diorite ocenr a short distance east of North Colum-
bia and at the head of Grizzly Creek.

- Dorite of
These may possibly be connected below  Nerth Colum-
1
- - h_]a. and
the cover of lava and cravel. Between Edwards
L ridge.

Edwards Bridee and Blue Tent a simi-
lar area adjoins the granodiorite of Nevada City,
from which it is separated by an often indistinet
contact ; it may, indeed, be part of the same intru-
Ad
Edwards Bridge the rock is a diorite-porphyrite,
but at other places and in the adjoining Smarts-
| ville quadrangle it appears as a diorite or gabbro.
In the Smartsville quadrangle the granodiorite
is, north of Badger Hill, adjoined by an area of
f_-f;lb]ll'ﬂ “'IIi("]I IIIH‘}' h{‘ ]'E:‘g.‘lt'l]l“[] Hi b |
facies or basic ﬂt:t'Pi::p]J]l-ntuf' that intru-
sive masg, From this area a dike projects into this
quadrangle on Grizzly Ridge, southwest of the Delhi
mine. It is as a rule a coarse-grained, dark rock
consisting of lime feldspar, diallage, hypersthene,
and olivine, though near the contacts finer-grained

sion, somewhat richer in iron and MAZNEesIa,

Delhi bhro
dike. s

\'ZII":i.i_"til‘H R “.'.Ili.{'ll l_“'ﬂ}]a'lh]}' anre f]i”l'itf'.ﬁ- ill pﬂl't,

To the northwest of Colfax extends an elliptieal
mass of coarse, basic rock consisting of dark-green
diallage or hornblende and greenish -
lime feldspar. The contacts with the @ndaerite
surrounding porphyrites are often extremely mdis.
tinet,

The southern slope of Banner Hill is ocenpied
by hornblende-porphyrite and augite-porphyrite,
which are often mixed in a conrse brec-
cia. A little farther south in the same
area the rock changes to a diabase of varying grain,
which character it retains on the ridge hetween
Greenhorn River and Clipper Creek.

Bear River, in the southwestern corner of the
quadrangle, forms approximately the dividing
line between the great porphyrite and oy 25 )
diabase area of the foothills, developed porphyrite.
0 t-:-.'tl-nsirﬂh' in the :u|jnillil|}_; Smartsville rlllillI-
rangle, and the sedimentary rocks. This area con-
sists largely of old effusive rocks, in other
lavas, of Mesozoic age. The rock is dark green,
fine grained, and often very chloritic. A rough
schistosity was noted along the upper road from
Colfax to Grase Valley sonthwest of Buena Vista.
A typical specimen taken about 2 miles south-
southwest of Buena Vista e wed upon In'lu‘n}.ﬁ-ul]i:*
examination to be a fine breecia or tuff of diabase.
porphyrite. Dikes and dikelike masses of gablwo
are injected into the porphyrite,

A small serpentine belt follows the western
contact with the Mariposa slates; along the east-
ern contact with the same slates lies a narrow
zone of finer-grained and porphyritic diorite, A
dike-like mass of gabbro also adjoined by serpen-
tine is exposed along Greenhorn River near the
Nevada County Narrow Gauge Railroad.

A number of small serpentine areas, mostly of
dike-like or lenticular form, are inclosed in the
Mariposa slates. One long dike extends
from Howell Hill to Weimar, along the
contact of the Clipper Gap formation;
another lenticular mass adjoins the amphibolite
on the Colfax—Iowa Hill road. All these serpen-
tine areas have probably been derived from pyrox-
enites and peridotites.

A long area of schistose, dark-green, fine-grainei
amphibolite extends from south of Spanish Dry

Diggings, in the Placerville quadrangle,

to beyond Colfax. Through a great oNorthrork,
v . . . Secret Can-

part of its course it lies between the yon. anddoia

Marviposa and the Cape Horn slates.

' The schistosity is generally well marked, though
schistose streaks may alternate with massive belts,
The best exposures are found in the canyon of
American River north of the toll house on the

Forest Hill road. Numerons long and narrow

'slabs of clay slate are included in the amphibo-

i lite, as shown on the majp. Under the I]!i{'l'ﬂﬁf‘ﬂ]'ﬂ-‘

' the less altered amphibolite shows plainly its

| derivation from igneous rocks of the type of

angite-porphyrite or diabase-porphyrite.  Under
| the influence of pressure the angites become con-
verted into amphibole and the whole rock is

i filled ]b:.' minute needles of the same mineral.

Banner Hill
perphyrite.

“’UI"{]H

Serpentineg in
Mariposa
formation.

A number of small dikelike masses of similar
amphibolite occur a mile or two west of Iowa
Hill, others are near the head of Secret Canyon, and
still others a mile west of Gold Run. The expo-
sures are good only along the canyons; on the
ridges deep soil is apt to mask the relations of the
rocks. These altered igneons rocks certainly form
dikes in the Carboniferous formations. Their
relation to the Mariposa formation is less definitely
ascertained.  They may represent surface flows
contemporaneous with the Juratrias slates, or they
may form intrusive dikes in them, Both forms of
eruption are known in connection with igneous
masses in the Mariposa formation.

From the Middle Fork of the Yuba to the South
Fork of Deer Creek extends an area of amphibo-
lite-schist, lying between the Delln for-
mation and the Cape Horn slates. The
I"f“'k’ ﬁi!]]i].“r i:]:l Ill}ilf“'!l!'!lll(‘.ﬁ fao [.:Ithﬁl'
fine-grained amphibolites, shows in many places
very plainly its derivation from diorites and
diorite-porphyrites. A helt of nearly altered
diorite lies in Bloody Run along the western con-
tact. In the South Fork of the Yuba River are
schistose rocks which in a very clear manner retain
the porphyritic structure,

North of the Middle Fork of the Yuba the
amphibolite is joined by a belt of serpentine which
continues across Kanaka and Oregon ereeks,  In
the canyon of the latter the serpentine incloses a
belt of gabbro.  All these rocks apparently form
a dike in
Whether it represents one or several intrusions is
uncertain.

Through the center of the Colfax guadrangle,
from north to south, extends a broad belt of igne-
ous rock surrounded by Carboniferous
sedimentary rocks. It consists very
largely of serpentine, from which fea-
ture the miners have called it the great serpentine
helt. Tt is, however, a very complex arvea, made
up of many basie rocks rich in magnesia, the most
prominent of which are gabbro, peridotite and
diorite, Partly serpentized peridotite has so often
been found in the serpentine as to justify the
belief that most of the latter rock has resulted
from the alteration of peridotite, though it would
perhaps be going too far to say that all of the
serpentine had this origin. Large bodies of gen-
erally schistose amphibolite form parts of the belt
and are probably all derived from gabhros and
diorite; in many cases, however, it may be diffi-
enlt to decide from what rock =some amphibolites
have been derived,

The great serpentine belt, extending through
the Placerville, Colfax, and Downieville quad.
rangles, is apparently a continuous dike intruded
in the Carboniferous sedimentary rocks, sometimes
following, sometimes cutting across their strike.
The primary rocks of which it consists are all
granular ; no porphyritic rocks are known to oceur.
At the southern boundary line the belt is narrow,
consisting of serpentine and amphibolite, the latter
schistose and of uncertain origin. The serpentine
continues bending uortheasterly up to Michigan
Bluft, and its brown, rongh outcrops are easily
traced across Voleano and Mad canyons. Oecca-
sionally it contains smaller dikes of diorite. It is
probably continuous below the lava ridge, as it
again appears on the west side, here containing a
large though ill-defined area of unaltered perido-
tite. The rock, however, is apt to contain a cer-
tain quantity of serpentine. The peridotite decom-
poses to a brown soil. Characteristic dark-brown,
rough outerops are frequently met with.

The western half of the belt here consists of
amphibolitie rocks, generally schistose, and often
of uncertain derivation. The schistosity is usually
much better marked in the decomposed rock found
along the ridges than in the fresh rock in the
In certain parts of this
area the schists become chloritic and are sometimes
difficult to distinguish from eclay slate. Most of
these obscure amphibolites are probably derived
from diorites and possibly also from gabbros.
The amphibolite narrows northward and, erossing
the American River at the wild eanyon known as
Giant Gap, it runs out to a point before Bear River
is reached.

A lenticular mass of gabbro adjoins the serpen-
tine and the amphibolite in the vieinity of Dutch
Flat. This gabbro is a dark-green rock consisting

Greenstone-
schists af
MNorth
Bleomiield,

intrusive the Carboniferous series.

The great
serpentine
helt.
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of pyroxene and greenish-gray feldspar, the latter
usually having a flinty fracture and generally an
altered aspect. In fact, the rock is a saussurite-
gabbro, the feldspar being very largely converted
to that fine-grained mixture of zoisite, epidote,
albite, and other minerals called saussurite. The
rock shows no schistosity. The main or eastern
body of serpentine continues northward, crossing
Bear River and Steep Hollow, and finally the
South Fork of the Yuba at Washington. Partly
altered rocks from this vicinity show the deriva-
tion of the serpentine from peridotite. North of
the South Fork of the Yuba the serpentine is
adjoined on the west by an amphibolite, a typical
rock, fine grained and schistose, which branches
into the sedimentary rocks below Washington.
North of the lava ridge the belt continues, widen-
ing to 4 miles, the rocks being excellently exposed
in the canyons of the Middle Fork of the Yuba
River and Kanaka Creek. Between Alleghany
and Orleans it consists of four lenticular compara-
tively narrow areas of serpentine, apparently hav-
ing a steep easterly dip. Some of these areas may
be of doubtful origin, but the one near the mouth
of Wolf Creek is certainly derived from perido-
tite. From a point near Orleans the various helts
are plainly visible across the canyon as light-green
bands, almost void of vegetation compared to the
brush-clad slopes of amphibolite and slate.

The main mass in this vieinity is a schistose
amphibolite, ordinarily not very fine grained, con-
sisting of brown hornblende in parallel erystals
alternating with narrow streaks of greenish-gray,
saussuritic feldspar. The origin of this amphibo-
lite is very plain, at least alnnﬂ' the canyon of the
Middle Fork of the Yuba. Between Orleans and
Snow Point a coarse gabbro, consisting of pyrox-
ene, brown hornblende, and feldspar, outerops in
many places,
this gabbro and the amphibolite may be found.
The schistose structure and the general rearrange-
ment of minerals in the amphibolite are due sim-
ply to the pressure to which the gabbro has been
subjected.

Along the road from Snow Point to Gold Can-
yon, as well as between Chips Flat and Alleghany,
the amphibolites are very fine grained, fissile, and
partly converted into chloritic schist. Some of
these may even be difficult to distinguish in the
field from clay slate. These chloritic schists are
probably produced by the continuous action of
pressure on the amphibolites,

Along Oregon Creek the serpentine belt consists
of two streaks of serpentine inclosing a central
mass of normal gabbro.

The great mass of the Blue Canyon formation
contains very few igneous rocks. Some small
dikes of a darkgreen, more or less
schistose rock, well filled with pyrite,
were noted. These are now amphibo-
litic and chloritie schists, probably derived from
dioritic rocks. One of these dikes cuts across the
slates at the point where the trail from Michigan
Bluff to Big Oak Flat crosses the Middle Fork of
the American River.

The granitic areas are usually remarkably free
from dikes. Among the few noted are two narrow
dikes of normal diabase crossing the road about
a mile southwest of Bowman Lake. Small dikes
of greenstone-schist and diorite-porphyrite occur
along the trail from Cisco to Sterrett, as well as
along the Sterrett quartz vein, in the hanging wall.
The dikes near the granitie contacts will be men-
tioned later.

English Mountain is a mass of diabase-porphy-
rite and diabase adjoined on the east and west by
sediments of the Sailor Canyon forma-

Dikes east of
the urr-:n-

tion. On the south it borders with Eﬁt‘;ﬁ:ﬁ"‘
sharp contact against intrusive granodi- e

orite. The rock is dark green, medium

to fine grained, and usually porphyritic by larger
crystals of dark-green augite, frequently altered to
uralite. ~ Both diabase and diabase-porphyrite
occur, the latter being most common. Excellent
exposures are obtained in the bluff south of Jack-
son Lake. The porphyrite here is plainly shown
as a surface eruption of heavy sheets, for it con-
tains at frequent intervals fine-grained tuff beau-
tifully banded grayish and greenish rocks, flinty
in appearance. The strata dip 25° E. and are
thus conformable with the slates and limestones
adjoining on the west. These latter often contain

4

conglomerates, chnefly of chert and diabase-porphy-
rite, as well as minor intercalated masses of tuff
similar to that of English Mountain.

A long dikelike mass of diabase-porphyrite
adjoins ﬂI'E: gmmte porphyry east of Bowman

Lake; and there is a smaller mass of the *-mmr?

material near Shotgun Lake. Whether these are
intrusive dikes or intercalated flows is not certain.

The prominent peaks known as the Black
Mountains, becanse of the contrast between their

dark pinnacles and the brilliant white expanse of |

glaciated granodiorite, consist of a mass of coarse
diabase-porphyrite, Northward this mass borders
with sharp contact against granodiorite; south.

ward, eastward, and westward it adjoins darker

modifications of the same rock, and the contaet is
often difficult to locate with accuracy. At the
westernmost of the peaks the relation of the rocks
is obscure. The rock consists of an augitic modi. |
fication of granodiorite, partly a greenish to hrown-
ish fine-grained malacolite-hornfels, evidently a
contact metamorphosed sedimentary rock. The
augitic granite near the summit of the peak is
penetrated by a dike of uralite-porphyrite. The |
most plansible explanation of these occurrences is
that we have here a fragment of Juratrias por- |

ph}rrxtL and !:.E[]Iﬂle'lltﬂ,l\ rocks torn from theu-

original position and kulfed in a mass of intru-
sive granitic rocks. T hc fact that the granitic

rocks show such a complicated d&wlnpmvnt of | interesting,

facies makes the relation difficult to interpret.
Sierra Buttes, English Mountain, the Fordyce
area, and Snow Mountain probably once formed a
continuous mass of Juratrias eruptions interealated
in the sedimentary series, Its continuity has been
broken by the intrusion of granodiorite.
Granite—A lenticular area from 3 to 5 miles

' wide and about 18 miles long, inclosed by the

All sorts of transitions hetwvun’:
| the Yuba up to the ridge overlooking

| the North Fork of the Yuba in the

slates, extends from the Sonth Fork of

Area between
Marth and
South forks
of the ¥Yuha.

Downieville quadrangle. This area is oceupied
by a coarse-grained granite, very constant in its
texture and composition. It resists disintegration
strongly and forms a number of high, rough
ridges separated by deeply trenched canyons, Its
color is light gray, and it consists of white feld-

spar and large erystals of gray quartz, .tug__}'ﬁtilm“
small amount of hornblende or biotite, or |

with a
both. Its structure distinguishes it clearly from
the granodiorite. It is much more acidie, and
the quartz, instead of being pressed in between
the feldspars, forms large isolated grains, The
searcity of ferromagnesian silicates also distin-
guishes it from granodiorite, The feldspars, pla-
rioclase as well as orthoclase and albite, are nearly

| always greatly decomposed, so that their character

can rarely be established in thin section. The
rock is rich in soda and may be designated as a
soda-granite.

Basic modifications richer in iron and magnesia
occasionally occur in smaller masses, sorhetimes
brecciated by acidic normal roek ; thus, for instance,
on the trail from the California mine to the Baltic
a facies rich in pyroxene oceurs. Dioritic modifi-
cations were noted on the Milton ditch, 4 miles
northeast of Graniteville.

In the eastern part of the quadrangle, especially
in the vicinity of Bowman Lake, the rock changes
to gramnite-porphyry similar to that in the long
dike east of Bowman Lake, and the adjoining slate
contains dikes of the same material. Though this
granite area is beyond doubt intrusive into the

| green hornblende, black biotite, and some gray
| (quartz.
| find the ferromagnesian silicates inereasing in
quantity, changing the rock to a diorite or quartz-
| diorite. This is not, however, an invariable rule,
for at many places the normal rock, or arock even
against the slates.

| more .uulu borders direetly

Over two areas the granodiorite presents interest- |

ing modifications connected by gradual transitions,

From Grouse R ddge to Summit City and t]wmv'

toward English Mountain extends a broad belt in
which a diorite, augite-diorite, or even locally a
gabbro takes the place of the granodiorite.
these rock types are connected by numberless tran-
sitions, so that it is impossible to draw distinet
eontact lines.  From a prominent point this belt of
darker basic rocks is clearly discernible
5 on the wide extent of glaci: ated sur faces,
| Southeast of English Mountain, and on
|h{;rt|| sides of F:uuh Lake, a peculiar

Aren from
Girouse Ridge
to Summit
City and
English
Mountain.

| quartz, ocecurs, This is again connected with the
| granodiorite by numberless transitions, and again,
on the other huud is not always sharply ‘-IJE'|'|!1]’H.[’-[‘]
| from the darker diorites.
' a bright, brilliant-white color, distinguishing it
from the somewhat darker-gray glzltlulllﬂllt{‘
The deep bay ext{*mhugmtu the slates hetween
| Slﬂ'mt] Peak and Emigrant Gap is in many respects

outh uf a line draw
{5 t Wi Area between

' from Lflnrrq to Crystal Lake 1t 1s filled Signal Peak

iIﬂ, fmhhmf-. or allied rocks. Again,
s t]wl’(* is no contact but only a gradual transition
| between this gabbro and the normal granodiorite,
| caused by gradually inereasing quartz and ortho-
clase. Toward the south the gabbro becomes
more and more basie, and finally, over a some-
what indefinite area about a quarter of a mile
wide and 3 mles long, the gabbro changes to a
normal In!l‘it]{:titu.
dark rocks, often weathering to a brown color.
The peridotite is a dark yellowish-gray, granular
I'-Ol':k ‘l\'ﬁ]l.t-llpt'i]]g to a l.[!‘.F'P ;\.'F‘l](l“';ﬁ-]l-]:ll'[:l“']t, ]I!
the immediate vicinity of Monumental Hill are
abundant transitions hetween the two rocks, The
area of peridotite is not well exposed, being
partly covered by morainal detritus,

To the northwest of Cisco a small area of pyrox-
enite changing into gabbro adjoins the contacts,
while a little farther south, on Cisco Butte, the
same contact is adjoined by acid quartz-diorites
peculiarly admixed with streaks of darker rocks,

The peculiar metamorphism of the slates is
always strongly marked, especially in the pro-
jecting area of Signal Peak. Dikes are very com-
1on u]nng certain parts of the contacts.

Gap.

The gabbros are coarse-grained

hill west of Faucherie Lake. Dikes of diorite oceur
near Fall Creek Mountain. From here down to
Emigrant Gap dikes of granite-porphyry with
large feldspar erystals are very common. Similar
dikes occur in abundance on Signal Peak, accom-
panied by some of diorite-porphyrite (-.unt.uining
large crystals of feldspar in a dark-green ground-
mass. Pegmatite dikes are less common, though
some were noted in the granite on the ridge extend.-
ing east of Signal Peak. Tourmaline sometimes
oceurs in these,

In the Sailor Canyon formation south of Cisco
there are occasional dikes of diorite or diorite.
pﬂrl}ll:,'ri[.e which n 1y be connected with the gra-
nitie eruption.

The other projecting spur from the main granite

slates, it should be noted that the contact meta- | area is found in Long Canyon Basin, in the

morphism of the slates is far less noticeable than |
along the contact of the main granite area.

| southeastern corner of the qlndmnwlo The rock

Imme- | 18 a normal granodiorite and the slates at the con-

diately at the contact the clay slates become crys- | tact show strong contact metamorphism.

talline, and appear as knotty schists for some little |
distance away from the contacts.
Granodiorite (with dioritic and gabbroitic |

maodifications).—The gmmtm rocks of the high |

gierra project at two places into this quadrangle.
The northerly area occupies about 65 square miles
between English Mountain and Monumental Hill.
It extends under the lavas to the northeastern

corner of the quadrangle, sends a long bay into |
| the bedding often can not be made out and that,
owing to decomposition and sliding soil, dips or |
 strikes, except those taken along the courses of

the slate area between Emigrant Gap and Cisco,
and contains near the latter place a projecting
spur of the Sailor Canyon formation.

. - . " . |
The principal rock is a normal granodiorite of |

light-gray color and medinm-grained texture. Its
eonstituents are, as usual, white feldspar, dark-

EEQI.-EHGF.- OF ROCKS AND ETRUCTURAL FEATURES OF
THE BED-ROCK SERIES,

The stratigraphy of the Sierra Nevada has long

been known to present great difficulties, and it is |
| to be regretted that this examination has not been |
 sufficiently detailed to thoroughly elucidate the
 subject.

