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OUTLINE OF THE REPORT
The Mother Lode belt of California is a long, narrow strip
on the western foothills of the Sierra Nevada, in which is inclosed a more or less continuous series of gold deposits. It is a
mile wide and 120 miles long. Because of the great wall-like
masses of quartz that crop out at intervals along the belt,
there grew up in the early fifties the belief that a quartz vein
extends continuously from one end of the belt to the otherthe Mother IJode. As the gold deposits are not continuous and
do not consist of quartz veins only, the term Mother Lode
system is more appropriate. The variety of gold deposits that
occur in the Mother Lode system is very considerable, and
therein lies one of the possibilities of future expansion of output,
for attention has perhaps been focused too sharply on the quartzfilled fissures as the main mode of occurrence of the gold.
The total output to the end of 1924, is estimated to be
$240,000,000. Half of this output has come from a 10-mile
segment of the belt, extending from Plymouth to Jackson, in
Amador County.
Mining began in 1849, on the Mariposa grant at the south end
of the belt. The vertical depth now attained is 4,500 feet;
the ore at that depth is on the average as good as that mined on
the upper levels, and it is thought that mining can be profitably
extended 'to a vertical depth of 6,000 feet. Mining on the
Mother Lode belt is favored by nearness to supply centers, by
good transportation facilities, labor supply, and climatic conditions, and by the slow increase of rock temperature in depth.
These advantages are partly offset in the mining of the quartz
veins by the moderate gold content of the ore, the moderate
size of the ore bodies, and the high cost of timbering, due to
heavy ground.
The rocks traversed by the Mother Lode system consist
mainly. of steeply dipping slates, schists, and greenstones, and
include some intrusive masses of serpentine. They form a series
of belts that trend northwest, parallel to the course of the range.
The oldest rocks belong to the Calaveras formation, of
Carboniferous age and of sedimentary origin. They consist of
black phyllites, not far removed from black slates in appearance, with subordinate quartzite and limestone. Associated
with the Calaveras formation are green schists, which are of
particular interest, for l~lany of the noted mines of the Mother
Lode system occur in them. They generally contain chlorite
or amphibole, or both, to which they owe their prevailing graygreen color. In places they are interbedded with a phyllite
of the Calaveras formation. They have been derived by metamorphism from augitic tuffs and lavas erupted in Calaveras
time.
The Calaveras rocks were metamorphosed, probably at the
end of the Paleozoic era, and after the metamorphism igneous
magmas invaded them, yielding diorite, quartz diorit~, muscovite granite, aplite, and hornblende lamprophyre.
The youngest stratified rocks of the belt make up the Mariposa slate. Black slate with less graywacke and minor .conglomerate and tillite (?) are the normal members of the formation.
Greenstone, chiefly in the form of tuff and breccia, is associated
with the Mariposa formation; it occurs in thick belts with
little or no intercalated slate, and it is also intimately interbedded
with Mariposa slate and graywacke. Moreover, tuffaceous
material is mixed with the normal sedimentary material, forming mixed rocks that range from nearly pure argillaceous slate
to pure greenstone.

The associated greenstones were termed augite porphyrite
and diabase by Lindgren and Turner, and later they were
called meta-andesites by Ransome. However, the nature of
few if any of the feldspars in these rocks has been recorded'.
AloD.g the Mother Lode belt the feldspars prove generally to be
albite. At present it is an open problem how much of the abundant albite in the thick belts of volcanic greenstone is the result
of albitization of calcic plagioclase and how much is pyrogenic;
hence the rocks will here be referred to by the noncommittal
terms greenstone and augite melaphyre. Basalts, albitized
augite melaphyres, and keratophyres are recognized.
In late Jurassic or early Cretaceous time the region of the
Sierra Nevada felt the onset of the Cordilleran revolution. The
rocks were isoclinally folded apd then were invaded by a succession of plutonic rocks, beginning with peridotite, which
was soon altered to serpentine, and ending with granodiorite.
The remarkable albitite dikes near Tuolumne River also were
intruded probably at this time. At the end of this epoch of
igneous activity the gold deposits were formed. Since the
Cordilleran revolution the gold belt has remained above sea
level; and during that long span of time erosion has stripped off
several thousand feet of rock.
The northern part of the Mother Lode belt as far south as
the Gwin mine in Calaveras County is inclosed in alternating
Mariposa slate and associated greenstone. From the Gwin
mine southward as far as Tuolumne River the lode is chiefly in
green schist; it there enters serpentine, in which it continues to
Coulterville, where it enters the Mariposa slate, and it continues
in this formation until it is terminated by the granodiorite south
of Mariposa. In this characterization details have been omitted. The differences in geologic environment just sketched
determine certain differences in the gold deposits that the
rocks inclose.
The gold deposits are of two principal kinds-quartz veins
and bodies of mineralized country rock. Although the quartz
veins, especially those that are inclosed in slate, are similar
from one end of the belt to the other, the ore bodies of mineralized country rock show far 'more individuality and more geologic
complexity than was expected. The statistics of output show
that there has been a markecJ localization of gold production
in certain portions of the belt, notably the 10-mile segment in
Amador County, Angels Camp, and Carson Hill in Calaveras
County, and a segment south of Jamestown, Tuolumne County.
The ores are of low or moderate grade, averaging $7 a ton.
The very low-grade ores formerly mined, ranging from $2 to $3
a ton, are no longer worked. The gold bullion ranges in fineness
from 790 to 840 parts per thousand, but the gold as it occurs
in the ores ranges from 839 to 899 parts, its fineness as determined on the few samples analyzed depending apparently on
the nature of the associated sulphide or telluride. Sulphides
make between 1 and 2 per cent of the quartz ore and double
or triple that amount in the ore bodies of mineralized country
rock. They consist almost wholly of pyrite, with minor
arsenopyrite, sphalerite, galena, chalcopyrite, and tetrahedrite.
The telluride petzite appears to, be restricted to the portion of
the Mother Lode in Calaveras and Tuolumne Counties. Arsenopyrite is fairly common in Amador County. Galena and petzite indicate good ore, but thtt. others are indifferent indicators.
The quartz veins generally occur as systems of parallel or
acutely intersecting veins; as many as four may be worked at a
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single mine. Not many of them can be definitely traced for
more than a few thousand feet. They cut the inclosing rocks
at an acute angle in both strike and dip. They fill fissures that
were formed by reverse faulting, in some of which the displacement amounts to 375 feet. Structurally they do not conform to
the idea that veins follow lines of least resistance; they make an
acute angle with the well-developed cleavage of the slate, and
they leave slate to pass into massive greenstone, and vice versa.
Where this happens the vein is markedly deflected or refracted,
and this refraction is so conspicuous a structural feature of the
.veins of Amador County that a rough value for the index of
refraction was computed-lAo
The veins swell and pinch abruptly; in the lenticular expansions the filling is quartz; at the edges of lenses, either along the
strike or on the dip, the massive quartz filling becomes more and
more admixed with slate or pinches down to a gouge-filled
fissure. Banding or ribboning is common in veins that are
inclosed in slate or schist and is invariably parallel to the walls
of the veins; locally the divergence between ribboning and
bedding is as much as 45°.
The ore occurs in shoots generally short but persistent in
depth. The shoots as a rule have a steep pitch or drake" which
may be either north or south. The ore shoots are considerably
wider than adjacent portions of the vein, as well as containing
more gold to the ton. Furthermore, the shoots consist more
solidly of quartz, and where the massive quartz filling of the ore
shoot frays out into a stringer lode it becomes poor in gold.
Unfortunately, however, large bodies of quartz do not necessarily make ore even if they occur along fissures that elsewhere
contain ore shoots. Most of the known ore shoots cropped
out at the surface but some have been discovered whose tops
were as deep as 3,300 feet. Intersection and branching of veins
favored the development of ore shoots. Not all junctions,
however, have determined ore shoots.
The gold is believed to have come from a deep-seated magmatic source, the quartz came largely from the adjacent wall
rock, and the water by which these substances were carried in
solution came partly from the magma and largely from the
meteoric circulation. As the thermal water rising in a fissure
issues at the earth's surface only at certain orifices, such localized efflux would determine more rapidly moving threads of
curre,nt in the fissure; all other water in the fissure would be
stagnant or nearly stagnant. Only those portions of the fissure in which the ore-depositing solution was actively flowing
would become the loci of gold deposition.
It 'is unsafe to generalize for the ~hole Mother Lode belt as
to the influence of the nature of the wall rocks on the tenor of
the ore. Valuable ore bodies have formed in rocks of many
kipds. Probably the only valid generalization is the one made
by Ransome that paying veins may occur in any rock 'with the
possible exception of sE~rpentine. However, the slate appears to
be more favorable than the greenstone, and veins wholly
inclosed in greenstone are likely to be of low grade. Although
the favorable character of the slate has been' ascribed to its
carbonaceous content, the real explanation may be that the
slate delivered quartz less rapidly to the veins than the greenstone or' other rocks; the ore, so to speak, was less diluted with
quartz.
The ore bodies of mineralized country rock comprise the socalled gray ore and the mineralized schist. They occur either
adjacent to quartz veins or in broad zones of fissuring. The
gray ore is the result of hydrothermal attack on the augitic
greenstone; it consists of ankerite, sericite, albite, qu'artz, pyrite,
and generally some arsenopyrite and contains enough gold to
, be profitably workable. Many of the shoots were large and
averaged as high as $8 a ton. ~These shoots generally adjoin
thin quartz veins or are in the wedge between two intersecting

veins. The tenor of the gray ore can be determined only by
assays. There may well be large deposits of gray ore undiscovered, but guides to their discovery are unknown.
The mineralized schist ore bodies consist of pyritic sericiteankerite schist and are the results of the alteration of amphibolite and chlorite schists. They are generally ramified with
quartz-ankerite veinlets. They are of low grade as a rule,
carrying from $2 to $3 a ton, but one of the highest-grade ore
bodies ever mined on the Mother Lode belt, the hanging-wall
ore body of the Morgan-Melones mine, on Carson Hill, is a
pyritic ankeritized schist. Many of these ore bodies form
either the footwall or the hanging wall of a large thick barren
quartz vein. At Carson Hill the schists in the footwall of the
thick barren quartz vein made a very low-grade ore body,
whereas the schists in the hanging wall made the high-grade ore
body already mentioned.
The wall rocks of the Mother Lode veins have been profoundly altered by the ore-forming processes. Large volumes
of rock have thereby been transformed. Carbonatization
(ankeritization) was the chief effect, regardless of whether the
rocks were slate, graywacke, quartzite, conglomerate, greenstone, amphibolite schist, chlorite schist, talc schist, or serpentine. Sericite, albite, pyrite, and arsenopyrite were also commonly formed by ch~mical attack on the wall rocks. Gold
also migrated into the wall rocks, as already described.
Serpentine and the augitic greenstones were the most susceptible to ankeritization. The ankeritized serpentine, which
is particularly dis.tinctive of the southern part of the lode,
makes up belts hundreds of feet thick, generally tinted a
delicate green by the presence of the chromiferous potassium
mica mariposite. The black slates because of their fine grain
and carbonaceous pigment seem to be unaffected, but microscopic
and chemical analyses prove that they too have been greatly
altered, chiefly by ankeritization. Moreover, the microscope
shows that the ankerite augen that have formed in the slates by
replacement have been partly rotated by the compressive forces
by which the vein fissures were produced.
Great quantities of carbon dioxide were added to the wall
rocks, and correspondingly great quantities of silica were eliminated from them. This silica was more than enough to supply
the quartz in the Mother Lode veins, and this fact leads to the
surmise' that the somewhat unfavorable effect of serpentine
and greenstone on the veins in them may have been dlIe to the
rapidity with which they supplied quartz to the growing veins.
The Mother Lode fissure system, according to the hypothesis
presented in this report, appears to occupy a series of auxiliary
fractures in a zone parallel to a great reverse fault. Facts in
support of this hypothesis are so far known only from that part
of the belt extendin'g from Plymouth to Jackson.
The veins can best be explained as having grown by successive
enlargement along fissures that were from time to time reopened
by renewal of movement along them. To some extent t,he force
of crystallization of the growing quartz may have aided in producing the ribbon structure of the veins. The ,quartz of the
veins was supplied from the wall rocks; the gold, sulphur,
arsenic, ~ carbon dioxide, and certain other constituents were
probably supplied by exhalations that issued at a high' temperature from a deep-seated consolidating granitic magma, as
was also a part of the thermal energy of the ore-forming solutions. After these exhalations had condensed to water that
carried the other constituents dissolved in it, the motive power
for causing this II magmatic water" to rise was doubtless the
gravity potential of a meteoric circulation whose paths were
determined by the fissure systems. These processes took place
near the end of the epoch of plutonic intrusion that marked
the final stage of the Cordilleran revolution in late Jurassic or
early Cretaceous time.
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A. MOTHER LODE BELT, AS SEEN FROM THE CENTRAL EUREKA MINE

The lown of SuUcr Creek lies amid).hc trees

B. MOTHER LODE BELT, AS SEEN FROM SUMMIT OF CARSON HILL

Huge white quartz vein of Mother Lode system traverses flank and summit of dark hill in middle ground
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THE M01-;HER LODE SYSTEM OF CALIFORNIA.
By

ADOLPH KNOPF

INTRODUCTION

GEOGRAPHY
SITUATION OF 'l'HE DISTRICT

The Mother Lode belt of California is a strip a mile
or so wide extending for 120 miles along the lower
western {iank of the Sierra Nevada. It begins near
Georgetown, in Eldorado County, and extends to
Mormon Bar, 2 Illiles south of Mariposa, in Mariposa
County. (See fig. 1.) The five counties that it traverses-Eldorado, Alllador, Calaveras, Tuolumne, and
Mariposa-are often known as the Mother Lode
counties.
The main towns on the belt from north to south are
Placerville, Plymouth, Sutter Creek, Jackson, San
Andreas, Angels Camp, Jamestown, and Mariposa.
Placerville, with a population of 1,650, is the largest,
but its prosperity is no longer based on placer mining;
it now rests Inainly on horticulture. Plymouth and
Sutter Creek are dependent chiefly on quartz mining,
but the other towns are largely independent of mining.
Jackson is the seat of Amador County, though its
fortunes are closely linked to those of the two great
gold 111ines near it-the Argonaut, and the Kennedy.
San Andreas is the seat of Calaveras County. Angels
C~mp, in the same county, is in a flourishing condition, though all its mines are idle; it is hard to realize
as one views this attractive town that Mark Twain in
"Roughing it" could call this place in the middle
sixties a decayed mining town. Janlestown also is
flourishing, despite the closing of nlost of the near-by
lllines. Mariposa, at the south end of the belt, is the
seat of Mal'iposa County.
PHYSICAL FEATURES

The Mother Lode belt is for the most part a hilly
country of moderate relief. Its altitude above sea level
is about 2,700 feet at the north end and 2,000 feet at
Mariposa. In the Ill0St productive part of the belt,
which extends fr0111 Plynlouth to Jackson, in Amador
County, the average altitude is about 1,500feet.'
The topography is rolling except where the belt is
crossed by the larger streams that flow down the
western slope of the Sierra Nevada. These streamsSouth Fork of Anlerican River, Mokelumne, Stanislaus, Tuolumne, and Merced Rivers, to name only
the master streams-cross the gold belt in deep canyons. The cutting of these canyons and the tributary
5456-29--2

canyons that extend back fr0111 them has locally
produced stretches of rugged country. The tributaries,
however, head in areas of very subdued topography
or even of flat country, as at Plymouth. These areas
are obviously remnants of an old erosion surface that
have not yet been dissected on account of their distance
fr0111 the main drainage lines.,
The country has in general a distinct southeast
"grain," the result of the control exerted on erosion
by its bedrock structure. The ridges have the same
general trend and as a rule consist of resistant belts
of greenstone or serpentine that have withstood
erosion. .They are crossed in narrow valleys' by minor
streams, including Amador, Sutter, and Jackson
Creeks.
Some of the nlost rugged country in the whole belt
is at the head of 110ccasin Creek, a tributary that
enters the Tuolumne from the south. It culminates
in the peak that is well named Penon Blanco (white
cliff). Because of the broad white outcrop of a great
quartz vein, which forms its crest and contrasts with
its somb-er green cover of brush, Penon Blanco is one
of the most impressive sights on the whole gold belt.
After seeing this and similar huge walls of white quartz
at intervals along the gold belt, as at Carson Hill,
many miles to the north, it is easy to understand how
there grew up the idea of a Mother Lode, or as Borthwick wrote in 1857, in his highly interesting "Three
years in California," a "great quartz vein which
traverses the whole State of California."
CLIMATE AND VEGETATION

Most of the precipitation in the ~tfother Lode belt
falls in Decmnbel', January, February, and ~tfarch.
As Illay be seen fr0111 the following table, the rainfall
decreases strongly southward, partly because of the
decrease in altitude and partly because a southward
decrease characterizes the western foothill slope of
the Sierra Nevada.
Preci pit ation on Mother Lode belt
Annual precipitation (inches)
Altitude
(feet)
Mean

Georget.own ______
Placerville _______
Kennedy mine ___
Sonora __________

2, 550
1,875
1,500
1, 825

57.8
44. 4
37.6
36.1

Maximum

99.6
74. 1
55.2
59. 9

(1884)
(1884)
(1894)
(1894)

Minimum

28. 1
19. 4
16. 7
18.8

(1898)
(1888)
(1908)
(1898)
1

Mean
annual
tern·
perature
(OF.)

----55
58. 5
- - - --
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The following data, courteously supplied by the
United States Weather Bureau from its station at the
Kennedy mine near Jackson, show well the equable
character of the temperature of the belt. They are
based on a series of records from 1913 to 1923.
122

J

sometimes reached. South of Sonora, which is just
east of the belt, the climate becomes increasingly arid,
as is indicated by the character of the vegetation.
N ear Mariposa, as shown by the vegetation and
perhaps even more impressively by the weathered

0

r----------------.---r----------------n-~----~------~r---'----------------~--~

~

(

G LEN N

1

BUTTE'

r--

/

------~

___ - f J

"'I

"- ~
r
5'_,-'

'S I

po..

D

/'

r(
o

~

§0

ill

(/).:r

z;

~

~,

e

A

~r.;cn

(YUBA
COLUSA

~

----------~

----y

-~

ERR A

'---------E-1~

SUTTER~
(

,

\

39~~+_---------_+----~~--~~~~~~~~~~~~~~~~--~~----~~7__t)_?1
I
~

l-

_______ _

,
f-'
/J '.

r'
,/

J

\

,
Y
\..)
"I,

\
\.,NAPA

->yo '.1

0,

J-" /---"-")

1

(\

!j) \..,

o ,
1-- \
o '

I

L

I

,_-J,
\

I

\

SOL A

N

I

-~

I

I
I

ME D A

I
I

~,

\.-\ '

/

.. .-v ,~---------()

(..
CLARA

A.

(")

