Gold-Bearing Gravel of the
Ancestral Yuba River,

Sierra Nevada, California







Gold-Bearing Gravel of the
Ancestral Yuba River,

Sierra Nevada, California

By WARREN E. YEEND

GEOLOGICAL SURVEY PROFESSIONAL PAPER 772

A restudy of the unmined Tertiary
placer deposits in a historic
hydraulic mining region

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1974




UNITED STATES DEPARTMENT OF THE INTERIOR

ROGERS C. B. MORTON, Secretary

GEOLOGICAL SURVEY

V. E. McKelvey, Director

Library of Congress catalog-card No. 73—600210

For sale by the Superintendent of Documents, U.S. Government Printing Office

Washington, D.C. 20402 — Price  $2.70 (paper cover)
Stock Number 2401-02430



CONTENTS

Page Page
ABEETACE oo i ocinaininciniamssne s isssndaians FRES o 555 ar e amsmas e 1 | Placer gold—Continued
Introduction 2 Drill holes, North Columbia diggings—Continued
Purpose and objectives ............o.ooooooioiiiiiieeee 2 Size, shape, and surface characteristics of
Methods and conclusions ........ococoeoiemeieiierceieeeee. 2 the g8old ..ol 20
Mining history ................. 3 Drill holes, San Juan Ridge 21
Area of study ...... . 4 Gold source ...........o.cooceeiceeeii. 22
Previous work ........ o~ U Gold occurrence ................... 23
Acknowledgments . 4 Gold reSouUrCes ... 24
General geology ............ 4 | Secondary sulfides .......... P - 25
BedroCK ... 5 | Other heavy minerals ... . 26
Gravel ... 8 Methods of concentration and 1dentlﬁcatlon ....... 26
Lower and upper contacts .. e 9 Churn drill samples, North Columbia diggings 26
Lithology and textures ... 10 Depositional history ... 27
Lower gravel ... 10 Rotary drill hole samples, San Juan Ridge ................... 28
Upper gravel .......... ... 14 Surface samples ... 28
Channel configuration ..................ooooooooii. 15 | Trace of restored channel ... ... 28
ABe e 15 Evidence for reconstructing drainage ........................... 29
Sedimentary and volcanic rocks ... 16 Major tributary extensions beyond map area ................ 29
Volcanic sedimentary rocks ... ... 16 Differing interpretations ... 29
Andesite breccia and gravel ... 16 | Gradients and paleogeography ... 32
Colluvitm .o 17 | Drainage area and length of the ancestral Yuba River ........ 34
Placer gold ... . 18 | Recent mining ..o 35
Drill holes, North Columbia diggings 18 | Geologic history .. ..o 36
Methods of gold recovery and value determination 18 | References cited ........... ... . 38
Gold values old and new ............cccooooooioiiiiei 19 | INA@X oo 41
ILLUSTRATIONS
Page
PLATE 1. Geologic map of Tertiary gold-bearing gravel, Sierra, Nevada, and Placer Counties, Calif. ............................ In pocket
2. Columnar sections and drill-hole data on gold values and heavy minerals in Tertiary gravel, San Juan
Ridge and North Columbia Diggings In pocket
FicurE 1. Index miap Of BUUAF BIOR o o.osnmonsssimcssosssnmssssmssse s s isimsmsmite shonsi a5 388 mansSnas 355555 eanms e 5 S A S w5 S S SRS 5 5
2. Diagram showing the trace of part of the ancestral Yuba River drainage ......... - . 6
3-6. Photographs:
3. Gold-bearing quartz vein in bedrock ..o 8
4. Fluted and scoured bedrock in hydraulic pit floor . 9
5. Soil surface developed on phyllitic bedrock............. 9
6. Soil surface developed on gold-bearing gravel ... 9
7. Diagram of measured section of gold-bearing gravel exposed in the Badger Hill Diggings .......cccooeeoeoreeoecieececneen. 11
8. Diagram of measured section at Chalk Bluffs ... .. 12
9-12. Photographs:
9. Lower gravel exposed in hydraulic pit at Moore’s Flat 13
10. Boulders near the floor of the Malakoff hydraulic pit ...... 13
11. Lower gravel in Badger Hill hydraulic pit .................... - 13
12. Upper hydraulic pit at Badger Hill ... ... . 14
13. Diagrammatic cross section of gravel-filled Tertiary channel 15
14. Diagram showing cross sections across gravel-filled channels near North Columbia and French Corral 15
15. Diagram of section of rocks exposed in hydraulic pit near La Porte, Calif ... 16
16. Photograph of andesite breccia overlying andesite boulder gravel ... 17



v

FIGURE 17.
18.
19.
20.
21.