There are, however, many obstacles to
its explanation, not the least being the fact that

canyons, are rarely reliable.
The oldest rocks of the Colfax quadrangle are
| probably Carboniferous, though the possibility of

Near the contacts it is very common to |

All |

rock, consisting of augite, plagioclase, and much |

['lma augite-diorite has |

and Emigrant |

Those of |
granodiorite are relatively rare, but oceur on the |

the oceurrence of a still older Paleozoic series is
not denied. The relative age of the subdivisions
of the Paleozoic (Calaveras) series has
not been established; they have the
| appearance of one conformable series,
| the thickness of which it is diffienlt, if not i pos-
! sible, to determine with accuracy. After the
:]&epufaiiion of the Calaveras formation and before
| the deposition of the Juratrias the Paleozoic series
was closely folded and compressed, though prob-
| ably not to such an extent as now, and a schistosity
having a general north-northwest direction and a
| steep easterly dip was superimposed, All this,
| augmented by a still later compression, has made
the interpretation of the stratigraphy exceedingly
diffieult. It was formerly supposed that the
Carboniferous rocks consisted of one indefinitely
repeated series. The five distinet lithologie divi-
sions shown to exist limit the repetitions consider-
| ably, though, for instance, in the Blue Canyon
formation, there is still ample room for them. On
the whole the Calaveras beds should perhaps be
| regarded as thrown into many sharply compressed
: folds, nearly vertical or slightly overturned east.
ward., The upper parts of these folds are eroded ;
the lower parts are rarvely exposed; so that as a
rule only the nearly parallel, steep flanks of the
folds are accessible to observation. Attention
should be ealled to the interesting fact that near
| Washington the ordinary dip of bedding and
schistosity is reversed over a width of about 5
miles, and a length of probably 12 or 15 miles.

The Sailor Canyon and the Mariposa formations
were without doubt deposited unconfor m.ﬂr]}r on
the upturned Calaveras formation. ,
Among the evidences of this are Jess deposition.
steep dips, conglomerates of older formations, and
| a mueh less degree of schistosity. Whether an
; unconformity again separated the Bailor Canyon
from the younger Mariposa formation is not cer-
tain,

After the deposition of the Juratrias a moun-
tain-building disturbance followed, during which
the later beds were folded against the
Carboniferous land masses and consider-
| ably compressed.
| Juratrias or earliest Cretaceous the
| great eruptions of igneous rocks oceurred. Some
of them, as, for instance, the diabase of English
Mountain, certainly were poured out during the
deposition of the Juratrias, but the granitic rocks
were intruded somewhat later.

A general sequence of rocks ean not be said to
have been established. The general rule holds
good, however, that the main granitic
area is more recent than the greenstones
and serpentines, and that in a given area
| of granular rocks the darker modifications are
nearly always older than the lighter.colored acidic
facies. Near Colfax the gahhro is clearly intru-
sive into the augite-porphyrite of the Mariposa
formation. As to the age of the Canyon Creek
granite, nothing definite can be said. It contains
near Bowman Lake some dikes of diabase which
may or may not be contemporaneous with that of
English Mountain. At any rate it is pfmible that
this granite area is older than the main mass of
granitic rocks of the Sierra Nevada. Nothing
definite can be said as to the relative age of the
rocks of the great serpentine belt.

The Bed-rock series is more or, less affected by
jointing, but in this quadrangle the jointing is
nowhere so regular and intense as in
the granites south of Lake Tahoe. The
diabase of English Mountain is in places cut by
fissure systems striking nearly east to west and
dipping steeply north. The joints in the granite
at the east end of English Mountain dip from 238°
to 55° NW.,, being from a few inches to a foot
apart. In the granite near Faucherie dam the
joints dip 70° 8. On the road from Meadow Lake
to Jackson steep easterly dips of the joints were
noted. Great joint planes having a northwesterly
Idirw::l‘iuu also ent through Old Man Mountain.
' It is thus seen that no great regularity obtains.

The intrusions of igneous rocks exerted in places
so great a pressure on the slates that the latter
were displaced and bent to an extraordinary
| degree. Thus the sudden widening of the serpen-
| tine belt at Michigan Bluff caused a strong north-
easterly strike of the adjoining slates for several
miles. South of Monumental Hill the disturbance
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in the slates caansed by the gramitic intrusions . the andesitic tuffs lie almost conformably upon |
' the rhyolitic tuff, there are at other points, as on

is especially noticeable. The strike along” Monu
mental Creek is from east to west and .
the effects of violent intrusion probably (intrusions.

' the Forest Hill divide, indications of a

extended as far down as the North Fork of the
| the rhyolitic flows, or in some places soon after the

American River, to judge from the greatly vary-

ing strikes and dips and the frequent east-west |

schistosity. While the pressure of the intruding
granitic rocks may in places have caused some
schistosity in the adjoining slates, it has done so
only to a limited degree. The intrusion often fol-
lowed the line of strike, as the rocks were most
easily fractured along that direction, but some-
times the fractures took place across the strike
and dip. In such places the slates are usually
greatly disturbed and filled with injected igneous
material.

SUPERJACENT SEERTES.

Under this heading are described the Neocene
and Pleistocene sedimentary rocks and lava flows,
as well as the surficial accumulations due to the
glaciation of the range.

NEOCENE PERIOD.

Awriferoug gravels—The Auriferous gravels
comprise the gravels, sands, and clays deposited in
the valleys of the Neocene river system.
These sediments oceupy larger areas in '*tions-
this quadrangle than in any other part of the Gold
Belt. The causes of this great development will
be explained later on. Many of the gravel bodies
are exposed by erosion ; very large amounts remain
covered by andesitic tuff masses to a depth of
many hundred feet; still larger masses were com-
pletely removed during the Pleistocene process of
canyon cutting.

The Auriferous gravels proper may be divided
into (1) the deep gravels, (2) the bench gravels,
(3) the gravels of the rhyolitic epoch, (4) the
gravels of the intervoleanic erosion epoch, and
() the gravels of the andesitic tuff.

The deep gravels consist of wellrounded cob-
bles and pebbles of the Bed-rock series cemented
by sandy material. They are generally
coarse and compact, and large water-
worn bowlders sometimes occur near the bottom
of the channel. They fill the deepest, trough-
shaped depressions to a maximum depth of 200
feet — frequently, however, much less. They are
usually rich in placer gold, especially near the bed
rock,

Benech gravels cover the deep gravels to a maxi-
mum depth of 300 feet and are spread out on the
sloping floors often to a width of 2 or ;

3 miles, extending on both sides of the gravels.
deepest trough. ’lhey often contain a predomi-
nating amount of quartz pebbles, but no andesite
or rhyolite. They are less compact and generally
less coarse than the deep gravels, Interstratified
with them, and especially covering them, are in
many places heavy masses of light-colored sand
and clay. The bench gravels all contain gold,
though less than the deep gravels,

The voleanic rocks covering the Auriferous
gravels occasionally contain interstratified gravel
masses, which may be auriferous. The
latter do not strictly belong to the Aurif-
erous gravels but are sometimes difficult
to distinguish from these and are partly described
with them. They may be classified as gravels of
the rhyolitic epoch, gravels of the intervolcanic
erosion epoch, and gravels of the andesitic tuffs,

The rhyolitic flows dammed many lateral
streams, causing Immediate aceumulations of
gravels, clay, and sand. During the
intervals between rhyolitic eruptions e ottt
the streams cut down new channels
in the soft material, and masses of gravel were
deposited in their beds. These interbedded
gravels are called gravels of the rhyolitic epoch.
Occasionally they may attain a thickness of sev-
eral hundred feet. They range from coarse to
fine, and are similar in character and composition
to the bench gravels, but usually contain many
rhyolite pebbles. The quartz pebbles are also
fewer in number.

The interval separating the rhyolitic from the
andesitic outbursts apparently differed in length

Deep gravels.

Gravels
nmong vals
canic masses.

Middle Fork and the South Fork of the Yuba, fuf the topographic features of the Neocene surface | Long Canyon divide.

Colfax.

| place, or at least began.

liravels of

re]za,t.ivel}r short perimL of very actiya theloterval.

erosion, beginning immediately after

canic erozion
epoch,

first flows of andesitic tuffs. This erosion was
of a remarkably intense character, incising sharp
v-shaped canyons in new channels through the

older beds, and in some places cutting down into |
| way and at considerable angles, the old surface
This action is so very different from that of the '

the solid bed rock to a depth of about 100 feet.

ante-rhyolitic and rhyolitic streams that the infer. |

ence is justified that just after the rhyolitic flows |
| the tilting of the slope of the Sierra Nevada took |
| the angles of the contact lines with the contour
lines on the opposites sides of the present gorge |

In the bottom of these

sharply cut channels a few feet of gravel accumu- |
 indicate the ancient trough.
| the gorges were narrow and the grade was steep |

lated along stretches with less grade, while where
no detritus is found. These are the gravels of the
intervoleanie erosion epoch.
pebbles of the Bed-rock series and of andesite and
rhyolite. They contain less quartz than the bench
gravels but are frequently very rich in gold.

The gravels intercalated among the andesitic
tuffs and breceias consist as a rule of
andesitic pebbles mixed with a few
pebbles of quartz or other older rocks.
They are rarely auriferous and most of them are
entirely barren.

The most casual examination of the Auriferous
gravels reveals the fact that they are deposited on
an irregular surface mostly high above
the present drainage lines. More care-
ful examination soon shows that the gravels
lie chiefly in depressions — some narrow and deep,
others broad and shallow —the deepest lines of
which form channels continuous until interrupted
by the trenches of the modern canyons. The prin-

fravels of
the andesitic
tufis.

Neocene
topography.

| cipal channel fragments on the different ridges
| have generally such elevations that they might

1

have onee been connected so as to form one contin-
uous gravel-filled stream bed with grades similar to
those of ordinary water courses. DBetween these
channels the Bed-rock formation rises often to
considerable elevations.  Finally, the examination
of the whole range shows a great system of chan-

nels, all sinking toward the Sacramento and San |

Joaquin valleys, becoming larger and broader in
that direction, whereas eastward they branch into
smaller channels, showing near the summit of the
range every indication of proximity to a watershed.
The fluviatile origin of the gravel channels and
the general disposition of these ancient rivers are
not theories ; they are facts convineingly and com-
pletely proved.

The remarkable absence of faults over the west-
ern slope has been a great aid in the interpreta-
tion of the gravel channels. Only in very few
places have disturbances been found which devel-
oped later than the Neocene period.

The help of a contour map is almost indispen- | Castle Peak.
I I

'undulating, hilly character.
The gravels contain |

may be directly read on the contour maps on
which the geologic areas are outlined.
certain vicinity the contact lines between lava and
bed rock run practically parallel with the contours
of the present surface, that is, horizontally, it is
apparent that the Neocene deposit rests on a sur-
face that is now horizontal and may have had the
same altitude in Neocene time, provided no tilt-
ing has taken place since. If, however, the con-
tact lines cross the contour lines in an irregular

was broken and irregular. Even then, with a

If in a |

doubt about its upper course. After a short
bend southward extending into the Placerville
quadrangle it cut across the extreme southeast

' corner of Colfax quadrangle, then continued in

sufticient number of contacts, the general drainage |
| epoch the topographie conditions were materially

system may be made out. In the case of an old
valley running across a recent creek or canyon,

The relief of the Neocene surface wasg of an

angles up to 10° and the rounded ridges rose to
heights varying from a few hundred to 1500 feet
above the channels. In the eastern part of
the quadrangle somewhat different conditions
obtained,

decidedly more abrupt. A number of prominent,

| different.

Truckee quadrangle up by French Meadows and
Soda Springs to its former headwaters south of
Castle Peak. This important stream was joined
by tributaries, the principal one coming down
from Damaseus to Michigan Bluff. This was
again joined by lesser streams from Secret Canyon
and led Point and from Last Chance and Dead.
wood,

During the later part of the Auriferous gravels

The lower valleys were filled with

| gravel to a depth of several hundred feet, and

the streams meandered over flood plains which

| locally attained a width of 3 miles. They became
| less able to carry the load of detritus, and depos-

The slopes lay at |

its of clays and sands increased greatly. Low

(divides were covered and many streams were

| diverted from their original channels.

Here the Neocene tulmgmlrhy was |
' up in the river channels.

;ﬂa.l:-tuppeﬂ hills rose to a height of 2000 feet |

| above the water

| stream which extended from

courses. Among them

English Mountain,

are |
Signal Peak, Monumental |

Hill, and Duncan Peak. There are practically no |
auriferous gravels in this upper region, embracing |

the eastern third of the quadrangle. Evidently
the rivers in this region were able to transport
easily all the material received by them.

The outlines of early Neocene drainage were
as follows, the conmections in most cases being
established with considerable certainty. In gen-
eral the drainage was partly transverse, flowing
down the range like the present system of rivers,
but in part it was also parallel to the present
range, taking a course followed by none of the
present rivers, and elearly indicating a low range
with longitudinal ridges. It is believed now that
the whole of the Neocene drainage in this quad-
rangle found an outlet in the important master
North Celumbia

'down to Smartsville, and to the waters of the
Neocene gulf occupying Sacramento Valley (see |

Geologic Folio No. 18). This principal stream |
broke across the longitudinal ridges of Jurassic |
eruptives in a relatively deep and narrow valley.

Near North Columbia the main trunk channel
branched. The northerly channel continued east-
ward to North Bloomfield ; there it turned north

| without creating new channels.

and then east, following nearly the present eanyon |
| deposits are repeatedly cut by intervoleanie chan-

of the Middle Fork to Moores Flat and Snow
Point.
entered the Downieville quadrangle northeast of
American Hill ; eurving south one of the branches

entered this quadrangle again near Findley Peak,
| heading iv the region between Meadow Lake and

A tributary to this channel fol-

sable to enable one to obtain a correet idea of the | lowed in part the present Oregon Creek and joined

Neocene drainage topography. Each point of the
contact lines between the bed rock and the super-
jacent Neocene gravels or volcanie flows necessa-
rily marks a point on the old surface of the region
such as it was before being hidden under Tertiary
accumulations. A great number of these contact
lines are usually exposed by the canyons and
creeks eroded since the close of the Neocene
period, and each of them affords a seetion through
a part of the Neocene surface. It will easily he
seen that if the elevation of a sufficient number
of points on the contact lines were known, a con-
tour map showing the relief of the Neocene
surface might be constructed. If no change in
altitude had taken place in the interval this map
would show the relation to the Neocene sea level,
and this relation may be made out if the amount
of disturbance which the old surface has suffered
can be ascertained by other means.

| watershed of the American River.

The areas of bed rock that have been above the |
surface of the lava flows since the end of the Neo- | it now seems probable that the longitudinal val-
cene —and there are many of them in the Gold | ley continued in the same general direction to
Belt region—have often suffered a degradation | Yankee Jim and that the channel ran by way

difficult to measure, but probably in most cases | of Duteh Flat, Indiana Hill, Towa Hill,
The flat tops of many of them are | Wisconsin Hill;

not large

it in the Smartsville quadrangle. Still another
tributary ran by the way of Derbec mine, Relief,
Alpha, Omega, and Bear Valley.

Then, crossing the present canyon, it |

The very important southerly branch of the |

trunk channel followed from North Columbia to
Little York a broad longitudinal valley having

a south-southeast direction, and bordered on the |

west by a high ridge of diabase and slate. At
Little York the channel again bent sharply
northeast to Dutch Flat and tributary branches
extended up to Alta, Lowell Hill, and Shady
Run.

On the Forest Hill divide important channel
systems have also been traced, but it was formerly
believed that these found their outlet directly
southwest toward the Great Valley. Later inves-

| channels.

tigations, however, seem to indicate that this great |
| soil and bed rock. One of these, similar to a cedar,

channel system connected with that north of the

various difficulties, explained more in detail below,

and
further that it turned easterly

sunnmg parts of the Neocene surface, and ero- | mear Forest Hlll and continued by way of May- |
at various points in the Sierra Nevada. While in | sion, while scoring and furrowing their flanks, has | flower, Bath, and Michigan Bluff, thence across |
some places, as along the lower courses of the | not yet materially lowered their summits. Many | the Middle Fork of the American River to the | are drawn from its character: The deep gravels

From here there

#

In spite of |

This phase
became even more pronounced when, as a result
of the rhyolitic eruptions in the high sierra, vast
masses of ash and fine volcanic detritus were piled
Overloading and depo-
sition ceased only after the close of the rhyolitie
eruptions or during the beginning of the andesitic
eruptions, when an uplift or westward tilting of
the surface took place. The grade of the rivers
being increased, cutting immediately followed
and proceeded, in some regions, especially on the
Forest Hill divide, to such an extent that new
channels were excavated in the old river valleys
without reference to the older courses, as narrow,
steepsided gorges cut into the soft sediments
and even into the underlying hard Bed-rock series,
A small amount of gravel accumulated in places
along these intervoleanie channels, and such
deposits are frequently rich in gold reconcentrated
from the older gravels. The streams of these
channels were evidently able to trans. JRrad el
port the great quantity of material streams

offered to them. Channels of this kind rarely
oceur in the northern and central part of the quad-
rangle, They have been noted, however, north
of Forest, and are especially prominent in the
Ruby drift mine (Downieville quadr: m:rlc.} One
'is also sald to have been met with in drifting
I)eluw the lava capping northeast of American
|Hill. Inthe higher range the valleys were narrow
and contained little detritus. The intervoleanic
streams simply reexcavated or deepened these
But on the Forest
Hill divide and in the adjoining region the old

nels, of which two epochs may be recognized.
Below Forest Hill these did not follow the old
drainage lines but established new courses
directly down the slope of the range by way of
Peckham IHill (Placerville quadrangle). The
interval between the rhyolites and the final
andesitic eruptions must have been mueh longer
here than farther north.

The fossils thus far found in the Auriferous
gravels consist chiefly of impressions of leaves and
of silicified and carbonized wood. Such
impressions are found almost every- Auriterous
where in the upper bench gravels and i
in the clays of the gravels of the rhyolitic epoch,
as well as in those overlying the intervoleanic
The oldest, deep gravels contain no fos-
gils. Fine collections have been obtained from the
base of Chalk Bluff at You Bet from a stratum
of clay contained in the upper part of the bench
gravels below the rhyolite; also in the same posi-
tion at Independence Hill 14 miles northeast of
lowa Hill. In the Weske channel a number
of trees have been found standing on the bank of
the gravel deposit, with the roots intact in the

is 100 feet in length and 4 feet in diameter, stand-

'ing upright in the andesitie tuff, here covering the
' bed rock. Similar standing trees are also found

' in the Bowen mine, in the same channel.

Again,

 at the Reed mine, near Deadwood, standing trees
' have been found, none of them being much over
a foot in diameter.

is no | are probably of Eocene or Eomiocene age.

The flora has a semitropical aspect, similar to
that of the Gulf States. The following conclusions

The



bench gravels and the rhyolitic tuffs are probably |
of late Miocene age. The age of the gravels of |
the intervolcanic erosion epoch and ..
of the andesitic tuff is not established #m=ves
beyond doubt, but these probably belong to the
early Pliocene or late Miocene. The eroded sur-
face upon which the Auriferous gravels were
deposited was consequently produced either dur-
ing the earliest Miocene or during the Kocene.
Study of the grades of the Neocene channels |
in this quadrangle shows that most of them have |
at present grades as steep as 150 feet
per mile, much steeper than any which
could reasonably be expected in aregion
of comparatively gentle configuration. Almost
the only exceptions are found among those prin.
cipal water courses which had a northwest or
north-northwest direction, These have very slight
grade. Most prominent among these is the Neo-
cene South Fork of Yuba, which from You Bet
to North Columbia has an average grade of less
than 17 feet per mile. From this the conclusion
has been drawn that the grade has been increased
considerably by a tilting movement of the range
as a whole, which would add to the grades of all |
rivers flowing in a general westerly direction, while |
|

Girades of [
Meacene
rivers.

it would affect rivers running parallel to the range
but little. This tilting apparently took place or |
hegau shortly after the close of the rhyolitic |
eruptions. For detailed discussion of the Neocene |
river channels and the auriferous gravels contained
in them, the reader is referred to the description
under the h&nding “ Economic geology.”

Rhyolite—Toward the end of the Neocene the |
period of voleanic activity began. The first erup- |
tions consisted mainly of rhyolite and its tuffs.
These rocks do not occupy very large areas but are
rather widely distributed. Resting upon gravel
or rocks of the Bed-rock series they are covered |
by later andesitic eruptions and are exposed |
only where erosion has cut through the voleanie |
masses. The massive rhyolite is a light-gray or
pink, fine-grained, and compact rock, easily dressed |
and often showing small porphyritic crystals of
quartz and sanidine. Its outerops frequently
form abrupt eliffs or bluffs. This rock occurs
chiefly in the eastern portion of the quadrangle,
typical exposures being those northwest of
English Mountain, Sugarpine Flat, and Canada
Hill. The vent from which the rhyolite of
English Mountain poured out was located near
Castle Peak or Mount Lola, at the summit of the
range, while the sources of the other two erup-
tions are not definitely located.

