
DESCRIPTION OF THE SPECIAL MAPS.
TOPOGRAPHY.

The three maps contained in this folio illus 
trate, in a detailed manner, the topography and 
geology of the important gold-mining districts 
in the vicinity of Grass Valley and Nevada City, 
California. These districts are situated on the 
long western slope of the Sierra Nevada, at an 
average elevation of 2,500 feet, and about 15 
miles north-northwest of the town of Colfax, on 
the Central Pacific Railroad. The Banner Hill 
map represents an area very nearly 4 miles long 
by 3 wide, embracing 11.65 square miles; the 
larger part of it is within the limits of the Col- 
fax atlas sheet of the general topographic map of 
the Gold Belt. The tract shown on the Nevada 
City map, adjoining the Banner Hill on the west, 
has the same dimensions and forms a part of the 
area of the Smartsville atlas sheet. The district 
embraced by these two detailed sheets extends 
from 39° 13' 50" to 39° 17' 16" north latitude 
and from 120° 57' 05" to 121° 03' 45" west longi 
tude. South of the Nevada City tract, but 
extending somewhat farther west, lies the tract 
represented on the Grass Valley map, also about 
4 miles long by 3 miles wide, and containing an 
area of 12.09 square miles; it extends from 39° 
10' 22" to 39° 13' 50" north latitude and from 
121° 01' 35" to 121° 05' 00" west longitude, and 
forms a part of the area of the Smartsville atlas 
sheet. The total area of the three sheets is thus 
35.39 square miles.

In addition to the large maps a smaller one 
has been prepared showing the vicinity of the 
Brunswick and Gold Point mines. This will be 
published in the final report on the district, and is 
referred to in the following pages as the Bruns 
wick map.

NEVADA CITY AND BANNER HILL MAPS.

JRelief. The Nevada City and Banner Hill 
districts are, topographically as well as geolog 
ically, intimately connected and may well be 
described together. The dominating features are 
the two long ridges whose crests descend gently 
westward the Harmony Ridge, near the north 
ern boundary, and the Banner Hill-Towntalk 
Ridge, near the southern boundary. The northern 
ridge sinks with a gradual slope from an eleva 
tion of 3,660 feet to 2,840 feet at the western 
boundary line of the Nevada City map, and is cut 
in two by a gap north of Nevada City. A con 
spicuous pyramidal hill, the Sugarloaf, with an 
elevation of 3,075 feet, stands in the middle of 
the gap and reaches at its summit the gradient 
of the ridge line. The southern ridge, beginning 
at an elevation of 3,600 feet, is somewhat wider 
than the northern, and has at the western boun 
dary line of the Nevada City map an elevation of 
2,700 feet. Near Banner Hill this ridge is cut in 
two by the narrow canyon of Little Deer Creek; 
farther west several gaps are cut across it, the 
most prominent one being that at Towntalk. 
The average slope of the ridge line is 1^°. At 
the eastern boundary of the Banner Hill district 
the ridges approach each other, and are in fact 
separated only by the deep canyon of Deer Creek. 
In the southeast corner of the Banner Hill tract, 
towering 500 feet above the ridges, stands the 
isolated and conspicuous Banner Hill (elevation 
3,904 feet). From the edges of the ridge-tables 
steep slopes lead down to the watercourses, 
steepest as a rule near the summit, then flatten 
ing out somewhat, then again becoming steeper 
toward the stream bed. The distance between 
the ridges is greatest at the western edge of the 
Nevada City tract, and here, as well as south of 
Nevada City, the relief is Jess accentuated.

Drainage. The principal stream is Deer Creek, 
which traverses the middle of the region from 
east to west, and which, 12 miles farther west, 
empties into the Yuba River. The total fall of 
the stream from the eastern side of the Banner 
Hill tract (2,840 feet high) to the western side of 
the Nevada City tract (2,160 feet high) is 680 
feet, or about 100 feet to the mile. The fall is by 
no means uniform, however; in the steep canyon in 
the eastern part of the Banner Hill tract it is 150 
feet to the mile; thence down to Nevada City, 
about 100 feet to the mile; from Nevada City to

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

GRASS VALLEY MAP.

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

Drainage. The larger part of the area is 
drained by Wolf Creek, a tributary of Bear River. 
From the city of Grass Valley it runs south to 
the limit of the tract without larger tributaries. 
At Grass Valley it forks into two creeks, which 
have a general east-west direction. The fall 
varies from 50 feet to the mile in the Grass Val 
ley basin to 130 in the vicinity of the Omaha 
mine. The smaller tributaries to the creek show 
a feature which is also marked in the other two 
tracts, though to a less extent: they flow with 
gentle grade over the undulating, plateau-like 
country, even forming marshes at their sources, 
but on approaching the main stream they descend 
to it with a steep, torrential grade. East of 
Osborne Hill the drainage is toward Rattlesnake 
Creek, a tributary of Wolf Creek. The extreme 
northwestern corner drains to Deer Creek.

VEGETATION.

The vegetation is of generally uniform char 
acter throughout the district of the three maps, 
and consists predominatingly of a second growth 
of yellow pine (Pinus ponder osa), the much 
more luxuriant growth once covering a large 
part of the ground having been cut for mining 
purposes since 1849. A few large white-oaks are 
found on the more open flats, and a strong, bushy 
growth of chaparral (Manzanita and Ceanothus) 
covers some of the hills. The serpentine ridges 
have a separate and peculiar vegetation of 
digger-pine (Pinus sabiniana)  elsewhere rarely 
growing above 2,000 feet yew, stunted oak, 
and thorny bushes.

GENERAL GEOLOGY.

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

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

EARLIER HISTORY.

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

The Nevada City and Grass Valley district is 
located in the upper foothills, near the line where 
the old igneous rocks of the foothill region give 
place to the wide belt of slaty, sedimentary rocks 
of the middle range; east of this sedimentary 
belt the granitic rocks of the highest parts of the 
range begin. High ridges of fine-grained, dark- 
green rocks, diabases and augite-porphyrites, 
form the first foothills of the Sierra Nevada in 
Yuba and Nevada counties; in the latter county 
these rocks extend to near Anthony House and 
Indian Springs, where they are replaced by a belt 
of coarser-grained, granitic rocks (granodiorite, 
diorite, and gabbro), which terminates along a 
line drawn by French Corral, Rough and Ready, 
and Wolf Creek Mountain. Eastward of this 
line, up to Nevada City and Grass Valley, the 
geology is very complex; relatively narrow belts 
of more or less metamorphosed sedimentary 
rocks, standing at steep angles, alternate with 
large quantities of fresh or metamorphosed igne 
ous rocks. Near Nevada City this complex is 
separated from the predominatingly sedimentary 
slates to the east by the rounded southern end of 
the great intrusive granodiorite mass extending 
more than 20 miles northward into Butte County. 
In the southern part of Nevada County the dia 
bases and porphyrites of the foothills extend very 
far eastward, and an area of these rocks reaches 
northward, including Osborne Hill, to the east of 
Grass Valley.

The region of complicated structure begins at 
Rough and Ready, 5 miles west of Grass Valley, 
with amphibolites and gabbros; then follows a 
belt, from J of a mile to 1-J- miles wide, of sedi 
mentary clay-slates and siliceous slates, which, 
near the North Star mine, enters the Grass Val 
ley tract. A branch of these slates is deflected to 
the southeast and traverses the northeastern part 
of the Grass Valley tract. Between Grass Valley 
and the main clay-slate belt lies a body of dia 
base and porphyrite about three-fourths of a mile 
wide, the continuation of which northward, 
though broken for a short distance by interven 
ing slate masses, is found west of Newtown. East 
of this diabase belt lies the Grass Valley area of 
granodiorite, 5 miles long, a rather narrow body 
of coarse-grained, granitic rock, the northerly end 
of which is found in the city of Grass Valley. 
Eastward of this comes the great porphyrite and 
diabase area of Osborne Hill, limited again by 
the above-mentioned streak of sedimentary slates 
cutting obliquely across the Grass Valley tract.

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

Turning now to the more interesting question 
of the relations of all these different rocks, it 
should be stated that no fossils have thus far 
been found in the sedimentary rocks of the 
district. The greater part of the latter have 
been referred to the Calaveras formation, which 
embraces the Paleozoic sedimentary rocks of the 
Sierra Nevada. Among the Paleozoic rocks the 
Carboniferous strata doubtless predominate, but 
the paucity of fossils has permitted identification 
only at relatively few points. The determina 
tion of the rocks in question as " Calaveras," there 
fore, rests on circumstantial evidence only, and 
this evidence consists partly in their lithologic 
similarity to beds determined farther south, near 
Auburn, and partly in their position in the pro 
longation of these strata northward. These slates 
of the Calaveras formation are probably the old 
est rocks in the district. During a mountain- 
building disturbance toward the end of the 
Paleozoic or the beginning of the Mesozoic, these 
beds became folded and compressed. This earli 
est uplift was associated with the outbreak of 
igneous rocks, which, indeed, in some localities 
took place even during the deposition of the 
Carboniferous beds, but of those igneous rocks 
there is no positive trace in the region under 
discussion. It is believed that all of the igneous 
rocks of Grass Valley and Nevada City are post- 
Carboniferous, and probably none of them ante 
date the end of the Juratrias period.

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



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

Finally, as the last and farthest-reaching phase 
of that period of igneous activity, came the intru 
sion of the large granodiorite masses in the then 
deep-seated part of the range. This took place 
on so gigantic a scale that the mind strives with 
difficulty to comprehend the mechanics of the 
process. Thus, the granodiorites of Nevada City 
and Grass Valley are the most recent rocks of the 
Bed-rock series. Finally, after the intrusions of 
the granodiorite, dynamic forces, acting on the 
mass with different intensity and in different 
directions, produced fissure systems in which 
auriferous solutions ascended and deposited their 
contents. This forming of the mineral veins was 
the last phase of the Mesozoic revolution in the 
Sierra.