TABLE

Ll

CONTENTS

Page

Photograph of drilling and panning gravel in North Columbia hydraulic pit ............occooooieiiioieeeeeeeeeee 19
Diagram showing comparison of gold values obtained by drilling, 1939 and 1968, North Columbia hydraulic pit 20
Photograph of gold fragments from gravel ....................ooooooooiii 22
Diagram showing areas of mined and unmined lower gravel of ancestral Yuba Rlver 25
Photograph of heavy minerals from upper gravel in the North Columbia Diggings 2%

. Photograph of heavy minerals from lower gravel in the North Columbia Diggings ........ 27
. Diagram showing profiles of ancestral and present Yuba Rivers .............. 30
Diagrammatic sketch of Tertiary gravel exposed along Interstate Highway 80 near Gold Run ......c.ccoooeveeeeo. . 32
Photograph of imbricated gravel exposed in a pit at Indiana Hill ...._......... 33
Photograph of imbricated gravel exposed in a pit at Little York Diggings ................. 33
Diagram of generalized cross section along Highway 20 on Washington and Harmony Ridges .............................. 33
Generalized block diagram of inferred paleogeography of part of the ancestral Yuba River drainage .................. 34

. Logarithmic scatter diagram showing the relation between channel gradient and drainage area for selected rivers 34

Logarithmic scatter diagram showing the relation between channel gradient and width of valley fill for

selected TIVETS ... 35
. Diagram showing relation of channel length to drainage area for various rivers of the world ..........ccoooeeveeeee . 35
. Photograph of a gold mining operation near French Corral ..................... 35
Photograph of a gold mining operation in Spring Creek ............ccccocoooooieieneeeeene. 36
TABLES

Page

Comparison of gold values obtained from drilling, 1939 and 1968, in North Columbia hydraulic pit at
approximately the same 1ocation ..o e 20
Gold values obtained from mining records and drill samplmg for selected areas along the ancestral Yuba River.. 21
Trace-element content of native gold from placers and lode deposits, San Juan Ridge, Calif 23

Areas containing appreciable unmined gravel with estimated gold content along the ancestral Yuba River i
drainage ..... . 24




GOLD-BEARING GRAVEL OF THE
ANCESTRAL YUBA RIVER, SIERRA NEVADA, CALIFORNIA

By WARREN E. YEEND

ABSTRACT

Enormous quantities of unmined gold-bearing gravel are
present on the interstream divides between the Middle Yuba
River and the North Fork of the American River. This gravel
was deposited by a major Paleocene(?) and Eocene river sys-
tem (ancestral Yuba River) that flowed into a marine basin to
the west from a highland to the east. A mining method using
extensive systems of water canals and large iron pipes with
huge nozzles, termed hydraulic mining, was used to mine
cheaply the gold from this thick gravel from 1855 to 1884. In
1884 a court injunction, obtained by the agricultural interests
in the Central Valley of California to prevent the dumping of
the mined gravel into the modern rivers, halted hydraulic min-
ing. Owing to this injunction large quantities of gold-bearing
gravel remain.

The gravel was restudied with geochemical and geophysical
techniques in order to learn more about the occurrence, dis-
tribution, characteristics, source, and resource of the placer
gold. It is hoped that this new knowledge will encourage the
development of economic methods for exploiting the enormous
resource believed to remain.

The channel of the ancestral Yuba River and its tributaries
cuts into bedrock that is composed of low-grade metamorphic
rocks such as Paleozoic phyllite and slate of the Calaveras and
Shoo Fly Formations and Mesozoic igneous rocks, primarily
granodiorite. Gold-bearing milky-white quartz veins intruding
the metamorphic rocks and most prevalent in and adjacent to
serpentines served as the primary source for the gold in the
gravel.