In the western part of the quadrangle the rhy-
olitie rocks consist chiefly of tuffs, sandy or clayey,
of brilliant-white color and generally easily show-
ing their origin upon microscopic examination.
The rhyolite flows, being of moderate volume,
closely followed the courses of the Neocene val- |
leys and are therefore good indicators of the |
lowest depressions in the old surface. The mas-
sive flows, probably being viscous, did not extend
far from their sources, but the tuffs continued
much farther. These tuffs were evidently carried
down by the streams as mud flows, deriving their
contents from masses of voleanic ash accumulated
near the vent. It often happens that the Auni-
erous gravels are covered by extensive light-
colored, fine-grained, sandy or clayey beds, usually
called pipe clay. In many cases, for instance, at
Moores Flat, U‘mega, North Blﬂumﬁeld and North |
Columbia, the origin of these is uncertain. Prob-
ably all of them contain volcanic material, but
they hardly can be considered as voleanic tuffs.
Granitic sand is certainly an important constitu-
ent of many of them. They have been mapped
with the Auriferous gravels.

In the northwestern part of the guadrangle no rhyolitie
tuffs have been found, although bowlders of rhyolite some-
times oceur in the breceias. A little rhyolite appears below
the andesite at the hydraulic eut just north of Graniteville,

A onee continuous flow of rhyolitie tuff can ba traced along
the eourse of the Neocene South Fork of the Yuba, beginning
east of Blue Canyon and extending down by Alta, You Bet,
Quaker Hill, and Scotts Flat. Some of the first outerops
northeast of Towle consist of massive light-colored rhyolite, |
but below this nothing but rhyolitie tuffs of very sandy to
elayey texture and brilliant-white eolor can be observed.
This tuff crops extensively in the vicinity of Alta, here attain-
ing o thickness of over 300 feet, but it is to a great extent
coversed by red soil washed down from the overlying decom-
posed andesite. The flow once filled nearly the whole of the
broad river valley and even overflowed the adjoining ridges
in one or two places. At Lowa Hill, Independence Hill, and
Monona Flat a thin stratum of rhyolitie tuff appears below
the andesite, which probably found its way here from the

| eolor of its exposures.
| tnffs underlie the andesite.

| River along the present Middle Fork.

[ ealated bodies of geavel, is here from 400 to 600 feet.
| lent exposures are found near the Ralston mine,

Z cia.
: ally be found smaller masses of a mixed gl'm'el of

‘the summit of the range.

~embedded has a

vicinity of Alta. From Dutch Flat to You Bet the rhyolite
| a5 well as the overlying andesite iz eroded. It appears,
| however, at Chalk Blonff, so named from the brilliant white
Here from 100 to 200 feet of rhyvolitic

Quaker Hill, Hunts Hill, and Buckeye Hill. In the vicinity
of Quaker Hill especially the relations are interesting, as
Deer Creek has eut through the whole Neocene river valley,
ni‘l’t}rchng an excellent seetion, The main fork of the Neoeene |

low divide and found its way to the Nevada City Basin. At
Blue Tent the gravels are overlain by about 200 fect of light-

| eolored sands, but their rhyolitic charaeter is not plainly

indicated, and it is probable that the small amount of toff
remaining in the old river valley after the overflow toward
Nevada City had taken place was greatly mixed with sands

| and clays of local origin and thus rendered conspicuous.

One of the largest eraptions of rhyolite in the Sierra Nevada
took place near Castle Peak in the Truckes quadrvangle. The
molten rock followed the course of the Neccene American
It enters this guad-
rangle near the southeastern corner, where it nearly fills the
broad, flat Neocene valley, and is exeellently exposed along
the slope to the north of Long Canyon.  Bome massive rhivo
lite is met with at the castern boundary, but below this
nothing but white tuffs ocenr.  The thickness of the rhyolite,
which often forms blufl-like outerops and containsg inter
Exeel-
A fragment
of the same channel is seen near Michigan Blufl, and at

| the base of Bugar Loaf near that town o little rhyolite is

exposed. The same channel appears again at Bath and May-
flower, passing thence southward under the lava eover near
Forest Hill. At Bath and Mayfower somewhat over 100 feet
of rhyolitic tuff and intercalated gravels are exposed. At
Fl::l["ul:l- Hill, along the blnff south of the town, the thickness
exposed is from 40 to 130 feet,

About a mile northeast of Sugarpine mill a small amonnt
| of execedingly fine-grained chalk-like rhyolitic taff crops
Bolow the andesite.

Andesite.— After a considerable interval, during
which the rhyolite lavas were
voleanoes along the summit of the range began to

| pour out masses of the moderately basic lava

known as andesite. During the rapidly succeed-
ing ernptions andesitic material from these volea-
noes was spread over the whole western slope of
the Sierra Nevada. Practically the whole of Col-
fax quadrangle was, after the close of the ernption,
covered by an andesitic mass to a depth of from
a few hundred to over a thousand feet, the greater

| thickness being found in the northeastern and

southeastern portions. Only a few points remained
like islands above the surface of the vast lava
masses, Among these are English Mountain, the
Black Mountains, and Signal Peak; probably also
Duncan Peak, as well as some ridges to the west
of Dunean Canyon. The whole western part was
submerged with the possible exception of Banner
Hill. Pleistocene erosion has removed the larger
part of the voleanic covering. Enough remains,
however, to cap the summit of nearly every impor-
tant ridge to a depth of a few hundred feet. The
andesitic rocks rest on rhyolite, gravel, or the
older formations of the Bed-rock series. Asarule
the greatest depth is along the old channels, while
the adjacent bed-rock hills may have been only
superficially covered. Throughout the whole
area the andesitie rocks are of a fragmental char-
acter. They consist, as seen in good exposures,
of strata ranging in thickness from a few feet
upward. By far the most usual form is a tuff
breceia consisting of angular or subangular frag.
ments of andesite cemented by a dark-gray mate-
rial chiefly consisting of finely ground-up andesite.
The lower part of the beds frequently consists,
especially in the western part of the quadrangle,
of voleanic sands, clays, and fine-grained tuffs.
Intercalated between these, and always covering
them, are strata of the above described tuff brec-
In the lower part of the series may occasion.

quartz and metamorphic rocks. The tuff breccia
contains exceedingly little nonandesitic material.
Occasionally scattered granite bowlders are
included, as near American Hill and other places.
This granite is identical with that oceurring near
Pebbles of granite and
metamorphic rocks are of rare occurrence in
the tuff breccia. The andesite, as shown in the

'included bowlders, which frequently reach a size
‘of 8 feet or more in diameter, is a rough and

porous rock of dark.gray to dark-brown color.
Porphyritic erystals of plagioclase feldspar are

|invariably present, as are also crystals of augite
and hypersthene,

Hornblende is less abundant,
but appears in many rocks as small, black, glisten-
ing needles. Biotite is of very rare occurrence.
‘1he groundmass in which these ery rstals are
structure van y:ng from 5]&53}'

Similar exposures are found at |

much eroded, the

| South Fork of the Yuba donbtless continued northward |
| across the present South Fork of Yuba River near Blue Tent,
[ but as in this vicinity a low divide separated this hasin from
| that of Nevada City much of the rhyolitic tuff overflowed this

to very fine-grained microcrystalline. While the
structure of the tuff breceia is similar throughout
the quadrangle, there appears to be a slight dif-
ference in that to the north and south of the
North Fork of the American River. North
of this stream the andesite bowlders in the
breccia consist to a considerable extent of
hornblende-andesite, all, however, earrying also
some pyroxene. The rocks have in general a
grayish or brownish color. Desides these horn-
blende-andesites there are a large quantity of

On the Forest Hill

ordinary pyroxene-andesites.

' divide the andesites appear darker in color and

the pyroxenie rocks predominate.

The voleanoes which ejected these enormons
voleanic masses were located along the crest line
of the range. North of the watershed of the
American River the andesites originated from the
voleanoes of Webber Lake, Mount Lola and Cas-
tle Peak. South of that line they were poured
out from the voleanic vents south of Tinker
Knob (Truckee quadrangle), the lavas of which
were of a predominatingly pyroxenic character.
It is believed that these andesitic tuffs were
largely carried down the slope, following the old
river valleys as volcanic mud mixed with water.
This mud consolidated or set like a hydraulie
cement to a hard, compact mass. Probably, how-
ever, dust showers from the voleanoes produced
some of the material, while other masses, especially
near the base of the series, may have been worked
over by the streams in the interval of volcanie
eruptions.

The only occurrence of massive andesite that
flowed down as a molten mass is found 2 miles
southwest of Cisco at the head of Lake Valley,
though flows similar to this are noted in the
adjoining Truckee quadrangle. At this place a
small bed 20 or 40 feet thick appears at the base
of a tuff breccia. It is an olivine-pyroxene-ande-
site with large, clear feldspar erystals and dense,
black groundmass, similar to the rock from Table
Mountain, Tuolumne County, but it does not
contain as much potash as that rock.

The surface of the lava flows, generally of a
rolling or level character, is often decomposed to
a considerable depth, and the dark-red clay soil
generally contains unaltered bowlders from the
tuff breccia embedded in it. A few notes on the
exposures at various places follow below.

Normal tull breecia covers the larger part of the ridges in
Sierra County. Near Plun Valley, however, fine-grained
tufls without bowlders were noted.  Good exposures are seen
near Cold Spring and Alleghany. The heavy masses norvth-
enst of English Mountain, as well as those east of Granite-
ville, eonsist of very imperfectly stratified tufl breceins,. The
onterops in the glacinted areas are generally very good.
Sihimilar in character is the andesite from the North Blooimfield
ridge, although here fine-grained tufls begin to appear in the
lower portion and coarse voleanic conglomerates are oeension-
ally noted embedded in the tufl brecein. Good exposures
may bhe seen at Relief Hill, along the beach above Orleans at
Backbone House, and near North Bloomfield. The andesite
tufl on the ridges extending from Ciseo down toward Nevada
City ealls for no special eomment. Good exposures are rare
but sometimes oceur near the head of steep ravines where
landslides have oceurred. At Bowman Valley where the
andesite ig over a thounsand feet thick, the glaciated bluff
presents exeellent exposares.

The small areas in the southwestern part of the quadrangle
near Colfax present no unusnal features. A stratum of toff
brecein is always present; occasionally, also, underlying strata
of finer tufls.

The Long Canyvon divide and the npper part of the Forest
Hill divide present no unusnal features ag far as the andesitic
rocks are concerncd. The lower southwestern part of the
guadrangle is characterized by a great abundanee of voleanic
gands and tuflz alternating with tafl breccia, and occasionally
econtaining smaller bodies of gravel, sometimes aunriferous.
This is probably explained by the fact that a broad river basin
existed in this vieinity in which the voleanic material was
frequently worked over between the eruptions. The chan-
nels of the intervoleanie epoch, which contain littls or no
gravel, are usually found to be completely filled with tuoff
breecia. Here, as well as in other parts of the guadrangle,
the last and heaviest flows consist of the same tuff breccia.

The following sections show aceurately the ecmposition of
the lava eap covering the gravel at various
points on the Forest Hill divide. They have
been obtained chiefly in shafts sunk through

Sections of
andeditic
Tlows.

the wvoleanie cap to reach the underlying gold-bearving
gravels.
Section wear Gray Fagle shaft.
Foal.
Andesitic tafl breeein....... ... cocoiiiianaan. 130

River wash, sand, and gravel, largely voleanie. 110
Andealtio toff. . ... . cvner cirriinnasnsanarnns Gl
GEravel and Sand. .. .. v iciaanen caranranraten 10
Andesitlo taff. ... .ceccuihaiiiiniiininaie vaaan 20
AT et i e e ot B s e T
AmeeE o T, L e L 25
T e 4L el W T A e R T 2
Bed rock.

Ak 1 RSt B Y KRR o e e S 264

At this place there are thus four distinet streata of voleanie |

materinl saparated by four strata eontaining river wash., Of

eourse most of the pebbles in this are voleanic, but most of
them contain a little gold.

Segtion north of New York Camnyon, near Tora Hill

Fipl.

Andesitic tuff breeeis. ...... cooenr ceiireaenn i1}

Awriferous gravel. ... iia i i 4

AT e e T AT e Lt o et e e s A e 104

Auriferons pravel. . ...civiiiiiiniiniia e (M)
Bed rock.

AT I e o S R o 314

Seetion ot Reed mine, Deaadfinood,

Faet

Andesitie tuff breeein ... ... oo ool T

Gravel with e little gold. ... ..c.ciaicaieanaa, T

Amdaaibie Sl v s o ol e v ae e a e e e

Lo By B e e R o s S B s e L]

Andesitic toff........... e A e et H

Hrown tuffaceous elay ( choeolata™) ... . 5

Anriforons PraTel .. .....coiiariarinrmasshsias 4
Hed rock.

LS, o v et ki 0 povr P o 161

This section is characteristic for o considerable extent of
conntry in the vicinity of Eldorade Canyon, Deadwood, and
Last Chanee.

PLEISTOCENE PERIOD.

The Pleistocene period as defined in this folio
may be divided into three epochs:

1. The epoch of elevation and erosion, beginning
with the close of the andesitic eruption and the
great uplift of the Sierra Nevada. This is by far
the longest of the three. During this epoch the
oreat canyons were excavated to practically their
present depth. The waterlaid deposits accumu-
lated during this time are naturally insignificant
and consist mainly of small gravel benches left
along the canyon slopes at points somewhat pro-
tected from erosion.

9. The Glacial epoch, which began only after
the canyons had been eroded almost to their pres.
ent depth and which occupied a lesser interval of
time. Its deposits are abundant and consist
partly of moraines and other glacial detritus,
partly of low gravel bars along the rivers, below
the limit of glaciation.

3. The post-Glacial epoch, continuning up to the
present time. This has occupied a very short
time, comparatively speaking—in fact, probably
only a few thousand years. The deposits belong-
ing to this epoch are insignificant, consisting of
gravels in the present stream beds and sands and
silts in small glacial lake basins.

The only distinction attempted on the map is
between moraines and glacial drift on one hand
and river gravels on the other.

Fluviatile gravels of pre-Glacial age— These
small gravel areas are remains of the old river
deposits accumulated during the gradual process
of canyon cutting, and most of them are only from
25 to 100 feet above the present river level.

Only rarely, as south of Michigan Bluff and at
Hayden 11ill, south of Towle, are benches from
200 to 600 feet above the river level ,
preserved. Many of these areas of Pemehes
Pleistocene gravel are found along the Middle
Fork of the Yuba, but they are seldom more than
a few acres in extent. They are even more com-
mon along the South Fork of Yuba River, espe-
cially from Washington westward., A short dis-
tance east of Washington is a more extensive
gravel deposit, reaching as far as the mouth of
Scotchman Creek. These gravels are composed
in part of very large and subangular fragments,
and may be partly of glacial origin. They have,
however, certainly been concentrated by fluviatile
action. Their thickness is from 10 to 80 feet.

Similar small gravel benches occur along the
North Fork and Middle Fork of the American at
levels rarely exceeding 50 feet above the river.
They are found all along the North Fork in this
quadrangle and also along the lower course of
the Middle Fork. The upper course of the Mid-
dle Fork contains relatively few bodies of Pleis-
tocene gravel, as the canyon here is narrow and
precipitous.

DBasalt.—Scattered eruptions of basaltie lavas
took place in different parts of the quadrangle
during the early part of the Pleistocene period,
that is, during the epoch of erosion preceding the
glaciation. The aggregate area covered by basalt
reaches scarcely 2 square miles. The basalt rests
either on andesite or on rocks of the Bed-rock
series. Its relation to the underlying rocks proves
that it was erupted after considerable erosion of
'the andesitic masses had taken place but before
| the canyons had attained their present depth.
| Within the limit of glaciation the basalt is covered




by glacial drift and moraines, thus showing its
pre-(rlacial age. The rock is of normal character,
black, fine grained, sometimes vesicular, and gen-
erally contains small erystals of olivine.

flows from the summit of the range westward
have been observed.

Near Forest small areas of basalt cap the
andesite, reaching over into the Downieville
quadrangle. The largest area is the so-called
Table Mountain, north of Forest, where the basalt
attains a thickness of 200 feet. In the tunnel of

the Bald Mountain Extension Company, 600 feet

below the summit of Bald Mountain, a dike of
this basalt 30 feet wide was found ecutting the
serpentine and extending upward into the over-
lying Neocene masses. The basalt in this dike is
a black, fine-grained, normal rock, with partly
glassy groundmass,

A comparatively large area of basalt and
basaltic tuffs is found to the south of American
Hill. It is probable that this flow once connected
with the small masses of the same rock found as
flat-topped hills near Weaver Lake, but the con-
necting areas have since been eroded. Small areas
of basalt were noted at Lindsey Lake and also in
the andesite at the Sugar Loaf, half a mile south-
west of Shands, Small outerops of dikes were
noted 2 miles east-northeast of Lowell Iill, and on
the summit of the ridge south of Burnetts Canyon,

Moraines and other glacial detritus—The gla- |

ciers which covered a large part of the summit
region of the SBierra Nevada during the latter
part of the Pleistocene period, and which have
only recently disappeared, have left abundant
traces of their existence in the eastern third of
the quadrangle. The glaciated region falls
chiefly to the east of a line drawn from Pinoli
Peak on the north to the southeast corner of
the quadrangle. The marks which the moving
masses of ice have left are of a twofold charae-
ter. In the first place, large areas of the upper
region were swept bare of soil. This large
glaciated region is strongly characterized by the
bare, rounded outerops of lightgray granitie
rocks or reddish-brown slates. The region thus
denuded lies east of a line drawn

from Granite Canyon on the American ®aciation.

River to Cisco, thence follows the railroad to Emi-
grant Gap, thence extends north-northeasterly up
Grouse Ridge, Bowman Mountain, and Pinoli
Peak. West of this denuded area is a belt along
which all the principal moraines are found, and
within which nearly all the débris swept down
from above has found a resting place. In some
places the moraines are of great depth— some-
times as great as 200 feet —but frequently they
spread out, gradually changing to a thin covering
through which outerops of the underlying rocks
may be seen. The difficulties in the way of
geologic mapping are very evident.
lines have been drawn around the morainal areas

on account of their imperfectly determinable out-

lines. Only the heavier glacial detritus which
completely covers the ground has been marked
as moraines,

During the Glacial epoch the whole northeast-
ern corner was covered by a continuous sheet of
ice, above which only few peaks pro-
jected as isolated hills. Among these
may be mentioned Pinoli Peak, Findley

Altitodinml
limit of
glucintion.

Peak, English Mountain, Black Mountains, and |

Signal Peak. On the latter, for instance, glacial
detritus is found to a height of 7300 feet. In
this case the limit is conspicuous, because the
drift consists of white granite bowlders which
strongly contrast against the red slate. From this
ice sheet tongues projected down the principal
streams, separated and fringed by the morainal
detritus. While it is probable that the glaciers
receded and advanced several times, it can not be
said that decisive evidence has been found in
favor of two or more definite divisions of the
period.

The
headed north of Meadow Lake in the
Truckee quadrangle, and the deep ice
sheet followed the course of that stream
east of English Mountain and Findley Peak at
least as far down as Milton and probably farther.

The important Canyon Creek glacier headed
among the bare amphitheaters around
Faucherie and French lakes. The
high peaks north and south of Bowman
Lake must have projected above its surface.

Collnx. -

Middle Fork
of Yuba
glacier,

Canyon
Creck
glacier.

At

These |

eruptions were evidently local. No continuous |

No contact |

glacier of the Middle Fork of the Tubﬂ;

the sudden bend westward which the glacier |

took near Bowman Lake a very large morainal
' mass became lodged in Jackson Creek. Around
Bowman Lake the rock is generally swept clean.

' flowed in a northwesterly direction into the South
Fork and a small tongue very probably reached
' the Middle Fork of the Yuba. The lower limit
of the Canyon Creek glacier is not established
beyond doubt. A morainal fringe extends along
the western slope as far down as east of Granite-
ville, and seattered glacial débris is found in
places above Graniteville. The morainal masses
are continuous along the summit of the ridge
| dividing Canyon Creek and Fall Creek from
| Texas Creek, but much of this material has
' doubtless been accumulated by the glacier
| tongues projecting along the two lastnamed
creeks. It is barely possible that the Canyon
Creek glacier may have reached the South Fork
of the Yuba, but no well-defined traces of this
were found. In the steep canyons the loose
morainal débris would be rapidly carried away,
thus obliterating the glacial traces.

The heaviest moraines found in this quad-
' rangle extend from Fuller Lake to Bowman
' Mountain. Fall Creek, with its beau-
tiful glacial cirques near the head,
certainly contained an important glacier, which
may have reached down as far as the South Fork
of the Yuba, but this would have been utterly
inadequate to accumulate such large morainal
masses, which must, therefore, be considered as

Muin ice
sheet.

fi

Through a low gap a branch of the glacier over-’

largely having been carried down from higher

ridges by the main ice sheet. Ice tongues extended
far down from the vast ice sheets covering the
upper watershed of Fordyce Creek and the South
Fork of the Yuba. The main ice stream did not
follow the present course of the Yuba below
Emigrant Gap.

