M—WOOU Aq paznibig

Ve

PRI S

T



Digitized by GOOS[Q



Digitized by GOOS[Q



UXIvERSITY PRESS:
JoAN WiLsoX AXD SoxX, CAMBRIDGE.



Digitized by GOOS[Q



viil PREFACE.

rical observations made in that part of the State should be carefully revised and recom-
puted, with the aid of the table of corrections which we were then able to prepare from
our three years' series of observations, which had been specially made in order that we
might be furnished with the necessary data for that purpose.

This part of the work was, therefore, that which first received our attention. The
tables in question were computed and published under the title of “Contributions to
Barometric Hypsometry, with Tables for Use in California.” Then came the laborious
operation of recalculating and arranging the barometrical observations at the various sta-
tions in the gravel region, the corrections indicated by the tables being applied to them.
The method of applying the corrections in question, and the reasons for their use, have
been fully explained in the “ Barometric Hypsometry,” which was issued in 1874, A
supplement, forming the fifth chapter of that work, was published in 1878, in which
the practical value of our tables is demonstrated, by a bringing together for comparison
and discussion of the results obtained by working over the many hundred observations
which had been taken in the gravel region. In this division of the work it is shown
that the use of the tables in question has reduced the error of the results, on the average,
by fifty per cent; and I may here add, after having made a careful examination of the
whole subject, that there is no method of observation by which barometric results can be
freed from the class of errors which these tables are intended to remove, neither is there
any kind of corrections which can be substituted for those furnished by our work.
All these laborious computations and investigations of the barometrical data were made
by Professor Pettee, or by assistants employed under his direction. It must be noticed,
however, that a portion of the altitudes given in the body of this work have not had
the tabular correction applied to them. Consequently they differ slightly, in numerous
instances, from those published in tabular form in Appendix C, which presents in one
body the results of all the later and more trustworthy determinations made in the gravel
region proper.

During the time when the earlier part of our surveys in the hydraulic mining district
were being made, we had the work of the three observers at the regular fixed stations,
which we could use in calculating the results of our ohservations taken at various
puints in their respective vicinities. During the re-examination, last year, by Pro-
fessor Pettee, however, of certain portions of the mining counties, as mentioned further
on, he had not, to the same extent, the advantages of corresponding station harometers ;
but by skilful combination of observations of the aneroid with the mercurial barom-
eter, of each of which kinds he had two, the latter being used as station instruments
for short periods at important central points, he was enabled to secure very trustworthy
results, probably but little, if at all, inferior in value to those obtained in former

years.*

* In the Table of Barometric Altitudes (Appendix C), those results to which an asterisk is prefixed are from
obscrvations made by Professor Pettee in 1879, as well as some others, as specified in the headings of the groups
of localities. All the clevations given in the list of places north of the Middle Yuba are from the same source.
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-

conflict with generally accepted theories. The only course for me to pursue was,
to examine with care the evidence offered, and, if I could find no flaw in it, to make
it public. I may be permitted, in this connection, to allude to the circumstance that
nearly all those who refuse to accept my conclusions as to the great antiquity of man
in California, do so on the ground that the Calaveras skull was not taken from its
bed by the hand of a scientific man. In so doing, they not only ignore the evidence
presented by the skull itself, which is positively a fossil, and was chiselled out of its
gravelly matrix in the presence of several eminent authorities, but they also reject
the very full testimony from other quarters, some of which comes from men of educa-
tion, and even of professional education. The body of this other evidence is so great
that it does not appear to me that it would be materially weakened by dropping that
furnished by the Calaveras skull itself.

At the time of beginning the present volume, it was my intention to include in it some
account of the glacial phenomena and surface geology of the Pacific Coast, as being
subjects closely connected with the occurrence of the gravels. After some further con-
sideration, finding that a volume which should contain this additional matter would
be inconveniently bulky, I thought it best to divide the work, and to issue the glacial
and surface geology separately. This has been done, and the first part of the “Climatic
Changes of Later Geological Times: A Discussion based on Observations made in the
Cordilleras of North America,” will appear at the same time with the concluding portion
of the present work. The part first issued contains a pretty full account of the glacial
phenomena of the region of the Cordilleras, and a brief recapitulation of those facts which
prove, beyond possibility of doubt, that during the later geological periods a gradual
desiccation of the earth’s surface has been going on, and, as there is good reason to
believe, is still continuing. The concluding portion of the “Climatic Changes” will be
issued during the coming winter: it will contain a discussion of the facts set forth
in the preceding two chapters and in the gravel volume, showing a gradual diminution
in the amount of precipitation, as having been begun during a previous geological
epoch and as still continuing, while, in certain regions, large areas have been covered
by ice where none now remains. The endeavor will be made to trace the connection
of these facts, and to show that they are manifestations of one great general cause, which
has been in operation during an indefinite period, and is likely to continue to operate in
the future.

J. D. WHITNEY.
CAMBRIDGE, Mass,, Oct. 1, 1880.
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2 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

students of the physical geography of North America, they must be here
indicated with some detail, since an understanding of the nature of the
Gravel deposits of the Sierra depends so much on an acquaintance with the
physical peculiarities of the region over which they are distributed.

Let us assume as the central point of our picture of the topography of
California its most striking feature, “ The Great Valley,” and from this let
us then extend our view first to the region iinmediately adjacent to it, — its
edge, so to speak,—and then to the more remote portions of the State, which
indeed have but little geographical or geological connection with it, or with
the subject of the present volume.

The Great Valley — the valley of the Sacramento and San Joaquin rivers
— forms an area of almost level land, having a roughly elliptical form, trend-
ing about N. 30° W. and S. 30° E,, and embracing about 18,000 square miles.
It lies between latitudes 34° 50" near Fort Tejon, and 40° 40" near Shasta,
having an extreme length of 450 miles and an average width of forty. The
shape of the area of flat land, between the foot-hills of the mountains which
enclose it, is somewhat irregular. The base of the Sierra Nevada on its east
side has a pretty regular trend north of latitude 35° 30°; but south of this it
bends around towards the west, and thus, meeting the Coast Range, closes
up the southern end of the valley. The northern end is also closed by the
convergence of the Sierra and Coast Ranges, the latter chain assuming a
northerly trend from Clear Lake north, while that of the Sierra continues
the same beyond the limits of the valley. Above Red Bluff, indeed, the
ranges approach each other very nearly, the volcanic overflow from the
Sierra coming quite down to the Sacramento at this point; while a little
farther north this river almost touches the foot-hills on the eastern side of
the valley, and is only a few miles distant from them on the west. A section
across the valley, in the direction of its length, shows that the fall of the
Sacramento River, from Redding to its mouth, a distance of 192 miles, is
556 feet; while that of the southern portion of the valley, between Kern
Lake and the mouth of the San Joaquin, a distance of 260 miles, is 282 feet.
The fall of the Sacramento River, within the limits of the Great Valley, is
therefore about three times as rapid as that of the river system which drains
the southern scction. Indeed, the lower or most southeastern portion of
the Great Valley, usually called the Tulare Valley, is very nearly a level
plain, occupied in part by shallow lakes. Of these Tulare Lake is the largest,
having an arca of 687 square miles and a depth of only about forty fect.
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4 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

the aspect of a narrow lake. Reference will be made farther on to some of
these points, in connection with remarks on the profile of the former and
present river grades in the gravel region.

The drainage into the Great Valley is very peculiar in character, and
is the combined result of the climatic and topographical conditions of the
region. This will be explained after a brief description of the chains of
mountains which form the framework of the valley.