By no means all of the rocks of the district are 
now in the same condition in which they were 
formed. Successive dynamic forces have acted 
on many of them, producing deformation and 
schistose structure. Chemical forces have acted 
on them in at least three distinct ways, changing 
their mineral constituents until their original 
form is sometimes scarcely or not at all recogniz 
able : first, as a result and concomitant of dynamic 
metamorphisni; second, by the heat and mineral 
izing exhalations of the intrusive granodiorite; 
third, by the action of the hot auriferous solu 
tions on the rocks adjoining the fissures through 
which they circulated. Often several or all of 
these effects have been combined in one locality, 
rendering very difficult the task of unraveling the 
changes through which the rock has passed. In 
the region covered by the Smartsville sheet, in 
which the larger part of the area described in this 
folio is located, there has been less of that intense 
dynamic action producing slaty and schistose 
structure by compression than in some parts of 
the Gold Belt farther south. One line along 
which the rocks have been crushed arid rendered 
schistose extends in a northerly direction through 
nearly the whole region, and passes some distance 
beyond the western boundary of the Grass Valley 
tract. As in certain localities along that line the 
granodiorite has been rendered schistose, it fol 
lows that this line of disturbance was produced 
later than the intrusion of granodiorite. Another 
line of schistose structure in the Calaveras forma 
tion follows the granodiorite contact south and 
west of Nevada City, while a partly parallel line 
of schistosity follows the area of the porphyrite 
and the Mariposa slates to the west of the con 
tact. But most of the rocks in the area of the 
special maps are of massive character.

LATER HISTORY.

At the beginning of the Neocene period the 
Sierra Nevada formed a mountain range of sub 
stantially the same outlines -as that of to-day, but 
of much less height, the summits   located along 
the same line as the present ones having an 
elevation probably of about 5,000 feet, in latitude 
38°- 39°. The range had been above water since 
the end of the Juratrias period, and in its lower 
part long-continued erosion had reduced it to a 
hilly, undulating country, frequently broken by 
high ridges and isolated peaks. A drainage sys 
tem somewhat similar to the one of the present 
day had been developed, and auriferous gravels 
accumulated along the streams from the debris of 
the numerous quartz veins. The stream receiving 
the drainage of Grass Valley and Nevada City 
corresponded closely to the Yuba River, but also, 
embraced the watershed of the upper Bear River. 
Its southern branch came down from Dutch Flat 
and You Bet with a northerly direction, crossing 
Deer Creek at Scotts Flat and the South Yuba at 
Blue Tent; then turned westward and flowed 
down to the Great Valley by Badger Hill, North 
San Juan, French Corral, and Smartsville. Dur 
ing the latter part of the Neocene period (the 
Pliocene) volcanic eruptions began near the sum 
mit of the Sierra, and masses of volcanic material 
began to pour down the river channels. The first 
material erupted was the light-colored, siliceous

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

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

DESCRIPTION OF THE ROCKS.
BED-ROCK SERIES.

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

SEDIMENTARY ROCKS.

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

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

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

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

Mariposa formation. The narrow slate belt 
running in a northwesterly direction from near the 
railroad on the southern margin of the Nevada 
City tract across Deer Creek, as well as the nar 
row band south of Indian Flat, has been tenta 
tively referred to the Mariposa formation. It is 
characterized by black, very fissile clay-slates 
interstratified with fine and coarser tuffs. The 
stratification and the schistosity appear to coin 
cide and are nearly vertical. Good exposures are 
seen at the tunnel on the south bank of Deer 
Creek. A short distance south of the Nevada 
City district this belt is interrupted by massive 
porphyrites, but soon reappears in the district 
shown on the small Brunswick map, and is here 
nearly 3,000 feet wide. The tuff-slates are well 
exposed on the road a short distance above the 
Washington mine.

KMSTEOTTS BOOKS.

Granodiorite. The granodiorite of the Nevada 
City and Banner Hill districts is a coarse-grained, 
grayish, granitic rock, composed of dark-green 
hornblende, dark-brown mica, colorless or gray 

'   quartz, and white or slightly yellowish feldspar. 
The grains average 2 to 3 millimeters in diameter. 
The hornblende is relatively more abundant than 
the mica and is frequently present in large, pris 
matic grains. The feldspar is predominatingly 
a soda-lime-feldspar of the composition of oligo- 
clase or andesine. A smaller quantity of ortho- 
clase is always present. Analysis of a typical 
specimen gave 66^- per cent silica, 4^ per cent 
lime, 3J per cent soda, and 2J per cent potassa. 
It is thus an acid rock, in composition between 
a diorite and a granite. The texture and com 
position of the rock are pretty constant through 
out the area. In the vicinity of the contacts   
near North Banner, for instance, and on the north 
side of Deer Creek the rock is more basic and 
contains more hornblende, thus resembling a dio 
rite. From the Nevada City mine to the western 
border of the district it apparently gradually 
changes to a normal diorite. The granodiorite is 
soft and weathers easily; frequently, especially 
in the eastern part of the Banner Hill district, it 
is decomposed to great depth, producing a deep- 
red, clayey soil. It often shows a tendency to 
concentric weathering, leaving round " bowlders " 
undecomposed in the resulting clayey mass. Out 
crops are usually well rounded. Dikes of grano 
diorite are found at several places in the adjacent 
sedimentary rocks, for instance, in Deer Creek at 
the contact below Federal Loan mine, and in the 
cliff on which the Providence mill is built.

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

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

ApUte. In the rocks adjoining the granodio 
rite, and more rarely in the latter rock itself, are 
dikes and smaller bodies of a white, medium- 
grained, granular rock consisting almost entirely 
of feldspar and quartz, with occasionally a very 
little brown mica. This rock, which should prob 
ably be considered a product of differentiation in 
the granodiorite magma, occurs in the Nevada City 
district as a dike in contact metamorphic slates 
above the Champion mill, and as a larger mass, 
with ramifying branches in diorite and pyroxen- 
ite, about a mile northwest of the Nevada City 
mine. The exposures in Rush Creek show well 
the intrusive character of this rock. A typical 
sample contained 77 per cent silica, |- per cent 
lime, 5 per cent potassa, and 3-|- per cent soda. It 
is thus a dike rock composed chiefly of alkali 
feldspar and quartz, and should be designated an 
aplite. A small mass of similar material occurs 
in the Grass Valley district, in Little Wolf Creek, 
south of Golden Treasure mine.

Quartz-porphyry. In the vicinity of the Omaha 
mine, in the Grass Valley district, there are, in dia 
base and near the granodiorite contact, one large 
dike and several smaller ones of quartz-porphyry, 
the latter principally on the east side of Wolf 
Creek. Smaller dikes of the same rock also 
occur in the diabase in the Omaha mine. These 
rocks are gray or white, fine-grained, and porphy- 
ritic, sometimes also showing a microscopic spher- 
ulitic structure, and are typical quartz-porphyries. 
Like the aplite, they should probably be regarded 
as a differentiation product of the granitic magma. 
The rock near Omaha contains J per cent lime, 
4'J per cent potassa, and 3J .per cent soda. A 
white dike found in the Peabody mine evidently 
also belongs to this class of rocks.

Diabase and porphyrite. Rocks of dark-green 
color, fine- or medium-grained texture, and often



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

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

The southern part of the district contains two 
larger masses of greenstone, both of which are 
decomposed to considerable depth and form a 
dark-red, clayey soil. Good continuous outcrops 
are rare. The rock at the extreme southeast cor 
ner of the Banner Hill district is variable in com 
position and texture. It is made up in part of 
greenish or brownish porphyrite with large crys 
tals of black hornblende or augite, or both. The 
porphyritic feldspar crystals are usually small. 
The ground-mass is fine-grained and holocrystal 
line. Other rocks are fine-grained diabases com 
posed of augite partly converted into uralite and 
feldspar in granular mixture. Still others are 
granular, almost coarse, and composed of large 
augite crystals, frequently surrounded by black 
primary hornblende, between which lies a fine, gran 
ular aggregate of soda-lime-feldspars. Between 
this area and the sedimentary rocks there is first 
a belt of volcanic breccias, the fragments of which 
are principally hornblende and augite-porphyrites 
with very fine-grained holocrystalline ground-mass; 
there are also some fragments of a pale-gray or 
brown, dense, flinty rock similar to the siliceous 
rock from near the Federal Loan. Pyrrhotite is 
extremely abundant in this breccia, which is not 
very coarse, the fragments seldom exceeding an 
inch in diameter and being firmly welded together. 
The next belt, including the summit of Banner 
Hill, is a grayish or brownish breccia composed 
chiefly of gray or brown fragments of the sili: 
ceous sedimentary rock, .with a small amount 
of volcanic, more or less altered material. This 
breccia gradually changes into the normal sedi 
mentary rocks. There can be little doubt that 
these areas represent "contact breccias" or "fric 
tion breccias" formed by the violent disruption 
of the hard and brittle sedimentary rocks by the 
porphyrites, and that the former were thus not 
only deposited but also at least partly altered 
before the porphyritic eruption took place. The 
small area shown in the southwest corner of the 
map, bordered on the east and north by sedimen 
tary rocks, is the continuation of a similar area 
seen on the Nevada City map. The rock of part 
of this area is a greenish to brownish hornblende- 
porphyrite, with small feldspar crystals and 
larger crystals of black, prismatic hornblende. 
This rock contains 59 per cent silica, 6f per cent
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lime, -f- per cent potassa, and 3 per cent soda. 
Other dense, dark-green rocks are found, under 
the microscope, to consist of a fine breccia or tuff 
of augite-porphyrite. In places coarser breccias 
with fragments of sedimentary rocks also occur, 
and there are several smaller areas of breccia in 
the sedimentary rocks to the east, the outlines 
of which are difficult to determine accurately 
on account of surface decomposition. In a few 
places the rock is coarser and diabasic in compo 
sition.

Entering the district of the Nevada City map 
in the southeast corner, the greenstones extend 
diagonally across it as a band about parallel to 
the granodiorite contact, and narrow down con 
siderably in the western portion. They are 
decidedly more altered than in the Banner Hill 
district, and the extent of the alteration increases 
as the area becomes narrower.