It has been stated before that |

glaciation is noted except at Westville, at an
elevation of 5200 feet. From here up to Secret
Canyon the ridge is covered by thin,
angular detritus consisting chiefly of
quartzite and chert, and gradually
growing thicker until at Secret Canyon accumu-
lations begin which can probably be mapped as
moraines. This detritus reaches down for several
hundred feet on the northern and southern slopes.
Small moraines are found on both sides of Tadpole
Canyon, indicating that its upper course was
occupied by a small glacier. At Canada Hill
heavy moraines cover the ridges, while the canyons
leading up to Duncan Peak are clearly glaciated.
More or less morainal material is found for
several miles in all directions from Duncan Peak.
Scattered subangular wash similar to that from

(laciation on
Forest Hill
divide.

above Westville covers places in the andesite -

area 4 miles southwest of Duncan Peak. Glacial
detritus occurs on the ridges on both sides of
Long Canyon and the Middle Fork of American
River. It is not easy to say definitely how far
down the Middle Fork of American River the
glacier reached, but it is probable that it extended
many miles from the eastern boundary of this
quadrangle. The glacier of Long Canyon is
believed to have extended nearly to the southern
boundary of the quadrangle.

No glacial detritus is found east of the ocenr-
rences here deseribed, although the andesite areas
offer excellent opportunities to detect it, as
morainal matter of slate or granite would be
easily discerned on their surfaces.

During the Glacial epoch gravel bars were
formed along the rivers below the limit of glacia-
tion. Just where the line should be drawn
between pre-(flacial and Glacial gravels of this

| kind is not quite clear; but it is believed that
' the benches of the latter kind are rarely more

the deep gap separating the Yuba from the Bear

River at Bear Valley represented the valley of

the Neocene river formerly filled with lava and |

gravel and again worn out during the early part
of the Pleistocene period.

Through this gap the

main ice stream must have flowed, continuing on |
below Bear Valley, as evidenced by the heavy |
moraines on both sides, which gradually thin out |

4 or 5 miles below that point.

It is probable, |

however, that a branch of the South Fork of the |
Yuba glacier followed the main river for a certain |

distance. Just how far is not easy to say.
defined moraines cover the ridge between Diamond
Creek and the Yuba. A little angular material,
possibly of morainal origin, is found near the
mouth of Canyon Creek. Farther down, at the

Well-

than 25 feet higher than present high-water mark.
These bars and benches are found at intervals
along all of the principal rivers, and are more
extensive than the pre-Glacial Pleistocene deposits,
though most of them are so small that they can
not be indicated on the map of the seale adopted
for this folio.

Post-Glacial gravels—The most recent Pleisto-
cene deposits comprise the gravel bars at or just
above the present high-water mark. Such bars
are found along all the principal rivers, chiefly at
points where sudden bends occur.

The latest deposits of the rivers include vast
amounts of débris of gravelly character which
have been dumped into them from the hydraulie
mines. In some places the rivers are filled to a

' depth of 20 or 30 feet with these masses of tail-

mouth of Scotchman Creek, a small amount of |

drift of undoubted glacial origin occurs near
' the dam built in the creek for the purpose of
impounding tailings, Thisis about 150 feet above
the river. Opposite Washington the Pleistocene
river valley is covered by angular material, possi-
bly morainal, In coneclusion, it may be said that
some evidence supports the belief that a narrow
tongue of ice found its way as far down as Wash.-
ington, possibly reinforced by tributary glaciers
from Fall Creek and Canyon Creek. There is,
however, absolutely no glacial drift on the south-
ern slope from Washington to Omega, nor is there
any drift whatever on the lava ridge between

Omega and a puint a few miles west of Bear |
| yons,

Valley House.
Heavy moraines, second in size only to those of

Fall Creek, cover a large area south of Emigrant |

Gap. Itisevident that glaciers project-

ing from the main ice sheet along Lake
- Valley and Monumental Creek depos.
Cited these moraines. Just how far these glaciers
' reached down the streams can not be decided
| with certainty. No indications of glaciation were
' found in the canyon below Red Rock mine.
! The glacial accumulations in Big Valley and
i Granite Canyon are considerable and are evidently
' due to ice tongues projecting southward from the
main ice-covered area.

It is doubtful also how far the glacier extended
down the North Fork of the American River
Some angular gravel is found near the
mouth of New York Canyon and Sailor
Canyon, but it is believed that the main
glacier did not extend quite so far west as these
points, though there is no doubt that both these
' ravines at one time contained smaller glaciers near

their heads,

Moralnes near
Emigrant

Morth Fork
of American
River glacier.

ings, which locally form flood plains that are in
some places as much as 500 feet wide. Bince the
cessation of hydraulic mining, about 1888, the rivers

' have begun to cut down into and remove the

débris, and within this quadrangle will doubtless
clear their beds completely if no further débris
is carried to them from the mines. These bodies
of gravel are generally too narrow to be repre-
sented on the map. The Middle Fork of the Yuba
contains a relatively small amount of tailings,
which, moreover, is being rapidly carried away.
The South Fork eontains masses of tailings in
places as far up as Washington. They are usually
not more than 10 to 20 feet in depth, and are
separated by stretches of abrupt and narrow can-
Above Washington the bed of the river is
comparatively free from débris. Bear River, from
a point 3 miles above Dutch Flat, has received a
very large amount of tailings. From this point
westward its bed is completely filled by gravels,
sometimes to a depth of 30 or 40 feet and to a
width of from 300 to 400 feet. The lower part
of Steep Hollow is similarly overloaded and the
Greenhorn River from Quaker Iill down is com-
pletely choked by deep tailings.

[n the North Fork of the American River the
tailings form a continuous mass up to 30 feet in
depth and 400 feet in width from the crossing of
the Colfax—Forest IHill road down to Auburn.

| Above this point to the mouth of Canyon Creek

there are in places heavy masses of tailings, but

| they are separated by stretches of narrow canyons

in which the river flows over bed rock. Above
Giant Gap there are practically no tailings. A
considerable amount lies in the lower course of
Shirttail Canyon.

The Middle Fork of the American River con-

tains smaller masses of tailings up to a point
On Forest Hill divide no evidence whatever of |

south of Michigan Bluff.

ECONOMIC GEOLOGY.
COPPER.

No copper depesits of economic value have thus far becn
developed in this quadrangle. Near the confluence of Bear
anid Greenhorn rivers, on the road from Colfax to You Bet, a
prospect was noted showing disseminated chaleopyrite near
the contact of =erpentine and slate, but no considerable quan-
tities of the copper minerals seemed to bhe present,

On Humbmg Creek, about half a mile above North Bloom
field, there ocenrs in the schistose amphibolite & mass of iron
pvrite earrving some copper.  Its economic value is not
Kiwn, az the developiments are very slight. Disseminated
copper pyrite iz said to oeour at several places in the same
belt of amphibolite zouth of North Bloomiield.

In Rattlesnnke Creek, about south of Signal Peak, copper
pyrite oeeurs aceompanied by cobaltite, chiefly as impregnn-
tions ina gneig=oid schizt.  Two or three shafts have been sunk
at thiz point but have not resulted in developing any consider
{tthl!' :I.Il”l“l':- |:|f [1] L&

GO,
GOLD-QUARTE VEINS.

The gold-quartz veins are fissures in the Bed-rock series
filledl with quartz containing native gold and the auriferons
sulphides. The guartz has been deposited by
waters which ecireulated in the fissare. The
fissures may be large or small, straight or irreg-
ular, though the large ones usnally approach a plane in con-
figuration. Sometimes a larger vein may split up into a series
of gtringers.  The strike and dip vary greatly in different
veinsg, though in one and the same mining distriet there is
usually a series of parvallel fissures. The individual veins are
rarely very long. It is unnsual to find a vein that ean be
traced continnously for more than 2 or 8 miles. The gold is
seldom egually distributed through the gquartz, but is con-
centrated in more or less regular bodies or ore shoots,  Thess
are usually of elongated form and steep dip.  Each vein may
contain several shoots, so that if one ore body is exhansted
thorongh exploration of the vein frequently diseloses another.

Quartz veins ccear in practienlly every one of the forms-

General
relations,

| tions of the Bed-rock series, and are found in nearly every

part of the guadrangle. However, there arc

three belts in which the majority of them appear Dﬂ‘ﬂ:::ﬁgﬁc
to be concentrated. The first extends along the v::‘ns.

western boundary, the veins oceurring in slates,
snndstones, diabase, diorite, and granodiorite, The second
extends through the center of the guadrangle from north to
south, and comprises the vein systems of Alleghany, Minne-
sota, Graniteville, Washington, and those in the vicinity
of Humbug Bar, on the North Fork of the American River.
These vein systoins are of groat importanee, as it ApPPears that
they have been the prineipal sonrees of the gold contained in
the beds of the Neoeene and present rivers. These veins
oeeur in granite, slate, serpentine, and mmphibolite.  The
eastern thind of the quadrangle is relatively poor in goll
deposits, and both the present and the Neocene gravels have
heen less remunerative in this part than in the rest of the
quadrangle.  Some of the streams in this region are indeed
practically barren. However, scattered veins oceur in the
southeastern part and a vein system of some importance,
though not very rich, is found in the vicinity of Meadow Loke
and Old Man Mountain,

The productive guartz veins are younger than the voungest
member of the Bed-roek series, that is the granitic rocks, and
on the other hand the quarts veins antedate the
Neoeene aunriferous gravels. In all probability ‘35':..:' ot
the time of their formation falls in the early
Cretaceous.  But it is certain that the Carboniferons series
contains some quartz veing formed before the deposition of
the Mariposa slates and the great igneons introsions, thongh
it is not probable that these gquartz veins are very numerons
or very rich. That quartz veing oveur is proved by the
plentiful oceurrence of quartz pebbles in the conglomerates
of the Mariposa slates. These conglomerates have been found
to carry a slight amount of gold, which apparently has been
derived from older guartz veins,  Another evidence in favor
of the existence of an older series of gquartz veinz iz that eon-
torted veing are ocensionally fonnd in the Carboniferous slates,
which bear evidence of having participated in the compres-
zion of the sedimentary series,

Detailed deseriptions. —The great Mother Lode of Californin
can nobt be traced continuously any farther than the Middle
Fork of the American River, in the adjoining
Plagerville guadrangle. It splitz hers into
several forks and o peenlinr kind of deposit
appears, usually referred to as sean diggings.
These consist of o great number of small seams belonging to
one or more fissare systems amd all containing gold, some
being very rich  The usual way of mining the decomposed,
softencd upper part of these deposits is to hyvdraulic them, as
would be done with the placer gravels. Where the seams
gecur in hard, fresh rock the mass, as a whole, is rarvely rich
enongh to exploit. At the southern boundary of the guad-
rangle, 8 miles south-southeast of Weimar, is a deposit of this
kind which has been somewhat extensively worked. 1t lies
on the contact of Carboniferons slates and a small serpentine
mass; it is known as the Yores inine.

The Black Oak mine is situated 2 miles south-southeast of
Weimar in the Maripogn slates. The vein is traceable for a
distanes of :J‘ﬁﬂ'lil feet and is developed 'I}I:r' several Biack Dale.
tuunels. It is a well-defined fissure vein 2§ to 3 lmlnﬁ Sun,
feet wide, sarrving rather eonrse gold and some Iﬁii;uulirf'
COPET n_.m;l iron pyrite. The ore is stated to ﬁl‘%dﬁﬂ;"h“r
average 515 to the ton, and considerable work
has been done on this mine zinee 1504, A wmile and a half
west-northwest of Colfax are the Rising Sun and Live Oak
quartz mineg. The Rising Sun is stated to have produced
&2 000,000, The average value of the guartz is said to be 538
per ton.  The vein is & well-defined fissure from 2 to 8§ feet
wide, and the quartz eontaing a small amount of iron and
copper pyrite. The gold iz coarse, frequently visible to the
naked eye. The Rising Sun is developed by means of a shaft
740 feot in depth.  After a long period of inactivity the mine
has recently been reopened amnd a tunnel 2000 feet long is
being driven from near Hear River which will tap the vein
500 feet below the surface, The adjoining Big Oak vein has
also been worked to econsiderable extent.  From 1888, when it
was re-loeated, to 1887, it ig stated to have paid a profit of
30,000, Between Colfax and Nevada City intervenes a streteh
of comparatively barren ground. The Jack Rabbit vein,
northwest of Buena Vista, has been explored to a depth of
270 feet, but work has been suspended for several years,

Near the boundary of the quadrangle, a short distance east
of Nevada City, appears an extensive vein system, described
in detail in Folio No. 28, The veins, which are

very nunerous, have chisfly an cast-west direc-

Character of
the Mother
Lode.

Federal Loan,

- Muovilower,
tion and a moderately northerly or sontherly an MNorth
dip. They oecur in granodiorite and sedimen- [RERE0

tary rocks, the more important being the

| Federal Loan, the Mayflower, and the North Banner,



The reglon southeast and north of Nevada City iz remark- |
ably poor in paying quartz veins. Abont a mile ey
and a half northwest of Blue Tent two locations  Morgan.
have been made, ealled the Kirkham and the
Morgan, upon which some work has vecently been done.

North of this there is nothing of hmportance until Grizely
Ridge is reached. On the northerly slope of this erops the |
famons Delhi vein. It is contained in the black,
hard siliceons rock of the Delhi formation, This :—:::l";-l‘:ﬁf’-
mine has produced a large amount of gold and  Live Oak.
ita vein is characterized by having an extensive
and rich shoot of eoarse gold. The vein is opencd by tunnels.
The mine has been idle sinee 1808, ns the shaft sunk below the
tunnel level was found to earry an amount of water which
could be handled only with great expense. It was again
opened in 1838, There are several other veins in the vieinity
of the Delhi, the most important of which iz the Gothardt,
cropping partly in slate and partly in diorite, The mine is
developed by a perpendieular shaft 330 feet in depth. The

Live Oak mine is loeated three-fourths of a mile west of the |

Drelhi, and has been developed by several tunnels,

Half a mile north of Pike, in Sierra County, erops the |

Alaska vein, which was worked to o considerable
extent about 20 years ago, and which is stated to
have produced much rich ore with eoarse gold.

The main mass of the Delhi slates is very poor in quartz
veins, Neither do any workable veins ocenir, as far as Known,
in the adjoining Cape Horn slates. The narrow serpentine
belt separating these two formations in the

i f y Ik . ¥einsin
northern part of the guadrangle containg one  enentine.
large wvein, which is charvacterized by a con-
siderable mass of dolomite and mariposite as is usual with
veins in serpentine. The vein has been worked to some
extent, and a large mill was ones erected near Kanaka Creelk.
The ore is stated to be low grade.

The great serpentine belt traversing the gquadrangle from
north to south contains a number of gold-quartz veins, many
of which are very rich. Many small quartz veins oceur along
its contacts, but they are generally noted for a pockety char-
acter, containing small chimneys of rich ore.  Dolomitic rocks,
the result of alteration of serpentine by mineralizing solutions,
are frequently found at the contact of the serpentine and slate.

A large body of low-grade ore oceurs between amphibolite
and serpentine on the south side of the Middle Fork of the
American, about 1F miles southeast of Forest
Hill. This ore body nplnm_zntly li:]!.]-l:ﬂj‘ 1eor::s15ts ;;i::tﬂﬂm
of amphibolite altered by mineralizing solutions.  divide.

A short distance south from the mouth of Vol

cano Canyon the serpentine containg a small vein which has
been worked on a small seale, In the hanging wall of this
vein lies a narrow dike of diorite with brown hornblende. A
ghort distance east of Forest Il on the eontact of clay slate
and amphibolite, is a wide belt of altersd rock containing a
guartz vein from which some rich ore was extracted a long
time ago. This is known as the Moss Ledge.  All along the
sgrpentine contact up to Michigan Blaff there are evidences
of the existence of many small veins containing eoarse gold,
which have been worked in a desultory way. The amphibo-
lite area north of Baker Divide contains several guartz veins
with a northwesterly strike and steep northeastorly dip.
Moat prominent among these is the Drommond mine.

For a long distance north of this place the serpentine belt
eontaing no quartz veins. Hall a mile north of Washington
is Red Point mine; it consists of a large body of
low-grade ore chiefly composed of altered ser- Emﬂm‘f
pentine containing many small guartz veins.  Abrams,
Attempts have been made to mine this at varions Eﬁ:‘}.:’a’&ﬁ'"'
times, but they have not proved very suceessful. ﬂm’“ﬁ{sa.
The amphibolite and serpentine north and south  lers, and
of the canyon of the Middle Fork of the Yuba ?:.::g“l
eontain an important systemn of veins similar in
strike, dip, and gencral character, The divection of these is
generally west-northwest to east-sontheast,  The dip is from
5% to 45" N. They are well-defined gquartz veins containing
coarse gpold and a gmall amount of snlphides. Most of them
appear to be pocket mines, that is containing small chimneys
of exceedingly rich ore. Near Orleans the Bueh and Abrams
vioin is worked to some extent. IFrom Minnesota eastward
extends the Gold Canyon vein, which for 1} miles cuts across
the strike of the amphibolites but disappears a short distanee
after entering the serpentine. The mine is situated close to the
river and has been worked at intervals.  Is said to have
yielded S700,000. Half amile east of Minnesotais the Plnmbago
mine, celebrated for its rich ore with eoarse gold.  After many
vears of quiescence this mine has recently been opened. Near
Chips Flat extends the Rainbow vein, similar in character and
production to the Plumbagoe.  Inthe canyon of Kanaka Creek,
upstrenm from the bridge between Chips Flat and Alleghany,
are a nunber-of small veing from which at intervals very rich
quartz has been extracted.  This rich quartz with coarse gold
is usually simply erughed in a hand mortar and washed in |
pans,  Just above the bridge is the Appel vein, reported to
have yielded aboot 340,000 from 1836 to 1801. Half a mile !
farther up the ereck iz Fesslers mine, from which $50,000 |
were said to be extracted in the manner above deseribed |
during 1590-M. One mile west of Alleghany is the Oriental |
mine, reported to have yielded 3,000,000 in early days, one
pocket containing $740,000.  After eighteen years of quiescence
this mine has recently been reopened.

On the econtact between serpentine and slate one mile south |
of Mountain House, Sierra County, lies the Bush Creck vein,
reported to have been worked with good results about fifteen |
}'l’.!!'l"ﬁ- ﬂgl).

From Ameriean Hill to Michigan Blaff extends a belt along
which guartz veinsg rieh in gold appear to be especially abun-
dant. These veins generally ocenr in clay slate, Velns
though one branch of the belt is contained in  between
the granite area of Canyon Creek. The veins pimieen
arg well-defined guartz veins of ordinary type, #IE;‘EF"
often rich in eoarse gold, and usually containing
a few per eent of sulphides, chiefly ivon pyrite, with small
amonnts of galena, zine blende, and ehaleopyrite. The indi-
vidual veins may in some cases be traced for a distance of more
than amile. Along this belt, as well as some distance west of it,
the gravel deposits are especially rich and eontain coarsa gold.

Southwest of Michigan Bluff, on the north side of the
American River, is the American Bar vein, inclosed between o
hanging wall of slate and a foot wall of altered
porphyry. This vein, which is from 3 to b fest %ﬂcﬂi"‘aﬁ'n
in width, wag worked in 1895 and 1885, but iz ?:Irlmﬂn
now said to be idle. At Byrds Valley, near z
Michigan Blafl, the placer mines contain exeeedingly coarse
and often erystallized gold plainly derived from gquartz veins
in glose proximity. Heveral guartz prospects were noted a
mile northeast of Michigan Blafl, but little work has heen
done on any of them. Near Byrds tunnel the slate contains
large quartz veins, which, however, appear to be barren.
The Herman vein, 5 miles north of Deadwood, is inelosed in
a quartzitie sandstone, dipping 25° to the southeast. This
vein has been worked eontinuously and sueeessfully sinee
180, The vein is from 3 to 12 feet wide, the guartz contain- |
ing a large gquantity of sulphides in addition to free gold.