The gravel, partly covered by the remains of an extensive
sheet of volcanic rocks, crops out at a number of places on the
broad ridge crests between the major river canyons of the
Middle and South Yuba, Bear, and North Fork of the Ameri-
can Rivers.

The gravel is divisible into a lower and an upper unit on the
basis of lithology and texture. The lower gravel contains abun-
dant cobble-size clasts, boulders to 10 feet in diameter near the
base, many rock types—primarily slate, phyllite, greenstone,
granodiorite—and most of the gold. The lower gravel is 70-140
feet thick. It is commonly blue gray and was referred to as the
“blue gravel” by miners. The blue-gray color is due to the
presence of unoxidized slate and phyllite clasts preserved below
the water table.

The upper gravel is distinguished from the lower by an
abundance of silt and clay beds, by the presence of clasts pre-
dominantly of milky-white quartz and quartzite, and by its
low gold content. A leaf flora from clay beds within the upper
gravel is correlative with the Chalk Bluffs flora that has been
dated as late early Eocene.

Three holes were drilled in the North Columbia diggings in
1968 to obtain samples of an entire section of gravel. The gravel
thicknesses ranged from 300 to 455 feet. The gravel in the
lower 80-100 feet of all three holes contained most of the gold.
Rarely do values in the lower gravel exceed $1.00 per cubic
yard ($35.00 per oz); the richest interval was a 2-foot section
that contained gold equal to $6.35 per cubic yard. Most of the
gravel above the lower rich zone contains gold in amounts
generally worth less than $0.02 per cubic yard. Values were at
a maximum on bedrock for two holes and at a position 12-15
feet above bedrock for the third hole. Average gold values
obtained in the 1968 drilling project were approximately 50
percent of those obtained from drilling by private interests in
the same area in 1939. Most of the particles of gold in the
lower gravel are 1-2 mm in diameter and 0.1-0.2 mm thick.
Gold coarser than 1 mm in diameter was not observed more
than 80 feet above bedrock in the drill holes.

Published and unpublished reports containing information
on gold values derived from production records and drilling
(sampling) in the area give the following averages: Lower
gravel, $0.59 per cubic yard, upper gravel, $0.13 per cubic yard.

Four rotary drill holes on San Juan Ridge penetrated 500-
650 feet of volcanic breccia above sand, clay, and minor
amounts of fine gravel. Gold values from the prevolcanic sedi-
mentary deposits were less than $0.01 per cubic yard. It appears
that all four holes were drilled parallel to and along the margin
or flood plain of the channel as it passes beneath the volcanic
rocks on San Juan Ridge.

It is estimated that within the area studied the exposed parts
of the ancestral Yuba River channel contain gold valued at
about $188,100,000 distributed in 977,400,000 cubic yards of
gravel, the equivalent of an average value of $0.193 per cubic
yard. More than 75 percent of this total resource is contained
in the vast deposit between Malakoff and Badger Hill Diggings.

On the basis of heavy mineral suites derived from the drill
samples obtained in the North Columbia diggings, the gravel
can be separated into four zones: (1) a lower zone of ilmenite,
zircon, pyrite, amphibole, epidote, and chlorite; (2) a lower
middle zone of ilmenite, zircon, pyrite, siderite, amphibole, and
epidote; (8) an upper middle zone of ilmenite, zircon, pyrite,
and siderite; and (4) an upper zone of ilmenite and zircon. All
of these minerals can be derived from local bedrock sources.
The zonation reflects differences in degree of physical and
chemical weathering on the surrounding slopes. Physical
weathering was dominant during the early history of the
channel development, and chemical weathering became promi-
nent during the late aggradational stage of the river. Pyrite
and siderite are secondary minerals because they were formed
after deposition of the gravel. Abundant vegetation trapped
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and buried during deposition of the gravel together with the
ubiquitous iron-bearing minerals, provided an ideal environ-
ment for sulfide development.