Along the southern edge, and north of the race 
track, dark-greenish to, brownish hornblende-por- 
phyrites prevail, sometimes showing small por 
phyritic feldspar crystals. Similar rocks also 
occur in the northern part of the small Brunswick 
tract. About Herring reservoir the dark-green 
rocks are of varying grain, and have, as seen under 
the microscope, a distinctly brecciated or tuff-like 
character, being made up of fragments of augite- 
porphyrites. Massive and fresher augite-porphy 
rites occur near the railroad, at the eastern end of 
the small greenstone area included in the sedi 
mentary rocks. In the vicinity of the Pittsburg 
mine, and thence northwestwardly, at very many 
places the rocks are dark-green, fine- to medium-" 
grained, and are, to the naked eye, largely made 
up of small hornblende grains with some pale- 
greenish feldspar and occasionally epidote and 
pyrite. By aid of the microscope these rocks are 
proved to be much-altered diabases. The augite 
is very largely converted to uralite, and the soda- 
lime-feldspars are often to considerable extent 
converted to secondary epidote-albite-muscovite 
aggregates. Brown mica is also extensively 
developed as a secondary mineral in the uralite. 
The rocks are best designated uralite-diabases. 
A streak in which are developed augite and 
hornblende-porphyrites, as well as tuffs of these 
rocks, follows the narrow band of Mariposa 
slates to some distance north of Deer Creek. 
About 2,000 feet south of Deer Creek these 
rocks begin to show slaty structure. This is well 
exposed at several places along Deer Creek, and 
does not affect all parts of the belt equally, but 
is strongly developed at many points between 
Deer Creek and Indian Flat. In this vicinity the 
greenstones are extensively altered, but in most 
places the derivation from diabasic rocks can be 
clearly demonstrated. In extreme forms, not only 
has all of the augite been converted to amphibo 
lite, but all of the original soda-lime-feldspar is 
converted to new feldspars, principally albite and 
other minerals, so that the rock becomes in fact a 
schistose amphibolite. Smaller dikes of the same 
uralite-diabase or amphibolite occur in the Cala- 
veras formation to the east. Wherever the con 
tact between these two is exposed, as for instance 
on Home Bluff, south of Deer Creek, the massive 
or only slightly schistose uralite-diabase is found 
to break across the strongly schistose or slaty 
sedimentary rocks, showing not only that the for 
mer rock is the younger but also that the latter 
obtained its slaty structure prior to the occur 
rence of the diabase eruption.

At the contact of the serpentine and the diorite 
there are two distinct dikes of highly altered, but 
not schistose, fine-grained uralite-diabase. A 
large dike-like mass of the same material divides 
the diorite area into two parts. On both sides of 
this there are numerous smaller dikes of the same 
rock.

In the Grass Valley district the western area of 
diabase and porphyrite borders with sharp con 
tact against the Calaveras formation to the west, 
and, with equally sharp contact, against the 
granodiorite on the east. No contact ineta- 
morphism can be observed along the latter con 
tact, the freshest rocks frequently occurring close 
up to it. Good exposures are not common, as the 
rock is deeply decomposed on the ridges and pro 
duces a clayey, dark-red soil. In the southeast 
ern part of the district the rock approaches a 
normal diabase, being fresh, fine- to medium- 
grained, and dark-green, composed of dark-green 
bisilicates and pale-green feldspar. The augite is 
very fresh and partly surrounded by brown horn

blende, evidently primary; the feldspar shows 
twin striation only in part, and the diabasic or 
" ophitic " structure is not so marked as in typical 
diabases. Primaiy pyrite, pyrrhotite, and titan- 
iferous magnetite are present. A specimen was 
found to contain 53J- per cent silica, 9|- per cent 
lime, 2-f- per cent soda, and J- per cent potassa. In 
the northern and larger part of the area this 
coarser granular rock changes, by gradual transi 
tion, into a more or less fine-grained, dark-green, 
porphyritic rock, containing white feldspar crys 
tals of varying size. The ground-mass shows, 
under the microscope, a structure very similar to 
that of the coarser diabases, but the augite is 
largely converted into uralite and the feldspars 
are more or less decomposed. The coarse, dia 
basic structure of the ground-mass changes some 
times to a finer-grained structure characteristic of 
the porphyrites. Porphyritic hornblende crystals 
do not occur. Schistose structure has not been 
observed. The rocks in this area thus grade 
from diabases and hornblende-diabases to por 
phyritic uralite-diabases and augite- or uralite- 
porphyrites.

The principal eastern area, extending from the 
southeastern part of the town of Grass Valley 

"to the southeastern corner of the district, and 
including Osborne Hillj borders toward the west 
with a sharp contact against the granodiorite. 
It'shows considerable variation in composition 
and texture. The coarse, normal diabases are less 
common in it. The northern end is occupied by 
fine-grained, dark-green rocks, sometimes carrying 
small, white, porphyritic feldspar crystals. Under 
the microscope the apparently massive rocks are 
found to be largely porphyritic tuff or finely 
ground-up breccias, greatly altered, but showing 
no schistose structure. The ground-mass is fine 
grained, microcrystalline. The rocks are now 
largely uralite-porphyrites, but were originally 
augite-porphyrites, some rocks still showing fresh 
augite. The porphyrites in places, such as those 
east of Heuston Hill and near the Golden Treas 
ure mine, go over into fine-grained uralite-diabase, 
similar to the rock near the Pittsburg mine 
(Nevada City map). Uralite-diabases, frequently 
changing to uralite-porphyrites with larger white 
feldspar crystals, occur at several points along 
the granodiorite contacts. Sometimes they con 
tain abundant iron pyrites. Coarser, dark-green 
porphyrite-breccias, containing some fragments of 
a brown or light-colored, dense, siliceous, sedi 
mentary rock, begin south of Prescott shaft, and 
form the summit and whole eastern slope of 
Osborne Hill.

Quartz-porpJiyrite. Beginning some distance 
south of the Empire mine and extending at least 
to within a few hundred feet south of the Daisy 
Hill mine, there is, in the dark-green porphyrite, 
a series of branching dikes of a lighter-colored, 
more siliceous porphyrite. The rock is much 
altered and consists of porphyritic, decomposed 
feldspar crystals and wholly decomposed bisili 
cates (augite or hornblende) in a light-gray, flinty 
ground-mass of small feldspar crystals and quartz 
grains. This rock is no doubt closely related to 
the normal porphyrites. South of the Daisy Hill 
mine the exposures are very poor on account of 
deep soil, but similar rocks are found on the 
Lafayette tunnel dump, as well as near the Comet 
mine. A small outcrop of a similar porphyrite is 
found about 400 feet southwest of the Comet 
tunnel. All occurrences contain much epidote. 
The latter rocks, however, do not appear to be so 
acid as the typical ones first described. On the 
Indiana claim, at the south end of Osborne Hill, 
is a dark-green, dense, hard rock containing much 
epidote, small greenish feldspar crystals, and 
needle-shaped crystals of black primary horn 
blende. On the Goodall claim, a little farther 
south, the highly altered rock is dark grayish- 
green, fine-grained, and contains abundant epidote 
and pyrite.

The large greenstone tract between Grass Val 
ley and Colfax (see Colfax sheet) reaches up into 
the Grass Valley district and terminates in the 
vicinity of the Maryland mine; toward the north 
and east, in the Grass Valley district, it borders 
with sharp contact against serpentine; toward the 
west, with irregular and very ill-defined contact, 
against coarse, light-colored gabbro, the diabase 
appearing to run out into the gabbro in a maze 
of dikes. The exposures between the Maryland 
mine and the railroad are not good. In this north 
west part of the area, where the rock also forms

the hanging wall of the Maryland mine, it is a 
dark-green, medium-grained diabase, carrying also 
some brown primary hornblende. It contains 51 
per cent silica, 10J per cent lime, J per cent po 
tassa, and 4J per cent soda. Along the serpentine 
contact at the east edge of the area it is similar 
in appearance, but proves under the microscope 
to be a fine breccia or tuff made up of fragments 
of augite-porphyrite. Over the remainder of the 
area, at Goldpoint mine, along the railroad, at 
Brunswick mine, and in the southern part of the 
small Brunswick tract, the rock is a green to 
grayish-green breccia of augite-porphyrite, some 
times carrying fragments of sedimentary rocks, 
which has a more or less strongly defined schistose 
structure with northwest direction and vertical or 
steep easterly dip. In a few places, such as at 
the Lucky and Brunswick mines, the force pro 
ducing the schistose structure has been more 
intense and has resulted in the formation of a 
grayish-green, chloritic schist bearing scarcely any 
resemblance to the original rock.

Very numerous dikes of diabase are found in 
the serpentine north of the Maryland mine, 
mostly running about east-west, parallel to the 
vein system. Quartz veins frequently occur on 
the contacts with the serpentine. Such a dike, 
for instance, accompanies the Eureka vein, in the 
serpentine area. The large body to the south of 
the Spring Hill vein is a dense, dark-green rock 
of soft, chloritic character, and should be con 
sidered as a decomposed diabase. Dikes of 
augite or hornblende-porphyrite also occur at sev 
eral places in the diorite and serpentine to the 
north of the Maryland mine. A small area of a 
dark-green, medium-grained rock of diabasic 
appearance occurs 3,000 feet to the east of the 
railroad station of Grass Valley. It is of excep 
tional composition, containing as much ortho- 
clase as soda-lime-feldspar, and should be classed 
as an augite-syenite. Its affiliations are not cer 
tain, but it is probably only a form or facies of 
the normal diabase. Dikes of greenstone also 
occur in the sedimentary area of Grass Valley. 
Some of them range from fine-grained uralite-dia 
bases to augite-porphyrites or uralite-porphyrites, 
while between the Crown Point and New Eureka 
mines they consist of peculiar hornblende-diabases 
having a great tendency to serpentinization. Some 
of the serpentine in this vicinity is, beyond doubt, 
derived from these rocks by chemical alteration.