Alnzka veim.
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In the vieinity of Humbug Bar the quartz veins are strongly
developed. Most prominent among thess is the Lynn and

| Pioneer, which has been worked persistently

and sucesssfully during the last few yvears, The :;J'n'::r“:“d

veing are well-defined normal quartz veins con-  Dorer veins.
taining free gold with a small proportion of sul-

phides. During the last few years this mine has produced
about 2000 to 10,000 tons of ore per year, averaging from $10
to §16 per ton.  The mine is opened by three erosseut tunnels,
the lower tunnel being 1400 feet long. The vein has Deen
followed 2500 feet along this level.  The Dorer mine erops= on
the steep hillside north of Humbug Bar, and is inclosed in
clay slates and gquartzitic sandstone.  This vein, similar in
character to the Lvnn and Pieneer, has been worked ot
intervals during the last 156 years. 1t is not improbable that
thorongh prospecting will develop valuable quartz mines in
the rugged canyons to the east of Shady Run.  Several pros-

pects arve loeated there, among which may be mentioned the |
Avery, Golden West, and Fairmount. The slates in that |
£ | eonrse of the Neocene stream muast, as shown by bed-rock
The Red Rock mine is situated 2 miles sontheast of Blne |

vicinity are known to contain a large amonnt of quarts.

Canyon. It consists of o long streak of slates penetrated in

all diveetions by veinlets of quartz, and it also con- Red Rock,

| tnins o mass of solid white gquartz. It is followed  Washington,

Erie,

on the west side by o nawrrow streak of sehis-  GnSt o

| tose amphibolite also containing small quartz oand Culbert-

son veins.
gtringers, The whole forms a large mass of low-

grade ore.  On Texas Hill, 2 miles farther sast, several large
veins erop.  None of these have been worked to any consider-
able extent. Several prospects have been worked near Italian
Bar in tha eanyon of the North Fork of the Amerjican. Some

prospecting work has also been done on the veins in Bear |
River Canyon, 4 miles west-southwest of Emigrant Gap. To |
the northwest of Emigrant Gap extends an important geries |

of quartz veins crossing the South Fork of the Yuba, often

known ns the Washington quartz belt. Many of the prinei- |
pal mines are situated in the canyon of the South Fork of
Yuba River. The Washington mine, near the mouth of Can- |

von Creek, cuts acrozs the strike of the slates and iz nearly
perpendicalar.  Some 10 years ago this vein was worked, pro-
ducing a considerable amount. It is developed by means of

in Poorman Creek, is the Erie vein, which has been worked
at intervals, North of thiz again, 2 miles west of Graniteville,
are loeated the National and Culbertson veing, also in clay
slates, dipping 75° E. The guartz is from 1 to 4 fect wide,
and contains less than 1 per cent of sulpbides. The Culbert-
gon and National mines have been worked continnously for
the last fow vears, and are developed by shafts to a depth of
1850 feat,

The Spanish mine is situated 3 miles north-northeast of
Washingion., The Hpanish vein consists of o body of clay
slate 20 to 30 feet wide, Alled with quartz stringers
and adjoined on the west by a narrow dike of
sehistose amphibolite, probably an altered diorite.  This mass
forms o large body of low-grade ore, which, however, has
been worked with profit under exceptionally favorable con-
ditions. The ore is gaid to average from §1 to §2 per ton.

Spanish mine.

| a tunnel on the river level and a shaft having a depth of 600 |
| feet below this level, To the north of the Washington mine,

face material. The gangue consists of black tonrmaling and
epidote, Frequent attempis have been made to exploit these
veins, but they have not generally been sonccessful, owing to
the low grade, the absence of free gold, the climatie conditions,
and the difficulty of communieation. The veins are contained
in granodiorite, diorite, and diabase-porphyrite.

North of Eoglish Mountain, aof Jock=on Lake, in dialbase-
porphyrite, crops a vein which s similar in its ore and char-
acter to the veins of Summit City.,  The decsoniposed portions
contain a con=iderable amonnt of free gold, and the vein was
sneeessially exploited during 1585 and 1555

AURIFEROUS GRAVELS.

Neovene pre-voleanie gracels.—Along Oregon Creek several
hodies of gravel are exposed, Iving on lat benehes sometimes
less than 100 fect above the stream.  The gravels
at Tippecanos are 100 fect thick and cons=ist of E::El?:nd
quartz and chert pebbles, often imperfectly  vicinity.

washed. They contain no voleanie rocks.  The

velations, have followed the present Oregon Creeal.  The
pravel at Remargis and Giales diggings, 2 miles farther up
the ereck, is similar, At Tippecanoe o fow acres have been
hydraulicked, amd some work has also been done at Gales;
the gravel is here 50 feet thick and i covered with 10 feet of
pipe clay,  Small bodies of gravel erop near Nelson mill, and
below the andesite one mile east of Plum Valley. A sharply
defined ehannel containing little if any gravel is noted at
Daneckes tunnel, 23 miles northwest of Tippeeanoe,  This
Neoeene guleh probably drained northward.

A junetion of two important straams took place near North
Columbia, and bhere the Auriferous gravels are developed (o a
greater extent than at any other place. In the
Smartsville quadrangle there is a large area of Eg{:',:,,,h_
gravel extending from Badger Hill to the limit
of the gquadrangle. This is continued in this guadrangle
as far east as North Bloomfield, covering about 8 sguare
miles. There was doubitless o deep channel with slight grade
running from Grizgly Hill {one mile sonthwest of Kennebeco

channel of North Bloomfield from the east. The North Col-
umbia gravels are among the most extensive and deepost

| known, the depth along the center of the channel being from

| 400 to 500 fect. The gravel in the deepest trough, exposed at

Badger Hill and Grizzely Hill, is coarse and made np largely
of metamorphie rocks, while the top gravel, spread out over
the benches, is fine and much more guartzose.  Near the sur-
face; and especially up toward the base of the lava flow, there
are heavy masses of sand and light-colored elays,

The gravels at North Columbin are owned chiefly by the
Eureka Lake Company, their claims covering an aren of 1445
acres along 2} miles of channel. A large amount of surface

The Spanish vein iz traceable for a distance at least of one |

mile and possibly still farther south.

The granite area of Canyon Creek contains a number of |

important veins extending between Graniteville and the SBouth |

Fork of the Yuba. The Yuba mine, in the can-

yon of the Sonth Fork of the Yuba, was worked E:bI: Tlr::!d
extensively some 10 years ago but is now idle.  velns.
The mine is developed by means of a tunnel from

the river level to ashaft which extonds 800 feet balow this lavel.

| Following the Yuba vein for some distance and embedded in

the granite, is a narrow streak of slate and limestone. The ore
consists of clean, pure quartz with free, coarse gold, galens,
pyrite, and pyrrhotite. The Yuba vein iz from 2 to 16 feet
wide. Half a mile above the Yuba mine is the Eagle Bird,
well known as an important producer. The vein, tracenble
for o distanes of o mile south of the river, is similar fo the

Yuba in width and character of ore. It is developed by |
| here exposed.

means of tunnels and a shaft 800 feet in depth. Following

the vein there is in many places o greenish porphyry, as well |
| om & very large scale. The exeavations extend for 5000 feot,
| and are 500 to 600 feet in width. The banks are as much as

as similar masses of quartzite.
North of the Yuba and the Eagle Bird extends o sevies of

veing, on all of which some work has been done, but none of |
which have proved very productive. This belt extends contin. |

nously nearly as far north ag Graniteville, the most northerly |

loeation being the Wisconsin,

Near the contact of granite and slate one mile south of |

Granitevilla iz the Rocky Glen mine, worked
successfully for many years. Three mniles south Rocky Lhen
of Graniteville, also near the eontact of granite veins.

and glate, is the California vein, worked at inter-

vals with good suecess and lately developed by o tunnel 2000
foet long.

The southeastern part of the gquadreangle is in general poor
in workable quartz veins, Several prospects have been devel-
oped near Canada Hill. At Sterrett, in Sailor At
Canyon, a prominent guartz vein appears in Canada Hill,
the Juratrins slates. This vein, now known as Sailer Can-
La Mrinidad, ecarries a considerable amount of p:aﬂ:lﬂ
arsenopyrite, and apparently containg a less \

| amount of free gold than is ordinarily found in this region.

A small quartz vein crops near Flat Ravine southwest of
Dunean Peak and a little development work has been done
on it. The quartzites in the vieinity of Duncan Peak contain
a great number of irregular stringers and veinlets, many of
which are very rich in eoarze gold and have furnished mate-

| was suspended by injunction of the courts, and sinee then |
| the only gravels worked have been those the tailings of whieh |

rial for the gravels sueeessfully worked in that vicinity. Very |
the height was from 8 to 10 feet from the bed rock. The gravel

few large and continuous veins have, however, been found.
On the broad divide between Deep Canyon and the Middle
Fork of the American several quartz veins have been located
in gquartzite and slate.  All of them appear, however, to earry
a low-grade ore.

The eastern part of the Canyon Creelk granite aren appears
to be entirely barren of quartz veins. Some oceur in the
wedge-like mass of sedimentary roeks between

e : iy it . ¥eins near
the two granite areas, but they are neither num Aot

erons nor rich. Small stringers of gold quartz  Creek and

have been found on Grouse Ridge; from these ‘,{{g;:*
are probably derived the gold in the placers of
Fall Creek. Near the contact of granite and slate south of
Bowman Lake the formation eontaing a belt of decomposed
rock impregnated with iron pyrite which is said to carry
gome gold. It is known as the Jefferson mine. A short dis-
tanee northeast of Bhotgun Lake some prospects are sunk on
altered rock containing pyrite.
A little south of SBignal Peak a few small quartz veins have
becn prospected, apparently, however, with no great suceess.
Between Summit City and Old Man Monntain crops o series
of veins very different in their character from
the typical gold-gquartz weins of California.  veins be-
They are fizsure veins, often without well-defined mﬁ;“ifs."m'
walls, The ores consist of iron pyrite, arseno- ::_':ﬁ:_ﬂ"f“
pyrite, and zine blendes, carrying o moderate

amount of gold. Free gold oceurs only in the decomposed sur- |

work has been done and 150 feet of gravel has been washed
off. The deep part of the deposit exposed at Grizely Hill can
be reached only by running long and expensive bed-rock
tunnels; this would have been done but for the injunctions
against hydranlic mining. It iz estimated that 25,000, 0
eubie yards have been washed off and that 165,000,000 eobie
yards remadn.

At North Bloomfield the exposures are exeellent in the
Livdraulic bank along the eenter of the channel. The bed
rock rises north and south of the main channel,
Acrosza the bottom it is nearly lovel for 300 or 400 E
feet. The deepest blue gravel is 190 feet thick;
thia is eapped by heavy bodies of light-colored elay and sand
interstratified with fine gravel and near the top oceasionally
also with andesitie tufl; the elay and sand may reach 150 feet
in thickness. This is again covered by 600 feet of tulfaceons
brecein,.  The lower surface of the breceia is uneven, as shown

arth
loomiield.

by the fact that sand and elay crop a short distance east of |

the Derbec mine.  About one mile north of North Bloomfield

the channel forks again below the lava.  The main fork has |

its inlet froan the lava ridge north of Backbone House, where
the confignration shows the existenee of a deep channel,
along the eenter of which Bloody Run has exeavated its can-

yon. Gravels capped by heavy masses of sliding clay are

Hydranlic mining has been carvied on at North Bloomfield

500 feet in height. The deposit has been opened by o bed-
rock tunnel 7874 fect long, starting from Humbng Canyon.
The sum of 23,000,000 is said €0 have been expended upon
this tunnel, the water supply, and other preliminary work.
Shortly after the completion of the tunnel hydraulic mining

eonld De impounded befors reaching the river.

The average yield per cubic yand is from 4 to 10 cents, |

Most of the value is contuined in the decp gravels (130 feet),
amd in these the richest parts are the first few feet from

the bed rock. Some portions of the clay and sand near the |

top are almost barren.  Owing to the great width of the

channel the gravel next to the bed rock is rarely rich enough |

for drifting. The yield sinee 1866 is approximately 5 500,000,
About 800000000 canlie vards have been exeavated and 1350,-
000, 000 are said to remain.  The same unonnt may be avail-
able in the vicinity of Lake City.

Mining operations from the Derbec shaft have proved the
existence of o deep channel extending for several thousand
feet eastward., This is not the main North Bloomfield ehan-
nel, thongh it eonneets with that a short distance westward.
The Derbee channel, whiclh hoag o steep grade, has been mnined
upstrenm from the shaft for o distanee of 7000 feet, following
the curves; the widih of pay gravel was from 150 to GK) feet,

is ponrae with many bowlders, some of which are of granite.
The avernge value per ton iz $2.47. The mine was in opera-
tion from 1877 to 1803, and the production in some vears
reqelued S200,000,

There can be but little doubt that the Derbee channel eon-
tinues toward Relief. At Relief, erosion has exposzed a deep
trough in the old bed rock and abont 200 acres
of auriferons gravels. The oldest gravels, as
usnal eonrser and containing less quartz, are 60 feet deep and
are coversd Dy from 100 to 200 feet of alternating, sand, fine
guartz gravel, and clay. Some hydranlic work was done long
agoat the southern and eastern rim.  For many years drifting
oporations only have been carried on.  The Union tannel,
about 2500 feet long, has been driven from the southwestern
gide of the gravel area and amounts up to 330,000 and 40,000
per vear have been produced for a number of years.  Drifting
has also been done from the Blue Gravel tunnel, started from
the northeastern zide of the deposit.

Relief.

For along distanee cast of Relief the bed roek keeps high |

this gravel filled a tributary ranning northward and joining
the Derbes channel.

At Cherry Hill, between Shands and Mount Zion, o small
Loy of gravel erops below the North Bloomfield diteh. A
fow vory small avens were noted at Shands: the
Inrgest was 100 feet thick, composed of well-
washed pebbles amd coversd by sabangular
gravel, The =small patehes north and south of Graniteville
are also partly subangular geavel, Well- washed gravel erops
below the andesite north of the town but s thin and irrego-
Inr. A amall rapidly rising channel probably eontinnes for
some distance below the lava,

At Snow Point and Orleans arve small bodies of anriferons
gravel, the bed rock rising rapidly southward., At both
places the gravels have been nearly exhaonsted
by hydreanlic mining. A little drifting has also  Snow Point.

S = B Orleans, and
been done at Bnow Point. At this place the  Moores Fint.
bank is 185 feet high; the lower 15 feet contains
conr=e gravel covered by 90 feet of fine, samdy guartzose gravel.
again overlain by 20 fect of elay. At Orleans the gravel was
also largely quartzose. West of Orvleans is Moores Flat, where
a considerable body of gravel iz exposed. It is of the same
character as 0t Soow Point, from 1O0 to 1830 feet thick, amwd is
covercsd by andesitic breecin,  Bowlders of gquartz from 2 to 6
feet in dinmeter are found on the bed roek. It is esthinated
that 268,000,000 eubie yvards have been washed off and that
perhaps 15,000, 000 remain.

At Woolsey Flat there is likewize o large body of gravel
exposed.  The heavy gravel up to a thickness of 1) feet is
similar in character to that just deseribed, but it
ig then covered by as much as 150 feet of clay. 1,';"]';‘:1’_'"-"

In all these gravel bodies the gold on the bed

roek is rather conrse.  But little hydranlic gravel remains at
Woolsey Flat, as the thickness of the nonproductive strata is
rapidly inereasing.  The production of these hydraalic mines,
while wvery large, is not definitely known, None of them
have been in operation since 158G,

The most probable course of the old channel iz, as indieated

Cherry Hill
and Shands.

| on the map, approximately parallel to that of the modern
House) to Badger Hill, where it was joined by the steeper |

river. Somewhere near Orleans the old river was joined by
the Forest tributary, continuously traceable by way of Min-
nesota, Chips Flat, Alleghany, and Forest. At no place
along this old tributary are any considerable bodies of gravel
exposed, At Minnesota a small awount of hyvdraalic work
hasz been done and about 20 fect of fine quartz

rrovel, mixed with larger bowlders of the same mgl‘}m'g;
mterial, are exposed. The gravel is coarsest on  Piat.

the bed rock. The channel extending below the

lava to Chips Flat is said to have been drifted along its entire
length and to have been very rich. At Chips Flat are a few
aores of exposed gravel, the banks of which show o fow leet
of coarse gravel with well-washed quartz bowlders near the
bed rock, 30 feet of fine gravel, 80 feet of clay, and above this
the voleanic eapping. A few smaller patches of gravel are
exposed on the saime ridge, the largest of which, east of Chips
Flat, is called Balsam Flat,

The continuation of the Minnesgota channel iz found one
mile south of Alleghany at Smiths Flat, somewhat higher
in elevation than Chips IMlat. Here a little
hydranlic work has also been done, and the
banks are 50 feet in height.  From here the channel has hean
drifted through to Forest. As usual in this channel the bot-
toin gravel is coarse and contains many flat cobbles and

Smiths Flat.

| Bowlders of a bluish-white siliceous slate; also mueh guarts.

The gold on the bed rock iz coarse and has often worked its
way down some distanee into the decomposed bed rock.  The
production of thiz channel has amounted to several million
dollars though it is impoessible to obtain exact statisties. One
of the most suecessfully worked claims (1855-1868 inclusive)
was that of the Live Yankee, extending along 2600 fest of
channel.  1ts production was nearly 700,000,

A small amount of heavy gravel crops at Forest, but the
channel enters the northern ridge immediately and con-
tinunes in a north-northeast diveetion. It was
worked by the Bald Mountain Company from
1572 to 1879 or 1830 for a distance of about a mile, produsing
100,000, The gravel was extracted o a bheight of 3} feet,
including one foot of bed rock. The yield per cubic yard of
unbroken gravel was about 87, A ghaft sunk 180 feet from
the mouth shows 215 feet of clay and 2and covering 15 feet of
gravel; no such heavy masses of silt are found farther down
on this channel  The Bald Mountain ehannel was found to
be cut off by a lower, intervoleanie channel filled with lava,
but eontinuous bevond this toward the Raby mine in the
Downieville quadrangle

The North Fork Company has a long tunnel running in a
northwesterly direetion for more than a mwile and some good

orest.

| drifting gronnd ; this tunnel is probably on a tributary to the

main channel.  The Bald Mountain Extension Company for

[ some vears worked o branch of the Bald Mouantain channel

by menansof atunnel 13 miles long running north-

west under Bald Mountain,  They have now E:::kku
transferred operations to o tunnel ab the ead of

Konakn Creek in Downieville gnadrangle.  This ehannel is

| also eut by a lower intervoleanic chanpel, At the Euby mine

both an older and more recent channel have been worked.
Small drifting operations have been carried on at various

| points on the ridge west of Alleghany.

and no gravel onterops along the contact. But at JlluuT_lt

Yion, at Devila Canyon, fine quartz gravel having
o thickness as great as 50 feet crops below the
North Bloomwifield ditch for a distance of nearly one mile.
Some little hydranlic work as well as drifting has been done
here. Many years ago the main tunnel rooning due west for
1400 feet struck bed rock pitching west. It is probable that

Mount Lion.

Heturning now to the main old channel, traced as for os
Hpow Point, its eontinuation i= withont moeh doubt to be
found at American Hill and Bunker Hill on Wolf Creek. At
American Hill and for a mile westward arounnd
the head of Little Wolf Creek beneh gravels
erop. At Bunker Hill, on the enst side of Wolfl Creek. o mass
of gravel about 830 feet thick, covered by clay and sand
lies in o deep trough in the bed rock. It is believed that
this channel extends in a northwesterly direction under the
lnvn. Two long tunnels, now inaceessible, were driven some
time ago.  They are said to have shown the existence of two
ghannels, at considerably different elevation. The reports do
not agree as to whether they would pay for drifting.

At Blue Tent the gravel crops extensively below the lava,
filling a decp trough in the bed rock, the deepest part having
the same elevation as Grizzly Hill, across the can-
von. The bottom gravel is conrse and cemented,
and is eoversd by over 300 feet of light-groy sand and clay
mixed with fine quartz gravel. The sand is particularly
abundant and nearly barren. About 15,000,000 enbie yards
have been removed and some #0,000,0 remain, much of
which iz barren clay and sand. The lower gravel averaged 15
eents or more per enbie yard, while the sandy top gravel con-
tained only 2} cents.

On the ridge northeast of Nevada City o small but rich
channel has been drifted from the Fast and West Harmony
inclinegs, The gravel, which is partly subangular,
iz taken out toadepth of 4 feet. In Rock Creek ﬂﬂ:}f‘;.'ﬂf;
below the andesite lie large masses of elay and
gnnd gimilar to the deposits of Blue Tent.  Still larger acceu-
mulations are exposed at Seotts Flat and Quaker Hill. The
gravel, coverad with rhyolitic tuff and andesite, fills o deap
trough well exposed by Deer Creek and Greenhorn River,
Along the principal channel the gravels are nearly 600 fect

Walf Creek.