,

CO

,/
30
,40
10
10
20
~~~---~--~------~.-----~
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Mean temperature (OF.) at the Kenne~y mine, 1913-1923
January ______ 43.6
February ____ 47.6
March ______ 51.3
ApriL _______ 54. 9
May ________ 60. 6

June ________
July ________
August ______
September ___
October _____

MUes

I.-Index map showing the location of the Mother Lode belt, California

68.7
75.2
74.1
68.5
60. 3

November ___ 51. 8
December _ _ _ 44. 9
Mean annual 58.5

In summer temperatures exceeding 100° are not
uncommon along the Mother Lode belt, and 115° is

forms of the granodiorite, which are those of a warm
arid landscape, the climate is typically arid, evaporation greatly exceeding precipitation.
The general aspect of the belt is parklike, with
rounded grassy hills dotted with oaks or pines. The
view northward from the Central Eureka shaft, shown
in Plate 1, A, is typical of the Amador section. In
the spring it is a region of verdan t loveliness, but 'as the '
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hot SUlnlner lengthens it becomes dry and parched.
Soon after the first rains, which, however, may be delayed until nlid-November, the grasses spring up
quickly.
The vegetation is deterlnined to some extent by the
nature of the bedrock. Serpentine exercises the most
notable control, areas of that rock being thicldy covered
with a somber-green growth of greasewood. From
any vantage point, such as Carson Hill, the larger areas
of serpentine can plainly be seen contrasting with their
surroundings. (See pI. 1, B.). Chaparral becomes
common south of Tuolumne River, and much of the
region is covered with an inlpenetrable thicket of
greasewood, lnanzanita, and scrub oak.
FIELD WORK AND ACKNOWLEDGMENTS
PREVIOUS GEOLOGIC STUDIES OF THE DISTRICT

inch instead of approxinlately 2 miles to the inch
(1 :125,000)-allowed a far more detailed presentation
inclosinO'b the
of the topography and geology of the belt
.
gold-bearing quartz veins of the Mother Lode system
than had been possible in the Jackson and Sonora folios.
The field work, arduous physically and difficult
geologically, was completed in 1898, and the results
were published in the Mother Lode folio. 2 It is a
pleasure to testify to the remarkable excellence and
accuracy of the geologic maps in that folio, and my
increasing familiarity with the region during two field
seasons has steadily deepened the admiration they
inspire.
Doctor Becker's studies of the 1\10ther Lode were
interrupted in 1899 by his transfer to work in the
Philippines. They ere never resumed, and his projected report on the 1\10ther Lode system was not
completed.
In 1900 Storms 3 published an interesting report on
the Mother Lode belt, in which the main emphasis
was placed on methods and costs of mining.
.

'v

The first study of the Mother Lode belt as a unit
was lnade by Fairbanke 1 in 1890. Three nlonths
was spent in the field, and a belt 4 miles wide thr~ugh
which the lode runs was mapped and the mines were
PRESENT INVESTIGATION
eXaInilled. As the law required that the report be
completed by December of that year, only two
In 1915 I was assigned by F. L. Ransome, then in
Inonths was available in which to study the material
charge
of the United States Geological Survey's
gathered and to write the report. A generalized
metalliferous
investigations, to make a detailed study
geologic nlap on township plats acconlpanies the
of
the
gold-bearing
quartz veins of the Mother Lode
report. ~ecause of the inadequate time in which to
at the north end of the belt on
belt.
Work
was
begun
prepare it, the systematic and generalized portion of
15
and
by
the
end
of the field season on N ovem~
August
the report is extrenlely short. The rocks, the fundaber
11
had
been
extended
as far south as the South
mental evidence on the geology of the region, could
Eureka
mine,
near
Sutter
Creek. All active mines
not be adequately studied, and consequently the
were
carefully
examined
and
mapped. During the
names used have largely been superseded as a result of
last
few
weeks
of
this
work
I
was ably assisted by
later work. Yet in view of the pressure under which
J.
Fred
Hunter,
whose
lalnentable
death in 1917 cut
this work was done, the report lnust be regarded as a
short
a
life
of
great
promise.
notable achievement.
Field work was not resumed in the following year,
In the late eighties geologists of the United States
on
account of the lack of sufficient funds, the'SecreGeological Survey-Becker, Tui'ner, and Lindgrentary
of the Interior believing that the Geological
began the detailed mapping of the lower western slope
Survey
should use its resources on the investigation of
of the Sierra Nevada; and beginning with the Placerdistricts
of which less was known than of the Mother
ville geologic folio in 1894 there appeared a succession
Lode.
As
a consequence of the European war, the
of folios-the tt gold-belt folios "-that have been the
American
mineral
industry was stimulated to an ex~
. finn foundation for aU later geologic work. Professor
traordinary
degree,
and the demands for investigaLindgren has recounted before the Boston Geological
by the Geological Survey
tions
of
mineral
districts
Society, in February, 1923, nlany of the difficulties
were
unprecedentedly
numerous.
with which the early workers were confronted in the
Not until 1924 was it possible to resume the investiperplexing rocks of the Sierra Nevada. In the prepagation
of the Mother Lode district. In that year the
ration of these folios study of the mining geology was
State
mineralogist
of California, Mr. Lloyd L. Root,
mainly incidental to the unraveliI~g of the complex
offered
to
cooperate
with the United States Geological
areal geology.
Survey
by
supplying
$1,000 to defray part of the
Because of the great importance of the Mother Lode
expense
of
completing
the
field work. This offer was
belt, a special r~port on its mines was planned by
accepted,
and
work
was
resumed on June 30 and
G. F. Becker. As the necessary foundation for this
.
finished
at
Mariposa
on
September
20. The Plymouth
report, F. L. Ransome lnapped in detail a belt 70 miles
and
Central
Eureka
mines
were
reexamined
in order to
long and 6.5 miles wide, extending from Plymouth to
Merced River. The scale of the map- 1 mile to the
2 Ransome, F. L., U. S. Geol. SUr\'ey Oeol. Atlas, Mother Lode District folio
Fairbanks, H. W., Geology of the Mother Lode region: California State Min.
Bur. Tonth Ann. Rept., pp. 23-90, 1890.
I

(N o. 63), 1900.
a Storms, W. H., The Mother Lode region of Calirornia: California State Min.
Bur. Bull. 18, 1:54-pp., 1900.
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view the deeper developments, but many of the mines
that were operating in 1915 had shut down owing to
the severe fall in the purchasing power of gold. During
this field season I was efficiently assisted by Thomas
B. Nolan, who later also assisted in the office during
two months in compiling some of the mine descriptions
th8 t accompany this report.
Cordial acknowledgments are due to the operators
along the Mother Lode belt, all of whom fully cooperated in furthering the purpose of this survey. l\1y
grateful thanks for many courtesies' extended are especially due to Mr. A. S. Howe, of the Central Eureka
mine; Mr. E. C. Hutchinson, of the Kennedy mine;
Mr. W. J. Loring, then manager of the Plymouth and
Carson Hill mines; and Mr. O. McCraney, at that tilne
in charge of the Eagle Shawmut mine.
HISTORICAL SKETCH

The Mother Lode belt traverses a region rich in
historical and literary associations. Coloma, where
placer gold was first found in 1848, lies but a few miles
west of the belt, and in the feverish years that followed
the discovery of gold the main towns on the belt were
all active centers of placer mining. Placerville, al~h~ugh now a tranquil fruit-shipping center, carries
m Its name forever a reminder of its origin. Much of
the local color in Bret Harte's stories came from the
Mother Lode belt, and it was at Angels Camp that
Mark Twain heard the local version of the" Jumping
frog of Calaveras," the story by which he was first to
establish' his literary fame. Some of his mining experiences on the lode are related in "Roughing it."
The history of the Mother Lode belt is a great theme
but in this report only an account of its mines and of
some of the ideas that have gradually developed concerning them can be sketched.
The first gold-quartz vein found in place in California
was discovered at Mariposa on Colonel Fremont's
Muriposa grant, near the south end of the Mother
Lode belt, in August, 1849. Little more than a year
had gone by since Marshall had picked up the first
bit of placer gold at Coloma. Bayard Taylor,4 who
made a tour of the gold region in 1849 and wrote an
interesting account of those stirring times, was told
by Fremont that representative surface quartz carried
2 ounces of gold to every 25 pounds; also that the vein
had been traced for a mile and was 2 feet thick at the
outcrop, "gradually widening as it descends and showing larger particles of gold."
T4e find produced a great sensation, and Taylor
concludes his account of the discovery thus propheti-.
cally, in words in which we can still feel the exuberant
faith that makes mining camps:
The Sierra Nevada is pierced in every part with these priceless
veins, which will produce gold for centuries after every spot of
• Taylor, Bayard, Eldorado: Adventures in the path of empire. p. 110. New
York, 1850.

earth from base to summit shal1 have been turned over and
washed out.

Other quartz veins were discovered in the same year.5
Fremont's vein, however, was the only one actually
opened, and the belief that the quartz carried $2.50 a
pound was proved to be too optimistic.
The first geologic examination of the Mother ·Lode
belt was made in 1849 by Tyson,6 a careful and a~ute
observer. He took too seriously, perhaps, the advice
he had heard that in California "it is safest to believe
nothing you hear and doubt half you see." He recognized that the auriferous region was underlain chiefly
by slates-clay slate, hornblende slate, chlorite slate,
and talcose slate-alternating with intrusive traps or
trappean rocks. Some intrusive masses of serpentine
were recognized. The variety of rocks, he says, was
less than he expected, but in this conclusion he was in
error, for the variety is legion; however, in 1849 it
was a natural error, for the science of rocks had hardly
been born. Indeed, the attention of one reading the
older reports on the region is constantly struck by the
fact that the rock determinations of the various observers made little impression on their successors. Tyson's
trappean rocks, for example, became Trask's dolerite
amy~daloids and greenstone, Blake's conglomerates,
and Whitney's porphyritic green slates. This state of
affairs was the natural outcome of the fact that the
names given to rocks were as a rule unsupported personal assertions. An authoritative interpretation of
~he rocks of the gold belt was not reached until careful
microscopic and chemical work was done by the United
States Geological Survey in the nineties.
Tyson admits that the veins are probably e.xcee·dingly numerous but on the whole he is rather skeptical
that they could be worked' at a profit, for he sets $20
as the minimum for payable ore. All analogy or previous experience, he says, has shown that there are few
auriferous veins in the world that contain sufficient
metal to pay expenses. In this cautious judgment
there is doubtless a reflection from the famous dictum
of Sir Roderick Murchison that deep mining for gold
in the solid rock can never be profitable, because" gold
was the last created metal and only occurred, therefore,
in the uppermost parts of any formation." 7
The first quartz miners were Mexicans, who used
the slow but efficient arrastre to separate the gold
from the ore. "As far as can be'learned," says Fairbanks,S "the term Mother Lode was first applied to
the veins worked at Nashville, 12 miles south of Placerville, Eldorado County, in the latter part of 1850 or
earlier part of 1851." In the origin of this term we
can undoubtedly see the influence of the early Mexican miners, for each of the great Mexican mining dis6 Lyman, S. C., Gold of California: Am. Jour. ScL, 2d ser., vol. 9, pp. 126-129
1849.
6 Tyson, P. T., Geology and industrial resources of Cailfornia, 74 pp., 1851.
7 Geikie, A., Memoir of Sir Roderick Murchison, vol. 2, p. 134, 1875.
8 Fairbanks, H. W., Geology of the Mother Lode region: California State Min.
Bur. Tenth Ann. Rept., p. 23, 1890.
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tl'icts had its veta nladre (mother lode). It is fascinating to trace the growth of the Mother Lode concept,
which has becOlne an imperishable part of the heritage
of the ~10ther Lode counties. The inllnense crop pings
of quartz, as at Penon Blanco and Carson Hill, viewed
in the optilnistic atmosphere of a mining district,
irresistibly support the idea of a single great persistent
quartz vein, and as early as 1857 Borthwick, who gives
us accurately the local color of the tinles, writes of
the great vein that traverses California from end to
end.
Some of the first writers on the geology of the gold
belt adopted whole-heartedly the Mother Lode idea,
referring to the supposed continuous lode as the" Great
Vein." In 1868 Browne 9 wrote, "The Mother Lode
. is in many respects the I;nost remarkable metalliferous
vein in the world." In 1869 Raymond,IO his successor
as United States COlnmissioner of Mining Statistics,
felt impelled to discuss "What is the Mother Lode?"
but because detailed infonnation was wanting he was
unable to reach a definite conclusion.
Gradually, however, clearer understanding came.
Turner and Lindgren 11 found. that the Mother Lode
"must not be considered as a continuous vein, but
rather as a belt of parallel though sometimes interrupted quartz-filled fissures." Storms in 1900 went
so far as to say that the naIne ~10ther Lode is "unfortunate." Ransome, in particular, has shown how greatly the ~10ther Lode concept diverges from the actual
facts and how much endless and unprofitable discussion
it entails. But logical analyses of this kind, however
acute and well reasoned, fail to shake the local belief.
In the early fifties a boonl in qnartz mining set in,
despite inexperience and the crude machinery and
methods available for extracting the gold. Here and
at Grass Valley began the development of the California stamp battery and milling practice, which were
destined to spread the world over. At first many
rushed in without fully realizing the difficulties and
the need of adequate capital. In 1853 there were 17
mines at work along the Mother Lode, and in 1854 the
number had increased to 31. In that year the boom
collapsed and left the industry under an undeserved
stignuL. Furthermore, a great obstacle at this time
was the ins(:Ril.H'e .tenure by which the mines were
held, for they were subject to the government of the
majority of the people of the district in which thf'.y were
situated, who were placer miners.
The progress nlade in those early years is excellently presented in the' annual reports of the first
State geologist, John B. Trask. The sulphurets, as
the Inetallic sulphides werp. then generally called (and
are still called along the Mother Lode), were being

--------------------------

9 Browno, J. H., M:illol'lll rosources of tho Statcs and 'rerritories west of tho
Hooky Mountains for 1807, pp. 14-16, 1808. The soction on the Mother Lode was
probably writton by John S. Bitt.el!. (Soe p. 10.)
10 Haymond, It. W., idom for 1808, pp. 11-12, 1809.
II 'rumor, n. W., and Lindgron, WaldemAr. U. S. 0001. Survey Oeol. Atlas,
Plncol'villo folio (No.3), 1894.
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thrown away with the tailings, and the folly ·of this procedure was repeatedly emphasized by, Trask. He
roasted the sulphurets, washed and amalgamated
them, and thus showed that the sulphurets of the
Eureka mine contained $130 a ton and those of the
Spring Hill $270 a ton. Even as late as 1861 the pyrite
in the ore of the Eureka mine, amounting to 2 or 3
per cent, was allowed to run to waste.
The Eureka and Keystone mines were the most
successful during the first decade, as in fact they continued to be during many of the later decades. The
Keystone paid monthly dividends of $200 a shai'e,
and in M.arch, 1855, it paid $550 a share. The average
recovered value of the Eureka ore was $20 a ton. The
low wages of miners in'1855, $70 a month at the Eureka,
already contrasted strongly with the fabulous wages
paid to placer miners a scant three or four years
earlier.
AJt.hough a few mines were highly successful during
the first decade, most of them·were timbered insecurely
or not at all, a makeshift, unsystematic policy was
followed, and the cash balance was immediately disbursed in dividends. Not many Inines were likely to
')urvive this tref;Ltment. Consequently it could be said
by J. Ross Browne 12 that little progress ill quartz
mining had been made before 1860.
The largest operations about this time were on the
Mariposa estate. Five mills were operated, with a
total of 156 stamps. The largest were the two known
as the Benton mills, of 64 stamps, which were built on'
Merced River, across from what is now Bagby station
on the Yosemite Valley Railroad. They were celebrated in California, as Raymond tersely puts it, "for
their cheap crushing and great loss of gold." Estimates were that the losses ran as high as 70 per cent.
Although the supply of ore on the estate was regarded
as inexhaustible, operations soon came to grief, partly
from mismanagement (contemporaries. were inclined
to attribute it wholly to this cause) and partly from
the exhaustion of the high-grade surface ores.
Early in the history of the Mother Lode belt Amador
County established its claim as the most successful
quartz-mining county. The Hayward, or Amador
mine, or Old Eureka, as it has come to be known, was
the most famous in those days. By 1870 it had already
attained a depth of 1,350 feet and had the deepest shaft
in the United States. Its ore, wrote J. Ross Browne,
was mainly of low grade, "not yielding probably more
than $10 to $15 per ton."
In the later sixties chlorination plants began to be
built at the larger mines, and custom plants were·
established at certain localitjes, in order to extract the·
gold from the sulphide concentrates by means of a.
chloridizing roast. This mode of treating the sulphides.
has now been superseded, and the chlorination plants
have one by one been abandoned, although the last of
12

Op. cit., pp. 12-13.

6

THE MOTHER LODE SYSTEM OF CALIFORNIA

them, those at the Kennedy and Eagle Shawmut
mines, survived until as late as 1915.
In 1872 there were in Amador County 35 quartz
mills, dropping nearly 600 stanlps. The stamps were
light, averaging about 500 pounds, and their capacity
was correspondingly snlall. Wages had become very
low-$60 and $50 a month, with board, for first and
second class miners. These low wages, which persisted with little increase until the World War, were
always a prime factor in the low mining costs achieved
along the Mother Lode belt. A long-forgotten
episode was the employment of Chinese as miners.
They proved to be hard-working, efficient miners;
indeed, they shirked work far less than the white men,
but as their wages were half those of white labor they
were a source of friction and finally had to go.
In 1874 only two mines on the Mother Lode belt
were producing annually more than $100,000-the
Eureka and the Keystone-both of them in Amador
County. The data in the following table 13 are therefore of considerable interest as giving a statistical
picture of the two most productive mines on the lode
at that time.
Production of Eureka and Keystone mines, February, 1874-March, 1875
Mine

Tons
milled

Eureka. ________ . ____ 22,098
!{eystone____________ 25,
146
Mine

JEGureka ________________
J{eystone ______________
II

Average
yield to
a ton

Total
yield

$10. 84 a$259,971
452,507
18.00

Number
of stamps

40
40

Cost of
mining
per ton

Cost of
milling
per ton

Miner's
wages
per day

Weight of
stamps
(pounds)

$8. 03
5.12

$1. 04

$3.00
3. 00

--------

2.04

700

Includes $20,254 from 219 ..'; tons of sulphurets at $92.27 a ton.

Raymond's report for 1875 gives a particularly
complete picture of the condition of quartz mining
in the Mother Lode belt. The Eureka was still the
deepest mine, having attained a depth of 2,000 feet,
and was the deepest mine in the United States. The
next deepest was the Oneida, but it was only 1,000
feet deep. Seventeen mills were working in the Amador section and crushed in that year 85,780 tons of
ore. This very moderate tonnage may be compared
with the maximum output, 820,000 tons, achieved in
1915. The lowest average yield, $6 a ton, was at the
Phoenix mine at Plymouth; the highest average yield,
$28 a' ton, was at the Original Amador. The average
cost of mining and milling in Amador County was $6.50
a ton.
No marked success had so far been achieved in the
mines of Calaveras County, except the Paloma, or

Gwin mine, as it came to be known later. Although
quartz mining had begun early in the history of the
lode, most' of the mines had been forced to suspend
operations. In the nineties, however, Angels Camp
became a notable quartz-mining center. In fact, the
Utica group of mines (Utica, Stickles, Gold Cliff, and
Madison), which was under one management, ranked
as the largest producer of gold bullion in the United
States. In this decade the annual output of Calaveras
County exceeded that of Amador.
It was considered a notable step in advance that
when the Gwin mine was reopened in 1894, after -an
idleness of 12 years, the new shaft was sunk vertically.l4
This shaft was not, however, the first vertical shaft,
for the Pacific shaft, at Plymouth, had been sunk
vertically 1,600 feet some yeals earlier-. The example
now set by the Gwin was soon followed by others.
The Oneida was reopened in 1896 by means of a vertical
shaft, the Utica-Stickle mine sank a new vertical shaft,
and the Wildman began sinking a vertical shaft 1,000
feet east of its inclined shaft. In 1898 the Kennedy
began to sink its vertical shaft, which cut the vein at a
depth of 3,750 feet. This shaft is now 4,500 feet deep,
and ore is hoisted in it at the rate of 2,000 feet a
minute. It is an extrenlely efficient shaft and has
fully justified the wisdom of the policy adopted in
sinking it. Mother Lode shafts that are sunk on the
veins are crooked and expensive to maintain in alinement because of swelling ground, and they consequently
allow of but moderate hoisting speeds.
There had been a steady decrease in the cost of
mining and milling, due to improved powder, improved
lllachinery, improved metallurgy, and improved mining methods. In the late nineties the Wildman mine,
at Sutter Creek, a mine that represented average conditions, achieved an average cost of mining and milling
of $1.97 a ton, as shown by an itemized cost sheet
presented by Storms. I5
The beginning of the new century saw the widespread adoption of electric power in place of water or
steam power. This helped further to reduce costs.
Under the favorable conditions then prevailing old
mines could be profitably reopened.
In 1899 the Bunker Hill, near Amador City, was
reopened. In 1900 the new 60-stanlp mill of the
Oneida was completed. The Fremont mine was reopened in this year, and two years later a 40-stanlp
mill was €lrer.ted. At this time also the Eagle-Shawmut
mine added 60 stamps to its 40, thereby increasing
its milling capacity to 500 tons a day.
An event of unusual interest was the reopening of
the Plymouth mine in 1911, under the leadership of
W. J. Loring. This famous old mine had been highly
productive in the late eighties; it had a handsome
II

Browne, R. E., The Mother Lode of California: Min. and Sci. Press, vol. 76,

p. 105, 1898.
13 Mineral resources of the States and Territories west of the Rocky Mountains
for 1874, pp. 12, 74, 1875.

15 Storms, W. H., The Mother Lode region of California: California State Min
Bur. Bull. 18, pp. 36-37, 1900.
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dividend record, and it had achieved remarkably low
Although the mines are favored by a low geothermal
mining costs-less than $3 a ton. But fire and im~ gradient, 10 F. for every 150 feet of depth, the underpoverishment of the ore shoot below the 1,600-foot ground working conditions, because of the high humidlevel affiicting the nune sjnlultaneously, it had shut ity-practically 100 per cent, as determined during
down and had Iftin idle Inore than 20 years. The ventilatjon studies by the United States Bureau of
success that crowned the reopening and continued for Mines-are disagreeable to native-born or European
.several years exerted a highly stiInulating influence laborers. Consequently the underground forces in the
on the :mining industry by encouraging other projects deeper mines have become during the last decade
for reopening idle mines.
almost wholly Mexican.
The low-water mark for mining costs was reached
In looking back over the long history of the Mother
in 1908-1910 by the Melones Mining Co., when the Lode belt we see that few of its Inines have operated
cost, including all charges except for marketing the continuously since the beginning of quartz mining.
concentrate, wos $1.08 a ton. This very low cost was The Keystone, which began working in 1852, holds the
made possible only by the cOlnbination of the favorable record for length of continuous operation, for it was
physicnl conditions that e:\.ist at the Melones Inine- worked practically without interruption until 1920,
a large ore body that could be worked by the glory- when it shut down. Of the mines that are working
hole Inethod of mining and the ore tranlmed out to-day the Kennedy, reopened in 1885, holds the record
through a deep-level adit.
for length of continuous operation. The history of
As late as 1914 the cost of nuning at the Gold .cliff most of the famous Mother Lode Inines shows that
mine, at Angels Cmnp, a nune that required little or periods of activity, often brilliant bursts of prosperity,
no timber, was kept below $2 a ton, an achievelnent have alternated with long periods of idleness. ' Equipof which its Inauager justifiably felt proud.
lnent and machinery are removed in the idle period,
In 1916 the Eureka lnine, at Sutter Creek, which had and little is visible at the mine except dumps and a
been idle for 30 years, was purchased for $500,000. shaft full of water. Maps and records become
It, too, had shut down as a result of fire and of diminu- scattered arid lost; traditions grow up that the mine
tion of its ore shoot. As years we~t by, generous was closed because of fire, or threatened litigation, or
legends began to cluster around the nline; its output SOlne reason other than that the ore in sight had been
became $20,000,000 or Inore, although a critical ap- exhausted and the funds necessary for exploration had
praisal shows that the total can not have exceeded ftlready been disbursed as dividends. To reopen such
$12,000.000 (see p. 59), and-the fire becanle the sole a long-idle mine requires great faith and great financial
reputed reason why the Inine had shut dowl?-. Th,ese courage. Great faith, because the available informalegends were not without influence even on t~e judg- tion concerning many of the mines is mainly that
ment of Inining engineers. Alnid general public re- carried in some one's nlemory and perhaps obtained
joicing the work of reopening the Inine hegan. After at second hand; great financial eourage, for a ,million
the expenditure of another $500,000 without finding d~l1ars may be risked, as in the reopening of the
ore, work ceased in 1921. Lately, however, the Plymouth IHine and in the attempt to reopen the
Central Eureka, entering Eureka ground across its Eureka nline.
end line at greftter depth, has found valuable ore, and
The suggestion has been made that it should be
to avoid threatened litigation bought the Eureka for made legftlly obligatory to put on public record the
$150,000.
maps and descriptions of nlines about to close down,
That the Mother Lode belt 11light still hold some but despite the many apparent advantages of such a
renlarku,ble surprises, even after nearly 70 years of a requirement it is doubtful whether the plan could
mining, was shown in 1919 at the Melones mine, on be enacted under our conceptions of government.
Carson :Hill, which W. J. Loring had bought the preThe rise in prices and wages after the W orId War
ceding year for $600,000. The rich ore body on the dealt a heavy blow to the mining industry on the
hanging wall of a thick quartz vein was cut on the Mother Lode belt. Many nlines were forced to shut
300-foot level, and fronl this ore body was extracted 'down, and only eight were working in 1924. The
within the next five years Inore than $5,000,000.
possibilities of the lode are so great and its vitality is
During the last two decades the leading mines have so strong, however, that we may confidently look
attained great depths, the ICennedy and Argonaut forward to a gold production that will continue at the
both Inining ore from a yertical depth of 4,500 feet. pres.ent rate, or even at an increased rate, for many
By 1900, after 50 years of mining on the lode, a depth decades to conle.
of only 2,250 feet had been reached in the deepest
OUTPUT OF GOLD
mine, the Kennedy, but in the next 25 years the depth
The total output' of gold from the Mother Lode
was doubled. By SOlne engineers familiar with operating conditions 011 the lode, 6,000 feet is estinlated to system to' the end of 1924 is estimated by the California
be the limi t in depth to 'which lnining can be profitably State Mining Bureau to be roundly $240,000,000.
More than half of this sunl was produced froln the
extended.
0
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10-mile section of- the Mother Lode system in Amador
County extending from Plymouth to Jackson. Other
notably productive localities have been Angels Camp
(now idle) aild Carson Hill. 'Vithin the IO-mile section
in Amador County are situateJ most of the mines having the highest individual total outputs, including the
Argonaut, Eureka, Keystone, Kennedy, and Plymouth. Furthermore, all the very deep mines-those
exceeding 4,500 feet in vertical depth-are in this portion of the lode. Only at the Melones mine, on Carson
Hill, has a comparable depth been reached.
The output of the Mother Lode cOU1ities during
recent years is shown in the subjoined table and in
Figure 2, which have been compiled from the 'annual
volumes of Mineral Resources of the United States.
For further details of· production these volumes can
be profitably consulted. Most of the gold can be
credited to the Mother Lode system, though not all,
for some gold is produced by mines that are not on the
Mother Lode belt itself.
Gold and silver output of Mother Lode counties, 1913-1926

Year

1913 __________________
1914 __________________
1915 __________________
1916 __________________
1917 __________________
1918 __________________
1919 __________________
1920 _______ __________
1921 __________________
1922 __________________
1923 __________________
1924 __________________
1925 ___________________
1926 ___________________
~

Ore treated at
gold milling
plants (short
tons)

1, 242, 343
1,243,529
1,521,847
1,393,788
1,236,903
845,802
780, 673
440, 516
540,541
566, 494
402, 123
476, 949
437,409
410,243

Deep-mine gold 01(,tput of Amador Co'unty, 1913-1926

Year

1913 __________________
1914 __________________
1915 __________________
1916 __________________
1917 __________________
1918 __________________
1919 __________________
1920 ______ ___________
1921 __________________
1922 ______ ___________
1923 __________________
1924 __________________
1925 ___________________
1926 ___________________
~

~

$4, 728, 450
5,075,.522
6,349,772
5,853,618
5,130,682
4,334,061
4, 894, 839
3,460,423
3, 720, 531
3, 730, 314
3,142,529
3,337,949
3,137, 150
3,048,784

Average per
ton of ore

$3. 81
4. 08
4.17
4. 20
4.15
4.27
6.27
7.85
6.88
6.58
6.77
7.00
7.17
7.43

The striking features shown are the severe decline
in tonnage of ore mined and the increase in the average
content from $4 to $7 a ton. This increase is very
closely proportional to the decrease in the purchasing
power of gold, which has forced those mines that were
operating on $2 to $3 ore to shut down.
Although the Mother Lode district was famous for
the low-grade ore worked before the World War, yet
an analysis of the statistics of output shows that even
then the average value of the ores of those mines that
were paying dividends was $5 a ton. It probably
exceeds $8 a ton now.
The output of the deep mines of Amador County
during recent years is given in the following table.
As there are practically no mines in the county except
those on the Mother Lode system, this table gives a
faithful picture of the production of this portion of
the gold belt. Amador produces two thirds of the
output ?f the Mother Lode count~es.

615, 167
629, 037
819,.536
730,098
798,952
493, 584
428,053
205, 005
279, 049
336, 564
212, 184
312,326
281,060
280, 502

Yield
Total

$2, 885, 213
3,077,940
3,903,700
3,671, 701
3,667,154
2, 990, 195
2,779,876
1, 659, 246
1, 959, 325
2, 198, 542
1, 719, 798
2,360,116
. 2, 176, 150
2, 168, 969

I

Average
per ton

$4.64
4. 90
4. 76
5.03
4. 59
6. 06
6.49
8.15
7. 02
6. 53
8.11
7. 56
7.14
7.73

The individual output of the more notable mines
is shown in the following table, in so far as ~t can
be 'credibly ascertained. That of many important
mines is missing, however, including the Kennedy and
the Harvard of Jamestown. The total amount produced" by the mines listed in the table is $138,000,000.

Value of metals recovered
Total

Ore treated at
gold milling
plants (short
tons)

Output of :Mother Lode mines to end of 1924

Argonaut __________________________________ _ $12, 500, 000
Bunker HilL _______________________________ _ 5,000,000
Central Eureka _____________________________ _ 0,000,000
Church-Union ____ - _'________________________ _ 5,461,000
Dutch _____________________________________ _ 2,500,000
Eagle-ShawmuL ____________________________ _ 5,000,000 .
Eureka ____________________________________ _ 12;000,000
Fremont and Gover _________________________ _ 5, 500, 000
Gwin ______________________________________ _ 5,000,000
Jumper ____________________________________ _ 3, 000, 000
17,000,000
lCeystone----------------------------------Lincoln ____________________________________ _ 2,000,000
___________________________________ _ a 5,598,310
________________________________ _ 1, 000, 000
____________________________________ _ b 3,000,000
2,000,000
1'ryman-----------------~------------------Oneida _____________________________________ _ 2,500,000
Pacific ______________________ ______________ _ 1, 500, 000
Princeton _______________________ __________ _ 5,000,000
12,000,000
Plymouth----------------------------------Rawhide ___________________________________ _ 6, 000, 000
South Eureka ______________________________ _ 2,000,000
Uticu ______________________________________ _ 14,000,000
Wildman-~ahoney---- ______________________ _
3, 500, 000
~elones

~ontezuma

~organ

~

~

GENERAL GEOLOGY OF THE MOTHER LODE BELT
. GEOLOGY OF THE LOWER WESTERN SLOPE OF THE SIERRA
NEVADA

The rocks on the lower western slope of the Sierra
Nevada fall into two broadly contrasted groups. The
older group, formerly termed the "Bedrock series," is
of pre-Tertiary age. It is a complex of steeply dipping
rocks arranged in belts that trend parallel to the
course of the range and that are penetrated by many
o Output of Carson Hill Gold Mines (Inc.), from beginning Of operations (1919)
to July 31, 1924.
b Prior to operations of Carson Hill Gold Mines (Inc).
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bodies of igneous rocks. This complex is nearly of formation a,re large amounts of greenstone, chiefly
sole interest in considering the geology of the lode tuff and breccia. Augite is a conspicuous mineral
mi.nes of the Mother Lode belt. The younger group, . in the greenstone, either as porphyritic crystals or
fonnerly termed the II Superjacent series," is of Ter- as angular grains; hence the greenstone is termed
tin,ry ond Quaternary age; it comprises the gravel descriptively an augite melaphyre. As similar greendeposits of rivers formerly flowing on an ancient land stone is associated and in part interbedded with the
surface that had been developed across the edges of Calaveras form a.tion , much of the greenstone that is
the bedrock complex; and volcanic rocks- Dollars
rhyolite, andesite, and basalt-that in places 7,000,°00 ...------r-----r--~-r_---...,_---__,
cover the gravel.
.
The rocks of the bedrock complex consist
of nlternating belts of phyllite, amphibolite
schist, black slate, and volcanic greenstone. 6,000,000 1----I-+-+---+-----ft-\-----j------1
The belts range from narrow strips to zones
that are miles wide. 11any of them extend
the whole length of the gold region, but the
lla,rrower belts crop ou t as long, narrow lenses; S, 000,000 1 - - - - - - I - - \ - - - j - - -__'--t---\r-----j-----1
consequently the belts dovetail or interfinger
to a notable extent. The rocks strike northwest and dip, with local exceptions, steeply
4)OOO)0601------l-----+-------1r----.:\-t-------t
eastward, averaging 70°.
Although the gold region lies west of the
great areas of granitic rocks that make up the
hjgher pa,rts of the Sierra Nevada, nevertheless
the' continuity of the belts of schist, slate, and 3,000,000L-._ _ _..L.._ _ _----L_ _ _ _
greenstone is interrupted by la.rge masses of 2) 000,
Tons
000 ----.,.--------r----r_---...,------,
intrusive igneous rocks, chiefly pei'idotite
and granodiorite.
The "Bedrock series" of the gold belt,
exclusive of the intrusive ond extrusive igne- 1,500,000 1-----+-+---+----::~----t-------1
ous rocks, is divided on the basis of age into
two formations, the Cala,veras formation and
the Mariposa slate. The Calaveras formation
comprises the oldest rocks; it also. predomi- 1,000,000 I - - - - . - - - - + - - ¥ - - - - l - - - - - I - - - - \ - - - ; - - - - - - t
nates areally~ Itis made up of phyllite (glossy
9
black sla.te and microcrystalline schist),
§ 8
+' 7
quartzite, and limestone. Associated and in
~ 6
part interbedded with the Calaveras foruta500,000 a... 5 +---I-,...,..----+------.-±-rr=-=:----;f---\t7:~~___::;::-1
tion are considerable masses of amphibolite
E4
schist. Fronl fossils, found chiefly in the
.!Q 3
"0 2
lilnestone, the Calaveras formation is known
o
to be in part at least of Carboniferous age.
OL-_~_~_ _ _~~--~~--_::~~---~
1900
1905
1910
1915
1920
1925
The metamorphism that has afrected the CalFIGURE 2.-0utput of Mother .Lodc counties, )904-)924
averas rocks difrers so markedly from that
which has altered the Mariposa rocks that it prob- not interbedded with the Mariposa slate or with the
ably took place at an earlier time and under other Calaveras rocks is of undetermined age. The age of
conditions than those thot prevailed during the crustal the Mariposa slate is Upper Jurassic.
folding in late Jurassic 01' early Cretaceous time.
At some tinle between the deposition of the MariProba,bIy at the time when the Calaveras formation was posa slate and that of the unconformably overlying
being metamorphosed, or shortly a,fterwa,rd, an epoch Chico strata (Upper Cretaceous) the region underof igneous invasion set in, during which diorite was went a mighty revolution known as the Cordilleran
intruded. This diorite is now for the most part schistose revolution. According to J. P. Smith this revolution
or gneissic as a result of cataclastic deformation.
occurred just before the end of Jurassic time. Some
1'he Mariposa slate comprises the younger rocks other geologists place it early in the Cretaceous.
of the bedrock complex. It consists of black slate As a result of this revolution the Mariposa rocks were
with subordinate graywacke and conglomerate. Asso- folded, closely crowded together, and complexly
ciated and in pa.rt interbedded with the Mariposa infolded with the Calaveras rocks. The metamor1 - -_ _ _--L-_ _ _- - '

r-
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phism thereby effected, however, was of the feeblest
kind. After the rocks had been folded and given their
steeply dipping attitude, great volumes of magma
invaded the crust. Peridotite appeared first, gabbro
and hornblenq.ite next, and granodiorite last. The
granodiorite together with allied varieties-quartz
monzonite, granite, and alaskite-vastly exceeds
in volume the earlier rocks. The granitic rocks lnake
up the great composite batholith of the Sierra Nevada,
which forms the core of the range. . Stocks and smaller
batholiths of these granitic rocks appear at many
places throughout the gold belt, and, some occur
as far west as the Great Valley of California.
During this period of igneous activity and shortly
after it ore deposits ,of many kinds were formed.
Chromite deposits were formed in the peridotites.
After the granites had become emplaced contactmetamorphic copper deposits of small size were developed; contact-metamorphic tuqgsten deposits were
formed, including the largest known representative
.of this group in the world; the copper-bearing lodes
of the foothill copper belt, some of which are high
in zinc, were formed; and, surpassing all others in
economic importance, the gold deposits of the Mother
'Lode district and of the many other districts on the
west slope of the Sierra Nevada were produced.
The distribution of these mineral deposits with
reference to the intrusive rocks of the Sierra Nevada
is shown on Plate 3. Probably the most striking
feature shown by this map is that, as first pointed
out by Von Richthofen, the interiors of the granite
masses are barren of gold veins.
Since the Cordilleran revolution the gold belt has
been above sea level. Only the western edge of the
belt was submerged in early Upper Cretaceous (Chico)
time, and for a short time near the end of the Eocene
it was again submerged below the water of the sea. 16
The sediments laid down in that sea along the west
flank of the Sierra Nevada compose the lone formation, but these beds never extended as far east as the
Mother Lode belt.
By the end of Eocene time the region of the gold
belt had been reduced by erosion to a gently rolling
landscape, diversified by longitudinal ridges of more
resistant rocks that rose 1,000 to 2,000 feet above the
general levelY In reducing the region to this condition a thickness of several thousand feet of rock was
removed; and as an incident in this general reduction
several thousand feet of the upward extension of the
gold veins was taken off from above the present tops
of the veins. The gold that was in this vanished
part of the veins was concentrated in the gravel of
the rivers that flowed on the old erosion surface.

The Calaveras formation, as that term is used in
the gold-belt folios, includes all rocks older than the
Mariposa slate, except the anlphibolite schist that has
been separately mapped. 19 It is considered to be
mainly of Carboniferous age, but it lnay include SOllle .
Triassic rocks and sonle older than Carboniferous.
As seen along the Mother Lode belt, the Calaveras
formation consists chiefly of black phyllite with subordinate fine-grained quartzite, linlestone, and chert.
Associated and in part interbedded with the fonnation
are green schists of contemporaneous age .

Dickerson, R. E., Stratigraphy and fauna of the Tejon Eocene of California:
California Univ. Dept. Geology BulL, vol. 9, pp. 363-524, 1916.
17 Lindgren, Waldemar, The Tertiary gravels of the Sierra Nevada of California:
U. S. Geol. Survey Prof. Paper i3, p. 198, 1911.

Dickerson, R. E., op. cit., pp. 409-416.
19 J. P. Smith (The geologic formations of California: California State Min. Dur.
Bull. i2, p. 28, 1915) says that the Calaveras is not a true formation, but agreement
with that dictum will depend on how" formation" is defined.

10

In late Eocene tilne volcanic activity broke forth,
contemporaneously with the deposition of the uppermost beds of the lone formation, and rhyolite was
erupted. IS Later the rhyolitic outbursts were followed by immense ejections of andesite as lavas and
mud flows, so voluminous that when they ceased the
Sierra Nevada had been transformed in to a 'volcanic
plain. As a consequence the drainage system was
thoroughly disorganized, and inevitably a new one
began to establish itself. As this new drainage system developed the present landscape began to' take
form. The erosive power of the new streams was
tremendously increased by the uplifts of the Sierra
Nevada, especially by the great uplift that occurred
near the beginning of Quaternary time. By this
later erosion the deep transverse canyons of the
present topography were cut. The significant conclusion in regard to the post-Mariposa history of the
Mother Lode belt is that the topography of to-day
is completely different from that which existed when
the gold veins were formed .
In the following detailed presentation of the geologic features of the Mother Lode belt attention is
drawn mainly to the character of the rocks that inclose
the gold deposits or are closely adjacent to them. The
Placerville, Jackson, and Sonora folios of the United
States Geological Survey describe the geology of the
region through which the Mother Lode belt extends
and contain geologic maps on the scale of 1: 125,000.
The Mother Lode District folio gives in more detail
the geology of a belt 6.5 miles wide extending fronl
Plymouth, in Amador County, southward to Merced
River, and its geologic maps on the scale of 1 :63,360
are indispensable in showing the distribution of the
rocks and the course of the vein system. These maps
have therefore been reproduced to accompany this
report as Plate 2 (in.·pocket).
DETAILED FEATURES OF THE GEOLOGY OF THE MOTHER'
. LODE BELT
CALAVERAS FORMATION

.
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AMPHIBOLITE. SCHIST ASSOCIATED WITH THE CALAVERAS FORMATION

Carboniferous fossils have been found in sonle of
the limestones, and the age of. parts of the formation
is therefore definitely known. Because of the great
dearth of fossils in both the Calaveras and 1-1ariposa
formations, however, discrimination between the two
Jl1ust be based largely on lithology. In the Calaveras
for.mation the argillaceous rocks aTe in a 1110re advanced
state of 1netl1lnorphism: they are glossy slates, or
phyllites, whereas those in the Mariposa 'formation are
in the condition of roofing slates. The collateral
evidence fr01n the associated rocks supports this interpretation. For example, the quartzite of the Calaveras
forJnation that occurs northwest of the Ford mine consists of quartz in long flattened grains, characteristic
of quartz deforlned under conditions of quasi-plasticity,
and biotite, a mineral indicating high n1etamorphic
intensity, occurs in sporadic n1inute flakes. In the
Mariposa rocks, on the other hand, deforlned quartz
shows 1nerely strain shadows or granulation. The
associated schists in the Calaveras fonnation show an
advanced degree of n1etalnorphisn1, far higher than
that shown by any rocks in the Mariposa forlnation,
culn1inating ill such highly 111eta1norphic rock as the
garnetiferous schist that is intercalated between the
an1phibolitic schists west of the Ford Il1ine. The
petrographic evidence clearly indicates that the Calaveras fonnation was subjected to a metall10rphic action
that was not experienced by the Mariposa rocks.
On account of the areal and economic iInportance
of the green schist or anlphibolite schist that is intimately associated with the Calaveras forn1ation it is
described in some detail in the following pages.
AMPHIBOLl'r]~

SCHIST ASSOCIATED WITH THE
FORMATION

CALAV]~RAS

GENERAL FEATURES

Under the symbol for I1lnphibolite schist is shown in
the Mother Lode folio a series of gray-green schists
that occur as long belts and fornl an important element
in the geology of the gold district. In Amador County
they do not occur in the chief mines, but in Calaveras
County, notably at Angels Camp and Carson Hill,
many of the 1110St productive Il1ines are in this format/ion.
On ·casual view they are nlOl1otonously uniform. In
many plae-es they are strongly weathered, as a result
of which they have yielded a deep-red, ahl10st brick-red
soil. They rarely show constituents that can be
recognized by the unaided eye, but microscopically
SOlne are found to contain finely fibrous green amphibole that i.mparts its green color to the schist. Although this real an1phibolite schist is possibly the main
constituent of the belts nlapped under the designation
of this rock, yet in places the belts contain other green
schists whose color is due either to chlorite or to
epidote, or both. A n1ember of the zoisite-epidote
group is the most con1mon and the nlOst abundant
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constituent in the schists Inapped as alnphibolite
se-hist. Furthermore the green schists contain liInestone in places and are interlayered with black slate
(phyllite) or with various rocks that are intermediate
in composition between black slate and amphibolite
schist. In other words, the name amphibolite schist
has been employed as the name of a formation (tc a
cartographic unit"), in accordance with the not wholly
defensible geologic custom of naming a heterogeneous
series by a single petrographic term. This conventional geologic device has led to grave 1nisapprehensions on the part of many who use the maps, because they expect, perhaps not unreasonably, that the
n1aps will inform them of the precise petrographic
nature of the rocks at the localities in which they are
interested. If, then, the rocks in the areas mapped as
amphibolite schist are found to contain other rocks, the
erroneous conclmliol1 is generally drawn that the Inapping has been careless or inaccurate.
Some of the schists contain prominent crystals, of
hornblende, which give them a porphyritic aspect. A
notable though uncommon example is the rock that
occurs 300 feet east of the Gold Cliff veins at Angels
Camp and is traceable for a mile. It is a roughly
schistose rock, distinguished by abundant large hornblende crystals and inconspicuous feldspar phenocrysts
that lie in a light-colored, nearly white groundmass.
Under the microscope much granular epidote is seen,
the feldspar phenocrysts prove to be albite though
doubtless originally more calcic, and relics of quartz
phenocrysts can be di5cerned. Before metamorphism
the rock was probably a dacite flow, and because of its
mass~veness it has escaped drastic alteration.
The prominent hornblende crystals in the schists
are of diverse origins: some are completely new
gr.owths-porphyroblasts produced by the conditions
of n1etamorphism-and others are merely augite
crystals that have been transformed.
In the belt of amphibolite schist just eas.t of
Plymouth several varieties. can be distinguished. A
schistose variolite occurs here, the only one so far
found in the Sierra Nevada. A notable belt of schistose
breccia, about 200 feet thick, can be traced for more
than 172 miles; it is crowded with small whitish
angular fragments, which weather out in relief. Under
the microscope these fragments are seen to consist of
zo.isite and talc, and the matrix in which they are
inclosed to be made up chiefly of epidote and chlorite.
Schists containing conspicuous dark hornblende crystals also occur in this belt.
Unaltered augite is common in some of the schists
on the south flank of Carson Hill, and this locality
has proved highly illuminating on the origin of the
an1phibolite schists. Augitic tuffs, augitic amphibole
phyllites and schists, and amphibolite schists of
various kinds occur in close proximity. Such juxtaposition of unaltered and highly metamorphic rocks
such abrupt variations in degree of metamorphism,
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are regarded by Heim 20 as peculiarly characteristic
of dynamic metamorphism. A nearly massive (nonschistose) augite basalt breccia occurs 100 feet in from
the portal of the Calaveras tunnel. , The fragments of
volcanic rock that make up this breccia carry perfect
idiomorphic phenocrysts of augite, in contrast to
the broken angular particles of augite in tlie massive
banded tuffs that are cornmon in the Melones tunnel.
Some green slate or phyllite, 1,425 feet from the portal
of the Melones tunnel proves on microscopic examination to be an augitic amphibole phyllite. Highly
instructive are the augitic amphibolite schists, such as
the one well exposed 200 feet north of the portal of
the Melones tunnel. They are greenish-gray wellfoliated schists that on close examination show innuInerable grains of augite. As seen microscopically the
augite on the whole is remarkably intact, showing the.
angular outlines indicative of its pyroclastic origin.
Some of the larger prisms of augite still stand ath~art
the foliation of the schist. The small augite fragments
have been converted int.o actinolite fibers" and it is
the parallel arrangement of these fibers that determines the fol,iation. In other schists conspicuous
crystals of hornblende appear lying in random orientation, which are probably the larger pyroclastic augite
fragments that have been paramorphically altered to
hornblende, for some of them, especially those athwart
the foliation, have been cracked and others sheared
out into streamers; the matrix consists of amphibole,
epidote, and albite. Other schists, .like the ,z~isite
amphibole schist near the outcrop of the StanIslaus
vein, are so highly metamorphic as to give no clues to
their original condition.
AGE

At a number of localities the amphibolite schists,
as previously pointed out, are interbedded with
Calaveras black slates or phyllites and even grade
into them as the result of original adnlixture of tuff
•
and sediment. Such, interstratification
occurs at the
Moore, Ford, Melones, 'and Eagle Shawnlut mines.
Between Jamestown and Stent, according to Ransome, fine-grained slaty amphibolite schists are intricately dovetailed or interleaved with the Calaveras
slates. Such amphibolite schists are therefore of
Calaveras age, ptesumably Carboniferous. Other
masses are of doubtful age, and RansOllle has consequently in the Mother Lode folio mapped the amphibolite schists as of "Carboniferous or Juratrias age,"
illlplying that some of thenl may be of Mariposa
age. During the present survey no amphibolite
'schists were seen that are associated 'with rocks of
established Mariposa age. The weight of evidence
strongly indicates that all the amphibolite schists are
of pre-Mariposa age.

STRP-CTURE

The amphibolite schists have as a rule a northwesterly trend and steep northeasterly dip. The general effect is that of an isoclinal series. However, the
strike of the schists varies abruptly in some localities, as
at Carson Hill, and the schistosity in places diverges
notably from the bedding. This evidence indicates
that the beds have been closely folded. Only at
the Ford mine (p. 70) were folds seen-closely appressed synclines plunging steeply northwatd. Major
folds have not been detected.
The amphibolite schists at many places rest upon
the Mariposa slate, and as in general they are older
than the Mariposa rocks, such superposition indicates
that it is the result either of an overturned fold or a
reverse fault. Where definite evidence can be obtained,
as east of Plymouth and at the Eagle Shawillut
mine, the superposition of the amphibolite schists
on the Mariposa beds is found to be the result of reverse
faulting. Such a contact was well exposed north
of Plymouth, where it had been washed bare by
water escaping from a recently broken irrigation
ditch; it showed that the slates ar.e highly disturbed
in a zone 2 feet wide adjacent to the contact, but
the overlying amphibolite schists had been extremely
crumpled and smashed through a zone 50 feet wide.
These reverse faults have been the sites of subsequent
quartz veining and gold deposition, as for example
east of Plymouth, at Jackson Gate, and at the Eagle
Shawmut niine.
MARIPOSA SLATE
GENERAL CHARACTER

The Mariposa formation consists of black slate and
graywacke, with which greenstone is closely associated. Conglomerate occurs locally,. and sericite
schist and limestone rarely. The greenstone, because
of its intimate interbedding with the normal sedimen tary rocks, is in nlany places an inseparable
part of the formation. In the gold belt folios the
Mariposa formation is generall)? described as composed of black slate, or "clay slate, with locally varying amounts of sandstone and conglomerate." The
igneous rocks, although commonly predOlllinating
in volunle, are not included, and this onlission illustrates the cavalier treatment that the igneous .rocks
. formerly received in stratigraphic geology.21
The normfl.l rocks of the Mariposa fOrIllation, as
Ransome 22 pointed out" "constitute a remarkably
persistent belt that, with the exception of a sweep
to t.he southwestward, southwest of Fourth Crossing,
which carries it for a distance outside the limits of
the area mapped, traverses the district from end to
end." In detail, however, this belt is locally very
Harker Alfred, The natural history of igneous rocks, pp. 2-3, 1909.
Ranso~e, F. L., U. S. Geol. Survey Geol. Atlas Mother Lode District folio
(No. 63),·p. 2.1900.
21

22

20

Beirn, Albert, Geologie der Schweiz, Band 2, erste H1ilf~e, p. 115, 1921.
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ogular. "It branches or divides -into two or more'
belts, and at one point, possibly at two, its continuity is interrupted." In lnany places along its
borders the slates are intimately interbedded with
augitic tuffs and breccias or interdigitate with them.
The fOl'll1ation trends northwest and dips as a rule
steeply northeast. In places, however, it dips west,
as in the stretch fr0111 Nashville to PlYl11outh, where
the dip is 75° W. Bedding and cleavage are generally
parallel, but in places they diverge. The rocks have
been closely folded; in places underground the sl11aller
or drag folds thereby produced are perfectly exposed,
as lllay be seen to best advantage in the main adit of
the Eagle Shawmut luine. (See p. 79.) The larger
.
folds have not yet been determined.
IT

,

PETROGRAPHIC FEATURES

The black Mariposa slates ~re fine grained and highly
eleavable. Loeally they have been quarried for roofing
Rlates, as at Kelsey, a few nliles north of Placerville.
The few analyses available are given on page 42. The
black color is produced by a carbonaceous pigment', and
it is of cO,nsiderable interest that this carbonaceous
matter is apparently still capable of generating
methane (C1-:1 4 ), according to investigations of the
United States Bureau of Mines. S01l1e of the air in
the Plymouth mine contained as ll1uch as 0.21 per cent
of methane, which the engineers believed to be derived fro 111 the carbonaceous matter in the slate, a's
the methane occurred in un timbered places. In one
stope it accumulated sufficiently to cause an explosion,
injuring a ,man.
Graywacke is the name give~ to certain harder,
coarser beds interstratified with the slates. They
were called grauwacke by Fairbanks, sandstone by
Ransolne, and sheared sandstone by Hershey. Locally
they are called diabase, diorite, and amphibolite
schist; hardly ever is their true nature recognized.
They are particularly useful in determining dip and
strike and henee structure. As their name implies,
their color is gray, and they are distinguishable from
other rocks by their content of coarse grains of quart~.
In addition, as found microscopically, they carry
angular fragments of plagioclase, slate, quartzite, and
porphyry (keratophyre?). On the one hand thev
grade, by diminution of grain size, into graywack~
slate and slate; on the other hand, by the presence of
fragmental augite, they grade into augite tuff.
They are not conlmon in the northern part of the
Mother Lode belt, where they occur merely as sporadic
intercalated beds. In the southern part they are far
mOl'e abundant; west of the Eagle ShaWnlllt mine they
make up a thick belt practically without any interbedded slate, and they are abundant in Hell Hollow,
Merced River.
Sericite schist of light grayish-green color is 'interbedded and interlaminated with black slate where the
M'other Lode belt crosses the South Fork of Americ'an

River. Innumerable small white feldspar phenocrysts
can be seen on weathered surfaces, and numerous s111alJ
quartz phenocrysts appear on cross fractures. Microscopically the feldspars are found to be turbid from
the 111ultitudes of minute zoisite prisms that they inclose, but the quartz grains are nearly intact, and some
still show corroded and embayed ,outlines. It is probable that the sericite schist is derived from dacite tuff.
Linlestone as a nlember of the Mariposa slate WflS
seen only near the outcrop of the Eagle ShaWn1l1t vein.
A small lens of limestone was found by Turner and
Ransonle 23 in the Mariposa slate on Cotton Creek, in
the Sonora quadrangle.
CONGLOMERATE

Conglomerate occurs in small quantities in the
Mariposa slate and is of more than passing interest on
account of the variety of igneous rocks in it and consequently the light that their presence sheds on the
pre-Mariposa history of the region. The Plymouth
nline is the only ll1ine in which it has been encountered
underground; it forms the wall rock of the vein on
portions of the deeper levels.
The thickest and most persistent belt of conglomerate appears to be the one half a mile west of Plymouth';
it attains a maximum thickness of 200 feet. The pebbles in it range froll1 well rounded to sub angular and
are poorly shingled. Predominantly they consist of
felsite, which proves to be a quartz keratophyre.
Small white crystals of feldspar (albite) and quartz and
hexagonal tablets of biotite are the phenocrysts, resting
in a felsitic groundmass, which the microscope shows
to be fluidal aud locally spherulitic. The? bedrock
source of this 'quartz keratophyre is yet unknown.
Other pebbles consist of quartzite, chert, quartz, aplite, and a biotitic graphophyre. The last two are
particularly interesting; they are massive and undeformed and point to a period of plutonic intrusion
older than that which has invaded the Mariposa rocks.
The aplite consists of a fairly coarse panidiomorphic
aggrrgate of albite, micro cline , and quartz. The
graphophyre resembles a medium-grained granite, but
in thin sections it is seen to be a porphyry having a
groundmass of well-developed graphic texture in which
large plagioclase crystals are inclosed.
Coarse. diorite occurs as angular pebbles in conglO1l1erate exposed in the canyon of the Merced half
a nlile northwest of Kittridge.
A remarkable coarse fragmental rock, which is
either a tillite or a fanglomerate, is well exposed in
Dry Creek west of Drytown. The pebbles average 3
or 4 inches in dianleter, but ,boulders as large as 3
feet occur. They range from angular to well rounded,
but the poorly rounded predominate. The longer axes
of flat pieces commonly stand perpendicular to the
bedding. The pebbles consist of felsophyre (a devitrifled keratophyre still showing perlitic' cracking), quartz,