Diorite. It has already been mentioned that 
in places the granodiorite changes to a diorite. 
There are other areas of the latter rock, which, 
however, are not geologically equivalent to the 
granodiorite, but, on the contrary are associated 
with gabbro and serpentine. To the northwest of 
the Nevada City mine the granodiorite appears 
gradually to go over into a diorite, which again, 
near the edge of the map area, changes into a 
coarse-grained, uralitic pyroxenite. However, it 
is possible that there is a contact line, even though 
it can not be distinguished on account of the 
similarity of the two formations along the con 
tact; for farther north, at Shady Creek, and also 
in the South Yuba River where the exposures are 
good, the diorite and the granodiorite border 
against each other with sharp contact, and the 
latter is intrusive into the former. Along Deer 
Creek, at the western edge of the Nevada City
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district, the main diorite area begins; it has a 
width of 1^- miles, and is bordered on both sides 
by serpentine. This diorite continues into the 
Nevada City district, south of the andesitic ridge, 
and is found in the vicinity of the race-track, as 
well as in the adjacent portions of the Grass Val 
ley district and the small Brunswick district, bor 
dered on the northwest by porphyrite and on the 
southwest by serpentine. The diorite is a coarse 
grained, gray to greenish rock, and consists of 
green hornblende and soda-lime-feldspar, with 
occasionally a little quartz. On the whole, the 
rock is more altered than the granodiorite, 
though it never shows schistose structure. The 
hornblende in some of these diorites has a 
uralitic appearance, as if in part derived from 
pyroxene, and in its northerly continuation the 
diorite frequently changes into a gabbro by 
gradual transition. Frequently the grain varies 
much in a short distance, and the more basic 
varieties are mixed with those containing con 
siderable quartz. On the dump of Carl's tunnel 
(Nevada City map) an extremely coarse-grained 
Variety occurs, which should perhaps be regarded 
as a uralite-gabbro. The contact with the serpen-



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

Gabbro. Normal gabbro is not abundant in 
the area under description. In most of the gab 
bro rocks the pyroxene (diallage) has been con 
verted to uralite. A long dike of coarse-grained 
gabbro with white lime-feldspar and pale-green 
uralite lies in the Nevada City district at the con 
tact of diabase and serpentine on both sides of 
Deer Creek below the Providence mine. At its 
southern end it is contained in the serpentine, 
and in places the gabbro appears to change grad 
ually into that rock. In the northern part of the 
Grass Valley district lenticular, ill-defined masses 
of gabbro are embedded in the serpentine. The 
largest body of gabbro is the crescent-shaped 
area west and south of the Maryland mine; it is 
pale-greenish, coarse-grained, and consists of white 
or greenish feldspar and pale-green, uralitized 
diallage. Good exposures are seen at the Mary 
land assay office. The area beginning near Mas- 
lin shaft (see Grass Valley map) extends for some 
distance into the Brunswick district, and is very 
mixed. It contains much normal, pale greenish- 
gray gabbro, but along with it there is also much 
of a fine-grained and darker, diabasic rock, which 
may either be a local modification of the gabbro 
or represent intruded dikes of a later rock.

Pyroxenite. Coarse, dark-green, uralitized pyr- 
oxenite occurs, as stated, near the aplite area in 
the northwestern part of the Nevada City district. 
In connection with serpentine it is mentioned 
below. Separate bodies of pyroxenite occur to 
the west of the Nevada City district in intimate 
connection with the serpentine.

Serpentine. As is well known, this rock is 
always a product of alteration of other rocks, such 
as peridotite, pyroxenite, gabbro. The large mass 
in the western portion of the Nevada City district 
is very prominent and easily traceable by abundant 
rocky outcrops, weathering brown or red. Smaller 
and often ill-defined masses of diorite, hornblende 
rock, or gabbro frequently occur in it. The 
normal rock is black, lusterless, fine-grained, and 
rather soft; this is only partially serpentinized, 
and under the microscope gives ample evidence 
of having been derived from a pyroxenite or a 
peridotite, as remains of pyroxene and olivine 
are abundant. A considerable part of the rock 
in this area is, however, completely serpentinized, 
and forms the well-known smooth, green frag 
ments, with waxy luster, which are so character 
istic of serpentine areas. The small area south of 
Towntalk shows a similar origin. The large area 
lying chiefly within the Grass Valley district is 
characterized by the same surface appearance, but 
the serpentinization seems to have advanced 
further, and remains of the original minerals are 
rarely to be seen. The serpentine to the northwest 
of the New Eureka mine and in the vicinity of the 
St. John mine shows an extremely close connection 
with diabase and porphyrite, and has evidently 
been derived from these rocks. Pyroxenite and 
peridotite, and also to some extent gabbro, are, 
however, so intimately and frequently associated 
with these serpentine masses, especially with 
their continuation northward beyond the limits 
of the areas of these maps, that they must be con 
sidered as the principal mother-rocks.

The small area to the south of Towntalk 
appears in a form suggestive of an intrusive dike 
in porphyrite, while the similarly shaped area in 
the northeastern part of the Brunswick district 
appears to be a dike in the Mariposa slates.

The sequence of igneous rocks. Though the 
general succession of rocks has been established, 
there are several obscure points as yet undeter 
mined.

It is probable that none of the igneous rocks 
of the Bed-rock series are older than the Mariposa 
formation, and that they all were erupted within 
a comparatively short period. The granodiorite 
is certainly the youngest member of the series, 
and it is of late Juratrias or very early Creta

ceous age. It is probable that the diabases and 
porphyrites were the next older eruptions, though 
it can not be asserted that they are all of the 
same age. The diorite-gabbro-serpentine group 
would seem to be the oldest; but even of this it 
can not be said confidently that all parts of it 
have the same age. Though dikes of diabase are 
abundant in this group, there are also one or two 
serpentine-pyroxenite-gabbro masses which appear 
in porphyrite in dike-like form.

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

SUPEKJACENT SERIES. 

NEOCENE PEKIOD.

Auriferous gravels and rJiyolitic tuffs. In the 
southern half of the Banner Hill district there is 
hardly any gravel exposed on the bed-rock below 
the volcanic capping. In the hydraulic cut south 
of the Murchie mine, about 2 feet of fine, well- 
washed quartzose and metamorphic gravel rests 
on the bed-rock, and this is overlain by fine, ande- 
sitic tuff containing scattered, fine gravel in its 
lower portion. In the deep hydraulic cut 3,500 
feet east-southeast of the Murchie mine, there are 
exposed 6 to 10 feet of rounded or subangular 
bowlders of granodiorite up to a foot in diameter, 
cemented by fine quartzose and metamorphic 
gravel. This channel is about 200 feet wide, and 
the gravel is immediately overlain by 10 feet of 
clay of clearly volcanic origin, containing frag 
ments of decomposed rhyolite. Above this lies 
normal, soft, andesitic tuff. On either side of the 
deposit the andesitic tuff rests directly on the 
bed-rock. At the Mayflower hydraulic cut, 2,000 
feet southeast of the Canada Hill mine, 2 to 3 feet 
of gravel rests on the bed-rock and is covered by 
andesitic tuff.

Much larger accumulations of gravel are found 
under Harmony Kidge. In the small hydraulic 
cut 3,500 feet east of the East Harmony mine, 10 
feet of fine gravel is exposed, overlain by clays 
and rhyolitic tuff. Below that mine occurs, 
principally, metamorphic gravel, with a maximum 
depth of 20 feet, resting on the bed-rock and 
covered by rhyolitic tuff. The same body of 
gravel was found in the East Harmony incline. 
South of the West Harmony mine the rhyolitic 
clays rest directly on the bed-rock and no gravel 
is exposed in the incline. West of that mine 
2,500 feet, well-washed gravel appears again, at 
first forming lenticular bodies in the clay, and 
then, at the edge of the district, reaching a thick 
ness of about 60 feet, with some intercalated 
bodies of clay and sand. In the deep channel 
mined by the Harmony and Cold Spring mines 
the gravel on the bed-rock is largely quartzose 
and subangular, of bluish color, frequently well 
cemented, and does not often exceed 10 feet in 
thickness. It is usually thinner, and is frequently 
mixed with irregular masses and streaks of sandy 
clay.

On the north side of Harmony Ridge gravel 
bodies appear in the vicinity of the old Harmony 
shaft. They are intermixed with clay and sand 
and aggregate 50 feet in thickness. This is at 
the inlet of the north branch of the Harmony 
channel. Along the river from this point to the 
inlet of the Stokes shaft channel, there is a good 
deal of well-washed gravel, frequently interstrati- 
fied with clay. North of the Stokes shaft the 
gravel is about TO feet deep, and is exposed in 
the hydraulic pit just north of the road. In the 
vicinity of the Yosemite incline heavy clay masses 
again appear. On the Rock Creek ditch, near the 
incline, two small streaks of gravel are enclosed 
in this clay. The Yosemite incline shows 20 feet 
of sandy clay, underlain by 30 feet of extremely 
well-washed black gravel, well cemented. This 
gravel rests on the bed-rock, which, however, dips 
rapidly into the hill. Below the black gravel in 
the channel lie at least 120 feet of clay and sand, 
with some gravel in the deepest part.