The Coast Ranges form the limit of the Great Valley on the western side,
and extend to the Pacific Ocean, there being nowhere on that side more than
a narrow space between the foot-hills and the ocean, while for a large part
of the distance the steep slopes of the ranges come directly to the water’s edge.
A glance at the “Map of California and Nevada” will show in a few moments,
much better than could be explained in many words, the peculiar character
of the topography of the Coast Ranges. The inosculation of the coast moun-
tains with the Sierra Nevada at both ends of the Great Valley has already
been alluded to. The general fact is at once recognized that the Coast
Ranges are made up of numerous broken and often rather indistinct chains,
which on the whole maintain a pretty well marked parallelism with the
coast. This parallelism, however, is often better made out from an examina-
tion of the courses of the rivers than from the position of the subordinate
ranges. It will also be seen on the map, that while the coast mountains are
often nearly broken through by cross fractures, giving a chance of escape for
the secondary drainage, — that is, for the streams originating within the
Coast Ranges themselves, — in only one place does the fracture or depression
extend entirely across the whole series of chains. This takes place at the
Bay of San Francisco, where is the only outlet for the entire drainage of the
Great Valley. Here, in latitude 38°, the Sacramento and San Joaquin rivers
unite in an extensive depression, partly occupied by low islands covered
with a dense growth of “tule” (Seirpus palestris), and subject to overflow
where not artificially protected, and partly by Suisun Bay and the Bays of
San Francisco and San Pablo. Of these bays the two latter are in reality
portions of one and the same thing, there being a narrow strait separating
them, and they form a depression about fifty miles long, lying parallel with
the general trend of the ranges, and enclosed within them; while Suisun
Bay, on the other hand, is rather at right angles to the others, trending across
the ranges, and having no streams entering it, except the Sacramento and
San Joaquin. It is, in fact, the half-submerged delta of these two rivers, and
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6 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

of the Coast Ranges as well as the lines of drainage have a corresponding
direction. The Santa Ifiez Mountains rise here boldly from the coast to the
height of 4,000 feet, while to the north of this range and parallel with it
runs the river of the same name. North of this, again, we have the broad
chain of the San Rafacl Mountains, which connects at its eastern end with
the Sierra Nevada. The Santa Maria, or Cuyama, River, whose course is in
general near the 35th parallel, forms the boundary between the east and
west and the northwest and southeast trending features of the Coast Ranges.
The east and west trend of the Santa Ifiez Range is continued through
Ventura into Los Angeles County in the Sierra de San Fernando, and parallel
with this latter, in close proximity to the coast, and on the.34th parallel is
the Sierra de Santa Monica. Their eastern terminations are lost in the great
mass of mountains which, with a southeast trend, extend on through the
southern portion of California, and which are known by various names in
their various subdivisions, as the San Gabriel, the San Bernardino, and the
San Jacinto ranges.

North of the Bay of San Francisco, we find as far as Clear Lake, in the
parallel of 39°, a general parallelism of the topographical features with the
trend of the coast, the drainage being chiefly in a southeastern direction
into the Bay of San Pablo. The ranges are much broken, however, in this
portion, Napa Valley being the only depression of considerable length ex-
tending parallel with the coast. North of Clear Lake there is one pretty
well marked dominating ridge, which holds a general parallelism with the
coast, trending with it more to the northward ; and, after passing the parallel
of 40°, actually bending round a little to the east of north, as does the coast
between Cape Mendocino and Crescent City. The drainage, however, from
the main divide is in the direction of parallel lines having exactly the same
trend as that portion of the coast between Punta Arena and Cape Mendocino.
Eel River, a little over a hundred miles in length, is the principal one of the
streams. A notice of the character of the drainage of the Coast Ranges as
related to the Great Valley will be better introduced after a sketch of the
topography of the other great system of mountains on the eastern side of
that valley.

The unity of the Sierra Nevada is at once apparent in the single name which
it bears, in marked contrast with the Coast Ranges. No one has ever thought

of dividing the Sierra into groups with different names; while on the other
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8 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

the plateau. As.one consequence of this condition, we have in the Sierra a
chain with — so to speak — only one slope ; at least the western slope of the
range is of vastly more importance in every way than the eastern; indeed,
the limits of the latter, from the head of Owen’s River north, cannot be so
easily defined. The geological and topographical conditions indicated in the
preceding pages, and to be more fully enlarged on in those which follow,
are well illustrated by the distribution of the population of the State of
California. This is almost entirely concentrated in two groups: one, agri-
cultural and commercial, about the Bay of San Francisco and in the valleys
which connect with this great break in the Coast Ranges; the other, chiefly
mining, on the west slope of the Sierra Nevada, and very much concentrated
in the region between Mariposa and Plumas counties, or the very section
over which the auriferous gravels occur which form the subject of the
present volume.

In a rapid review of the most important topographical features of the
Sierra Nevada, we naturally begin with the highest division, or that lying
between the parallels of 36° and 37° 30°. In this portion of the range, the
eastern slope is well defined and very narrow — it being hardly more than
ten miles in width — and exceedingly steep. The descent, on the average,
is over 1,000 feet per mile in that part of the Sierra which is opposite Owen’s
Lake. The western slope, on the other hand, is here about fifty miles in
width, and has an average slope of about 250 feet to the mile. On the
eastern border of the Southern High Sierra there is the well-marked depres-
sion occupied by Owen’s Lake and the river of the same name, with the steep,
lofty, and narrow chain to the east of this, known as the Inyo and White
Mountain Range. All of these topographical features — the crest of the
Sierra, Owen’s Valley, and the Inyo Range — are ncarly parallel with each
other, and have about the same direction as the main axis of the Sierra
Nevada, namely, N. 31° W. The elevation of the main crest of the Southern
Sierra is from 12,000 to 13,000 feet, with numerous points exceeding 14,000,
but no one — so far as known — quite reaching 15,000 feet.

The drainage of this elevated region is chicfly effected by Kern, King’s, and
the San Joaquin rivers; the first and last named of these run for long distances
in secondary depressions parallel with the axis of the range, and then turn and
break through at right angles to their former direction. The Kern has two
parallel main branches, which run in corresponding longitudinal depressions,

heading opposite the very highest part of the range, on the south flanks of
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10 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

an inspection of the map, much better than can be described in words. The
height of the dominating peaks in this part of the Sierra is still considerable,
it being from 12,000 to 13,000 feet, and the passes range from 9,000 to
10,000 feet. The width of the chain is here quite large, it being fully
eighty miles in a straight line from the edge of the foot-hills to the main
divide at the head of the Tuolumne.

The descent on the eastern slope of the Sierra in this portion of the range
is very steep, — fully a thousand feet to the mile. As opposite the more
southern portion of the mountains we have Owen’s River and Lake, without
any outlet to the sea, forming a long and narrow closed basin, so here oppo-
site the head of the Tuolumne, at the foot of the eastern crest of the Sierra,
we have a large lake (Mono Lake) about fourteen miles Jong, and about
6,500 feet lower than the highest adjacent points of the Sierra crest. This
also forms a closed basin, and from here north the drainage eastward from
the summit of the range is into a series of depressions without outlet, form-
ing a part of the Great Basin system. Indeed, from Mono Lake north it is
not easy to separate the Sierra proper, on the east slope, from the Great
Basin ranges. From the head of the Mokelumne River, at the grand vol-
canic peak of Silver Mountain, there is a continuous chain of elevations,
crossed by narrow passes, running north and abutting on Carson River, form-
ing the chain so prominently scen in looking towards the east, from Genoa
and Carson City. A few miles northwest of Silver Mountain, at the head of the
South Fork of the American River, the Sierra seems to divide, a spur almost
equal in elevation to the main range going off to the north, and forming
a very distinct range as far as the Truckee River. Between this spur and
the more easterly main divide lics Lake Tahoe, a noble body of water, a
little over twenty miles long, and from eight to twelve miles wide. This
lake, which has an elevation of a little over 6,000 feet, is connected by the
Truckee River with Pyramid and Winnemucca lakes, which belong to the
Great Basin system. The main crest of the range to the east, at the head
of the forks of the American River, are a little over 9,000 feet in elevation,
and the passes from one to two thousand feet lower than this. Mount Stan-
ford, just north of Donner Pass,— the one by which the Central Pacific rail-
road crosses the Sierra,— is 9,102 feet in elevation, or just about 2,100 feet
higher than the pass which is four miles to the south.