Blue Tent,



deep; the bench gravels surrounding the deepest trough are
abont 300 feet in depth. At Hunts Hill the deepest channel
iz exposed by mining operations at about the level of the
tailings in the river.  North of this point it is not visible until
exposed agnin at Bloe Tent.  The evidencee of the bed vock
relation and the acemmulation of gravel elearly show that the
deep ehannel is continuous from Hunts Hill to Blue Tent.
A shaft has been sunk in the old dippings at Quaker Hill and
bedd rock was fonmd at an elevation of abont 23650 feet. A
shaflt sunk in the ereek at Scofts Flat stroek bed rock at an
elevation of about 2770 feet, the lowest bed rock not being
found. At Quaker Hill the width of the channel said to pay
for drifting i= abont 130 feet and the depth of pay gravel iz
from 4 to 16 feet. A= usual the gravel is conrse and cemented
in the deep trough, while the bench gravels, several hundred
feet thick, are ehiefly fine quarts gravel mixed with sand,

The yviclkd of the top gravel rarely exeeeds 6 cents per eubice
vard in fine gold, size of a pinhead or less, while the hottom
gravel may be very rich,

2000000 cubic vards have been remnoved, while $5,000, 000
mensiures the amount at Quaker Hill, where the gravel Danks
reach a thickness of 250 feet, A vast amount of workahle
gravel, estimated at 140,000,000 vards, remaing at Quaker Hill,
At Doth Quaker Hill amnd Seotts Flat it is diffienlt, if not
impaossible, to obtain dumping groumd and sufeient grado
for slniees,

Deep gravels fringe the rhyolite for 8 miles east of Quaker
Hill and represent without mueh doubt a tributary erossing
the vidge near Center House (Galbraiths)., =South
of this place there is about 100 feet of elay nnder-
lain by zqome gravel. Here soue drifting has been done, hoth
on the north and south side.  Heavy clay masses are exposed
at Burrington Hill, where zome hydranliec work was done long
ago.  The gravel of this tributary has also been hydranlicked
on the north and sonth side of the Quaker Hill ridge.

High bed rock appears on the ridge 3 miles northeast of
Guaker Hill.  East of this are exposed the small Bed Diamond
channel, on the north side of the ridge, and other channels
covered with deep elay on the south side. A little work has
been done on all of them, At Coopers mill it i said that an
old incline waz sunk on the rim, tracing the bed rock down
to an elevation of 3500 feet. If this is correet it wonld e
highly remarkable, ns this is considerably lower than the rim
rock at any point in thi= lava aren, and would imply the
existence of a cloged basin,  The important Centenninl-San
Jose channel i=s ecoversd by this same lova arvea,

Buckeye Hill is a small mass of beneh gravel southeast of
GQuaker Hill.  The gravel hoas been alimost entively removed,

At Red Dog nnd Hawkins Canyon, near Yon Het, the deep
channel has again Been exposed, aml is Devond doubt eon-
tinuwous between the two point=.  The gravel is
similar to that of Quaker Hill. The deepest
gravel has been hydreaulicked only at the ploces mentionod,
but considerable drifting by means of tunnels and inelines
has been done from Niecs and West's elaims for 13 miles north-
east, on the Bteep Hollow side. The channel has very little
fall, the average clevation being 2020 feat. It is estimated
that 47,000,000 eubic yards of gravel have been removed,
leaving over 100,000,000 yards available. Much of this would,
however, be dificnlt to wash on account of lack of grade.
Reports of yield and grade of gravel are not available, but the
You Bet diggings have probable produoeed $3,000,000,

The Little York gravel area contained a fragment of the old
deep channel which has been almost completely removed by
hydraulie mining. The character of the gravel

Quaker Hill.

YVou Bet.

i gimilar to that at You Bet. As usual, the nar- I;1lild“5 ‘l;u:lk
& utc
row, deep channel contains a hard cemented  Frat.

gravel, 30 or 40 feet thick, eapped by as much as

400 feet of fine gravel interstratified with some clay and sand.
Large bowlders of quartzite and quartz oceur on the bed
rock, both in the deep ehannel and on the benches.  The vield
has probably exeeeded 31,000,000, The continuation of the
deep channel is found at Duteh Flat, and its direction is
plainly marked by the small intervening gravel bodies of

It iz cstimated that near Seotts Flat |

{ at Liberty Hill.

Mizssouri Hill and Eastman Hill. The principal area at Doteh |

Flat extends east to west for a mile; the gravel has a maxi-

| bench and apparently extends southeasterly

mum depth of about 300 feet, the lower 150 feet consisting of |
conrse blue gravel, lnrgely made up of metamorphie rocks, |

well cemented and coversad by o varving thickness of finer
quartz gravel, elay, and samld.  In the lower gravel and on
the bed rock heavy bowlders are plentiful.  The channel has
a very strong grade, in marked contrast to the level streteh
helow You Bet. Hydraolie work has heen done ehiefly at the
pastern and western endg, at both of which ||.]n,.-¢-_-.; the deep
bed vroek is cxposed.  Abont H000,000 cnbic vards hiave been
washed and a considerably less mmonnt remains. Practically
the whole extent of ehannel has been drifted, and the eempented
gravel worked in stamp mills.  The vield i= not known, buat
probably exeesds 33, (040, (K,
average 11 cents per cubic yard.

Fronn Irteh Flat the gravel arvea continues southward,
varrowing to a few hundreed feet at Squires Canyvon, and
widlening to from TR0 to 30000 feet near Gold Bon; its south-
ern end, overlooking the Awerican River, is enlled Indiana
Hill.  Ower a large part of this area the gravel is deep, reach-
ing in places 300 feet, and even o maxivinm of 400 feet,

The surface gravel is, as usual, reddish, containing many
small quartz pebbles, aml some interstratified sand and
clay: the bottom gravel in the deep trough at
Indiana Hill shows 60 feet of coarse, eemented,
blue gravel with a large proportion of metanor-
phie bowlders; the lowest trongh is hore from
400 to S0 feet wide, The guestion whether there is a deep
and continuons channel from Indiana Hill to Duteh Flat is
one of mueh importanes,  Deep bed rock has been found ot
Jehosaphat Hill, half a mile south of Duteh Flat, having an
elevation of 2877 feet, this part of the channel elearly connect-
ing with Thowmpzon Hill, & short distance northward. In
Houires Canyon, where the gravel area narrows down to 500
feet in width and the elevation is about 3050 feet, a shaft is
stated to hoave been sunk toa depth of about 150 feet, striking
pitching bed rock at that depth amd showing the existence
here of a deep trough having an elevation of less than 2900 feat.
IT this is correet there is little doubt that a continuons deep
channel exists between Indiana Hill (elevation 2792 feet) and
Duteh Flat with a moderate grade of 25 fect per mile toward
Indiana Hill. Bed rock has again been exposed 1200 foet
farther north by the Cedar Creek tunnel and again 2000 feet
from Indiana Hill by a tonnel from Canyon Creek, ran by the
Gold Run Diteh amd Mining Company.  From the former
place the bed roek is said to slope gently toward Indiana Hill.
The so-called 49 shaft was sunk nearly to the bottom of the
channel between Gold Eun and Indiana Hill, bt exact data
regarding its elevation were not available. Another shaft, 76

Indiana Hill,
Jehosaphat
Hill, and
hiold Run.

| decidedly predominating,

is said to be 11 cents, but this estimate is in all probability too
high. The drifting ground at Indiana Hill yielded between
I1872-1874 at the rate of 39 per cubic yard of gravel in place,

Above Duteh Flat, toward Alta, is the gravel hill of Nary
Red, the narrow ehoannel of which has been dreifted and
hydranlicked ; the gravel is o medinm-fine red
quartz, covered with rhyolitic clays,  From here
a channel extends in the hill toward Alin. A shaft sunk at
Alta 35 feet below the railromd fonnd bed rock at 132 feer. A
funnel extends from Canyon Creek, one-half mile south of
Alta, to the shaft, and the gravel in the ehannel is now being
worked, The gravel is soft quartzose. not eomented.  From
thi= point n braneh channel probably crosses Canyon Creek
aml extends to Moody Gap, east of which the remainder is
probably eraded.  Another branch extends from Alta enst-
word, probably emerging at Shady Bun, amd grading sharply
westward., It is mostly filled with rhyolitic clays, though a
bank of gravel alse appears on the northern rim whiclh hos
been washed.  Minor drifting operations have also been
nndertaken in this vieinity. A remainder of the saimme chan-
nel iz preserved at Lost Camp. 2 miles sonth-sontheast of
Blue Canyon.  Here ave abont 120 acres of gnartzose, imper-
fectly washed gravel, 50 to 75 fect deep. containing some
rather large bowlders. Only o smaller portion has been
hvdraulicked.

A braneh of the Duteh Flat channel continned across the pres-
ent Bear River. Elmore Hill, on the point between Bear River
amd Little Bear Creek, has been almost completely washed off,
Rising at a rapid rate the continuation of the channel is found

The gravel iz here about G0 feet
deep, #0 feet of reddish guartz gravel covering  Liberty Hin

: and Lowell

the same amount of blue gravel, full of very  Hin,
large bowlders of gabbro and serpentine.  Tha
amount of gravel removed is estimated at 2,000,000 cubic
vards, some 16,000,000 remaining.  The ehannel continues up
to Lowell Hill, but the gravel iz here covered by very heavy
masses of light-colored clay. At Lowell Hill the gravel is 30
feet deep, the conrse bottomn gravel being eovered by finer
gquartzose oravel.
working diflicult.  Considerable work has, however, been
done at the Planet mine.  Drifting operations have also been
undertaken gouth of Nigger Jack Hill, at the Valentine mine,
amd farther south opposite the Planet at the Swamp Angel.

Opposite Lowell Hill lies Remington Hill, at aslightly higher
elevation,” Here, again, is an old depression filled with @ravel
of which a few acres are exposed.  The zravel is
similar to that of Lowell Hill and is eapped by ﬁfﬂ]"“‘“““
heavy masses of elay, The amount exeavated is
i et 1,750,000 enbic vards, while possilly GOO, 00 coabie
yards remain.  Much of this, however, i heavily capped Dy
elay amd voleanie tnfl.  The channel has been stroek by two
drift tunnels o little eastward, making it possible that the
channel comes out again at Democrat, another little gravel
peint separated from Remington by a bed-rock spar, where
hydraulic work has also been done.

On the point between the forks of Steep Hollow, opposite
Domoerat, is the small gravel hill called Excelsior, doubtless
representing  the extension of the Democrat
channel. To the north and northwest of Exeel-
sior the bed roek rises rapidly. The channel mway have con-

Alta.

Sleep Hollow.

tinned & couple of miles farther northeast, but whether it |
enters under the lava flow or follows the present course of |

Steep Hollow is uneertain.

On the South Fork of the Ynba several important gravel
bodies are found. A few small points covered with guartz
gravel oceur southeast of Relief, on the south side of the can-
yon. At Alpha about 75 acres of gravel are preserved, thoe
pebbles consisting chiefly of quartz, quartzite,
and a hard conglomerate. Some guartz bowlders
on the bed rock reach 5 feet in dinmeter, but most of the gravel
is light and sandy. The banks are 80 fect high, including 20
feet of elay at the top.  The ammount remowved is 5 000,000
enbic yards; only a quarter of that amount remains.

Alphs.

At Omega several hundred acres of gravel are exposed and |

have beon extensively worked. The gravel lies on o flat

under the lava. dgn.
foet.
of clay, above which iz again 20 feet of gravel, all showing
eglors.  The lowest stratum eontaing some large bowlders of
granite from the Canyon Creck area, but the main body is
composed of smaller cobbles, up to 6 inches in diameter, guartz
The extent of this channel south-

The greatest thickness iz 175

| ward is not definitely known, though a shaft was sunk to hed

The Polar Star gravel is said to |
| places along the rim.

rock on the Blue Tent ditech, eutting good gravel; its depth
ir not known,  Some distance south of wegn is o small
gravel lat ealled Shellback, at a higher elevation ; beyond this
the bed rock rises rapidly. Toward the southeast the bed
rock also rises, though less rapidly, and gravel is foumd in

gquartz gravel is exposed, having o waximmm thickness of 12
feet, and coverced by a nearly barren Pleistocens morninal
howlder clay.

Extensive hydranlic operations have removed 12,000,000
cubic vards at Choega, the tailings discharging in Scotelopan
Creek throtgh a 3000-foot bed-rock tunnel.  Apparently
relinbhle caleulations give 18} cents as the vield per cabic voard
the lowest gravel, of course, being much the richest part of
the deposit.  About 40,000,000 cubic yards are estimated to be
still available for hydranlic mining.

It remains to mwention the occeurrence of wany uncertain
and puzeling features at Phelps Hill, Contennial, and San Jose
shaft. At Phelps Hill, at an elevation of about
4060 feet, 15 to B0 feet of gravel outerop below  Phelps Hil
the lava for ono-halfl mile.  Heavy guartzose :::nm“-
bowlders are found on the bed roek. A remark-
able disturbance ceeurs here, the gravel being eut by a fanlt
which throws the west side down about 40 feet. The fauli
iz traceable for at least 400 feet running north-south. The
Centennial shaft, 1§ miles south-sontheast of *helps Hill. was
sunk in 1857 to a depth of 400 feet, and the bottom of & deep
channel was found by driftiog from it.
run 2500 feat south from the place indieated south of Phelps,
the elevation being about 4080 fest. The channel was struek
at the tunnel level ; it is 400 feet in width amd carries graovel of
quartz and greenstones, the gold being fairly coarse. Work
haz been suspended, from which it may be inferred that on
account of its width the gravel body on the bed rock is not
very rich.  If, as seems probable, thi= channel connects with
that of Phelps, it can have bt little srade.

A mile southwest from the Centennial shaft the San Jose
shaft is sunk in the bed of South Fork of Deer Creek ton

| depth of 340 feet, giving the channel an elevation

feet deep, was sunk to the bed rock in Canyon Creek about |

half way between Gold Run and Duteh Flat.
hydroulic mining operations were carried on at Gold Bun for
about ten years, in which time perhaps $3.000,000 or more were
extracted.  Some 84,000,000 cubic yards have been washed off
but an equal quantity, estimated at 92,000,000, remnins.  An
area of 55 acres has been washed off to an average depth of
75 feet. At Indiana Hill the bottom gravel was drifted and
erushed inmills,. The yield per eubie yard of hydraulic gravel
Colfax.

Extenzive |

of between 4000 and 4100 feet, which iz stated to f;:if_‘““

be somewhat higher than the Centennial chan-

nel. Dreifting froom the shaft showed the channel to be about
300 feet wide.  The gravel is composed of eobbles of quartz
and conntry rvoek, about 7 to 15 feet thick, covered by 40
feet of clay, above which is lava. There is little doubt that
this channel is continuonus with the Contennial, and it appears
probable that its grade is northward, making it a branch by
way of Phelps Hill of the main strenm from Relief Hill to
Omega. It haz been thought by some that this channel

The heavy clay banks make hydraulic |

The bed eonsists of 150 feet of gravel coversad by 6 foet |

At Disnmomd Creek a small body of |

Later a tunnel was |

| might eontinue to Remington Hill with a southerly grade,
This appears unlikely, however, amd it i= seareely possible
that thers should be a eontinuons channel between Phelps
aml Remington hillz, for the channels at these two places cer-
tainly connected with different branches of the old Yuba
KRiver. There will probably be found a low divide separating
the San Jose channel froon Bemington Hill amd from the
Guaker Hill drainage. 1t i= also very unlikely that any of
the channels nuder this lava area had any diveet connestion
with Omega.

On the Lowa Hill and Forest Hill divides o small sononnt of
gravel is pxposed on the surface, hut the channels preserved
Below the lnva are rich and nomerons.

At Towa Hill a deep channel extends from northwest tosouth
cast across the ridge north of Indian Creck  The sharply
defined  trough is 2000 feet deep and is filled
with ecoarse gravel, well cemented in its lower
part. The total thickness is over 300 fept. The channel is
from 2040 to 400 fect wide on the Bottom.  This cravel has been
hydraulicked, except & narrow ridge npon which the town
stands. Lighter, quartzose beneh gravels extend northeast of
Iowa Hill. They have o maximuin thickness of 200 fect and
are eovered by thin rhyolite tull and andesite. They have
been extensively hydraulicked and some ground vel remains,

At Baceor Flat o deep and narrow channel belonging to the
intervoleanic epoch has been drifted for a distanee of 2500
feet; the same ehannel probably crosgses Indian Creek at
Monona Flat and finds its ontlet at some place on Roachs
Hill. South of Indian Creek over 300 feet of gravels erop;

lowa Hill.

gouthward they thin out with rizing bed roek but despen |

again near Wisconsin Hill, having at both places the same
genera]l character as at lowa Hill. Between Morning Star
and Wizseonsin Hill there is doubtless a deep and continuons
channel, which is clearly the extension of that underlying
lowa Hill. Extensive hydraulic work has been done hoth
near Morning Star and east of it along Indian
Creek, as well as at Wisconsin Hill. A body of
higher bench gravels across Refuge Canyon at
Elizabeth Hill has also been hydranlicked, but nearly all of
this work haos eeased during the last deeade.  Tnstead exten.
sive drift mining has been earried on, At the Morning Star
the deep ehannel, extending in an easterly direction, has been
mined for a distance of nearly 8000 fect; about 7 feet of
eemented gravel are extracted, the width of the pay gravel
being from 80 to 200 fest.  This drift mine has proved among
the richest in the Gold Belt. The gravel contained, for a long
period, it is stated, 7 per car load, equal to §i4 per cubic yard,
and the annnal production ranged from $25,000 to $150, 000,

The Waterhouse and Dorn (or Big Dipper) mine has been
working the =ame channel sinee 1800 from the Wisconsin
i Hill gide with exeellent results. The grade of

Morning
Star mine,

the main channel is remarkably slight, 2002 feet :’.l;tarhwu
being the elevation of bed rock at Wisconsin min:_nrn

Hill, 2685 feet st the Morning Star, and 2631 at
the northwest side of the Iowa Hill ehannel.  In 1899 the
workings of this mine were connected with those of the

Morning Star, proving eonelugively the identity of the chan- |

nels. A smaller channel pitehing into the ridge has been fol-
| lowed some distance in from Grizely Flat and probably joins
| the Morning Star channel. A small body of well-worked
gquartz gravel was found at Kings Hill, ehiefly 1} miles south-
west of Wiseonsin Hill; it is interesting beeause of its position
between Yankes Jim and Wisconsin Hill and its eompara-
tively low elevation (2550 feet). Four or five acres have been
washed here to a depth of 20 feet.

Above Monona Flat very little gravel is exposed, the ande-
gite tuff resting on bed roek of irregular configuration. At
Giant Gap claim, 4 miles west of Damascus,
the lava eap ig very narrow; below it a gorge-
like intervoleanic channel has been exposed.
Three miles west of Damascus is Melntyre's
| eladim, where a 1000-foot funnmel has exposed the smne or o
gimilar narrow channel.  Ope mile northeast of this is the
Colfax elaim, showing gome quartz gravel probably belonging
to a pre-volesnie channel, the continuation of which may bo
found at Jiwmtown, three-fourths of a mile north of the
reservoir. At Jimtown a shaft 100 feet deep has been sunlk,
finding quartz gravel and pitching bed rock. No dofa are
available to estimate the yield of Towa Hill divide sines 15459,
It probably considerably excoeds S0 00, 000,

To begin now a rapid sketeh of the Forest Hill divide it
should be ztated that comparatively little of the mining work

Gravels
above
Monona Flat.

done falls south of the boundary of the Colfax quudrangle. |

| Atf Peckbam Hill a little nnsuceessful drifting has been done
on the deep amd narrow cement channel finding

its ontlet there, At Todd Valley o bhody of mﬁh‘h;d“‘
bench geavel crops, which has beon washed at Todd Val-
Ponds elaim until the overlying lava becanme g

too heavy to handle.  This gravel is partly cemented, poorly
washed, and about 40 fest thiek. About 11,000,000 cubie
yard: have been washed off, the vield of whieh is given ns
5,000,000, but this is probably too high.

At Gieorgin Hill, opposite Yankee Jim, a thickness of 100
foet of gravel i= exposed below the lava and a few aeres have
been washed off along the edge. At Yankes Jim
a larger area of gravel, Trom 40 to 100 feet thick,
i mat with, which toward the east disnppears
nnder the lava.  The gravel is fairly conrse, boing
ecomposed of metamorphic rocks with some quartz.  The bed
roek i=at nearly the same elevation as at Georgia Hill and the
minin channel seems to have had this direction northeasterly
anil southwesterly, though a somewhat
extended eastward and probably connected with the Smiths
Point bench gravel a mile and a half distant and situated on
| “the South Fork of Brushy Creek. The gravel at Smiths Point
is #0 feet thick, interstratified with sand. It is estimated
that 8,630,060 enbie yards have been removed from Georgia
Hill, Yankes Jim, and Smiths Point, and that yield has
been about 85 000,000, The amount remaining available for
hydraulic work is undoubtedly less than that removed, for
the voleanic cap will soon make hydranlic work impossible.
One-gquarter of a mile east of Georgin Hill the Anthony Clark
tunnel has recently been run in a southerly direction for G50
feet and is reported to have shown the existenece of o large
channel with much granitic detritus. The tunnel was found
to be too high, striking the channel above bed rock.