The gravels are much more extensively devel 
oped in the area of the Nevada City map. The 
northwesterly slope of Harmony Ridge, below the 
andesitic tuff, shows a succession of light-colored

clays and soft sandstones, with smaller bodies of 
gravel. The excellent exposure at Ho we Cut 
shows, on the bed-rock, 60 feet of light sands and 
clays, containing frequent impressions of decidu 
ous leaves. Above this lies, unconformably, a 
heavy body of coarse gravel, containing well- 
washed pebbles of metamorphic rocks and quartz. 
In the Odin cut (a short distance west of the 
Odin mine) 40 feet of white and yellow sandy 
clay with some fine gravel is exposed. On the 
south side of the ridge the line of demarcation 
between the light-colored clays and sandstones 
(rhyolitic tuffs) and the gravels is usually dis 
tinct, and the gravels are heavier than at any 
other place. In the Manzanita channel, now 
largely worked out, a blue, quartzose gravel 
rested on the bed-rock. The average thickness 
of this was 6 to 10 feet; above this gravel lies 20 
feet of white clay, with some quartzose sand. 
The next 175 feet, up to the level of the east gap, 
is occupied by clays and sands containing several 
bodies of well-washed, chiefly metamorphic gravel. 
Owing to rapidly varying, fluviatile structure, the 
section is quite dissimilar in different portions of 
the cut. Between the level of the gap and the 
lower limit of the andesitic tuff, there is 40 feet 
of sandstone, with a little fine gravel; and above 
this, 40 feet of white clay; both of rhyolitic origin. 
In the Odin mine, on the northerly continuation 
of the Manzanita channel, there is 6 or 7 feet of 
gravel on the bed-rock, mostly quartzose, of 
medium to fine size, and not always well-washed. 
Heavy bodies of clay cover this gravel. The 
largest bodies of gravel were found west of the 
Sugarloaf. Their maximum thickness is 60 feet, 
as shown in the excellent exposures in the 
hydraulic banks; the strata are alternately 
coarser and finer, with very fine fluviatile stratifi 
cation in places; The gravel is composed largely 
of metamorphic pebbles with some quartz. On 
the bed-rock it is rather coarse, hard, and firmly 
cemented. Above the gravel lie from 100 to 
200 feet of light-colored clays, sandy clays, and 
sandstones. On the northeast side of Cement 
Hill as the ridge west of the Sugarloaf is 
called there is but little gravel exposed along 
the rim, and this is overlain by about 160 feet of 
white, rhyolitic clays and sands. The tunnels 
driven by Dean and others have, however, shown 
that large bodies of well-washed gravel lie on the 
southerly slope of the rim, under the hill. At 
Stevens and Trevaski there is, below the clay and 
sand, about 30 feet of well-washed, black gravel. 
The gravel on the bed-rock is coarser and angular. 
At Ragons no gravel is exposed on the surface. 
On the rim, which dips rapidly northward, some 
times clay, sometimes 5 to 6 feet of well-washed 
gravel, is found on the bed-rock. Eighty feet of 
light-colored, rhyolitic clays and sands are exposed 
below the andesite. At Peck's diggings, in the 
extreme northwest corner of the district, 2 to 4 
feet of fine angular quartz gravel is exposed in 
the bottom of the channel. Above lie quartzose 
sandstone and a stratum of hard, black conglom 
erate, both often cemented by opal. Immediately 
below the andesite there are again light-colored 
sands and clays.

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

Underlying the andesitic tuff there is, as stated 
above, a series of white or light-colored clayey or 
sandy rocks, commonly described as pipe clay 
and sands, and which are largely rhyolitic tuffs 
brought down as mud-flows from the volcanoes 
in the upper part of the Sierra. Being of smaller

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

The typical tuffs appear as soft, light-gray or 
yellowish sandstones, and are made up almost 
wholly of angular fragments of glassy rhyolite. 
Such is the character of a rock outcropping on the 
road 850 feet west of the West Harmony mine. 
These almost pure glass-sandstones are well 
adapted to certain abrasive and polishing pur 
poses. Other tuffs are more clayey, soft, and have 
a somewhat greasy feel, but a certain amount of 
sand is almost always present. The composition 
of the pure tuff from the locality just mentioned 
is 69 per cent silica, 16 per cent alumina, 1 per 
cent lime, 5 per cent potassa, and 1|- per cent 
soda.

The stratum of sandstone cropping out on the 
North Bloomfield road 1,000 feet southwest of the 
Sugarloaf is of yellowish-gray color with small 
black-mica foils. It contains abundant grains of 
quartz, feldspar, hornblende, etc., derived from 
the granodiorite, but also many grains of 
undoubted rhyolitic origin, and carries 3^ per 
cent soda and If per cent potassa. Between this 
and the normal tuffs there are all gradations.

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

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

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



maximum height of 1,300 feet above the lowest 
channels, and a height of 500 feet was quite 
common. The drainage of the whole region was 
toward the Neocene South Yuba River, but 
divided into two distinct watersheds. The first 
embraced the larger part of the area covered by 
the Banner Hill and Nevada City maps, and the 
direction of its principal stream is indicated by 
the Manzanita channel. Continuing outside of 
the special areas, by Round Mountain and Monte- 
zuma Hill, whence it turned westward, joining 
the Yuba River near French Corral (see the 
Smartsville sheet), the upper part of this stream 
drained the southern end of the soft and easily 
eroded granodiorite of Nevada City, which was 
surrounded on all sides by higher ridges of slate 
and metamorphic rocks. Toward the east it 
was separated from the adjoining South Yuba by 
a high bed-rock ridge-running northward from 
Banner Hill and continuing high up to the 
vicinity of Patterson; a lower gap existed, how 
ever, near where the Blue Tent road crosses Rock 
Creek, and probably another in the vicinity of 
the Fountain Head mine on Harmony Ridge. 
From Banner Hill westward the divide followed 
closely the present ridge up to Towntalk, whence, 
without much doubt, it continued across Deer 
Creek in a northwesterly direction parallel with 
the contact of the granodiorite. Within" this 
watershed there are several sections of the 
channel preserved. The large Manzanita channel 
running northward from the Manzanita mine to 
the Howe cut is almost level, with a slight fall 
southward. It is probable that the channel was 
originally nearly level and that the present slight 
inclination southward has been caused by the 
general tilting of the Sierra Nevada.

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

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

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

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

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

Andesite. It has already been mentioned that 
the high, gently sloping ridges at the northern 
and southern borders of these districts are cov 
ered by andesitic flows, and their general character 
as tuffs and tuffaceous breccias has also been 
described. As a rule, these flows consist of a 
detrital mass, well cemented and made up of 
andesitic grains. Abundant angular or roughly 
rounded fragments of andesite, of all sizes up to 
a foot or more in diameter, are enclosed in this 
finer-grained mass. This andesite is of a gray to 
brown or reddish color, hardly ever greenish, and 
is usually distinctly porphyritic, with small crys 
tals of white feldspar and black augite or horn 
blende. As a rule, it has a rough, trachytic 
appearance. Mica is rarely found. Pyroxene 
(both augite and hypersthene) is almost invari 
ably present. Black, basaltic hornblende fre 
quently occurs with the pyroxene, and usually in 
larger crystals. The ground-mass is glassy, or of 
a fine-grained, holocrystalline texture. The thick 
ness of the volcanic flows ranges from 400 feet in 
the Banner Hill district to about 200 feet in the 
Nevada City district. The easily disintegrating 
cement renders the exposures unsatisfactory, and 
a deep, reddish soil usually covers the tops of the 
ridges. This disintegration, and the tendency of 
the decomposed material and residual andesitic 
bowlders to slide down hill, often make the con 
tacts with the underlying formations obscure and 
difficult to trace. Good exposures are found in 
the vicinity of the Harmony gravel mines. The 
best exposure, though practically inaccessible, is 
in the bluff of the Manzanita hydraulic pit north 
of Nevada City. Resting unconformably on the 
sloping surface of the white clays and sands, 
there are here at least four separate flows of ande 
sitic tuff, each 20 to 30 feet thick and separated 
by irregular, worn surfaces. The amount of angu 
lar andesitic bowlders is not constant, and some 
flows consist entirely of the fine, detrital, cement 
ing tuff. Of such character are the tuffs overly 
ing the clays and gravels exposed in the hydraulic 
pit just north of Grass Valley.

PLEISTOCENE PERIOD.

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

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

south and southeast of Nevada City, and also to 
some extent near the race-track. The largest 
alluvial deposits lie in Deer Creek below the 
Providence mine, and consist of well-washed 
gravel of quartz and metamorphic rocks, with 
some sand. They are largely made up of the 
debris from the extensive hydraulic mines just 
north of Nevada City, which had their principal 
outlet through the first gulch emptying into 
Wood's ravine from the east. In the Grass 
Valley district extensive flats of sand and clay 
occur on both branches of Wolf Creek above the 
city, and smaller gravel flats are also found at 
intervals along the creek below the city. In the 
southwestern part of the district there are, at the 
headwaters of the gulches, a number of shallow 
alluvial flats of sand and clay, usually of a marshy 
character. The largest is found south of the 
North Star mine.

ECONOMIC GEOLOGY.
GOLD.

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

AUEIFEKOUS GRAVELS.

The disintegration of the gold-bearing quartz 
veins has, as is well known, yielded the material 
for the gravels. The gold set free is in part 
distributed through the mass, but as a rule the 
larger quantity has been deposited on the surface 
of the older rocks on which the gravels rest, or as 
the miners say, on the bed-rock. The Neocene 
auriferous gravels, some of which are exposed, 
others being buried under several hundred feet 
of unproductive clay, sand, and volcanic material, 
lie in the channels of the Neocene streams from 
200 to 500 feet above the bed of Deer Creek. 
Wherever exposed without heavy covering 
material they have been washed by the hydraulic 
process, by which the whole mass of the gravel is 
removed. The richest gravels in the bottom of 
the old stream are removed by drifting along the 
bed-rock and subsequently washing the mined 
gravel. By the former process gravels contain 
ing only 5 or 10 cents per cubic yard may be 
made to pay, while the latter process requires a 
value of at least $2 or $3 per cubic yard. 
Hydraulic mines have not been operated in the 
district for the last ten years on account of the 
debris litigation. The only ground adapted for 
extensive mining with the hydraulic process is 
found near Nevada City. The alluvial gravels 
are the auriferous accumulations in the depres 
sions of the present surface. Every creek and 
ravine in these districts has been worked over 
one or several times by sluicing, and very little 
gold is now obtained from this source.

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

Spring tunnel. A large opening has been made 
to mine the channel south of Deer Creek, a short 
distance southwest of the Lecompton mine. As 
the gravel is very thin and a bank of 100 feet of 
andesitic tuff is already exposed, not much more 
can be accomplished by hydraulic methods. 
Drifts have been run for a short distance, but no 
work is being done now. The same statement 
applies to the hydraulic cut south of the Murchie 
mine, where a minor channel runs north and south. 
For some distance from this point along the rim, 
hydraulic work could be prosecuted. To the east 
the bed-rock rises rapidly. Thence southward to 
the reservoir smaller hydraulic cuts have been 
made at intervals along the lava contact, either 
on smaller channels or, more frequently, on the 
decomposed croppings of quartz veins extending 
under the lava. Especially extensive are the old 
pits in the vicinity of the Mayflower mine, where 
some ground is yet left for hydraulic operations. 
Small tunnels have been run in under the lava at 
various places.