The drainage pattern of the ancestral Yuba River and its
tributaries can be reconstructed by using existing gravel out-
crops, water-current indicators such as imbrication and cross-
bedding, and bedrock elevations on the channel floor.
Tributaries of the ancestral Yuba River extend beyond the
mapped area to the north, east, and south. Original gradients
of 17-65 feet per mile are obtained for the ancestral Yuba
River drainage upon removing effects of postgravel faulting
along the channel and postgravel tilting of the Sierra Nevada.
The gradient of the northwest-trending segment from Little
York Diggings to North Columbia probably was not affected
by tilting, as it would parallel the tilt axis. A gradient of 17 feet
per mile seems reasonable for this stretch. From North Colum-
bia to Smartville, the gradient probably was originally 20-25
feet per mile, greater than for the stretch above because the
river was flowing perpendicular to the regional slope west of
North Columbia. The upstream parts, American Hill to North
Columbia and Liberty Hill to Little York Diggings, flowing
down a highland front, had gradients of 60-65 feet per mile.
The direction of flow from Little York Diggings to North
Columbia is interpreted as parallel to the base of this highland.

By comparing known characteristics of the ancestral Yuba
River with modern river systems in the Western States, the
unknown parameters of drainage basin size and river length
can be postulated. Such a study reveals that the ancestral Yuba
River may have had a drainage basin as large as 2,000 square
miles above the area studied and a length of 150 miles. This
would put the headwaters no farther east than western Nevada.

The early Tertiary history of the area was characterized by
active river downcutting, high relief, and physical weathering
predominating over chemical weathering. Gold was continually
being supplied to the rivers but was not transported beyond
the drainage basins like the bulk of the rock detritus in the
rivers. As the rivers continued to downcut, predominantly dur-
ing times of flooding and vigorous runoff, the 50- to 100-foot-
thick veneer of coarse gravel flooring the river valley would
be moved downvalley only to be replaced by new material from
upstream. By middle or late Eocene time, the rivers had
extended their basins eastward, the steep slopes of the earlier
landscape had given way to gentle slopes, and chemical
weathering played the prominent role in the breakdown of the
rocks. Because of the intensity of the weathering, only the most
resistant minerals and rocks survived the journey to the rivers.
The valley fill increased in thickness, the rivers continued to
aggrade, and extensive flood plains were formed. The climate
was probably similar to the present climate on the lower slopes
of the Sierra Madre in the State of Vera Cruz, Mexico.

A date of 37.9%1 m.y. was determined by potassium-argon
method on biotite from a volcanic tuff lying above the gold-
bearing gravel section near North Columbia. A few of the
older prevolcanic channels were filled with the volcanic detritus,
and a thin veneer of clastic rocks covered parts of the old land
surface.

Widespread volcanic mudflows of andesitic composition
covered most of the surface during the Miocene and Pliocene.
Between successive mudflows, incipient river systems were
born, and waterworn boulders and cobbles of andesite were
deposited in restricted channels. A rhyolitic biotite-rich tuff
dated 8.7+0.5 m.y. is present near the town of Alta.

Probably in late Pliocene time, as volcanic activity subsided,
the Sierran block was uplifted and tilted toward the west.

During and following the uplift, much of the volcanic cover was
eroded and vast areas of the prevolcanic surface exhumed.

Colluvial deposits accumulated near the base of the volcanic
cliffs in Pleistocene and recent time because clays in the upper
gravel and volcanic section repeatedly failed.

Operators of recent small-scale placer mines along the ances-
tral Yuba River have been hard pressed to make a profit. Of
three mining ventures operating at various times from 1966
to 1970, one remains in operation.

INTRODUCTION

A restudy and evaluation of known gold-producing
districts, together with the search for new gold deposits,
was initiated in July 1966. The Tertiary gravel in the
foothills of the Sierra Nevada in California, from which
14,500,000 ounces of gold was produced, was selected
as a promising deposit for restudy. Because of the court
injunction of 1884, which virtually put a stop to the
hydraulic mining industry, large quantities of gravel
remained unmined.

PURPOSE AND OBJECTIVES

A large resource of gold remains in the unexploited
alluvial gravels of the ancestral Yuba River owing to
an inability in earlier times to extract the gold without
degradation of the downstream environment. Assess-
ment of this untapped resource, and, hopefully, the
development of acceptable techniques to extract the
gold were the main foci of this study. The amount, dis-
tribution, and physical character of the gold in these
placers had not been fully known, and the bedrock
source of it needed additional study. These deposits
record an important chapter in the history of the Sierra
Nevada region. The deposits constitute an unevaluated
potential source of construction material and water
resources for nearby growing urban areas. Thus, this
study in its broader context provides a geologic frame-
work for the evaluation of the land and mineral
resources occurring therein.