23

U. S. Oeol. Survey Oeol. Atlas, Sonora folio (No. 41), 189i.
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quartzite, chert, and many other rocks, including
limestone, mica schist, and gneiss. This tillite, as it
appears most likely to be, is well exposed also on
Rancheria Creek, where it shows the sanle featuresthe erratic and pockety distribution of cobbles and
boulders, the slaty nlatrix, and the occurrence of
sporadic pebbles, which though fiat stand normal or
highly inclined to the bedding. On Rancheria Creek
the tillite is 100 feet thick and is inclosed in a belt of
schistose grits, which persists southward to Amador
Creek. ,Similar breccias occur in the Mariposa slate
at Colfax, where they have been carefully studied by
Moody, 24 who concluded that although they are
probably tillites the evidence is not positive. Subsequently, Prof. A. C.,;Lawson,25 by finding a glacially
striated floor under the breccia, has proved it to be
a tillite.
AGE

The Mariposa rocks within the Mother Lode bel t
are poorly fossiliferous. Fossils have been found at
Chili Bar, on the South Fork of American River; an
ammonite has been found in the slates in the Lincoln
mine, in Amador County,26 and aucellas, ammonites,
and belemnites were found near Merced River on
the Mariposa estate. During the present survey an
ammonite inclosed in fine-grained augitic tuff was found
a few hundred yards north of the Central Eureka mine
in·4mador County, and many aucellas were discovered
in the black slates a mile southwest of Coulterville on
the road to the Malvina mine. T. W. Stanton reports
as follows:
The spepimens of A ucella from the road to the Malvina mine,
1 mile southwest of Coulterville, are identified as A ucella
erringtoni (Gabb).
The little ammonite from near the Central Eureka mine, half
a mile south of Sutter Creek, Amador County, appears to be
unlike any of the generic types that have been reported from the
Mariposa. It is somewhat suggestive of Phylloceras but is too
much distorted to permit positive classification.

The localities that have yielded the best, most
distinctive collections of fossils from the Mariposa
slate-the Texas ranch, southwest of Angels Camp, and
Bostwicks Bar, on the Stanislaus-lie west of the
Mother Lode belt proper.
The Jurassic age of the Mariposa slate was first
established by means of the fossils that Clarence
King found in the footwall of the Pine Tree vein, on
the Mariposa estate, early in 1864.27 This discovery
was of momentous importance-in fact, it was regarded
by Whitney as one of the most important achievements of the Geological Survey of California. At
that time geologic ideas on the occurrence of gold
were dominated by Sir Roderick Murchison's dictum
21 Moody, C. L., The breccias of the Mariposa formation in the vicinity of Colfax,
Calif.: California Univ. Dept. Geology Bull., vol. 10, pp. 383-420, 1917.
26 Personal communication.
28 Turner, H. W., U. S. Geol. Survey Geol. Atlas, Jackson folio (No. 11), 1894,
27 Whitney,J. D., Geology of California, vol. 1, pp. 482-483,1865.
Brewer, W. H.,
On the age olthe gold-bearing rocks of the Pacific coast: Am. Jour. ScL, 2d ser.,
vol. 42, pp. 114-118, 1866

that "the Silurian and ,associated Paleozoic strata,
together with the igneous rocks which penetrated them,
have been the main recipients of gold." Consequently,
the positive establishment that the rocks of .the gold
belt are of Mesozoic age marked a great advance in
knowledge. 28
The name Mariposa slates was given by Becker 29
in 1894 to the formation which he had earlier referred
to as the Mariposa beds. 30 The age of the Mariposa
rocks has been specially st.udied by Hyatt,31 Diller and
Stanton,32 and Smith. 33 They agree that the Mariposa is of late, "though not latest," Jurassic age.
Smith, indeed, refers it to an early Upper Jurassic age.
The evidence from fossil plants harmonizes closely
with this conclusion. Knowlton 34 was inclined to
regard the Mariposa slate as of Middle Jurassic age.
The folding to which the Mariposa rocks were sub..
jected and the intrusion of great volumes of granite
into them, which were results of the Cordilleran revolution-the most important event in the geologic history of California, as Smith terms it-probably took
place in late Jurassic time, for the revolution was of
pre-Knoxville age, and the basal portion of the Knoxville itself is regarded by some geologists as of late
Jurassic age. 35 "The break between Mariposa and
Knoxville does not coincide with the dividing line
between Jurassic and Cretaceous." 36 If t.hese conclusions are true, then one of the mightiest of physical
revolutions, one that caused the close folding of the
strata of the Sierra Nevada and the subsequent intrusions of immense batholithic masses, beginning with
peridotite and ending with enormous volumes of granite, ran its course during a fractional part of late
Jurassic time.
GREENSTONES ASSOCIATED WITH MARIFOSA SLATE
GENERAL FEATURES

Contemporaneous volcanic rocks are .intimately
associated with the Mariposa slate. They are mainly
the products of explosive ·eruptions, and the. finer
material is interbedded with the black slates in layers
ranging in thickness from that of a sheet of paper to
many yards. They occur also in long belts that are
28 Whitney, J. D., The auriferous gravels of the Sierra Nevada of California,
pp. 34-39, 1880. Possibly Whitney overemphasizes the importance attached to
Murchison's ideas. Geikie's comments on Murchison's "singularly unphilosophical notions" on the occurrence of gold are illuminating (Memoir of Sir Roderick
Murchison, vol. 2, pp. 134-135, 1875).
29 Becker, G. F., U. S. Geol. Survey Geol. Atlas, Sacramento folio (No.5), 1894.
30 Becker, G. F., Notes on the stratigraphy of California: U. S. Geol. Survey BuJl.
19, pp. 18-20, 1885.
31 Hyatt, Alpheus, Trias and Jura in the Western States: Geol. Soc. America
BulL, vol. 5, pp. 393-434, 1894.
32 Diller, J. S., and Stanton, T. W., The Shasta-Chico series: Geol. Soc. America
BulL, vol. 5, pp. 457-459, 1894.
33 Smith, J. P., Age of the auriferous slates of the Sierra Nevada: Geol. Soc. America Bull., vol. 5, pp. 243-258, 1894; Salient events in the geologic history of California:
Science, new ser., vol. 30, pp. 347-348, 1909; The geologic formations of California:
California State Min. Bur. Bull. 72, pp. 31-33, 1916.
.
Sf Kno\,Vlton, F. H., The Jurassic age of the "Jurassic fior~ of Oregon": Am. Jour.
ScL, 4th ser., vol. 30, pp. 49--50, 1910.
35 Smith, J. P., The geologic formations of California: California State Min. Bur.
Bull. 72, pp. 32-33, 1916.
30 Idem, p .. 33.
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free frOl)} sedilnental'Y admixture, and some of these
belts are miles wide. In these also the fragmental or
pyroclastic rocks greatly predominate.
They were called by Turner and Lindgren augite
porphyrite and diabase. The most common variety,
according to TUl'ner,37 is an augite porphyrite; certainly it is the 1110St conspicuous variety. The nanle
augite porphyrite, highly appropriate as a descriptive
term, having become obsolete in the United States,
Ransome called thenl Ineta-andesites, thereby emphasizing their essentially extrusive nat.ure. This renanling was not approved by Lindgren,38 and in his account
of the Tertiary auriferous gravel deposits of the Sierra
Nevada he nowhere uses the ternllneta-andesite. Popularly, the terms diabase and greenstone are lnost
widely applied to these rocks. The symbol "db,"
stnnding for diabase, was employed in many nlaps of
the gold-belt folios to indicate the areas of "augite
porphyrite and diabase," and so although no real diabase occurs in any of the mines of the Mother Lode
system the term diabase is in comnlOn use and is
applied to rocks that are not diabase, even under any
of the various Ineanings of the term. 39 The wellknown noncommittal nanle greenstone will be often
used in the less precise descriptions in this report, in
harmony with local usage. The blanket name greenstone is appropriate enough for those near the veins,
but it is not particularly applicable to those farther
away, for many of the rocks are not green but are
blackish gray, bluish gray, or even lighter gray where
they contain a considerable quantity of feldspar and
felsite fraglnents. In places the name trap, applied by
Tyson, the first geologist who examined them, is descriptively appropriate.
The following is a section across the greenstone belt
west of PlYlnouth. Roughly measured from west to
east it is 5,100 feet thick, it strikes N. 50 E. and dips
75 0 -85 0 E., but which is bottom or top of the section
is unknown. It can be taken as representing the
thicker belts of greenstone.
Section across greenstone belt west of Plymouth

Feet

1. Tuff, nonschistose, interbedded with argillite_ _ _ _ _ _
300
2. Conglomerate; contains pebbles of quartz, quartzite, chert, felsite, and hornblendic porphyry _ ____ _
100
3. Tuff, like No. L________________________________ 100
4. Fine breccias; particles do not exceed half an inch
in diameter; plagioclase has been albitized and
later calcitized and prehnitized; contains a sheet
of augite melaphyre 110 feet thick _______________ 1, 450
5. Coarse augitic breccias predominant; at intervals
sheets of amygdaloidal augite melaphyre; albite
common, seemingly pyrogenet.ic but probably of
metasomatic origin ____ ,.; ______________________ 3,150
31 'l'urner, H. W., Further contributions to the geology of the Sierra Nevada:
U. S. Oeo1. Survey Seventeenth Ann. Rept., pt. 1, pp. 671-673, 1896.
88 Lindgren, Waldemar, Eeon. Oeology, vol. 2, p. 87,1907.
8D 'l'he term diabase has recently been ruled by the committee on British petrographic nomenclature to be superfluous as a rock name (Mineralog. Mag., vol. 19,
pp. 137-147, 1922).
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It is bordered on the east by the conglomerate layer,
70 to 200 feet thick, described on page 13.
A marked character of the greenstones is their nonpersistence and lenticularity. The lenticularity is well
shown on the maps of the l\10ther Lode folio, where
the larger nlasses have been delineated. The dovetailing of greenstone and slate there shown persists
down to the thinnest 1.1nits. On opposite sides of a
crosscut, for exalnple, the tuff beds are likely to differ
in number. This nonpersistence of tuffs and breccias
causes embarrassing difficulties when attempts are
made to unravel the structure in a mine by sections on
successive levels.
AUGITE BASALTS (BRECCIAS, TUFFS, AND LAVAS)

Augite-bearing volcanic rocks are probably the most
abundant among the rocks that collectively are called
greenstones. The augite Inakes from a third to a half
of their buIlL It occurs as well-shaped crystals in the
lavas and as angular grains in the pyroclastics. As a
rule it is brilliantly fresh and causes the rocks to seem
fresher than they are.
Massive rocks, flows or sills, occur intercalated
between the tuffs and breccias but are rare. They are
generally amygdaloidal. The specimen collected by
Turner 2.2 miles southwest of Jackson on the road to
Lancha Plana and chemically analyzed for him is
representative of the massive members. Exa:mination
of the specimen, which is deposited in the United States
National Museum, shows it to be markedly porphyritic, carrying many conspicuous crystals of augite in
a grayish-green groundmass. Descriptively it might
well be termed an augite melaphyre. It contains a
few inclusions of felsite and is obscurely amygdaloidal,
the amygdules consisting of chlorite, or chlorite and
calcite. Under the microscope it is seen that the
augite crystals are the only phenocrysts and are
enlbedded in a groundmass composed of augite and of
plagioclase microlites which are multiply twinned and
too obscure to be determined. The amygdules are
glass sheathed. The texture is fluidal and originally
it was doubtless hyalopilitic. Ohlorite is fairly common in the groundmass.
Olearly this augite melaphyre is a basalt. As its
chemical analysis shows, the total iron, lime, and
magnesia is higher than that of the average basalt as
given by Daly.
Other analyses have not been nlade during the
present investigation, because of the impossibility of
obtaining fresh rock.
Sonle of the highly augitic basalts, although apparently fresh, are seen when examined microsco:pically
to be much altered. This proved to be true, for
example, of the augitic basalt that occurs on the
Jackson-Sutter 'Oreek road southwest of the Oentral
Eureka mine; although brilliantly fresh as judged
from its lustrous phenocrysts of augite, yet under the
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microscope it shows many feldspar phenocrysts, all of
which have been wholly transformed to a white
micaceous product, probably sericite.
.
Chemical analyses oj basalts
1

49. 24

14. 79
1. 36
8. 00

6. 89

10. 74
2.76
.88
.20 }

2. 97

2·

1

2

Ti0 2 ______
0.96
1. 36
P 205-----.17
.45
MnO _____ ·
.18
.31
SrO__ _ _ __ _ Trace. _______ _
BaO _ _ _ _ _ _
. 04 _______ _
LbO_ _ _ __ _ Trace. _. _____ _
CO 2- - - - - - .90

49. 06
15. 70
5.38

6. 37

6.17
8. 95
3.11
1. 52
1. 62

1_______ _

100.081100.00
1

1. Basalt near Jackson, Calif.; W. F. Hillebrand, analyst. (Turner, H. W., U. S·
Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 734, 1896.)
2. Average basalt. (Daly, R. A., Igneous rocks and their origin, p. 27, 1913.)

Most of the nlassive rocks, as already mentioned,
are amygdaloid ai, and neighboring amygdules are
made up of calcite, chlorite, or quartz, or mixtures of
these minerals. In some of the amygdaloids west of
Plymouth the amygdules consist of a dark-green
aphanitic substance, which under the microscope is
seen to be cryptocrystalline and traversed by shrinkage cracks; hence it appears to be a metacolloid,
probably an iron-rich chlorite. This sanle metacolloid forms amygdules In the augitic amygdaloid
near the Eagle Shawmut mine, in which some of it has
also developed at the expense of the augite. In this
amygdaloid albite occurs in some of the amygdulesan important bit of evidence indicating that conditions were favorable for albitization.
The lavas are but faintly or slightly schistose.
The tuffs and breccias are generally schistose, and at
many places their schistosity or cleavage is like that
of the associated slates. Differing from the similar
augitic tuffs and lavas associated with the Calaveras
formation, the greenstone interbedded with the Mariposa slate has not· been converted into amphibolite
schists. In the most advanced metamorphism found
in the belt of augite melaphyre east of the Plymouth
mill-only minute fibers of actinolite have formed in
the groundmass.
.
The intimate interbedding of the tuffs and breccias with the black slates, which has produced banded
rocks of alternating green and black layers, and the
common occurrence of composite rocks made up
partly of argillaceous material and partly of pyroclastic matter .or even intermediate between graywacke and augitic tuff point to the submarine accumulation of the tuffs and breccias and probably to
their submarine ejection. The finding of an ammonIte in a fine-grained augitic tuff north of the Central
Eureka mine is direct proof of submarine accumulation
of the tuff. In view of the probable submarine extrusion of the lavas it is surprising not to find pillow
structure comlnon. Pillow structure was found at

one locality only, near the Clio mine on Tuolumne
River. A belt of greenstone, 900 feet thick, rests
there on Mariposa slate, which strikes N. 25° W. and
dips 80° E. The basal greenstone has a remarkably
fine variolitic structure through a thickness of 15 feet.
It is an aphanitic green rock, crowded with varioles
the size of a pea, and has an imperfect pillow or ellipsoidal structure; in the nlore nearly perfect ellipsoids
the varioles are limited to the margins. Variolitic
structure occurs elsewhere in the series at this locality.
The microtexture of the heavy dark-green aphanitic
greenstone above the pillow lava is unlike that seen
in other greenstones of the gold belt; the augite is
in long, slender prisms, nlany of which are markedly arcuate, with a tendency to be aggregated in
radial,plunlOse, or "cervicorn" 40 (antler-like) growths.
The feldspar also is in long, slender prisms, without
fluxional arrangement.
The tuffs and breccias are highly heterogeneous
in composition. They are made up of broken fragments of augite, particles of feldspar, and angular
pieces of a great variety of volcanic rocks. Amygdaloid
fragments are comnlon, and neighboring alnygdules
have the sanle diversity of conlposition as those in the
amygdaloidal lava flows.
KERATOPHYRIC ROCKS

The tuffs and breccias in the greenstones contain in
places abundant white or cream-colored fragments that
resemble chert. In reality the fragments are angular
particles of felsite carrying sporadic small phenocrysts
of feldspar and augite and prove to be keratophyre and
related albitic rocks. A notable belt of such keratophyric rocks lies half a mile west of Amador City and
can be traced southward at least as far as the divide
between Horse and Sutter Creeks. The keratophyre
fragments in the breccias of this belt range fronl minute
particles up to angular blocks 2 feet thick. Fragmental albite also is conlnlOn in these breccias and
tuffs.
The keratophyres are light gray to bluish gray;
they are aphanitic and fracture conchoidally. Some
show fluxion structure. The phenocrysts range from
a few crystals of augite to abundant crystals of
plagioclase (as nluch as 25 per cent). Micro copically
the plagioclase phenocrysts prove to be albite and
resemble normal pyrogenetic crystals showing polysynthetic twinning. There is no evidence that they
are the result of the replacement of more calcic plagioclase either by "autopneumatolysis" or by regional
albitization, as in the Kiruna district described by
SundiusY However, it is highly probable that albitization of the plagioclase in the basic rocks of the greenstone senes has been exceedingly common. Various
40 Bailey, E. B., and others, Tertiary and post-Tertiary geology of Mull: Scotand Geol. Survey Mem., p. 303, fig. 50 B, 1924.
41 Sundius, Nils, Beitr!ige zur Geologie des siidlichen Teils des Kirunagebiets,
pp. 74-76, 191.5.
-
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kinds of albitic volcanic rocks can be distinguished- .
(1) a felsitic vnriety containing sporadic phenocr:ysts
of augite and abundant phenocrysts of albite (Ab95An5)
in fin. filtered glassy groundmttss containing innumcrable feldspar microlites; . (2) a variety of andesitic
appearance, containing as much as 25 per cent of phenocrysts of alb:ite, which are embedded
in a grolludmn,ss of augite prisms and
plag.ioclase and altered interstitial
glass; (3) augite lnelaphyres which
resernble the augite basalts but which ~ gs
undcr the nlicroscope are seen to '
contain abundant phenocrysts of I,"
albitr. A notable locality for such ~I
albitic aug.ite Jnelaphyre is the ridge
Cc
west of Plynlouth. The melaphyre
there is an amygdaloid containing
amygdules of green rnetacolloid; it
carries prominent phenocrysts of
augite and less conspicuous but more
abundant phenocrysts of plagioclase.
Optically the plagioclase proves to
be practically pure albite, the extinction on 010 being 20° and the
indices of refraction being less than
that of Cnnada balsam. Originally
the plagioclase phenocrysts were
honeycoinbed with glass, which is
now altered. Theoretically it is
highly improbable that phenocrysts
of pure albite should have separated
from a magma so calcic as to have
yielded abundant augite. Therefore,
in spite of the fact that the albite
crystals resem ble normal pyrogenetic
phenocrysts, it must be concluded
that they are the result of a very
perfect pseudomorphic replacement
after calcic plagioclase, probably
labradorite. Similar perfect albitization has affected an augiten1elaphyre
fro.m the 2,150-foot level of the South
Eureka mine, in which nlany phenocrysts of augite and albite rest III a
groundmass of altered glass.
I,

CONTEMPORANEOUS INTRUSIONS

ltV

fig. 3.) It is the only greenst.one so far found that is of
distinctive enough individuality to be traced for so
long a distance. It was apparently injected as a sill;
it is 500 feet thick on Amador Creek and tapers both
northward and southward; on Dry Cry near its north
end it is but 30 feet thick, carries inclusions of felsite,
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Two occurrences of in trusi ve igneous rocks were found that appear to
G~~IJ'~d~¥:hLK~~~*ome
be interpreted best as essentially
FIGURE a,-Geologic map oC Mother Lode belt Crom Plymouth to Jackson
of r.ontemporaneous origin with the
greenstones and to have been injected during the and is amygdaloidal. The striking feature 0'£ the rock
epoch of eruption.
is that it contains abundant large phenocrysts of tabuA distinctive sheet of porphyry occurs in the green- . lar plagioclase in an aphanitic gray-green groundmass.
stone belt west of Amador City and can be traced The plagioclase crystals are an inch in diameter and
from Drytown south ahnost to Sutter Creek. (See a quarter of an' inch thick; most of then1 are now so
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altered as to be beyond determination, but they appear
to have been albitized and later sericitized or kaolini7.ed. With them are associated much less conspicuous phenocrysts of augite. The groundmass was
doleritic or intersertal but is greatly obscured by alteration products.
Diabase porphyry forms two dikelike masses in the
Mariposa slate southeast of the Plymouth mine. It is
a dark heavy rock containing inconspicuous pheno. crysts of tabular plagioclase.' Microscopically the
plagioclase proves to be albite and is seen to rest in a
diabase groundmass of plagioclase and augite. The
texture of the rock is clearly that of a diabase porphyry,
so that it proved highly surprising to find the feldspar
(to be albite; doubtless this albite is another result of
the widespread albitization. At some time after the
albitization the rock wa"s partly crushed, and the
albite has been partly replaced by a biotite-like
mineral (stilpnomelane?).
CONCLUSION

In conclusion, the "greenstones" of the Mother
Lode comprise augite basalts; albitic augite mel aphyres, in which the albite phenocrysts are of replacement origin; andesites, also with albitized phenocrysts;
and keratophyres, in which the albite phenocrysts are
presumably primary. Means by which primary albite
phenocrysts can be distinguished from those of metasomatic origin in the rocks of the gold belt are not yet
known. Tuffs and breccias greatly predominate.
Such predominance of pyroclastic members in a basaltic
series is abnormal, but it seems more comprehensible
in view of the keratophyric eruptions that contributed
to the building up of the series.
INTRUSIVE IGNEOUS ROCKS
GENERAL RELATIONS

The Calaveras and Mariposa formations have been
intruded by igneous rocks of many varieties. Some
of these were probably intruded at the end of the
period. when the Calaveras rocks were m~tamorphosed,
possibly at the end of the Carboniferous. Metadiorites, as they were called by Ransome, appear to be
the main representatives of this epoch of igneous
activity.
The greater number, or at any rate those occurring
in immensely greater volume, are those of postMariposa age, which invaded the rocks of the gold
belt as the final act in the great revolution that
occurred at or near the end of Jurassic time. The
igneous rocks of this epoch appear to have been intruded in the normal order of decreasing basicity.
The oldest of the post-Mariposa igneous rocks were
peridotites, which soon after their intrusion and consolidation were transformed into serpentines. Because
of their prevalence within the Mother Lode belt the
serpentines are of main economic interest. Hornblendite and gabbro occur only as minor masses along

the gold belt. The granitic rocks that higher on the
slope of the Sierra Nevada occur as vas t masses of
granodiorite, quartz monzonite, granite, and alaskite
are represented only by the granodiorite south of
Mariposa and by the quartz diorite porphyry south of
Placerville, which is a quickly chilled offshoot from
the granodiorite intrusion of Coloma..
Albitite and albitite porphyry dikes occur in Tuolumne County, presumably among the last igneous
rocks to be injected. They are of peculiar interest
because of their unusual composition and because they
have been locally mineralized. They have been supposed to resemble closely the auriferous Inineralized
dikes of the famous Treadwell mines in Alaska, but
the resemblance is much less than has been thought. 42
META DIO RITE

Under the designation metadiorite Ransome mapped
intrusive masses of foliated "diorites, largely quartz
diorites." They lie just east of the Mother Lode
system, among them being the mass east of PlYlnouth,
that at l\4okelumne Hill, and that east of San Andreas.
They differ enormously in petrographic habit, comprising types as diverse as muscovite gral}ite and hornblendite. Manifestly the name metadiorite was employed as a convenient field term to designate the
average rock. The metadiorites were regarded by
Ransome as of "Jura-Trias or early Cretaceous" age.
The hypothesis will here be presented that they are
in large part at least far older and were intruded at
the end of Carboniferous time. Probably the metadiorite is of two ages, the earlier being of pre-Mariposa
age and the later of post-Mariposa age.
The metadiorite east of Plymouth, which lies nearer
to a productive mine of the Mother Lode belt than any
other mass of metadiorite, is highly schistose along
its contact with the amphibolite schist west of it; in
fact, it is difficult to determine where the diorite ends
and the schist begins. The metadiorite is a lightcolored foliated hornblcndic quartz diorite. Unlike
most of the metadiorite masses it is notably homogeneous in composition. It beconles less schistose
away from the contact, in places' heing a fine-grained
a ugen gneiss.
The metadiorite at PIYlnouth is poorer in biotite
and hornblende than the granodiorite at Mariposa,
which terminates the Mother Lode belt, and as it is
markedly foliated, it differs greatly frOID the granodiorite, which is a completely undeformed rock.
This strong difference suggests, though it does not
prove, that the metadiorite is older than the granodiorite and belongs to an older epoch of intrusion.
The large mass of metadiorite at Mokelumne Hill
is extraordinarily heterogeneous in grain and composition; prevailingly it is a basic diorite rich in hornblende; locally it is a hornblendite. It is thoroughly
U Knopf, Adolph, The Eagle River region, southeastern Alaska: U. S. Oeol.
Survey Bull. 502, pp. 28-29, 1912.
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weathered to a dark-red soil 4 feet deep, in spite of tho
steep slopes and yout,hfulness of Mokelumne Canyon.
The metadiorite is excellently and continuously exposed along Mokelumne River; it is cut by dikes of
aplite, and these have been rendered schistose.
The large mass of Inetadiorite east and southeast of
San Andreas is of particular interest. A roughly
foliated or schistose quartz n10nzonite is the most
C0l1U110n facies. As proved by the n1icroscope, the
foliated structure is a cataclastic effect, and the rock
is seen to consist of luicrocline, plagioclase (now largely
zoisite and muscovite), granulated quartz, and biotite,
with accessory allanite.
At the border of the igneous 111ass is a highly rotten,
highly schistose, highly biotitic diorite; in this border
zone are sporadic lenses of the fresh, less schistose
l'ocl\:, which is well exposed in the road 'cuttings along
the Willow Creek road. It is found to be composed of
biotite, hornblende, quartz, and an extraordinary
abundance of clinozoisite, undoubtedly' derived from a
preexistent plagioclase. The n10st interesting feature
is that the biotite shows intense black pleochroic
haloes surrounding minute nuclei of zircon (1). These
,haloes are fully developed fron1 periphery to center and
are of an intensity so far known only in pre-Triassic
1'ocks. Examination of a large nun1ber of slides of the
post-Mariposa granites of the Sierra Nevada fails to
show anything but faintly developed pleochroic haloes
in their biotite. Fairly strong pleochroic haloes surround also the inclusions of apatite in the biotite
()f the diorite of the San Andreas area.
.
A coarse white granite spangled with flakes of muscovite occurs near the border of the metadiorite half
a mile north of Old Gulch. I t is roughly schistose, is
composed chiefly of Inicrocline, quartz, and muscovite,
and shows abundant evidence of cataclastic deforlnation. The Inuscovite shows SOlne faint yellow pleochroic haloes that surround minute colorless prisnls of
unknown composition. The w6rk of Miigge 43 on the
experimental production of pleochroic haloes has shown
that muscovite is extremely insensitive to the action
()f a-particles, no results being produced after four
1110nths' intense bOlnbardnlent; and it is therefore
probable that this llluscovite in the granite southeast
()f San Andreas, which shows perceptible haloes as the
result of the extrelnely feeble rate of bombardment
fronl the radioactive inclusions in it, is of high geologic
antiquity, probably pre-Triassic.
.
Associated with the n1etadiorite are dikes of aplite
and hornblende lamprophyre. The aplite is a purewhite sugar-grained rock, which has been sufficiently
sheared to be roughly schistose. The hornblende
lamprophyre (spessartite) occurs at Old Gulch as dikes
a foot or so thick cutting the limestone, quartzite,
and schist of the Calaveras formation. It is a darkgray porphyry carrying conspicuous phenocrysts of
13

MUgge, 0., Radlollktlvit!1t und pleochroitische Hore: Centralbl. Mineralogie,

1000, p. 60.

hornblende. Microscopically hornblende is seen to
predominate strongly, the interstitial material being
largely zoisite. Apatite is an abundant accessory'
mineral. One of the dikes cuts Calaveras schist
diagonally and has been sliced into segments along
the foliation planes of the schist. This lamprophyre
when examined microscopically shows well the early
stages of mineral reconstitution due to dynalnic nletamorphisnl. Zoisite and talc are the new nlinerals
formed.
The Inaglna intruded east of San Andreas was
evidently capable of much differentiation; it produced
various quartz dioritic facies and muscovite granite,
and the major intrusions were followed by a series of
diaschlstic dikes, consisting of aplite and hornblende
lamprophyre.
The age of the epoch of intrusion of the metadiorite
east of San Andreas is post-Calaveras, as the rocks
intruded are of Calaveras age. That it is pre-Mariposa
and probably late Carboniferous is suggested (1) by
the occurrence of plutonic igneous rocks in the conglomerates of the Mariposa formation; (2) by the
strong dynamic deformation that has .affected the
metadiorites, so unlike the granodiorite of known
post-Mariposa age; (3) by the fact that the Calaveras
rocks have undergone a relatively deep-seated metamorphism in contrast with the Marjposa rocks, and
this metamorphism might well have culminated in an
epoch of intrusion; and (4) by the deep-colored radiohaloes, which point to a geologic age much greater
than that of the post-Mariposa granodiorite.
Probably the great crustal compression that folded
the Mariposa slate at or near the end of Jurassic time
dyna'inically deformed the metadiori tes and their associated aplite and lamprophyre.
IGNEOUS ROCKS OF POST·MARIPOSA AGE
SERPENTINE

~erpentine occurs in long lenses and belts that have
been derived fronl intrusive masses of peridotite. The
alteration to serpentine has generally been so thorough
that little remains of the original peridotite.
In Anlador County serpentine does not occur near
the Mother Lode system and consequently does not
appear in any of the mines. In Calaveras, Tuolumne,
and Mariposa Counties it occurs in great volume along
the belt. The largest mass is that which extends southward from Tuolunlne River along Moccasin Creek,
forming the rough country at the head of that creek,
culminating in Penon Blanco Point, and narrowing
down at Coulterville. South of Coulterville it again
expands, fonning the exceedingly rugged country of
the canyon of Merced River.
The serpentine areas support a thick growth of
sonlber green brush, which sets them off conspicuously
from the rest of the country. A peculiar feature of
the serpentine masses is their water-yielding capacity,
which was notably shown in 1924,' one of the driest
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years in many decades, by the fact that though all
other springs had become dry those in serpentine were
still running. This capacity is evidently the result of
the abundance of slickensides and shear planes in
the serpentine.
Two markedly different varieties of serpentine occur.
The more prevalent variety is a dark-green rock that
contains numerous plates of bastite of almost metallic
luster, which are scattered conspicuously through
a dark aphanitic matrix; thus this serp'entine has
seemingly a porphyritic texture. The other variety is
of obviously crystalline texture; it is a sparkling,
fine-grained, homogeneous rock 'of paler-green color
than the other serpentine. Moreover, it is massive,
without the countless slickensided surfaces and shear
planes of the other variety. Under the microscope
this serpentine is seen to be composed of antigorite in
well-defined plates, which accounts for the phanerocrystalline character of the rock. No traces of the
mineral fronl which the antigorite was derived remain.
Antigorite serpentine occurs near the Ford mine, San
Andreas, on the ridge forming the western part of
Angels'Canlp, and at Carson Hill.
Many of the serpentine masses grade at their borders
into talc schist. Evidently there has been sonle movement along the contacts since the intrusion of the
original peridotite, and this movement has metamorphosed the peridotite or its serpentinized equivalent into talc schist.
The peridotites from which' the serpentines were
derived are among the oldest, if not the oldest, of the
plutonic intrusions that invaded the region at or near
the end of Jurassic time. They appear to represent the
"basic prelude" of the tremendous igneous activity that
hegan then. At many places they are cut by sInall
intrusions of hornblendite and gabbro. Ransome found
some conflict in the evidence on the relative age of the
serpentine and the metadiorite. In some places serpentine is apparently intrusive into rather basic me.tadiorites, and in others dikelike masses of similar metadiorite traverse the serpentine. Probably metadiorite
was fornled in two periods, not' one, as Ransome
thought, and the earlier was of pre-Mariposa age and
the later possibly of post-Mariposa age.
Although it 'is commonly assumed that the serpentine is all of the same age, it is also possible that some
of the serpentine-that wholly inclosed in 'Calaveras
rocks-is older than that which is intrusive into the
Mariposa slate.
The date at which the serpentinization took place
was determined by an unexpected bit of evidence.
Antigorite serpentine from the 1,350-foot level of the
Melones nline shows under the Inicroscope that the
antigorite is in all stages of invasion and replacement
by 'sericite and ankerite. Because of the resemblance
of sericite to talc the identification of the sericite was
verified by obtaining the potassiunl flame with a hydrofluoric acid solution of some of the sericitized, serpen-

tine. Here is conclusive proof that the serpentine had
already been fornled by the time of the advent of the
ore-depositing solutions. The work of these solutions
lnarked the end stage in the Jurasside igneous activity,
and the time of serpentinization is thus fixed as having
occurred within the epoch of igneous activity and postintrusive processes. At that time the serpentine, now
at a 'vertical depth of 1,200 feet, had an additional
cover of several thousand feet of rock.
A characteristic feature of the serpentine is that at
many places along the Mother Lode belt it has been
altered into inlmense bodies of mariposite-ankerite
rock laced with quartz veins and stringers. The accessory chromite in the serpentine has evidently been necessary to furnish the chromium that gives the green
color to the lnariposite, which is the most distinctive
mineral in the alteration product.
HORNBLENDITE AND GABBRO

Slnall nlasses and dikes of hornblendite and gabbro
occur throughout the gold belt. They appear to have
a predilection, as it were, for the serpentine areas.
Gradation between serpentine and gabbro is suggested
in places, as on the brush-covered slopes of the southeast flank of Pefion Blanco, but these appearances are
deceptive, ,for in tunnels driven under such localities
the serpentine and gabbro are seen to be separate
masses. Wherever positive evidence can be obtained,
the hornblendite and gabbro are found to be intrusive
into the serpentine.
Feldspathic hornblendite lnasses are especially COlnmon along Moccasin Creek; they are of many abruptly
differing facies. N ear Tuolumne River are particularly fine representatives. This hornblendite is made
up of brilliant columns of 'hornblende three-fourths
of an inch long, with a little feldspar filling the angular
interstices between the columns. The feldspar proves
under the microscope to be albite, forming large homogeneous areas that contain abundant zoisite. Evidently the albite has been derived from the break-up
of a calcic plagioclase.
A small nlass of saussurite gabbro occurs on the west
slope of Carson Hill, intrusive into the Cahtveras formation. It is a rather coarse grained heavy rock containing abundant diallage, and nlicroscopically its original feldspar is found to have altered to an aggregate
of albite and zoisite. On account of its metanl0rphic
condition, this gabbro might be taken to be of preMariposa age, but elsewhere in the Sierra Nevada
saussurite gabbro is known to be intrusive into the
Mariposa slate. 44
A sheared hornblendite, which has beconle somewhattalcose as a result of the shearing, occurs in the
Calaveras formation at the Ford mine, east of San
Andreas. Microscopically it is found that some of
t4 Knopf, Adolph; Notes on the foothill copper belt of the Sierra Nevada: California Univ. Dept. Geology Bull., vol. 4, p. 419, 1906. Reid; J. A:., Ore deposits of
Copperopolis, Calaveras County, Calif.: Econ. Geology, vol. 2, p. 391, 1907.
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the deep-colored pyrogenic hornblende has been
altered to pale fibrous anlphibole. Titanite is a
common accessory and has produced radiohaloes
in the hornblende; but as hornblende has been
experimentally shown to be highly sensitive to the
action of a-particles, no conclusions can be drawn
as to the age of the hornblendite.
I-Iornblendite is known to be of two ages in the
Sierra Nevada: fraglnents of hornblendite occur in
volcanic breccias associated with the Mariposa slate,
and dikes of hornblendite cut the l\1ariposa slate,
as at Copperopolis. 45
an.ANODIORITE

The Mother Lode belt, as has long been known, is
terminated on the south by granodiorite that extends
westward fronl the enormous nlasses of th(3 high
Sierra. The granodiorite appears at Mormon Bar,
2 Iniles south of Mariposa, and its contact continues
westwa,rd approxilnately along the State Highway.
It has exerted a strong contact nletalnorphism on
the l\1al'iposa slate, the influence of which extends
as .much as a mile from the contact.
The granodiorite yields immense outcrops of fresh
rock, which present the fornls characteristic of granite
weathering in a warm arid climate, such as huge
boulders resting insecurely on rock pedestals. The
feldspars appear to be brilliantly fresh, but the hornblende weathers to yield a red iron pigment.
The granodiorite is unifonn in texture and conlposition, and it contains the basic clots, both the ellipsoidnl and the angular, that are so conlmon in it in
the high Sierra. The granodiorite contains roughly
20 pel' cen t of hornblende and biotite; andesine
(Ab63An37) is the predominant light-colored mineral,
orthoclase is subordinate, and quartz showing strain
shndows is fairly nbundant. A little nlyrmekite
occurs, find titanite, lnagnetite, apatite, and zircon
are accessory minerals. Sonle of the zircons that
are inclosed in biotite have developed weak radiohaloes; a zircon inclosed in hornblende has produced
a fairly in tense halo.
Quartr. diorite porphyry is intrusive into the 110ther
Lode belt near the Church Union mine, south of Placerville. It is a highly porphyritic rock crowded with
phenocrysts of plagioclase (Ab45An55) and quartz,
which are inclosed in a sparse aphanitic groundnlass.
It grades into the granodiorite nlass of Coloma. 46
It has exerted no perceptible contact metalnorphism
on the l\1a.riposa slate into which it is intrusive.
These facts-the . lack of contact Inetanlorphism
n.nd the chilling of thick offshoots frOln the granodiorite magma. so that the nlaterial consolidated to
a porphyry having an aphanitic groundmass~how that the_~r~~od_iorite Inagma in this part of
Knopf, Adolph, op. cit., pp. 800-81l1.
TUl'llor, .I r. W., nnd Lindgron, \Valdomar, U. S. Oecl. Survey 0001. Atlas,
PhlCorvi\lo folio (No. a), 181l4. It is thero mappod as "quartz poq)hyrite."
.~
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the gold belt ascended to a high- level in the earth's
crust, where the rocks were relatively cold, and they
have an important bearing on our hypothesis pf the
origin of the gold-quartz veins.
ALBITITE AND ALBITITE PORPHYRY

General features.-Dikes and small intrusive nlasses
of a white rock composed almost wholly of albite occur
in the southern portion of the Mother Lode belt.
The chief localities are southeast of Jacksonville and
along the east side of the valley of Moccasin Creek.
Both a granular variety resembling aplite and a distinctly porphyritic variety occur, and in accordance
with the suggestion of Turner,47 who first recognized
the nature of these intrusions, they will be termed
albitite and albitite porphyry respectively.
In places the dikes carry a little gold as the result
of subsequent lnineralization, and attempts have been
made to mine the more highly auriferous portions, a·s
at the Willieta lnine, near Jacksonville, but these
attenlpts have not lnet with success. That there is
any genetic connection between these dikes and the
occurrence of gold along the Mother Lode is not
probable, for that portion of the lode along which
they are nlost comlnon-from Jacksonville south aloncr
Moccasin Creek-has been notoriously poor in gold. b
Petrography.-These highly albitic igneous rocks
were called soda syenite and soda syenite porphyry
by Turner. 48 They were nlapped and described by
Ransome in the Mother Lode folio as soda syenite
granophyre. The term granop~yre was evidently
used by RansOlne in its original signification of a
~orphyry whose groundmass is holocrystalline, but
masmuch as both evenly granular and porphyritic
varieties of albite rocks occur in the Mother Lode belt
.
'
It seems preferable to use the terms albitite and
albitite porphyry.
The small intrusive mass of albitite that forms the
ridge top north of the Clio mine consists of a white
granular rock containing innumerable radial groups of
a blue fibrous nlineral. Under the lnicroscope the
rock is seen to be composed of an allotriomorphic
granular assenlblage of very pure albite (Ab 97 An3),
and the blue mineral proves to be the amphibole
riebeckite in delicately fibrous aggregates. Titanite
and apatite are accessory minerals.
At the vVillieta mine, now abandoned, there is a dike
of albitite porphyry 150 feet thiclc It is cut by very
widely spaced quartz veinlets, 1, 2, or 3 inches thiclc
The unaltered porphyry shows abundant phenocrysts of albite, 4 to 5 Inillimeters in dianleter, enlbedded in a microgranular groundmass. Much of the
rock contains an unusually large proportion ofriebeckite.
H 'rurner, H. \V., Notice of some syenitic rocks from California: Am. Geologist,
vol. Ii, pp. 3;9-386, 1896; Further contributions to the geology of the Sierra Nevada:
U. S .. Oeol. Survey Seventeenth Ann. Rept., pt. 1, p. 665; 1896 .
IS See especially his paper on 'rhe nomenclature of the feldspathic granolites:
Jour. Geology, vol. 8, pp. 105-108, 1000.
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The most persistent nlass of the albitic rocks is the
long dike east of Moccasin Creek. This dike was
thought by Ransome to show remarkable variations
in texture and composition, ranging from a muscovite
soda granite through soda syenite granophyre to soda
granite porphyry. But the exposures are poor, as
Ransome himself points out, and it is more likely that
the supposed granitic facies are in reality separate intrusions of different rocks. An unimpeachably good
section across the dike is exposed in a cut on the recently
built Hetch Hetchy Railroad. The dike is here 25 feet
thick; it dips 60 0 E. and is a multiple dike, in the
sense that it is the result of the successive injections of
magma of one kind into the same fissure. The footwall
portion consists of albitite porphyry 6 feet thick; the
remainder consists of evenly granular albitite. A
short distance in the hanging wall is an attendant
albitite dike 6 to 12 inches thick, but in spite of its
thinness it is nonporphyritic, at least to the unaided
eye.
The albitite porphyry contains numerous phenocrysts of albite in a gray-white groundmass that ~s
faintly speckled with aegirine. The groundmass IS
microgranular, there being a marked contrast in size
between the albite (Ab9sAns) of the phenocrysts and
that of the groundmass. Aegirine constitutes about
10 per cent of the rock; it is in prisms with ragged
ends, and, as is characteristic of aegirine, much of
it is of deuteric aspect.
The albitite, constituting four-fifths of the thickness
of the dike, is faintly banded and chilled against the
porphyry. It therefore represents a second injection
of magma in the same fissure. It is white, even grained,
and finely phanerocrystalline. It is an allotriomorphic
granular aggregate of albite (Ab9sAn5), with which is
associated a small quantity of aegirine, much smaller
than that in the albitite porphyry portion of the dike.
The features shown in this cross section of dike in the
railroad cut explain some of the puzzling differences
in texture noted by Ransome; but the supposed variations in composition, in view of the remarkably constant composition of the dike as it appeared to me,
must be due to the doubtful interpretation of the
naturally poor exposures.
_
The soda syenite porphyry (P. R. C. 773) analyzed
for Turner 49 was obtained from the dike ,east of
Moccasin Creek, not far from the railroad cut described in the preceding paragraph. It resembles a
fine-grained aplite but under the microscope is seen
to contain minute phenocrysts of albite in a groundmass of albite and aegirine. It can be termed an
aegirine albitite porphyry.
4D

op. cit., pp. 727-728; also U. S. Geol. S~rvey Bull. 591, p. 185, 1915.

Analysis of aegirine albitite porphyry iront Moccasin Creek,

Calif~

[H. N. Stokes, analyst]

Si0 2 _________________ 67.53

1(20_________________

0.10

AI 20 a -- ___..________ .:._ 18.57
Fe 203--______________ 1. 13
FeO_________________
.08

H 20-_______________
H 20+_______________

.15

MgO________________
CaO _ _ _ _ _ _ _ _ _ __ __ _ _ _

.24
. 55
N a 20 ________________ 11. 50

P 20s ________________
Ti0 2 ________________

.31

.11
.07
100. 34

Contains traces of MnO, SrO, and F; BaO and Li 20 ax:e absent.

The cheInical analysis has been recast into mineral
composition as follows, and the result harmonizes
fairly well with the findings under the microscope.
CaO is slightly low, for it is insufficient to make a
plagioclase of the composition determined by the
microscope-Ab9sAn5 + Ab97An3. MgO is probably low,
being insufficient to make an aegirine of the compoS! tion indica ted microscopically.
Albite _______________ . ________________ 92.75
Orthoclase _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _
. 56
Aegirine (acmite, 3.70; diopside, 1.30;
hedenbergite, 0.25)___________________
Apatite_ __ _______ _____ _ _ _ _ _ _ _ _ __ _ _ _ __
Titanite _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __ _ __ _ _ _ _ _ _ _

5.25
. 27
. 20
99.03

GEOTHERMAL GRADIENT

The rate of increase of rock tenlperature downward
along the ~10ther Lode in Alnador County is 10 F.
for every 150 feet of depth. The geothermal gradient
was determined at the Plynlouth, Central Eureka,
and Kennedy mines. In all determinations of rock
temperature a pair of maxinnun thermometers was
used. These thernlOnleters, each inclosed in a steel
tube, were inserted in 6-foot holes specially drilled for
the purpose, in drifts recently driven. The holes were
then sealed, and the thermometers were left for six
hours or more, in some measurements as long as twelve
hours. In some of the drill holes the thermometers
were left while a full round of holes was fired in the
advancing drift, 10 feet ahead. The thermometers
remained undamaged. A particular difficulty that
the use of maximum thermometers presented was that
the- rock temperature in some of the holes was less
than the air temperature of the drifts. This diffcrenc.e made it necessary to immerse the thermometers
in iced water before inserting them in the holes. It
-also tended to make the readings of the rock temperature slightly higher than the true temperature, as the
thermometers on removal from the holes immediately
began warming to the temperature of the drifts.
The rocks in which the temperature was measured
are the black slates of the Mariposa formation. Some
of the holes were drilled dry, but most of them were
drilled wet. The greatest vertical range for which
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the geothernla.l gradient was Illeasured is 4,200 feet.
The detailed data are given in the following table.
The average gradient is 1 0 F. for 153 feet in depth, but
1 0 F. for 150 feet is believed to express the accuracy
attained.
Rock tempemhtre along the 111othm' Lode, California

I.-evel

Mine

Plymouth ______ 1, 600
Do _______ 4,000
Central
EurekI1B __________
Kennedy

_.

..,

~

4,400
4,200

0 ______

Vertical Air tem·
GeoRock
peraVertical ditl'erence
temper- thermal
used in ture
gradiof
depth
ature eut (feet
determin- drift
(Ceet)
(OF.)
ing gradi- (OF.)
per of.)
ent (feet)

- - - - - - - - - - -- 1,575 ------3, 600 2,025

74
83

72
86

145

4,095
4,200

86
85

b83.6

160
153

4,095
4,200

86

--.--- ---

The annual average temperature at the Central Eureka mine is taken to be
68°, sllghUy less than that at the Kennedy.
b Avortlge of three pairs of readings: 82.8°,84.8°,84°.
c ~l'he tlllnual average temperature at the Konnedy mine for the period 1913-1923,
Crom readings taken at the mine Cor the Weather Bureau, is 58.5°.
a

For comparison the rate of increase of temperature
in depth in the Grass Valley district, as. found by
Lindgren,1l0 is 1 0 F. for 122 feet, measured in a vertical
rA.nge of 1,523 feet.
GOLD ORE BODIES
GENERAL FEATURES

The l\10ther Lode belt has the general northwesterly
trend of the bedrock formations, but it is linearly
more persistent than the long, flat interfingering lenses
in which these formations crop out. Consequently it
traverses rocks of both Mariposa and Calaveras ages
and the serpentine masses that intrude them. In
Eldorado and Amador Counties it is inclosed in the
greenstones and the black Mariposa slate; in Calaveras
County south of the Gwin nline it enters the phyllites
of the Calaveras formation and the green schists,
within which it continues through Tuolumne County,
except where it traverses certAin large nlasses of intrusive serpentine; and in Mariposa County it returns to
the Mariposa slate.
The Mother Lode belt lies considera.bly west of the
great granitic masses of the higher Sierra. The'
roughly foliated variety of granitic rock termed by
Ransome metadiorite locally occurs near the belt, as
at Plymouth, where it crops out a few thousand feet
east of the Plymouth mine, and at San Andreas.
Gold-bearing veins occur east of the Mother Lode
belt, generally in granodiorite or in the bordering
schists of Calaveras age. They are smaller and likely
to be of higher grade. Many of the ores are high in
sulphides, and pyrrhotite, a sulphide rarely occurring
in the Mother Lode system, is peculiarly characteristic. A good description of these veins is g~ven by
StorIns. 51
- ..- .. __ . - ..- - - - - - - - - - - - - - - - - - 10 Lindgren, Waldomar, 1'he gold-quartz veins of Novada City and Grass Valley
distrIcts, California: U. S. 0001. Survey Seventeenth Ann. Rept., pt. 2, pp. 170-171,

189/1.
61 Storms, W. H., 1'ho Mother Lode region of Calirornia: Calirornia State Min.
Bur. Dull. 18, pp. 21-26,1000.

The gold deposits of the Mother Lode belt form two
main groups-quartz veins and ore bodies of mineralized country rock. The second group is by far the
more diversified, as it includes auriferous greenstone
(" gray ore") and auriferous schists. Moreover, the
ore bodies of auriferous schists fall again into two
kinds, between which, however, there are no hard and
fast lines-stockworks, which consist of masses of
schist laced with gold-bearing veinlets; and mineralized schists, which are ore mainly because they have
been replaced by ankerite and gold was introduced
during the replacement. As the schists thus mineralized were of several kinds, the diversity of the resulting
gold deposits was further increased.
Although the quartz veins that are inclosed in the
Mariposa slate are much alike from mine to mine,
especially in Amador County, yet the variety of ore
bodies along the Mother Lode belt and the complexity
of the occurrence of the ore bodies at many of the
mines is far greater than earlier accounts of the Mother
Lode belt would lead one to expect. For illustrations
of this cOlnplexity the special descriptions in this report
nlay be consulted, notably those of Carson Hill and of
the Eagle Shawmut mine.
Ore bodies of many of the various kinds occur all
along the Mother Lode belt. Certain regional difoferences, however, can be discerned: productive quartz
veins are more characteristic of the northern portion
of the lode, especially in Amador County; and the
southern portion, say from Angels Camp southward,
has its own particular stamp, due to the prevalence of
ore bodies of mineralized country rock, immense persistent barren quartz veins, and enormous bodies of
mariposite-ankerite rock.
The most productive portion of the belt is the 10mile stretch between Plymouth and Jackson~ It has
produced more than $100,000,000 and is now yielding
the bulk of the annual output. The depth reached
here is also greatest, two of the mines, the Kennedy
and Argonaut, obtaining their ore from vertical depthR
of more than 4,500 feet.
In the quartz veins quartz is of course the dominant
mineral,' ankerite and albite .occurring very subordinately. Sulphides average between 1 and 2 per cent
of the ore; pyrite predominates, as a rule overwhelmingly; arsenopyrite is next in abundance; followed by
sphalerite, galena, chalcopyrite, and tetrahedrite. The
telluride petzite is rare.
In the ore bodies of mineralized country rock ankerite is the dominant mineral, followed by sericite and
by minor albite and quartz. The sanle sulphides that
occur in the quartz veins are present and are more
abundant. Pyrite and arsenopyrite are the only ones
that have formed by replacenlent, however, the other
sulphides being restricted to veinlets. Molybdenite
exceptionally has formed in some quantity by replacement at C~rson Hill, one of the few localities on t.he
Mother Lode belt where it has so far been found.
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The ores are "of low or moderate grade; in recent year~
.they have averaged $7 a ton. The very low grade ores,
between $2 and $3 a ton, that were formerly mined no
)(lD1!er pay to work
The gold bullion ranges in fineness from 790 to 840
parts per thousand, the remainder being chiefly silver.
In any given mine the fineness is fairly constant; at the
Central Eureka, which is now drawing its ore from a
depth of more than 4,000 feet, it has ranged since 1919
between 810 and 840. Below the zone of oxidation
there appears to be no increase of fineness with depth.
At the Kennedy mine, for example, the fineness of the
bullion ranged from 815 to 834 in 1892, when the ore"
was won from the 1,600-foot level; in 1924, when the
ore was obtained from the 4,000-foot level, it was 830.
On the average 70 per cent of the gold won at any
mine in the Amador section of the Mother Lode belt
" is obtained by amalgamation, the other 30 per cent
from the concentrates. The concentrates from the several mines range in value from $40 to $110 a,ton. The
amount of gold in the concentrates is in part determined
by the particular milling practice employed-for example, whether the product is closely concentrated so
as to eliminate most of the quartz or whether a lowgrade product containing 80 per cent of sulphides is
made. Aside from differences due to millin.g practic~
no systematic relations are discernible: concentrate"
from gray ore may be as high in gold as concentrate
from quartz ore. Where the ore occurs within a vein
the wall-rock sulphides are of low grade; but if the
ore consists of mineralized country rock, the sulphides
in the wall rock may be of as good" grade as those in
quartz ore.
WATER CONDITIONS UNDERGROUND

The quantity of water yielded by the mines decreases
markedly with depth. Some mines have become conlpletely dry; in others water in small quantities persists to the deepest levels attained. In 1924 water was
entering the bottom level (then the 4,200-foot level) of
the Kennedy mine from the footwall gouge. It was
an unusually dry year, and in July only 72,000 gallons
was pumped daily from this mine. At the adjoining
Argonaut mine 150,000 gallons was lifted daily. The
water pumped at the Plymouth mine iIi the SUlllmer of
1924 amounted to 30,000 gallons a day; in winter the
quantity usually increases to 40,000 gallons a day.
Of the quantity pumped only 600 gallons a day came
from the bottom workings-those between the 3,400foot and 4,000-foot levels.
"
The experience in deep mining on the Mother Lode
coincides with experience elsewhere-nanlely; that
mines become drier in depth. However, the control of
fissuring r~ther than depth in determining the inflow
of water is well shown at the mine of the Calaveras
Copper Co. at Copperopolis, which is 14 nliles west of
the Mother Lode belt, in an exceedingly dry region.
A crosscut driven on the 800-foot.level into the 70-foot

dike of granodiorite that occurs in the footwall of the
copper lode encountered most unexpectedly a copious
flow of water-60 gallons a minute.
QUARTZ VEINS

GENERAL FEATURES

The quartz veins are tabular masses of quartz dipping steeply eastward and striking between north and
northwest. In any small exposure they appear to conform to the strike and dip of the inclosing rocks, but
without known exception they cut these rocks in both
strike and dip. The average divergence between the
veins and the inclosing rocks is between 15° and 20°.
It is most marked in those few parts of the gold "belt
in which the strata dip westward, as at Plymouth. As
a result of this divergence the veins when followed
longitudinally or in depth are found to cut diagonally
through belts of rocks of differing character. Veins
that crop out in greenstone may pass into slates in
depth; "Gontact veins," so called because they are
inclosed between a footwall of slate and a hanging wall
of greenstone at the surface, pass at depth wholly into
the greenstone; veins that crop out in slate may at
depth become "contact"" veins and at greater depth
pass wholly into greenstone. Examples of all these
conditions will be found in the descriptions of mines.
Where a vein passes either in strike or in dip from
slate into greenstone or the reverse it is much deflected,
or to use a term fronl optics, it is strongly refracted.
This refraction is one of the most if not the most
notable structural features of Mother Lode veins. The
refraction is greatest in passing from the black slate to
belts of massive gr~enstone-that is, belts that are
nlade up of nonschistose breccia and lava sheets. The
refraction is conspicuously shown at the Original
Amador and Keystone mines. (See figs. 11 a.nd 12.)
The contact vein of the .Keystone mine dips at the
surface 75° E., but after entering the nlassive greenstone below the 800-foot level it flattens greatly, dipping as low as 20° over large stretches. The refraction
.
is accordingly as much as 55°.
On entering schistose tuffs, rocks that are intennediate in.strength between lnassive greenstone and slate,
the veins are, of course, refracted much less. The rules
governing the refraction obviously confornl to those
for the refraction of light; on entering the greenstone
the vein is deflected toward the normal; on entering
the slate it is bent away from the nonn"al. The relations are so regular that they suggest the possibility
of COlllputing the index of refraction according to the
i.
h' h . h .
.
formuI a n = sin
- . - , In w IC n IS t e mdex of refractIOn
SIn r
referred to slate as unity, and i and r are the angles
between the incident and refracted courses of the vein,
respectively, and the nornlal to the contact. Fronl the
data obtained at the Original Anlador, Keystone, and
Central Eureka nlines,"the index at each of tl~ese mines
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thus computed is roughly 1.4. The extreme figure
obtained (from the Argonaut mine) is 1.6. But
whether 1.4 or 1.6 is used, the calculated dip of a vein
in greenstone from its known dip in slate will differ
only about 5°. The factors that preclude obtaining
any great accuracy for the index of refraction are the
considerable movenlent along the fissures, which has
blurred the refraction at the contact between slate and
greenstone, and the variant constitution of the greenstone belts and hence tlleir diverse refractive powers.
The fissures along which the veins run are the results
of reverse faulting. The lnaximum displacement as
nleasured in the plane of the dip is 375 feet. The displacement first lneasured is that at the Argonaut
lnine, by Ransonle,5:? who detel'lnined that the hanging
wall had been thrust upward over the footwall for a
distance of at least 120 feet. At that time the Argonaut
was the only place along the Mother Lode where the
displacenlent could be seen and measured. During
the present investigation the displacenlent was measured also at the Original Amador, Gover, and other
nlines. At the Original Amador nline the hanging wall
has been shoved 180 feet up over the footwall (see
fig. 11), at the Treasure at least 300 feet, and at the
Gover 375 feet.
A horizontal component in the faulting was measurable only in the Central Eureka mine, where it has
caused a displacement of the walls of the vein amounting to 120 feet.
Adjacent to the veins the country rock, if slate' or
schist, 'has been bent or flattened against the veins.
Hence in any local exposure, such as is seen at the face
of a drift, the veins invariably seem to conform to the