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

The Manzanita channel has been worked exten 
sively by hydraulic methods from its southern 
end, and also to some extent at the northern end, 
at Howe cut. Between these points it has also 
been drifted nearly continuously by the Man 
zanita, Nebraska, Live Oak, Odin, and other com 
panies. Near the Nebraska incline the channel 
was narrow and especially rich, while to the north 
the gravel spreads out considerably and is more 
spotted in character. The channel is estimated 
to have produced over $3,000,000. The most 
extensive hydraulic mines are southwest of the 
Sugarloaf, where an area of at least 100 acres of 
bed-rock has been exposed. The different por 
tions of this ground, going westward, are referred 
to as Buckeye Hill, Oregon Hill, Coyote Hill, 
Lost Hill, Wet Hill, and American Hill. Over 
this ground the gravel probably averaged 60 
feet in thickness. The last work done before the 
debris litigation was in the extreme northwest 
ern corner, and is referred to as the Hirschmann 
cut, from which, it is said, $100,000 have been 
taken. The whole mass hydraulicked contained, 
roughly speaking, 10,000,000 cubic yards, and has 
probably yielded several million dollars. The 
hydraulic operations could be continued for some 
distance northward, until the overlying clays and 
tuffs become too heavy for profitable handling.

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



work has been done in the black gravel, and sev 
eral tunnels have been run in. The principal one 
is 420 feet in, with the bottom in bed-rock at the 
face. Another is being driven 16 feet lower, and 
is 200 feet in, entirely in bed-rock. At the north 
eastern side of Cement Hill, near Dean's, several 
long tunnels have been driven, which at a certain 
distance in lose the bed-rock and run into black 
gravel. Dean's new tunnel is 600 feet in, at an ele 
vation of about 2,700 feet, and still entirely in 
bed-rock. Black gravel has been struck in a 20- 
foot upraise. Under the andesite ridge west of 
Towntalk there is a channel the bottom of which 
has not thus far been exposed. It seems to head 
near Towntalk, where the presence of a small 
channel was indicated in the railroad tunnel. The 
tunnel 1,000 feet west of Towntalk was made in 
1880 and proved too high. Several tunnels have 
been run in along the rim on the north side of the 
ridge. Carl's tunnel was run 1,000 feet in bed 
rock and struck only clay and sand in an upraise. 
Hughes's tunnel is 500 feet in, in bed-rock. 
Schroeder's tunnel is located at the outlet in a 
small hydraulic cut just outside the map limit, 
and drifting was going on there on a small scale 
in 1894. The elevation there is about 2,516 feet.

In the Grass Valley district, the Alta channel 
has been drifted for about 3,000 feet from several 
shafts. The width of the channel was from 50 to 
150 feet, but beyond the Hope shaft it appeared 
to widen, making the extraction less profit 
able. The total production is estimated to be 
$1,000,000.

Along the northern edge of the andesite area 
east of the Empire mine, smaller hydraulic cuts 
have been made and 700 feet of the channel 
drifted. A small channel southeast of Heuston 
Hill was drifted upon for about 400 feet in 1894.

The alluvial gravels are still occasionally 
worked in the vicinity of Nevada City and Grass 
Valley, and a gradual process of re-concentration 
is going on in them. The gravels of Deer Creek 
will probably be worked again at some future 
time.

GOLD-QUAETZ VEINS. «

The gold-quartz veins are fissures in the bed 
rock series filled more or less continuously with 
quartz carrying native gold and auriferous 
metallic sulphides. These fissures were formed 
subsequent to the general metamorphism of the 
range, and also later than the granodiorite intru 
sions. They are arranged in several systems, the 
fissures in each system being approximately paral 
lel. The force producing them had frequently the 
effect of dividing the country rock into a great 
number of parallel sheets, from a few inches to 
several feet thick. Along a few of these fissures 
considerable faulting took place, but where the 
rock was extensively divided into sheets the move 
ment on each was probably small. Open space 
varying in width from a fraction of an inch to 
several feet resulted along the fissures. Solutions 
of thermal water charged with carbonates, silica, 
gold, and other metals entered these fissures, 
probably ascending from below, and deposited 
their contents in them, usually also penetrating the 
adjoining porous and often shattered rock for a 
distance varying from a few inches to several feet, 
The effect produced on the country rock was to 
convert it into a gray or light-colored rock, o1 
greasy feel, consisting of carbonates, white mica 
and pyrite. The gold is almost invariably con 
centrated in the quartz which fills the open fis 
sure. The adjoining altered country rock, some 
times referred to as "cab" or "gouge," very 
seldom contains a paying amount of gold. Shat 
tered zones, or seam-mines, in which the country 
rock is traversed by swarms of minute, often rich 
quartz seams, do not occur to any large extent in 
this district. The pay is chiefly confined to the 
quartz within the well-defined limits of the walls 
of the fissure. The ideal vein is a plate of quart 
contained between two well-defined separating 
planes, the foot and the hanging wall. Such veins 
occur, but the ideal regularity is usually not pre 
served for any long distance. The quartz may 
pinch out entirely, leaving as guide only a narrow 
seam; the space between the walls may contain 
several smaller veins separated by masses o 
country rock, or "horses." While in certain mines 
all quartz may be pay-ore, it is usual to fine 
rich and barren quartz alternating. The rich 
quartz forms irregular or, more frequently, long 
drawn masses, usually with a steep dip on th

}lane of the vein; these are called ore-chutes, or 
hoots. The width of the pay-quartz varies 
rom several feet to a fraction of a foot; the 

narrower the vein the richer the contents must be 
o pay. The general tenor of the pay-ore of the 

district varies between $5 and $50, though smaller 
masses of higher grade are met with. The sul 
phurets make up from a fraction of 1 per cent 
,o 10 per cent of the quartz mined, and contain 
from $30 to $100 or $200 per ton.

The veins of the district may be divided into 
four classes, according to their direction and dip. 

.. The Orleans-Idaho system; strike, west-north 
west to east-southeast; steep southerly dip. 2. The 
Willow Valley system; strike, about east to west; 
dip, medium to flat, northerly or southerly. 3. The 
Omaha-Empire system; strike, north to south; dip, 
medium to flat, westerly. 4. The Providence 
system; strike, north to south; dip, medium, 
sasterly.

In the Banner Hill district the veins are, as a 
 ule, comparatively narrow7. The ore is often rich 
and heavily charged with sulphurets, among 
which iron pyrites, arsenical pyrites, and zinc- 
blende are the most prominent. The sulphurets 
contain a considerable amount of silver. Along 
Deer Creek, especially in the eastern part, there 
.8 a strong system of sheeting developed, cutting 
3oth the granodiorite and the sedimentary rock. 
The sheets or benches usually show a dip of 30° 
;o 50° toward the north, and strike east and west, 
[n the fissures dividing the sheets a narrow line 
showing iron pyrites and a bleaching of the coun 
try rock may be noted. Most of the quartz veins 
are parallel to this fissure system. The Omega, 
Neversweat, Belle Fountain, Lecompton, Mon 
tana, Willow Valley, and Franklin are the most 
prominent of these mines. They are narrow 
veins, and have not been worked on a very 
extensive scale. The ore frequently runs above

.00 per ton. The bullion contains much silver, 
and also, it is said, antimony. The developments 
on the Cyane, Constitution, and Levant are slight. 
The Federal Loan, which has been worked dur 
ing the last few years down to the 600-foot level, 
dips south and is parallel to another and less- 
developed system of sheeting. The ore from the 
Federal Loan is of a character similar to that of 
the mines mentioned. The vein varies from a 
few inches to several feet in thickness, and rich 
itringers are frequently abundant in the adjoin 

ing rock. There is about 6 per cent of sulphu 
rets. The vein system at the Texas mine is par 
allel to that of the Willow Valley mines, but 
little work has been done to develop the property. 
The ore is said to contain 4 per cent of sulphu 
rets and to yield $10 per ton. The Texas shaft 
was sunk to a depth of 160 feet ten years ago. 
The Deadwood is a flat vein, dipping west. Its 
true direction is nearly north-south, though the 
topography gives its outcrop a nearly east-west 
direction. About $300,000 have been produced 
from this vein, on which no work has been done 
for the last ten years. . In ore and character it is 
similar to the other Willow Valley mines. The 
deposits of the Murchie mine consist of two 
veins with flat westerly dip, the Independence 
and the Lone Star, and two east-west veins, 
the Big Blue and the Alice Belle; the principal 
work has been done on the first three. The veins 
are 2 to 3 feet thick; the ore contains 4 to 5 per 
cent of sulphurets and runs about $15 to the ton. 
The pay-shoots on the Big Blue are said to have 
followed the lines of intersection with the first 
two. The property was worked between 1878 
and 1883, producing about $600,000.