It is believed that the Yankee Jim channel flowed north-
waril towand Wiseonsin Hill via Kings Hill. It is also bhelisved
that it conneets, below the lava, with the Dardanelles chan-
nel, though the later intervoleanic channels may have removed
mneh of the earlier acenmulations and in some places destroyed
the older channel,

At Dardanelles nond Forest Hill the eanyon slope has exposed
below the lava a long, low trough filled with gravel and rhy-
olitic tuff, The gravel is moderately coarse,
composed of quartz and metamorphic rocks and  Dardanelles,
ey .. Mayfllower,
is well cemented near the bed roek. Above it and Bath.
rests rhiyvolitic tafl intercalated with some gravel,
clay, and sand.  The thickness of these two formations varies
excecdingly. At the New Jersey claim the gravel is only 8
feet thick and is overlain by rhyolitic tufl. At the Dardanelles
it has a maximum thickness of 70 feet. In the region about

Georgia Hill,
Yankee Jim,
and Smiths
Point,

| bottom gravel was found to pay for extraction.

higher channel |

| covered by vory heavy accumulations of gravel,
| rhyvolite, and andesite.
| ridge the bed rock rises rapidly, and itz configuration shows

| Neocene river course.
this channel forms the eastward continuation of that which

g
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lated gravels, as well as clays and sands, of mord doulstful,
origin. The depth of these aceumulations at Mayllower, over™
the deep channel, is 350 feet.  In the interealnted gravels gra-
nitie and rhyolitic cobblez are comnnon. At Adams tunnel
178 fect of rhyolitic clays are exposed with two smaller gravel
hoddies, Again at Black Hawk, Wazson, and Westehester elaims
similar bodies ore exposed. At Bath, asain, the spne ehannel
is exposeld with about 250 feet of overlving gravels nmd white
tuffz. The lower part is a trough 500 feet wide and 100 feet
deep, filled in the bottom with washed and ronnded bed-rock
bowlders eomposed chiefly of serpentine and greenstone.
Above this comes a thick stratum of the usual eoarse quarts
gravel, and above thig a thick series of rhyolitic tuffs with
interealated gravels having o maximum thickness of 20 fect,
and eontaining granite and rhvolite bowlders. The thickness
of this series varies from 100 to 250 feet, and it i2 again coverad
by 270 to 200 feet of andesitic tofl breccia.

The main prevoleanic channel enters the ridge at Bath and
runs northerly for a mile with very slight grade, then earves
west and south, assuimes o grade of 60 feet per mile, anl HERTEE
Below Mayflower and Forest Hill to the Dandanelles, where it
enrves northwest ngain toward Yankee Jim withont leaving
the ridge.

The mining operations in this vicinity have been very
extenzive.  The hydraulie operations have mainly ceased,
though a conziderable amount of gronnd is still available at
the Dardanelles and around the head of Broshy Canvon.
At the former place and at Forest Hill 4,850,000 cubic yards
have been exeavated; at the head of Brushy Canyon prob
ably 7,350,000 eubie vards. Only drift mining i now carried
.

The main old channel has been drifted at Dardoanelles for
2500 feet in a northwest direction; the gravel, which is
cemented, was here 5 feet deep and 75 feet wide, Mining is
gtill in progress here. The mine is believed to have produced
2,000,000 or more by drifting and hydranlicking.

Below Forest Hill a number of smaller depressions ealled
“front channels" were worked many years ago from the
Jenny Lind and New Jersey tunnels, but no
extensive recent work has been done here.  The
main channel has been reached by the Baltimore
tunnel and Execlsior slope, but some drifting
ground still remaing between these points and the Mayilower.
The ground in this vicinity is supposed to have produced
5,000,000, about $1,500,000 being taken from a strip of ground
in the New Jorsey claim S0 feet long and 300 feet wide.

From the Mayflower tunnel, 4740 feet long, the main channel
hias bheen worked, ehiefly from 1885 to 1804, for a distance of 8
miles, connecting it with the Paragon workings.
A bed of gravel from 2 to 14 feet thick, having
an average width of 75 feet, was removed from the
bed rock. The yield has been approximately S1,500,000 or 37
per ton of loose gravel delivered. Sixty-six per cent of the
Between the
Paragon and the Mayflower, in the hend, i 0 narrow soree,
1000 feet long, where the channel is only 25 feet wide and
poor in gold. An “apper lead” or streak of gravel inelosed
in the rhyolitic tufl, 150 feet above the Ded voek, and paying
for drifting, is said to exist along the Mayflower ehannel as
well as at the Paragon at Bath, but it has not yet been
worked to any extent. Little work is being done at present
on the main ehannel at the Mayflower, The same channel has
been worked from the Paragon mine to a distanee of 6800 feet
north. The width of gravel breasted is 50 feet, depth 2 to 7
feet, yield per ton delivered at surface $10; total yield by
hydranlicking 3500,000, by drifting $850,000. At the Paragon
there exists an upper streak of pay gravel 150 feet above the
bed rock; this was followed for 2000 fest until cut ol by a
channel of intervoleanie erosion filled with andesitic toil.
The width of this npper lead was 225 feet, the depth of non-
cemented pay gravel § feet. and the yield per ton of loose
gravel 31500 The total vield was S000,000.  The mine has Doen
operated for 36 years, and the ehannels are said to be nearly
worked ont.

A portion of what is doubtless the same channel has beon
preserved at Michigan Bluff. The deposit, which covers
about 40 acres, is eomposed of pure gquartz gravel; on the bed
rock lie huge rounded quartz bowlders.  Some 6,000,000 culiie
vards have beon removed and a smaller gonantity remains.
The yield is reported to have been &5,000,000, some of the
ground being exceedingly rich. The deposit

Jeany Lind
and New
dersey
tunmnels,

Mayllower
and Parugon.

bears the eharacter of bench gravel. At Sage Michigan
& . ¥ Blufi, Sage

Hill and Byrds YValley a long, narrow channel,  Hil, and

with strong southwest grade, is preserved; the :’_‘;‘:“‘ Nak

outlet of it at Sage Hill is somewhat lower than
Michigan Bluff, It has been worked to some extent but is
not &6 rich as that at Miehigan Bluff. Muoach coarse, rough
nmil erystallized gold was foumd here as well a3 in Mad and
Lauly canyons. =

At BEdwards Hill a small pateh of partly voleanic gravel has
been worked.  From here north o nnmber of small gravel
points appear, most of which belong to intervol-

canie channels. At Gas Hill, however, there is  Edwards
: Hill and
o pateh of the same quartz gravel as is exposed  Gas Hill.

at Michigan Bluff. Immediately to the north it
ig eroded by deeper voleanic channels, but between Hidden
Treasure amd Damaseus a nearly continuous old pre-voleanie

| channel, having a grade of 70 feet per mile southwand, has been
| found under the lava cap.

This is a wide, flat channel filled
with about 200 feet of noneemented quartz gravel, sand, and
clay. The material is decidedly finer than that of the Bath-
Mayflower channel, though some quart: bowlders may be
found on the bed rock. It is ent off by two deeper intervol-
canie channels, one a mile south of Damasens, another 13
miles north of Bunny South; between these s fragment of the
old “white"” channel remains. This channel was first found
at Damasens and drifted on until cut off by the intervoleanic
channel mentioned. The yield of this part is reported to be
26,000,000, From sSunny South the Hidden Treasure mine has
worked the deposit 7700 feet northward : width

of gravel breasted 250 feet, depth 4 to 7 feet; f';'t;":f e
yield of loose gravel delivered, 51750 per ton.

The total yield to 1800 was $1,150,000, and up to 1502 probably

| mearly 52,000,000, Sinee that time the operations at Sunny

Houth have been discontinued and another tonnel hag heen
started at the Dam elaim, one mile farther north, from which
the fragment of channel remaining between the wvoleanic
channels is now being mined. The mine has been worked
for twenty-three years,

The broad ridge between the Middle Fork of the American
and Long Canyon, partly falling in Placerville quadrangle, is

North and south of this Long Canyen.

that below it is a deep trough representing o very important
There is no doubt whatever that

enters the ridge at Bath and which once ran a little south
of Michigan Binff. The bed-rock relations alone are suf-
ficient to prove this, but besides there exists the most strik-
ing similarity between the deposits at Bath and those on
the Long Canyon divide. The outlet of this channel appears

Mayflower are extensive bodies of rhyolitic tuffs with interea- | without doubt to be loeated at Halston's diggings (Pat Gog-



e g g

gin's mine).
the Placerville quadrangle for a short distance, Again enter-
ing the Colfax guadrangle it wust continue below the voleanie
maszzes in o northeasterly direction.  Its identity with the
chanuel of French Meadows amd Soda Springs (Urackee
quadrangle) is indieated beyond all doubt. At no place east
of Ralston’s, however, is the Dottom of the channel exposed
until Soda Springs is reached.  There appears to be but little
pre-voleanie gravel on the Long Canyon divide.  Most of the
gravel is interstratified with rhyolitic toffs, forming a series
160 feet thick at Ralston's and at least 250 feet thick at Blaek-
smith Flat, 4 miles east, on the southern slope of the ridge.
Hydraulie operations have been earried on sueeessfully to
some extent at Kalston's and at Blacksmith Flat. The gravel
everywhere eontaing granite bowlders, indieating that the
gtrenm eame from the higher part of the Sierrn Nevada., At
many places along the south rim in Long Canyon, northeast
of Blacksmith Flat, small mining operationg have been car-
ried on, At Russian Ravine the surface gravel was hydran-
licked with excellent results. Inaddition to those at Ralston's
in Brushy Creck small operations have been earried on at the
north side of the ridge and also at a peint 1} miles north of
Russian Ravine. At this place it is believed that an inlet
exists where the tributary fromm Duncan Peak entered the
Long Canyon ridge. The gravel at this place is 150 feet
thick and eontains large bowlders of guartz and metamorphie
rock, It iscovered by heavy masses of rhyolitic tufll. The
gold in the gravels embedded in the rhyolitic series is gener-
ally fine.

Extensive prospecting operations of recent date show that
the main channel on the Long Canyvon divide is broad and
flat and that the gravels cover large areas but are generally
of low grade. Intervoleanic channels do not seem to exist,
Hydraulie operations are in progress at Ralston's (Pat Goggin's
mine) and at Lynchburg, distant about 3 miles in a southeast-
erly direction on the southern slope of the ridge.

Connectiong of the channel systems. —The general Neocene
drainage system of this quadrangle has been roughly con-
sidered under the heading of “ Auriferous gravels,” but it
remaing to indieate in a more detailed way the conneetion of

the region between Duteh Flat and North Columbia.

ronghly to the present Middle Fork of the American had
its source near Castle Peak, thence flowed across

to Boda Springs and approximately followed the Nescene
present Middle Fork, entering this guadrangle ﬂldﬂlt Fork
under the ridge between Long Canyon and the
Middle Fork, and in the southern portion of this ridge cury-
ing into the Placerville quadrangle. It entered the Colfax
quadrangle again a few miles west of this, and the channel
emerged from under the voleanic capping at Ralston's. A
tributary from the Duncan Peak region joined it with a
genernl southerly direction. From Ralston’s much of it is
eroded, but it may be regarded as certain that the main chan-

From here the channel makes a curve, entering |

10

vations of Indiana Hill, Dutch Flat, Iowa Hill, Wisconsin
Hill, and Vankee Jim, will show that in fact the present
level charneter or slicht sonthward grade of these channels is
exactly what would follow if the Neocene river, with a north-
erly conrse, had participated in a westward tilting of the block
of the Sierra Nevada smounting to about G0 or 70 feet per
mile,

If this hypothesis be true it solves in an exceedingly satis-
factory way o number of the perplexing problems which were
presented by the enormons acenmulation of gravels in the
drainage of the old Yuba River. Tt increasces vastly the water-
shed of the Neoeene stream, which as now ontlined extends
from the headwaters of the North Fork of the Yuba,  The
waters of all this territory found an outlet throngh the narrow
channel frome North San Juan to Smartsville.  In the central
part of this drainage area longitudinal depressions existed,
Bordered on the west by the high diabase ridges of the foothills,
All these conditions natureally tended greatly to inerease the
aeenmulation of gravels,  What has formerly been supposed
to e the North Fork of the Neocene American River now
becomes the South Fork of the great Neoeene Yuba River
The Neoecene American River is reduced in sige amld eonsists
only of the stream coming down from Pyramid Peak by way
of Placerville.

Itervoleanic channels on the Forest Ml divide.—During
a rather long interval between rhyolitie and andesitic lows
new channel courses were established. A disturbance had
taken place that inereased the slope of the Sierra Nevada, and
the streams began active cutting. Thus on the Forest Hill
divide there exists o complieated system of narrow, deep
channels which in many places have destroyed the old ones,
These intervoleanie channels, often ealled cement channels.

| farther in the same divection to the Mitehell elaim. The Dam | be good washed the low bars with water easily obtained from

channel, thongh narrow and irregnlar, has been drifted for 2500 |
feet northwest of the point where it erosses Eldorado Canyon.
The Mitehell elaim, on the same ehannel, has also been worked
for & distanes of 2000 feet. =l another intervoleanic channel,

| enlled Bob Lewis channel, has been worked for o thonsand

| belong to at least two systems, the younger being eharactor- |

ized by a large amount of coarse voleanic gravel, rarely con-
taining much gold, and having been forwed after the first
andesitic flows had already invaded this region. The older
syatem earries thin, mixed metamorphic and voleanic gravel,

rarely more than 10 feet thick, there being no gravel at all |

along certain parts of the streams. This gravel lies on the

" naked bed rock and is covered by a series of flows of andesitic
the channels of the southern part of the area with those of |
| “ehoeolate’” or “cement:” the upper flows consist of the
Thers is not the slightest doubt that a river corresponding :

tuff, the lowest usually fine grained, amd referred to as

usual tuffaceous brecein,  Strata of gravel and sand of mixed
charaeter, voleanic and metamorphie, are often fonnd inter-

| bedded with the andesitie tafl. Wherever the intervoleanic
| channels have robbed the old ehannels they are likely to be

ever, have been fonnd nnexpectedly poor.
COATSE,
earry gold, though seldom enough to pay for drifting. Some
af the voleanie channels have not only ent through the old

The gold is usually

| ghannels but have eroded small canyons in the bed rock up

nel continued westward, touching Michigan Bluff and Sage |

Hill, here receiving an important tribotary running nearly |

due zonth from Damasens.  The deposits of this latter chan-
nel are preserved below the lava ridge between Damasens and
Gas IHill. Near the latter point it receives a tributary from
Last Chances and Deadwoodd.

Again, enst of Michigan Bluff the channel is eroded, but it
is cortain that its continuation is found at Bath, whenees the
main channel ran through to Mayflower. Here it made a
wide curve and ran southward to Forest Hill and the Darda-
nelles,  Thus far the general course is outlined without nneer-
tainty, but from here on the diffienlties begin.

| below the lava of Forest Hill divide,

to o depth of 180 feet. One of the most conspicuous of these
erosses Voleano Canyon and is exposed by the Hazard shaft.
The grade of these channels is always steep, usually from 70
feet poer mile upward.

e e rich, though irregular as to their pay. Sowme of thew, how- |

The upper gravels in the andesitic toff sometimes |

A whole ehannel system belonging to this period iz buried |
exposed which appears to bave a very sharp northeasterly

The principal channel
ean be traced almost continuously from the

Weske tunnel, above Michigan Blaff, down to l":l"\g::‘w:slcc
| the outlet at Peckham Hill. 1t ents the old chan-  tunnel 1o

This main |

channel is marked by its heavy deposits of gravel and elay and |

itz broad, well-defined channel. Under the sonthwestern pro-
longation of the Forest Hill lava ridge nothing has thus far
been found which would indieate that the main old river
channel flowed down in this direetion. 1t is true that a nar-
row channel of the intervoleanie epoch continues down in
thiz direction, but these channels were notably independent
of the older and main drainage basins. The intervoleanic
channels were exeavated after a large part of the old river

basing had been filled by aceumulations of =ilt and voeleanic |

wd, and probably also after the tilting of the Sierra Nevada
had taken place. Their divection then offers no eriterion of
the pre-voleanic drainage lines. It would certainly seem as if

soine fragments of the accwmnlations of the old ehannels |

wonlid have been preserved southwest of the Dardanelles had |

the channel taken this conrse.  The gravels exposed at Todd
Valley offer no solution of the problem, for they are at a
higher level and evidently vepresent a beneh filled with gravel
after the clogging of the main channel.

There iz, however, a solution of this problem which s
advanced as having many plausible points, though it can not
be said to be freee from all objections.  This is, that the old
channel of the Forest Hill divide emerges at Yankes Jim and
Georgia Hill and that it conrse from there is northward to
Wisconsin Hill, thenee through the lava ridge and earving
eastward to the Morning Star mine, thence to Towa Hill,
erossing the canyon of the present river to Indiana Hill and
from there northward to Duteh Flat, whenee its eourse has
alrendy been established. This hypothesis in the first place
necessitates the existence of a deep and eontinuons ehannel
between Dutch Flat and Indiana Hill. That such a deep
ehannel exists appears now very probable and may be regarded
as certain if the developments south of Duteh Flat in S8quires
Canyon will show the existence of adeep trough at this place,
which it has been asserted wasz found by the explorations.
One of the principal diffeulties appears to be the fact that the
gravel at Georgia Hill and Yankee Jim differs somewhat in
character from that of the Mayflower and Forest Hill. This
may be explained by the foet that the river at this point
spread over o larger and flatter bottom, which would natar-
ally influence the charncter of its deposit.

The diffculty which at fivst glanes appears to be an insaper-
able one, i. e that of the grades, on closer examination eon-
verts itself into an argnment in favor of this hypothesis,.  From
the Dardanelles to Yankee Jim iz o slight grade which is suf-
ficient for the requirements.  From Yankee Jim to Wisconsin
Hill the channel wounld at present have a slight upward grade.
From Wisconsin Hill to Iowa Hill it is apparently approxi-
mately level. From Iowa Hill to Indiana Hill it has o slight
southward grade, and similarly from Duteh Flat to Indiana
Hill is a grade which, thongh slight, is opposite to that which
the river aceording to this hypothesis would have had.

From Yankee Jim to Duteh Flat the Neocene river would
have pursued a nearly due northerly eourse; now it is likely
that this river from Yankee Jim to Dutely Flat had originally
a very slight grade northward, similar to that of the Neocene
river between You Bet and North Columbia,
of channels in various parts of the Sierra Nevada have shown
the seenrrence of a tilting movement which has affected the
grades of the ehannels aceording to their direction.  Channels
ranning north-northwest to south-southeast would retain
their original slight grade. Those ronning west of this line
would have their grades materially inereaszed by the tilting.
Omn the other hand those flowing in a more or less easterly
direction from this axis of tilting would have their grade
decreased or even reversed. A close examination of the ele-

nels several times and receives numerous tribu- rifﬁfh"m

taries, preserving throughout the same charaeter

| American somewheres near Prench Meadows,

of deep erosion channel, sometines barely reaching the bed |

rock. sometimes entting deeply into it

: : = |
At Peckhom Hill and Blue Greavel shaft, in the Placerville |
quadrangle, it has been opened, but apparently does not pay. |

For 2} miles north of Peckham Hill it has not been bottomed,
but at Gray Eagle tunnel it has been opened by a tunnel
froan Owl Cresk 250 fect long and o shaft 360 feet deep.
Though =emewhat too high the tunnel has followed the chan
nel upstream for several thousand feet.  The pay is spotted,
the gravel thin, though often rich.
the channel is again exposed ; it is here ealled the Orono and

flower channel.  From here it has recently been worked for o
distanee of 2000 feet through the Mayflower tunnel.
a little below the mouth of the Mayflower tunnel, in Broshy
Canyon, a channel erosses the canyon at a lower elevation
than the Mayilower, called the Live Oak.

feet south of its inlet on the cast side of the Mountain Gate
channel at Danasens,

of the Mountain Gate tunnel, has again been exposed ot Red
Point and worked for a distanee of 12,000 feet upstrenom from
the Red Point tunnel, which strikes the channel 2000 feet from
its mouth. The Red Point channel is somewhat irvegular in
width and depth of geavel, and in pay. The
average fall of the channel is 75 feet per mile.
The wiidth of gr:’u‘l_*l breasted is 120 feet, the IIL"]:II!]I
from 2 to 12 fest, hut pencrally small,
snrfuce the gravel contains 3250 per ton.  Yoleanie pebbles
are of common eeenrrence in the washed materinl.  The Red
Point mine has been worked for ton vears. and during that
time been a steady producer. It is immediately capped by
the hard andesitic taflf.  Large wash bowlders, often 2 or &
feot in dismeter, ocenr in the gravel. The total production
during 5 years from 1838 to 18302 was S302,000, and it is believed
that since that time an almost equal gquantity has been
extractod.