METHODS AND CONCLUSIONS

Mapping was done directly on U.S. Forest Service
aerial photographs (1:20,000, 1948, 1955, 1966), and
the contacts were transferred to topographic quad-
rangle maps (1:24,000 and 1:62,500). Surface samples
were screened and panned in the field, and the panned
concentrates transferred to the laboratory for detailed
study. In addition to noting textures and lithologies of
the gravel where exposed, current indicators (cross-
bedding and pebble imbrication)- were measured and
plotted. Fieldwork was carried on during the fall
months of 1966, 1967, and 1969 and during the spring
months of 1968 and 1969. In addition to myself, Donald
W. Peterson worked on the project from July 1966 to
July 1968. .

In addition to the conventional geologic field methods
of mapping and sampling, many geophysical techniques
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were employed in an effort to learn more about the sub-
surface characteristics of the gravel. The techniques
used include seismic refraction, ground and airborn
magnetic and electromagnetic (EM) surveys, gravity
and resistivity surveys, and induced polarization. The
geophysical field studies were conducted during the
summers of 1967 and 1968 under the supervision of
H. W. Oliver.

During the fall and winter of 1968 and January 1969,
rotary and churn drilling was done to check the validity
of the geophysical interpretations and to obtain
samples from the gravel for determination of gold
values and for heavy-mineral study. The results of that
drilling are presented here.

In 1968 the U.S. Bureau of Mines, under the guid-
ance of the U.S. Geological Survey, selected the Badger
Hill hydraulic pit as a focus area. A rather thorough
study of the old hydraulic diggings ensued that
involved many of the branches of the Bureau of Mines,
including the mining research group from Denver,
Colo. Extensive geophysical surveys were made, num-
erous holes were drilled with both rotary and large
bucket drills, and large samples were taken for the pur-
pose of concentrating gold and other heavy minerals. It
was originally hoped that efficient mining techniques
might be developed to extract gold and other metals
from the gravel at this locality. The “mining research”
phase of the project, however, did not progress beyond
the sampling program.

The study has revealed that the early work of Lind-
gren (1911) was quite complete and thorough in locat-
ing and describing the gold-bearing gravel.

The major remaining placer gold resource appears to
be on San Juan Ridge between Badger Hill and Mala-
koff State Park. A liberal estimate indicates that
800,000,000 cubic yards of gravel at this locality could
contain recoverable gold worth $140 million ($35.00
per oz). Drilling in the North Columbia diggings in
1968 produced samples that rarely contain gold value
in excess of $1.00 per cubic yard; this value is consider-
ably less than obtained from earlier drilling in 1939 by
private interests. Estimates of total volume and values
of unmined gravel in the entire area studied indicate
that gold worth $188 million ($35.00 per oz) could be
present. This estimate does not include the gold in
gravel beneath the thick (500-700 ft) volcanic breccia
on San Juan, Washington, and Harmony Ridges.

Vertical distribution of heavy minerals within the
gravel implies an early history of physical breakdown
of the source rocks with limited chemical weathering.
Most of the gold, in highest concentration in the lower
80 feet of immature gravel, was supplied to the river
during its early downcutting stage. The river in later
Eocene time was characterized by a low gradient, a

wide flood plain, large meanders, and a sediment load
indicative of intensive chemical weathering. During
this time, gold either was not carried into the rivers or
was flushed into the marine environment to the west.