strike and dip of the inclosing rocks.
The slates near the veins are of highly characteristic
appearance. They are buckled and kinked and corrugated, and their foliation surfaces have taken on an
extraordinarily lustrous black polish. The greenstones adjacent to the veins, especially those veins that.
contain thick lenses of quartz, were highly shattered
and arc traversed by a network of quartz veinlets.
VEIN FILLING

The vein filling consists chiefly of a coarse milkwhite quartz, which forms abruptly ending lenticular
nlasses. At the ends of such lenses the ore body frays
out into a stringer lode, consisting of slate penetrated
by a large number of more or less parallel quartz
stringers. The nlain body of solid quartz is generally
accompanied on both hanging wall and footwall by a
wide zone of quartz stringers, or stringer halo, as it
luay be called, as the closeness with which the stringers
are spaced dinlinishes with distance from the main
body of quartz.
D2 Ransomo, F. L., U. S. Ocol. Survey Oeol. Atlas, Mother Lode District folio
(No. (3), p. 8, 11100.

The quartz filling is not crustified. It is commonly
ribboned or banded, however, owing to the intercala,..
tion of slabs and filaments of black slate or of schist.
These slabs may r!Lnge in thickness from a few inches
down to the thinness of paper. The paper-thin laminae
~ may be most delicately and marvelously crenulated.
The layers of quartz may be several feet thick Gr
very thin, as shown in Plate 4, A.
.
The ribboning is invariably parallel to the walls of
the veins, and therefore, like the veins, it makes an
acute angle with the strike and dip of the inclosing
rocks. The angular discordance between ribboning and
bedding is of course most pronounced where the strata
dip west, as at Plymouth, where the angle between
ribboning and bedding is as much as 45°. The ribbon~
ing is probably due as a rule to successive openings
and fillings of the vein fissures; in part it may be the
result of the laminae of schistose slate that incompletely filled a vein fissure or adjoined the fissure having been pried apart by the force of crystallization of
the growing quartz. In places the slate ribbons have
been sheared by movement during a subsequent reopening of the vein.
The largest masses composed wholly of quartz
occur in the greenstones. At the Keystone mine there
are masses 54 feet thick. As a rule they carry nO.t
more than a dollar to the ton. Such great bodies of
quartz are generally quite homogeneous, being without
ribbon structure or crustification.
Inclusions of slate and greenstone in the quartz
are common. They are all sharply angular, even those
so minute as to be detectable only in thin 'sections
under the microscope. Although all, without exception, have been strongly altered by the ore-forming
processes, none have been replaced by quartz. They
contain more pyrite and arsenopyrite than the quartz
that incloses them. Not uncommonly the inclusions,
those of slate as well as those of greenstone, are surrounded by a narrow fringe of ankerite. In Plate 4,
B, is illustrated an assemblage of greenstone and slate
inclusions; the narrow fringe of ankerite surrounding
the large inclusion is well shown. The inclusion is
nearly split in two by a veinlet (largely ankerite);
possibly it was disrupted by the force of crystallization of the minerals as they grew in the veinlet.
Inclusions may locally be so abundant as to constitute an angular rubble cemented by quartz. Generally the inclusions are most abundant near the walls
of the veins, but in places some are found far away
from the walls and from other inclusions. Such, for
example, were the isolated blocks of greenstone 172
feet in diameter that occurred 8 feet above the footwall
of the Original Amador vein, embedded in a pillar of
coarse quartz ore 20 feet thick.
The quartz filling of many veins is clearly composite,
having been brouglft in at successive times. This mode
of origin is suggested by the ribbon structure of the
•
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but more positive evidence is at hand. For
example" the Calaveras vein, on Carson Hill, regarded
as the local representative of the Mother Lode, plainly
shows in places its composite origin, a dark quartz
being cut, by a network of veinlets of white quartz.
The composite nature of the quartz filling of the ore
~hoot ,on the 4,200-foot level of the Argop.aut mine is
well shown in 'Plate 5, A. Many, of the prominent
out,crops of quartz, which by their size and persistence
gave rise to the Mother Lode tradition, a:r:e of complex
origin. .such'a one is the Bull vein of the Eagle Shawmut mine, whose outcrop is an Intricate network of
quartz veins, strikingly emphasized by the way in
\Yhich weathering has etched out the int81~vening
~aterial of silicified, ankeritized chlorite schist. (See

a wide zone of stringers in the adjoining slates. (See
fig. 4.)
Where a vein is bordered on both the hanging wall
and the footwall by gouge, ,the quartz of the, entire
vein is likely to have ~~en' crushed to a loose, ;sugary
condition. It is the slates adjacent to the, gouge that
are particularly severely buckled, ,crumpled, and
slickensided and have taken on a brilliant ,black polish.
In contrast to the general occurrence of gouge
associated with the veins in, slate, the great quartz
vein of Carson Hill, which is inclosed in green schists
and is well exposed in mine workings for 4,000 feet
on the dip, is not accompanied by any gouge whatever.
The practical signi'ficance of the gouge is that it
causes swelling ground, which lnakes heavy timbering
pI. 5, B.)
necessary. In a few weeks IS-inch tinlbers will be
GOUGE
reduced to matchwood, and unless drifts are continu
. 'The quartz veins, especially those in the slates, ously kept in condition and reti~bered they soon cave
are generally accompanied by a black gouge, consist- in and are lost beyond recovery. The "swelling"
is in part the result of the actual flowage of the gouge
into the mine workings-an extrusion in the direction
, of least resistance-and in part is probably due to the
. imbibing of water by colloidal material in the gouge.
At the Kennedy mine' experienc~ has shown that only
the gouge causes swelling ground 'and that it is trouble-'
some only where water has access to it. '
L
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ORE SHOOTS
GENERAL FEATURES

FIGURE 4,-Struc.tural features of a quartz vein in slate. 1, Slate; 2, graywacke
beef; 3, quartz; 4, gouge; 5, stringer zone in disturbed slate

ing of triturated slate. In ,places the gouge is spotted
with fragments of quartz,' most of which have been
reduced to a sugary condition. Gouge may occur on
the hanging wall or the footwall or on both. In
places it passes diagonally through the veins, and the
suggestion arises that the abnormally thicl~' portions
of some of the veins may be due to the telescoping of
one part of a vein on, another by postmineral movement
along such gouge zones.
The gouge pinches and swells and may attain a
thickness of 8 feet or more. Thicknesses of2 or 3
feet are most common. A notable habit of the gouge
is its tendency to hug or wrap arqund the bodies of
massive quart~; therefore a crosscut through the gouge
adjacent to solid quartz bodies will commonly show

The gold is localized in the veins, and the ore shoot
is generally short, being a mere fraction of the length
of the vein in which it occurs. For example, the Elnpire
shoot of the Plymouth mine, a shoot that has yielded
$6,500,000, comprised only 450.feet of the 7,000 feet
totai length of the vein. A shoot that is 1,000 feet
long is exceptional; 200 or 300 feet is more nearly an,
average, stope length of Mother Lode ore shoots.
In spite of this small longitudinal extent some of the
ore shoots have persisted frOln near the surface to
5,000 feet on the dip' and at that depth are still profitable.
The pitch or rake of the shoots, as it is usually
termed al<;mg the Mother Lode belt, is generally steep.
The Empire shoot, however, pitched as low. as 45° S.
The Argonaut shoot taken in its entirety has a ne'arly
vertical pitch, but a portion of it, from the 2,530-foot
level to the 3,300-foot level, pitched 30° S. No one
constant direction of pitch is common to all ore shoots'
along the Mother Lode belt: some shoots pitch north
and others pitch south.
.
Many of the ore shoots did not crop out at the
surface. The Central Eureka afforp.s the most striking examples of this, fact. Not until a depth of 1,100.
feet on the vein had been reached was an ore shoot
cut.; in the deep levels of the mine an ore shoot on
a different vein is now being worked, and .the top of
this shoot was on the 3,300-foot level.
I,
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Even in the shoots that have persisted most nearly Central Eureka, Kennedy, an'd Argonaut mines :a,nd
eontiulJlol.1s1y downward the value of the ore was not is a fact t'o be most carefully considered in any attempt
,oonstant. Lean zones, 'some so lean as to be called to account for· the origin of the gold shoots. '
The only visible feature that ',distinguishes some but
harren zones, were nlet, and two or three such zones
have heen passed through in attaining a depth ,of 4,000 not all ore shoots from the remainder of the vein is
feet. Somo were as much as 300 to 400 feet in vertical a somewhat greater content of ~ulphides, commonly
,extent. Unfortunately the lean intervals have been pyrite. As the sulphide content of the ore 'ranges
fatal to 11l'any mines. From the way the ternl "barren only from 1 to 2 per cent,' however, ,it is' generally not
'
z'one" is used olong the Mother Lode it is not always a striking feature.
From the fact 'that the deep-level ore shoots-those
clear whether the barren interval is the result of the
pinching of the vein to a gouge-filled fissure or of the in the Central Eureka, Kennedy, and Argonaut mines
quart? filling bccOlning unprofitable; barrenness of both below a depth of 4,000 .feet-carry very little sulphides,
although the ore'is of g00d and even high grade, it is
kinds oecurs.
Tho depth at which such barren zones or blanks my impression that the sulphide content <;lecreases at
in the voin Jl1ay intervene is not at constant vertical depth, although there, is no statistical evidence to
distances below the outcrop, lior has it any relation prove that supposition:
Although th~ vein filling in the ore shoots consists
tosllch on arbitrary datml1 as sea level. It is all'
individlln.l Inatter with each mine. In fact, ,the puz- largely or' wholly of quartz, .it is not true that . all
zling problem of the ore shoots is peculiar to each large mas~es of qu..artz ina ,give,n ore-bearing vein
mine. According to the manager of the South Eureka constitute. ore. A vein containing an ore shoot may
mine that mine was kept poor for 18 years by basing break up into a stringer lode, then pinch down to a
its progrmll of exploration on that of its successful gouge-fille~ fissure, and then expand abruptly to an
neighbor, the Central Eureka. After the fact became ilnpressive body of quartz, but this qua~tz may be
appa,ront that its ore shoots were in its footwall vein barren. ' Some of the gravest disappointments in exinstea,d of in its hanging-wall vein, the South Eureka ploring Mother Lode veins have been due to this
idiosyncrasy.
'
becalne prosperous.~
The ore shoots are generally abrupt bulges in the veins
DISTRI:QUTION OF THE GOLD WITHIN THE SHOOTS,
and are considerably wider than the adjoining lean
or barren portions. This feature is strikingly exemThe gold in some of the shoots is distributed uni~
plified in the Plynlouth, Central Eureka, Kennedy, formly across the width of the vein, but in others, as
and Argonaut mines. The filling of the veins in the , proved by sectional assays, it is distributed unequally:
shoots ('onsists largely or wholly of quartz, which is In .~9,me the footwall portion is the most valuable, and
either massive or ribboned. The ribboning, as already in o:thers the hanging-wall portion. At the Oneida"
explained, is due to the intercalation of slabs and fila- for exampie, the quartz ,within 6 or 8 feet of the hanging
ments hf slate parallel to the walls of the vein between wall yielded from $30 to $40 a ton, but the whole vein,.
layers of quartz. Some writers distinguish between which was 10 to 40 feet wide, averaged $17.50 a ton. 53
banded structure and true ribbon structure, but no
Detailed data showing the distribution of the gold
such technical distinction is maintained here., As in parts of the Empire vein are available; th~y con;:the ribbons of slate become nwre numerous, thicker, stitute the only information of this kind from the
and 11101'0 'persistent the solid quartz vein grades into ~tfother Lode known to me. Some of these data are
a stringer lode. Although ribbon quartz is regarded . reproduced in Plate 6, which not only gives the 'precise',
favorably as an indication of ore, many veins are rib- distribution of the gold but also shows the structural'
boned beyond the limits of the shoots. This fact was features of the vein. It appears from the diagram, as'
noted at the Plynlouth mine, where the superinten- well as in others not reproduced here, that the gold
dent, on contemplating a face of low-grade "ribbon in, the Empire vein as a rule is distributed nonunirock," rmnarked, "It looks as if it ought to be ore, formly across the thickness of the vein, but althpugh
but it isn't." At the Central Eureka I have seen a it tends to be'more abundant along the footwall, yet'
face of finely ribboned quartz 40 feet' wide, but, it' in places the middle of the vein or the portion against
carried no gold, and even sectional assays showed no the hanging wall contains as much or more gold than
ore; and at the Princeton mine, near the south end of that near the footwall. If, as' must be admitted, the
the Mother Lode belt, the vein is ribboned for hun- gold is not systematically distributed with reference'
dreds of feet beyond the limits of the shoot. It must to the vein walls, nevertheless other systematic relatherefore be concluded that ribboning and gold con- tions appear unmistakably .. Unless there is a subtent are independent features and that where they stanti(!.l body of quartz there is no ore; and where
occur together it is merely by coincid.enee.
the vein becomes a stringer' lode it becomes barren
Many of the quartz masses that constitute the ore
($0.20-$1.60 a ton). Only in places ~djacent to a
shoots fray out into stringer lodes and then become
63 Browne, J. R., Mineral resources of the States and Territories west of the
unproductive. This habit was seen in the Plymouth, Rocky Mountains for 1867, p. 74, 1868.
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quartz shoot does a stringer ·zone constitute ore. A
few assays of the gouge, listed in Plate 6, show a
gold tenor ranging from $2.80 to $5.80 a ton, but in
other parts of the mine the gouge carries as little
as $0.40; where it grades into sugar quartz it may
carry $7 a ton or ~ore, its tenor evidently depending
on how mlJ.ch quartz it has robbed from the ore shoots.
That in a ribboned quartz vein some one or more of
the ribbons are not uncommonly far more productive
than all the others was 'long ago noticed by Phillips.54
But a systematic study of this relation. appears never
to have been made. In places it can be seen that some
one ribbon carries .most of the sulphides in the vein,
and as ~ulphides generally indicate good ore it is
likely that such ribbons carry most of the gold.
Sulphides are commonly contained in the slate
filaments between the quartz bands 6r in the inclusions
of slate or greenstone in the quartz. The visible free

in the ore shoot is shown by means of a graph obtained
by plotting the product of the assay value of the ore
and the width of the vein in inches.
The south shoot of the Plymouth mine, so called
because.it was south of the Empire shoot, was 65 feet
long on the 1,500-foot level, carried from $4.50 to $18
a ton, and averaged 8 feet in thickness. The adjoining
unprofitable extension of the vein averaged but 4.4
feet in thickness for 100 feet north and 5.3 feet for 100
feet south of the ore shoot. On the level above, the
1,400-foot, the south shoot was considerably longer,
attaining a length of 250 feet, and its average thickness
here also was considerably more than that of the bar- .
ren portion of the vein north of it.
The rule at the Plymouth mine, as shown by adequate quantitative evidence, is, therefore, that the
ore shoots are considerably wider than the rest of the
vein and contain more gold to the ton. Further, more, the shoots consist more
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·FIGURE 5.-Thlckness and assay value of ore shoot on the 2,15O-foot level, Plymouth mine
of veins. Probably the most
gold may occur either in the slate filaments, or inter~ striking example was the old Empire shoot, although
grown with the sulphides, or inclosed in quartz. It the information about this shoot, like that about
was in the main deposited contemporaneously with the most Mother Lode shoots, is none too full. This
quartz and sulphides with which it is associated. Some shoot was in the Empire vein at its junction with
of it has been sheared, either by movement along the the Pacific vein; it pitched south at an angle of
fissure during one of the stages in the growth of the 45° down to the 1,500-foot level as measured in
vein, or by postmineral movement after the vein had the plane of the, Empire vein, having thus a pitch
length of 2,000 feet. Now, the Empire vein strikes
been completely formed.
The horizontal distribution of the gold in the Empire 'N.· 10° E. and dips 70° E., whereas the Pacific
shoot. on the 2,150-foot level is shown in Figure 5. strikes N. 5° W. and dips 85° E., a divergence of 15°
The shoot on that level was 145 feet long, and its gold in both strike and dip. This divergence persists in
content ranged from $5 to $37 a ton. Its thickness depth, although both veins become somewhat less
averaged 9.5 feet, whereas the thickness in the next steep. The inclination of the line of junction of the
175 feet along the vein north of the shoot averaged 5.4 two veins, computed from the given data, is roughly
feet and the gold content had sunk to $1 or $2 a ton. 45° S., an agreement with the pitch of the ore shoot so
In Figure 6 the remarkable concentration of the gold remarkable that it can not be a mere coincidence but
must be of genetic significance. Below th!3 1,500-foot
&4 Phillips, J. A., ,Notes on the chemical geology of the gold fields of California:
level
the Empire shoot lost the regularity that it had
Philos. Mag., 4th ser.• vol. 36, p. 324. 1868.
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above that level (see fig. 8), and this behavior appears of ~old and silver. The former of these is always and the latter
in part explainable by the fact that the Pacific vein frequently an accidental constituent in the vein material. Onethousandth of 1 per cent of gold would correspond with $5 gold
below the 1,50o.-foot level fails to join the Empire.
per ton of ore-scarcely a paying quantity; two-thousandths of
At 111any other nlines ore shoots occur at junctions 1 per cent would be $10 per ton-enough under favorable cirof veins, that is, where veins split into branches. Of cumstances to pay good profits. * * * It is manifest that
course it is not always possible to ascertain whether changes so small as these can not have the importance naturally
we are dealing with an intersection or with a junction. which we assign to. them commercially, and that we are not
likely, for instance., to find out b)' what law the proportion of
The Kennedy vein (see p. 64) affords a notable gold varies from one to two thousandths per cent, crossing the
example of an ore shoot at the branching of a vein, ore arbitrary line of profit, which we, and not nature, h~ve drawn.
occurring both in the main vein and continuing in the
Nevertheless, the problem of the ore shoots presses
two branches into which it splits.
continuously and insistently on the attention of those
The favorable influence of intersections and junctions guiding the exploration for ore in Mother Lode mines.
is well known along the Mother Lode belt. Although The 'earliest generalization that has stood the test of
intersections are likely places to explore for new shoots, time is t.hat points of junction and intersections of
it is true, on the other hand, that at some }unctions . veins are favorable to the occurrence of ore. This rule
large bodies of barren quartz have been found.
. was announced by Hittell 56 as early as 1863, but
Shoots of gray ore occur in the wedge ends of green- remarkably enough later writers have not pointed out
stone masses that lie between converging fissure veins. its importance. O. H. Hershey, however, has in private
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FIGURE 6.-Concentration oC gold in the ore shoot on the 2,ll1o-Coot level, Plymouth mine
Lode helt it became apparent
that only parts of the veins carry enough gold to be reports to the Plymouth Consolidated Gold Mining
profitably workable-that the ore occurs in "pay Co. insisted on the value of this .rule.
Fairbanks, 57 who in 1890 made the first comprechiInneys" or shoots. The first writers on the geology
of the lode considered this linlitation of the gold to defi- hensive albeit hurried study of the Mother Lode belt,
nite ore shoots an intrinsic and universal feature of did not specifically discuss the origin of the ore shoots.
gold veins. Consequently, they regarded the occurrence No relation between the character of the walls and
of relatively barren spaces in veins as inevitable and the poverty or richness of the quartz could be deterthe discovery of a rational explanation of the ore shoots mined. The conditions influencing the occurrence of
as most unlikely. R~ymond 55 puts the matter thus the gold" are certainly complex," he said, "differing
trenehantly:
greatly in different locations; the same character of ore
Nature has not regulated her operations by commercial is rich in one spot and poor in another, without any
apparent reason for it."
rules. To her the distinction between valuable and useless
minerals, rich and poor ore, is unknown. * lie * Of those fisRansome,58 in the Mother Lode folio, also does not
·sures which are filled with metalliferous material, some are rich
specifically discuss the origin of the ore shoots. He
enough to pay for working, and some are not. The same vein
is in one spot rich and in another poor. These variations it is
impossible to reduce to any general law, especially in the case
16

Raymond, B. W., Statistics of mines and mining in the States and Territories

w cst of the Rocky Mountains Cor 1869, p. 456, 1870.

Hittell, J. S., The resources of California, p. 274, 1863.
Fairbanks, H. W., Geology of the Mother Lode region: California State Min.
Bur. Tenth Ann. Rept., pp. 23-90, 1890. A condensed account is given in Am.
GeolOgist, vol. 7, pp. 209-222. 1891.
68 Ransome, F. L., U. S. Geol. Survey Geol. Atlas, Mother Lode District folio
. (No. 63), p. 8. 1900.
66

67
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fouJid, in harmony with Fairbanks's ~onchision, that two zones of gold ore in the Mother Lode, one extending from
with the possible exception of serpentine there is no the surface to a depth of usually 600 or 700 feet, and the other
commencing at about the I,IOO-foot level and extending to a
indication that the petrographic character of the wall depth at present unlimited.
rock "has any direct influence upon the richness or
As a generalization this is far from true, for the
poverty of the vein." The most favorable rocks are
definite
zonal arrangement does not exist, but the
those having cleavage or schistosity. Stringer leads
element
of fact in it is that the ore shoots are dis-,
and impregnated zones of fissile and schistose rocks are
,continuous,
with intervening lean or barren zones, in
more uniformly productive than the large veins of
depth
as
well
as longitudinally.
solid quartz. This last rule requires some modificaIn
1911
Storms
62 recurred to the problem of the
tion, for in Amador County, wpere the veins 6f solid
ore
shoots.
He
sketched
briefly the history of the
quartz break up or fray out, as it were, into stringer
ore
shoots
of
the
chief
mines
along the belt. From that
lodes they become too poor to work. Ransome also
history
he
concluded
that
all
the profitable mines of
found that the ribbon ore "is alm~st invariably of
the
Mother
Lode'
had
zones
of
good
ore and zones that
more than average value," but this generalization is far
were
of
too
low
grade
to
be
profitable,
and that these
from true.
.
zones
were
not
uniformly
distributed.
Further, he
In his bulletin on the Mother Lode region of Caliconcluded
that
.
fornia Storms 59 conlbats the long-ingrained belief that
the Mariposa slates are essential to the occurrence of When all the available data are collected and careful comparison made, it may be found that there is more regularity in
good ore. He says:
~ Without exception, the large number of accessible mines

prove that the Mariposa clay slates form no really important
feature as related to ore deposition, while thus far in Amador
County, south of Plymouth, all development confined to the
typical clay slates of the Mariposa beds has proven the fissures
in that formation valueless, and these developments reach
many thousands of feet of shafts and drifts.

The most productive ore bodies of Amador County,
according to StorIns, are invariably associated wi~h .a'
peculiar slaty rock derived from the metamorphisnl of
an augitic tuff. Even though this generaliz'ation has
been carefully limited to Amador County, it is still too
sweeping, for the bonanza ore bodies of the Plymouth
and Keystone and of the deep levels of the Central
Eureka have been wholly incased in Mariposa' black
slates.
In 1904 yy. A. Prichard,60 who had been superin. tendent of the Keystone mine, ,emphatically asserted
the favorable influence of the Mariposa black slates
on the amount of gold in the veins. Lodes that cut
across interbedded slate and greenstone are said to
vary remarkably in tenor, in correspondence with the
amount of carbon in the slates. In addition to the
factor of carbon content, structure determines the
richness of the veins. "The most valuable veins of
the Mother Lode," Prichard stated, "are those occupying fissures whose course is zigzag or winding."
The belief that ore shoots occur in definite zones in
depth, which is more or less current along the Mother
Lode belt, apparently was first publicly expressed in
1894. According to Emmens, 61
It is now recognized by every mining or geological expert
who has examined e'_d mines of Amador County that there are

the occurrence of ore shoots on the Mother Lode than a casual
glance may indicate. To me it seems that proper geological
conditions are of greater importance than all other considerations, and that where these are present there is every reason to
anticipate the recurrence of rich ore in the fissures to a depth
as great as lies within human skill and mechanical skill to reach.

But what the" proper geological conditions" are is
not disclosed.
. M~claren 63 has strongly maintained th~t the carbonac.eous Mariposa slates are essential to the persistence of ore in depth.' This factor is thought to
account for the greater depth to which ore extends in
Amador County than it apparently does at Angels
Camp, where the veins are inclosed in amphibolite
schist. But no proof is supplied for this proposition.
According to Maclaren,
Many mines have certainly "bottomed" the ore in given
fissures at depths less than 2,000 feet, but it often happens
that two or more parallel lodes occur within the Mariposa slates
and that when one becomes barren, a hanging-wall or footwall
lode may carry ore to much greater depths. In few auriferous
regions is crosscutting from wall to wall of the lode channel
more necessary; in few has less been done than along the
Mother Lode.'

In conclusion, it appears that the views on the ore
shoots are highly conflicting. Generally the specific
examples on which the rules have been formulated
are not given, so that it is impossible to review the
evidence and to weigh the validity of the conclu'sions
reached. Is a given generalization based on one or on
more than one occurrence? Is it the only possible
interpretation of the evidence? Take the oft-asserted
efficacy of the carbon in the black slates in producing
high-grade ore: Has the carbon (carbonaceous matter,
methane, or similar constituent) actually caused th~

~g

Storms, W. H., California State Min, Bur. Bull. 18, pp. 15-19, 1900.
Prichard, W. A., Observations on Mother Lode gold deposits, California: Am.
Inst. Min. Eng. Trans., vol. 34, pp. 454--466, 1904.
81 Emmens, S. H., The Mayflower mine, California: Eng. and Min. Jour., vol.
57, pp. 173-174, 1894.
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62 Storms, W. H., Possibilities of the Mother Lode in depth: Min. and ScI. Press,
vol. 103, pp. 646-848, 1911.
.
63 Maclaren, Malcolm, The persistence of ore in depth: qong. g6ol.internat., 12 c
sess., Compt. rend., pp. 300-301, 1914.
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more abundant precipitation of gold, or was the more it is clear that they are not essential to the occ~rrence
abundant deposition due to the solutions entering an of ore bodies, for extremely productive veins have
abruptly wider part of the fissure, which slowed down ?een wo~ke~ in amphibolite schist at Angels Camp,
their progress and thus facilitated the deposition of ill amphIbolIte and chlorite schists at Carson Hill
the gold? .
and even. in ankeritized serpentine at the Rawhid~
mine.
Evidently tp.e composition of the wall ro~k
The strongest impression that the review of the
was
not
the controlling factor in determining the
earlier literature leaves is the almost complete lack of
occurrence
of ore in the Mother Lode belt.
precise quantitative data on the distribution of the
The.
inclusions
of w~ll rock in the quartz veins,
gold, such as is given by assay charts, and the absence
whether
they
are
slate, graywacke, or greenstone,.
of attempts to correlate the localization of the gold
commonly
carry
far
more sulphides than the inclosing
by means of detailed data with the structural features
Thus
it
is
plain that the country rock has
quartz.
of the veins and with the rocks that inclose them.
a
precipitating
effect on the ore-forming
exerted
Influence of wall rocks.-That the black Mariposa
it
would
seem logical to expect
solutions.
Therefore
slates have exerted a favorable influence on deposition
that
where
the
ore-forming
solutions came most
is supported though not proved by some facts. Of
intimately
into
contact
with
the
wall rocks, as in
the $17,000,000 produced by the famous ICeystone
the
narrower
parts
of
the
veins
and
especially in the
mine, the bulk was yielded by the veins that were
stringer
lodes,
they
would
be
richest
in sulphides
inclosed in slate, whereas the upper part of the "conBut
this
expectation
is
the
reverse of
and
in
gold.
o
tact" vein worked in recent years, which has a hano-in
b
b' I
state
of
affairs:
the
ore
shoot
is
wider
than
the
real
wall of greenstone, is of low grade, and the part that .
the
rem~inder of the vein, it consists predominantly
lies wholly in the greenstone is poorer still. In the
Central Eureka nline the vein that contained the of quartz, and where it breaks up into a stringer
bonanza-ore shoot, extending from the 1,100-foot to lode it becomes barren. Hence again the conclusion
the 1,900-foot level, becalne barren after it had entered is enforced that the chemical nature of the wall rock
the greenstone below the 3;000-foot level. The new can not have been the factor determining the gold
high-grade shoot in that lnine, whose top is ~t the tenor in the veins of the Mother Lode belt.
Proposed hypothesis.-Intersections or junctions of
3,300-foot level, is inclosed in slate, whereas th~ adveins
are clearly one of the factors that favored the
jacent contact vein, having a hanging wall of greenforming
of ore shoots. Such intersections occur'
stone and a footwall of slate, is barren.
where veins fill auxiliary fractures in the zone of fracIn the South Eureka, a vein in passing from greenturing that accompanies the main fault. Some veins
stone into slate abruptly increased in gold content
branch where they pass from rock of one kind to rock
fronl $4.60 to $10 a ton. The upper portion of the
of another, but the cause of branching is as a 'rule
Argonaut-ICennedy vein, extending from the outcrop
no.t explicable and hence the place, of branching' .can
to a depth of several hundred feet, was of too low
not be foretold in advance of exploration. Why
grade to work, but the vein improved in depth on
vein junctions should have favorably influenced the
entering the slate. As this vein cuts through alterformation of ore shoots in the quartz veins is not clear
nating belts of slate and greenstone, it is possible that
from any facts' yet known concerning the Mother
there is a partial correlation between the alternation
Lode. The origin of the gray-ore shoots, however,
of rich and poor zones encountered in depth and the
appears to be rationally explicable by the fact that the
alternation of slate and greenstone. But precise data
mass of greenstone occupying the wedge end between
to test this supposition are not available to me.
two fissures that intersect at an acute angle was
The foregoing sumnlary appears to comprise all t~oroughly shattered, and the ingress of the goldthe positive evidence that can be adduced from the ,depositing solutions was thereby facilitated.
veins themselves that the slates have exerted a favor. The ore shoots are most probably accounted for
able influence. Probably the safest conclusion that on the hypothesis that they occupy the main channels
can be drawn from the evidence is that the greenstone along which the ore-forming solutions flowed to the
where it forms both walls of a given vein has exerted earth's surface. The ascending currents would tend
a somewhat unfa"(forable influence on the igoldcontent. to be localized in these channels for the following
On the other hand, as if partly to offset' this' 'unfavor- reasons: Thermal waters issue at the earth's surface
able verdict against the greenstone, is the fact that not along the full length of a fissure but only at
in places the greenstone has been transformed by the definite orifices. Phillips 64 pointed out that this is
action of the gold-carrying solutions into large valuable the fact at Steamboat Springs, Nev" and it is charbodies of the so-called gray ore.
84 Phillips, J. A., Notes on the chemical geology of the gold fields of California:
Even if it is granted' that the slates have exerted a Pbilos.
IVlag., 4th ser., vol. 36, pp. 426-427,1868. See also Becker, G. F., Quicksilver
beneficial influence on the tenor of the veins in them , deposits of the Pacific slope: U. S. Geol. Survey Mon. 13, pp. 338-339, 1888.
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acteristic of fissures at Karlsbad, Bohemia, and at
many other 'places. Such localized efflu)\ of the oreforming solutions would necessarily determine directions of maximum flow in these solutions as they rose
toward the surface, and the channels followed by the
maximum flows would determine the position of· the
ore shoots in veins of hydrothermal origin', as indicated
apparently first by DeLaunay.65 The same idea was
advocated 'by Grout,66 and recently it has been carefully developed, by Quiring. 67
The other factor determining the directions of
active ascent of the ore-forming solutions would be
the structural features of the fissure-the size and
continuity of the open spaces. Owing to the fact that
the total displacement along the fissure was the cumulative result of successive intermittent movements, it
is probable ,that the size and continuity of the cavities
varied from time to time.
Only in the continuous passageways connecting the
point of entrance of the solutions into a fissure with
the points of discharge at the surface would there be
upward-moving currents; elsewhere in the fissure the
solutions would be nearly or quite stagnant. Past
any given point 'in the trunk channels there would be
a continuous flow of gold-bearing solutions that were
saturated with gold brought up from great depth;
consequently there could be a continuous deposition
of gold. In the stagnant solutions filling the parts of
the fissure distant from the trunk channels the gold
necessary to maintain a concentration sufficient to
cause precipitation could be supplied only by diffusion,
an extraordinarily slow process compared with transportation by a moving solution. Inasmuch as the silica
for the quartz in the veins appears to have been supplied largely by the wall rocks, the stagnant solutions
became more easily supersaturated with quartz than
the solutions in the principal conduits. Consequently
the parts of the fissure distant from the main channels
became filled with quartz that carries less gold' than
that deposited in the main channels.
That the ore shoots are as a rule thicker than the
unproductive parts of the vein has been pointed out.
Although the abrupt bulging of an ore shoot is the
cumulative result of the mode of growth by successive
reopenings of the fissure, it is probable that at any
stage of its growth the ore shoot was thicker than the
adjacent parts of the vejn. In the wider parts of the
fissure the rate of precipitation of gold might conceivably be increased, because there the movement of the
:solutien. would. be slackened. Perhaps ·llie 'cause 'may
be sufficient to account for the few additional thousandths of 1 per cent of gold that occur in the ore shoot.
The absolute jncrease in the quantity of gold in the
86 DeLaunay, L., Trait6 de m~tallog~nie, vol. 1, p. 130, 1913.
ee Grout, F. F., The localization of ,values or occurrence of shoots in metalliferous
'
deposits: Econ. Geology, vol. 11, pp. 395-397, 1916.
., Quiring, H., Thermenaufstieg und Gangeinschieben: Zeitschr. prakt. Geologie,
J'abrg. 32, pp. 161-171, 1924.

ore shoot is indeed sIn all , but the relative increase is
large-five, ten, or even twenty fold. The essence
of the problem of the ore shoot can be put in the query,
What factor or factors increase the rate of precipitation of the gold relatively to that of the quartz? The
answer is by no means clear. It is not obvious in
what way the diminution in the speed of flow of the
ore-depositing solution increases the precipitation of
gold relatively to that of the quartz. The hypothesis
here proposed is based on the premise that the quartz
in the vein filling is supplied from the wall rocks as a
result of the decomposition of the silicates by carbon
dioxide, by "lateral secretion," and the gold is derived
from a deep-seated, probably magmatic source. The
quartz is therefore delivered to the growing vein essentially by diffusion through the stagnant body of solution permeating the wall ~ocks; hence the rate at
which it is delivered is governed by the laws of diffusion-namely, that the quantity delivered is proportional to the difference in concentration and that it
increases with the temperature. Both of these factors
are independent of the width of the vein. On the other
hand the gold, brought to the place of deposition by
the ascending thermal solution, is responsive t.o the
changes affecting that solution, and its rate of precipItation will consequently be influenced by changes in the
width of the fissure. In the slower moving current
thete will be more time for the gold to settle out.
Thus because of the unchanged rate of deposition of
the quartz and the increased rate of deposition of the
gold the wider portions of the veins will become enriched in gold.
Furthermore, there is a suggestion that the accelerated rate of gold deposition in the ore shoot may lead
to an impoverishment or undersaturation of the rising
solutions in gold where the vein channel contracts,
and they must flow upward some distance until loss
of temperature and reduction of hydrostatic head
cause renewed deposition. Possibly the alternation
of lean or barren zones, where not due to the pinching
of the vein to a gouge fissure, is thus to be explained.
The hypothesis that the ore shoots were formed in
the trunk channels of circulation, the gold having come
from a deep-seated source and the gangue mainly from
the adj acent wall rocks by lateral secretion, will' also
account satisfactorily for the fact that in some ore
shoots the gold is very unequally distributed. As the
veins were formed by the filling of cavities intermit.tently ~enlarged,it is quite :probable that the lean
sections were filled while the developing ore shoot
was temporarily not in the main pathway of the
ascending solutions. If the switching of the oreforming solutions from one pathway to another were
frequently repeated during the growth of, the vein,
the resulting distribution of the gold would be highly
erratic and would defy rational explanation.
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that lay between two converging fissures. The large
bodies
of gray ore in the Bunker Hill mine occurred
MINERALIZED GREENSTONE (tc GRAY ORE")
in a similar position.
Nature and occurrence.-Gray ore is the name given
The size of the gray-ore bodies is not proportional to
to ankeritized greenstone that carries sufficient gold the thickness of the quartz veins with which they are
to be worked .at a profit. The term is not mentioned associated. The large shoot of gray ore' in the Fremont
in the Mother Lode folio, as ore of this kind does not mine adjoined a thin quartz vein, and the gray ore in
appear to have been worked when that folio was the Keystone mine did not adjoin the quartz vein
written; it is apparently first mentioned by Prichard. 68 where the vein was 54 feet thick but where it was much
In recent years gray ore has been the mainstay at the thinner.
Frelllont, Bunker Hill, Treasure, and Keystone mines
A notable feature of some of the gray-ore bodies,
and to a less extent at the Original Amador mine. doubtless of genetic significance, is that although the
Sinillar nlaterial, called gray ore but carrying insuffici- quartz in the adjacent vein is barren of sulphides the
ent gold to be workable, occurs at the Argonaut. gray ore nevertheless carries abundant pyrite and
Imll1ense quantities of gray ore have been extracted arsenopyrite.
fronl the Royal nrine, at Hodson, Calaveras County,
The gold content of the gray-ore bodies is reported
111any llliles west of the Mother Lode belt.
to be spotty but is said to range as high as $20 a ton.
The gray ore, as'its name implies, has a gray color. Large bodies averaging $8 or more have been mined.
It is cOlnposed largely of fine-grained ankerite, with The value of the ore can not be estimated on inspection,
nlore or less sericite, albite, and quartz and 3 to 4 per and remarkably enough no one at the mines where it
cent of pyrite and arsenopyrite. It is comll1only is being extracted claims that he can do so.
traversed by veinlets of:quartz containing ankerite and
Origin.-The gray ore has resulted from the replacealbite. In composition the gray ore is like the ore ment of greenstone, especially of the varieties rich in
forlnerly worked at· Angels Camp, which was formed augite. Slaty varieties, containing an admixture of
froll1 tho altel'ation of' all1phibolite schist, but it is black slate substance, were distinctly unfavorable to
unlike that ore in appearance. The difference is replacement. The gray ore from the several mines as
due to the fact that the gray.ore was formed by the seen in the many thin sections examined is essentially
hydrothel'lnru alteration of pyroclastic breccias and solid ankerite rock. The ankerite that has replaced the
tuffs of augitic greenstone. The fragll1ental structure augite crystals or grains is of a deeper color than that
of tho brcccins and tuffs has not been obliterated by which has replaced the matrix in which they were
the transformation to ore; in places it has even been embedded; as a consequence the original texture of the
strikingly Olnphu,sized. Even the microscopic details greenstone as a rule is still plainly apparent.
hu.vo been preserved, such as the zonal structure in
Drastic chemical changes resulted from the replacethe augite crystals, although these crystals have been ment. Sulphur and arsenic were added, forming pyrite
co.lllpletely altered to ankerite. The gray ore ranges and arsenopyrite. Carbon dioxide was added in large
frOlll nlassive to schistose, depending on the structure quantity, and it completely displaced the siiica in the
that it has inherited froll1 the greenstone.
augite and other silicates. As the greenstone originally
The gray ore occurs in shoots that lie adjacent to contained 50 per cent of silica, it is manifest that enorquartz fissure veins, in the footwall or hanging wall of . mous quantities of silica were carried away from the wall
the veins, though not necessarily in contact with them. rocks. The amount is amply sufficient to account for
For those of the gray-ore bodies that have a quartz all the quartz in the veins.
Rarely the replacing' solutions carried off more
vein as one wall, the other boundary is generally
defined only by assays that show where the gold tenor material than they deposited and thereby produced a
decreases below o.re grade. Outward from the gray- somewhat vuggy rock. Gray ore of this kind was
ore body the rock beco1.1,les greener on account of the locally fornled in the Keystone mine, containing vugs
less thorough replacement of the greenstone by anker- half an inch in diameter that are lined with small flat
ite. Although in general the boundaries of the gl~ay crystals of ankerite.
The gold that has been added to the R.nkeritized
ore bodies are "assay walls," yet where slaty beds
occur interbedded in the greenstone they constitute greenstone has traveled a long distance from the quartz
sharply defined walls.
veins, which represent the filled conduits up which it
Many of the shoots are large; in addition to this was brought. This is contrary to its usual habit, which
desirable feature the ground stands well and requires is to stay within the vein wans. In places, as previlittle timbering. The largest gray-ore body at the ously mentioned, the conditions that prevailed within
Frel110nt mine was 300 feet long, 16 to 70 feet wide a vein did not allow the gold and the sulphides to be
(averaging 40 feet), and several hundred feet' on the precipitated, but the conditions in the adjacent greendip. It formed the wedge end of a mass ~f greenstone stone did permit their precipitation. These relations
suggest that high temperature was the determining
08 Prichard, W. A., Observations on Mother Lode gold deposits: Am. lnst. Min.
condItion. and that this high temperature supplied the
Eng. Trans., vol. 34, p. 405, 1904.
I
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nec~ssary

driving force to cause the gold to diffuse
thro:ugh the' solutions ~hat p~rmeated the wall rock of
the vein.
MINERALIZED SCHISTS

Mineralized. schists, originally amphibolite and
chlorite schists, have been mined at certain localities,
notably at' Angels .Camp and Carson Hill. They are
gener3Jly of low grade, carrying from $2 to $3 a ton.
Although formerly worked extensively, as at the
Melones mine, on Carson Hill, they can not now be
worked at a profit. Even before the severe decHne
in the purchasing power of gold most of them barely
yielded a profit.
'
.
The immense body of nUneralized schist in Eldorado
County known as the Georgia Slide, long regarded as
marlcing the north end of the Mother Lode, was deeply
rotted and was worked on a large scale by hydraulicking.
The pyrite-bearing sericitic-schist ore of the Gold
Cliff mine, at Angels Camp, can be taken as representing much of the ore formerly mined in that district.
The ore . bodies consist of highly altered schists through
which ramify quartz and ankerite veinlets that run
generally transverse to the foliation. The schists
carry several per cent of pyrite d.isseminated in sharp
cubes, which range from microscopic dimensions to
half an inch on an edge. The mineralization of the
schists extends at least 100 feet from the footwall of
the fissure from which it spreads out. The stringers
rarely exceed a few inches in thickness; the thicker
ones consist chiefly of coarse white quartz with miI}or
ankerite, and those less than half an inch thick are
likely to consist wholly of ankerite. The whole face of
mineralized schist exposed in the immense pit at the'
.Gold Cliff mine .is reported to average 80 cents a ton
over a width of 100 feet.
The mineralized schists are of various kinds, owing
in part to initial differences of compostion and in part
to differences in the degree of al.teration produced by
the mineralizing solutions. Under the microscope the
mineralized schists are seen to consist predominantly
of ankerite, with subordinate pyrite, sericite, quartz,
and albite and accessory rutile. Free gold inclosed in
pyrite was detected in one thin section. In the transformation to ore the schist has been thoroughly altered
by the newly formed ankerite and sericite. Its schistose
structure has remained intact, however, and, although
obviously it has been derived from a member of the amphibolite schist, proof can not be brought to show
whether it was originally a chloritic or an amphibolitic
schist.
Although the schist ore bodies in general are low in
gold, there are nevertheless some marked exceptions.
The most conspicuous exception was the hanging-wall
ore body of the Melones mine, which yielded large
quantities of high-grade ore. This ore body formed a
lens of auriferous pyritic schist lying against the hang-

ing wall of a thick quartz vein that carries only a dollar
in gold to the ton. This schist is netted with veinlets
of quartz or ankerite or both and is highly ankeritic
and somewhat sericitic, though the sericite is more
prominent .to the eye than its real abundance warrants.
The original mineral composition of the schist has been
completely transformed by mineralizing solutions. It
is clear that schist of more than one kind was thus
transformed, for the ends of the ore lens are blunt and
break across rocks of several different kinds. The
deposition of the high-grade ore can not be ascribed to
the favorable influence of a particular kind of schist.
In the footwall of the same great quartz vein are
immense bodies of low-grade pyritic schist that is
netted with quartz veinlets. This schist was ore and
was mined for many years, alhough it averaged less
than $2 a ton. In appearance this low-grade material
differs in no way from the high-grade ore that occurs
in the hanging wall of the quartz vein. Like the highgrade 'ore it is a pyritized, ankeritized, and sericitized
schist. It is true that the hanging-wall ore, besides
its much higher gold content, carries in places a notable
amount of molybdenite, a mineral that does not occur
in the footwall ore; but this molybdenite content
can hardly be significant. At Carson Hill we have the
remarkable fact that there are associated with one and
the same barren quartz vein footwall ore bodies of
low-grade mineralized schist and a hanging-wall ore
body of high-grade mineralized schist that is one of
the richest ore bodies ever mined on the Mother
Lode belt.
.
Microscopic examination of high-grade ore, carrying
$50.20 a ton, from the 4,125-foot level of the Melones
mine showed it to contain 90 to 95 per cent of ankerite
(w= 1.70), the remainder being pyrite, sericite, quartz,
albite, and rutile. The pyritic schist mined from the
footwall ore bodies is similar in composition, as its
megascopic appearance suggests, except th~t it contains
less ankerite and more sericite. Some of this ore was
derived from the alteration of a clinochlore schist,
. and the original green color of the schist diminishes
and disappears as the Bull vein is approached, owing
to the increasing amounts of sericite and ankerite
formed at the expense of the clinochlore.
MINERALOGY

In 'the following paragraphs are described the modes
of occurrence of the more important minerals, chiefly
those minerals that are associated with the ore bodies,
and some of their more noteworthy features are given.
For further details on the mineralogy of the district
the valuable work on minerals of California by A. S.
Eakle 69 may be consulted. The minerals are described
in alphabetic order.
Aegirine-augite.-Aegirine-augite is a microscopic
constituent of the albitite and albitite porpnyry
eg

California State Min. Bur. Bull. 91, 328 pp., 1923.

MINERALOGY

described on pages 21-22. It is identified by its negative elongation, deep-green pleochroism, and rectangular
cleavage. Its extinction a/\c is 16°, !Lnd its maximum
refractive index is approxilnately 1.76. Its comp'osition, ,as roughly deducible fronl the chemical analysis
of the rock in which it occurs, includes 25 per cent by
weight of the diopside nlolecule, but its optical properties indicate an even higher content of the diopside
molecule, probably nearly 40 per cent, as determinable
fronl the cOlnposition diagram given by Winchell 70
for the alkali pyroxenes. Much of the aegirine-augite
has been altered to radiating groups of ~cicular
riebeckite, which do not exceed 2 millimeters ,in
dianleter.
Albite.-The feldspar albite is a common constituent
in the ores and altered wall rocks. It is rare in the
thicker quartz veins, but at many places it is abundant
in the veinlets t~at traverse the adjacent wall rocks.
Albite-bearing quartz veinlets may contain free gold,
as at the Georgia Slide mine. Albite may be so
abundant as to fornl veinlets consisting wholly of a
drusy aggregate of imperfect crystals. Veinlets of
this kind occur in the black slates at the Sherman mine,
near Placerville. Microscopically the albite shows
multiple twinning, and its optical properties, including
symmetrical extinction of 18°, prove it to be a n~arly
pure sodium feldspar.
Practically any thin section of altered wall rock will
show sonle albite. It occurs in hydrothermally altered
rocks of the most diverse kinds-greenstone, anlphibolite, slate, and even quartzite. Albitization has
been so thorough in places as to produce fine-grained
white rocks that might well be called albite jasperoids.
Such extrmne albitization has locally affected greenstone, amphibolite schist, and chlorite schist.
Albite is extraordinarily abundant in the augite
nlelaphyre lavas, tuffs, and breccias and in the keratophyres. How much of this albite is pyrogenetic and
how nHlCh of it is derived from more calcic plagioclase
as a result either of pneumatolysis accompanying the
eruption of those rocks or of later albitization has not
been satisfactorily determined.
Allanite.-Allanite is a notable accessory constituent
in a hydrothernlally altered rock that occurs in the
east crosscut of the 300-foot level of the Ford mine, iI;l
Calaveras County. It,is in microscopic brown crystals
which have been broken and moved by subsequent
deformation. It has produced pleochroic haloes in the
chlorite that it touches.
Allanite appears also as an accessory mineral in the
biotite granite that occurs in the metadiorite mass east
of San Andreas. It is not improbable that the allanitebearing rock in the Ford mine is an offshoot from this
mass or is a related dike.
Ankerite.-Under ankerite are included those dolomites containing more or less iron carbonate in solid
fO Wi,nchell, A. N., Studies in the pyroxene group: Am. Jour. ScI., 5th ser., vol.
, 6, p. 519, 1923.
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solution as' CaFe(C03 )2. 71 Such iron-bearing dolomites are often referred to as ferriferous dolomites or
ferrodolomites, but the name ankerite is preferred
here, for it was applied as early as 1867 by Silliman
to the iron-bearing dolomite that is common in certain
ores .of the Mother Lode belt, and it is well known
.
along the gold belt.
Ankerite occurs in enormous abundance. Most impressive are the great masses of ankerite rock that
have resulted from the replacement of serpentine.
Just west of Coulterville, for example, is a belt of
ankerite rock 300 to 500 feet wide. Other notable
occurrences are at Carson Hill, the Rawhide mine,
Quartz Mountain south of Jamestown, the Eagle
Shawmut mine, the Mary Harrison mine, and the
Josephine mine. The ankerite in these occurrences is
a coarse white carbonate. Replacement of the serpentine has commonly been so thorough that the ankerite
rock resembles a foliated marble, more or less stained
green by mariposite.
On oxidation the ankerite yields a highly limonitic
gossan. As Silliman remarked long ago: '~Before
decomposition this triple carbonate of Inne, magnesia',
and iron is brilliantly white, and its real chemical
character would never be suspected."
Less prominently, because of finer grain and because
more admixed and intergrown with other minerals,
ankerite is nevertheless extremely abundant in other
hydrothermally altered wall rocks-amphibolite schist,
augitic greenstones, and even slates, graywackes, and'
quartzites. The metasomatic ankerite in the slates,
graywackes, and quartzites is in idiomorphic rhombs.
Ankerite occurs also to 'a minor extent in the quaI;'tz
tilling of the veins proper. For example, it incrusts
the inclusions of black slate in the quartz ore on the
3,800-foot level of the Plymouth mine. It is commonly
associa'ted with albite, and like albite it is more abundant relatively to quartz in theveinlets that extend
from a large vein into the adjacent country rock.
Under the microscope the ankeri tic nature of the
carbonate so abundantly associated with the Mother
Lode veins is commonly shown by the twinning bands,
which bisect the obtuse cleavage angle. This optical
test distinguishes dolomite and ankerite from calcite
and magnesite. Proof of the ankeritio nature of the
carbonate is gi~n here, for Lindgren 72 denied that
ankerite occurs along the Mother Lode and thought
that the carbonate was a mixture of varying composition, ranging from calcite to magnesite and commonly
containing considerable iron, the magnesite, however,
I. predominating. Chemical tests show abundant i~on,
and the amount of iron present.in the ankerite can
roughly be apprm..i,mated by determining the index
73
W.
For pure dolomite (containing only 0.11 per
Doelter, C" IIandbuch der Mineralchemie, Band 1, p, 371, 1912.
Lindgren, Waldemar, Characteristic features of California gold-quartz veins:
Geol. Soc. America Bull., vol. 6, pp. 234-235, 1895.
78 Ford, W. E., Studies in the calcite group: Connecticut Acad. Arts and Sci.
Trans., vol. 22, pp. 11-248,1917.
71

72
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cent FeCOa) w = 1.680; 74 for the ankerites of the
Mother Lode w generally ranges from 1.705 to 1.76.
Ankerite whose index w= 1.705,' from 11 chloritic
ankerite rock, was carefully analyzed by W. W. Smith,
of Yale University, with the following results:
Analysis of ankerite from the Eagle Shawmut mine
[W. W. Smith, analyst]
Molecular
proportion

Percent~

age

CaO _____________________________ _
MgO. _________ :!._ - - - - - - - - - - - - - - - - - - FeO _______ ___ _________________ !
MnO ____________________________ _
CO ______________________________ _
2
Insoluble
_________________________ _
~

~

32. 13
16.57

3. 85

.43
46.14

.98

0.573} .
6~! 1. 044
.006
1. 048

:

100. 10

Computed in terms of the mineral molecules present,
the analysis shows:
CaMg(COah ___________________________
CaFe (COah ________________ ., _- _________
CaMn(COah _____________·_________ ~____
CaCO a_____ ._________ ': _.... ___ - - - _- _- _- __ -

75.6
11. 7
1. 3
10. 2

98. 8

"

The analysis shows that the ankerite'"'"contains a
large amount of CaCOa in excess of the 1 : 1 ratio for
dolomite. As the analyzed material was homogeneous, this excess CaCOa is present as an isomorphous
constituent, 'as pointed out by Foote and Bradley 75
in their investigation of dolomite and confirmed by
Ford 76 from a study of more than 100 analyses of
dolomites.
Antigorite.-Those serpentines whose crystallinity
is apparent to the unaided eye are found microscopically to be made up chiefly of antigorite. This identi-.>
fication is based on the lamellar habit, fine cleavage,
positive elongation, straight extinction, an'd refractive
indices of the mineral. As determined on antigorite
from the serpentine mass northwest of the Ford mine,
'Y = 1. 573 and a = 1. 562, and the birefringence is
approximately .010.
Arsenopyrite.-Arsenopyrite is fairly common in the
ores of the Mother Lode mines. It does not occur in
all of them, however. At some mines its appearance
in the quartz coincides with extraordinarily high content 'of gold, but in most it is apparently without significance. It is the most abundant sulphide next to
pyrite. It occurs embedded in the quartz of the veins,
where it is either· crystallized or without crystal
boundaries, and invariably as sharp, well~formed,
lozenge-shaped crystals in the country rock near the
veins, whether slate, graywacke, or greenstone. The
Koller, P., Neues Jahrh., Beilage-Band 42, p. 487, 1918.
Foote, H. W., and Bradley, W. M., On solid solution in minerals: V, The
isomorphism between calcite and dolomite: Am. Jour. ScL, 4th ser., vol.'3i, pp.
339-345, 1914.
76 Ford, W. E., op. cit., pp. 229-241.
;4
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crystals cut sharply across the foliation of the rocks and
are cle.arly of metasomatic origin.
It occurs in the gray ore of the Fremont and Bunker
Hill mines. In the Fremont mine, according to the
superintendent, arsenopyrite indicates high gold content, but in the adjoining Gover mine it is worthless.
It occurs in the unique body of highly sulphidic ore
mined in the deeper levels of the Eagle Shawmut mine.
It occurred sparsely in the ore of the Plymouth mine,
as far down at least as the 2,300-foot level, but it is
extremely rare or does not occur in the bottom levels.
Whether this disappearance of arsenopyrite in the
deeper levels is an effect of depth, such as has taken
place in the deeper mines of Cornwall, or is 111erely
fortuitous, the evidence is too scant to decide. It is
probably fortuitous, however, for arsenopyrite, intergrown with coarse gold, pccurs in the much deeper
levels of the Central Eureka mine, 7 ll1iles south of the
Plymouth.
Arsenopyrite was particularly abundant in the ore
worked in the Keystone nrine in 1915. This ore was
partly "gray ore 11 and partly a fault breccia of slate
and greenstone containing 111uch metasomatic arsenopyrite and pyrite. But th.is ore, in spite of its high
content of arsenopyrite, carried only $2.69 in gold to
I the ton.
In the belt of remarkable pocket nrines extending
from a point a few ~iles south of Jackson to Mokelumne River coarse gold is intergrown with 111assive
arsenopyrite. Masses of gold more or less crystalline,
weighing as .much as half an ounce, were seen by the
writer.
A cobalt-bearing variety of arsenopyrite (danaite)
has been found at the Josephine mine; in the oxidized
zone it gave rise to the peach-blossom pink cobalt.
bloom, erythrite. 77