Parallel to the Big Blue are the Caledonia and 
Kingsbury veins, the latter of which has been 
but slightly developed. The Caledonia has been 
opened to the level of Little Deer Creek. It is 
said to be a wide ledge with low-grade, heavily 
sulphureted ore. The large St. Louis vein also 
belongs to this group, wrhich shows the somewhat 
unusual east-northeast direction and steep north 
erly dip. It is an exceptionally straight and 
strong vein, which can be traced from the point 
where it emerges from under the andesite as far as 
McCormick's place, just over the map-line in the 
Nevada City district. It is very wide in places, 
but the quartz is of low grade and has not 
been worked extensively at any place. The 
Charonnat or Canada Hill vein is faulted con 
siderably by it. The Glencoe-Alaska, south of 
the St. Louis, is the continuation of the strong 
and well-defined Orleans vein in the Nevada City

district. It runs about west 15° north, with steep 
southerly dip. It has been worked to a depth of 
100 feet at the western end of the Glencoe claim, 
where the ledge is said to be 4 feet thick and 
heavily sulphureted. The ore is not of high grade. 
Between the strong vein of St. Louis and Glencoe 
lies a network of veins running in different direc 
tions. The most important is the Canada Hill- 
Mayflower group. An exceedingly well-defined 
sheeting of the granodiorite is noted near Canada 
Hill. There are several veins parallel to this 
sheeting and dipping west at slight angles. The 
Charonnat vein has been worked to a depth of 
1,300 feet on the incline. Between 1879 and 
1887 it produced about $350,000, from ore worth 
$15 per ton and containing 2J per cent sulphurets, 
with a value of $100 per ton. The Grant vein is 
parallel with the Charonnat, but dips to the east. 
Of the many veins in the Mayflower ground the 
Beckman is the most important. Its strike is east 
and w-est, and the dip is very flat southward. It 
is about a foot thick and the ore is very heavily 
sulphureted, containing, as do most veins in the 
vicinity, large quantities of arsenical pyrites and 
zinc-blende. A similar small flat vein, which has 
been worked at several places, is found to the 
west of this, on Sharp's and McCormick's ground. 
About North Banner an important group of veins 
occurs, which have in general a northerly direc 
tion and an easterly dip of from 35° to 60°. For 
merly the most important was the Banner vein, 
worked principally from 1865 to 1875, to a depth 
of 620 feet. It yielded several hundred thousand 
dollars. The ore was heavily sulphureted and 
averaged $20 per ton. The vein lies in hard, 
black slate, and evidently shows the same ten 
dency as the Federal Loan to splinter up in 
stringers. The Banner vein does not continue 
north of the creek, or at least can not be traced 
with certainty. On the North Banner ground 
there are four nearly parallel veins. These have 
recently been worked to some extent, producing 
from $30,000 to $50,000 for several successive 
years; the ore is not heavily sulphureted and 
contains a considerable amount of silver. To the 
west of the North Banner is the Union mine, on 
which the developments are slight. At 200 feet 
below the surface the vein cuts across the slate 
contact without change in direction or dip.

The quartz veins of the Nevada City district are 
as follows: The Orleans vein continues from the 
Banner Hill district across Gold Flat. In direc 
tion and dip this strong, continuous vein is paral 
lel to the Idaho of Grass Valley. The develop 
ments are small, however, being chiefly confined 
to the old Orleans shaft, 200 feet deep, and the 
shaft at Fortuna mine. At the Gracie claim the 
vein is 1 to 2 feet thick. To the north of this 
vein there are many smaller veins, and still more 
to the south of it. The Sneath & Clay, in grano 
diorite, has a westerly, flat dip and is a compara 
tively narrow vein, but a pay-shoot proved very 
rich in former years. It has been idle for the 
last few years. The Pittsburg, in diabase, has a 
north-northeast direction and an easterly dip. The 
vein averages 15 inches thick, and the quartz, 
whenever present, is of high grade. The sulphu 
rets are not abundant, consisting chiefly of iron 
pyrites and galena. The Pittsburg has, at inter 
vals, been an important producer. The shaft is 
800 feet deep on the incline. The Gold Flat-Potosi 
vein lies a short distance westward. In character 
it is similar to the Pittsburg, and has been worked 
to a depth of 200 feet. Both veins are repeatedly 
faulted by several east-and-west fissures. Con 
siderable work has been done in former years on 
the Thomas and Mohigan veins. The shaft on 
the former is 800 feet deep; the ore was heavily 
sulphureted and rich, but the ore bodies were 
very irregular.

The veins of the Providence - Gold Tunnel sys 
tem are of the greatest interest and economic 
importance. They have in general a direction 
ranging from north-northwest to north-northeast 
and on the whole a very uniform easterly dip of 
from 35° to 45°. A peculiar radiating arrange 
ment is clearly noticeable, all of the veins con 
verging toward a point a short distance west of 
the Fortuna mine, but apparently dying out 
before reaching it. The easterly veins are in 
granodiorite, and begin with the Nevada County 
and Midnight (Stiles) veins, on both of wrhich 
comparatively little work has been done. West 
ward lies the long Gold Tunnel vein, which has 
been worked at several places. At the Reward

mine the vein is about 1 foot wide and has been 
worked to a depth of 200 feet. On the California 
ground the shaft is 600 feet deep on the incline, 
and in former years much good ore has been 
extracted. Northward the Gold Tunnel claim 
follows, with an inclined shaft 600 feet deep. 
The Gold Tunnel was a heavy producer for many 
years, but has been idle of late. It is known to 
have produced several hundred thousand dollars. 
At the northerly end of the vein is the Pennsyl 
vania mine, with a shaft 500 feet deep. The vein 
is from 1J to 2 feet wide, and the ore extracted 
averages $15 to $20, with 8 per cent of sulphu 
rets.

The westerly veins of the Providence system 
begin, with the Mountaineer, which for many 
years has been a heavy producer. The shaft is 
850 feet on the incline. The average thickness 
of vein is 1 foot, and the ore is often heavily 
sulphureted. The granodiorite adjoining the 
vein is usually very hard.

The Merrifield is probably the heaviest and 
longest vein in the district. It is first noted 3,000 
feet south of the Providence mine. Farther 
southward is the small vein of General Grant 
and El Capitan, which may possibly indicate a 
still more southerly extension of the Merrifield. 
At the Providence mine the vein leaves the slate 
and enters the granodiorite; it continues strong 
up to above the Spanish mine, with a slightly 
more westerly direction; above the Spanish mine 
the vein splits up somewhat, but there can hardly 
be any doubt that Mount Auburn represents its 
continuation northward. It is probably the same 
Merrifield vein that emerges from under the lava 
in the northwestern corner of the map area and 
continues down to the South Yuba River, near 
Hoyt's crossing. The developments to the north 
of the Spanish mine are slight. At the Spanish 
mine there is a shaft 300 feet deep on the incline. 
The vein is of variable width, averaging 3 feet, 
and in places is heavily sulphureted. The next 
developments are at the old Merrifield mine and 
on the north side of Deer Creek. South of Deer 
Creek, in the Providence mine, the vein is most 
extensively developed by a shaft 1,800 feet deep 
on the incline. The vein is characterized by heavy 
masses of quartz, up to 10 feet wide, and contains 
much sulphurets; there is also a considerable 
percentage of silver in the ore. The granodiorite 
on both sides of the vein is usually greatly 
broken and crushed and is traversed by numerous 
seams parallel to the vein. Sometimes the crush 
ing has gone so far that the rock is converted to 
a schistose, chloritic mass. In certain places 
there are two or more veins, separated by zones of 
crushed granodiorite, the whole mass "between 
walls" attaining 30 feet in width. To the south 
of the Providence mine, beyond the point where 
the vein enters slate, the old underground works, 
not accessible now, showed the vein to follow the 
contact for about 800 feet on the incline, as shown 
on the structure-section sheet. All this indicates 
beyond doubt that the force producing the Merri 
field fissure was of unusual strength and that the 
resulting movement was considerable. From the 
relations mentioned it is believed that the move 
ment along the dip of the vein must have been 
about 800 feet, and the fault is clearly an over- 
thrust in which the hanging wall has moved up 
relatively to the foot wall.

The contact vein lies to the west of the Merri 
field, and its southerly part is parallel to it in 
strike and dip. It is first seen at the Providence 
mine, where a rich pay-shoot has been opened on 
it. It is also extensively worked on the Cham 
pion ground, as well as at the old and new Nevada 
City shafts. Near the latter it turns rather sud 
denly, without break, to a west-northwest direction, 
running across the Chapman ranch. The vein 
exposed in the Coan mine is probably the same, 
but it can not be traced farther than this. It has 
not been opened extensively to the west of the 
Nevada City mine. Practically the whole south 
erly part of the vein lies on the contact between 
granodiorite and slate. About 500 feet south of 
the Nevada City new shaft it leaves the contact 
and enters the granodiorite. It is usually a wide 
vein, heavily sulphureted even more so than the 
Merrifield carries considerable silver, and show^s 
abundantly the same indications of an extensive 
overthrust fault fissure, the throw of which must 
be larger than that of the Merrifield. A very 
short distance south of the Providence ore-shoot 
it runs into diabase (exposed on the 6th level)



and slate, and closes down to a mere seam. 
The fissure has a strong tendency to throw 
out stringers and fissures in the slate foot wall; 
these have generally a flatter dip than the main 
fissure. Several such veins and stringers are seen 
in the Providence mine. A shaft near the 
Wyoming mill has been sunk on such a vein, 
which is found to unite with the contact vein. 
The northerly Wyoming shaft is sunk 900 feet 
on the incline on a slate vein, which may or may 
not be the same as that exposed near the mill, 
and which in depth will probably be found to 
unite with the contact vein, as it does on the 
strike near the old Nevada City shaft. Between 
Indian Flat and Deer Creek the schists contain a 
great number of seams, mostly dipping southwest 
from 10° to 40°, and which are sometimes very 
rich in coarse gold. The hydraulic method has 
been used in places to wash the surface soil con 
taining the decomposed seams. This locality is 
known as Bed Hill. The Home and Cadmus 
mines are located on this seam belt, south of 
Deer Creek.

A short distance northwest of Coan's mine, 
outside of the area of the map, the contact-meta 
morphosed slate runs out to a point. A little 
farther on the serpentine and pyroxenite also run 
out in a point in the diorite, leaving the grano- 
diorite adjoined by a large area of darker, dioritic 
rock, sometimes containing pyroxene. The Ella 
or Oro Fino vein cuts across the granodiorite and 
diorite with a north-northwest strike and an east 
erly dip of 45°. The shaft is 300 feet deep. The 
Yellow Diamond has a northwest strike and lies 
in the chloritic and fine-grained dioritic rocks sepa 
rating the serpentine from the coarser and more 
normal diorite. Still closer to the river, in dio 
rite, but near the granodiorite, lie the heavy ^Etna 
and Dement veins, both striking northwest and 
dipping east. While there is no one continuous 
and well-defined vein leading down to the South 
Yuba Biver from the Nevada City mine, it can 
not be denied that there is a system of linked and 
interrupted veins extending in that direction. On 
the river, also, three-fourths of a mile above 
Jones's bar, the diorite and the granodiorite are 
separated by a distinct fault fissure, with easterly 
dip and northwesterly strike, though at this point 
there is no quartz present.