The principal rivers which flow down the western slope of the Sierra,
from the Tuolumne north, are: the Stanislaus, draining 971 square miles,
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12 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

in altitude. Farther details in regard to the topographical character of this
part of the western slope of the Sierra may more conveniently be added
after a brief notice of the geological features of the range, since it is hardly
possible to understand the very considerable differences between the sur-
face features of different portions of the region in question, without having
previously learned something of its geological structure.

Something should, however, here be introduced with reference to the
amount and distribution of the rain-fall on the western slope of the Sierra
Nevada, and on the borders of the Great Valley in general, and especially in
illustration of the manner in which precipitation is influenced by the topog-
raphy, since these are questions of much interest in connection with the
subjects to be discussed farther on in this volume. It is necessary in the
first place to lament the almost total want of accurate statistics of precipi-
tation, especially in the mountain regions. Some data may, however, be
given of a comparative kind; and it must be borne in mind that the actual
amount of rain falling from year to year is extremely capricious, so that
many years’ observations would be required in order to obtain an accurate
general average result.*

The dominant fact in regard to California precipitation is, that it is almost
exclusively limited to less than half the year. In the latitude of 38 for all
practical purposes, there is no rain during the six and a half months be-
ginning with the first of April. Almost half the total rain-fall of the year
occurs in the two months, November and December. As we go north from
the latitude of San Francisco there is a tendency to a slight increase of
total precipitation and to a summer rain-fall; but, as a general rule, there
is a marked uniformity in the characteristics of the climate from onc end of
the Great Valley to the other; but in any cross section of the valley and
the ranges on either side, the influence of the topographical features of the
country on the rain-fall is very marked. The rain-bearing clouds coming
almost exclusively from the south and southwest, the west slopes of the
Coast Ranges receive a considerable share of the moisture which they
contain, and the eastern flanks of those mountains are very much drier.
An inspection of the map will show this at once, accurate statistics being
almost wanting. It will be noticed that on the western side of the Great

* At San Francisco the range in twenty-two years was between 49.3 and 7.0 inches ; at Sacramento, in
twenty-four years, between 36.4 and 4.7 inches; at Clear Lake, in six years, between 66.7 and 16.2 inches ;

at San Diego, in twenty-two years, between 14.8 and 4.5 inches.
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14 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

the farmer to secure a bountiful harvest. In the winters from 1870 to 1873
the annual rain-fall at Visalia was as follows: for the year 1870-171, 6.8
inches; 1871-172, 10.3 inches; 1872-73, 7.2 inches. The crops of the
year 1872 were abundant, those of the other years mentioned were failures.
That the Great Valley on the whole is a dry region, is abundantly proved
by the scantiness of its population. But there are here all possible facilities
for artificial irrigation, with the aid of the copious streams coming down the
slopes of the Sierra ; although to utilize these in a suitable and economical
way demands considerable capital and engineering skill, combined with in-
telligent action on the part of the Legislature, backed up by the good will
of a law-abiding people. "

The enumeration of the streams draining the western slope of the Sierra,
as given in the preceding pages, indicates very clearly a considerable amount
of precipitation in that region. Unfortunately there are no statistics giving
the amount of rain and snow-fall for any considerable period at a sufficient
number of stations to enable us to form any idea of the general average;
neither are there any measurements of the amount of water carried down in
the different streams, which amount is not only very variable from month to
month during the year, but also from year to year. That the precipitation
is almost entirely during the winter months has been already stated ; that it
increases with the elevation would also be inferred ; and, the southern por-
tion of the Sierra being higher than the northern, it is probable that this
increased elevation about compensates for the difference in latitude. If the
Sierra opposite the Tulare Valley were no higher than it is from Sacramento
north, we should almost certainly have no such large streams flowing down
in that region as the Kern and King’s. If, moreover, the rain-fall were
equally distributed throughout the year, instead of being, as it now is, limited
to less than six months, the condition of things would be greatly changed,
especially in relation to the mining interests of the Sierra. Almost the whole
precipitation in the higher poftions of the range is in the form of snow; and
this usually remains in large part upon the surface, gradually melting away
during the early spring and summer months, so that it forms a much
more reliable source of supply than it would do if it had fallen chiefly as
rain. The system of dams, reservoirs, and ditches by which the water of
the High Sierra in the mining region is made available for the purposes of
the miner, is very extensive, and a large amount of capital is invested in this
form of improvements. The total (uantity of the precipitated moisture in the
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16 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

discussing the phenomena of the more recent formations of the Sierra Ne-
vada. For further information in regard to the topics of this section the
reader may consult Geology of California, Vol. I, a considerable portion of
which is devoted to the Coast Ranges. The material exists for a much more
elaborate account of the geology of these ranges than has as yet been pub-
lished, and it is the wish and expectation of the writer that this work shall
be performed. Meanwhile the brief synopsis which here follows will be of
service to those who have occasion to use the present volume.

The most striking fact in regard to the Coast Ranges is, that this very
extensive group of mountain chains is of comparatively very recent geo-
logical age. It is made up of Cretaceous and Tertiary strata, with no rocks
older than these showing themselves in any portion of the complicated series
of elevations which are properly included under the above designation.
There are some areas within the Coast Ranges occupied by volcanic rocks,
and others where granite and granitoid masses make their appearance on
the surface. But by far the larger portion of these ranges consist exclu-
sively of sedimentary beds, which have been bent, folded, and crushed, so as
to form numerous subordinate ranges, as already indicated in the preceding
section.

The Coast Ranges resemble the Appalachians in having no central axis or
dominant range to which the others are subordinated. Neither is there in
the Californian mountains any core of igneous rock, to the elevation of
which the folding or disturbance of the sedimentary beds might be attrib-
uted. There are circumscribed areas where such rocks make their appear-
ance ; but it is evident that these cannot be considered as having played
any prominent part in the structural development of the system of moun-
tains in which they occur. The folds of the Pacific Coast Ranges differ also
from those of the Appalachians in being much less regular and symmetrical
in their form than are those of the system of mountains which runs parallel
with the Atlantic side of the Continent. On the western edge of the country
the work of mountain-building seems to have been much more rapidly ac-
complished than it was on the eastern. In the first place, the formations
themselves are far more irregular in development and thickness than are
those of the Appalachian system; they differ from the latter, moreover, in
being more or less irregularly broken through by both granitic and volcanic
outbursts. But the rocks of the Coast Mountains are especially distinguished
by the fact, that the movements to which they have been subjected, and
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tween Sierra and Coast Range in that region, the exploration of which would
be of great interest, as well as of great difficulty, owing to the thick under-
growth on the mountain slopes, the heat and dryness of summer, and the
remoteness from all lines of communication. :

In a rapid review of the geological characters of the Coast Ranges, we
may begin at the southern extremity of the State and proceed northwards.
Along the coast, from the boundary to the Santa Anna River, there is, bor-
dering the ocean, a narrow strip of unaltered sedimentary rocks, of Creta-
ceous, Focene (?), Miocene, and Pliocene age. The region occupied by these
rocks forms a “mesa,” some ten or fifteen miles in width, which rises gradu-
ally with gentle slope to the base of a high, rough range of mountains, made
up of granitic and highly crystalline rocks, of the geological age of which
nothing is known. The stratified rocks resting on these older crystalline
ones are somewhat disturbed in position, but not metamorphosed. The
granitic mass is broken up into various groups, of which the one at the head
of the San Diego, Sweetwater, and Tia Juana rivers is called the Cuyamaca
Mountains; its continuation north, between the San Bernardo and the San
Luis Rey rivers, is known as Smith’s Mountain ; and from this north to the
Santa Anna River as the Santa Anna Range. Northeast of these ranges, and
forming their continuation in that direction, is the lofty mass of the San
Jacinto Range. To the north of the latter, and separated from it by the
San Gorgoiio Pass, is the mass of which San Bernardino Mountain is the
culminating point; then, again, farther west the San Gabriel Range, which
connects with both the Coast Ranges proper and the Sierra Nevada at the
nodal point near the Tejon Pass. These granitic and crystalline masses,
which resemble those of the Sierra in being more or less auriferous, are un-
doubtedly of much interest, but they have as yet been but imperfectly
studied, and what is-known of themn has little bearing on the subject of the
present volume. They, as well as the unaltered but somewhat uplifted
sedimentary rocks at their bases, may be passed over without more notice.