MINING HISTORY
Placer gold first discovered and mined along the deep

valleys of the youthful streams and rivers in the Sierran
foothills was, in time, traced to sources high above the
streams on the drainage divides. What we now call the
“gold-bearing Tertiary gravel” was found to contain
large amounts of gold, but in relatively low concentra-
tions. The simple small-scale mining techniques em-
ploying a pan, a sluice box, or a rocker, used by the lone
miner along the present streams, gave way to the land-
destroying methods of hydraulic mining. First used in
1852 in Yankee Jims in Placer County and near
Nevada City (Clark, 1965), it was during the 29 years
from 1855 to 1884 that the great bulk of gravel was
washed by this simple but devastating method. Nozzles
with openings as large as 9 inches in diameter directed
water with enormous force at the gravel beds, breaking
apart the generally poorly cemented conglomerate.
Large quantities of gravel could be washed with little
effort by playing the jet of water back and forth across
the gravel exposures. The manmade rivers carried the
great bulk of the sand and gravel into the natural drain-
ages, while the gold was trapped in the riffles and
sluices, which were often heavily charged with mer-
cury. The natural drainages carried most of this dis-
placed gravel to the edge of the Central Valley, where,
because gradients in river channels were lower, it was
deposited, filling and choking the channels. Flooding
and silting repeatedly destroyed vast amounts of farm-
land and frequently threatened to destroy property in
the large cities of Marysville and Sacramento. Litiga-
tion between the miners and farmers continued more
than 10 years, culminating in the famous -court case
Woodruff vs. North Bloomfield Gravel Mining Co.
(Kelley, 1959, p. 237-240). Judge Lorenzo Sawyer
issued an injunction in 1884 against the company, now
often referred to as the “Sawyer decision,” that pro-
hibited the dumping of debris into the Sacramento and
San Joaquin Rivers and their tributaries. A precedent
was set, and hydraulic mining nearly ceased. Some
companies constructed debris dams and made a pretext
of storing the washed gravel, but the big hydraulic
mining effort was finished.

Drift mining along the gravel-bedrock contact con-
tinued after the shutdown of the hydraulic mines, but
only the richest gravel was mined. Gilbert (1917) esti-
mated that-30 million cubic yards of gravel was mined
by drifting.

In an attempt to revive the hydraulic mining indus-
try, the California Debris Commission was created in
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1893 to aid and oversee the mining. This effort proved
unsuccessful, and with the inflation following World
War I, gold production dropped further. In 1930 public
funds were allotted for the construction of large debris
dams on the major rivers draining the foothills. Engle-
bright dam on the Yuba River and North Fork dam on
the North Fork of the American River were built for
storing hydraulic tailings. The California Debris Com-
mission obtained assurances from the mining people
that the dams would be used for these purposes and
that the costs of construction would be repaid by the
mining industry. However, hydraulic mining never
again flourished, and less than 3 percent of the storage
capacity of the dams was utilized. What little “gold
fever” remained in the hydraulic mining industry was
discouraged by the high costs of water and equipment,
and by increasing governmental regulation. Even the
increase in gold price from $20.67 to $35.00 per fine
ounce in 1934 did not provide the economic incentive
to revive hydraulic mining.

Following the shutdown of the hydraulic mines in
1884, most of the California gold was produced by
floating bucket dredges, which operated in the vast
gravel deposits along the major drainageways at the
junction of the mountain front and the Central Valley.

Pine trees and manzanita bushes have since sprung
up in the hydraulic pits. Most of the old access roads
are overgrown, except where frequented by the bottle
collector, hunter, motorcyclist, or trash disposer. Little
remains in the way of mining artifacts. Even the old
rusty hydraulic pipes are gone; they were carted off for
road culverts.

AREA OF STUDY

The area of study is roughly that part of the Sierran
foothills between the North Fork of the American
River and Middle Yuba River (fig. 1). The mapped
area comprises parts of the Emigrant Gap, Alleghany,
Colfax, and Nevada City quadrangles (1:62,500 scale).
It contains a part, but not all, of the ancestral Yuba
River drainage basin. This particular area was selected
for study because: it contains the largest remaining
deposits of Tertiary gold-bearing gravel in the Sierra
Nevada; a significant portion of the total Tertiary
placer gold produced from California has been derived
here; a fairly large gold resource was believed to still
exist; and exposures and access are relatively good.