Bastite.-The serpentine near some of the 111ine&
(Rawhide, Clio, and Mary Harrison) contains numerous platy masses of bastite. They are embedded in a
dark aphanitic matrix, and consequently they cause
the serpentine to have an apparent porphyritic texture. fThey have a perfect cleavage, which reflects
light with a brilliant, almost metallic luster. They are
serpentine pseudomorphs after an orthorhombic pyroxep.e. Examined microscopically, cleavage plates of
the bastite were found to show central emergence of
the' negative bisectrix. The angle 2E of bastite from
the Clio mine, Tuolumne County, is roughly 80°.
Oalcite.-The simple carbonate calcite is UnCOml110n
in the ores of the NIother Lode belt.
Ohalcopyrite.-Chalcopyrite is a very minor constituent of the gold ores of the Mother Lode belt. It was
noted to be most abundant in the Melones mine, where
it occurs as coarse blebs intergrown with pyrite, with
galena, and with tetrahedrite.
Ohlorite.-The green micaceous mineral chlorite is
common in some of the ores of the Mother Lode mine.
77

Turner, H. W., U. S. Geol:Survey Seventeenth Ann. Rept., pt. 1, p. 679, 1896.
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Some of it resembles nlariposite, some resembles
serpentine; and unless optical or chemical tests are
lnade lnuch of it is likely to be identified erroneously.
The variety ripidolite was identified as occurring in
the Pacific mine, at Placerville. Clinochlore is abundant at Carson Hill.
Damourite.-See Sericite.
DoZomite.-8ee Ankerite, which is the prevailing
carbonate in the gold ores.
GaZena.-Galena occurs sparingly in the gold-quartz
ores and is generally regarded with high favor, as its
presence indicates increased gold content. This correlation of galena and high gold was noticed early in
the history of mining in the Mother Lode belt, and
that it is a real correlation can be regarded now as well
established. Gold is not uncOlnmonly intergrown with
the galena.
Gold.-Although the ~10ther Lode ores are of very
moderate grade, gold occurs fairly commonly as easily
visible particles and small masses. In the three
deepest mines it is sufficiently abundant to make
prevention of its theft ("high grading") a matter of
practical concern to the managements. The gold may
occur alone embedded in quartz or it may be intergrown with pyrite, arsenopyrite, or galena, or rarely
with tellurides, generally petzite. It is not everywhere
linlited to a quartz matrix but may occur also in
ankerite and in albite veinlets; nor is it wholly restricted
to veins and veinlets but nlay occur also in the rocks
adjacent to theIn. In the rocks it may be intergrown
with sulphides, pyrite nlost commonly, or it nlay
occur free. A notable occurrence of free gold in country
rock has been found at the Clio lnine, in Tuolunlne
County. This gold comes from the 500-foot level,
occurs in thin plates, and as it is in unoxidized rock
is clearly of prinlary origin.
The largest piece of gold ever found in California
canlC from Carson Hill, Calaveras County.78 It was
found in Novenlber, 1854, weighed 195 pounds troy,
or 2,340 troy ounces, and on the assumption that it
was 0.900 fine had a value of $43,534. Several other
nuggets, weighing from 6 to 7 pounds, were found at the
sanle locality. The large nugget is believed to have
been taken out of a quartz vein. According to
Lindgren,79 if it was not directly in a quartz vein,
it "was at any rate immediately below the crop pings
and not in' any well-defined alluvial channel."
Apparently there is but one analysis of Mother Lode
gold on record. 80 This is an analysis by F. Claudet of
quartz gold from the Mariposa estate. There are
available, however, a large number of determinations
of the fineness of gold bullion.. As shown by the data
I

18 Hanks, n. G., California State Mineralogist Second Ann. Rept., p. 148, 1882.
Seo also Blake, W. I'., 'l'he various forms in which gold occurs in nature: Director
U. S. Mint Rept. for 1884, pp. 21-22, 1885; in this article he says that the mass included
also 4 pounds of quartz.
1D Lindgren, Waldemar, The Tertiary gravels of the Sierra Nevada of California;
U. S. Geol. Survey Prof. Paper 73, p. 66, 1911.
80 Quoted by Burkart, Neues Jahrb., Jahrg. 1870, p. 173.

from the Kennedy mine, the fineness of the gold bullion
depends on its ·metallurgical history, the bullion
obtained from the battery amalgam being the purest.
There is some evidence that the gold near the surface
was of higher chemical fineness than that from greater
depth, probably owing to refining of the gold in the
zone of oxidation. s1
On account of the dearth of analyses of gold from the
Mother Lode belt four specimens of gold were selected
for determination of their fineness.. After being thoroughly freed from their associated minerals by Prof.
R. K. Warner, they were carefully analyzed by Prof.
W. E. Milligan, of Yale University.
Fineness of gold of Mother Lode belt
[w. E. Milligan, analyst]

Locality

Specimen

Fineness

Georgia Slide ________ _ Crystal of gold from limonitic 0.912
quartz veinlet.
Central Eureka mine __ Associated with arsenopyrite __ .839
Kennedy mine, 4,350- Associated with pyrite in a
.825
foot level.
quartz gangue.
Melones mine, 1,350- Associated with galena in
.870
foot level.
gangue of quartz and dolomite.
Melones mine _______ _ Associated with petzite in
.899
dolomite gangue.

These results are interesting; they suggest that the
fineness of the gold is influenced by the nature of the
sulphides or tellurides with which it is associated~
The exceptional.purity of the gold froI? the Georgia.
Slide is doubtless due to partial refining in the zone of
oxidation.
Gypsum.-In 1914 I found gypsum in the ore on the
2,100-foot level of the Utica mine at Angels. The
ore, which carries $2 in gold to the ton, consists chiefly
of quartz, with minor dolomite, gypsum, and albite.
The only sulphide present is a little galena. The vein
is inclosed in amphibolite schist, and the vein and
country rock are so impervious that the mine workings
were dusty, although the mine above the 900-foot
level made large quantities of water. The gypsum
occurred in platy aggregates large enough to be recognized underground and was intimately intergrown with
the quartz. This intimate intergrowth, together with
the occurrence of the gypsum so far below the zone of
oxidat.ion and the imperviousness of the vein to de-·
scending Ineteoric water, indicates that the gypsum is.
a primary (hypogene) constituent of the ore. Underthe microscope the gypsum is seen t9 be intergrown
with the quartz in patterns somewhat like micrographic intergrowths, and this feature appears to
corroborate the evidence that it is of primary origin.
Magnetite.-Magnetite is disseminated as abundant
small well-crystallized octahedrons through a talcose
81 Knopf, Adolph, The fineness of gold in the Fairbanks district, Alaska: Econ ..
Geolog;Y, vol. 8. p. 802, 1913.

38

THE MOTHER LODE SYSTEM OF CALIFORNIA

ankeritized serpentine dike encountered in the Melones mine-were carefully examined in oils. Prelilninary
tunnel 3,400 feet f~om its portal. The serpentine had tests had shown that they. all give fine chronlium
been altered to a highly fqliated talc schist, and later beads, thus conforming to the accepted belief, first put
ankerite and magnetite were formed in the schist by forward by Hillebrand, that the green color of the 111arireplacement .. This material is undoubtedly the ore posite is due to the presence of chr01uiu111. Thicker
from the Melones mine described by Lindgren,82 who flakes all show a fine emerald-green color. The nlineral
drew attention to the fact that ft was the first observed has straight extinction and positive elongation, and it
occurrence of magnetite as a product of rock alteration is optically negative and is eithei· practically unia:~{ial
in. a California gold-quartz vein, but he described the or of narrow axial angle. The mariposite fronl the
magnetite as embedded in the "usual sericite felt of Rawhide mine has the widest axial angle, and as
the altered amphibolite.". This occurrence of mag- measured according to the Mallard nlethod 2 E proved
netite in this talc schist is the only one so far found.
to be 36°. The index 'Y of three of the 111ariposites
Margarodite.-See Sericite.
is 1.61, and a, as determined on the nlineral from the
Mariposite.-The beautiful green micaceous mineral Mary Harrison mine, is 1.56. The mariposite fr0111
mariposite is extremely abundant along the southern the 2,170-foot level of the Melones mine, which unlike
part of the Mother ·Lode. It occurs from Carson Hill the others is distinctly pleochroic in thin section, has
south to the end of the lode. Notable localities are notably higher indices: 'Y = 1.63 and a = 1.58.
Carson Hill, the Rawhide mine, Quartz Mountain
Through the courtesy of the United States National
south of Jamestown, the Mary Harrison mine, near 'Museum I was enabled to exanline the nlariposite
Coulterville, and the Josephine mine, on the Mariposa (S. N. 438) collected by Turner and analyzed by
grant, from which, came the original material de- Hillebrand.. It is nearer apple-green than el11eraldscribed by Silliman and the material Jater analyzed green and is associated with a coarse. iron-bearing
by Hillebrand.
doI0111ite, an ankerite whose index is 1.70. As seen in
The mariposite occurs as a minor constituent of the refractive index liquids, it is much more wealdy colored
immense bodies of ankerite (ferrodolomite) rock that than the mariposite from the Mary Harrison, Rawhide,
are common along the southern part of the lode. and Melones mines; it has not the rich emerald-green
Although a minor constituent, it imparts so distinctive that they show in thicker flakes. It is practically
an appearance to the ankerite masses that they are uniaxial and its index 'Y is 1.60. It incloses a few minute
locally spoken of as mariposite roek. This rock has prisms of rutile, which account for the titania found
resulted from the hydrothermal alteration of serpen- by Hillebrand.'
.
tine, and the mariposite is restricted to ankeritized
Mariposite is clearly a mineral of vari~d properties,
rock derived from serpentine. Locally chlorite and a . the range in its most distinctive property, its green
yellowish sericite are erroneously identified as mari- color, being doubtless due to differences in the quanposite. In the Melones mine an emerald-green chlorite tit.y of chromium that it contains. Two analyses
occurring in the molybdenitic ore of the 4,125-foot have been made by Hillebrand on material collected
level exactly resembles mariposite. It could be dis- by Turner 83-one of a green mariposite and the other
eriminated only under the microscope, where it was of a so-called white variety. Both analyses are essenseen to be, unlike mariposite, optically positive and tially identical-;-indeed, withjn the limits of analytical
feebly birefringent. Mariposite can be identified only error-except that the green mariposite contains 0.18
.
by means of chemical and microscopical tests; ordinary per cent of 01'20 3,
Schaller 84. has sought to show the identity of marivisual identification is worthless.
The most conspicuous feature of mariposite is its posite and alurgite, but the argument is not conclusive,
green color. Emerald-green is most common, but 'as alurgite is a purple to cochineal-red mica. The
lighter hues occur, such as apple-green, and Hillebrand mineral mariposite is evidently only of varietal rank;
and Turner speak of a white mariposite, though they it is a green chromiferous sericite. As the present
do not make clear how such a mariposite is distinguish- study indicates, it is not of fixed composition but has
able from sericite.
a considerable range.
Under the microscope the mariposite is seen to occur
Winchell 85 has recently interpreted nlariposite as
in finely scaly masses whose optical properties are like PhesoProso-that is, as a solid solution of 50 per cent
those of sericite. It is generally colorless as' seen in of phengite (H4K2Al4Si802s) and 50 per cent of protothin sections, but some show a faint green pleochroism. lithionite (H4K2Fe"3Al4Sis022): This particular forOnly one, from the 2,170-foot level of the 'Melones mula of course would ~pply only to the 111ariposlte
mine, gave a distinct pleochroism. The green is analyzed by Hillebrand.
deepest parallel to the cleavage.
H. W., Further contributions to the geology of the Sierra Nevada:
Mariposites from four localities-the Rawhide mine, U.83 S.Turner,
Geol. Survey Seventeenth Ann. Rept., pt. 1, pp. 678-679,1896.
84 Schaller, W. T., The probable identity of mariposite and alurgite: ·U. S. Geol.
the M~ry Harrison mine, and two levels of the MelciIies
Lindgren, Waldemar,. Metasomatic processes in
Australia: Econ. Geology, vol. 1, p. 544, 1906.
82

th~ g~!<\ <;l~pqs!ts oc, f.~st~rn

Survey Bull. 610, pp. 139-140, 1916.
85 Winchell, A. N., Studies in the mica group, II: Am. Jour. SeL,.5th ser.;
.
vol. 9, pp. 419-430, 1925.
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A noteworthy occui'rence of mariposite is that at It has been formed along with calcite at the expense of
tho Croosus copper prospect, in Tuolumne 'County. crystals and fragments of albite, which themselves may
(Seo Pyrrhotito.) The Inariposite is here associated have been formed as the"result of the albitization of
with distinctly copper rather than gold deposits.
calcic plagioclase.
Molybdenite.-Molybdenite occurs in some abunPyrite.-Pyrite is by far the most abundant suldance in the hanging-wall ore bodies in the 4,125 and . phide in the gold ores. In the quartz ores it constitutes
4,250 foot levels of the Melones mine. It is distrib- between 1 and 2 per cent of the ore; in the ores of minuted through the highly ankeritized schist, plating the eralized country rock, such as the so-called gray ores,
foliation planes in slickensided films. It resembles it makes up from 2 to 4 per cent of the ore.
graphite closely, except for its bluish cast, and the
The pyrite is in the form of cubes and pyritohedrons,
ore in which it is found is locally known as graphitic which are generally striated. When the crystals are
oro; it is regarded with favor, as indicating more than removed from their matrix, the striations are seen to
average gold content in the ore in which it appears.' be inlpressed on the enveloping quartz. From similar
An elnorald-green chlorite resmnbling mariposite occurs facts observed in other quartz veins Fournet 87 conwith the Inolybdenite in S0111e of the ore.
cluded that this proved that the pyrite has crystallized
It was found to occur also in a pillar of "graphitic" from a quartz magma, which has been injected "instanore just below the 300-foot level of the same mine. As taneously and completely" into the fissure that the
in. the pott01n levels of the Inine it occurs here also in vein now occupies. Others regard this f,act as indicatthe ha!(lging-wall ore body but in a band of schist that ing that the pyrite grew suspended in a gelatinous
rests immediately against the Bull vein. It is dissemi- nlediu111 which has subsequently crystallized to quartz.
nated in flakes so minute as to give a faint blue shim- As a third possibility the pyrite may have grown by
mer to the ore. That it is molybdenite instead of replacement of the quartz. That the third method is
graphite was verified as follows: Some of the rock pow- by no means improbable is shown by the common
der was strongly ignited in a porcelain crucible, a drop occurrence of pyrite in the wall rocks, where much of
of strong sulphuric acid was added and evaporated it has replaced quartz. Probably, however, most of
noarly to dryness; on cooling it showed the rich deep- , the pyrite in the q~artz veins was deposited nearly at
blue color that, according to Hillebrand,86 proves the the same time with the quartz that surrounded it;
prcscJ)ee of molybdenunl.
possibly some is of replacement origin. The pyrito of
~101ybdpnite occurred, according to Ransome, in
known replacement origin-namely, that in the minminor quantity in the ore of the Zeila mine, near eralized country rocks-may form large crystals; the
Jackson.
largest, about an inch in diameter, appear to be thoR('
Petzite.-The commonest gold-bearing telluride. is common in the ore adjacent to the "flao veins" of
potl':ite (Ag,Au)2Te, but it is nowhere abundant. The Carson Hill.
analyses of petzite from different localities on the
Gold intergrown with pyrite was detected microMothor Lode belt agree closely in showing 25 per cent scopically, as in the mineralized amphibolite schist
of gold and 41 per cent of silver. It is blackish lead- from the Gold Cliff mine, where it was of contempogray, has a conchoidal fracture~ and has a brilliant raneous origin; doubtless more intensive search would
luster on freshly broken surfaces but tarnishes to a reveal it to be common as extre~ely minute particles
peculiar greenish iridescence on exposure. It occurs on embedded in pyrite.
Carson Hill embedded in dolomite, where it is associ·Pyrrhotite.-Pyrrhotite was found at only one typated with abundant free gold, with which it is partly ical Mother Lode mine-the Treasure mine, in Amador
intorgrown. It is probably most abundant at the County. It occurs there in albite veinlets that ramify
Norwogin,n mine, on the south side of Stanislaus River. through augite melaphyre; it is highly magnetic.
It occurs in some abunda:p.ce in the Ford mine, at It occurs abundantly in the ore at the Croesus prosSan Andreas, where it is emb~dded in quartz and is pect, on Merced River 2 miles north of Bagby, where it
associated 'with much free gold. It appears to be near is associated with chalcopyrite and pyrite in ankerhossite (Ag2Te) in composition.
itized serpentine, some of which contains mariposite.
The other tellurides known from the Mother Lode As the ore carries gold also, it is clear that this essenbolt-calaverite, tetradymite, altaite, coloradoite, mel- tially copper mineralization has a close affinity with
onite, and sylvanite-are extremely rare. 'Most of them that of the Mother Lode. Pyrrhotite is disseniinated
canle from the Stanislaus mine, on the south flank of through the richly hornblendic diorite at the Easy
Carson Hill.
Bird mine, northeast of Mokelumne Hill, a few miles
Prehnite.-Prehnite was discovered microscopically east of the Mother Lode belt.
to be fairly abundant in the tuffs and breccias on the
Quartz.-The quartz of the Mother Lode veins is
west border of the greenstone belt west of Plymouth. a coarse milk-white variety, of a luster between glassy
86 HllIobrand, W. P., '1'ho analysis of silicate and carbonate rocks: U. S. Geol.
Survoy Dull. 422, p. 151, 1910.
.

8. Pouruet, J., Sur l'~tat de surfuslon du qllartz dans les roches ~ruptives et dans
les filons m~ta1lif~res: Compt. Rend., vol. 18, pp. Hi5O-1057, 1844.
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,and greasy. Mjcroscopically, where undeformed by
pressure after its deposition, the quartz ore is seen
to have a hypidiomorphic granular texture, being
composed of large optically homogeneous units that
have in part rectilinear boundaries. The quartz
contains innumerable inclusions, probably liquid,so
minute as to be hardly more than points even under
high-power objectives.
Much of the quartz has been crushed; in places '
it has been rendered sugary. Microscopically the
quartz shows all stages of cataclastic deformation,
from strain shadows to granulation so complete that
the larger quartz grains have been broken into hundreds ,of smaller grains. This feature is shown in a
particularly striking way by good-grade ore from the
4,200-foot level of the Argonaut mine. This ore was
inclosed by thick gouges on both foot and hanging walls.
To the eye the vein was obviously the result of filling
at intervals, as shown in Plate 3, A; it also suggests
that the quartz is partly of replacement origin on
account of the innumerable filaments of black slate
inclosed in it, which give the impression that they are
residuals from incomplete replacement. The microscope, however; does not support this idea. The
quartz gives no evidence that it is of replacement
origin, and the slate filaments that are inclosed in it are,
sharply defined and are sericitized, not silicified.
The quartz has been greatly crushed, almost completely
granulated, but the larger grains that have survived
show undulatory extinction and a well-defined narrow
striping, which is emphasized by the fact that the
minute liquid(?) inclusions already mentioned are
markedly localized along a series of parallel cracks.
The quartz was evidently sliced along a fairly regular
system of parallel fractures, and the inclusions were
deposited along or adjacent to them. This feature'
is identicai with that described and illustrated by
Mugge. 88
The quartz of the veins not uncommonly contains
small vugs, and well-defined faces of coarse quartz
crystals form the sides of these vugs or the crystals
project into the vugs. This habit of the quartz appears
to be an insuperable argument against the idea that
the quartz has crystallized from a silica gel, for a
silica gel on crystallizing yields, so far as we know
now, only radially fibrous chalcedony or cryptocrystalline quartz, not coarsely crystalline quartz.
It is an interesting fact that much of the quartz in
the gold veins east of the Mother Lode belt is perceptibly different from the milk-white variety of the,
Mother Lode belt. This feature was observed in
the region east of San Andreas, where the quartz has
a peculiar smoky-gray greasy aspect; the most notable
example is at the Sheep Ranch mine. At the McGary
mine, 3 miles south of Railroad Flat, although most
IS

Miigge, 0., Neues Jamb., Beilage-Band 10, p. 767, pI. 14, fig. 2, 1896.

of the quartz is milky white, yet that containing pyrite,
galena, and sphalerite is smoky.
The microscopic features of the vein quartz were
first investigated by Phillips,89 who was chiefly interested in the liquid inclusions contained in the quartz.
When a section of a crystal of quartz from the great
Mariposa vein was heated, the vacuities in six fluid
cavities disappeared at 250°, 260°, 280°, 290°, 310°,
and 320° F. Others were not nearly full at 362° F.
From these determinations Phillips 90 drew the conclusions that the fluid cavities are the result of an
intermittent action, and that the fissures were some'times traversed by currents of hot water, wrereas
at others they gave off aqueous vapor or gaseous
exhalations. Just what conclusions can now be drawn
are doubtfu1. 91
'Courtis 92 thought that there is some evidence that
rich gold quartz is crowded with fluid inclusions arranged in parallel bands. It is known that the number
of inclusions in a mineral varies directly as the rate
of crystallization, and their size varies inversely,93
but that there is any relation between the nunlber
of liquid inclusions and the amount of gold is not
established.
Riebeckite.-Riebeckite occurs abundantly in tufts
and radial groups of needles in the albitite near the
Clio mine. It has doubtless been formed at the expense
of aegirine, which is the nornlal constituent of the
albitite. Its distinguishing features are its striking
pleochroism, ranging from green to deep blue; negative
f\longation; extinction of 5°; and feeble birefringence,
about 0.004.
Rutile.-Rutile is a microscopic constituent of the
ankeritic schist ore of Carson Hill. It occurs both in
the high-grade ore of the hanging-wall ore body and
in the low-grade nlaterial formerly extensively mined
in the footwall of the Bull vein; it is present as small
prisms and geniculate twins. Its occurrence is rmniniscent of its abu'ndance in the gold ores of the Juneau
belt, Alaska. In the mariposite of the Mary Harrison
mine it· is' inclosed as minute prislns and as heartshaped and geniculate twins.
Sericite.-The finely scaly variety of nluscovite is
extrelnely common in the altered wall rocks of the
gold deposits. Its usual associates are ankerite,
albite, and quartz. It varies greatly in appearance
from place to place, in part doubtless as a result of or
in response to differences in the original nature of the
wall-rock material and in part in response to differences
89 Phillips, J. A., Notes on the chemical geology of the gold fields o! California:
Philos. Mag., vol. 36, p. 333, 1868; abstract in Am. Jour. ScL, 2d ser., vol. 47, pp.
134-140, 1869.
80 Idem, p. 432.
81 Nacken, R., Welche Fclgerungen ergeben sich aus dem Auftreten von Fliissigkeitseinschliissen in Mineralien: Centralbl. Mineralogie, Jahrg. 1921, pp. 12-20,
35-43.
D2 Courtis, W. M., Gold quartz: Am. Inst. Min. Eng. Trans., vol. 18, pp. 631Hl44,
1890.
83 Rosenbusch, H., Mikroskopische Physlographie der Mineralien und Gesteine,
Band 1, Erste Hl1lfte, p. 784, 1924.
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in the cOl11position and temperature of the ore-form- about 40°. This test can rarely be applied, and when
ing solutions. Under the microscope, however, all it can be it is not conclusive, for sericite, especially
these sericites look alike. A practical difficulty that the variety damourite, previously described, and mariarises in the study of Mother Lode rocks is the impos- posite may have axial angles near 0°. The flame test
sibility of distinguishing talc optically from sericite. for potassium must be used in critical work.
Both occur in great abundance and in places together in
Tetrahedrite.-Tetrahedrite (gray copper) occurs at
the sanle rocks. In all early reports the sericitic rocks Carson Hill and in Mariposa County. It was seen
·
are invariahly referred tOI as talcose.
during the present survey in ore from the 1,100-flat
White, yellowish, and greenish tints are common. .vein of the Melones mine, Carson Hill, where it formed
At Carson Hill, for example, the sericite in the mineral- coarse blebs intergrown with galena and chalcopyrite
ized schist that constitutes the ore bodies is of a pecu- in ankerite-quartz veinlets. It was seen also as a
liar oily, yellowish a:ppearance. The coarse white very minor constituent in the quartz ore of the new
quartz ore in the bottom levels (4,200 feet vertical Princeton vein, near Mariposa.
depth) of the KeI\nedy mine, as seen underground,
looks in places as if it had been daubed with aluminum ALTERATION OF WALL ROCKS BY THE ORE-FORMING
SOLUTIONS
paint. This appearance is due to a silvery or pearly
l11ineral in crumpled talclike flakes, which is locally
ALTERATION OF THE MARIPOSA SLATE
called pyrophyllite but in reality is the variety of
The bl~ck slates adjacent to the veins have obvi111uscovite allied to damourite. The scales, which are
ously
been altered, as is made manifest by the small
not elastic, are large enough to be examined microlenticular
grains of carbonate that have formed in
scopically. The cleavage flakes prove to be isotropic
them.
These
lenticles or augen of carbonate cause
and give a negative uniaxial interference figure;
the
cleavage
surfaces
of the slates to be dotted with
'Y = 1.59. In addition the mineral reacts for potassium
small
depressions
or
pits
and with the corresponding
and ahullinUlll and is therefore a variety of muscovite.
Slates
have, been altered in
swellings
or
pustules.
Evidently it is the nuneral referred to by Ransome in
10
feet
from
the veins, and as the
this
way
as
far
as
the IVlother Lode folio as sericite or margarodite.
slates
are
essentially
parallel
to
the
veins the alteration
Margarodite'is regarded by Dana as a synonym for
at
least
10
feet thick. This
has
visibly
affected
a
belt
dmllourite.
alteration
is
not
dependent
on
fissuring
of the slate
Similar pearly mica occurs in the quartz of the Keybut
was
clearly
the
result
of
thorough
permeation
of
stone mine, where it was correctly identified by
,the
adjacent
slates
by
the
ore-forming
solutions.
Prichard 04 as margarodite. It occurs abundantly also
Under the microscope the carbonate augen are seen
in the so-called flat veins in the Melones mine, on
Carson I-Iill. In the Central Eureka mine sericite to be mainly ankerite; as indicated by the occasional
occurs in the quartz in places as compact masses of twinning bands that form the shorter diagonal of the
almost waxlike appearance. However, there are from cleavage rhombs. Possibly some are breunnerite,
place to place all gradations fronl the waxlike to the (Mg,Fe )C03 , as indicated by the chemical analysis
on page 42. They show a remarkable feature, apparcoarse scaly talclike variety, damourite.
SphaZe1'ite.-Sphalerite (zinc blende) is a common ently never before noticed in the study of the altered
nlinor constituent of the gold ores. Apparently it is wall rocks of ore deposits but cOlnmonly seen in the
restricted to the quartz of the veins and does hot study of the crystalline schists-namely, that many
occur in the adjacent wall rocks, being in this respect metacrysts or porphyroblasts in schists have been
unlike pyrite and arsenopyrite, which are common as partly rotated during their growth by the continued
95
The carbonate
replacelllent deposits in the wall rocks. The sphalerite "flow" of their embedding matrix.
ranges in color from resinous through brown to black·. augen, although in optically uniform orientation over
It extends to the greatest depth attained, being found their entire areas, faithfully reproduce the original
in sl11all quantity in the bottom levels of the Kennedy layered structure of the slate. This pseudomorphic
replacemen t of the slate is well shown in Plate 7, A,
ll1ine.
.
Talc.-Talc is conlmon in sonle of the schists, B, and C. The carbon in the slate was not carried
especially those derived from peridotites or 'their away during the' growth of the carbonate augen;
serpentinized equivalents. Talc is not easily distin~ consequently all the augen are dark, and some are
guishable from sericite, except that it is softer and nearly black. The layering within the augen is askew
marks cloth. Optically the two minerals are indis- to that in the unreplaced slate; in some of the augen
tinguishable, though all the talc that was examined it differs as much as 25°; moreover, the layering of the
proved to be practically uniaxial, whereas the sericite slates tends to wrap around the carbonate augen.
as a rule has a moderately wide axial angle-2E At first sight the circumfluent foliation would seem to
GI Prlohard, W. A., Observations on Mother Lode· gold deposits, California:
Am. lnst. Min. Eng. Trans., vol. 34, p. 458, 1903.

g~ Becke, F., Struktur und Kliiftung: Fortschritte der Mineralogie, Kristallo:
graphie und Petrographie, Band 9, pp. 194-199, 1924.
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indicate that the growing metasomes of ankerite had
crowded aside the slate by its force of crystallization,
but the real explanation appears to be that movement
took place after the metasomes were formed and that
differential shear parallel to the bedding of slate caused
them to be rotated through angles as great as 25°.
Many of the carbon-pigmented augen are surrounded
by fringes of perfectly clear u~pigmented carbonate,
as is shown in Plate 8, A. This clear carbonate might
be interpreted as .the .filling of open spaces developed
during the partial rotati~n of the pigmented augenthat is, carbonate deposited in the ," pressure-shadows"
of the augen-but ,a more likely explanation is that it
also has been formed by replacement of the slate,
except that at this stage of replacement the solutions
had become capable of dissolving the carbon also and
car~ying it away. That this is the more probable
explanation is shown by the sporadic occurrence of
sharp idiomorphic rhombs of clear carbonate within
'the pigmented augen (see pI. 7, B) and by the occurrence of metasomes of at least two generations in some
slates, the earlier highly pigmented and partly rotated
and the later clear, spongifornl, with the interspaces
of the" sponges" filled with albite. The carbonate of
later origin may occur as sharp rhonlbs that cut cleanly
across the cleavage of the slate. Obviously all or
nearly all the material of the slate, including the carbonaceous matter, was carried away in ~he process 'of
forming the clear ankerite.
.
Rarely the ankerite metasomes show an S-shaped
deformation of the inclosed slate laminae; from the
amount of deformation of this kind Becke has shown
that a minimum measure of the flowage of the slate
.during the growth of the metasome can be computed.
A few metasomes became cracked during the flowage
,of the matrices in which they lie and were later healed
by the deposition of more carbonate.
In addition to the metasomatic carbonate sericite
has formed, as the result either of the introduction of
new material or of recrystallization or both. At any
rate it is in remarkable alinement, so that the slate
extinguishes with the sharpness of a single large crystal.
Metasomatic pyrite'is common in sharp crystals, which
invariably transect the cleavage of the slate-a feature
that points to the relatively late introduction of the
pyrite, after flowage of the slate had ceased. Associated with some of the larger pyrite crystals is the
quartz with the curious structure that causes it to be
termed feather qu~rtz. (See pI. 8, B.) At only one
locality, the Sherman mine, near Placerville, was any
metasomatic ,tourmaline seen, and there it was only
in minute quantity, associated with coarse albite,
quartz, and ankerite, which form the cement of a
slate breccia.
The predominant metasomatic minerals thus 'found
by the microscope are carbonate and pyrite. Many
: ,,-

~

,

thin sections of slates adjacent to veins and occurring
as inclusions in the veins were examined, and all
concur in showing that carbonatization was overwhelmingly the predominant process. No support is
given to the idea that the quartz veins are the results
of replacement of slate by quartz: The following
chemical analysis indicates that considerable albite
was also formed. It is of course impossible to obtain
slate that can be demonstrated to be the unaltered
equivalent of the altered slate. In order to indicate
in a general way the trend of the changes produced in
the slate by the ore-forming solutions, the only two
available analyses of Mariposa sla,te are given in the
subjoined table. Analysis' 2, it is apparent, is that of
a normal marine shale or slate free from admixed
carbonate.
Analyses of altered and normal Mariposa slate
I

2

Si02 ____________________________
Al 2 0 3 - -

- - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _

Fe203__ _________________________
FeO____________________________

57.21
11. 76
1. 22
4.30

60.35
63. 52
17. 62
16. 34
5. 64
}
6.79
2.20
2. 50
.98

i:~~~~~:~~~~~~~~:~:~~'~~~~~~j I: iJ i: ~~
H 20 - - - - - - - - - - - - - - - - - - - - - - - - - - H
0+_:..________________________
2

. 06
1. 02 } a 4. 86
.83
4.36
Ti0 2 ___________________________
.70
.75
P 2 0 5 - - - - - - - - - - - - - - - - - - __________ Not det.
.17
BaO ____________________________ Not det.
.12
CO 2 ___ ,_________________________ , 8. 37
None.
803 ______ - ___ - _________________ Not det.
. 05
Fe8 2____________________________
2.14 ______________ _
Carbonaceous matter _______ ~ _ _ _ _ _
1. 50
1. 72 ______ _
100. 76
a

1

99.71

1______ _

Includes C02.

1. Slate from hanging wall of Argonaut vein, in shaft crosscut, 4,65O-foot level.

J. G. Fairchild, analyst.
2. "Clay" slate near head of Yaqui Gulch, Mariposa County. George Steiger,
analyst. U. S. Geol. Survey Bull. 591, p. 257, 1915.
, 3. Slate from Eureka quarry, Slatington, Eldorado County. W. T. SchaUer,
analyst. U. S. Geol. Survey Bull. 586, p. 67, 1914.

The conclusion appears warranted that silica, alumina, and water have been removed from the slate, that
the ferric iron has been largely reduced to the ferrous
state, and that carbon dioxide and sulphur have been
added in notable quantities, as well as calcjum, lnagnesium, and sodium.
T~e mineral composition of the altered slate from
the Argonaut mine is conlputed to be as follows, on
the assumption that the sericite corresponds to thE;
formula K 20.2H 20.3Ah03.6Si0 2 :
Quartz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ _
Al bite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _

Carbonate____________________________
8ericite _____________________________ . _
Pyrite_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Carbonaceous matter__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

31. 3
23. 6
20.6
21. 8
2. 1
1. 5

100. 9

43

ALTERATION OF WALL ROCKS BY THE ORE-FORMING SOLUTIONS

.ALTERATION OF GRAYWACKE, CONGLOMERATE, AND
~
QUARTZITE

Graywackes and conglonlerates of the Mariposa forInation and quartzites of the Calaveras fornlation have
been Inetasorp.atically altered near the veins, and all
,these rocks show that the predominant effect has been
.ankeritization, with subordinate albitization, sericitization, pyritization, and introduction of arsenopyrite.
'The ankerite is abundant, is generally in sharp rhombs,
,and has developed indifferently through all the con·stituents of the rock, including the quartz. Much of
it shows twinning bands, which bisect the obtuse
.angles of the rhombs. SOlne rhonlbs show a zonal
:structuro. In places the quartz grains in the graywacke had been crushed, evidently by the compres,sional forces that prodticed the fissuring, and were later
:replaced by ankerite.
The fine-grained quartzite at the Eagle-Shawmut
n1ine has· taken on an easily recognizable pseudoporphyritic texture as a result of the fornlation through it
of euhedral rhOlnbs of ankerite. Albite occurs in
places as large twinned grains associated with the
carbonate, and it occurs also as a fine-grained replacement product of the quartz.

are subordinate constituents; the albite is difficult to
recognize, and in 'fact its presence was rendered certain
only by testing some of the crushed ore in index liquids.
Rutile occurs in minute crystals, and possibly some
leucoxene is present. The following chemical analysis
confirms the microscopic analysis, although the content
of carbon dioxide appears to be somewli'at low. The
analysis of the augite melaphyre described on' page 15
is given also, in order to indicate in a very general way
the trend of the alterations that have affected the
greenstone.
A nalyses of hydrothermally altered greenstone and augite melaphyre from Mother Lode belt
1

Si0 2 _____ - Al 20 a-----Fe20a ____ -FeO _______
MgO ______
CaO _______
Na O ______
K2O2 _______
H 20- ----o

34.17
15.82
.69
7.61
a 5.77
8. 75
1. 65
4.63
.00

1

2

49.24
14.79
1. 36
8. 00
6.89
10.74
2. 76
.88
.20

2

H 2 O+ ____
1. 94
2. 97
Ti02____ - 1. 49
.96
P20s--- ___ Not det.
.17
MnO _____ Not det.
.18
BaO ______ Notdet.
.04
CO 2 __ - - - - 15. 50
.90
FeS2 ______
2. 74 -------100.41

I

100. 08

Some MgO probably is c,ombined with Si02.

1. Hydrothermally altered greenstone (" gray ore ") from Bunker Hill mine.

o

ALTERATION OF THE GREENSTONES

J. G. Fairchild, analyst.
2. Augite melaphyre from point west of Jackson. W. F. Hillebrand, analyst.

The greenstones have been· intensely altered by the
·ore-fol'nring solutions. Ankerite and sericite are the
chief nrinerals that were thus fOl'1ned. Near the veins
the greenstones are cOlnnlonly solid ankerite rocks,
.and as the ankeritization has affected large volumes
·of rock it is clear that enornlOUS quantities of silica
have been removed frorn the wall rocks.
Sericite is the next most abundant constituen.t and
'is followed by albite, quartz, pyrite, and arsenopyrite.
'The sulphides are invariably sharply euhedral. In
places the ani(eritic sericitic rocks contaiIi gold, and
·constitute the so-called gray ore. Chlorite occurs where
the alt~ration has been feebler.
The greenstones preserve their original structure and
~texture fairly well, in spite of the drastic alteration to
which they have been subjected; locally, in fact, the
.original pyroclastic breccia structure has been empha~sized by the selective alteration of the smaller fragments that form the nlatrix in which the larger pieces
·are embedded. Under the microscope many of the,
'iully ankeritize.d augite crystals in the greenstones are
-found still to retain their origmal zonal structure.
Representative gray ore from the 1,750-foot level
-of the Bunker Hill Inine was selected for chemical
analysis. It is a gray rock containing a moderate
·quantity of euhedral pyrite and some arsenopyrite,
:also in well-formed crystals. It does not effervesce
with hydrochloric acid. Microscopically it is seen to
'be composed mainly of ankerite and sericite. The
·carbonate (w = 1.705) is largely in irreg~lar spongifornl patches, and the sericite (2 E estimated to be 40°)
:is generally idiomorphic, against it. Quartz and albite

The main changes brought about in the greenstone
are the notable removal of silica and the large addition
of carbon dioxide and potassium. ' These changes are
clearly app'arent from the microscopic examinations,
which give a more nearly average picture of the
alteration than a single chemical analysis and in fact
prove that at many places the greenstones have been
altered completely to carbonate:
The analysis is rather difficult to compute into
mineral conlposition. The amount of carbonate
. obtained by the calculation appears to be somewhat
, low, the sericite and albite somewhat high. Part of
the difficulty is doubtless due to the fact that the
formula used in computing the amount of sericite
(K20.2H20.3AI203.6H20) is not strictly applicable,
as the serlcite in the rock probably contain!? magnesium
and other constituents. The. computation results as
follows:
\

Ankerite ___ ~ ____ '____________________ _ 35. 46
, Sericite ________________________ ,_____ _ 39. 90
Albite ______________________________ _
13. 62
Quartz __________________ __________ _
7.14
Pyrite ______________________________ _ 2. 74
Rutile. _____________________________ _ 1. 49
~

100.35

ALTERATION OF THE AMPHIBOLITE AND ALLIED SCHISTS

The alteration of the amphibolite and allied gr'een
schists is closely similar to that of the greenstones, in
that the altered schists are composed chiefly of ankerite
~nd sericite, with subordinate quartz, aibite, and pyrite.
Rutile is a common accessory, forming minute prisms
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and geniculate twins. As the foliated texture of the
~chists survive~ through the alteration, or possibly
IS even emphasIzed by the newly formed sericite, the
actual appearance of the mineralized schists' differs
greatly fronl that of the hydrothermally altered
greens tones.
Pyrite is developed metasomatically in the schists as
sharp cubes cutting the foliation; in places, as at the
<:told Cliff mine .and Carson Hill, the cubes attain large
sIze-half an mch or more in diameter. Gold is
?ccasionally found inclosed in the pyrite. Molybdenite
IS the only other sulphide occurring by metasomatic.
replacement of these schists.
.

ALTERATION OF CHLORITE SCHIST (SHEARED PYROXENITE)

The rema;rkable "sulphide ore body" ~t the Eagle
Shawmut mme, the only one of its kind so far found in
'the Mother Lode belt, has resulted from the replacement of a blackish-green compact chlorite schist.
Megascopically this chlorite schist closely resembles
a serpentine, but microscopically it is seen to be composed of' an ultra-fine scaly chlorite. As shown on
page 79, it is derived from a pyroxenite. The ore body
has been formed by the replacement of the chlorite
schist by ankerite, pyrite, and arsenopyrite.
SUMMARY OF WALL-ROCK ALTERATION

Carbonatization (ankeritization) has been the dominant process by which the wall rocks we~e altered
The serpentine and serpentinized peridotites have'
regardless of ~vhether these rocks were slate, gray~
been more extensively altered by the vein-forming
wacke, quartzIte, conglomerate, greenstone, amphibsolutions than any other rocks. They have been conolite schist, chlorite schist, talc schist, or serpentine.
verted into ankerite rocks containing more or less
It has affected -large volumes of rock. Second in
mariposite-a green chromiferous sericite. (See p. 38.)
importance has been sericitization, so that the altered
As mariposite does not occur in any rocks not dereived
wall rocks can be called sericite-ankerite rocks. In
from serpentine, it is probable that the chromite conthe alteration of the serpentines' sericite was formed
tent of ~he ~erpentine was esser;ttial to the forming of
in much less quantity, but the distinctive chromiferous
the manposite. Immense masses of such maripositemica mariposite was developed. Of all the rocks
ankerite rocks occur from Angels Camp southward to
~l.ter~d, the serpentines were most susceptible to ankerthe end of the lode.
ItiZatlOn, and belts of ankeritized serpentine that are
The ankerite is generally coarse, but the crude
several hundred feet wide at a maximum have been
foliated structure of the serpentine is faithfully preformed. The augitic greenstones were next to the
served. On oxidation the ankerite yields a limonitic
serpentine in sensitiveness to ankeritization.
goss~n, as ~s well shown, for example, at the Mary
That carbonatization of the wall rocks was probably
Harrison mIne, south of Coulterville.
the most cominon effect of the vein-forming solutions
The mariposite-ankerite masses are generally travt~roughout . the Sierra Nevada was pointed out by
ersed by a network of veinlets, consisting of coarse
LIndgren 96 1:0- his study of the Ophir district, in Placer
milky-white quartz. In places where they are closely
County. HIS later investigation of the Grass Valley
spaced and the intervening rock has been more l' less
and Nevada City districts showed the same thinO' to
replaced by quartz huge masses of quartz have resulted
be true in those districts; 97 and the present inv:stilike those f?rming the great outcrops at the Eagl~
gation has shown the overwhelming importance of
Shawnlut mIne, shown in Plate 5, B. The quartz of
this alteration in the Mother Lode belt. In all respects
these masses is clearly of composite origin, yet it is all
the alterations of wall rock in the several districts are
of the coarse white variety. commonly considered to
rem~~kably similar, the chief characteristics being the
be formed only by deposition in open spaces.
addItIOn of carbon dioxide, potassium, and sulphur
Probably one of the most interesting alterations of
and the renl0val of silica. The amount of carbon
serpentine is that seen on the 1,350-foot levet" of the
dioxide added to any particular wall rock appears to
Melones mine. Where unaltered by the vein-forming
have been largely determined by the amount of iron
solutions the serpentine is a rather massive, finely
magnesium, and calcium originally contained in th~
phanerocrystalline variety composed of antigorite.
wall rock.
It has been sericit}zed, and all stages of replacement
. Arsenic has been added in places in notable quantiof the antigorite can be followed. Some carbonate
tIes to the wall rocks and has formed metasomatic
and pyrite were also formed contemporaneously with
arsenopyrite, invariably as sharply defined crystals.
the sericite. On account of the difficulty of disSodium has also been introduced and has formed
tinguishing sericite from talc, the identity of the serialbite, but the albite has developed regardless of the .
cite was established by the potassium flame reaction
original chemical nature of the wall rock. No rules
in hydrofluoric acid solution. As already pointed
can be formulated, and the appeal to "mass action"
out (p. 20), this sericitized serpentine proves that the
that has sometimes been made is futile.
peridotite or pyroxenite from which it was derived
had already been altered to serpentine at or near the
V6 Lindgren, Waldemar, The gold-silver veins o{ Ophir, Calif.: U. S. Geol. Survey
Ann. Rept., pt. 2, p. 278, 1894.
.
end of Jurassic time, or in other words before the end of Fourteenth
.V7 ~indgre~, Waldemar, The gold quartz veins of Nevada City and Grass Valley
the petrogenic cycle in which the peridotite originated. dIstrIcts, Cabf.: U. S. Geol. Survey Seventeenth Ann. Rept., pt. 2, pp. 146-157, 1896.
ALTERATION OF SERPENTINE

ORIGIN OF THE GOLD DEPOSITS

The Inost novel feature that the study of wall-rock
alteration has disclosed is in the slates. It is plainly
shown that the ankerite nletas01nes have been partly
rotated at S0111e tiIne during the period when the slate
wall rocks were being altered by the vein-forming
·solutions.
Clearly the most reInarkable feature of the wallrock alteration in the Mother Lode belt has b.een the
,displacenlent of silica by carbon dioxide. Enormous
quantities of silica have been liberated froll1 the sili,cates in which it was combined and carried out of the
wall rocks into the fissures, where some of it was
·deposited and the relnainder carried away. The
.mnount of quartz in the veins is only a fraction of
the mnount of silica liberated froll1 the wall rocks by
',ankeritization. The wall rocks were a 1110re than
aInple source of silica for the quartz in the veins, hence
it is unnecessary to appeal to a magIna as the so'urce
<of the silica.
The suggestion often nlade that the wall rocks acted
·as a semiperll1eable Inmnbrane that prevented the
-silica, postulated to be in the colloidal state, fr01n
nl0vjng into the wall rocks is not a particularly happy
-one, for the 1110VeI11ent of silica was all in the other
direction-froll1 the wall rocks to the fissures. Had
.the wall rock been a seI11ipel'lneable ll1ell1brane it
would have prevented 1110Vell1ent of the silica, if colloidal, in either direction. Not only were the ferronlagnesian Ininerals decoll1posed by the ore-fol'lning
solutions, but even the free quartz in the quartzites
.and graywackes was replaced by ankerite. In short,
the solutions that penetrated the wall rocks were avid
for silica, free or cOlnbined.
The quartz veins in places contain fragnlents of the
wall rocks. These inclusions consist of sharply angular pieces of greenstone, slate, and quartzite. They
show identically the Saine alterations as the wall rocks;
no unattacked inclusions were found. As a result of
the detn,iled petrographic exanlination of ~nany thin
sections cut fr0111 the inclusions it can be said that
they afford not the faintest support to the idea that
tho qun,rtz veins have been fornled by replacement.
The conclusions that flow fr01n the evidence of
replacement in the Mother Lode belt are like those
drawn by Lindgren from the evidence at Grass Valley.
After pointing out the prevalence of replacmnent at
Grass Valley and stating that all the ll1inerals there
are subject to it, even the quartz of the grallodiorites,
he says: 98
Replacement by silica is not among the processes here recognized. It should be borne in mind that a rock shattered and
filled with quartz seams is not an evidence of metasomatic
replacement by quartz, nor is such a rock a quartz veininprocess of formation.

IJowe 99 also was unable in his recent restudy of the
Grass Valley district to find metasomatic quartz "as
.
-

Op. cit., Seventeenth Ann. Rept., pt. 2, p. i47.
DO Howo, Ernost, 'fho gold orcs of Gross Volley, Colif.: Econ. Geology, Yol. 19, p.
615,1924.
08
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one of the minerals replacing the granodiorite or diabase" (the wall rocks of the' quartz veins in that
district). Nevertheless, he reaches the conclusion that
"the veins were formed by the replacement of wall
rock by quartz, calcite, and metallic sulphides." 1 It
is' difficult to reconcile this conclusion with the absence
'of metasomatic quartz in the district.
The status of the same problem on the Mother Lode
is that all the positive evidence from petrographic
studies of wall-rock alteration is adverse to the idea
that the quartz in the veins is of replacement origin.
The most striking ore body in the 1iother Lode
belt that is certainly of replacement origin-namely,
the very notable "sulphide ore body" at the Eagle
Shawmut mine-consists chiefly of ankerite, with
pyrite, arsenopyrite, and unreplaced residuals of
chlorite schist, but no quartz.
ORIGIN OF THE GOLD DEPOSITS

The Mother Lode veins, as now long recognized and
as amply confirmed by the present investigation,
occupy fissures that were formed by reverse faultingthat is, by faulting in ~hich the hanging wall has moved
up relatively to the footwall. It is interesting to
recall, however, that in 1913 the Kennedy Extension
Gold Mining Co. attempted to wrest the title to the
Argonaut vein from the Argonaut Mining Co., which
had been operating 20 years on the vein, on the plea
that the Mother Lode vein occupies a normal fault ..
The court rejected the contentions of the experts on
both sides and confirmed the title of the Argonaut
Mining Co. to the vein, on the ground that it is manifestly unjust to take away a property, on the basis
of a geologic theory, after 20 years of undisturbed
possession. 2
The faults dip less steeply than the slates. The
powerful compressive force that produced the faulting
has flattened the slates against the veins and produced
a belt of schistose material along the fault zone.
Naturally, then, in any exposure in a drift on a
given vein the vein appears to lie parallel to the structure of the inclosing country rock, and for this reason
few of the operators on the Mother Lode realize that
the' veins as they are followed downward gradually
cut through belts of rock of diverse character.
The displacement along some of the faults amounts
to 375 feet, but this total displacement is the cumulative result of a considerable number of displacements
that occurred over a considerable span of time. That
the present structure of the veins proves that they were
opened intermittently was recognized by Ransome. 3
The observational evidence for this conclusion lies in
the ribbon structure of the veins and the quartz veinlets cutting older quartz. That the compressive forces
Idem, p. 619.
Min. and Sci. Press, Yol. 109, pp. 61-64, 1914.
8 Ransome, F. L., U. S. Geol. SurYey Geol. Atlas, Mother Lode District folio
(No. 63), pp. 7-8, 1900.
1

2

46.

THE

MOT~ER,

LODE SYSTEM OF CALIFORNIA

that formed the fissures acted during. a -long span of The position of the San Andreas fault manifestly was:
time, while the vein filling was being deposited, is not determined by a belt of weak rocks but by a deeperproved by the rotation of the ankerite augen 1in the seated, fundamental cause. Auxiliary fractures occur'
slate wall rocks.
.
..
in a zone adjacent to the San Andreas fault. 9
The location of the Mother Lode fissure system,
From the fact that 'the dislocations produced during
that of the ~an Andreas fault, appears to have'
like
historic earthquakes are not known to exceed 49 feet
been
determined by a deeper-seated, fundamental
and as a rule are much smaller Hogbom 4 concluded
that faults of much larger magnitude than 49 feet are cause than a weak belt of rocks. It traverses rocks as·
the results of successive movements. This conclusion diverse as slate, greenstone, amphibolite schist, and.
appears to be verified geologically by the fact that serpentine. In places there is evidence that the veins·
fault breccias of the larger faults show that they have occupy auxiliary fractures in a zone parallel to a great.
been repeatedly crushed and recemented. Inciden- reverse fault. This evidence is best shown near'
tally, it should be mentioned that Hogbom 5 believes Plymouth, where amphibolite schist has been thrust·
that the completely isolated fragments of country up over Mariposa slate. (See figs. 3 and 7.) Some·
rock that occur in the cement of fault breccias have mineralization has taken place along the master fault,.
become thus isolated as a result of repeated breccia- but apparently it is nowhere of major importance.
tion and recementation. Flett 6 found that the filling At Jackson the structural conditions appear to be like'
of the Cornish tin lodes, which according to geologic those at Plymouth, whereby the amphibolite schist,
conceptions must have formed within a very short has been thrust up over the Mariposa rocks. The·.
interval of time, shows abundant evidence of repeated fault zone is marked by a wide silicified belt, as at·
crushing and recementation. Moreover, the same Jackson Gate, and 1% miles farther south an important
conclusion-namely, that a large ·displacement is the mine, the Zeila, was located on it. At the Eagle·
summation of a considerable number of minor dis- Shawmut mine, as at the Zeila, the main ore bodies·
placements-follows as a logical consequence of the were formed in or closely adj acen t to the main reverse·
fault. (See fig. 24 and pI. 12.)
e~astic rebound theory of faulting developed by
The movement along the fissures, which are mark-·
Lawson 7 and by Reid 8 from their studies of the
San Andreas fault of California. According to this edly sinuous, would, according to the time-honored
theory faults are due to an elastic rebound on a rup- explanation of Werner, produce open cavities. It i&
ture plane in the crust on which strain is suddenly . argued by some that cavities would .not stay open in
relieved. The strain is slowly generated during a slates,' but drifts and crosscuts driven through norperiod of years, and .when the strength of the rocks mal Mariposa slate that has not been reduced to-'
or the frictional resistance to movement on an ol~ gouge remain open indefinitely. However, if the open
rupture is exceeded the rocks rupture. At the time cavity were large, some adjustment by gravity faultof rupture ~he displacement is limited to the amount ing would most likely take place. This possibility is
necessary to relieve the accumulated strain. The strongly suggested by what is happening throughout
displacement is therefore proportional to the length the Argonaut mine as the result of stoping out large
of the fault along which the strain accumulates, and shoots of ore. Drill holes show normal faulting;
to judge from the small amount of elastic distortion horizontal fissures as much as 3 inches across have
that rocks can undergo before they rupture the dis- opened along joint planes; and highly suggestive of
placement must necessarily be small-a cqnclusion the way in which the ribbon structure of the veins
that harmonizes with the relatively small displacements was formed, some of the fissures have opened along
horizontal quartz veinlets, the quartz with more or
known to OCcur at the time of historic earthquakes.
less
black slate adhering to its upper surface forming
The great linear extent of the Mother Lode system
the
footwall of the open fissure. Granted that an,
appears less remarkable since the results of the invesopen
cavity existed before the main vein was filled
tigations of the San Andreas fault of California have
with
quartz,
subsidence and the resulting opening of
become known. Here is a fault that has been traced
accounts'
perfectly for the horizontal quartz
joints
for 600 miles, that is known positively to have been
veins
that
in
many
places cut across the slates in the
ruptured for a distance of 190 miles and probably 270
stringer
halo
of
the
main
vein.
miles in 1906, and that traverses rocks of all degrees
In recent years many explanations have been adof strength, from granite to weak sedimentary rocks.
vanced to account for the quartz filling of veins of the
• Hogbom, A. G., Zur Mechanik der Spaltenverwerfungen; eine Studie iiber mit·
Mother Lode type. The idea advocated by Lindtelschwedische Verwerfungensbreccien: Geol. Inst. Upsala Bull., vol. 13, pp. 391-408,
gren 10 that the clean quartz in a vein is the res'ult of
1916.
a Idem, p. 398.
the filling of cavities has proved unacceptable to many.
e Flett, J. S., Notes on some brecciated stanniferous veinstones from CornwaII:
Inj
ection of a quartz magma in the form of a dike is
Geol. Survey England and Wales Summary of Progress, 1902, pp. 154-159, 1903.
7 Lawson, A. C., Report of the California Earthquake Commission, vol. 1, pt. 1,
pp. 147-151, 1908.
.
8 Reid, H. F., Elastic rebound theory of earthquakes: California Univ. Dept.
Geology Bun., vol. 6, pp. 413-444, 1911.
.

o Lawson, A. C .• oP. cit., pp.53-57,.
10 Lindgren, Waldemar, Characteristic features of California gold quartz veins:
Geol. Soc. America BulL, vol. 6, p. 229, 1895.
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an idea that has been revived, replacement is an the growing quartz. Although it is highly improbable
.alternative idea, and the pushing apart of the walls of that the feeble force of crystallization could have
a fissure by the force of crystallization of the growing crowded apart the walls of the veins to make room
quartz is still another. It has also been suggested for the growing quartz, it is easily conceivable that
that the original filling of the fissure, especially the after breccias had been formed in the fault fissure, or
gouge, may have been more nearly removed where the belts of schistose slate, or open spaces the force of
ascending currents of the ore-forming solutions were crystallization thus working against no great resistflowing most swiftlyY Some, like Tronquoy 12 in ance might pry apart the leaves of the slate and
explaining the tin-bearing quartz veins of Villeder, produce such closely spaced ribboned ore as is shown
France, have gone so far as to maintain that the in Plate 4, A. But no criteria are known by which it
quartz was injected as a jelly and then slowly became can be established that the force of crystallization
coarsely crystalline. Although this hypothesis ap- has been at work.
On the whole the theory that the Mother Lode
pears to account satisfactorily for the "floating'" or
isolated "unsupported" inclusions of wall rock in the quartz veins were developed by successive enlargeveins, yet it seelns not applicable to the Mother Lode ments appears to fit the facts best. A later moveveins, becaus~ nowhere do they show any colloform ment along the fissure might crush the earlier-formed
structures; vugs are common, but they invariably quartz, and this would account for the fact that some
have sharply angular surfaces (see p. 40) instead of of the gold occurs in crushed quartz. It is an interthe cauliflower-like surfaces common in gel minerals esting question whether such crushed qu~rtz might
that have become crystalline. Irregular shrinkage not recrystallize under the influence of the later
cavities might be produced by the loss of water during solutions and thus obscure or obliterate some of the
the crystallization of the gel, but they would be lined eVidence of successive movements along the fissure.
The great vertical extent of the Mother Lode veins
with chalcedony or fine-grained quartz and not with
indicates that they were formed by hot ascending
large crystals of quar~z.
The hypothesis that the quartz veins are frozen solutions, as js shown also by their mineralogic charmagmatic injections-dikes, in short, or vein-dikes, acter. They belong to the mesothermal group, formed
as Spurr IS calls them-is believed to be improbable under conditions of intermediate temperature, and
because, first, the quartz veins nowhere show any the sporadic occurrence of pyrrhotite, tourmaline, and'
evidence of the chilling in t~e form of fine-grained magnetite show that they are transitional to the hypoborder facies, even if only narrow, that should be thermal group. ' Probably the ore-depositing agency
found in dikes that were injected into rocks relatively was hot water that carried in solution gold, silver,