Starting then from the beginning of the Coast Ranges, as popularly desig-
nated, in Santa Barbara and Ventura counties, we find the different ranges
which have been previously mentioned — the Santa Monica, San Fernando,
Santa Ifiez, and San Rafael — to be chiefly made up of rocks of Miocene age,
which are divided into two well-marked lithological groups; one a fine-
grained slate or shale, often highly bituminous, and the other a rather coarse-
grained sandstone, the latter being the inferior member. The Santa Monica
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ings at various times since 1841. The granite comes in to the northeast of
the metamorphic Tertiary (and perhaps, in part, Cretaceous) rocks, and forms
the divide between the branches of the Santa Clara and the Great Basin, or
Mohave Desert, the edge of this granite, next the plain, being overlain with
stratified beds of recent volcanic materials. This granitic belt forms the con-
tinuation of the San Gabriel Range, and connects, in the region between the
Cafiada de las Uvas and the Tejon Pass, with the great metamorphic and
granitic masses of the Sierra Nevada, the crystalline rocks being apparently
continuous, but the disturbance and upheaval of the Tertiary and Cretaceous
formations not being discernible to the east of the Tejon Pass.

All these Miocene strata of the Santa Ifiez and San Rafael chains belong
to the east and west system of upheaval, already noticed as characterizing
this part of the Coast Ranges. The principal disturbance of the strata must
here have occurred at the close of the Miocene epoch, since the Pliocene is
everywhere unconformably deposited on the underlying strata in a nearly
horizontal position, as also quite unaltered.

Leaving Santa Barbara and Ventura counties, and passing northward into
San Luis Obispo, Monterey, and Santa Clara to the Bay of San Francisco,
we find the trend of the ranges, as before noticed, to be alimost uniformly
parallel with the coast, which here runs about N. 30° W. The same sand-
stones and bituminous shales with which we have already become acquainted
form the mass of the mountains, until we reach a point opposite the north
end of Tulare Lake, which may properly be considered as the southern ex-
tremity of the Monte Diablo Range. Ilere the Cretaceous group begins
to form a part of the Coast Ranges, making up almost the whole of that
member of them which lies east of the San Benito River. With the Creta-
ceous appear granitic and highly metamorphic granitoid rocks, which are
developed in considerable quantity in the Gavilan Range, as well as in the
Santa Lucia Mountains. This latter range extends along the coast from
Point Pinos to San Luis Obispo, and, being almost inaccessible from the quan-
tity of chaparral with which its ragged slopes are covered, has received but
little attention from the Geological Survey. The Miocene Tertiary, and the
Cretaceous rocks in the region north of the 36th parallel, as far as Monte
Diablo, are also much metamorphosed over irregular areas; and, when so
changed, the planes of stratification cammot usually be satisfactorily made
out. The ranges are, however, chicfly monoclinal, the valleys sometimes
occupying the bottom of synclinal curves. The Cretaceous mass of the
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largely developed, forming much the larger portion of the high and rough
mountain region lying between Pacheco’s and the Livermore passes, of which
the culminating point is Mount IHamilton (4,448 feet). This central mass
of highly altered Cretaceous is flanked on both sides with Tertiary, and in
the division of the Monte Diablo group, which lies north of Livermore Pass,
and extends thence to the Straits of Carquines, there is a large area occu-
pied by Tertiary, the central and dominating mass of Monte Diablo itself,
however, being made up of Cretaceous. North of Pacheco’s Pass there are
only a few patches of volcanic rock, and there is no granite in this range.
On the opposite side of the bay, in the Santa Cruz Range, there are a few
very limited areas of volcanic, but much larger ones of granitic or granitoid
rock, which protrude through the Miocene strata in such a way as to show
that the latter have been considerably disturbed and lifted up by the in-
trusion of the eruptive material.

Along the flanks of the Miocene near San Jose Mission, and in Alameda
Cafion, there are occasional quite large masses of gravel, lying ncarly hori-
zontally on the upturned edge of the Miocene. Similar deposits, but of more
limited extent, are also found at various points on the eastern edge of the
Santa Cruz Range. These gravels near Mission San Jose contain bones of
elephant, mastodon, and lama, as also strata filled with fresh-water shells.
The more extensive beds of similar character south of Livermore Valley
have thus far proved to be destitute of fossils. They are developed to a
thickness of 200 feet or more, and are supposed to be of later Pliocene age.
These gravels have never been productive of gold, so far as known to the
writer. Some further remarks on these Coast Range gravels will be intro-
duced in a future chapter.

North of the Bay of San Francisco the same formations occur which have
been already noticed as making up the mass of the Coast Ranges to the
south ; but the Cretaceous becomes more and more prominent and the Ter-
tiary almost disappears after we get to the north of Clear Lake. From San
Pablo Bay north to that lake there is a large amount of volcanic material,
and abundant evidence of the quite recent activity of igneous agencies. This
volcanic band extends from the bay north through the centre of the ranges
in numerous large and small isolated fields, so intricately distributed over
the underlying metamorphic Cretaceous rocks, that it would require an accu-
rate map on a large scale, and much rescarch to be able to lay them down
correctly.  The high points of Mount Ilclena (3,343 feet), Cobb Mountain,
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tremely variable strike and dip. The inclination seems, however, on the whole,
to be predominant in a southwest direction, or away from the crest of the
range which is much nearer the eastern edge of the mountain mass than it is
to the ocean. It would appear that this portion of the Coast Ranges has been
lifted up bodily with a general inclination away from the axis of upheaval
on its eastern edge, and that numerous minor undulations have been formed
at the same time. The deep valleys have been eroded out chiefly by the
agency of running water, and the level areas at the bottoms of these cafions
are usually of very small size. They are sometimes occupied by horizontal
or slightly disturbed strata of Pliocene age. Such deposits, however, are
rare, and the exposures are narrow and of no great thickness; they contain
an abundance of fossils. Generally, all through the region north of Clear
Lake, the Tertiary rocks are extremely subordinate in quantity to the
Cretaceous.