PREVIOUS WORK
The comprehensive report by Lindgren (1911)
stands as a classic in its complete and thorough cover-
age of the Tertiary gravels of the Sierra Nevada. I have
drawn extensively from this work because much of the
information that was available in Lindgren’s day, par-
ticularly concerning gold values, has vanished. Whit-

ney’s discussion of the gravel (1880) is of interest
because it was written during the height of the mining
activity. A rather exhaustive quantitative study of the
hydraulic mining debris that was made by Gilbert
(1917) is useful when figuring average gold values.
Early folio maps by Lindgren (1900) and Lindgren and
Turner (1895) show the distribution of Tertiary gravel
as well as bedrock (scale 1:125,000). The study area is
covered by the more recent map compilation of Burnett
and Jennings (1962). Good discussions of the geology
of the gravel and information on potential gold
resources are in Jenkins (1946), Averill (1946), Haley
(1923), Hammond (1890), and Turner (1891). The
Jarman (1927) report on the feasibility of resuming
hydraulic mining contains a rather thorough summary
of unmined gravel quantities. A report on the fossil
flora contained in the gravel (MacGinitie, 1941) is still
our best evidence for establishing age and climatic
conditions of deposition of at least the upper part of
the gravel. Clark’s reports (1965, 1970) are handy
useful references on the gravel and its occurrence
throughout the Sierra Nevada. An informative up-to-
date summary of the regional geology of the Sierra
Nevada, including a discussion of both the bedrock and
overlying rock units, is given by Bateman and Wahr-
haftig (1966). An early publication derived from the
studies by the Geological Survey concerns the area on
San Juan Ridge, particularly the gold resource and
geophysical investigation of the gravel (Peterson and
others, 1968).
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GENERAL GEOLOGY

Unmined gold-bearing gravels are mapped on plate
1, which also shows the distribution of the overlying
volcanic rocks and adjacent underlying metamorphic
and igneous rocks. Only those areas known or believed
to contain gold-bearing gravel were mapped for this
study.
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BEDROCK

Two types of bedrock are shown on the geologic map:
igneous and metamorphic. The distribution of ser-
pentines and of some quartz veins is shown in figure 2.

The metamorphic rocks are all low grade. They occur
in a wide north-west-trending belt across the central
part of the mapped area. Commonly referred to as the
Calaveras Formation (Lindgren, 1900; Ferguson and
Gannett, 1932) of late Paleozoic age, they consist
mostly of fissile slate, siliceous phyllite, hornfels,
quartzite, and greenstone. In the eastern part of the
area are dark-gray slates of the Silurian(?) Shoo Fly
Formation (Clark and others, 1962, p. B16, B17).
Metamorphism has been so slight that many of the
metasedimentary rocks still show well-preserved sedi-

mentary textures and structures such as crossbedding,
graded bedding, lenticular and wavy bedding, and
alternating silt and clay beds. The slates and phyllites
are locally rich in pyrite. A typical phyllite contains
detrital quartz and feldspar in a groundmass of quartz,
sericite, and chlorite. Mesozoic metavolcanic rocks
typical of the western Sierra metamorphic belt (Bate-
man and Wahrhaftig, 1966, p. 113) occur in the
extreme western part of the area.

Mesozoic igneous rocks intrude the metamorphic
rocks throughout the area. Biotite-hornblende grano-
diorite constitutes the two largest intrusive bodies in
the eastern and western parts of the area. Smaller
intrusive bodies consist of diorite, serpentine, gabbro,
and diabase. A saussuritic granitic rock rich in epidote
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and allanite(?) was encountered in drilling below the
volcanic rocks on San Juan Ridge. A small outcrop of
a megascopically similar granitic rock is present in the
middle reaches of Bloody Run Creek, just north of the
San Juan Ridge. Milky-white quartz veins locally
intrude the older metamorphic rocks (fig. 3) and are
most prevalent in and adjacent to serpentine bodies
(fig. 2). Siliceous zones and quartz veins within the
metamorphic rocks commonly resist weathering and
remain as ridges that stand above the surrounding land
surface.

In this part of the Sierra Nevada, only the upper-
most levels of the granitic plutons have been exposed;
large volumes of geosynclinal sediments still exist as a
“roof” covering the igneous intrusions. Farther south
in the range, the geosynclinal sedimentary “roof’” rocks

FIGURE 3.—Portal of the German Bar mine, located between
Snow Point and the Middle Yuba River. Slate and green-
stone of the Calaveras Formation are intruded by gold-
bearing (?) quartz, a rock type common in prevolcanic gravel,
and the source for much of the gold contained in the gravel.

YUBA RIVER, SIERRA NEVADA, CALIFORNIA

have been largely removed, leaving large areas of the
plutons exposed.
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