so cold as those of the.Mother Lode belt; and, second, lead, zinc, and other heavy metals, also potassium,
the enornlOUS amount of replacement effected in the sulphur, arsenic, and carbon dioxide. The effect of
wall rocks is out of all proportion to the size of the the carbon dioxide and the potassium vastly exceeded
veins and points to the long-continued flow of solu- . that of the other constituents. The carbon dioxide
liberated immense quantities of silica from the wall
tions through the fissures.
The relative importance of cavity filling, replace~ rocks, and this silica was delivered to the vein chanment, and the force of crystallization as fa.ctors in nels, where it was in part precipitated as quartz. The
forIning the quartz veins is an unsolved· problem. potassium was utilized in effecting the extensive seriThe positive evidence, as pOInted out on page 45, citization of the wall rocks.
A question of much practical as well as scientific
favors the predominance of cavity filling. N evertheinterest
is what determined the very different behavior
less the gross effect of the appearance of certain veins
of
the
gold
in the ore-forming solutions at different
as viewod in the stopes or crosscuts is that they are
In
places the gold migrated freely into
localities.
the results of replacenlent. This strong suggestion of
the
wall
rocks,
forming
the gray' ore and the mineralreplacelnent origin is well shown by the quartz ore of
ized
amphibolite
schist
ore. In places pyritized
some of the stopes in the Argonaut mine, as illusin others, similarly pyrigreenstone
js
valuable
ore;
trated in Plate 5, A, which suggests quartz containing
tized
and
hydrothermally
altered
greenstone is valueinnumerable residuals of unreplaced slate. But the
less.
Higher
temperature
of
ore-forming
solutions at
evidence as seen under the microscope is firmly against
some
places
than
at
others,
the
higher
temperature
the idea of replacement of the slate by quartz.
giving the gold greater mobility, suggests itself as an
Becker 14 in 1905 suggested that the Mother Lode
explanation; but this suggestion appears to be negaveins were opened by the force of crystallization of tived by a comparison. with the mode of occurrence of
..... _ - - _ . - - - - - - - - - - - - - - the gold in the stringer lode of the Alaska Juneau
\>I Quiring, H., 'l'hermc.naufstieg und Gangelnschleben: Zeitschr. prakt. Geologie,
J'ahrg. 32, p. 166, 11124.
mine
at Juneau, Alaska; the gold there was deposited
II Tronquoy, R., Contrl bution r.l'~tude des gites d'~taiIl: Soc. min. Franco Bull..
at a higher temperature than in the Mother Lode
vol. 35, pp. 456-465, lIll2.
II Spurr, J. E., The ore magmas, vol. 1, pp. 76-85, 1923.
belt, but it is nevertheless confined to the quartz in
It Duoker, G. F., and Day, A. L., The linear force of growing crystals: Washington
the veinlets that ramify through the slates. It is
Acad. ScI. Proc., vol. 7, p. 283, 1905.
~-"
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this restriction of the gold to the quartz veinlets that the hornblendite. Lest the idea of a zonal arrangement
makes possible a rough sorting of the ore and permits of the gold and copper deposits of the Sierra Nevada
the successful working of an ore body that averages be seriously entertained, it is well to point out that
63 cents to the ton.
copper deposits-for example, in the Noonday mine,
We come now to the source of the ore-forming in Eldorado County, whose ore consists of nlassive
solutions. Long ago Richthofen,I5 in a brilliant pyrrhotite intergrown with chalcopyrite-occur within
paper that still repays reading, maintained that the the Mother Lode belt itself. Obviously the occurrence
gold deposits of the Sierra Nevada were genetically of this pyrrhotitic copper ore, so unlike the geographrelated to the intrusive granite and were produced ically closely associated gold deposits, was not deterby emanations that issued from the deeper-lying mined by so simple a principle as zonal arrangement
portion of the magma, which was still fluid when that around a center from which ore-forming solutions
part of the granite now exposed to view had already emanated. The true explanation is part of the larger
solidified.
problem of the Sierra Nevada considered as a metalloRansome 16 thought that "in all probability the genic province, but this problem is one that awaits
waters which carried the Mother Lode ores in solution 'field study.
THE MINES
were originally' meteoric waters, which after gathering
up their mineral freight in the course of downward
PLAN OF TREATMENT
and lateral movement through the rocks were conThe mines are described in the following pages in
verged in the fissures as upward-moving mineralgeographic order from north to south. As in general
bearing solutions." In the light of present ideas this
only the operating mines were examined, descriptions
explanation may be modified as follows. The carbon
of the many idle mines necessarily do not appear, but
dioxide, sulphur, arsenic, gold; and certain other conthe mines here described are nUlnerous enough to
stituents were probably supplied by exhalations from
furnish examples illustrating in a detailed way the
a deep-seated consolidating magma, as was also a part
diversity of ore bodies that occur in the Mother Lode
of the heat. These substances and the heat were
system. In describing the Inines the main emphasis
added to the meteoric circulation, which supplied the
is put on their geology.
necessary motive power to lift the liquid solution to
Valuable information on the location, ownership,
17
the earth's surface.
equipment, and operating details of the mines will be
Which magma or nlagmas supplied the gold and
found in the reports of the California State Mining
other constituents is unlmown. The attelnpt to ascribe
Bureau. Particularly useful in these respects are the
their origin' to gabbro, peridotite', and albite aplite
reports by W. B. Tucker in the State mineralogist's
dikes 18 finds no support from the mode of occurrence
reports for the biennial periods 1913-1914 20 and1915of the gold along the Mother Lode belt; in fact, the
1916; 21 these two together constitute a convenient regbelt is particularly poor in gold where these intruister of the ar,tive and inactive mines of the Mother
sions are most abundant.
It appears to be a safe con""fr
. Lode belt.
clusion, however, that the ore-forming emanations were
An account of the methods of nuning used in the
given off during the final stage of the epoch of plutonic
Mother Lode belt is given by Al:not. 22
intrusion at or near the end of Jurassic time. For
GEORGIA SLIDE MINE
wherever the age of the gold deposits in the Sierra
Nevada can be even approximately dated it proves to
rhe Georgia Slide mine is 1 V2 miles north of Georgebe younger than the granodiorite intrusions, and the town, Placer .County. It has long been considered
community of characters shown by the gold deposits as marking the north end of the Mother Lode belt.
over the whole region is so great that there can be It has been worked more or less continuously since
little doubt that they are all of essentially the same 1852, at first by bank blasting and sluicing and later
age. Even the copp'er deposits, most of which are by hydraulicking. As a result of these operations an
west of the Mother Lode belt, are of postgranodioritic immense pit has been fonned, about 1,000 feet long
oTigin. Reid's ascription of thehornblendite at Cop- and 600 feet wide at the top. It is estimated that
peropolis as the ore bringer of the great copper deposits about 3,500,000 cubic yards has been removed and
there 19. has been proved erroneous by the subsequent that 2,000,000 cubic yards of tailings have accumulated
discovery in the mine of large bodies of 4 per cent in the canyon below the mine. Obviously these tailcopper ore in the granodiorite, which is younger than ings must contain a large fraction of the gold originally
present, and in 1915 a light 10-stamp battery was
16 Richthofen, F. von, Ueber das Alter dcr goldfiihrenden G!inge und der von
ihnen durchsetzten Gesteine: Deutsche geol. Gesell. Zeitschr., Band 21, pp. 723-740,
operated on them to determine this gold content.

1869.
18 Ransome, F. L., U. S. Geol. Survey Geol. Atlas, Mother Lode District folio
(No. 63), p. 7, 1900.
17 Day, A. L., and Allen, E. T:, The temperature of hot springs: Jour. Geology,
vol. 32, pp. 184-185, 1924.
18 Lindgren, Waldemar, Mineral deposits, 2d ed., p. 575, 1919.
Ig Reid, J. A., Econ. Geology, vol. 2, p. 414, 1907.

20 Tucker, W. B., Mines and mineral resources of Amador County, C~laveras
County, Tuolumne County, 180 pp., California State Min. Bur., 1915..
21 Mines and mineral resources of the county of Eldorado, 37 p'p~, California State
" ,1,:'
Min. Bur.; 1917.
.
..
22 Arnot, S. L., Mining methods in the Mother Lode district of California: Am.
lost. Min. and Met. Eng. Trans., vol. 72, pp. 288-304, 1925.
.
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Since hydraulic mining was stopped smaU parties of
lessees have made wages by working the quartz
stringers or "seaIns," as they are locally called, for
pockets. Some tunnels and drifts have been driven
in the search for these pockets. There are no authentic.
records of output,. but the best surmise is that a .total
of $3,000,000 has been produced.
The country rock is chiefly a deeply rotted green
chloritic siliceous schist, with some interbedded black
slate, striking N. 5° W. and dipping 80° E. The
"seams" are quartz stringers that range in thickness
frOln a fraction of an inch to a foot or more; the average
stringer is perhaps 1 or 2 inches thick. Locally the
stringers swell into lenses as much as 4 feet thickexceptionally 15 feet thiclc Five belts of schist in
which the stringers are more abundant than elsewhere
are recognized. The easternmost of these belts is
35 feet truck. The stringers consist mainly of coarse
white quartz, but marginally they contain abundant
albite and calcite. Free gold, some of it beautifully
crystallized, and pyrite are the metallic constituents.
Much of the gold is firmly attached to the quartz, and
consequently moftt of it must have been lost quring
hydraulicking. The veinlets are ahnost invarjably
o~idized, hence they are honeycombed and highly
limonitic; the adjacent schist is soft, o~dized, and rotten. Only in depth does the calcite appear in the
veinlets. The gold, according to mint returns, is
reported· to have a value of $18.50 to $18.80 an ounce.
Its indicated fineness is therefore 0.900, or considerably
higher than that of the deep-vein gold of the Mother
Lode system. An analysis of a specimen of free gold,
given on page 37, shows its fineness to be 0.912.
GUILDFORD MINE

The Guildford mine is on the south side of the canyon
of South Fork of American River,· 3 miles north of
Placerville. The claim was located in the fifties, and
the mine was formerly known as Poverty Point. In
1915 0. mill of 15 light stamps was in operation. In
1919 this mill burnt down as a result of forest fires,
and the nune has been idle since then. The mine is
opened by 0. series of adits. The main adit or haulage
way, which is at the level of the mill, is known as the
400-foot level, because it is about 400 feet below the
crest of the hill. A tunnel 500 feet vertically below
the main haulage way and 150 feet above the river has
been started.
rrhe ore occurs in shoots distributed through a zone
of schists and slates that rest on a well-defined footwall. The footwall rock is a schistose greenstone, well
exposed at the portal of the main adit. It is homogeneous for a width exceeding 100 feet; it contained
originally hornblende or fLugite phenocrysts, and these
havo been sheared out into dark-green glossy patches.
N ear the footwall of the ore zone it has been profoundly
transform~d into a light-colored rock composed of
a~kerite, albite, and sericite.

The footwall of the ore zone, separatjng the greenstone from the overlying schists and slates, strikes
north to N. 20° W. and dips 50°-70° E. The slates
strike N. 20° W. and dip 80° E. It is clear everywhere
throughout the mine that the ore zone dips less steeply
than the ~ates, the average divergence being 20°, and
it is probable that the ore zone cuts the rocks at an
acute angle along the strike.
Two shoots of ore were being mined above the 300foot level in 1915. One rested on the footwall, and
the other, which appeared to be the principal ore body,
was 30 feet above the footwall. The ore consisted of
slate or schist traversed by a network of quartz veinlets, commonly containing notable quantities of albite.
Pyrite was the only sulphide. The ore was reported
to carry $10 a ton. The sulphide concentrate was said
to carry from $35 to $180, depending on whether it
was obtained from the ore shoot or not.
In 1925 it was reported that the Guildford Illine had
been reopened and equipped with a 10-stamp mill,
with the expectation that milling would start in the
near future. 23
PLYMOUTH MINE

History.-The Plymouth mine is at Plymouth,
Amador County. It has had a long and eventful
history, from many angles one of the most illuminating
furnished by the Mother Lode mines. In the eighties
the Plymouth Consolidated Gold, Mining Co. was one
of the largest gold-producing companies in California. It was formed in 1883 by consolidating the
Empire, Amador Pacific, and Plymouth companies.
Between the date of its organization and January 1,
1888, it produced $3,804,499, from which were disbursed 55 monthly dividends, amounting to $2,200,000.
Before the consolidation the ,~'"'
miii~s had yielded $2,500,000._
Two mills, aggregating 160 stamps, were operated;
they were run by water power. The concentrate
averaged from 1.25 to 1.50 per cent of the ore crushed;
its, value ranged between $100 and $200 a ton. 24
The average yield per ton was $6.18 in 1886 and
$7.59 in 1887, when 97,000 tons was crushed. 25 The
total cost, including all expenses (mining, milling,
treatment of concentrate, office, taxes, and prospecting) was estimated to be $3.07 a ton in 1887.
If, however, we apply to the figures for the year 1887
the test that the real cost is obtained by subtracting
dividends from yield, we get the anomalous result that
the cost per ton was $2.64 instead of the estimated
$3.07. The inevitable conclusion follows that the
income was disbursed too rapidly in the form of
monthly dividends, so that insufficient sums were
reserved for contingencies such as fire or pinching of the
j

23 Eng. and Min. Jour.-Press, vol. 120, p. 103, 1925.
2' Small, G. W., Notes on the stamp mills and chlorination works olthe Plymouth
Consolidated Gold Mining Co., Amador County, Calif.: Am. lnst. Min. Eng.
Trans., vol. 15, pp. 305-308, 1887.
U California State Min. Bur. Eighth Ann. Rept., p. 44, 1888.
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Operations continued profitably until 1920. With
ore shoo't. Both these calanrities soon overtook the
great regularity 11,000 tons a month was mined and
mine.
In January, 1889, fire broke out in the mine, and in crushed. About 125 men were employed underground
order to extinguish it the mine was allowed to fill with and 60 on the surface. After 1920 rising costs and
water. When the· mine was unwatered a year later, diminished ore shoots brought on a succession of lean
it was found that the fire had done much damage by years. Operating costs increased from $2.90 a ton,
causing extensive caving. 26 Soon after that time the the average for the first two years after the reopening,
mine was abandoned, and it remained idle until to $4.97 a ton in 1920, or including development
charges to $5.99 a ton. The shaft had been deepened
1911.
It would appear from the history just given that the by the end of 1924 to the 4,000-foot level (3,600 feet
Plymouth mine had produced before its reopening in vertical depth).
On March 1, 1925 the mine went into the hands of
1911 a total of about $7,000,000. The ore body from
which that output was mainly won is described as "an a receiver and was offered for sale in the open market.
imlnense chhnney of ribbon quartz from 30 to 50 feet It was bought by the Argonaut Mining Co. "for less
wide and 350, to 450 feet long." 27 This shoot is the
than $75,000."
famous Empire shoot, variously stated to have yielded
Development ..-The mine is opened by the Pacific
shaft, which is vertical down to the 1,600-foot level,
$6,500,000 and $8,000,000. The probabilities, as usual,
favor the lower of these traditional figures. The below which it becomes an Incline sloping on the
width or thickness given is 'manifestly excessive, for
average 57° E. The bottom level in 1924 was the
on using ,even the minimum figure, 30 feet, we find that 4,000-foot level, at a vertical depth of 3,600 feet. As
the computed yield per ton of ore in the shoot is far . in most Mother Lode mines, the upper, worked-out
too small. The results of this analysis of available levels are largely inaccessible. Drifts on the vein
historical data' are typical of .what happens to many rarely remain open for more than four to six weeks,
other Mother Lode" data?' when critically scrutinized.
and the heavy timbers, 18 inches square, that are
After lying idle for 20 years the mine was reopened used to support the roof are completely crushed. The
in 1911, on the initiative of Albert Burch 28 and
timbering is one of the major items in the cost of
W. J. Loring. 29 With British capital a corporation mining. The policy of driving the levels in the footknown as the California Exploration Co. (Ltd.) was wall of the vein (in places in the hanging wall) was
formed, which undertook the preliminary work.
adopted to some extent; such drifts stand without
Unwatering of the mine began late in·1911. The timbering. On the 1,200-foot level 400 feet south of
Pacific shaft, a vertical shaft 1,600 feet deep, was
the shaft a long hanging-wall crosscut was driven to
unwatered and reconditioned. It was fo~nd that the cut the, Reese & Woolford vein. A typical Mother
vein had been cut on the 1,600-foot level by a cross- Lode'black-slate gouge 1 foot thick, with a fine hanging
cut extending 140 feet from the shaft and that the wall striking N. 25° W. and dipping 70° E., was intervein had been drifted on for 160 feet without finding sected, but nothing of value was found.
ore, but that in the bottom of a winze that had been
The ore was treated in a 30-stamp mill, having a
sunk to a depth of 75 feet below the level the vein capacity of 350 tons a day. This mill departed notably
assayed $17 a ton through a thickness of 28 inches. from standard Mother Lode practice. 3D The weight of
The winze was then deepened to the 2,000-foot level, the stamps is 1,250 pounds, and their duty is from 12
'all in ore, and development work was continued until to.15 tons a day, the ore being crushed to one-fourth
110,000 tons of ore assaying $6.35 a ton had been in- inch. The pulp goes from the batteries to classifiers,
dicated.
from which the fines is sent to two Wilfley tables arid
Early in 1914 the Plymouth COl).solidated Mines Co. the coarse product to two Hardinge mills. The tailings
(Ltd.) was organized, with a capitalization of 240,000 from the Wilfley tables are returned to the Hardinge
shares of £1 each, and purchased the mine from the mills. It was found necessary in general to use only
California Exploration Co. for £204,482. A 30-stamp' from 20 to 25 of the 30' stamps'. Maps, developnlent
mill was built and began operating July 30, 1914. The data, and production records were carefully kept in
total expenditure in reopening and equipping the mine unusual fullness of detail, and for the free use of this
was $960,000. Some adjacent claims-the Plymouth valuable material I alIl greatly indebted to Mr.
Gold Quartz, on the east, fi,nd the New London, on the W. J. Loring. Mr. O. H. Hershey and Dr. Malcolm
south-were purchased in order to obviate any danger Maclaren were the consulting geologists for the
Plymouth Consolidated Gold Mines Co.
of apex litigation.
Output.-The total output to the end of 1924 is
2G California State Min. Bur. Tenth Ann. Rept., p. 117, 1890.
$12,000,000. From August, 1914, to June 30,
roughly
27 California State Min. Bur. Eighth Ann. Rept., p. 44, 1888.
Min. and Sci. Press, vol. 121, p. 301, 1920.
Reopening of the Plymouth mine and the results: Min. and Sci. Press, vol.
121, pp. 771-772, 1920.
28
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aD Caetani, Gelasio, The design of the Plymouth mill: Min. and Sci. Press, vol.
109, pp. 670-679, 1914.

PLYMOUTH ·MINE

1924, 1,020,845 tons of ore was milled. This yielded
13,827 tons of concentrate, having a gross value of
$1,616,616, or $116.92 a ton, in gold. The total value
of the gold obtained by amalgamation and in concentrate was $5,676,921, or $5.56 to the ton of ore milled.
The bullion fineness is 0.800 gold and 0.190 silver; these
are average figures, for when the gold decreases the
silver increases. There is no evidence that the fjneness
increases in depth. Of the gold 70 per cent is obtained
by amalgamation and 30 per cent in the concentrate.
Since 1915 the anlount of gold obtained in the concentrate has ranged fr0111 24' to 32 per cent in <;lifferent
years, but it nlay fluctuate nearly as much in suc-.
cessive nlonths.
.
The concentrate produced has averaged ] .35 per
cent of. the ore nlilled. By a change of milling practice in 1923 to increase the recovery of the sulphides,
whereby a lower-grade concentrate was produced containing 40 per cent of insoluble matter, the concentrate
increased to 1.92 per cent of the ore· milled. This
figure indicates, the small loss during concentration
being neglected, that the ore as milled contains 1.13
per cent of sulphides. These sulphides from the deeper
levels (3,650-foot to 4,000-foot) consist preponderantly
of pyrite, with very minor anl'ounts of galena, sphalerite,
and chalcopyrite. Concentrate from the 1,600-foot
to 2,300-foot levels contained a perceptible amount of
arsenopyrite, but that the disappearance of arsenopyrite fronl the ore of the deeper levels is of any significance can not be affirmed.
Geology.-The nlain rock at the Plymouth mine is
the black slate of the Mariposa formation. There is
also sonle interbedded graywacke, or sheared sandstone,
some conglomerate, and S0111e greenstone, chiefly in
the fornl of lenses of augite melaphyre tuff and breccia.
The belt of augite melaphyre east of the mill is probably an intercalated lava flow; it contains numerous
large prominent phenocrysts of augite in a roughly schistose grayish-green matrix. The general distribution of
these rocks is shown on Plate 9. These rocks strike
N. 20 0 W. and dip on the average 75 0 W., and as shown
by the interbedded layers of graywacke and grf\,Ywacke
slate bedding and cleavage are parallel. In their westward dip they are unlike the rocks at nlost Mother
Lode nlines.
Some masses of diabase porphyry, probaqly dikes,
occur in the southeastern part of the area mapped.
They are albitized, as described on page 18. Their
presence has no known significance in· regard to the
Occurrence of ore.
The eastern part of the mapped area consists of
glossy gray-green amphibolite schists, dipping 85 0 E.
The contact between thenl and the Mariposa slate is
a reverse fault, which dips 60 0 E. It was a zone of
mineralization, as shown at the Chicago lode, in the
southeastern part of the area, and at the Mayella lode,
where there is at the contact a wide shattered zone
containing much quartz and. albitized rock.
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Although black slate is the prevailing rock ~ the
mine, yet in the deeper levels, .north of the spaft,
greenstone appears in the footwall of the Empire
vein, the downward extension of the mass that crops
out at the surface in the northwest corner of the
mapped area. On the 2,900-foot level a footwall crosscut penetrates 260 feet into greenstone, chiefly varieties rich in augite phenocrysts; at the face is plainly a
flow or intrusive carrying abundant porphyritic augite.
The greenstone is overlain by a foot of conglomerate,
which is interbedded with greenstone tuff and slate.
On the.3,400-foot level, north of the winze 400 feet
north of the shaft, greenstone forms the footwall of the
vein; it is intensely hydrothermally altered to gray rock.
.Hydrothermally altered greenstone also occurs as
the hanging wall of the Empire vein on the 2,150-foot
level; it occurs where it would be expected if the belt
on the surface were projected downward on a dip of
75 0 W., as shown in Figure 7. It consists of dolomite,
quartz, albite, sericite, and pyrite.
.
There are three principal veins on the Plymouth
ground-the Empire, Pacific, and Reese & W ooHord.
The Empire and Pacific are the productive veins.
The Reese & W ooHord vein has not been shown to
contain ore, although so far as' its appearance and
favorable environment go it l11ight contain valuable
ore shoots. There is also, as already mentioned, a'
mineralized zone along the contact of the slates and
al11phibolite schists .. The course of these veins, as
deternuned by O. H. Hershey, is shown on Plate 9.
The course of the Enlpire, by far the nlost productive
vein, is marked for a distance of about 7,000 feet by
the North, South, Indiana, New London, and Pioneer
shafts. A cross section through the Pacific shaft is
shown in Figure 7. The position of this section is
shown by the line A-A' on Plate 9. The Enlpire vein
cuts through the westward-dipping rocks at an average
angle of 620 E.; the Pacific is considerably steeper- '
80° E. N otable, becaw~e so exceptional in Mother
Lode l11ines, is the belt of conglol11erate, 110 feet thick,
that forms the hanging watl of the Enlpire vein for a
distance below the 3,225-foot level; the extension of
this conglomerate in the footwall of the vein is not
shown in Fjgure 7, as the evidence was not obtainable.
Before the reopening of the mine in 1911 the nlain
output came from the Empire shoot, which yielded
$6,500,000. This shoot occurred in the Empire vein
south of the junction with the Pacific vein; it cropped
cut 1,250 feet north of the Pacific shaft. Its stope
length was 450 feet, and it pitched 45° ·S. The pitch
length was 2,000 feet, and the shoot was remarkably
regular down to ~ vertical depth of 1,500 feet. Since
.1911 most of the developnlent work has been done on
the Empire vein, and the ore nuned has come almost
entirely from this vein, mainly from the downward
extension of the Enlpire shoot, which, however, has
lost the regularity it had above the 1,500-foot
level.
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times, the gouge has not separated the lode nor doubled
it on itself, so "its economic effect may be disregarded."
The shoots of ore that have been worked are shown
on Figure 8. The downward extension of the Empire
shoot is not as regular below the 1,500-foot level as it
is supposed to have been from the surface to the
1,500-foot level. Instead of pitching south at 45° it
has b~come vertical or even pitches steeply north.
Details 'concerning this shoot have already been presented on pages 28-29.
The vein was lean or unprofitable from the 2,500loot level to the 3,050-foot level. There was another
blank of 400 feet from the 3,235-foot to, the, 3,650foot level. The sho<;>t found below the 3,650-foot
iacific
w
E.
shaft
level is of good grade-about $10 a ton-narrow
and lenticular, and 180 feet long. The quartz is considerably crushed, is practically barren of sulphides,
,- and contains sporadic slate inclusions surrounded by
crusts of ankerite and albite. On the south end the
shoot pinches down to a gouge-filled fissure. At the
time of my visit it had been explored 50 feet below
the 4,000-foot level. At this depth sheared conglomerate forms the hanging wall of the vein.
This bottom shoot, as it is called, was found by
sinking a narrow winze ,from the 3,400-foot level at
a point 400 feet north of the shaft. At this point a
footwall,vein joins the Empire vein, with the conse. quent occurrence of a large body of quartz carrying
$5 a ton. For a time all development work and extraction of ore was done through this winze, and this
accounts in part for the increase in mining costs.
Finally, late in 1924, the shaft was extended to the
4,000-foot level.
'
It began to be felt at the mine that exploratory
.work had perhaps been too exclusively directed toward
finding ore in depth and that more longitudinal
exploration should be done. With this purpose the
1,400-foot level was extended north on the Empire
vein.
0,....._ _ _5.......
9_0_ _...:.:.1.0.00 FEET
According to Maclaren three shoots were worked
FIGURE 7.-Section through the Pacific s.hart, Plymouth mine. 1,
in
the Pacific vein, all south of the Pacific shaft.
Mariposa black slate; 2, graywacke; 3, augite melaphyre; 4, amphib·
olite schist; 5, Empire vein; 6, Pacific vein; 7, Reese & Woolford
(See
fig. 8.) They were followed up to the 835-foot
vein; 8, conglomerate
level, where they frayed out. upward into a stringer
and pinches and locally 'attains a thickness of at least lode.
In the Plymouth mine ore shoots appear likely to
4 feet. Where the vein is inclosed on both footwall
and hanging wall by gouge the quartz has been reduced occur at junctions; at lenticular expansions of the
to a sugary condition, thereby proving that it has been vein, the positions of which can not be predicted,
severely crushed by postmineral movement; Thepost-. as their cause is not krrown; and possibly at changes of
mineral movement appears to have taken place mainly formation, which appear to have be,en a factor deteralClng the premineral fissure and has produced strong mining the forming of a branch vein.
gouges, which have a predilection for wrapping around
FREMONT MINE
the thick lenses of quartz. In places stringer zon~s 10
'The Fremont nrine extends 4,200 feet along the
feet or more thick lie above the hanging-wall gouge.
Locally the walls of the gouge are wavy, corrugated, Mother Lode belt and is 1 ~ miles north of Amador
and deeply fluted. The longer axes of the flutings are City. It is equipped with a 40-stamp mill. The mine
parallel to the dip and thus show that the postmineral was shut down in 1918 and except for a brief period
movement was mainly parallel to the dip. According in 1923 has remained idle. The property is developed
to Maclaren, who has studied the mine in detail several by the Fremont shaft, extending 3,000 feet 'on an
The vein matter ranges from solid quartz to black
slate stringered with numerous quartz veinlets. The
quartz filling is in places markedly ribboned with
slate filaments, but not all ribboned quartz is ore.
The vein is generally bounded by remarkably cleancut, well-defined walls, which in places are almost
mathematically perfect planes. These walls range in
dip from 75° to 45°, although the vein as a whole dips
62° E. A thick gouge, consisting of ground-up black
slate spotted with fragments of white quartz, may
forIn either the hanging wall or the footwall, or gouge
may constitute both walls, and in places strands of
gouge may cut through the VeIn. The gouge swells
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incline of 50°, and the Gover shaft, an incline 1,500
feet in length, which is 1,430 feet north of the Fremont; 'the workings are connected underground.

thick belt of augitic greenstone tuff and breccia.
The greenstone belt, as shown underground, contains
some intercalated lenses of slate. All rocks dip 80° E.
N.
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FIGURE S.-Ore shoots of Plymouth mine

'The Gover is the older; the Frenlont shaft was
'begun in 1900.
The FreIllont shaft is at the surface in Mariposa
~slate, 50 'feet west of the contact of the slate with a

Two veins-a footwall vein, known at the mine
as the Mother Lode vein, and a hanging-wall veindetermine the development and exploration policy.
The Mother Lode vein is so termed because it contains
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shoots of quartz ore; the hanging-wall vein is knoWn
as the gray-ore fissure, because although itself not
generally ore-bearing· it is accompanied by bodies of
gray ore where one or both of its walls are greenstone. But this distinction between the two veins
is not vital, for gray ore is associated with the Mother
Lode veiri below the 1,350-foot level. The angle b'etween the two veins, on the 1,100 and 1,350 foot levels,
is 30°; the Mother Lode vein strikes N. 20° E. and
dips 45° E., and the gray-ore fissure strikes N. 10° W.
and dips 55° E.
The gray-ore bodies have yielded the bulk of the
output. The largest body of gray ore was 200 to 300
feet long, was 40 feet wide from the 1,100-foot to the
1,350-foot level, and extended down to the 2,300-foot
level. Its greatest width was reported to be 70 feet.
This fine ore body was situated in the wedge end of a
mass of auriferous pyritized greenstone lying between
the Mother Lode vein and the gray-:-ore fissure at their
intersection. The ore follo~s the gray-ore fissure,
lying in the footwall of that vein, and between the ore
VII.

Shaft

E.
1

2

LEVEL

------600'

-------aoo'

lltlllJ.l.lll.\1r1\.L.:~~TL-----IJ200'

-Lf_

O
0,-1-'---L--'---l,L-5 _ _ _---I
O,OO Feet
I

"

Sla.te

2 Greenstone
FIGURE

9.-Section through Gover shaft, Fremont mine

and the Mother Lode (footwall) vein is a body C?f.
coarse white quartz or quartz-cemented shatter breccia
of greenstone splotched with silvery mica.
The gray-ore fissure is a well-defined quartz vein,
generally narrow, containing a foot or' so of gouge.
Its formation was accompanied by much auxiliary
fissuring and shattering. The dip of the fissure ranges
from 40° to 65° E. and averages 30° less than that of
the slate and greenstone that it cuts. In strike also
. it has an equally large range. In places-for example,
330 feet s6uth of the shaft crosscut on the 2,100-foot
level-the vein expands to large bodies of coarse white
quartz, 6 feet or more thick, which have been stoped.
The hanging wall here is slate, and the fC?otwall is
greenstone. At some places where such bodies of
quartz occur small shoots of gray ore have been found
in the adjacent greenstone. The gray-ore fissure on
the 2,300-fo·ot level strikes N. 20° W. and dips 45°-65°
E. Near the south end of the level the fissure was
filled with a ribboned quartz vein inclosed between a
well-definp.d. slate hanging wall and a greenstone foot-

,

.

wall. The quartz filling contains no s:ulphides, but
the adjacent greenstone carries'pyrite and arsenopyrite
and formed a small body of gray ore. The mam body
of gray ore on this level was 100 feet long and 20 feet
thick and was continuous with stope No. 2 on the
2,100-foot level.
The gold tenor of the gray-ore bodies is reported to
be very uneven, ranging from a trace to $20 a ton.
The average value of the ore mined in 1915 was not
disclosed, but that mined in later years averaged $5
a ton. Arsenopyrite is said to indicate better-grade
ore, but in general the value of the ore can be determined only by assay.
Although the distribution of the gray-ore bodies
presents many enigmatic features two facts stand out
clearly in the Fremont mine-(l) shattering of the
greenstone favored the formation of gray ore, and the
main body'of this ore occurred at the acute intersection
of two veins, where the conditions for thorough shattering were most favorable; (2) only the purer greenstones-that is, those free from argillaceous admixture-were altered to ore.
The geologic conditions at the Gover shaft are shown
in Figure 9. The conditions in this shaft are unusually
favorable for measuring the displacement along the
fault fissure occupied by a Mother Lode vein; it
amounts here to 375 feet. The shaft follows the vein
practically all the distance down to the 1,500-foot
level (1,073 feet vertical depth). To use the .terms
commonly employed along the Mother Lode belt,
the Gover vein is a "slate" vein from the surface down
to the 170-foot point, a "contact" vein from that point
to the 600-foot level, and a "greenstone" vein below
the 600-foot level. The slates, which normally dip
75° E., are remarkably flattened against the vein
where the greenstone forms the hanging wall, being
bent back so that they dip as low as 40° E.
The vein was narrow in the slate but widened in
depth, 50 and 60 feet being conlmonly reached. 31 . The
ore, however, was of low grade, and that in the bottom
levels did not pay to extract. No ore was being mined
in 1915, and.only.some prospecting was being done.
. The bottom or 1,500-foot level from the Gover shaft
is connected with the 1,350-foot level from the Frenlont,
which was driven north along the gray-ore fissure.
It was thereby shown that the great quartz bodies of
the Gover were formed along the north extension of
. this fissure, or zone of fissuring, as it might more
: appropriately be called, for in places the hanging wall
: contains much coarse white quartz as far as 75 feet
: from the fissure.
TREASURE MINE

The Treasure mine is between the Fremont, on
the north, and the Bunker Hill, on the south. It was
under development in 1915, and subsequently a mill .
with a daily capacity of 150 tons was built. This
81
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plant is an innovation in Mother Lode practice, as nQ of 700 feet on th~ incline.' From· 1899,' when the mine
stamps are used, and the ore is reduced by crushers was reopened, to the end of 1914 it yielded $2,863,000.
and fIardinge nlills.32 The mine was idle in 1924.
The total output to the present ti~e is in round num- .
The developnlents consist of an incline 1,60q fe~t hers $5,000,000. Dividends amounting to $1,000,000
long, sloping 50 0 E., and a winze 870 feet long.' The were paid up to September, 19~6, after which pay.;.
collar of the shaf~ is ~n the contact of greenstone and rp.ents ceased. Since 1916 op~rations have been much
Mariposa slate. The' greenstones on the ridge east of curtailed, and. in 1924 the mine was idle.
. .The mine is' developed· by a double-compartment·
the mine are highly 'augitic :varieties and are lnainly
coarse breccias, which fonn prominent outcrops. This incline 2,800 feet long;' sunk .on an angle averaging
belt of greenstone, as sho~n on Rancheria Creek just 58 0 • Most of the workings are north of the shaft. In
south of the Treasure shaft~ is 1,750 feet wide; under- 1920 a winze was sunk 640 feet from the 2,800-foot
ground exposures show .that it contains some inter- level at a point 1,040 feet north'of the shaft, but the'
ore found averaged only $3 a ton.
calated slate.
~he principal vein is the Bunker Hill vein, or, as it
A zone of quartz Cl'Oppings extends N. 40 0 W. along
the contact of the slate and gteenstone fr01n the present is also known, the hanging-wall vein, because other
shaft to the old Treasure shaft, a distance of more than veins, including the" gouge vein" and the Last Chance
800 feet. A quartz vein occurs in the greenstone belt vein, lie in its footwall. Although the Bunker Hill
on the sumlnit of the ridge east of the nline. It trends vein and to a less extent the gouge vein have supplied
N. 35 0 W. and dips 55 0 E. It consists of 2 to 4 feet quartz ore, the nlain dependence in recent years has
of solid qua~'tz inclosed between well-defined walls, been on gray ore.
but there is also .luuch quartz in the adjacent greenThe Bunker Hill vein at the surface is a contact
vein, lying between black slate, which forms it.s footstone.
The Treasure shift is sunk on the vein at the contact, wall, and greenstone, which makes its hanging wall.
keeping just under the hanging wall, which is pre- The greenstone consists of augitic tuffs and breccias
dominantly greenstone. The structural relations show containing some interlayered hard black slate. In
that the fissure occupied by the vein is the result of a depth, at about the 800-foot level, the vein leaves the
reverse fault of not less than 300 feet displacement. contact and enters the greenstone. It cuts through
The vein, dipping eastward 20 0 less steeply ~han the the greenstone layers and intercalat'ed slates at an
greenstones, penetrates in depth far into the green- angle of 25 0 on both the dip and the strike.
stone belt; on the 1,000-foot level (as ~easured on the
As seen on the 2,200-foot and 2,400-foot levels, the
slope distance) there is already 400 feet of lnassive Bunker Hill vein ranged in thickness from 2 inches to
greenstone in the footwall of the vein, as demonstrated 25 feet; for long distances its filling consisted of gouge,
by a long crosscut into the footwall, count~y rock.
locally as much as 5 feet thick, or in places of great
The vein as a rule is thin and is accompanied by a lenses of quartz attaining a maximum thickness of 25
thick gouge spotted with crushed quartz. It is not the feet. These thick quartz lenses carried only a dollar
vein filling, however, which was counted on to supply to the ton. In places the hanging-wall country rock
the lnill, but the s}:loots of gray ore that occur fronl is closely stringered with quartz veins to a distance of at
place to place in the footwall of the vein. These did least 35 feet from the vein.
not exceed 5 feet in thickness. Down to the 2,000-foot
Some nlineralized black slate, heavily charged with
level gray ore had been found in the hanging wall of pyrite and especially with arsenopyrite, occurred in
the vein in only one place. The gray ore, as in the the footwall of the Bunker Hill vein at the north end
adjoining minos, is an auriferous ankeritized green- of the 2,200-foot level and unexpectedly proved to b~
stone carrying several per cent of pyrite and minor . ore; some large stopes were .mined from it.
arsenopyrite.
The gouge vein, so called. because its quartz filling
BUNKER HILL MINE
has been reduced to the condition of a spotted gouge,
The Bunker Hill mine is half a mile north of Amador is, along the line of the shaft, in the footwall of the
City. It extends for 2,587 feet op. the lode and adjoins Bunker Hill vein; north of the shaft the gouge vem
the Treasure mine on the north and the Original inclines toward and j9ins the Bunker Hill vein.
In the wedge-shaped mass between the two veins
Amador lnine on the south. It is equipped with a
40-stump mill. The tailings from ·the mill, which- r~n was a large body of gray ore: It was 100 feet long
$1 a ton, were flumed to a custom cyanide plant, whicp. and 25 feet wide and extended at least 350 f~et on the
treated them for a royalty of 25 per cent. .According dip. At the south end of the ore body-that is, in
to Mr. Elisha Hampton, for many years the able the direction away.from the junction of the two veinssuperintendent of the Bunker Hill mine, it produced the ore . became quartzose and of low grade. The
$1,272,000 before 1891, when it had attained a depth "gray ore" changes abruptly around the edges of the
ore body to green rock. Grayness is a characteristic
u IJogau, C. A., Amador County: Ca]lfomlB State Min. Bur. Seventeenth Ann.
of
thE\ ore. ·but the value of the gray ore can not be
Ropt., pp. 411-412, 1921.
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estimated by visual inspection, even by ,those most
familiar with it.
The geologic features of this part of the mine are
summarized in Figure 10, which is a section drawn at
right angles to the Bunker Hill vein 800 feet north of
the 'shaft, or 100 feet south of the junction of the
Bunker Hill vein and the gouge vein on the 1,400-foot
level. Crosscuts into the footwall and' the hanging
wall country rocks allowed the geologic features to be
ascertained, and the section has been drawn so as to
show the information thus obtained. The section
shows plainly that below the 1,200-foo't level it is the
gouge vem that has become the contact vein and
W.
1 2

ll1illlllillllilllLlll.WWlWlliWJJ.ll.li~~~~

considerably north of the junction of the gouge vein
with the Bunker Hill vein.
.The gray ore is ankeritized greenstone containing 3
to 4 per cent of pyrite and minor arsenopyri teo The
ore as'mined in 1914 ranged from $3.76 to $7.71 a ton.
The $7.71 average was that of a block of 1,270 tons
taken out from the 1,400 east gray-ore stope. The
sulphide concentrate from the gray ore ranged in gold
content from $85 to $90 a ton.
ORIGINAL AMADOR. MINE

The Original Amador mine is in Amador City, on
the north side of Amador Creek. It extends for 1,450
E.
feet on the Mother Lode belt and lies beL£VEL
tween the Bunker Hill mine on the north and
800'
the Keystone mine on the south.
A rather full account of the early history
and prospects of the mine is quoted by
Raymond 33 from a report by J. D. Hague.
In the early seventies it was owned by the
London & California Co., but the financial
-------1,200'
results of the worki~g of the mine during
1873 were keenly disappointing to the stockholders, who expected annual profits of
£76,800. For this reason the mine was shut
- - - - - - - - - - - - - - /,400.1 down. 34

After a long idleness the mine was reopened by the Original Amador Consolidated
Mines Co. in 1908, the shaft was deepened
to the seventh level, and the crushing of ore
2
was begun in 1909. The mine had be.f,m
1I1"lilJfnll"IIII"Ulllllllllllllllllllllllllllllllllflllllll~!C..:..\.J~~~'!--------- /,750' bought under an option for $35,000, which
covered only the Original Amador claim, of
a linear length of 1,450 feet. Subsequently
:..:....::....:.:...!........!~.....:..::....:~'-------1,$.50' adjacent claims-the East Amador on the
east, the Last Chance on the west, and
others-were acquired, being paid for out of
the earnings of the mine. In 1915 the milling
2,200'
capacity was increased to 300 tons a day,
and as 1,500,000 tons of ore was blocked out
above the 700-foot level, a prosperous future
was foreseen. 35 Shortly afterward, however,
~'IGURE 10.-Section through the Bunker Hill mine 800 feet north of the shaft. 1, Slate; 2,
difficulties in disposing of the tailings,
greenstone containing interbedded slate; 3, greenstone; 4, gray ore
mounting costs, and the low grade of the
separates a wide belt of black slate from an overlying ore forced a shut down, and the mine has been idle
belt composed chiefly of greenstone though containing since 1920 ..
some interbedded slate. The gray ore occurs in the
The mine is opened by an inclined shaft 1,238 feet
wedge end formed by the convergence of the two veins. long, with 9,719 feet of drifts, 7,023 feet of crosscuts,
'fhe section plainly suggests that the gray ore tends and 27,465 feet of raises. The 700-foot level, the botto follow the gouge vein rather than the Bunker Hill tom level at the time of my examination in 1915, is at
vein and that consequently the gouge vein merits a vertical depth of 589 feet. The shaft is sunk on the
more attention than has been given to it.
vein from the surface down to the 300-foot level, where
Another gray-ore shoot was found at the north end it passes into the footwall country rock of the veip..
of the 1,200-foot level. It averaged. 10 feet thick, in
33 Raymond, R. W., Statistics of mines and mining in the States and Territories
places expanding to 30 feet, and extended within 50 west of the Rocky Mountains for 1872, pp. 40-43, 1873.
34 Idem for 1873, p. 88, 1874.
feet of the 800-foot level. Th~ position of this shoot
3~ O'Brien, T. S., Amador Consolidated milling plant, Amador City, Calif.:
was evidently not deternlined by a junction, as it was Eng. and Min. Jour., vol. 100, pp. 255-257, 1915.
.
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The collar of the shaft is a short distance west of the hanging-wall vein (40°) than that of the footwall vein
contact of the 11ariposa slate and a thick bel t of augitic (60°). This junction appears to have favorably
greenstone breccias find tuffs. Some of the more strik- influenced the formation of ore, for some stopes were
ing geologic features of the nUne are shown in Figure 11. taken out here on the footwal1 vein.
The Jnarked flattening of the vein as it passes from the
At the south end line on the 700-foot level, where it
belt of bla~k slate into the greenstone is the most is continuous with the "contact" or Springhill vein
notable. The reverse faulting along the vein fissure is of the ICeystone mine, the vein is 8 feet thick, but only
probably more cleurly H,nd accurately measurable in the top 2 or 3 feet was extracted. This portion of the
the Original Aluador than in any other Mother Lode vein contained 'numerous angular inclusions of slate,
'mine; it muouuts to 180 feet.
which had come from one of the layers of slate interThe ore lnined was obtained in pa,rt from the Orig- stratified in the greenstone breccias and tuffs.
inal Amador quartz vein and in part fr01n large irregIn places the hanging-wall greenstone is traversed
ular luasses of auriferous greenstone occurring in the by a network of quartz veinlets, is ankeritic and
hanging wall of the quartz vein. The vein along the pyritic, and contains sufficient gold to constitute 'ore.
line of the shaft is represented by two branches, which Extensive irregular masses of such "gray ore" were
are separH,ted by a thick 111aS3
E.
of greenstone. On the 500 _ w.
foot level this Blass is 120 feet
wide at the shaft. The footwall branch of the vein, known
as the west or footwall vein,
is thinner and of better grade
than the hanging-waH branch.
In the upper levels it had
~~-------:------------ 200' level
been largely mined out by the
early operators and averaged
probably $5 a ton. 36 It swells
~~~----~----------------------300'.
and pinches abruptly, ranging
~~~~--~--------------------~'
frOln a tight fissure to 5 feet
of solid quartz.
The hanging-wall branch,
the east or hanging-wall vein,
is much the thicker, in many
places being 15 feet or more
thic]c On account of its low
dip its width in such places
exceeds 30 feet; the maxinulm
width seen was 90 feet. It is
o
. 100
200 Feet
luarkedly lenticular and within a short distance of so great FWURE 11.-Seetion through the main shaft of the Original Amador mine. 1, Black slate; 2, Original Amador vein
(the shaft was sunk on the vein to the 300-foot level); 3, greenstone; 4, black slate, in part banded with green slate
a width Inay pinch'down to
a Inere seam. The filling is a coarse white quartz, luined and made up the bulk of the output in 1915.
carrying few or no sulphides and in places containing The average gold content appears to have been at
a multitude of inclusions of slate and greenstone. The lnost $3.50 a ton, as the tailings of the ore mined in
sparse sulphide content, chiefly pyrite, is localized in 1914 are reported to have carried 35 cents a tun, the
these inclusions. The quartz is rather commonly extraction having been 90 per centY
Well shown in the Original An1ador n1ine but rare jn
splotched with aggregates of silvery white mica, which
other
Mother Lode mines are the so-called cross veins.
have been fonned by the hydrothennal alteration of
They
were particularly well exposed on the 700-foot.
inclosed ftlaluents of schistose greenstone.
level.
Their courses, although in detail irregular, were
The hanging-wall and footwall veins unite 220 feet
in
general
transverse to that of the hanging-wall vein.
north of the shaft on the 500-foot level. On the next
Their
length
ranged fron1 40 to 90 feet. Beginning at
level below this the jUllction is considerably farther
north, evidently owing to the much flatter dip of the
81 Tucker, 'V. D., Mines ani mineral resources of Amador County, Cahwel'As
- ._---County, Tuolumne County: California State l'vlin. Dur. Fourteenth Rept. State
-1--.l-J'I-.J,.'_ _- - - ' ,

L.-'
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Haymond, H. W., oP. cit: for 1872, p. 41, 1873.

5456-29-5

Mineralogist, p. 40, 1915.
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their junctions as bodies of solid quartz, 8 feet or more
thick, they abruptly dwindled and at their distal ends
were filled with country rock. They crossed contacts
without causing any displacement.

the quantity crushed monthly was 6,200 tons.
following mill report is representative:

The

Report of mill of the Keystone mine, August 1-September 1, 1915

KEYSTONE MINE

The Keystone mine, at Amador City, is one of the
most famous of Mother Lode mines. It was first
worked in 1852 and was operated almost continuously
until its shutdown in 1920. As early as 1854 the
Keystone was paying monthly dividends of $200 a
share, and in March, 1855, it paid $550 a share. 3S
Raymond,39 writing in 1877, said that it had become
the' leading mine of the Mother Lode belt because of
its great production, large-scale operation, and econonli-

Ore crushed ______ ~ _____________ tons__ 6,502
c.oncentrateproduced ____________ do ___ 268.7
A verage assay value of concentrate_ _ _ _ _ $45. 73
Gold bullion value per ton of ore ______ .
Gold in concentrate per ton of ore _____ _
Tailings loss _________________________ _

o 56
1. 89
.24

Total value per ton of ore _______ . 2. 69

The. mine is opened by a three-conlpartment shaftthe Patton shaft-2,680 feet long and inclined at
an average angle of 50°. The bottom
w.
E.
level (2,600-foot) is at an approxilnate
vertical depth of 2,000 feet. Between
the 1,400-foot level and the 2,600-foot
level no levels had been driven at the
time of visit, and all ore was being
hoisted from the 800, 900, 1,000, 1,200,
and 1,400 foot levels. The ore was
of extremely low grade, averaging $2.50
a ton, and the gold, unlike that in
most Mother.Lode mines, was largely
contained in the concentrate. No profit
\'\t-~~:.l:J>l<Lll:ti.-~---- - - - - - - - - - 1,400' was made in mining ore of that grade,
but the operation of the mine without
loss was a notable achievement.
When the shaft was deepened to
the 2,600-foot level, it was hoped that
the crosscut on that level would intersect a new ore shoot on the west vein,
which had been very profitable on the
upper levels. The supposed downward
EXPLANATION
extension of that vein was indeed cut
but was here only a gouge-filled fissure
in the black slates. Insufficient funds
Black slate
Massive
Tuff interbedded
with green and
greenstone
. did not permit the vein to be thorblack slate
oughly explored, and operations were
o .
500
1000 FEET
'---l.....-J
perfo ce cen tered on mining the known
FIGURE 12.-Seetion through the Patton shaft of the Keystone mine
low-grade ore in the contact vein.
The Patton shaft is sunk between the contact or
cal management. Since 1870 its output had averaged
$1,009 a day. The ore mined in those prosperous days Springfield vein and the west vein. At the surface it
is 90 feet west of the outcrop of the contact vein and
yielded over yearly periods as much as $18 a ton.
According to Mr. R. C. Downs, for many years 130 feet east of the outcrop of the west vein. The
manager of the mine before it was closed in 1920, the general geologic features of the mine are well shown
authenticated output is $17,000,000. Of this amount by a vertical section through the shaft in Figure 12.
$15,000,000 carne from veins in slate and the remainder The west vein crops out in a belt of Mariposa black
from the contact vein. Most of the ore mined in recent slate, which, although lying between two belts of
years has been obtained from the contact vein and augitic greenstone breccias and tuffs, is itself free
from volcanic admixture. This vein is reported by
averaged less than $3 a ton.
The mine is equipped with a 40-stamp mill. The Mr. R. C. Downs to have yielded an authenticated
duty per stamp during 1915 was 5.5 tons a day, and output of $15,000,000. The west vein is supposed to
have been intersected by the west crosscut from the
as Trask, J. B., California State Geologist Fourth Ann. Rept., p. 60, 1856.
bottom of the Patton shaft, as already related, and
3D Raymond, R. W., Statistics of mines and mining in the States and Territories
this supposition is shown in Figure 12 by the dashed
west of the ROCky Mountains for 1875, p. 47, 1877.
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line joining the outcrop of the west vein with the vein
cut on the 2,600-foot level. All workings, however,
are inaccessible. The ore worked in early days was of
high grade; the average yield during 1875, for example,
was nearly $17 a ton. No ore was found in the slates
below the 1,000-foot level. According to Ransome 40
the ore bodies in the slates were a series of parallel
stringer leads, which dipped eastward into the main
contact vein at angles of about 47°. "When carefully
followed up, these leads are found to expand from a
thin seanl of gouge * * * into larger lenticular'
ore bodies, consisting of lllany large stringers with
erushed and impregnated slate. The middle portion
of these lenses is generally occupied by a large and
solid quartz vein." This descdption renders somewhat doubtful the belief that the west vein has been
cut on the bOttOlll level.
The contact v:ein leaves the contact below the 800foot level and passes wholly into the massive green-,
stone. It flattens greatly, dipping as low as 20° for
great stretches. Enornlous bodies of coarse white
quartz occur here, sonle as much as 100 feet wide
(equivalent to a thickness of 54 feet), but they carry
less tho,n $1 a ton. In spite of the imnlense bodies
that occur in the fissure it becomes in places a lllere
seam, which is recognizable with difficulty as the main
fissure. Thus for a long time the position of the vein
in the long crosscut eastward frOlll the shaft on the
1,400-foot level was doubtful. The crosscut was
driven a total distance of 558 feet eastward, for it
was not credible that the feeble fissure intersected at
440 feet was really the lllain "contact" vein.
Shoots of qua,rtz ore were mined in the main vein.
These occurred in the narrower parts of the vein; it
was noticeable that in contrast to the barren parts the
pa,y shoots carried considerable sulphide. It was
believed that the vein contained more gold where it
was more nlixed with country rock; in fact, some of
the ore mined was a breccia of angular fragments of
slate and greenstone cemented together by quartz.
Three ore shoots were worked south of the shaft on
the SOO-foot level. The first one sOl~th of the shaft
did not extend down to the 900-foot level. The
second ore shoot, lying under a well-defined hanging
wall dipping 40° l~., was 25 feet or more thick and
consisted predominantly of shattered greenstone ramified with quartz veinlets; there was no definite footwall, the gold content decreasing irregularly outward
into the footwall country rock. The third shoot had
a stope length of 240 feet. Another shoot of ore was
being 111ined on this level at the north end line. Tl1e
vein, abou t 5 feet thick here, was inclosed between
well-defined walls dipping 45° E., and the quartz
carried innumerable fragments of greenstone and
black slate. This shoot is -said to have extended ~th a
Hnnsome, F. L., U. S. Geol. Survey Geol. Atlas, Mother Lode folio (No. 63),
p. 8,1900.
40

slight northerly pitch fro1l?- the surface almost to the
900-foot level.
"Gray ore," however, was the mainstay of the mine,
and the term was used rather elastically to include all
ore that was not quartz. The bulk of the gray ore,
however, is ankeritized greenstone carrying disseminated pyrite and arsenopyrite. Microscopically the
ore proves to consist almost wholly of ankerite with
nlinor sericite and the sulphides. The abundant
augite originally present in the greenstone has been
transfornled into ankerite of darker color than that in
the surrounding matrix, so that the original texture
of the greenstone is commonly fairly well preserved.
The gray ore occurs in bodies as much as 20 feet
thick that forlll the hanging wall of the main vein.
The ore bodies have assay walls, and as the rock
becomes greener from the less alllount of ankerite
present it also carries less gold. Hydrothermal alteration of the greenstone, however, extends at least 100
feet perpendicula,rly from the vein. Shoots of gray
ore of a stope length of 350 feet were being mined in
1915.
EUREKA

M~NE

The Eureka mine, at Sutter Creek, is one of the
nlost famous of Mother Lode lllines. It is variously
known as Old Eureka (to distinguish it from thE;
Central Eureka and South ,Eureka miil~s)},,; . qonsolidated Amador, Hayward's, and Hetty Gr~e:n: Its
history has been recounted by RickardY ';
After having attained a depth of 2,063 feet on the
incline it was shut down in 1886, having produced
$12,000,000, according to the reasonable estimate by
Rickard., It then lay idle for 30 years. In 1916 the
property 'was purchased frOl)} Mrs. Hetty Green at a
price a little over $500,000 in' cash. The new company
sunk the shaft to 3,500 feet (3,212 feet ver.tical) and
drove levels at 1,700, 2,125, 2,950, and 3,500 feet.
Crosscuts aggregating 1,500 feet were driven into the
hanging and foot walls. 42 No ore was found, and in
1921 all work was stopped. In 1924 the property
was bought by the Central Eureka Mining Co. in
order to 'avoid threatened apex litigation, as the
valuable ore shoots recently found in the deep levels
of the Central Eureka pitched northward 'under its.
end lines and passed into the ground of the Eureka.
'oj

CENTRAL EUREKA MINE

The Central Eureka llline is 1 mile south of Sutter
Creek, on the north edge of the broad upland between
that town and Jackson. It lies between the South
Eureka and the Eureka, and its original claim, the
Summit, comprised only 1,160 feet along the Mother
Lode. Because the end lines of the claim converge in
n Rickard, T. A., The reopening of old mines along the Mother Lode, California:
Min. and Sci. Press. vol. 112, pp. 935-939, 1916.
• t Logan, C. A., Amador County, CalifornJa State Min. Bur. Seventeenth Rept.
State Mineralogist, p. 411, 1921.
'
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the direction of the dip, the length .along the lode' was
becoming seriously shortened on the deep levels, but
this adverse factor has now been removed by the
purchase. of the Eureka mine. .
In 1895, when after long idleness the mine came
under a new management, the shaft had been sunk
700 feet on the vein, but no ore had been found. On
deepening the shaft ore was struck at the 1,100-foot
w.

writing in 1900, regarded the mine "as one of great
promise," and this promise was amply fulfilled. during
the next few years. Between 1901 and 1908 dividends
amounting to $926,323 were paid. 44 A long period
of lean years succeeded the prosperous epoch, and
48 assessments were levied. In 1915, at the time of
my first examination, the contact vein, or hangingwall vein, or east vein, as it was variously called, had
E.
become barren on the levels then being worked
(3,000, 3,100, and 3,200), and the ore was being
obtained from a series of so-called intermediate
veins that occurred between the contact vein and
the west vein and that were evidently the fillings
of auxiliary fissures. During the next few years
Railroad (?J vein
LEVE~ the mine was in peril of its existence, being at
..,....,...-li-I'~IHIlI'-l~-----~------ --- --. - ----- --- -- 700
one time regarded as worked out. Fortunately,
a new ore shoot was cut on the 3,500-foot level
and has now been mined downward for 1,000
feet. From the proceeds of this shoot the hoisting
plant has been modernized, expensive exploration
work has been carried on, the adjoining Eureka
property has been acquired for $150,000, and the
payment of dividends has been resumed. The
vein containing this ore shoot lies from 30 to 80