The lower part of Trinity and Klamath rivers secems to form the boun-
dary between the Coast Ranges proper, and that portion of the Coast Moun-
tains which appears to helong, lithologically, to the Sierra. The upper portion
of Trinity River runs in a direction parallel to that of the streams flowing
down the Sierra slope ; but at Weaverville it turns and flows at right angles
to its former course, or in a direction parallel with the ordinary drainage of
the Coast Ranges. After running about forty miles towards the northwest
it enters the Klamath, which river makes at its junction with the Trinity a
similar change in its direction, after having followed a course transverse to
the ranges, or towards the southwest, for a distance of a hundred miles or
more. The South Fork of the Trinity heads on the north slope of the North
Yallo Balley, and runs, from that point to its junction with the main river, in
exactly the same direction as the lower part of the Klamath. All of Trinity,
Klamath, and Del Norte countics is an extremely rough region. The main
divide of the northern Coast Ranges becomes more and more elevated from
Clear Lake north, and the rocks of which it is made up more and more crys-
talline, until finally an axial mass of granite makes its appearance, the promi-
nent points rising to an altitude of 7,000 or 8,000 feet. To an observer sta-
tioned on any one of these elevations, and commanding a wide view over the
region, there seems to be no physical break between the Coast Ranges and
the Sierra. Scott’s, the Salmon, and the Siskiyou groups of mountains seem
to represent the continuation of the summit clevations of the Sierra proper,
and the Trinity Mountains run into these from the south and from the Coast
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Fifth. The Cretaceous rocks occupy but small areas in the southern Coast
Ranges. As we proceed north, we find them coming in, in force, in the
Monte Diablo Range, gradually widening northwards, soon forming the bulk
of that range, and to the north of the Bay of San Francisco becoming almost
the exclusive formation. It is not abundantly supplied with fossils, except
at certain localities of limited area. By far the larger portion of the Coast
Range Cretaccous is entirely destitute of organic remains.

Sizth. While the larger portion of the Tertiary of the Coast Ranges is but
little metamorphosed, there has been a great deal of chemical change in the
Cretaceous since its deposition. The products of this metamorphism are
chiefly imperfect jaspers, serpentine, and mica-slates. The latter grow more
and more abundant as we go toward the northeastern extremity of the
system, beyond Clear Lake. The large amount of metamorphism by the
introduction of magnesian combinations is especially remarkable. These
metamorphic bands and patches do not appear to follow any system in their
distribution ; at least, none such has hitherto been discovered. A large
amount of study will have to be bestowed on these rocks before their nature
will be well understood.

Seventh. The principal upheaval and disturbance of the Coast Range sys-
tem must have taken place at the close of the Miocene epoch. The Miocene
and the Cretaceous scem everywhere to be conformable with each other,
although there is a large area of the last-named formation over which it
does not appear that any more strata were ever deposited, and which we
must suppose to have been elevated above the sea-level before the Tertiary
began to be formed. The break betwecn the Miocene and Pliocene is very
marked in portions of the ranges; in other parts there is a complete con-
formability between these two formations. This is particularly the case on
the inside — the eastern side — of the Coast Ranges, as is well seen in all
the sections across the Monte Diablo Range to the San Joaquin plains.

It follows therefore that the disturbances which took place after the depo-
sition of the Pliocene were somewhat local in character, and that they were
chiefly felt on the side of the mountains nearest the Great Valley. The
break at the Golden Gate, the predominance of voleanic rocks from there
north, for a considerable distance, and the powerful disturbances of the Plio-
cene in the region just south of the Bay of San Francisco may be connected
together as being probably the results of one general cause.
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The advantage of elevation is slightly in favor of the Sierra, at least so far
as the height of the highest point is concerned. Yet it is quite remarkable
that so large a number of the most prominent peaks of both systems should
range in elevation between 14,000 and 14,500 feet,* only one, throughout
the whole system of the Cordilleras, exceeding the last-mentioned number.
In the Wind River group of the Rocky Mountains are some fine precipitous
peaks; but usually the higher points are more or less rounded, and far in-
ferior to the astonishingly pinnacled region of the Scuthern High Sierra.
Neither are the cafions of the ranges making up the eastern side of the Cor-
dilleras as grand as those of the Sierra; and, especially, is there nothing to
compare with the Yosemite and the Hetch-Hetchy, with their magnificent
waterfalls and almost, or even quite, perpendicular cliffs. Indeed, the type
of the scenery represented by the Yosemite is unique in character; and it is
no wonder that it has already become far better known and ranked higher
than any other scenic feature of our country, unless it be Niagara Falls.
The forests of the Sierra greatly exceed in majesty and variety those of the
Rocky Mountains, where the trees are monotonous in character, and defective
in size and beauty; these deficiencies are, however, in part made up by the
great charm of the floral vegetation, which blooms almost up to the very
summits of the highest peaks.

But it is especially with the geology of the Sierra Nevada that we have
to do in this section, the object of which is to present such a general view
of the structure of that range, as it will be necessary for the reader to
have in order to understand the following chapters, which will be devoted
to a more detailed account of a certain portion of the formations, namely,

* The only point in the Cordilleras which has an elevation greater than 14,500 feet —so far as yet
known — is the culminating peak of the Sierra Nevada, Mount Whitney. The elevation of this, however,
has not been determined otherwise than by the aid of the barometer ; and, of course, the various measure-
ments are liable to an error of a more or less uncertain amount. Three ascents have been made of Mount
Whitney by members of the State Geological Corps, and the observations in each case give for the moun-
tain a height exceeding 14,650 feet, even after applying to them the corrections taken from the tables
published by the Survey (see “Contributions to Barometric Hypsometry, with Tables for use in Cali-
fornia”). The data on which the tables in question are based do not, it is true, strictly apply to elevations
of over 7,000 feet, that being the height of the highest station at which observations were made with a
view to the fixing of the correction in question, which towards the middle of the day in summer is
always subtractive. It is more likely that this correction is proportionally less for higher elevations,
than that it is more. Hence we conclude, that it is highly improbable that Mount Whitney should be
less than 14,650 feet high.  Of twenty-two of the highest peaks measured in the Cordilleras,—so fur as
yet ascertained, — two range between 14,000 and 14,100 ; four between 14,100 and 14,200 ; four between
14,200 and 14,300 ; eight between 14,300 and 14,400 ; and three between 14,400 and 14,500 feet.
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as well as chemical change, since its deposition. In general the strata are
very considerably elevated, and often nearly into a vertical position. This
portion of the mass of the Sierra is universally known to the miners by the
comprehensive term of “bed-rock,” a term the origin of which is easily un-
derstood ; it is the foundation on which repose the more recent superficial
accumulations which form the mantle spoken of above. These latter are
easily distinguished by their unconformability of position, their non-crystal-
line character, and the fact that they are usually not compacted into what
the miner would recognize as a rock, or a material which cannot be excavated
without blasting. It is true that in other mountain chains the older forma-
tions often have resting upon them in places a layer of detrital material, in
the form of gravels, sands, clays, and soil; and in a range like the Scandi-
navian, which has been during a long period covered with snow and ice, or
glaciated, as it is called, such accumulations often acquire a very considerable
thickness. Indeed, the superficial detrital covering of the “rock in place,”
as geologists term it, is always of importance, if only from the fact that the
agricultural character of the country is so largely dependent on its nature
and distribution. In the case of the Sierra Nevada, however, there are
several reasons why the formations in question — those which overlie the
bed-rock — are of greater interest than they are in perhaps any other
mountain chain. They are often of great thickness, as compared with the
usual development of such detrital beds; they represent in the epoch of their
formation a period of geological time of very considerable length, not being
exclusively of recent or post-tertiary origin; they are quite largely made up
of volcanic materials, so that it is easy to sce that the period during which
they have been accumulating has been one of great igneous activity ; and,
finally, they are, alinost everywhere, more or less auriferous, containing a suf-
ficient quantity of gold to make their working profitable. Tt is in reality
this last-named quality which makes these superficial deposits of so much im-
portance. If they contained no gold, we should also know much less about
their mode of occurrence; for it is the twenty-five years’ work of thousands
of miners among these auriferous deposits which has revealed their real
nature, of which hardly anything could have been made out from a study of
the undisturbed surface. In giving a brief sketch of the geology of the
Sierra Nevada, before entering on the more detailed study of the super-
ficial detrital and volcanic formations, we begin with the bed-rock; and

first, with some hints as to its lithological character.
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very crest of the main divide, although widening out and occupying a broad
area on the eastern slope, towards Pyramid Lake, and in the ranges to the
northeast of it. In a cross-section of the Sierra from Honey Lake to Oroville
there is hardly any well-marked granitic rock visible, excepting a small
patch around Spanish Peak. A little farther north the volcanic sets in,
forming a complete mantle over the subjacent rocks. After passing this
broad spur of the great volcanic overflow which covers nearly all of North-
eastern California, to the east of the Sierra, we have again, in the region
lying to the northwest of the Upper Sacramento, or Pit River, granitic rocks
occurring in large quantity and forming the summits of the very broken
and clevated ranges which, as before stated, occupy most of the surface in
Trinity, Klamath, and Del Norte counties.