Red Point
channel.

As we approach the higher region of the sierra, where |

aceumulations of pre voleanie gravel were small or did not
exist at all. the difienlty of distinguishing between pre-vol-
canie and intervoleanie channels becomes greater.  Strietly
gpeaking, all of the channels must be considersd as belonging
to the later group, as some erosion necessarily took place in
all of them in which bed rock was exposed.  Going up toward
Dunean Peak we find in general that the grades of the chan-
nels inerease and that they assume more and more the ehar-
acter of narrow tributaries or gulehes,

It is believed that the Hed Point channel continues ap the
ridge. 1t has indeed been exposed at the Hogsback tonnel
51 miles northeast from Red Point. The tunnel

runs sonth-southwest 2500 fi{!rl. exposing n very E: H’iﬁt
:ipep and BArrOW gorge with steop westerly lc::g':ig

grade, and contains very little gravel. Though
vielding some gold the channel was not found to pay.  About
a mile south of the Hogsback channel another deep ravine
has been exposed at the Greek mine and the Black Canyon,
between which points it is probably continuous.  The Black
Canyon has been worked for 700 feet eastward.  The ehannel
is narrow and very steep, having a grade of 7 feet per 100,
with several abrupt falls. On the bed rock rests a few feet of
eoarse gravel, containing very coarse gohl.  Above this lies 5
feet of andesitic tufll, gravel, and samd interstratifie;d.  No
voleanie pebbles were seen in the gravel and the channel
probably belongs to the pre-voleanie period. The eost of
working this channel is necessarily very high. The inlet of
the Hogsback channel is probably found at the low place
half a mile north of Seeret Canyon House.

Noar Canada Hill another steep, narrow ehannel has been

grade and the direction indicated on the map.
This ehannel probably crosses Sailor Canyon,
entering the Truckee quadrangle, and then joing the main
channel, following approximately the Middle Fork of the
The western

Canada Hill.

end of the Canada Hill channel is not covered by voleanie |
| rocks but by heavy morainal detritus.

A short distance east-
ward the voleanic rocks begin and cover it to a depth of aboot
100 feet at the Keed mine, o half mile east of itz beginning.
A few feet of poorly washed gravel are found in the bottom of

| the ehannel, above which are a few feet of clay containing

ecarbonized wood. Above this lies a little massive rhyolite
covered by heavy masses of andesitic brecein.  This channel

| has been suecessfolly drifted and in places hydraolicked as
In the Mayflower mine |

far as the place where it enters the high voleanic ridge. Tt is

{ believed to continue with steep grade underneath this ridge,
has eut down to about the level of the hed roek in the May- |

Again, |

1t has been drifted |

upen northward for 2000 feet; southward it probably joins |

the Orono channel.  Below the voleanie eapping between the

| forks of Brushy Canyon are several intervoleanic channels,

such ag the Admns, Nil Desperanduom. Westehestor, Black
Hawk, and Wassen, the relations of which are little Koown.
Farther cast, the main channel is again found in the
Paragon mine, where it has not guite cut down to the bottom
of the old channel,  Again it is exposed where it erosses Vol-
cane Canyon, in which the Hazard shaft has been sunk 180
foet; the narrow chonnel was followed west for 3000 feet
anid some rieh gravel was found.  Above thers are about 2

milez in which the channel has not been exposed, though o |

deep tunnel from near Michigan Bloff has been proposed.

| thickness of the gravel is said to average 2} feet,

But above this it has been drifted for over SN feet in a west- |

erly direction from the Weske tunnel. In spite of difficult
working eonditions thiz enterprise vielded exeellent returns,
producing approximately $750,000.

A smaller intervoleanic channel, filled with heavy voleanic |

gravel, crosses the Weske channel near its inlet and thenee
econtinues some distance north. It has not been worked to
any extent.
small old stream bed haz been worked to some extent from
the Bowen and Oro tunnels. The latter is about 2500 feet
long.

Above Weske tunnel, confronting Eldorado Canyon, there
are a number of smaller gravel hills, most of which have been

hydranlicked. Among these are Drmmmnonds

Point, Eldorado Hill, and Bachelor Hill, The Gravel hills
3 near Weske

gravel at all of these places appears to belong to tunnel.

the intervoleanie epoch, and the deposits evi-

dently form part of a semewhat complicated channel system,
near the point where the channels from Deadwood join those
eoming down the main ridge.

| on which the Oro tunnel is deiven finds its way down below
the level ridge on the western side of the Hidden Treasure |
tunnel, but it has not been exposed north of the tunnel mwen- |

tioned.

A narrow intervoleanie ehannel with heavy voleanie gravel
and apparently barren, rung north for some distance from
Snnny South, parallel but a little east of the
Hidden Treasure channel. At Sunny South it
has cut across the latter, obliterating it and

Sunny South
channel.

: eroding some distance inte the bed rock below the level of
Examinations

the Hidden Treasure. This is the reason why no quoartz
gravel can be seen cropping out at Sunny South. About a
mile gouth of Damasens the Mountain Gate channel was cat
off by a decper intervoleanic water course, eroded to a depth
of about 160 feet below the older ehannel, This so-called Bloe
channel was drifted from the Mountain Gate Bk chimnil
tunnel, producing $175,000. A little over 2 miles i
north of Sunny Sduth the same old ehannel is eut to about
the same depth by another intervoleanie channel, finding

| its way southeasterly to the Dam claim and thence for a mile

i s—— e e il Sl
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About a mile north of the Weske channel a |

It is probable that the channel |

and its ontlet has probably been found at the Sailor Canyon 5

mine 2 miles northenst of Canada Hill. At this place bed-
rock tunnels have shown the existence of a narrow ehannel
containing angular, poorly washed gravel covered with a dark
clay. The relations at this place are somewhat obscured by
considerable masses of morainal material.

Deadwood Ridge is erossed by channels belonging to both

the carlier and later period which have been extensively |

worked. The older channel is believed to enter
the ridge somewhat south of the Devils Basin,
and finds its outlet half a mile north of Dead
wiood . 1t is eharacterized by thicker gravel bodies eontaining
large bowlders of quartz and metamorphic recks.  This chan-
nel has been worked from the Rattlesnonke mine, on the eastern |
gide of the ridge, and from Heed's and Hornbush's tunnels on
the western side. The prineipal intervoleanic channel has
its inlet at the Devils Basin, and has been worked from there |
for a distance of half a mile, yielding very rich returns. The |
The outlet
of this channel is probably 2000 feet pnorth of Deadwood and
somewhat lower than the adjoining outlet of the older chan-
nel. From this side it hag been worked 3000 feet eastward
without, however, connecting with the Basin tunnel A second
intervoleaniec channel enters the ridge south of Deadwood and
rung in & northerly direction. It has been followed down-
stream for 3000 feet,

At Last Chanee several chanuvels are known to ocenr and
have been drifted for considerable distance, although leaving
some ground as yet unopened.  As at Deadwood,
there is a pre-voleanie channel and several inter-
voleanie channels. Both elasses follow approximatel v the snime
conrse, thongh the intervoleanic channels are about 24 feet
lower than the others. The gravel and its covering material
are similar in character to that of Deadwood.  The upper
continuation of the Last Chance channels may probably be
found at American Hill on the ridge between Lost Canyon
and Antone Canyon.

Below the voleanie aveas south of Dunean Peak narrow and
deep channels have been found, whieh, however, have not
thos far vielded much. One of these extends
from Flat Ravine sounthward for 1} miles. 1t
has been opened by tunnels at both ends and
worked to some extent. Another ehannel is expossd by
Abrams tunnel on the west side of Dunean Canyon, This
branch probably joins that from Flat Ravine and, erossing
under the lava ridge botween Dunesn Canyon and the Middle
Fork of the American, becomes a tributary of the main Long
Canyon channel. Depressions indicating ehannels also exist
bolow the andesite areas of Big Oak Flat.

Pleistocene gravels.—The Neocene gravels derived their
rich eontents of gold from the disintegration of gquartz veins.
The Pleistocene gravels, still richer though of less extent,
derived their gold not only from the continoned
disintegration of the guartz veins but also from
that stored up in the older Neoecene channels as
they were gradually destroyed during the proeess of erosion.
As s well known, the Pleistocene gravels were the first to b
mined after the diseovery of gold in California The miners

Deadwood
Ridge.

Last Chance.

Duncan
Peak.

Plelstocene
gravels.

| followed up each stream, and wherever prospects appeared to :

The prineipal interveleanie channel, 5
which probably eontinues from the Oro to the Blue channel |

Az delivered at the |

the river. A little later the higher benches np to 10 fect
above the river were attacked. In the smoe manner each
stream was followed up in ease it proved to be valunble ool
its gravels, wherever cceurring, were washed.

All these Pleistocene gravels are now practically exhausted
amd seme have been washed over two or thres times. A few
Chinese still remain washing the bars of the Middle Fork and
South Fork of the Yuba, either in a primitive way by rockers
or by wing dams and sluices,  Oceagionally small patehes of
eravel not vet wined are founnd along the river sides.

Practically nll the ravines in the wostern two-thivds of the
quadrangle have been mined to greater or less extent.  The
only barren region is that enst of o line drawn froan Gieanite-

| wille to Emigrant Gap, and thenee to Monumental Hill and

the month of Big Valley. Even within this aren gold placers
have been fonnd on upper Fall Creck about o mile above the
erossing of the road from Bowman Loake to Emigrant Gap.
A little gaold has also been washed near the summit of Gronse
Ridge. The Pleistocene gravels of Bear River, Greenhorn
River and Steep Hollow have been extensively washed buot
are now buried Delow tailings,

Along the North Fork of the American River Pleistocene
bars were numerous and rich as far up as Humbug Bar. At
Green Valley, south of Towle, and at Hayden Hill, mining
operations have been suecessfully carried on antil recently.
Above this point the gravels were generally poor, though
some have been washed as high ap as SBailor Canyon.

The Middle Fork of the American River was noted for its
rieh gravels, which extended up to a point south of Michigan
Bluff. The vicinity of Gray Eangle Bar and American Har
wns nofed for its important gravel mines during the ten years
following the discovery of gold,
enrried on there.

Home work 15 even now

amdd a tunnel hag recently been ran with the expestation of
draining this curve amd mining the gravelz exposed, which are
believed not to have been reached by the old miness.

The North Fork of the Middle Fork containsd gold ap to
itg head near Canada Hill, while the main Middle Fork is
reported to have been relatively poor, though not barren, from
a point east of Ralston’s mine. Dredging has recently beon
proposed as o means of working the remaining richer Pleisto-
cene gravels which have been eoversd by diébris from the
hydraulie mines, and plants of this kind have been projected
for use on the Bear and Greenhorn rivers.

TOTAL YIELDY OF GOLIL

It iz next to impossible to obtain exact data regarding the
total amount of gold produced, as the statisties during the
first twenty years after the discovery in 1840 were lnnentably
deficient. That part of Nevada County situated in this
gquadrangle has certainly prodoced 560,000,000,  The part of
Placer County in the quadrangle has surely produced the same
amount, if not muech more.  To thiz must be added the large
output from Minnesota, Alleghany, and Forest. It is thought
that $150, 000,000 is not too large an estimate of the total yield,
and if the Nevada City and Grass Valley distriets, just outside
of this quadrangle, be ineluded, the total yield would not be
less than 200,000,000, Very few districts in the United States

| ean show such a concentration of wealth in a comparatively

amall aren.
I;.{;H}‘LQ?'EJ‘TI'J_

The sedimentary rocks contain, as noted above, a few con-
tinnous mazsive beds or lenses of limestone.  Chiefly owing to
their situation away from lines of communication they have
not thus far been utilized. A small limekiln was onee in
operation at the small limestone mass along the railroad line
1} miles north-northeast of Colfax, It has been proposed
to quarry for building purposes the gray or black erystalline
limestone ocenrring in the South Fork of Yuba Canyon south
of North Bloomfield, as well as that situated along the Bear
River 2 miles west of Colfax. Little actual work has, how-
ever, been done.

LAY,

Mo extensive deposits of elay suitable for pottery are Known
to oeenr.  Ordinary briek elays are, however, common in the
upper part of the Auriferons gravels, as well as in the decom-
posed clay and residual soil of the andesite and diabase-
porphyrite.

BUTLDING STONE.

There arve no quarties for the purposs of obtaining building
stone in the guadrangle. The rocks are in general not well
guited for this purpose, being too extensively traversed by
geains and joints, The grancdiorvite affords almost the only
available building stone, though its remote sitlpation renders
it doubtful whether it will ever be utilized. At the bend of

| the railrosd 3 miles west of Ciseo granite has been quarried
| Tor railroad building purposes,

SOLS,

Alluvial soils are nearly entirely absent except those covering
the few small Pleistocene areas of gravel along the present
rivers, The slopes of the eanyons are generally rocky and
almost dennded of soil.  The deep agrienltoral soils are found
along the stinmits of the ridges and may be characterized as
regidual soils derived by gecular disintegration of the rock in
place. Deep red soils are as a rule foumd on the andesite,
rabbre, and dinbase-porphyrite areas, while the sedimentary
rock of the Bed-rock series is nzually shallow, poor, and of a
light-gray eolor,

WATER SUPPLY.

The character and utilization of the streams have already
been referred to under the heading * General features.” It
remains only here to note the existence of numerous springs,
gemerally perennial and very cold. Nearly all of these arve
located along the contacts of the andesite, rhyolite, or Aurif-
erous gravels with the Bed-rock series.  The frogments of old
channels coversd and preserved by the Neocene acenmula-
tions form veritable storage hasins for the superficial waters,
the importance of which should not be underestimated. The
old gravel channels generally contain such a quantity of
water that attempts to mine them by shafts are often
unsuecessiul owing to the expense of pumping. It is often
possible to locate the contact in ease of doubiful exposures
by means of the small springs which are almost zure to be
found along it.

No mineral springs are known to exist in the guadrangle.

CHROMITE.

Small irregular masses of chrome iron ore are sonetimes
found in the peridotite and serpentine.  Frow some of them
a small amount of this ore has been shipped.  One locality is
found near Green Valley in the North Fork of the Ameriean
River, below Towle. Other sinall masses of chrome iron have
heen found in the serpentine of the Forest Hill divide,

WALDEMAR LINDGREN,
GFeologist.
April, 1900.
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At one point the river makes a wide bend,
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forming another gradation into sedimentary
deposits. Some of this glacial wash was deposited

“in tunnels and channels in the ice, and forms char-

acteristic ridges and mounds of sand and gravel,

known as osars, 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 ROCEKS. -

Rocks are further distinguished according to
their relative ages, for they were not formed all
at one time, but from age to age in the earth’s
history. Classification by age is independent of

_origin; igneous, sedimentary, and surficial 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 eall the
mass throughout its extent a formation, and such
a formation is the unit of geologic mapping.

Several formations considered together
designated a sysfem. 'The time take
deposition of a formation is called an
the time taken for that of a sysie
larger fraction of a system, a period.
are mapped by formations, and the fo
classified into systems. The rocks c
system and the time taken for its depo
given the same name, as, for instance, Cambrian
system, Cambrian period. ¢

As sedimentary deposits or strata accumulate
the younger rest on those that are older, and the
relative ages of the deposits may be discovered
by observing their relative positions. This rela-
tionship holds except in regions of intense dis-
turbance; sometimes in such regions the disturb-
ance 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 fossils, or the remains of plants
and animals, are guides to show which of two
or more formations is the oldest.

Strata often contain the remains of plants and
animals which lived ip the sea or were washed

from the land into lakes or seas or were buried in’

surficial deposits on the land. Rocks that ecoh.
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 meodified 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 sinece; these are character-
istic types, and they define the age of any bed of
rock in which they are found. Other types
passed on from period to period, and thus linked

. the systems together, forming 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 found in
them may determine which was deposited first.

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

Colors 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
in the table in the next column. The names of

certain subdivisions of the periods, frequently

used in geologic writings, are bracketed against
the appropriate period name. &

To distinguish the sedimentary formations of
any one 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 any one period, excepting

the Pleistocene and the Archean, are distin-
guished from one another by different patterns,
made of parallel straight lines. Two tints of the
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,

PERIG S'n':lbt;:..:l i Coron

Plairboosme " 52l LSS SEa L P |Any colors.
Pliocens

Neocena { Mioeand } .......... N | Buifs
Eocene (ineluding Oligocene) . . . . . .| E |Olive-browns,
(g P i £ S i, ) K | Olive-greens.
Juratrias -}JT]_“:::'QE: % ......... ] | Blue-greens.
Carboniferous (including Permian) . .| C |Blues.
T Y e R S ERe e e N B T 0 | Blue-purples.
Silurian (including Ordovician) . ... S |Red-purples
BT 1) 4 | et S A [ S £ [Pinks.
Algoninni vt e T T A |Orange-browns.
AT ARTLE LR T e A | Any colors,

Each formation is furthermore given a letter-
symbol of the period. In the case of a sedimen-
tary formation of uncertain age the pattern is
printed on white ground in the color of the period
to which the formation is supposed to belong,
ttersymbol of the period being omitted.

number and extent of surficial formations
"leistocene render them so important that,
guish them from those of other periods

, printed in any colors, are used.
e origin of the Archean rocks is not fully
ettled. 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-
allel lines. If the rock is known to be of sedi-
mentary origin the hachure patterns may be com-
bined with the parallelline patterns of sedi-
mentary formations. If the metamorphie rock is
recognized as having been originally igneous, the
hachures may be combined with the igneous
pattern. .

Known igneous formations are represented by
patterns of triangles or rhombs printed in any
brilliant color. If the formation is of known age
the letter-symbol of the formation is preceded by
the capital lettersymbol of the proper period.
If the age of the formation is unknown the letter-
symbol con®fsts of small letters which suggest the
name of the rocks, . .

THE VARIOUS GEOLOGIC SHEETS.

Historical geology sheet—This sheet shows the
areas occupied by the various formations. On the
margin is a legend, which is the key to the map.
To ascertain the meaning of any particular colored
pattern and its lettersymbol on the map the
reader should look for that color, pattern, and
symbol in the legénd, where he will find the name
and deseription 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 may be traced out.

The legend is also a partial statement of the
geologic history, Init the symbols and names are
arranged, in columnar form, according to the origin
of the formations—surficial, sedimentary, and
igneous— and within each group they are placed
in the order of age, so far as known, the youngest
at the top. 2

Liconomic geology sheet.—This sheet represents
the distribution of useful minerals, the occurrence
of artesian water, or other facts of economiec
interest, showing their relations to the features of
topography and to the geologic formations. All
the formations which appear on the historical
geology 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 intro-
duced at each occurrence, accompanied by the
name of the principal mineral mined or of the
stone quarried.

Structure-section sheet.—This sheet exhibits the
relations of the formations beneath the surface.

In cliffs, canyons, shafts, and other natural and
artificial euttings, the relations of different beds
to one another may be seen. Any cutting which
exhibits those relations is called a section, and the
same name is applied to a diagram representing
the relations, The arrangement of rocks in the
earth is the earth’s stiueture, and a section exhibit-
ing this arrangement is called a structure section.

The geologist is not limited, however, to the
natural and artificial euttings for his information
concerning the earth’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:

1 the igneous rocks, patterns of dots and -

Fig. 2.—8keteh showing a vertieal seetion in the front of the
pieture, with a landseape beyond.

The figure represents a landscape which is cut
off sharply in the foreground by a vertical plane
that euts 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:

SHALES

SAMDSTONES

LIMESTONES

Lentils in sirate. Behista. Igneous rocks.
Fig. 8. —8ymbols used to represent different kinds of 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 outerops 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, dis-
tinguished by their underground relations. The
first of these, seen at the left of the section, is the
set of sandstones and shales, which lie in a hort-
zontal position. These sedimentary strata are
now high above the sea, forming a plateau, and
their change of elevation shows that a portion of
the earth’s mass has swelled upward from a
lower to a higher level. The strata of this set are
parallel, a relation which is called conformable.

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 platean 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 positions, evidently
younger than the underlying formations, and the
bending and degradation of the older strata must
have occurred between the deposition of the older
beds and the acenmulation 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 uneonformity.

The third set of formations consists 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 between the formation
of the schists and the beginning of deposition of
the strata of the second set. During this interval
the schists suffered metamorphism; they were the
scene of eruptive activity; and they were 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 oceur.
The sections in the structuresection 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 be
measured from the surface by using . the scale of
the map.

Columnar-section sheet—This sheet contains a
concise deseription of the rock formations which
occur in the quadrangle. The diagrams and
verbal statements form a summary of the facts
relating to the character of the rocks, to the thick-
nesses of the formations, and to the order of
accumulation of successive deposits.

The rocks are described under the correspond-

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
1000 feet to 1 inch. The order of accumulation
of the sediments is shown in the columnar arrange-
ment: the oldest formation is pladed 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 section.

Each formation shown in the columnar 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,
' Director.

Revised June, 1897.
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