EXPLANATION
feet west of a ~vell-defined but barren vein, known
also as the contact vein, but this vein is not the
contact vein of the earlier history of the mine ..
Augite basalt
The nline is developed by a three-compartm.ent
.amygdaloid
Rai I road (?) vein
shaft-inclined
70° E. The bottonl level in 1924
1\'\tt\'P\\ti\IP~----- - - - - - -- - -- ---. 2Soo'
was the 4,400-foot, whicn is 4,388 feet as measured
4
.-------- --- - -- - ------- 2700'
IBlack slate
on the incline, or 4,095 feet vertically below the
collar. The ore is treated in a mill of 40 stamp~
of 1,280 pounds weight.
1111\,:It\-H-~~-, -.,.-- - - - ---- 3100'
Greenstone'
The output to the end of 1925 was about
II ""\+~~ -~ .... - -- - ---- -- 3200'
$6,000,000. During the year ending in April,
1+ttH'.~It'tt'tiI-_------- - ----3350'
1925, 48,883 tons of ore was treated, from which
l11ffir1-lHl'llltiltl--- --- - - - ----3400'
~ -- ------------3500·
was
obtained $531,821 in bullion and concentrate,
Greenstone allerna.ting with slate
or
$10.86
a ton.
~. ~ --------------3700' .
The geologic section across the strike in the
- ---- - - -------3900'
line through the sha,ft comprises, from west to east,
Terliary andesite
- -- -------- ---- 4100'
(1) alnygc.aloidal augite basalt carrying promOre
gravel
vein
-.-- - ---------- 4250'
inent crys'tals of augite in a dark groundmass,
-- --------- 4400'
apparently a fresh rock; (2) sla~e, 40 feet thick;
(3) schistose greenstone tuff and breccia, 150 feet
tContactvein
thick; (4) black slate, 400 feet thick; (5) augitic
o~I~~'_'~'~d~I
500
1000
1500 FE.ET
______~I______~1
.
basalts and tuffs (greenstone). . All these dip
FIOUHE 13.-Section through the shaft of the Central Eureka mine
80° E. At the surface the fifth belt is covered
level, which proved to be the top of a bonanza ore . with a gravel of andesite boulders; it is, however,
:shoot. As the coming in of the ore coincided with well shown in the hanging-wall crosscn t on the
the coming in of greenstone as the hanging-wall rock 700-foot level, where it comprises 235 feet of nlassive
·of the vein, this coincidence led to th~ formulation g~eenstone-that is, augite melaphyre and tuff rich
'of the rule, emphatically maintained by some, that in fragmental augite-270 feet of alternating slate
"it takes a hard hanging to make ore." But the and greenstone, and then 60 feet of hard slates conlater history of the mine has suppl~ed the most brilliant taining green laminae. At this point the supposed
refutation of the validity of that rule. Storms;43 Railroad vein was cut, and what lies eastward is

rR
~

•

43 Storms, W. H" The Mother Lode region of California: CaliCornia State Min.
,Bur. Bull. 18, p. 64, 1900.

44

Weed, W. H., Mines Handbook, vol. 15, p. 465, 1922.
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unknown. The contact between the black slate belt
and the overlying greenstone belt is heralded, as is
COlll11lon in the Mother Lode region, by the fact that
at least 40 feet of the slate just below the greenstone
is not a nOl'.mnl variety bilt is harder and laminated
with green lftyel's. Although on the 700-foot level there
is at' the base of the fifth belt 235 feet of greenstone
without intercalated slate, on the 3,100-foot level the
sa.me greenstone is only 100 feet thick.
The shnft is sunk under the hanging wall of the hanging-wall vein as fttr ns the 2,000-foot level, where it
pnsses into the footwall country rock. As shown in
Figure 13, the vein in the upper levels was inclosed in
slate, but at fl, depth of 1,000 feet the hanging waH
becanle greenstone, and at 1,100 feet the bonanza
shoot came in, which extended down to the 1,900-foot
level with northerly pitch. The Inaxinlum stope
length of this shoot was 700 feet. According to Storms
a considerable quantity of the ore averaged $70 a ton.'
Below the 1,900-foot level the hanging-wall vein
becalne lean, and on the 3,100-foot level it was barren.
It had flattened frOlu an average dip of 70° E. to 50°
or less on the 3,100-foot level, below which it has not
been prospected. On the 2,800-foot and other levels
down to the 3,350-foot level was cut the west ve"in, a
gouge-filled fissure dipping 70° E. and carrying but a
trace of gold. The black slates lying between the
hanging-wall vein and the west vein are nHlCh disturbed
nnd locally dip west, in places as low as 50°. The
slates under the west vein, as shown by the 175-foot
crosscut in its footwall on the 3,000-foot level, are quite
l'egulnl'. In the belt between the two veins occurred
n. number of the so-called intermediate veins or ore
bodies. They supplied the bulk of the ore mined in
1915. The interrnediate ore body on the 3,000-foot
level, for example, was 330 feet long, ranged fronl 4 to
10 feet in thickness, and averaged $5 a ton. It stood
nelnly vertical, its walls were irregular, the adjacent
sln,te was gashed with horizontal veinlets of vuggy
qUtutz. 1 to 2 inches thick, and as is characteristic of
. all such intel'lnediate veins, there was no gouge.
Another intermediate vein was stoped frOln the 3,200foot level to the 3,100-foot level and higher; it averaged
$3 a ton.
The ore shoot on which the present prosperity of
the mine hinges was cut on the 3,500-foot level. The
geologic relations exposed here have persisted with
remn.rkable regularity to the greatest depth attained, as
shown in Figure 14. The shoot persisted up to the
3,400-foot level, and the relation of the vein to the
veins of the higher levels is lost in caved ground. At
the mine the vein is regarded as the downward extension of the Railroad vein, which crops out in the
Tanner ranch.
The only infor.mation on record about the Railroad
vein is a single paragraph in "Mineral resources of the
Stlttes and Territories west of the Rocky 110untains"
for 1867, page 76, as follows:

The Railroad mine, 800 feet long, has been worked four years,
has produced $70,000, and has had much rock which yielded
$15 per ton. A depth of 340 feet has been rea'ched, and drifts
have been run 300 feet on the vein. There is no mill connected
with the mine.

The vein containing the ore shoot that is now being
worked, which may be called the ore vein, is 32 feet
west of what is called the contact vein. On the
deeper levels the interval between the two veins is as
nluch as 70 feet, and the rock between thenl is highly
disturbed black slate. The contact vein is a welldefined fissure, nlostly filled· with gouge and carrying
in places $1 or $2 to the ton. Its hanging-wall rock
E.

w.

LEVEL
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~------3,200'

1I--------~3S0'

1"\m~I-------3,400'

-
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14.-Detailed geologic cross section of the lower levels of the
Central Eureka mine

is greenstone alternating with slate, including tuffs or
graywackes speckled with quartz particles.
. The ore shoot where first cut on the 3,500-foot level
was only 60 feet long but contained high-gr~de ore, in
places assaying $50 a ton in 6-foot samples. All ore
in 1924 was being hoisted from the 4,250-foot level,
and the description of the ore shoot as seen there will
suffice. The vein cuts the strike of the strata at an
acute angle. The Inain ore body consisted of a lens
of highly ribboned quartz, in which the ribbons were
wavy or corrugated. It assayed about $20 a ton,.
though carrying little sulphide and that chiefly pyrite.
The lens was 180 feet long, and its maximum width
was 35 feet; it dipped 75° E. and pitched steeply
northward. There were thick gouges on both walls,
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and the intervening quartz was much fractured and
largely crushe.d to a sugary condition. The hangingwall rock is black slate, greatly crumpled, and the
footwall at the south end is black slate inclosing a
3-foot layer of greenstone; at the north end of the
shoot the footwall rocks are banded black and green
·siates. At the south end of the ore shoot the quartz
pinches out abruptly, but the gouge continues; in
places the fissure is filled with 8 feet of shiny black
gouge without quartz. The ore shoot lay north of the
north end line of the Central Eureka; and it was the
inherent difficulty that either claimant would have in
establishing apex rights to the ore body that led to
the compromise whereby the Central Eureka Mining
Co. agreed to purchase the property of the adjoining
Eureka mine for $150,000.
A detailed picture of the ore shoot as nlined out above
the 4,100-foot level is presented in Plate 10. The
abrupt bulging of the ore shoot, which is one of its
remarkable features,is shown, as well as the northward
pitch of the shoot and the occurrence of the high-grade
ore in the wide parts of the vein.
Some notable structural features are shown on the
4,250-foot level. The gouge of the contact vein merges
with that of the ore vein 175 feet south of the shaft
crosscut, thus showing that the two veins are in reality
branches of one fissure. South of the junction the
hanging wall rock is a greenstone schist, but the
footwall for 120 feet ~south of the junction continues
to be black slate, arid then both walls become greenstone. Accordingly, the faulting that produced the
main fissure has caused a horizontal displacement of
120 feet. Another notable feature shown is the transverse quartz vein in the footwall of the ore vein.
(See fig. 14.) It trends S. 60° W. and dips 60° N.; its
hanging wall is slate, highly corrugated and "graphitic," and the footwall is greenstone. Like all other
greenstones adjacent to Mother Lode veins, it has been
highly ankeritized and under the microscope is seen
to have been originally a greenstone tuff. This transverse vein, which was drifted on for 250 feet, does not
fault the ore vein and therefore appears to be most
probably of contemporaneous origin.
Black slates without interlayered greenstones form
the footwall country rocks on the upper levels, as
uniformly shown by the crosscuts; in fact, on the
1,800-foo~ level a belt at least 300 feet thick has been
crosscut. On the lower levels, however, greenstone is
beginning to appear, for in the south footwall crosscut
on the 3,700-foot level at least 200 feet of greenstone
is shown.
I

SOUTH EUREKA MINE

The South Eureka TIline is 1 mile south of Sutter
Creek and lies between the Central Eureka on the
north and the Oneida on the south. The vein system
-at this locality is covered with a thick mantle of coarse
bouldery andesite gravel. According to Ransome

"the mine was located by means of surveys and
through certain shrewd deductions drawn from the
record of mines north and south of it. It is an example
of bold yet legitimate and successful prospecting."
The further history of the· South Eureka shows that
the records of neighboring mines should not be used
exclusively as guides in exploration, because the' vein
system in each mine has its own idiosyncrasies. Moreover, it enforces· the well-lmown principle that the
belt in which a vein system occurs should be thoroughly
explored by crosscutting. For, according to Mr.
W. H. Schmal, superintendent of the South Eureka,
operations during the first 18 years of the life of the
nline were confined to the hanging-wall vein; but
only about 1908, after the footwall vein had been
discovered essentially by chance and contrary to
expert advice, did the lnine become prQsperous and
pay dividends.
In 1915 the mine employed underground 220 men;
but it was obvious at that time that the known ore
bodies were being rapidly exhausted. In 1917 the
mine was shut down, but the pumping plant on the
1,800-foot level is used to drain the Central Eureka,
and the shaft is maintained to serve. as a second exit
from the Central Eureka.
The mine was developed through an inclined shaft
that is 2,730 feet long and attains a depth of 2,470
feet and by winzes extending. down to the 3,100-foot
level. . At the 1,700-foot level the shaft strikes the
hanging-wall vein, follows down in it to the 2,000foot level, and then passes into the footwall country
rock. Six men were continuously employed in repairing the shaft, mainly in keeping it in alinement.
The workings of the South Eureka are joined with
those of the Oneida mine, which is owned by the
South Eureka, the 2,100-foot level being connected
with the 1,800-foot level of the Oneida. On the
north the 2,700-foot level is connected with the 2,540foot level of the Central Eureka.
.
A mill of 80 stamps, embodying in most representative form standard Mother Lode practice, was·
operated. The ore was crushed through a 24-mesh
screen, and the pulp after passing over the amalgamation plates went without classification to 48
belt vanners. The extraction was 92 per cent.
During the fiscal year ended February 28, 1915,
there was milled 99,892 tons of ore, which yielded
$348,140 in bullion and $134,527 in concentrate.
The ore yielded $4.83 a ton, and the tailing loss was
$0.423 a ton, so that the content of the ore was $5.253
a ton. The concentrate, comprising 1.7 per cent of
the "Ore milled, was composed chiefly of pyrite and
quartz with minor arsenopyrite, galena, chalcopyrite,
and zinc blende and carried $79.42 a ton. The operating cost per ton milled was $3.275; if all disbursements were included the operating cost was
$3.577. These costs were regarded as abnormally
high, because of reduced production and the expenses
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of new construction. The normal rate of production
was 12 ,000 tons a month. But costs as low as these
are not likely to be achieved again on the Mother
Lode.
During 1915 the output was $582,764 from 145,124
tOllS of ore, or $4.34 a ton, and dividends of $125,354
were paid. 45
The vein system is in a belt of black slates several
hundred feet wide that lies between greenstones.
The footwall greenstones are exposed at the surface
200 yards west of the shaft as massive rocks containing
well-preserved stout prisms of augite. The hangingwall belt is covered by gravel but in the deeper levels
of the nline is seen t.o consist of pyroclastic greenstone
alternating with slate. The principal veins are the
hanging-wall vein and the footwall vein, ~o called
before the fact becaule known that other veIns occur
in its footwall.
The black slate belt is 700 feet wide north of the
shaft on the 2,000-foot level, its full width having been
disclosed by a crosscut driven westward to cut the
footwall greenstones; south of the shaft some greenstone occurs within the slate belt. The hanging-wall
and footwall veins are roughly 250 feet apart on the
lower levels, and the slates between them are highly
disturbed, dipping west, contrary to the general e~st
ward dip of all other rocks in the mine. The hangmgwall vein, dipping eastward less steeply than the
inclosing rocks, enters the hanging-wall belt of greenstone just above the 2,000-foot level; on the 2,900-foot
level there is already 70 feet of augitic greenstone
under the vein. On entering the greenstone the vein
flattens in dip from 70 0 E. to 50 0 E. Although a
strong, well-defmed vein, it carries no gold. A large
amount of exploration that proved to b~ unprofitable
was done on it, doubtless influenced by the fact that
the bonanza ore shoot in the adjoining Central Eureka
mine was in this vein.
The footwall vein was discovered by following one
of the "intermediate" veins that extend diagonally
across the belt between the hanging-wall and footwall
veins back to its junction with what proved to be the
productive vein of the mine; hence it became known
as the main vein. Ore was obtained also from a number of intermediate veins. These veins have the same
general cha,racter as those in the Central Eurekathat is, they have little or no gouge and are inclosed
by rocks that are the saIne on both walls, thereby
i~dicating that there has been no displacement along
the fissures.
On the 1,800-foot level drifts wer~ run on four separate veins. The westernmost vein, lying ,in the footwall of the footwall or Dlain vein, was stoped continuously from' the 2,000-foot level up to the 1,800-foot
level. It was inclosed in greenstone on the 2,000-foot
level, had a width of as much as 12 feet of solid quartz,
II
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and averaged $4.60 a ton. As it entered the slate the
tenor increased abruptly to $10 a ton, but the vein
soon pinched and above the 1,SOO-foot level proved
unprofitable.
The main ore shoot was only 60 feet long on the
2,900-foot level and averaged $7 a ton. It was near
the Central Eureka end line. Ore was found to
extend 140 feet below this level, but the vein then became barren.
On an option to purchase, the Central Eureka
Mining Co. prospected th~ downward extension of this
vein by workings driven from the company's 3,350,
3,900, and 4,100 foot levels, but it is reported that no
ore was found. Obviously, however, as is enforced by
the recent history of the Central Eureka mine itself
and of the Old Eureka, the exhaustion of the South
Eureka can not be regarded as proved.
KENNEDY MINE

The Kennedy luine, owned by the K.ennedy Mining
& Milling Co., is in Amador County, 1 mile north of
Jackson. The claim was loeated in 1856 by Andrew
Kennedy and was developed by a shaft near the north
boundary line, which was sunk to find a continuation
of the ore being mined in the adjoining Oneida claim,
on the north. Work was started later on the vein now
being mined, and ore was extracted down to the 1,200foot level. This ore was of low grade, however, and
the operators luade but little profit. The p:es~nt
company obtained control in 1888 and after sInlnng
200 feet to the 1AOO-foot level struck good-grade ore.
The mine has been profitable since that time, except
during the last few years,· when fire necessitated flooding the workings and operations were curtailed. The
years 1920 and 1921,also 1922 and 1923 to a less extent,
were times of reduced production, hut in 1924 conditions began getting back to normal.
A 100-sta.mp mill treats the average nlonthly output
of 10,500 tons. The maximum quantity crushed was
in 1912, when 172,200 tons was milled.
The mine is worked through a vertical shaft, 4,764
feet deep , from which a large number of. levels. have
.
been driven. This shaft gives no trouble In maIntaIning its alinement, except where it passes through the
vein. In July, 1924, mining was in progress on the
three lower levels-the 3,900, 4,050, and 4,200 foot
levels. The rest of the luine was inaccessible, except
the long crosscuts on the 1,950 and 2,400 foot levels.
Notwithstanding the great depth, the maximum air
temperature on the 3,900-foot level at the time of thj.s
survey was 86,5 0 F. On the 4,.200-foot level, then
recently driven, the average temperature was l~o
lower. The humidity, as in other deep Mother Lode
mines, is nearly 100 per cent.
An average of 72,000 gallons of water was being
pumped daily in July, 1924. According to the superintendent, Mr. James Spiers, this water is obtained
mainly above the nnO-foot level.
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The geologic features of the Kennedy mine are,
in general, simple. A quartz vein, which fills a reversefault fissure, cuts at an acute angle, both in strike and
in dip, a series of more ste.eply dipping ~1ariposa slate
and greenstones of Mariposa age. These inclosing
rocks may be divided into six belts, three of which
consist predominately of slate and three of greenstone.
w.

E.

~ \~\:;\I,~
-

1

I -

-

Greenstone
(Breccia and t.uff,
including' some slate
andgrdywacke)

..

These volcanic rocks are succeeded by 500 feet or so
of rocks that were mapped by RanSOlne as Calaveras
but are more probably black slates of Mariposa age,
inclosing numerous tuff layers and beds composed in
part of sedimentary materi~l and in part of volcanic
material. The wide silicified zone separating these
rocks from the amphibolite belt on the east therefore represents a mineralized reverse fault that has
thrust the amphibolite schists up over. M,ariposa
slate and pyroclastic beds.
Underground the continuous and unweathered exposures of these rocks show that no sharp boundaries
can be drawn between the belts that have been distinguished on the surface and named according to
the predommant kinds of rock in them. Not only
are the sedimentary and' pyroclastic beds intimately
interbedded in the three eastern belts, but sedimentaTY
and pyroclastic materials a,re intermixed in individual
beds, producing such intermediate varieties of rocks
as green slates and augitic graywackes.
That the Kennedy vein in depth cuts through successive belts of rocks of differing character is shown in
the vertical section of Figure 15. Because of the large
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15.-Generalized section through the Kennedy mine
along the line of the 1,950-foot crosscut

The vein crops out 120 feet west of the old North
shaft on the Jackson-Martell road. As here exposed
it is a thin and rather insignificant quartz vein, striking
N. 10° E. and dipping steeply to the east. BJack slate
forms the hanging wall and mineralized greenstone
the footwall. As the vein continues south, its. dip
flattens to 30° or less and greenstone forms both walls.
The size of oJd open cuts on the vein testify to its
greater width here than elsewhere.
The greenstones in which the vein crops out form
the eastern border of a belt of augitic tuffs, breccias,
and flows, which is 2 miles wide. The black-slate
belt adjoining these greenstones on the east is 'fronl
275 to 300 feet thick and includes a few beds of graywacke. East of this belt is a second greenstone belt,
.300 feet thick. This belt is made up of somewhat
schistose tuffs and breccias, except for a highly augitic
porphyry, which is not of pyroclastic origin but is a
flow or sill. The porphyry is 44 feet thick and is
180 feet above the apparent base of the group. A
. second black-slate belt, 1,000 feet wide, includes numerous finely schistose tuffs. Two or more beds of
fine-grained graywacke slate are exposed near its
eastern boundary. A zone of.transitional rocks separates these slates from a belt of 500 feet of schistose
tuffs and breccias, within which are some black-slate
layers. The Kennedy vertical shaft is' in this belt.
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16.-Section through the Kennedy vein 280 feet north of
the vertical shaft, showing the branching of the vein

quantity of slate' and graywacke inclosed in the belt
through which the vertical sha.ft penetrates, the
boundaries between this belt and the adjoining belts
are particularly unsatisfactory. The section is drawn
fronl observations made on the surface, on the'l,950foot level, and on the bottom levels and from information regarding the position of the vein shown on mine
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maps. The section shows the minor deviations in of shoots occurred-that is, the shoot on one splice
the dip of the vein and the notable flattening of the began where the other ended. All three shoots are
vein near the stu'face, where both walls are of massive present at or near the junction of the splices with the
greenstone. There is also a discordance between the main vein.
strike of the vein, which averages N. 25 0 W., and that
Down the dip on these shoots is found a certain /
of the country rock, which is N. 50° W. The dis- amount of zoning-that is, intervals of higher gold
cOl'dance is Ill0St apparent on the 3,900-foot level, content alternating with those of lower. The upper"
where the vein, as it continues north, enters a belt of 1,200 feet appears to have been the first zone of lowhard slates and bends nearly nOl'lllal to their course. grade ore. This zone was followed by one of good ore
A feature of the vein, not exhihited in Figure 15, is that persisted for nearly 1,000 feet in depth. The
that below the 2,400-foot level in the northern part of succeeding poor zone was fortunately only a few hunthe mine the vein splits into two branches. A partial dred feet thick and was in turn succeeded by good-grade
section parallel to that of Figure 15 and 280 feet north ore. The last few levels were again disappointing, but
illustrates this feature. (See fig. 16.) Examination on the 4,200-foot level, the lowest level at the tinle of
of the junction of the two branches, known 10'cally as examination, it was thought that the top of another
the west and east splices, in the stopes proves con- good zone had been reached, for the ore in this level
clusively that they are contemporaneous. The coun- is equal in grade to any previously mined.
try rock in the wedge end is gashed by numerous
The ore exposed on the three lower levels is chiefly
quartz veinlets, and south of the jlllction the main a massive coarse quartz and carries a very small quanvein is wider than normally.
tity of sulphides, which consist nlainly of pyrite with
The hanging wall on the three lower levels is sharp insignificant quantities of sphalerite and galena and
and snlooth and is overlain by an unevep. thickness of "traces" of arsenopyrite. Free gold is occasionally
gouge. The gouge attains a Dlaximum thickness of found. A silvery micaceous mineral, probably damour6 feet, b~t in places it is entirely absent, as at the north ite, occurs loc.ally in the quartz and usually indicates a
end of the west splice on the 4,050-foot level. Angular good grade of ore. Galena was associated with some
pieces of the wall rocks are, in places,
eDlbedded in the triturated black slate
that makes up the greater part of the
gouge. According to the superintendent the gouge was on the footwall side
of the vein in the upper part of the
. mine. It IIlUSt, therefore, have crossed
9L...-J...'--'-'--'-'--'----'I~_O_ _ _ _---'2~ 0
t £. T
the vein at some point above the levels
FIGURE 17.-Stope plan of the Kennedy vein on the 3,OOO-foot level
now being worked, as it is of postmineral
orJgm. Water causes the freshly exposed gouge to specimen ore near the south end of the main vein on
the 4,200-foot level. A fairly large proportion of the
swell, and this causes trouble in mining.
vein
shows ribbon structure, particularly near the hangThe footwall on the lower levels is not as well defined
ing
wall.
In places this ribboning is cut by veinlets
as the hanging waH, changing rather abruptly to a thin
later
quartz.
Inclusions of the wall rock ii1 the vein
of
stringer zone. The black slates here commonly show
abundant.
are
locally
a marked lnetasomatic alteration for distances as
Of the 1923 output 76 per cent was obtained as
great as 10 feet frorn the vein. This effect of the orebullion
and 24 per cent from concentrate.
fonning solutions is nlanifested by the occurrence of
The
~oncentrates
produced during the last decade have
small pustules of ankerite between the cleavage planes.
averaged
1.25
per
cent
of the ore milled and carry $110 a
The portions of the vejn that are being mined are
This
percentage
is perhaps higher than .would be
ton.
lenses, the largest 200 feet in length, and of diverse
estimated
from
the
exposures
of quartz underground.
width, the 11laxinuull stope width having been 112 feet.
Probably
there
is
some
dilution
of
the quartz ore bypyriThe average thickness throughout the stope length is
tized
wall
rock
that
is
unavoidably
taken ou t with the ore.
15 feet. The lenses pass, within a very short distance,
rhe
gold
bullion
ranges
in
fineness
from 789 to 837
into a thin stringer lode, or even into a gouge vein
parts
per
thousand,
according
to
the
bar
tested. The
without quartz filling. The stope plan of two lenses
first
bar,
as
it
is
called,
which
is
obtained
from
the baton the 3,900-foot level is shown in Figure 17. These
tery
amalgam,
is
of
the
highest
fineness,
whereas
bars
lenses constitute the ore shoots and are remarkably
from
the
plates
are
lower.
The
figures
for
July
9,
1924,
persistent in depth, in view of their cOlnpanitively
short horizontal extent. They pitch slightly to the are, first bar 818 'parts gold, 164 parts silver; second bar,
south. In addition to the shoot on the nlain vein, 810 parts gold, 166 parts silver; third bar, 789 parts
both splices generally carry ore. The shoot on the gold, 166 parts silver. Of course, each melting will
east splice is the shorter. On two levels an alternation show slight departures from these figures. An averF"
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age value of the fineness of the first bar during 1924 The claim on which the mine is situated was patented
was 830; in 1927 about 832. The fineness of the gold as the Pioneer Quartz mine in 1871, but nothing more
bullion in 1892, when the ore was obtained from the than prospecting of its surface was done before 1893.
1,600"-foot level, ranged from 815 to 834~ Consequently At that time a new company was organized and began
there has been no progressive cha,nge in the fineness sinking the inclined shaft now in use. This activity
was stimulated by the discovery of good-grade ore
of the gold with increasing depth.
The deeper development work that has been done that had then recently been lnade on the 1,400-foot.
since the preceding description was written has veri- level of the I{ennedy mine.
By the end of 1915, when a depth of 3,300 feet had
fied the optimistic forecast on page 6.5. The ore mined
during 1926 on the 4,350-foot level improved notably been reached,' the output had amounted to 792,449
in grade, averaging $10 a ton. Considerable visible tons of ore, which had yielded $6,378,000,' or an averfree gold occurs in" the ore, and sulphides are sparse. age of $8.50 to the ton. The dividends paid amounted
From 8,000 tons of ore 55 tons of concentrate averag- to $1,800,000, or 28 per cent of the gross output, a
ing 80 per cent of sulphides was obtained, showing ratio tha,t compares favorably with that shown by
that the ore contains approximately 0.6 per cent of any of the world's larger gold nlines. The ore nlined
in 1915 yielded $765,509, or $13.02 a ton. 46
sulphides.
In recent years two disastrous fires curtailed proIn August, 1927, I was able to revisit the mine and
see the bottOln levels. The shaft had been deepened . duction for more than three years. In 1924 the recovto 4,764 feet, and preparations were being made to ered value of the ore was $9.01 a ton; in 1925, $7.38;
cut the station for the 4,650-foot level. The chief and in 1926, $5.33.
The total output to the end of 1926 is estimated to
workings were then on the 4,500-foot level. The footwall branch of the vein was intersected 380 feet east of be $14,400,000.
The mine is developed by an inclined shaft, which in
the shaft by the crosscut from the shaft, which cuts
through rather massive greenstone. At the intersec- 1927 had attained a vertical depth of 4,681 feet.
tion the vein was 25 feet thick and consisted of coarse I From this shaft some 40 levels have been driven, but
white quartz containing sericitic (damouritic) films most of them, except those now used for mining or
parallel to the walls. The sparse sulphides were local- maintaining a second exit, are inaccessible. The
ized in these films. Only 6 feet of slate gashed with deepest working in 1927 was the 5,400-foot level. A
quartz stringers here separates the two branches of the storage-battery locomotive was used to haul the ore
vein. Under the footwall branch is a 60-foot belt of on the 4,800-foot level.
The water pumped from the lnine is 50,000 gallons
black slate cut by innumerable quartz stringers in
places making up one-half the bulle The bottom daily. A 60-stamp mill treats the monthly output
levels show, as did the higher levels, that the vein is of 7,500 tons. It recovers 90 per cent of the gold by
amalgamation and concentration on tables, and the
ribboned only where it is narrow.
The ore shoot was 700 feet long, having lengthened tailings are sent to the tailings plant of the Amador
northward as well as southward, and it had improved l\1etals Reduction Co., where they are cyanided under
in quality. The ore as shown by samples taken dur- contract. The sulphide concentrate amounts, to 2 to
ing development work ran from $15 to $20 a ton. 272 per cent of the ore, indicating that the ore has a
They are as good as any in the previous history of the sulphide content of 1.6 to 2 per cent. The fineness of
mine and are highly encouraging as to the downward the bullion ranges from 0.835 to 0.840.
Like the Kennedy vein, of which it is the southern
persistence of ore in the Amador section of the Mother
the Argonaut vein occupies the fissure
continuation,
Lode system.
of
a
reverse
fault
and in depth cuts through at an
Other changes ·have occurred. The hoist has been
acute
angle
the
same
sequence of alternating belts of
electrified, and the economies anticipated have been
and
slate.
greenstone
realized; the speed of hoisting, however, has been
The outcrop of the Argonaut vein is concealed
reduced to 1,500 feet a minute. The capacity of the
throughout
the greater part of the length of the clainl
mill has been reduced from 100 to 60 stamps, as it was
by
a
capping
of Tertiary gravel made up of andesite
found that when all inefficient members of the workear
the south end line, however, a large cut,
cobbles.
N
ing forces are weeded out operations are more profit65
feet
east
of
the powder magazine, shows much
able, even if conducted on a reduced scale.
coarse
white
quartz,
with numerous stringers that
In 1927 payment of dividends Vlas resumed, and all
branch
out
from
it
horizontally
or even dip westward.
indications pointed auspiciously to a period of prosThe
country
rock
inclosing
this
quartz is a deeply
perity.
weathered
schistose
greenstone.
This
quartz outcrop
ARGONAUT MINE
is presumably the top of the Argonaut vein, which here,
The Argonaut mine, owned by the Argonaut Min- as at the Kennedy, flattens notably near the surface
ing, Co., is 1 mile north of Jackson and adjoins the as the result of refraction on entering the greenstone.
Kennedy mine, which is its neighbor on the north.
46 U. S. Geol. Survey Mineral Resources, 1915, pt. 1, p. 224, 1917.
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The saIne succession of slate and greenstone in the
hanging-wall country rock as at the Kennedy mine
occurs at the Argonaut. It is of interest to note that
the flow or sill of lllH,ssive a.ugite Inelaphyre t.hat occurs
in the second greenstone belt east of the summit of
the ridge appears to have been cut in the hangingwall crosscut on the 1,690-foot level, indicating the
possibility that this flow or sill can be used as a horizon
Inarker.
In the section through the nline (fig. 18) the reverse
character of the faulting along the fissure occupied by
the vein is well shown. The black slate in the hanging
wall of the vein on the 2,400-foot level can not be
definitely accounted for, because the levels next above
and below the 2,400-foot level are inaccessible. It
may be either a lens in the greenstone, for such lenses
are not unco]nnloil 1 or it Illay have been brought into
place bymovClnent along the gouge vein that separates
it £,'on1 the greenstone on the east.
COlnpal'ison of the section through the Argonaut
shaft with that through the l{ennedy (fig. 14) brings
out clearly the fact that the strike of the vein and that
of the country rock do not coincide. In the area between the two sections the vein strikes Inore northeasterly thou the slate and greenstone. The average
strike of the vein at the apex has'been detennined to
be N. 19° 14' W. as a result of end-line litigation.
The displacement along the fault fissure occupied by
the vein, as 111easured by the displacmnent of the slategreenstone contact in the upper part of the mine,
where the dip is relatively flat, is at least 120 feet.47
On the lower levels where the dip is steeper, the throw
is apparently much greater. This difference suggests
that there is a strong lateral conlponent in the total
disp] ace men t.
The country rocks, as at the Kennedy, are composed
of greenstone (augite melaphyre tuffs and breccias)
and slate, with n11 the usual internlediate and gradational varieties between them. The finer-textured
1nembe1's have a well-defined foliation or cleavage, and
An places the discordn,nce between this foliation and the
true bedding planes is as lnuch as 15°.
Tho wall rocks are hydrothennally altered near the
vein. The slates are least affected, but the development of knots of ankerite in then1 for distances of 5
or 6 foet from the vein is characteristic. Much of
the greenstone has lost its original appearance almost
com,plotoly owing to the wholesale developn1ent of
ankerite. Where seen on the 2,400, 3,300, and 4,800
foot levels this ankeritized rock either forms one of
the walls of the vein or is in close proximity to it.
Hemnants of the original pyi'oclastic structure may
still be seen in Inuch of the lnaterial. The rock is
similar to the" gray ore" of other Mother Lode mines,
and, indeed, it assays as l1HlCh as $4 a ton here. Although locally called "schist" and considered to be
47
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distinct fronl the greenstone, it is Illerely a hydrothermally altered facies of that rock. Figure 19.' is a.
geologic map of the 3,300-foot level and shows a body
of this "gray ore" in the footwall of the vein. In a
footwall crosscut from the 5,100-foot level the pyritized greenstone averages $1.05 through a thickness
of 40 feet.
Two shoots of ore are now being luined-a north
shoot, averaging 250 feet in length, and a south shoot,
which, on the 4,650-foot level, is 160 fee't long and in.
places nwre than 30 feet wide. The south shoot has
a well-defined hanging wall of black slate, along which
there is a gouge with its characteristic highly polished
w.

E.

IS.-Section through the Argonaut shaft, 1, Tertiary gravel;,
2, greenstone; 3, blaek slate; 4, augite melaphyre (flow or sill);
5, Argonaut vein; 6, gouge veins

FIGURE

black surfaces. The slates above it are corrugated
and crumpled. The footwall is indefinit~, ~s the ve~n
is underlain by a wide zone of stringers, which was
said to assay $8 a ton over a width of 24 feet. The,
shoot bulges from a few feet to its maximum width
within a short distance. This south shoot was a COlllparatively recent discovery. The north shoot, as
seen just below the 4,200-foot level, differs from the
south shoot in that it has a thick gouge on both foot
and hanging walls.
From the surface down to the 2,530-foot level there
was but one shoot, which lay to the north of the shaft,
and it had practically no rake. This shoot has a.
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maximum length of 600 feet and an average length of
300 feet. It was a continuation of the main Kennedy
shoot and had essentially the same zones of lower-grade
ore as were found in that mine. Below the 2,530-foot
level the shoot raked 30° S. and terminated at the south
end of the "gray ore" body shown in Figure 19.
Below the 3,300-foot level a new shoot came in sonle
distance north of this point and directly under (on
the dip) the upper part of the old shoot. This is the
north SJlOOt that was being mined in 1924. The ore
on these lower levels, particularly that of the south·
shoot, was of as good grade as any previously extracted.
The quartz in the south shoot was coarse, massive, .
homogeneous, and without noticeable sulphides. In
appearance it resembled numerous barren veins, yet
5-foot samples assayed as high ~s $80 a ton. Free

..

Black slate

Mokelumne Hill. It was first operated by a Captain
Moore, but it had been idle for nearly 35 years when
the present company began operations in 1921.
The mine is developed by a shaft inclined at 52°,
which in September, 1924, was 1,190 feet long. Sinking was still in progress at that time. Mining or
developInent work was being done on the four lower
levels, the 640, 750, 800, and 950 foot. The ore is
treated in a 20-stamp mill, built in 1922 at a cost of
$51,000. The gold is won by amaigalnation, 82 per
cent being saved thus, and the remainder is obtained
from concentrates whose tenor is approximately $100
a ton-about 5 ounces of gold and 2 ounces of silver
to the ton.
Amphibolite and chlorite schists and members of
the Calaveras formation are exposed in the vicinity
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19.-Geologic map oC the a,300-Coot level of the Argonaut mine

gold is not uncommon, and a gray mineral thought to
be petzite but shown .to be galena occ~rs here. The
ore of. the north shoot is like that of other Mother
Lode inines, being broadly banded by inclusions of
black slate that are parallel to the hanging wall.
Like the south shoot it also has a notably Snlan content of sulphides.
On the 4,800-foot level the ore shoot was 950 feet
long and attained a maximum width of 60 feet. The
ore was of good grade, but below this level the shoot
shortened somewhat and the grade of the ore diminished
so that in 1927 the mine manager was confronted
with the problem of getting through the poor zonp.
that had been encountered.
MOORE MINE

The Moore mine, owned by the Moore Mining Co.,
is 1 mile southeast of Jackson on the county road to

of the mine. Green schists fonn the hanging-wall
country rock of the vein at the surface, a fissile chloritic
type forIning the immediate wall. Black slate and
quartzite of the Calaveras formation conlpose the
footwall. Quartzite in what are apparently two beds
is exposed west of the shaft, but when these beds are
traced northwestward they are found to converge and
Ineet at a point roughly 200 feet northwest of the
shaft, which suggests that they are the outcrops of a
single layer that has been closely folded. The evidence, because of poor outcrops, is not as full as is
desirable.
The original cropping of the vein is now covered 1 y
the mine dump. There is a line of strong crop pings of
quartz, striking N. 40° W., several hundred feet northwest of the shaft, but' it is unknown whether or not
this quartz is the extension of the vein that is being
mined.

MOORE MINE

The vein dips less steeply than its inclosing wall free gold Inay be seen. At a depth of 1,190 feet a thick~:
rocks. Down to a point somewhere between the 160 ness of 17 feet of ore averaging $14 a ton w.as reported L
and 340 foot levels green schist continues to be the by the superintendent, Mr. A. C. Wilson. The nleageln
hanging wall and black slate the footwall. Below evidence available suggests that this new ore body is: a!
this point, however, both walls are the green schist. lens similar in its general character to the ore body'
The vein therefore occupies the fissure of a reverse mined on the upper levels but situated somewhat farther
fault. The fault is well exposed in the north face of the in the hanging wall of the zone of fissuring produced ·by:··
."
drift on the 640-foot level, as at this point the vein the reverse fault.
MAMMOTH MINE
filling is absent. The normal undisturbed contact
The Manllnoth mine, at the mouth of Spanish Gulchj~
between the green schist and Calaveras slate is exposed
in the footwnll on both the 340 and 640 foot levels and on the north side of Mokelumne River, is typical of the,:
is seen to be transitional, as shown by the alternation pocket lllines of the "black-Inetal belt:" This "beltl~1
lies half a mile or so west of the Mother Lode system.'
of green and black layers. The dip is 65°-70° E.
The anlount of the displacement along the fault can and is so called because the gold is black when' the ore,'
not be deterlnined, as the slate-schist contact is
NE.
SW,
not exposed in the hanging-wall country rocks.
EXPLANATION '.::,.:.;.'.'
A :mininll11l1 displacement of 200 feet, however,
is required by the data available. The reverse
cha.racter of the fault whose fissure is occupied
by the vein is clearly brought out' by a section
through the mine. (See fig. 20.) A section along
. '
:·I.;:()f'~
Amphibolite and .' ~t
a line north or south of the one in Figure 20
chlorite schist
. : " :. ~.'i
would show the schist-Calaveras contact at a
higher or lower point, resp~ctively, as the vein cuts 340:..-------:
Ore
the bedding and planes of schistosity not only on
the dip but on the strike.
The strike of the vein makes a small angle with
the strike of the schists. This is well shown on the
640-foot level, where the vein, impinging on mas- S40~'- - - - - .:.f
sive aInphibolite schist, changes its course abruptly
frOlll N. 52° W. to N. 60° W. or more. The 6 4 0 ' - - - - - - - - - - . . . :
steepening of the dip frOln 52° E. to 70° E. below
this level may also be due to the refractive effect
of this same bed.
The ore body being worked in the SUl1llner of
1924 is a lens, fraying out at both ends along its
strike fl,nd pinching vertically a short distance
below the BOO-foot level. Its horizonta.I length
ranges frolll 100 to 200 feet, and the maximunl
thickness is 12 feet. The vein has generally a
well-defined footwall, but on the hanging wall it
shades into a stringer zone. The ore body rakes
o
northwest at a steep angle.
The ore consists of coarse white quartz, ca.rrying FIGURE 20.-Section through the Moore mine on a line PIll'alIel to aIid'60'teet south hi ib~·~ .
sparse pyrite and locally arsenopyrite andchalcopy64O-foot west crosscut
rite. The concentrate obtained constitutes O.B
per cent of the ore Inilled. Visible free gold is found in is pounded up in a nlortar. The mi1,1e was being, ~X~.
a few places. The veinlets branching off from the main plored for pockets of ore in 1924 by the Fedet:al Pevel-:-.
body of qua.rtz and cutting the adjacent country rock opment Co., a force of 13 men being employed. EJil":
have a.lbite bordering their walls, the sma.ller veinlets trance to the mine is effected by means of'a tunnel 3.,000..
conta.ining a rela.tively greater amount. The ore runs feet long, trending N. 35° W.
$9 to $10 a ton. The gold bullion has an average fineThe total output of the MaInmoth mine is said to:Qe:.
between $300,000 and $400,000.
ness of 0.B19 gold and 0.171 silver.
Late in 1924 another body of ore was struck at 1,0BO
The country rock consists of black Mariposa slate
feet in the shaft. This ore body, dipping 70° E., and lenses of greenstone composed of tuff ahd breccia.
consists of qua,rtz with rather numerous inclusions of Loca.lly sonle lenses of coarse quartzose graywacke-!
schist, SODle as mU'ch as 5 feet in length. Pyrite is slate occur. All these rocks strike N. 20° W. and dip:
distributed irregularly throughout, and a few specks of 80° E. The ore. occurs in a remarkably definite way~·.
.\ :
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It occurs in horizontal veinlets of quartz that are re:stricted to the vicinity of the contact of black slate
.and greenstone. (See fig. 21.) The veinlets follow
horizontal joint surfaces, and most of them are but a
tew inches thiclc Some are a foot thick at the contact,
but invariably they diminish abruptly in thickness on
entering the slate and pinch out. In the greenstone,
however, the veinlet~ extend as nluch as 5 feet or even
more frOln the contact. The ore consists of massive
arsenopyrite in quartz; it pans free gold and may run
as high as a dollar a pound. The ore is restricted to the
quartz in the greenstone and as a rule extends not more
than 2 or 3 feet from the contact; rarely as far as 4 or
5' feet. The veinlets may extend farther from the contact, but the arsenopyrite in them at greater distances
frOlll the contact is worthless. The occurrence of gray-:
wacke at the con tac tins tead of black slate is said to be
distinctly: inimical to the occurrence of ore. The greenstone inclosing the ore shows' the common Mother'
Lode hydrothermal alteration, but metasomatic' arsenopyrite is the comillon sulphide disseminated through
it. The smaller quartz veinlets, as is the rule in the
Mother Lode belt, contain nHlCh albite.

sunk a vertical shaft, the south shaft, 120 feet deep,
on a large outcrop of quartz nearly 100 feet wide .
Later the Ford Gold Mining Co. sunk an incline of
60°, the main shaft, at a point 300 feet north of the
south shaft. It was deepened to 750 feet, and levels
were turned off at the 100, 200, 300, 400, and 700 foot
stations. A small shoot of high-grade telluride-bearing
free-gold ore was cut on the 100-foot level. A .10stamp mill was erected, but no vestige of it remains
to-day. In 1900 the conlpany becanle financially
enlbarrassed, and the mine was shut down. It renlained
idle until October, 1922, when control was obtained by
the Apex Mining Co. Since then moderate development work has been in progress on the 100 and 300
foot levels.
The prevailing rocks of the knoll on whose summi t
is the main shaft belong to the fornlation called anlphibolite schist. Some 500 feet west of the shaft is a large
mass of antigorite serpentine, which is intrusive into
the Calaveras formation. The serpent.ine has been
irregularly converted along its margin into a wellfoliated talc schist, and the belt of talc schist at the
old mill site, which is at least 110 feet wide, is probably
an offshoot from the main hody of serpentine and is
AMADOR QUEEN NO.2 MINE
continuous with it on the surface.
The IllOst COillillon rocks at the surface are grayThe Alnador Queen No.2 mine is about 1 nlile
green
schists streaked or nlottled with white; under
north of the Mammoth Illine. It is d~veloped by a
the
microscope
they are seen to be composed of albite,
crosscut adit, which
epidote,
chlorite,
sericite or talc, and amphibole,
intersects a contact
named
in
the
order
6f abundance. They are feld-along which the pockspathic
anlphibolites,
SOlne of which contain only a
etsoccur. Foursmall
minor
aillount
of
mnphibole.
Intercalated with theIll,
parties oflessees were
working the mine in 100 feet west of the nlain shaft, is a white schist con1924. Alarge amount taining small broken garnets. Two dikes of talc
.:'."
of work has been done schist, called "talc dikes," cut these rocks. The contact
by
drifting on the of the amphibolite schists with the Calaveras black
",'.
contact both north slates is 275 feet east of the main shaft.
o
';·2 Feet
Underground the geology appears more complex.
Ll_~_--'-_""":""'-_-.ll
and south of the adit
.FIGURE 21.-Pocket veins· at' the Mammoth
The
closely folded condition of the amphibolitic
.mine. 1, Maripos.a slatei,.2,· greenstone; 3, and by stoping upon
<Quar~z.
..
..
many of the veinlets. schists and associated rocks is well shown-in fact,
'GeoI9gic'conditions are essentially similar to those in better than anywhere else along the Mother Lode belt.
the Mammoth mine in that the occurr!3nce of the ore As a result of the folding the strikes have a wide range,
is clearly tied to a slate-greenstone contact. The from N. 30° E. to. N. 45° W. In the west crosscut
on the 100-foot level a syncline of limestone beds
~uartz veinlets that contain the pockets are much
plunging
steeply northward is clearly seen; and at the
more persistent, however. They dip aqout 45° and
face
of
the
north drift frOlll the east crosscut is restand normal to the contact or roughly so. Many
vealed
a
fold
in the amphibolite schist plunging 65°
()f them have been stoped from the tunnel level to the
:sU'rface-distances ranging from 300 to .500 feet. N., its axial plane dipping 70° E. Two talc dikes, one
(Coarse gold in lllore or less well crystallized masses is of which is 15 feet and the other a few feet thick, occur
,contained in the arsenopyrite. Pieces weighing as on this level near the east vein. A hornblendite dike
much as half an ounce were shown to me and were was cut in the west crosscut of the 300-foot level. It
is obviously sOlllewhat sheared and contains discon:sa,id to be worth about $18 an ounce.
tinuous streaks of talc schist that were developed
FORD MINE
along zones of stronger deformation. It is doubtless
'The Ford mine is half a mile east of San Andreas. good evidence on the origin of the so-called "talc
'The property comprises 102 acres and extends 3,000 dikes."
The closely folded condition of the rocks with their
feet along' the Mother' Lode belt. The first Inining
steep
northward plunge causes the underground dis. was done in the nineties by the Ford Brothers, who'.
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tribution of the rocks to be very different, even on the
100-foot level, fr01ll what would be inferred fr01n their
distribution on the surface.
In addition to the chloritic and amphibolitic schists,
limestones, black slates, talc schist, and hornblendite that are seen underground, some light-colored
rocks of obscure origin occur, as at the shaft station
of the 300-foot level. They are probably related to
the garnetiferous white schist already mentioned,
but have been rendered Inore obscure by hydrothermal alteration, which has caused dolomite, sericite, and albite to fOrIn in them.
Four veins or lodes have been under explorationthe west vein, cropping out 120 feet west of the main
shaft; the Inain vein, on which the main shaft was
sunk; the hanging-wall vein, on which the south
shaft was started; and the east vein, cropping out
270 feet east of the Inain shaft. The east and west
veins are richer than the others and have therefore
been the main objectives in recent years.
The west vein, as exposed at the surface, is a stringer
lode 4 feet thick standing vertical. Its west wall is
a sericitized mnphibolite schist, and its east wall is
talc schist. It has been cut on the 100-foot level,
where it shows some free-gold ore.
As previously nlentioned, a shoot of telluride-bearing
ore was cut in the main vein on the 100-foot level.
'1'he tellurides found are petzite and hessite-two
minerals between which there is no .sharp boundary.
As seen in the west crosscut of the 300-foot level,
the nlain vein consists of a belt 75 feet wide, which is
di vided into two parts by a horse of schist 30 feet
wide. It has a footwall of black slate, above which,
is a stringer zone of 30 feet, succeeded by 30 feet of
dolO1nitized amphibolite schist, and then by another
stringer zone 25 feet wide.
The hanging-wall vein has a wide quartz outcrop
at the south shaft, but it can not be traced far on the
surface. The lode, 'as seen in the east crosscut of the
100-foot level, is a belt of quartz stringers and albitized country rock abqut 20 feet wide.' Much of the
country rock. has been converted into a white finegrained aggregate of albite carrying 3 to 4 per cent of
pyrite. An 8-foot cut across part of the belt is reported
to have assayed $16 a ton. The lode has been cut
also on the 300-foot level but is thinner there.
The east vein is a narrow quartz vein in"Closed in
black slate, which has been explored for a distance of
75 feet on the 100-foot level. It shows free gold in
places. It intersects the two talc dikes previously
Inentioned and is reported to be particularly rich
at the two intersections.
UNION MINE

The Union mine is 3 Iniles southeast of San Andreas.
I t has been idle since 1888, and none of the vein
is now visible at the collar of the shaft, which was
sunk on the vein. The mine is described here, however,

because it represents a large number of mines along
the Mother Lode belt in the long tinle that they have
been idle and in the difficulty or impossibility of
judging their future prospects from existing surface
showings, or fr0111 the available information on their
history-information that could be proved or dis~
proved only by considerable expensive exploratory
work.
Early operations, when the lnine, was owned by
the Rathgeb Brothers, are described in Raymond's
reports. 48 The ore yi~lded $15 a ton, contained no
sulphurets, and came from a quartz lode that averaged
5 feet in thickness. The depth attained was 150 feet.
A 10-stamp mill was operated. The fineness of the
bullion produced was 0.929 gold and 0.061 sHver, a
purity that indicates that the gold had been considerably refined in the zone of oxidation above water
level. Current report is that the Rathgebs took out
$175,000 from above the 120-foot level, which was
about the water level. In 1886 they sold "the Inine to
the Union Gold Co. (Ltd.) for £40,000, but three
years later the nline reverted to them.
The vein, probably nlore accurately termed the lode,
is said to be 30 feet wide. The hanging-wall rock is
amphibolite schist; the footwall rock is a more slaty
facies of the amphibolite schist formation. The mine
was developed by an incline 455 feet long. It is
reported that the work of the Union Gold Co. was
ahnost wholly done in the hanging wall of the quartz
vein instead of in the rich footwall schist zone. The
ore extracted luilled under $4 a ton and proved
unprofitable.
GOLD CLIFF MINE

The Gold Cliff nline, owned by the Utica Mining
Co., is in the west' part of Angels Camp. It has been
idle since 1920, and the following notes are based
mainly on a brief visit in Septenlber, 1914. At that
time a 40-starnp Inill was being operated at a small
monthly profit; 200 tons of ore was crushed daily,
which yielded from-4.5 to 5 tons of concentrate containing $40 a ton in gold. The ore as lllined carried
$2 a ton in gold.
The shaft of the Gold Cliff mine is sunk from the
floor of an imnlense open cut that had been quarried
0ut during the operation of an old 10-stamp nlill. It
inclines 45° E. to the 1,600-foot level, below which it
flattens to 12°.
The country rock. consists of the green schists of the
amphibolite schist. The ore body is nlineralized
schist intricately cut by quartz veins. The schist, as
explained on page 43) is greatly altered and pyritized.
The coarse cubical pyrite that is comnlon in the s~hist
is said to carry only $5 a too in go~d, as detennined by
assaying it separately, but inasllluch as the concentrate carri~s $40 a ton, the fine sulphides must be
exceptionally rich. The quartz veinlets, unless they
48 Raymond, R. W., Mineral resources oC the States and Territories west oC the
Rocky Mountains Cor 1869. pp. 30-31, 1870.
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contain sulphides, are poor. In other wO,rds, the gold
is associated with the sulphides whether they are in the
quartz veinlets or in the intervening schist.
.
.
.In depth the Gold Cliff lode flattens extraordmanly,
dipping as low as 7° E. on the 1,700-foot level. In
stoped-out areas the remarkably fine plane hanging wall
was exposed for hundreds of square feet. It stood
without timbering, and this was one of the factors that
aided in achieving record low operating costs.
An interesting detail exposed on the 1,700-foot level
was the displacement of the lode by a steep eastwarddipping postmineral fault. It was a normal .fault,
which had dropped the lode 3 feet on the east SIde of
the fault. This displacement was reported to increase
southward along the strike of the fault.
The Gold Cliff lode is 3,000 feet west of the Utica
vein, which C~'ops out in the center of Angels Canlp and
was the Inainstay of the Utica Mining Co. for nlany
years. It intersects the Utica vein at ab.o~t 2,700 f~et
below the collar of the Utica shaft. ThIS IntersectIOn
was'the objective of many years' work in the deeper
workings of the Utica mine, but the shoot of high-grade
ore expected to occur there was not found. All
workings of the Utica and Gold Cliff mines were
inaccessible in 1924.
The Madison mine, also owned by the Utica Mining
Co., was on the south extension of the Gold Cliff lode.
It worked a hanging-wall ore body that rested on a
thick' quartz vein-the "bull ledge"-as footwall.
The workings extended to a depth of 1,300 feet.
ROYAL MINE

The Royal mine is of particular interest because,
although it is 14 miles west of the Mother Lode belt,
the ore and its mode of occurrence are exactly like
those in Amador County. Imnlense bodies of "gray
ore"
, like that mined in the Fremont and Bunker
. .
Hill nlines and their neighbors, were worked In It.
The mine is at Hodson, Calaveras County, 3 miles
northwest of Copperopolis. It is opened by an incline
1,020 feet long. A 120-stamp mill is on the property
but was idle in 1924. According to Mr. F. S. Tower,
lessee the total output is $3,000,000. ,
Th~ Royal vein strikes N. 40° W. and dips 30° N.,
although in places it is horizontal or even dips in the
reverse direction. On the average the thickness of the
quartz filling of the vein proper was 3 feet, though
locally it was 20 feet. The vein does not occur in. a
diabase dike, as is sometimes stated. The mam
country rock consists of breccias and tuffs of the
augitic greenstone series. Sonle lenses of black slate,
undoubtedly of Mariposa age, 'are included in the
greenstone; they strike N. 60° W. and dip 70° E.
Ea,rly operations were confined to mining the quartz
vein, but later large bodies of gray ore were taken out
on both foot and hanging walls. The enormous stopes,
standing without timber, are results of the remov~l
of these great bodies of gray ore. The gray ore IS

identical with that of the Mother Lode belt in Amador
County; it is a pyritic ankerite-sericite rock, the
result of the hydrothernlal alteration of the greenstone
tuffs and breccia. It is reported to have Inilled, $3.72
a ton. 49
In the hanging-wall country rock of the Royal vein
is another vein which has been stoped. The Royal
vein, however, occupies the master fracture, and the
rock adjacent to it on both foot and hanging wall
sides was shattered,and large stockworks of- gray ore
were formed.
MINES ON CARSON, HILL

History.-Carson Hill, near the south boundary of
Calaveras County, is a prominent landnlark in the
Mother Lode belt, rising 1,200 feet above Stanislaus
River on its south flank. The small town of Melones,
formerly known as Robinson's Ferry, lies at the base
_
of the slope, on the river.
Gold was discovered on Carson Hill in 1849, and the
hill soon became noted for its pockets of high-grade
ore. A vivid account of the armed struggle, fortunately bloodless, for the possession of the 'rich quartz
vein at Carson Hill in 1851 is given by the historian
Bancroft. 50 Nearly $3,000,000 in gold is reported
to have been taken from the Morgan claim in less than
two years, including what is said to be the largest
nugget ever found in California. Rich pockets were
also mined in the Carson Hill, 11elones, and Stanislaus
claims. 51 After the rich surface deposits had been
exhausted, mining languished for many years.
About 1890 the Calaveras Consolidated Mines Co.
began work on the Calaveras vein, and in 1898 the
Melones Mining Co started on claims along a massive
quartz vein. The ore body that the 11e~0~es ~o.
worked consisted of an imnlense mass of pyrItIC SChISt
carrying $2 to $2.50 in gold, which in the course of
time, fronl its position in the footwall of the Inassive
quartz vein and from the need of distinguishing it
from the remarkable ore body found much later on the
hanging wall of the qua.rtz vein, canle to be called the
footwall ore body.
,
An adit tunnel 4,500 feet long was driven by the
Melones Mining Co. northwestward frOln Melones to
undercut the footwall ore body, which crops out on the
north flank of Carson Hill. This tunnel corresponds
to the 1,100-foot level. The ore above the tunnel w~s
nlined by the glory-hole method and that below It
by the shrinkage-stope method. 52 It was milled in a
100-stamp mill. The cost was lower than in any other
mine on the Mother Lode belt. "The cost for 19081910 including all charges of every description except
marketing concentrate, was $1.084 per ton." 53 By
49 Tucker, W. B" Mines and mineral resources of Amador Cou,nty, Calaveras
County, Tuolumne County, p. 103, California State 'Min. Bur., 1915,