As granite forms the axis of the Sierra Nevada, it naturally constitutes the
greater portion of the highest summits of that range. The exceptions to
this rule are chiefly to be found in those cases where these culminating
points are exclusively of volcanic origin, as is the case with Silver Mountain
and Lassen’s Peak, or where the lava forms a thin capping on the granitic
mass, as for instance on Mount Stanford, and many other points in the vicin-
ity of Lake Tahoe. The intimate connection between the granitic and
volcanic rocks is shown in many places, as will more properly be noticed
farther on.

The form and picturesque appearance of mountain ranges and their domi-
nating summits are largely dependent on the structure of the rock, or the
form of the fragments and masses into which it separates as it weathers. In
the case of the granitic rocks of the Sierra there is, almost everywhere in
the range, a well-marked tendency to divide into lamina or plates of vary-
ing thickness, and these plates have a concentric structure, so that the sur-
face presents a suceession of mammillated forms on a gigantic scale.  This is
well seen in the view from Sentinel Dome, above the Yosemite, looking
across towards Mount Ioffmann. The whole surface of the country in this
dircction is a suceession of domes, looking from a distance perfectly smooth, and
wonderfully symmetrical. The Half-Dome — so stupendous an ohject as
scen from this point — is one of these dome-shaped masses which has been
split in two, one half having become engulfed at the time of the formation
of the chasm at its base. Mount Hoffinann is another of these half-dome
shaped masses, and in both of these, as well as in many others in the Sierra,
a close examination will show that they are made up of an innumer-
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Survey, an unsolved problem. The highly metamorphic condition of a large
portion of these rocks, the fact that the gold-bearing formations of the Ap-
palachian chain, of the Ural and of Australia, had been proved to be of
Paleozoic age, the repeatedly and strongly expressed dictumn of an eminent
authority, Sir Roderick Murchison, that gold could only be expected to be
found in any considerable quantity in the oldest rocks, and the entire ab-
sence of any fossil evidence throwing light on the epoch of the auriferous
belt of the Sierra Nevada,—all these facts combined had impressed geologists
strongly with the belief that this formation could not be otherwise than of
Palxozoic age.* The Silurian age of the gold-bearing rocks of the Pacific
slope has indeed been attempted to be maintained by one of the geologists
attached to the Pacific Railroad Survey, as late as 1866, and Murchison
himself, in the fourth edition of Siluria, published in 1867, endeavors to
throw doubt on the evidence collected by the California Survey, and set
forth in detail in 1864 and 18065, in the first volumes of the Geology and
Paleontology, showing the existence of Mesozoic fossils all along the line of
the auriferous belt from Mariposa to Plumas County, and the absence of all
proof of the Silurian or Devonian age of any portion of the rocks of that
region.} )

In view of these facts, it will be seen that it is quite desirable that the evi-
dence with regard to the geological age of the auriferous belt of the Sierra
Nevada should be passed in review. And it may be stated that, so far as

#* Murchison, in the third edition of his Siluria, published in 1859, — the year before the commence-
ment of the California Survey — says (page 475), “ Whether, referring to ancient history, we cast our eyes to
the countries watered by the Pactolus of Ovid, . . . . or to those chains in America and Australia which,
previously unsearched, have proved so rich,— we invariably find the same constants in nature. In all
these lands gold has been imparted abundantly to one class only of those ancient rocks [the Silurian],
whose order and succession we have traced, or to the associated eruptive rocks.” Also (on page 455), “ We
now know, therefore (and the recent explorations, in California, Oregon, etc., have confirmed the view),
that sedimentary deposits of Silurian, Devonian, and Carboniferous age constitute the loftiest ranges and
metalliferous plateaux of the American continent.” It is probable that Murchison found the desired con-
firmation of the views he had so long sedulously upheld in regard to the Silurian age of gold in Mr. W.
P. Blake’s Report of a Geological Reconnaissance of California, published in 1858, — a reprint of part of
his Pacitic Railroad Report.  He says (Introduction, page iv), It is also probable that a great part of the
rock formations of the Gold Region will ultimately be found to be Devonian and Silurian,”

t Bulletin de la Société Géologiyue de France (2), XXIII. 552. Séance du 7 Mai, 1866.

T Murchison says in the fourth edition of Siluria, (page 471), “ I can as yet see no valid reason to in-
duce e to alter materially the gencralization I adopted in my former edition, as derived from evidences
in various parts of the world, viz. that the Silurian and associated Palieozoic strata, together with the
igneous rocks which penetrated them, have been the main recipients of gold.” The author, who thus
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a small fragment of a dark-colored argillaceous and slightly micaceous slate,
bearing upon it the impression of an Ammonite; or, if not an Ammonite, at
least some chambered shell, which had an unmistakable Secondary look. As
this was an isolated specimen, and the fact that it came from the rock in
place at the specified locality could not be definitely ascertained, it was not
regarded as being of much value, except that it strongly encouraged the ex-
pectation that, after much searching, fossils might yet be found in the slates
which had so far seemed quite barren of all traces of organic life.

Meantime, the fossils obtained from the limestone in Shasta County, at
Bass’s Ranch, first noticed by Dr. J. B. Trask, in 1855, were examined by
Mr. Meek, and referred by him to the Carboniferous,* in accordance with Dr.
Trask’s previously expressed opinion. This was in 1862. The region in
which these fossils were found was, however, far from the gold region proper,
and our knowledge of the stratigraphical relations of the rocks of the Sierra
was not sufficient to enable us to judge how far the recognized age of this
limestone mass might have a bearing on that of the auriferous belt.

The same was the case, to some extent, with the discoveries of Triassic
and Jurassic fossils made by the Survey in Plumas County, in 1863.f The
locality was so circumscribed in extent, the stratification so disturbed, and
in part obliterated, that no satisfactory idea could be got of the structural
relation of the beds in which these fossils were enclosed to the main body of
the auriferous belt. It was, therefore, extremely desirable that fossils should
be found in the heart of the gold region proper, in immediate proximity to
the great quartz veins, and in such a position that there could be no possibil-
ity of error in connecting the results of the determination of their geological
age with the occurrence of the larger and most important localities and
rocks in which auriferous quartz was being mined. The Ammonite obtained
from Mr. Conness came from a central point in the mining region; but,
being a loose specimen, could not be accepted as anything more than an
indication.

It was on the Mariposa Estate, in the immediate vicinity of the great
quartz vein then extensively worked, that Mr. King found Belemnites in
three different localities.§ At one of these, Miss Errington, a lady residing

* See Geology of California, Vol. I. p. 326.

+ 1. c. 308.