In the northeastern part of the Grass Valley 
district, veins more or less parallel with the Idaho 
east-and-west system predominate. The Spring 
Hill, Kentucky, and Alpha are in serpentine or 
on the contact between serpentine and diabase 
dikes, and dip northward at a moderate angle. 
The Spring Hill is a very heavy vein, impreg 
nated with fine-grained pyrites. The Coe mine 
is on a very heavy vein, in serpentine, also dip 
ping north. The St. John shows a heavy but 
irregular vein on the contact of serpentine and 
slate at the 500-foot level, as well as several 
seams, all dipping north at steep angles. There 
is evidence of an overthrust fault in this mine. 
The Crown Point has a vein in serpentine strik 
ing northwest. and dipping north 75°. Most of 
the gold in this mine is very coarse.

The celebrated Eureka-Idaho vein is first seen 
2,000 feet north-northwest of the Maryland shaft,
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and forms here large, barren outcrops. Between 
the Maryland and the Maslin shafts the vein does 
not show on the surface, but its continuation is 
clearly shown underground. For some distance 
on each side of the latter shaft there are outcrops 
which are believed to be those of the Idaho vein. 
Beyond this the vein can not be traced on the 
surface. The Idaho vein dips southward at 
angles ranging from 50° to 70°. On the Eureka 
ground it is in serpentine, with a diabase dike in 
the hanging wall; at the Maryland shaft it is 
between a serpentine foot wall and a gabbro 
hanging wall, and then enters the serpentine. 
Underground, however, most of the vein east of 
the Maryland shaft lies between a diabase hang 
ing wall and a serpentine foot wall. The vein is 
remarkable for its strong, continuous ore shoot, 
dipping east at a moderate angle on the plane of 
the vein. The vein is 2 feet thick and carries 
about 1 per cent of iron pyrites, copper pyrites, 
and galena; the sulphurets contain from $100 to 
$175 per ton. The average value per ton has 
been about $28. The annual production of the 
vein has rarely fallen below $300,000. Attempts 
have been made to find the continuation of the 
Idaho vein in the Brunswick district at Chevanne 
tunnel, but thus far without success. In the 
southwest corner of the small Brunswick district 
there is a series of parallel veins, dipping south 
and striking northwest, which may be considered 
as belonging to the Idaho system. Of these 
the Brunswick, Gold Point, Union Hill, Lucky, 
and Cambridge are the principal. All are con 
tained in a schistose diabase-tuff, and considerable 
work has been done on them in former years.

With the exception of the North Star group, 
nearly all of the veins in the larger, southern part 
of the district have a general north-and-south 
direction and a medium to flat dip either east or 
west. They are usually rather narrow, and 
carry a high-grade ore, with occasional bunches 
of coarse, free gold. The sulphurets, which 
consist chiefly of iron pyrites and some galena, 
are not abundant, and are usually of only medium 
grade. In places a strong sheeting of the country 
rock parallel to the vein may be noted, as, for 
instance, in the granodiorite of the western part 
of Mill street, Grass Valley, or in the diabase in 
the vicinity of the Larimer mine on Wolf Creek. 
Intersecting the vein is a system of "crossings," 
or barren seams, with steep dip and general 
northeasterly trend. These crossings sometimes 
fault the veins slightly, and usually carry a great 
deal of water.

The Rocky Bar vein extends for 3,500 feet on 
the west side of Wolf Creek, and lies in diabase, 
the dip being flat to the east. It has been worked 
only to a depth of a few hundred feet, but is 
known to have produced several million dollars. 
During late years it has not been worked to any 
extent. The vein is very irregular in its tenor, 
sometimes being extremely rich in coarse gold, 
sometimes not paying milling expenses. On 
the east side of Wolf Creek lies the Dromedary 
vein, in granodiorite and with a westerly dip. It 
has not been worked to the extent of the former 
vein, but is known to have produced some rich 
ore. At the Granite Hill mine the vein is about

1 foot thick and carries coarse gold in rich but 
irregular shoots. The vein cuts the diabase con 
tact without change.

In the continuation of this vein southward lies 
the Omaha vein system, all veins dipping west. 
The Omaha vein, which has long been an impor 
tant producer, lies, like all others of this system, 
in very hard granodiorite, and has been opened 
up through the Omaha and Lone Jack shafts to 
a depth of 1,500 feet on the incline. The ore is 
high-grade, with 2|- per cent of rich sulphurets, 
principally iron pyrites, with a little galena, zinc- 
blende, and copper pyrites, the vein averaging 1 
foot in thickness. South of the Omaha and on 
the same vein are the Hartery and Homeward 
Bound, which have been opened up to a less 
extent. The Wisconsin is a parallel vein to the 
west. The system is continued southward by 
many veins, the most prominent of which is the 
Allison Ranch. It was worked between 1855 
and 1866, but was opened only to a depth of 
500 feet. It produced in that time $2,300,000. 
The vein is about 1^ feet wide and shows no 
extensive croppings on the surface.

The great Osborne Hill vein system contains a 
large number of parallel and linked veins, nearly 
all with a moderate westerly dip. The W. Y. 
O. D. vein has been an important producer during 
the last few years. It is partly in granodiorite, 
partly in diabase, and has been sunk upon to a 
depth of 1,100 feet on the incline. The Pennsyl 
vania mine lies to the west of the W. Y. 0. D., 
in granodiorite. It is a narrow vein, averaging 1 
foot, and has been worked to a depth of about 
600 feet on the incline. The celebrated Empire 
mine contains two veins, Rich Hill and Ophir Hill, 
the principal work having been done on the latter, 
on which a shaft has been sunk to a depth of 
2,400 feet on the incline. The vein is from 1 to 
1£ feet thick, and frequently contains coarse gold. 
The sulphurets amount to 2-|- per cent. The ore 
is high-grade and for many years averaged $25 
per ton.

The veins in the continuation of the Ophir Hill 
were worked to a depth of a few hundred feet 
prior to 1870. From then till recent years but 
little was done. The developments in this 
vicinity during the last few years, however, are, 
on the whole, encouraging. The Osborne Hill 
mine has lately been opened to a depth of 500 
feet on the incline, exposing good bodies of high- 
grade ore. The Osborne Hill vein is from a few 
inches up to 2^ feet wide, and is characterized by 
a large amount of arsenical pyrites in the sul 
phurets, as are also several adjoining veins. Good 
ore shoots have also been found recently in the 
Electric and Centennial mines. To the south of 
the Osborne Hill mine there are several strong 
and well-defined veins, as shown on the map, but 
the developments on them are not extensive. The 
country rock in all these mines is diabase-porphy- 
rite or porphyrite-breccia.

Along the granodiorite contact west of Osborne 
Hill and about in the continuation of the W. Y. 
O. D. vein, there are several veins, mostly in 
granodiorite and dipping east or west. The prin 
cipal are the Bullion, Alaska, and Ben. Franklin, 
from all of which good ore has been extracted,

but they have not been worked extensively for 
many years.

The North Star group of veins has a westerly 
or northwesterly strike and a flat northerly or 
southerly dip. The North Star vein, which dips 
to the north, has long been one of the principal 
producers of Grass Valley, and is opened by a 
shaft 2,400 feet deep on the incline. The vein 
is narrow, averaging 1 foot and sometimes clos 
ing down entirely. The ore is of high grade, 
running from $15 to $50 per ton, and carries 4 
per cent of sulphurets (pyrites and galena) with 
an average value of $53 per ton. The country 
rock is a porphyritic diabase. The production 
for 1893 was about $356,000; considerably less, 
however, was produced in 1894. Roughly par 
allel to the North Star vein is the New York Hill 
vein, opened to a depth of 500 or 600 feet by the 
New York Hill and Chevanne shafts. This vein, 
also in diabase-porphyrite, averages 15 inches in 
width. The ore averages $40 per ton, carrying 
coarse gold and 2 per cent sulphurets of a tenor 
of $80 per ton. The vein has not been worked 
during recent years.

The workings on the New Rocky Bar mine 
have exposed an interesting, flat vein belonging 
to the same system, not cropping at all, but form 
ing a flat arch, or "hog's back," as shown in the 
structure-section sheet.

Outside the limits of the area of the map, but 
usually considered as belonging to the Grass 
Valley district, are the veins of Forest Springs. 
They are located near Wolf Creek, 4 miles south 
of Grass Valley, the two principal ones being 
Norambagua and the Slate Ledge. The former is 
in granodiorite and dips 15° east. The vein 
averages 9 inches, carrying ore going about $50 
per ton and containing 1^ per cent of sulphurets, 
chiefly arsenical, worth about $50 per ton. 
The shaft is 500 feet on the incline, and has not 
been worked much since 1868. It is said to have 
produced $1,000,000. The Slate Ledge, close by, 
is in slate and porphyrite, with strike east and 
west, dip 30° south, and an average width of 1 
foot. The ore contains much arsenical pyrite 
and is in part very rich.

About 4 miles west-southwest of Grass Valley, 
on Deadmans Flat, there are several veins with 
dips ranging from 30° to 70° west. None of them 
are opened below 300 feet. The country rock is 
diorite and amphibolite. The California (Pitts- 
burg Consolidated) shows a narrow vein of high- 
grade ore with 5 per cent sulphurets. The Seven- 
Thirty is a little farther south, and shows a wider 
vein of good ore, while the Normandie, to the east 
of the veins before mentioned, contains two 6-inch 
veins of high-grade ore.

IRON ORE.

A small deposit of magnetite with quartz is 
found in the diabase near the granodiorite con 
tact. The locality is 4,000 feet east of the Omaha 
mine, in Diamond Creek. Scattered fragments of 
magnetite are also found near the dry reservoir 
1,700 feet east of the railroad station at Grass 
Valley.

WALDEMAR LINDGREN,
Geologist.