60 Bancroft, H. H., California inter pocul,a, 1848-1856, pp. 237-240, 1888.
61 Browne, J. R., Mineral resources of the States and Territories west of the Rocky
Mountains for 1866, pp. 205, 210, 1867.
62 Tucker, W. B., op. cit., pp. 93-96.
.
53 Private report by ~. B. Devereux, jr., and H. A. J. Wilkens to W. J. Loring.
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1914 the total operating cost had increased to $1.60
The total output of the lnines on Carson Hill is
reported to be $20,000,000. The Carson Gold Mines
a ton.
In that year the shaft sunk fl~om the tunnel level (Inc.) produced up to July 31, 1924, $5,598,310. Its.
had reached the 1,7 50-foot level. In the deeper levels output by years is shown in the following table:
a shoot of high-grade ore was discovered resting against
01ttPUt oj Carson Gold Mines (Inc.), 1919-1924
the hanging wall of the big or Bull quartz vein. As
Y' Id
'railings
it had been found that the Bull vein had been disIe per loss per ton
Tons milled
Years
ton
milled
placed by a nunlber of reverse faults, the largest' of
----------------------1--------I
which displaces the vein 100 feet, it was thought that 1919 _______________________ _
$1. 25·
72, 387 $13. 71
this faulting had caused the ore shoot to jump frolH 1920 _______________________ _ 105,
156
10.40
1. 14
1921 _______________________ _ 175,·766
6. 07
.78·
the footwall side to the hanging-wall side of the Bull 1922 _______________________ _
183, 733
~ 84
.59·
vein. A puzzling feature of this explanation, aside 1923 _______________________ _ 172, 066
5. 78
.49·
1924
(to July 31) ____________ _
88,869
4.66
.43.
fr0111 its geologic improbability, was that the hangingwall ore was of llluch higher grade than that long mined
fron1 the footwall side.
In 1924 gold-bearing rock was considered to be ore
if
it
contained more than $3 to the ton above the 1,100The answer to the problenl came with dramatic'
foot
level, between $4 and $5 between the 1,100-foot
ilnpressiveness in 1919. The old Morgan nline was
and
3,000-foot levels, and n10re than $5 below the
purchased in 1918 for $600,000 by the' Carson Hill
3,000-foot
level. Although sonle ore assaying as much
Gold Mines (Inc.) under the nlanagement of W. J.
as
$40
to
$50 a ton was found in the bottom levels
Loring, and luining began on December 28, 1918. The
.
(4,125
and
'4,375 foot levels), the failure. to find a,
first work done was the driving of the Morgan adit,
persistent
body
of ore caused the nline to go into the
on the north slope of Carson Hill. Starting from the
hands
of
a
receiver
in 1925.
hanging-wall side of the Bull vein, it was driven toward
General
geology.-The
geology of Carson Hill is'
that vein and ran into a body of rich ore in the schist
varied
and
conlplex-more
so than that of any other
resting on the vein only a few feet fr0111 the old worklocality
in
the
Mother
Lode
belt.
In general the rocks
ings. The ore body thus intersected at less than 300
consist·
of
black
phyllites,
augitic
tuffs and breccias,.
feet below its outcrop proved to be the upward extenchlorite
schists,
and
amphibolite
schists of several
sion of the high-grade ore that had originally been cut
kinds,
all
striking
northwest
and
dipping
steeply east.,
in the hanging wall of the Bull vein on the 1,600-foot
As
mapped
by
Ransome
they
are
of
Calaveras
age.
level. It has conle to be known as the high-grade ore
They
have
been
closely
folded,
with
the
resulting
probody, or hanging-wall ore body. From it within the
next few yeaTS was taken out nlore than $5,000,000. duction of steeply plunging folds and of abrupt varia-,
In 1920 the property of the Melones Mining Co., tions in the degree of metamorphism from place to·
which had shut down in 1918, was acquired by lease; place. They have been intruded by small masses of
and the subsequent development of the combined Mor- gabbro and serpentine, and these igneous rocks have
gan and Melones mines has been carried on by means also been deformed; the gabbro is sheared and sausof the ~tfelones tunnel, which is equipped with electric suritized, and the serpentine is in places transformed .
traction. An interior three-compartment inclined to talc schist. Widespread powerful hydrothermal
shaft had been sunk by the Melones Mining Co. to the alteration has put on the finishing touches, most,
3,000-foot level, and from this level at a point several notably by transforming much of the serpentine to.
hundred feet south of the main shaft a winze was great bodies of ankerite-mariposite rock.
Ore bodies.-Two veins, the Calaveras and the Bull,.
sunk by the Carson Gold Mines Co. to the 4,375-foot
level. The workings in the combined Morgan and are of present interest. The Calaveras, the more·
~tfelones nlines aggregat.e more than 15 miles.
' westerly of the two, is itself auriferous and though
The ore is crushed in the Morgan mill, on Stanislaus locally known as the true" Mother Lode" has proved
River not far from the portal of the Melones tunnel. disappointing. The Bull vein, however, although
'fhe mill is equipped with 30 stalllps of 1,250 pounds itself not profitably gold-bearing, has associated with
weight and has a daily capacity of 500 tons. This it a low-grade ore shoot in its footwall and a high-grade
duty per stal11p-16 tons a day-is the highest on the shoot in its hanging wall. Moreover, five veins, the·
lode. The 100-stamp mill formerly operated by the so-called flat veins, dipping 35° E., cut the Bull vein,
Melones ~tfining Co. has been closed. The r.ecovery of which dips 60° E., and contain ore at or near their
gold from the ore has averaged 90.76 per cent over a intersections with it. Other less continuous veins,.
period of five and a half years. The technical 'details among them the Pink and the Stanislaus, are chiefly
of the lnining and milling nlethods employed have notable for the pockets that were found' in them in
early days.
been ably presented by G. J. Young. 54
The Calaveras vein, striking N. 40° W., can be
6' Gold mining at Corson Hill, Calif.: Eng. ond Min. Jour:, vol. 112, pp. 725-729,
]921.
'
traced from Stanislaus River to Carson Creek, a dis!
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tance of 1 Y2 miles. It is a stringer lode, averaging
from 10 to 15 feet in width and reaching a maximum
of 100 feet. Surface trenching across the lode at
intervals along a stretch of 1,700 feet of its southern
portion has disclosed two ore shoots of rather low grade,
each 250 feet long. An open cut has been started on
the more so~therly of the two. The lede consists of
lenses of quartz, the largest 10 feet wide, inclosed in
deeply weathered pyritized schists. Ankeritized serpentine occurs locally along the lode line. The quartz
filling in places is clearly of composite origin; a lens near
the south end of the glory hole shows dark quartz that
is cut by a network of younger veinlets of white quartz.
The assay plans of the surface trenches show that the
gold in the ore is dependent upon the presence of
quartz.
The Calaveras, vein is opened by a crosscut adit
tunnel, 300 feet below its cropping, and by a drift
tunnel somewhat lower. From the lower tunnel a
winze was sunk and three levels turned from it. These
workings a~e not now accessible. The upper or Calaveras adit cuts through 400 feet of augite basalt breccia
and amphibolite schists and then penetrates the ore
zone, which is here 100 feet wide and composed of
highly crumpl,ed fissile chloritic schists. From 2 to 5
feet of quartz occurs 60 feet west of the hanging wall
of the zone. This body of quartz expands to 13 feet
in the stope 30 feet above the adit. A small quantity
of pyrite is present, generally in the filaments of schist
inclosed in the quartz. This ore carried from $4 to $7
a tone. This ore shoot pitches 70° N.; its vertical
extent is 500 feet; and on the bottom levels the ore
assays from $1 to $3.20, the lower grade predominating.
In 1919-20 the Calaveras vein yielded $46,580 from
11,997 tons of ore, or $3.88 a ton.
The renlarkable system of ore bodies associated with
the Bull vein has no counterpart anywhere in the
Mother Lode belt. On account of its great interest
it will be described in some detail. The ore-bearing
zone crops out on the north slope of Carson Hill, but
all operations are now carried on by way of the Melones
tunnel, whose portal on the sout.h slope of the hill near
Stanislaus River is at an altitude of 889 feet above sea
level. In this tunnel the rocks are excellently shown.
, They are green or grayish green and range from massive to finely foliated. A little black slate is interbedded with them. They strike north to N. 40° W., this
diversity being due to their folded condition; in places
the sedinlentary banding makes an angle of 20° with
the foliation. Massive banded tuff at 560 feet from
the portal shows under the nlicroscope abundant
fragmental augite. The marked schistose structure of
the well-foliated green phyllite at 1,425 feet frorn the
portal is shown under the microscope to be determined
by finely fibrous amphibole, which has formed at the
expense of augite. Not all the augite has gone over
into amphibole. Representatives of these rocks are'
shown on the surface, among them the grayish-green

amphibolite schist occurring 200 feet northof the portal.
Although this schist is well foliated, under the microscope it is seen to contain abundant pyroclastic augite,
which is still on the whole remarkably intact. Obviously the rocks cut by the tunnel represent a bedded
series of augitic tuffs, of which some have been more alfd
others less thoroughly metamorphosed to amphibolite
schists. The coarsest variety of the pyroclastic rocks
is a breccia containing angular fragments 1 to 2 inches
in diameter; it is exposed a few hundred yards north
of the portal of the tunnel.
Besides the augitic tuffs aud augitic amphibolite
schists cut in the Melones tunnel other varieties of
amphibolite schist occur on Carson Hill. There is a
greenish-gray fine-grained" lnassjve " schist, as repre. sented by the occurrence east of the Stanislaus vein,
above the railroad track. This schist proves to consist mainly of amphibole and zoisite and is so highly
metamorphic that its original nature is no longer
demonstrable. Another variety is the blocky anlphibolite schist that occurs in the hauging wall of the Bull
vein. It is excellently exposed on the surface and in
the Morgan tunnel. It hilS been erroneously termkd
diorite porphyry in private geologic reports submitted
to the Carson Gold Mines Co. and regarded as an
intrusive mass younger than the Bull vein and a main
factor in determining the position of the ore bodies.
It contains numerous moderate-sized shining dark
hornblende particles that might easily be interpreted
as the hornblende phenocrystR of an igneous rock.
However, they are clearly shown by the microscope to
be paramorphs after angular fragments of pyroclastic
augite. They range from fragments perfectly intact
in form, though completely changed to hornblende,
through those merely cracked to t.hose that are
crushed and dragged out. Fibrous amphibole is
extrenlely abundant in the IIlatrix, and with it occur
epidote, albite, dolomite, and titanite. The rock is an
amphibolite- schist derived from an augitic tuff, and as
direct comparison shows it is essentially like the augitic
anlphibolite schist occurring 200 feet north of the
Melones tunnel, except that it is more highly metamorphic and that consequently all the augite once
present has gone over to hornblende. In conformity
with its origin as a metamorphosed bedded fragmental
volcanic rock, this belt of amphibolite schist includes
some chloritic slate and banded rocks.
Masses of serpentine with its alteration products,
talc schist and mariposite-ankerite rock, occur as
small intrusive masses in the schists. The largest
mass is 200 feet in the footwall of the Bull vein on
. the Morgan claim; it is a green microcrystalline or
finely granular antigorite serpentine. Along the lode
line of the South Carolina claim another lens of serpentine occurs, but there the serpentine is entirely
converted into ankerite rock with a border of talc
schist. A small plug of gabbro crops out on the
west, in the footwall of the South Carolina glory hole,
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nnd on the west slope of the hill is a mass of gabbro by the 200-foot crosscut on the 675-foot level; the
made up of saussuritic feldspar and abundant diallage. first 20 feet adjacent to the Bull vein is sericitized
Underground serpentine and related rocks arc exposed schist, above which in succession are blocky banded
at a few points in footwall crosscuts. A thin dike of green tuffs, chloritic phyllites and slates, and finally
serpentine with talc schist borders occurs in the 18 feet of faintly banded white or pale cream~1elones tunnel 3,400 feet frOll1 the portal.
colored rock which somewhat resembles a normal
The Bull vein is remarkably constant in physical unaltered carbonate (dolomite) rock but is shown by
character, being composed of coarse white quartz, the microscope to be an ankeritized rock, with minor
which is invariably ribboned with chloritic filall1ents. sericite and qual:tz. Such ankeritizec;l rocks are exThe perfect preservntion of the most delicate crenula- tremely abundant in the mine. rhey are particularly
tions in the schist filaments proves that the ribboning well shown on the 1,350-foot level in the south workings
WftS not produced by shearing.
on the 1,100-foot flat vein, forming huge blocky exThe foot and hanging walls are both "frozen"- posures. rhere are many intermediate varieties
-that is there is no postmineral gouge on either wall. between the massive ankerite rock and banded seri'The footwall country rock is
for the most part thoroughly
-penetrated by a network of
·quartz stringers, which join
':in un broken continuity with
the quftrtz of the Bull vein
itself. The hanging wall of
the vein shows locally a
l'narked fluting, which rakes
75° S. The width of the vein
ranges within wide limits, incl'oll,sing Jrom 18 inches on the
'summit of Carson Hill to 11lOre
'than 40 Jeet on the ~10l'gan
and Union claims, farther
northwest. In this stretch
'the strike changes from N.
40° W. to S. 8(')° W. ftnd back
o
50
100 Feet
'to N. 40° \lV'.; consequently
'the outcrop has the fOl'In of
a reverse curve, of which the
sou thern bend is the nlore
EiXPLANATION
abrupt. As might be ex-'::..1--pected fronl these differences,
--~
~
Flat vein
Green schists
Ankerite rock
Bull vein
the vein cuts across the strike
of the country rocks.
It FIGURE 22.-Plan of part of the I,600-foot level, Melones mine, showing the divergence in strike between the Bull vein
and the country rocks
,does not, however, cause any
disturbance of the schistosity. The angle between the cite-ankerite schist; doubtless these are all the ankeri·course of the vein and the schistosity is generally small tized equivalents of the green schists seen in the
.bu t locally is large, as shown in the deepest .pit of the Melones tunnel.
Coarse mariposite-ankerite rock having a rough
Melones glory hole or on the 1,600-foot level. (See
fig. 22.)
.
foliation occurs in considerable quantity in the footThe Bull vein has been crosscut in many places wall schists of the Bull vein, undoubtedly derived
.and hA.S been adequately sampled. It rarely assays from serpentinized peridotite intrusive into the schists .
higher thftn $3 a ton; probably its average content is Exceptionally some antigorite serpentine occurs, as
shown in the face of the north drift on the 1,600-flat
between $1 and $1.50 a ton.
The prevailing country rock in the vicinity of the vein on the 1,350-foot level.
A footwall spur of the Bull vein on the Morgan
,ore bodies consists of thinly fissile dark-green chlorite
·schists. Adjacent to the Bull vein, however, the clainl is known as the Pink vein. I t can be traced for
·schists have been rendered pale yellow or cream- a ·few hundred feet southeastward.
Ore shoots occur in both the hanging wall and the
colored by the development of sericite and ankerite in
thClll n.t the expense of the chlorite and other pre- footwall country rocks of the Bull vein. Two have
·existent lninerals. A particularly good section across been of great economic importance-the so-called
.the rocks in the hanging wall of the Bull vein is given hanging-wall ore body and the footwall ore body •
~!~~~~!------~I

-
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of different kinds occu·r. One of these was the ore Oll!
the hanging wall of the hanging-wall ore body of the1,750-foot level, which might be called a pyritic jas-·
peroid; microscopically it proves to consist of a fine-·
grained aggregate of albite, which predominates, and
ankerite. The ore fronl the 3,200-foot stope was a
banded pyritic jasperoid, whose marked striping was·
due to the alternation of thin chlorite layers with.
layers composed of albite and ankerite.
The ore body kept its average dimensions down to
t.he 3,000-foot level but gradually decreased in grade~
Below that level the ore alnlost pinched out, coineident with t.he disappearance of the sharp curve in the·
Bull vein. The shoot widened below the pinch and
has been mined ,down to the·
SW.
N E.
4,375-foot level. Below the
LEVEL
h
h
.
- - - - - - - - - - - - - - - - - - - - - 6 7 5 ' pinch, however, t e soot IS·
separated from the Bull vein
by 1 to 40 feet of leanly auriferous schist. More quartz occurs in the ore of the deeper
- - - - - - - - - - - - - - - - 9 8 5 ' levels than in the higher ore,.
. but whether this greater quartz
-------------/,100'
content is a lnere local variation, as appears most probable,.
or marks the beginning of a
permanent change in the character of the ore can not be
- - - - - - 1 , 3 5 0 ' predicted from any facts disclosed at the mine or from any
principles known to geologic
SCIence. The distribution of
EXPLANATION
the ore i"n the shoot or ore
zone on the 4,125-foot and lower levels proved to be highly
Chlord:ic schist.
Bull vein
irregular. Some high-grade ore,
ca.rrying $50 a ton, was disSericite-·ankerit.e
Amphibolit.e schist.
Massive ankerite
Ore
covered,
butno continuous body
and chlorite-ankerite
with hornblende porrock
schists
had been found in 1924.
phyroblasts
The foot.wall ore body exa
100
200
300
400
500 FEET
I
I
tended from the surface to the
FIGURE 23.-Partial section through the Melones mine along the line of the lower winze on the 1,100-flat vein
2,170-foot level and had been
were much greater. The shoot was not restricted completely extracted before 1924. The ore consisted
to rock of anyone type, equally good ore occurring in of pyritized schist full of quartz stringers and was
both chloritic and sericite-ankerite schist. The ore of low grade, ranging from $2 to $2.50 a ton. The
consists of sericitic schist composed largely of ankerite, shoot was mined by the glory-hole method down
with less pyrite, sericite, quartz, and albite. The to the 1,100-foot level. A width of about 40 feet was
pyrite is particularly abundant in high-grade portions, extracted.
Ore has been stoped from five other veins-the
where it is accompanied by chalcopyrite, galena, tetrahedrite, native gold, and locally petzite. l\10lybdenite so-called flat veins: The veins strike 30° to 40° more
was fairly common in parts of the ore cody; ore con- westerly than the Bull vein, and they dip much less
taining it was termed "graphitic" and was looked on steeply, generally 35°'N. but in places flattening to
with favor as being above average grade. Although 20° .. A fine planar hanging wall is distinctive, as is
the bulk of the ore is a pyritic sericite-ankerite schist, also the presence of a few inches of postmineral gouge
or in part, where the chlorite has not been all seri- on both walls. The Bull vein is faulted reversely by
citized, a pyritic ·chlorite-ankerite schist, locally ores the flat ve~ns, the maximum displacement, being 120
The positions of these two shoots are shown on the
stereogram in. Plate 11, which has been accurately
drawn by Thomas B. Nolan from the ample data
supplied by the Carson Gold Mines Co .. The outline
of the footwall ore is shown by dotted lines.
The hanging-wall ore .body occupies the northern of
the two troughs formed in the Bull vein by the reverse
curve previously described. It is t.he most persistent
of the ore shoots, having been followed from the surface down to the 4,375-foot level. In the upper
levels of the mine the shoot took the form of a bluntly
terminated lens of mineralized schist, lying directly
against the Bull vein. It averaged 175 feet in length
and 15 feet in width, although locally its dimensions
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NORWEGIAN MINE

:feet at the intersection of the Bull vein and the flat
'vein known as the 1,100-fJat vein. (See fig. 23.) The
-displacement of the country rocks by the'flat vein is
:shown in Figure 23.
The flat veins contain ore shoots only near their
:intersections with the Bull veins. (See pI. 11.) Of the
five flat veins that have been mined the second lowest,
'or 1,100-flat vein, has been the nlost productive. The
average stope length on this vein exceeded 300 feet
from the 1,100-foot level to the 1,600-foot level. The
shoot pinches and swells abruptly, ranging in thickness
irOll1 a few inches to nlore than 30 feet. This lllaxi11lunl thickness, however, includes a large portion
of mineralized wall rock as well as the vein filling
proper. The ore is of three kinds, which grade into
one another. They are (1) coarse white quartz
carrying sparse pyrite and containing nunierous vugs
lined with flat rhombohedral crystals of ankerite; (2)'
fis e filling consisting of a rubble of angular blocks of
mineralized wall rO,ck cemented by quartz veinlets; (3)
mineralized wall rock consisting of blocky ankerite
or ankerite schist, carrying abundant large wellformed pyrite crystals. Spots of high-grade material
occur locally near the footwall of the veins and contain
in addition to the pyrite slllall quantities of galena and
native gold. As this high-grade ore gave sonle trouble
in extraction at the n1ill, it was thought that the
galena-like mineral nlight be the Inegascopically
similar lead telluride, aItaite', but laboratory tests
failed to disclose teliuriUlll in the samples that were'"
collected to test this supposition,
Ankerite was the predOlllinant constituent in all this
ore, and this fact together with the abundance of
huge cubes of pyrite made it unlike any other ~10tller
J...ode ore. It averaged from $6 to $10 a ton and not
(Jnly supplied the bulk of the 111aterial 111ined during
1924 but on account of the ease with which it could
be mined by the use of scrapers it supplied ore fit far
Jower eost than the hanging-wall ore body.
Apparently related to the flat veins in origin is a
vein as yet exposed only on the 675-foot and 985-foot
levels. It is llllUSUa~ in that it dips 45° VY. Like the
-flat veins it swells and pinches abruptly and is acconl-panied by large cubes of pyrite in the adjacent wall
TOck. No ore has yet been found in this vein.
The concentrates from all ore, both frOl11 the flat
'veins and the hanging-wall ore body, form 3 per cent
.of the ore milled; they carry $40 a tOll.
NORWEGIAN MINE
By THOMAS B. NOLAN

The Norwegian lnine is in Tuoltu11ne County on
the south bank of Stanislaus River, half a luile southeast of the town of Melones. The luine has been
worked at intervals for Jnany years; the production has
come almost entirely frOl11 pockets rich in native gold
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and tellurium nunerals. In August, 1924, the N orwegian was being operated by two lessees.
The mine is developed by an inclined shaft 550 feet
deep, the lower 250 feet of which, however, was flooded
at the time of visit. Several levels have been driven,
but only the two lower ones are of any present extent.
The high-grade ore mined is hand crushed and concentrated.
The shaft is sunk on the Norwegian vein, which
strikes N. 12° W. and dips 55° E. The vein crops
out in amphiboljte schist near the western contact of
the schist with a tongue of the Calaveras formation
that comes in frOl11 the north. The Calaveras is here
cOlllposed of black slates and siliceous beds that show
a characteristic fluting. The amphibolite schist in the
few unalterecl e'xposures found is a' fine-grained graygreen schist. Pyritization and ankerjtization of the
schist is the rule and is notably intense for a distance
of 50 feet in the hanging wall of the vein. A discontinuous barren· or "bull" quartz vein marks the
eastern boundary of this intense 111ineralization and
ulakes an acute angle with the Norwegian vein.
The Norwegian vein is not being worked at the
present time but, according to Ransome,55 the vein
was from 4 to 20 inches wide and frozen to its walls.
The vein minerals were quartz, calcite, dolomite, and a
little albite and chlorite, with pyrite and smaller
quantities of native gold, bornite, galena, chalcopyrite,
petzite, hessite, coloradoite, and other tellurides.
A vein 12 feet in the footwall of the Norwegian vein
known as the footwall vein, was being mined in 1924.
On the 300-foot level it consisted of 6 inches of quartz
and ankerite. The strike and dip of the country
rocks differ from those of the vein, and as a result
different types of rock are found in the walls as the
vein is followed. On the 300-foot level a belt of black
slate was intersected by the vein, and a very high
grade pocket was developed. This ·with previous
similar experiences has led the lessees to form the
empirical rule that rich pockets occur at intersections
of veins with the black slate belt"
The ore from such pockets is cOluposed of quartz
and ankerite, rather abundant native gold, galena,
and petzite, and 5 to 10 per cent of pyrite. Other
tellurides are probably present, but the only specimen
collected at the mine proved to be petzite as verified
chemically. The concentrates frOl11 the pockets are
worth fronl $3.50 to $4.50 a pound
Both the Norwegian and footwall veins represent
minor fissures, along which there was little or no displacement. They are probably sympathetic to sonle
main fracture, possibly that occupied by the barren
quartz vein previously described. If this is true, the
intersection of the barren vein and the Norwegian
vein 111ight be well worth prospecting.
65
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DUTCH-SWEENEY AND APP MINES

By THOMAS B. NOLAN

The DQtch-Sweeney and App mines are at Quartz, 2
miles southwest of Jamestown. The Dutch and
Sweeney claims together comprise 3,412 feet along the
Mother Lode system. The Dutch claim was located in
1852, but it was not extensively developed until
1893. It is beiieved to have produced under the
Dutch Gold Mining & Milling Co. $2,000,000 gross.
The plant consisted of a 20-stamp mill and the sha.ft
extended to the 1,800-foot level.
There are three veins on the property-the Heslep
or hanging-wall vein; the middle vein, a broad l.ode
of ankerite stringered with quartz but only locally of
commercial grade; and the App or footwall vein.
The early work was on a rich shoot in the footwall
vein. This shoot was 490 feet long near the surface
and ranged in width from 6 to 30 feet. It proved to be
profitable down to the 400-foot level, averaging $10 a
ton. Attention was then centered on the Heslep vein
in the hanging wall, which averaged about $4 a ton.
In 1906 the company went into receivership, and
eventually the Dutch property was sold. In 1909 the
Du tch claim was consolidated with the Sweeney,
adjoining it on the north. The acquisition of this
ground was particularly desirable on account of the
northward rake of the ore shoots. In 1909 the butch
Consolidated Gold Mining Co. began operations. It
enlarged the mill to 40 stamps in 1912 and milled a,bout
~OO;OOO tons of ore, which yielded slightly less than
$3 a ton.
In 1917 the property was taken under option by the
Pacific Coast Gold Mines Corporation, of which W.
J. Loring was president and manager. At the same
time the App mine, adjoining the Dutch on the south,
was also acquired; the App was prospectively valual?le
on account of the northward rake of the App shoot.
A new mill was built and started operating in January,
1919. Itran until April, 1920, and milled 54,432 tons
of ore, from which was obtained $41,994 in bullion and
2,855 tons of concentrate, containing $133,687, a total
of $175,681 or $3.23 per ton milled. An extraction of
90.2 per cent was made.
The new exploratory work done before the nline was
shut down, in 1920, amounted to 16,000 feet. The
sha.·ft was deeperied from the 1,800 to the 2,300 foot
level. The Heslep shoot on the 1,500-foot" level, which
proved to be the best level, was 400 feet long and 10 to
20 feet thick and averaged $4 a ton, but on the 2,300foot level it had shortened to 40 feet. The App or
footwall shoot was also prospected. The general
result of the exploration was to show, according to
O. H. Hershey, "that the ore shoots vary constantly
from level to level in size, shape, and gold content."
Because of the unfavorable postwar conditions the

The Chilena nline is near the summit of Jackass Hill,
in Tuolumne County, three-quarters of a mile northwest of Tuttletown. Jackass Hill contained many rich
pockets that were diligently prospected in the early day
of mining in California, but since the exhaustion of the
deposits near the surface the claims have lain idle except
for surface prospecting by individuals. In 1922 the
Chilena together with adjoining claims was optioned
by the Nevada Wonder Mining Co., and a fair amount
of development work was done on it. The results were
disappointing, however, particularly on the lower level,
and the project was abandoned in the fall of 1923. The
property was then leased to the Mark. Twain Nlining
Co., which intends 'to stope some ore developed on -the
upper level by the former company ..
An inclined shaft and a 150-foot and a 450-foot level
were driven by the Nevada Co. The.lower level was
flooded when the mine was visited. A small"Huntington mill treats the ore.
The country rocks are amphibolite schists, a finegrained greenish type being predominant. Some
coarser-grained facies also occur, one of which contains hornblende porphyroblasts.
The ore of the mine is obtained· from a zone of intensely metasomatically altered schist, 4 to 9 feet wide,
on the 150-foot level. The strike of the zone averages
N. 40° W. but ranges between N. 25° W. and N. 50°
W. The plan of the zone therefore consists of a series
of arcs alternately concave and convex. The dip averages 68° E. but locally steepens to 85°.
The mineralized zone is marked by the occurrence
of quartz, albite, sericite, and pyrite, with minor
amounts of a carbonate mineral. The resulting rocks
are cream-colored and contrast strongly with the normal greenish schists. The walls are not sharply defined; in places as much as a foot of transition rock
separates the ore zone from the surrounding schists.
An ore shoot 160 feet long has been developed in
the zone. According to the superintendent, Mr. L. L.
Coffer, the shoot averages $9.20 a ton. The distribution of the gold is somewhat erratic, portions of rather
high-grade ore alternating with poorer material. Telluride minerals are reported from some of the highgrade pockets. The sulphides, essentially all pyrite,
form 15 per cent of the ore and assay $20 a ton, thus
furnishing a considerable portion of the yield.
The few mine workings accessible and the poor surface croppings around the mine do not warrant a
definite statement of the nature of the ore zone. Probably it represents a shear zone in amphibolite schists,
which was later metasomatically altered by ascending
mineralizing solutions carrying gold.

EAGLE SHAWMUT MINE

average gold content of the ore, which was under $4
a ton, proved to be too snlall to yield a profit. The
mine was therefore shu t down in 1920 and has remained
idle since then.
EAGLE SHAWMUT MINE

The Eagle ShaWl11ut mine is on Woods Creek, 2
miles northwest of Jacksonville, in Tuolumne County.
It is the property of the Eagle Shawlnut Mining Co.
Not ]nuch work had been done before 1896, when this
company combined the Eagle and Shawmut claims.
The mine was operated under this management until
1916, when the Tonopah Belmont Dcvelopnlent Co.,
through a subsidiu,ry known as the Belmont Shawmut
Mining Co., obtained control under an option to
purchase. Considerable exploration was done, but in
November, 1923, work was stopped because of the low
grade of the ore developed. During this period the
mine was known as the Belnlont Shawmut. An excellent description of the lnining and milling methods
employed is given by Parsons. 56 In 1924 the original
company had resumed operations, and the older name
was ]11 use.
The mine is developed by a crosscut adit driven
1,100 fcet through the footwall ,to the lode and connecting with an inclined shaft 2,163 feet deep. From this
internal shaft have been driven at various intervals 19
levels. Froni the bOttOlll of the nineteenth level a
900-foot winze has been sunk and two levels turned
fl'om it. The total vertical depth attained below the
ou tcmp is 3,000 feet.
One of the innovations on Mother Lode practice
is the use of a storage-battery locomotive underground,
on the nineteenth level. As fi labor-saving device it
has proved eminently satisfactory; hardly had it been
put into operation when it lnade possible the removal
of 21 men frol11 the pay roll.
A 70-staI11P mill treats the ore. Flotation equiplnent had been installed by the Tonopah Belmont
Development Co., but on resumption of control by
the owners it was discarded. About 300 tons of concentrate carrying $60 a ton is produced monthly and
is sent to the Selby smelter for treatment. The total
output to the end of 1924 was about $5,000,000, which
was obtained from 1,750,000 tons of ore.
The lode systmll worked in the Eagle Shawmut
lnine lies at the contact of the Mariposa slate and the
Calaveras fornlation, which here contains much green
schist. The southern part of the system is marked
by the imlnense outcrops of white quartz that extend
frOl11 the summit of the ridge 1,400 feet south to Blue
Gulch.
The Mariposa slates are interbedded with' innumerable thin layers of sandstone averaging 2 inches in
thj.ckness. In strike they range from N. 20° W. to
N. ,45° W. within short distances. The cause of this
60 Parsons, A, 13., 'rho mlno and mill of the Belmont Shawmut Mining Co.:
Min. and ScI. Pross, vol. 121, pp. 619-;624, 659-664, 1920.
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diversity of strike is excellently shown in the main
tunnel, which is the best place along the 110ther Lode
to see the close folding that has affected the Mariposa
beds. At 200 feet from the portal the bottom of a
perfect synclinal fold pitching 60° S. is shown; the
axial plane of the fold strikes N. 32° W. and dips
80° E., and the fold causes the beds on its limbs to
diverge 30° in strike. Another similar fold is well
shown 500 feet farther in. On the surface, near the
Bull vein, the Mariposa slate incloses a belt of volcanic
rock that includes an amygdaloid flow and a 1:;>reccia
cOlnposed of angular fragments of amygdaloid as much
as 6 inches in diameter. At Blue Gulch the alnygdaloid
is 100 feet thick; it is a basalt crowded with augite
phenocrysts and anlygdules of calcite and chlorite.
This belt of amygdaloid and breccia was .mapped by
Ransonle as metadiabase, but as the rocks are neither
intrusive nor of diabasic texture that name can not
be retained. Near the upper contact of the slate with
the volcanic belt occur some lenses of limestone 2 to
3 feet thick, and near the old loading station there is
a thicker mass, resting on black slate. Some thin
lenses of conglomerate also occur in the slate below
the amygdaloid breccia.
Between the Mariposa slate and the gray-green
chlorite schists associated with the Calaveras formation
on the east, is a narrow belt of pyroxenite or hornblendite or an allied hornblende-pyroxene peridotite.
In this report it will be called the pyroxenite dike.
It has been powerfully sheared and converted into
multiform chlorite schists, and subsequently these
schists have been extensively ankeritized and silicified.
These chlorite schists, some of which to the unaided
eye are indistinguishable from serpentine schist, and
their ankeritized equivalents are among the chief
rocks in the ore zone. One of the best exposures is in
the old prospect tunnel in the northwest corner of the
Bella Union claim. The rock here is an exceedingly
cruIl\,bly lustrous green schist, which microscopically is
found to consist of broken green amphibole fibers in
a matrix of chlorite. In this crumbly schist are sonle
partly sheared lenses or horses of hornblendite, COlnposed of thick hornblende columns 1 Y2 inches long.
At places in the mine, as for example in the hanging
wall of the Shawmut vein on the fifth level and in the
footwall crosscut on the ninth level, chlorite schists
occur that resemble serpentine schists; that on the
ninth level, moreover, has a pseudoporphyritic texture
much like that of the serpentinized peridotites, but
the apparent phenocrysts instead of being bastite are
chlorite and are embedded in a· chlorite matrix.
The on~y obvious physical difference between thenl
and serpentine is that they are softer-in fact, they
can be scratched with the finger nail. ,
The Calaveras rocks, dipping 70°-80° E., make an
angle of 20° or. less, with the strike of the ore zone.
They consist of black slates, which differ from the
Mariposa slate in not containing interlayered sand-
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stone, and siliceous slates and quartzites that are so
fine grained as to verge on cherts; and they are asso-

Structurally the Calaveras rocks, although older
than the Mariposa slate, rest discordantly on the
Mariposa rocks. This superposition of the Calaveras
w.
is manifestly the result of a reverse fault. Along this
fault contact the pyroxenite dike was intruded and
was afterward, as already explained, sheared to
- chlorite schist of various facies. The geologic lnap of
the adit level (pI. 12) illustrates SOlne of these structural relations, especially the truncation of the belts
of the Calaveras rocks as they abut on the pyroxenite
dike.
The reverse fault along which t~e pyroxenite dike
was intruded cuts also the dip of the hanging-wall
rocks. The angular divergence is small but is shown
by the presence in the southern part of the mine of
black slate above the ore on the lower levels, whereas
on. the upper levels the hard gray-green· chloritezoisite schist occupies this position. The footwall
country rocks are not exposed by any crosscuts on the
lower levels, and consequently the extent of truncation of those rocks is unknown. A vertical section
through the 610-foot winze is shown in Figure 24 and
gi ves an excellent epitome of the essential geologic
10- - - - features of the mine. The belt of augite basalt breccia"
. and augite porphyry shown in. the figure below the
sheared pyroxenite dike is practically unsheared in its
exposures on the surface, but on the ~dit level, the
12------only place where it is certainly recognizable underground, it is intensely sheared, and it is recognizable
'13- - - - - - - here only because it contains a few lenses or horses of
augite porphyry that are less thoroughly schistose.
14 - - - - - - - - Talc schist and mariposite are supposed to be
common in the mine, but all specimens collected to
/
15 - - - - - - - - .:....
verify this belief proved to contain only chlorite.
The siliceous slate and quartzite in the Calaveras
16 - - - - ...., - - - - - formation have attracted much attention at the mine,
where they are known as silicified limestone; but they
are, so to speak, exactly the reverse of silicified lime17 - - - - - - - - - - - stone, for they are commonly more or less replaced by
ankerite, and in many of them the sharp rhombs of
18------------ankerite can be seen with the unaided eye lying
scattered through the siliceous matrix.
The ore zone comprises the sheared pyroxenite
~--------------~-dike and the adjacent Calaveras rocks. The
dike and th~ chloritic equivalents into which
it was tra.nsformed ha ve been tremendously
m----------------ankeritized and are locally cut by a network
of quartz veins and replaced by quartz. Such
a local development of quartz has formed the
Bull vein.
The ore mined is of two general kinds; one,
O~I....1'---1-'--'-I2...J.~O
___
6.L..pO_ ______lL__~I,opO Feet
known at the mine by a variety of names, is
FIGURE 24.-Vertical section through the 61G-foot winze, Eagle Shawmu't mine. 1, Mariposa slate with interbedded sandstone or graywacke; 2, augite basalt breccia and augite por- largely siliceous, and the other, called" sulphide
phyry; 3, sheared pyroxenite (chlorite schist), including ankeritized rock and quartz; 4, chlo- ore," is ankeritic and carries much pyrite.
rite-zoisite schist; 5, Calaveras slate; 6, Shawmut vein; 7, lenses of sulphide ore (diagrammatic)
Ore of the first kind is the result of the filling
ciated with gray-green chlorite-zoisite schists, which I by quartz of minor. fractures in the Calaveras rocks.
The fractures are planes of little or no movement, as
are firm, tough rocks.
..l...__ _ _

U. S. GEOLOGICAT, SURVEY

PROFESSIONAL PAPER 157

STEREOGRAM OF ORE SHOOTS OF MORGAN AND MELONES MINES
I, Dull vein; 2, footwall ore body; 3, hanging-wa ll ore body; 4, lIat vein ore bodies

PLATE 11

PROII'E88IONAL PAPER 157
U. 8. GEOLOGICAL SURVEY

--- -----

--- ---

--------,------

FE§~~~ - - - . - -

--- ---

vein __ - - - - --E ast

-

EXPLANATION

~,'/'
~

Mari po sa slate with interbedded
sandstone or graywacke

,/

\-~

1}-(3,'_~
I~\

Sheared pyroxen"te(chlorite schist),
including ankeritized rock and quartz

Chlorite-zoisite sch',st

-

-- --

-

Calaveras slate

GEOLOGIC MAP OF THE ADIT LEVEL. EAGLE SHAWMUT MINE

I~I

Siliceous slate and quartzite

~
Stopes

3

PLATE

12

81

CLIO MINE

go'uge is rare and brecciation is absent. A fine planar
hanging wall dipping 65°-70° E. is characteristic.
Three veins of this kind have been developed on the
adit level-the middle, east, and Shawmut winze veins.
They are comparatively narrow and of low grade.
For these reasons no effort has been lnade. to explore
thelll on the lower levels.
Two other varieties of siliceous ore occur. SOlne
large lenses of slate included in the altered pyroxenite
c(;mtain enough gold to be ore. The" slate" ore body

and has been followed down to the lowest level. It
is persistently of low grade, rarely assaying above $5
a ton, and between the sixth and tenth levels it averaged less than $2 a ton. On the upper levels the
Shawmut vein was stoped at intervals along 1,200
feet, but the higher costs now prevailing have redllCed
the length of the profitable portion to 300 feet or less.
The" sulphide ore" is found between the tenth and
twentieth levels and is the present mainstay of the
mine. It consists of compact fine-grained blackish-

s.

N.

~~=====i~:!2::!.,,~=4¢,*,~~I;;;;========:::!.{,:~==::!.!::!r:,~~·llth

level

:===~~~~~~~========-:!:.£:.~/3th

level

~

Sulphide ore

~

Siliceous ore zone

:=====~~~~~~~;p.19

FIGUHE

th level

2fi.-Longitudinal section through the Eagle ShawlIlut mine, showing the distribution of

on the eighteenth level is of this kind. Ore also occurs
Ilear or along the con tac t of the Calaveras rocks and
the pyroxenite dike. Here, however, in contrast with
the conditions at the three veins previously mentioned,
a gouge has been forlned on the footwall of the ore
body. The gouge generally contains quartz and in
places carries sufficient gold to be ore.
Of these siliceous ore bodies the one at or near the
contact of the Calaveras rocks and the dike is the
most persistent. This vein is known as the Shawmut

the

ore by kinds

green chlorite schist that has been replaced by pyrite,
arsenopyrite, and varying alnounts of ankerite. The
ore occurs in lenses that overlap one another in a
zone 400 to 500 feet long and 8,ttain a maximum width
of 30 feet.
Their positions in the ore zone are shown somewhat
diagrammatically in Figure 24. The gold content
ranges from $10 to $16 a ton. The sulphides fOrIn as
much as 15 per cent of the ore, and the concentrate
that they yield averages $60 a ton. Sulphide ores of

•
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two kinds, "white" and "black," are recognized in worth $12.78 an ounce. According to the mltnager,
the mine. Both are of the same origin and represent Mr. H. Hauter, an output of $165,000 by former commerely different degrees in the thoroughness of replace- panies is shown by mint records, and total output of
ment; the "white" ore has a higher ankerite content, $200,000 is probable. In September, 1924, the mine
and the "black" ore contains more unreplaced chlorite was producing at the rate of $5,000 a month.
schist. The footwall rock of the ore lenses is the banded
The ore bodies of the Clio are lenses that occur in a
ankerite rock, and the hanging-wall rocks are Calaveras zone of mineralized members of the Calaveras forslates and siliceous beds. A well-defined wall, along mation, whose gold content is higher than that of the
which gouge occurs locally, is present either at the rest of the ore zone. In addition to the rocks of the
contact of the sulphide ore with the slates or in the Calaveras formation greenstone, serpentine, and dikes
slates not far from the contact. The intervening slate of several types occur in the vicinity of the mine.
is mineralized and 'constitutes ore, carrying $4 to
In the footwall of the ore zone the most extensive
$6 a ton.
exposures are basaltic greenstone-breccias, tuffs, and
The winze from the nineteenth level ha.8 been sunk lavas of the Jurassic period of volcanisnl. A belt 900
(780 feet at the time of visit) in the locus of the sul- feet wide is exposed along the river west of the mine.
phide {)re lenses, following down under the well-de- N ear the base of this series is 15 feet of ellipsoidal
fined hanging wall. It is reported that all the way down basalt, showing well-developed variolitic structure.
the assays ran .between $3 and $4. The distribution Similar structure was also noted higher in the series.
of the siliceous and sulphide ore throughout the mine N ear the mine office the belt includes sheets of aluygis shown in Figure 25.
daloidal basalt. To the northwest, on the adjoining
The sequence of events leading to the formation of Kershaw claim, only 300 feet of greenstone is present,
the ore bodies is as follows: (1) A basic plutonic rock tuffs and breccias predominating. This apparent thin(hornblendite, pyroxenite, or peridotite) was intruded ning is very probably due to the oblique trend of the
along a reverse fault fissure between the Calaveras . ore zone relative to the greenstones, which here form
slates and the associated gray-green schists on the the immediate footwalL Black Mariposa slate is
east and the Mariposa slate and associated volcanic exposed beneath the greenstones.
rocks on the west; (2) renewed movement on the
The hanging-wall country rock consists of black and
fault highly sheared t4e peridotite and converted it green slates of the Calaveras formation. A few siliceous
into various chlorite schists, and at the same time beds are included, also lenses of green chloritic schist
auxiliary fractures were formed in the hanging-wall that represent metamorphosed tuffs and breccias. One
rocks; (3) ascending mineralizing solutions altered of the lenses on the Kershaw claim is 150 feet thick.
the compact chlorite schist to bodies of sulphide ore In surface exposures these schists are usually so altered
and the other schist to quartz-ankerite rock, in which by weathering that no precise petrographic name can
the quartz is locally so abundant as to form thick be applied to them;
masses, such as the Bull vein. Concomitant with
In the immediate footwall of the ore zone on the Clio
this action the Shawmut vein was formed near or claim is a body of serpentine. "Horses" (less altered
along the hanging wall of the sheared pyroxenite masses) of the peridotite from which the serpentine
dike, and the subordinate or auxiliary fractures in was derived are rather common. These horses show
the hanging-wall country rock also became filled with a pseudoporphyritic texture, due to the presence of
low-grade gold-bearing quartz.
large plates of serpentinized pyroxene. At the shaft
80 feet of serpentine is exposed, and the thickness
CLIO MINE
increases somewhat to the south. To the north the
The Clio mine, owned by the Clio Vindicator Mines serpentine thins abruptly, and near the center of the
(Inc.) is on the north bank of Tuolumne River half a Kershaw claim it is absent.
mile east of Jacksonville. The mine is an old one and
A 15-foot dike of gabbro rich in hornblende occurs
had been idle for many years when the present com- in the greenstone. It is considerably sheared. Other
pany obtained control i~ 1917. Active work was not small dikes of similar composition occur in the serstarted, however, l.'!ntil 1920. The mine is developed pentine areas. Also a hornblende lamprophyre dike,
by an inclined shaft, 660 feet deep, which dips 68° 5 feet thick, is exposed on the lode line of the Kershaw
E. and from which five levels have been driven. Both claim, 100 feet northwest of the Clio end line. Gran. men and supplies commonly enter the mine by means of ular white dikes occur just under the summit of the
the main adit, which corresponds to the 218-foot level. hill N. 8° E. of the Clio shaft. There are light-colored
Milling practice is totally different from the usual albitites-th~ soda syenite granophyre of the Mother
procedure on the Mother Lode. The ore is crushed Lode folio-which have been considerably pyritized
directly in cyanide solution by a 10-stamp mill, no and whose original dark mineral has been altered to
amalgamation or concentration being attempted. An minute spherulites of the blue amphibole riebeckite.
.extraction of 90 to 94 per cent on ore carrying $3.50 A similar dike faTther north is cut by numerous
a ton is claimed. The gold bullion thus obtained is quartz veinlets
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The geologic relations seen at the surface continue
underground, but in addition 5 to 10 feet of gouge,
dipping 68 0 E., is found to separate the serpentine
from the ore zone. The gouge is not sufficiently
resistant to erosion to crop out. The ore bodies are
lenses in the Calaveras formation that have been
sufficiently nuneralized by pyrite and quartz, both
canying small quantities of gold, to constitute ore.
Sharp walls are therefore absent. Tpis zone of lnineralized country rock is 80 to 100 feet thick and includes
black slates, in places delicately interlaminated with
green slates, hard gray-green chloritic schists, and
siliceous nearly quartzitic beds. Quartz stringers
were so 'numerous in two of the lenses that they were
locally called "quartz shoots." A "bull" quartz
vein occurs in places along the contact of the' gouge
and the ore zone. It does not constitute ore.
At the north end of the 500-foot level a quantity
of specimen ore was found, associated with a nearly
flat transverse quartz vein 2 to 3 inches thiclc The
gold occurs in quartz and calcite together with unoxidized pyrite and is clearly primary.
The succession of geologic events at the Clio Inine
was as follows: First reverse faulting of unknown
displacement thrust the Calaveras formation with its
intercalated schist layers upon the younger greenstone series. Along this fault at a somewhat later
time was intruded a dike of peridotite. This peridotite in turn was intruded by dikes of hornblende
gabbro. The dikes of hornblende lamprophyre and
albitite were injected possibly during this saIne general
period. Serpentinization of the peridotite and shearing of both it and the dikes was accompanied or
closely followed by reeurrence of movement along
the reverse fault, resulting in the formation of the
gouge. Still later mineralizing solutions, ascending
along the hanging wall of the gouge, formed the lenses
of ore now being worked. Figure 26 shows the
geologic relations. A section drawn farther north
would show a reduced thiclmess of serpentine, a,nd
one farther south a greater thiclmess.
MARIPOSA ESTATE

History and general features.-The southern portion
of the Mother Lode belt, that portion within Mariposa County, extending from Merced River to the
termination of the belt by the granodiorite 2 miles
south of the town of Mariposa, is included within the
Mariposa estate. The estate is a grant of 44,387 acres
(70 square miles) made by the MeAican Government
to Juan B. Alvarado when California was still part of
Mexico. It was a floating grant-that is, one that gave
the grantee the right to fix its boundaries anywhere
within a specified larger area. It was bought in 1847
by Col. J. C. Fremont, who "floated" its boundaries to
include the gold discoveries, and after much litigation
United States patent was issued to mIn in 1856.
Further litigation ensued ow:ng to the fact that under
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Mexican laws title to mineral rights was severed from
the title to the land, but in 1859 the courts confirmed
Fremont in the mineral rights. Although there have
been a nunlbel~ of changes of ownership the estate
has remained intact to the present day.57
The mineral possibilities of the estate aroused unbounded optiinisnl in all the early writers. Whitney,
in fact, wrote that "the quantity of material which
can be lnined may, without exaggeration, be termed
inexhaustible." The most celebrated mines are the
Princeton, Josephine, and Pine Tree. To facilitate
working the Josephine and Pine Tree mines, which
are on the east slope of a ravine lmown as Hells Hollow, tributary to Merced River, a tramway was constructed extending to the river, where the ore was
treated in a nlill run by water power-the historic
Benton mill. The mill is no more, but the site is on
SW.
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,
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FIGURE 26.-Section through the Clio shaft. 1, Greenstone; 2, gabbro-hornblendite;
3, serpentine; 4, gouge; 5, ore zone; 6, Calaveras formation

the south side of the river at Bagby, on the Yosemite
Valley Railroad.
By 1863 this noble estate, to use Silliman's words,
had come into a disastrous position, and it has never
recovered since. From the Benton mill the River
tunnel was begun in June, 1874, and driven to undercut the Pine Tree and Josephine veins. 58 It is 3,380 feet
long, and its average trend is S. 34 0 E.
The ores of the Princeton, Josephine, and the Pine
Tree veins decreased abruptly in value after a:\noderate
depth had been attained. In this respect they appear
to differ lnarkedly from Inany Mother Lode veins, but
facts are not at hand to discuss the matter adequately.
The ore from the outcrop of the Princeton mine is
said to have yielded as high' as $75 a ton for a short
time, doubtless owing in the main to mechanical
enrichment by gold liberated from the oxidized sulphides. In 1862 and 1863 the average yield was $16.50
67 Browne, J. R., Mineral resources of the States and Territories west of the Rocky
Mountains for 1867, PP. 21-30, 1868. Mariposa estate, its past, present, and future,
62 pp., New York, 1868. Fr6mont, J. C., and Billings, Frederick, The Mariposa
estate, 63 pp., London, 1861 (contains reports on the estate by J. D. Whitney, J.
Adelberg, F. Claudet, and T. W. Park).
68 Rolker, C. M., The late operations of the Mariposa estate: Am. lnst. Min.
Eng. Trans., vol. 6, pp. 145-164, 1879.
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a ton, but in 1864, when the depth reached was about
500 feet, the yield fell abruptly to $6 a ton. .Later work
at greater depth appears not to have disclosed ore of
the grade found in the upper levels .. ' The ore from
the upper levels of the Josephine yielded $22 a ton/9
and that from the Pine Tree yielded $26 a ton down
to a depth of 100 feet.60 It is estimated that on account
of the poor metallurgical methods employed a large
part of the gold was lost-as much as 70 per cent.
At a moderate depth both mines yielded ore whose
recovered value was $6 to $8 a ton.
In 1924 the only operations in progress on the Mariposa estate were at the Queen Specimen mine, near
Bagby, and at the Princeton mine, half a mile west of
Mount Bullion.
Queen Specimen mine.-The Queen Specin1en mine
is three-quarters of a mile southeast of Bagby. During
the three years 1922-1924 operations were carried on
at this mine by W. M. Deaner, under a lease from the
Mariposa Commercial & Mining Co. A 10-stamp
mill was built on the property. ,lt is reported that
3,000 tons of ore was milled that yielded $4 a ton and
tailings that carried $2.50 a ton.
The mine is opened by a crosscut tunnel 500 feet
long, whose portal is 340 feet -above Merced River.
The tunnel reaches the vein from the hanging-wall
side. It first cuts through 130 feet of serpentine,
which incloses small masses of black slate, and then
goes through 370 feet of black slate, dipping 50° E.
but steepening near the vein, which dips 60°-70° E.
The tunnel did not intersect the ore shoot in the vein,
bu t on drifting, sou th the shoot was found. I t ranges
in thickness from a few feet to 12 feet and carries from
$4 to $12 a ton. The drift on the vein is 400 feet long.
A footwall crosscut shows that the vein is underlain
by (1) ankerite rock netted with quartz veinlets, 15
feet thick; (2) talc schist, 30 feet thick; (3) "diorite,"
as it is locally called, in part sheared, hydrothermally
altered, and pyritized and in part hard and massive,
.48 feet thick; and (4) black slate.
Work of former lessees above the tunn'ellevel shows
that they stoped out 1 ,to 1~ feet of ore on ,the footwall
of the vein. The quartz in these old workings, which
continue up to the surface, is in places stained' blue by
azurite, doubtless derived from the oxidation of tetrahedrite, and carries pyrite and minor arsenopyrite.
Princeton mine.-The Princeton mine is on the
Mariposa estate 4 miles northwest of Mariposa and
half a mile west of Mount Bullion, on the Bagby-Mariposa road. It is one of the oldest mines of the Mother
L..ode belt, having been first worked in 1852. Rich ore
was extracted from its upper levels. In the early years
it was thus described: 61 "The Princeton vein, a very
rich and extensively worked vein, * * * contains
$35 rock in all parts," but in 1864, at a depth of 500
Raymond, R. W., Mineral resources of the States and Territories west of the
Rocky Mountains for 1868. Gives a stope map showing thickness and yield per ton.
eo Idem, p. 14.
II The Mariposa estate, p. 12, London, 1861.
aD

feet, the yield dropped abruptly to less than $6 a ton,£Z
and the mine was closed shortly thereafter.
In 1863 the Mariposa grant had passed from General
Fremont to the Mariposa Land & Mining Co. About
1900 the mine was again opened, this time by the
Mariposa Commercial & Mining Co., which was then
in control of the estate. An inclined shaft 1,660 feet
deep was sunk, attaining a vertical depth of 1,250 feet,
and eight levels were turned fron1 it. The rather low
grade ore developed was stoped from the 1,200-foot
level to the surface. Operations by the company
ceased about 1914, and by 1924 all surface equiplnent
had been removed from the vicinity of the old shaft.
The total output of the old Princeton mine is
$5,000,000, nearly three-quarters of which was obtained
before 1865. Raymond 63 says that from the evidence
of stope maps the mine produced between $4,000,000
and $5,000,000 from a single la.rge chimney of ore that
was worked to a depth of some 600 feet. SiIice the
reopening in 1900 it has produced another $1,000,000.
Late in 1921 the mine came under the control of the
Princeton Gold Mines Co. An inclined shaft was SlInk
2,000 feet south of the old shaft, and two levels were
driven at 150 and 300 feet. Late in 1924 plans were
announced that included deepening the old shaft below the 1,600-foot' level. 64 A 20-stamp mill treats the
present output.
The vein in the new workings resembles closely the
v'eins of Amador County in that the ore occurs in a
quartz vein that occupies a reverse fault fissure in the
Mariposa black slate. The vein crops out near the
western boundary of the.wide belt of slates that passes
through the town of Mariposa. The slate strikes N.
35° W. -and dips 70° E. This belt is terminated 2
miles sou t.h of the towrr by t.he typical normal granodiorite of the Sierra Nevada. Thin graywacke beds
are included in the slate, and 250 feet west of the shaft
a lens of massive augitic graywacke is exposed. The
vein croppings are well shown in surface workings,
3 to 4 feet of quartz dipping 45° E. being exposed in
practically all the pits. In a prospect hole about 800
feet S. 17° W. of the shaJt a sheared porphyry dike
about 10 feet thick 'has been cut. The porphyry is
light colored and contains phenocrysts of feldspar. A
heavy growth of greasewood, lnanzanita, and scrub
9ak nlakes difficult a close study of the surface geology
of the area surrounding the mine. There is some question as to whether the vein now being worked is the
southward extension of the one worked from the old
shaft, or a footwall branch, or a separate vein situated
in t.he footwall of that vein. From the poor exposures
available it is ilnpossible to decide.
The vein dips 40°-45° E.-much less steeply than
the inclosing slates. The divergence between the dip,
62 Ashburner, William, Geological formation of Pacific slope: Mineral resources
of the States and Territories west of the Rocky Mountains for 1866, pp. 41-42, 186;.
, 63 Raymond, R. W., Statistics of mines and mining in the States and Territories
west of the Rocky Mountains for 1870, p. 30, 1872.
84 Eng. and Min. Jour.-Press, vol. 118, p. 744, 1924.
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of the vein and the dip of the slates is well shown at
the face of the south drift on the I50-foot level, where
it amounts to 30°. The extent of the displaceIl1ent
along the reverse-fault fissure. occupied by the vein
call not even be estimated at the present time, because
no distinctive beds are shown in the 111ine workings
that are accessible.
The ore shoot, as seen on the I50-foot level, is north
of the shaft; it is 600 feet long and 272 feet thiclc The
vein locally expands to 7 01' 8 feet in thickness, but only
2 01' 3 feet on the footwall side is lnined. That another
shoot OCCllrs north of the shoot now being 111ined is
indicated by old surface workings.
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The ore averages $7 a ton. It is nlarkedly ribboned
throughout, and the ribboning is parallel to the dip
of the vein. The ribboning is not a criterion of quality,
however, as south of the shaft the vein, although
nicely ribboned, proved valueless. In places there
is a thick footwall gouge. A single crosscut into the
hanging wall of the vein shows that the slates adjacent
to the vein are stringered with quartz. Pyrite is the
dOluinant sulphide in the ore, and galena, sphalerite._
and tetrahedrite also occur. A notable content of
pyrite is the only visible feature of the ore shoot that
distinguishes it from the rest of the vein.
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