T On the English trail, at Hell Hollow, and near the Pine Tree Vein, within twenty feet of this great
mass of quartz.  Geology of California, Vol I. p. 482.
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The evidence thus furnished —all of which comes from the Geological Sur-
voy—is satisfactory in this respect, that all the localities mentioned are in the
very heart of the gold-mining region; those from which the Aucella was obtained
in considerable numbers in Mariposa County are in the closest proximity to
the Great Quartz Vein, and extend along its course for fully twenty miles.
In this connection, it must be remembered that not a single fossil to which a
Paleozoic age could by any possibility be assigned has ever been found in
the mining counties, from Mariposa to Yuba. The only fossils older than
Triassic which have been discovered to the west of the crest of the Sierra
are those of the limestone belt, of which by far the most prominent and the
most fossiliferous locality is that at Bass’s Ranch, in Shasta County, described
in Geology I. The fossils discovered here in abundance are of undoubted
Carboniferous age. There is also evidence sufficient to determine the geo-
logical position of the limestone belt at Pence’s Ranch, eighty miles southeast
of Bass’s; at that locality, however, there were but few species found, and
the specimens obtained were in a much less perfect state of preservation
than those occurring at the more northern locality; they were, however,
referred without hesitation to the Carboniferous by Mr. Gabb. Somewhat
doubtful traces of fossils of the same age were also obtained in a limestone
belt in Genesee Valley, more than fifty miles northeast of Pence’s Ranch.
While there are many outcrops of limestone or marble along the course of the
Sierra, from Plumas County to the extreme southeastern end of the range,
there has never been a recognizable fossil found in any one of these, so that
the identity in geological age of the different outcrops of the limestone in
that portion of the Sierra with those farther north, although suspected, can-
not be demonstrated. 7

The evidence obtained in the heart of the gold region — that is to say, in
the counties where mining for that metal has been chicefly carried on — is sat-
isfactory in so far as this, that proofs of the Secondary age of a portion at
least of the auriferous belt have been obtained at numerous points all the way
from Mariposa to Nevada County, a distance of perhaps 150 miles. Along
this whole extent no Palxozoic fossils have been discovered. If the limestone
belt in this region belongs, like that farther north, to the Carboniferous, there
is no proof of it; so that it may be said, that there is no evidence of the ex-
istence of rocks older than the Carboniferous anywhere on the west slope of
the Sierra Nevada; and that, in the principal gold-mining region, a portion
at least of the rocks most intimately associated with the occurrence of the
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a curious fact that proof of the existence of this peculiar and most interesting
member of the geological series should only have been found in a single
locality within the State of California, although it is distributed over so wide
an area just beyond the borders of that State.

At another locality in Plumas County, only a few miles from the one at
which the Triassic fossils were found, a limited outcrop of a dark-red sand-
stone was discovered, in 1863, which contained several recognizable species
of fossils, among which Mr. Meek identified the following genera: Riyncho-
nella, Tercbratula, Gryphaa, Pecten, Trigonia, Unicardium, Astarte, Myacites, and
DBelemnites. 'This is a grouping of genera not known to occur in rocks older
than Jurassic, or newer than Cretaceous, while they are, as usually limited,
common to both of these epochs. The weight of positive evidence, derived
from the specific affinities of these fossils, as far as it goes, was declared by
Mr. Meek to be on the side of the Jurassic, while the negative evidence de-
ducible from the entire absence amongst them of any strictly Cretaceous
types pointed in the same direction, and this conclusion was still further con-
firmed by stratigraphical evidence, as alrcady mentioned. Hence, Mr. Meck
did not hesitate to describe the fossils in question as Jurassic.* We have,
therefore, in close conncction with each other two localities, in Plumas
County, where rocks of undoubted Jurassic and Upper Triassic age occur.
When we endeavor to connect these formations with those farther south in
the gold-mining region proper, we get little or no assistance ecither from
palaontological or stratigraphical considerations. The rocks of Plumas County
cannot be correlated with those of Mariposa, and the paucity of fossils be-
tween those two extreme ends of the auriferous belt renders it impossible to
come to any more definite conclusions with regard to the geological age
of the formation than those which have been mentioned in the preceding

taining so exact a representation of the very peculiar Fauna of the Upper Trias of Europe, as exhibited in
the St. Cassian, Aussee, and Hallstadt beds. For instance, there are, among the collections that have been
found by different parties in these beds, the following peculiar genera, especially characteristic of the rocks
of this age in Europe, viz. Hulobia, Monotis, Cussianella, Trachyceras, Archestes, Clidonites, etc., directly
associated with the more ancient genus Orthoceras. There have been also found in these beds the follow-
ing species, closely allied to, or possibly in some cases identical with, Halobia Lommelet, Monotis Salinarius,
Ceratites Haidingerii, Archestes Ausseeanus, ete.  There have also been found from this formation various
other types of the Ammonitide, which, like those found at the same horizon in Europe, are not true Am-
monites, nor Ceratites, nor yet Goniatites, as these genera have been restricted by late authors, but new
generic types, sometimes intermediate in their characters between the typical forms of the above-men-
tioned genera.”

* See Paleontology of California, Vol. I
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or Devonian fossils should be found on the western slope of the Sierra, it will
probably be in the foot-hills, below the auriferous belt; but, thus far, the
most careful search for proof of the Palmozoic age of those rocks has not
been rewarded with success.

Having in the preceding pages given a synopsis of what is known of the
geological age of the auriferous slate belt of the Sierra, from which it will
have been abundantly evident that no subdivision of the series based on. pala-
ontological grounds can be made, we may add some remarks on the litho-
logical character of the formation. In the course of the succeeding chapter
we shall have frequent occasion to allude to the different kinds of rock occur-
ing in the various mining districts. It is, indeed, no part of the object of this
volume to enter into any exhaustive account of the bed-rock; that would
naturally be left for another occasion* At present we are not prepared to
do this, nor is it necessary for the understanding of the problems involved
in an inquiry into the mode of occurrence of the gravel deposits. What we
have to do with the bed-rock in connection with the subject here under dis-
cussion is chiefly the character and form of its eroded surface, as will be scen
farther on. It will be necessary, however, frequently to allude to the litho-
logical character of the material thus eroded, and some general statement of
the character and distribution of the different kinds of rock which make up
the bed-rock series will be desirable. This, however, may be preceded by a
few remarks, additional to those given when describing the granitic axis of
the Sierra, in regard to the range and extent of the auriferous slate series.
The most important fact in this connection is this: that the non-granitic bed-
rock occupies but a narrow strip at the southern end of the Sierra Nevada,
and that this widens as we proceed north, until it becomes lost under the
overlying volcanic masses, which cover everything when we reach the north-
ern boundary of Plumas. At the same time it will be noticed that the prin-
cipal mining region is that in which the auriferous slate series is most exten-
sively developed. This is natural enough; for, although the granitic rocks
are not entirely destitute of metalliferous veins, these are comparatively

* Mr. M. E. Wadsworth is engaged, under the direction of the writer, in making a microscopical ex-
amination of both the voleanic and the metamorphic rocks of the Sierra. The investigation, however, is
not yet completed 5 but in most cases in the course of the present volume the names given to the different
members of the bed-rock and gravel series are those furnished by Mr. Wadsworth after examination of
the thin sections which have been prepared for this purpose.  The full results of these investigations will,

it is hoped, be published hereafter.
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also least covered by detrital and volcanic materials, a sketch of the structure
of the region between the Merced and the Stanislaus rivers may here be in-
troduced. This is a district which has been of great importance on account
of the quartz mines worked at numerous points along the line of the Great
Quartz Vein, and it was also the scene of much rich placer-mining during
the years when this class of deposits was so productive.

The width of the auriferous slate belt in this region is, on the average,
about eighteen miles. The foot-hills at the base of the range are here made
up of horizontally stratified Tertiary sandstones, eroded away so as to leave
the rock in the form of low flat-topped elevations. Turning from the lower
edge of the foot-hills up into the mountains, we mect at once, at a very
moderate elevation above the sea-level, with the metamorphic belt of the
Sierra, which at its lower edge is largely made up of slates of various com-
position, chiefly talcose and chloritic. The strata stand nearly vertical, usu-
ally but little covered with detritus, and the peculiar weathered outcrops
of the slaty rocks, turned up on edge, and projecting a few feet above the
surface at intervals along regular lines, are familiarly known to the miners as
“ grave-stone slates.” Soon the character of the rock begins to change, and
we strike a broad belt of compact, dark grayish-green, fine-grained rock,
which frequently assumes a porphyritic structure, and hence was called by
the Survey “ porphyritic green slate,” although it never assumes the finely
laminated character of the argillaceous slate series. This rock occurs in high
rocky ridges, generally much broken, and running about northwest and
southeast. It forms the first noticeable range of elevations at the base
of the Sierra, in the region at present under discussion. Mount Bullion,
Juniper Ridge, Bear Mountain (on the Merced), and Merced Mountain are
made up of this rock. This material, which was a great puzzle to us in the
ficld, as to whether it was of volcanic or sedimentary origin, appears, from
Mr. Wadsworth’s (not yet completed) examination, to be a diabase tufa, a
much metamorphosed volcanic deposit. It appears very probable that the
lithological investigations now going on in regard to the Sierra Nevada rock
will prove the existence in the bed-rock scries of a large amount of material
originally volcanic, but at present so much altered by those metamorphic
agencies which have heen o conspicuous in their action on the purely sedi-
mentary beds, that their original character can no longer be recognized,
except by the aid of microscopic investigation. This belt of altered volcanic
rock occupies a width of from two and a half to five miles on the surface
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mentioned, it occurs in detached portions, all of which, however, are nearly
in one line, the direction of which is that of the trend of the formations
making up the bed-rock series. In the region between the Merced and the
Stanislaus, the Great Quartz Vein is almost continuous; it runs uninter-
ruptedly between French Gulch and the main branch of Moccassin Creek,
forming by its outcrop in the Pefia Blanca a very conspicuous object, and
having there a width of 261 feet, measured horizontally across it, its inclina-
tion being to the northeast at an angle of about 60°. Beyond Moccassin
Creek it disappears for a time, but is seen again below Stevens’s Bar, on the
Tuolumne, and at numerous points between there and the Stanislaus. This
powerful lode is made up of irregularly parallel plates of white compact
quartz, and crystalline dolomite or magnesite,* more or less mixed with
green tale; and these plates, which somewhat resemble the ¢ combs” of ordi-
nary lodes, are either in contact or separated from each other by intercalated
layers of talcose slate. The quartz is chiefly developed in the central portion
of the vein; and, from its color and resistance to decomposition, it gives rise
to a very conspicuous outerop, forming the crest of the hills, so that it can be
readily scen from a distance of several miles. The dolomitic or magnesitic
portion decomposes somewhat readily, and it becomes a kind of “gossan,”
or a cellular, ferruginous mass, of a dark-brown color, often traversed in every
direction by seams of white quartz. The quartz is the auriferous portion of
the lode, although it is far from being uniformly impregnated with gold.
Most of the mines which have been worked, between the Merced and the
Stanislaus, are on the northeast side of the Great Quartz Vein, either in con-
tact with it, or in some parallel band of quartz subordinate to, or at a little
distance from it. The talcose slate bands in the vein are often, themselves,
more or less auriferous.

Beyond the belt of metamorphic volcanic rock, which lies to the northeast
of the band of argillite and serpentine just described as containing the Great
Quartz Vein, there is a wide belt of mica slate, which extends to the gran-
itic nucleus of the Sicrra.  This is, in the region between the Merced and
the Stanislaus, the second great series of metamorphic schists belonging to
the bed-rock system. These mica schists are more or less quartzose on the
southwest, and they pass into pure quartzites as we approach the granite,
the proportion of argillaccous material in them gradually diminishing in that

* In the only specimen which has thus far been chemically examined, the supposed dolomitic portion
proves to be an intimate mixture of quartz and magnesite.
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Gravel Formations of Placer and Amador counties, additional details will be
found for that district; so also for the region still farther north such facts in
regard to the lithological character of the bed-rock will be introduced as
may seem to be required, when speaking of the overlying detrital masses.

An approximation to the order of succession of the various groups of the
bed-rock series in the region between the Merced and the Stanislaus may
also be traced nearly or quite through the whole extent of the auriferous
belt from Calaveras to Plumas County. There is, in general, near the foot-
hills, a thoroughly metamorphosed belt of rock, made up in part of sedimen-
tary and in part of volcanic materials; then, extending through the central
portion of the auriferous series, a band of a much more decidedly slaty rock,
considerable portions of which are very finely laminated. A large part of
this rock is argillaceous in character; but some of it is talcose, and it has,
in places, a good deal of rather fine-grained sandstone interstratified with it.
There are also extensive masses of serpentine found in this connection.
Although the Great Quartz Vein cannot be positively identified any farther
than the middle of Amador, yet it is pretty evident that this slaty formation
is decidedly the most auriferous portion of the bed-rock series, and it abounds
in quartz veins, many of which contain more or less gold. Above the slate
belt proper the rocks are very varied in lithological character; but, on the
whole, as in the region between the Merced and the Stanislaus, decidedly
more quartzose than farther down the slope. The limestone, or marble,
shows itself in many places, nowhere continuous for any great distance be-
yond Calaveras County, and nowhere to the south of Pence’s Ranch, in Butte
County, showing any indications of fossils, so far as yet known. From Mari-
posa through Tuolumne into Calaveras County, the limestone outcrops, when
laid down on the map, make a tolerably continuous line, which keeps pretty
near the edge of the granite, or well towards the upper portion of the aurif-
crous belt.  Through the counties north of Calaveras it is difficult to trace
any regular order in the limestone bands, which are usually quite short and
irregular in form. There are, however, indications of the former existence
of two continuous belts of this rock; one necar the granite, the other low
down near the base of the Sicrra.

A few words may here be introduced in regard to the structural relations
of the bed-rock series, although this subject is not one which properly comes
within the scope of the present volume. It may be stated, without hesitation,
that the problem is an extremely difficult one. And it is not likely that it
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The dip of the auriferous slate series is as difficult to account for as the
variation in the strike. On the whole, in the central portion of the belt, —
that is, central in relation to a transverse section of the range, — the inclina-
tion of the slates is usually nearly vertical ; it may be said to vary from 75°
to 85°; and it is, in the majority of instances, to the northeast, or towards the
crest of the range. The narrower' the belt of slates, the more regular the
inclination to the east. As the series widens in going towards the north, the
dip becomes more irregular, and over extensive areas it is to the west; at
the samne time the strata make a more decided approach towards horizontal-
ity; and, on the whole, dip less steeply as we procecd towards the crest of the
range. A carefully constructed section along the line of the Central Pacific
railroad, on which the inclination of the strata at every outcrop was laid
down, failed to furnish proof of any regular system of folds, there being fre-
quent and rapid changes, both in the amount and the direction of the incli-
nation of the strata, and the whole series presenting phenomena similar to
that described as existing in the northern portion of the Coast Ranges, where
the rocks seem to have been lifted up en masse. The principal apparent
difference, in the case of the Sierra rocks, is, that here there has been more
lateral compression, and that consequently the average dip is higher. The
cause of this compression may be sought for in the presence of two enormous
masses of granite on this line of section, one of them forming the crest of the
Sierra, and undoubtedly the mass of the material underlying the stratified
portion of the bed-rock series, while the other is scen in the foot-hills, consti-
tuting a belt some twenty miles in width, as visible on the surface, with an
unknown extension under the Great Valley, where it is covered with recent
detrital formations. A long and patiexit study of the specimens collected,
with the aid of the microscope, and combined with a sufficient number of
observations in the field, may, it is to be hoped, eventually furnish the neces-
sary data for explaining the structure of the auriferous belt; at present, it
does not seem possible to make any more decided statements in regard to
this difficult question than those which have been given above. On a future
occasion we may attempt to throw some farther light on the problem here
presented.

In view of its importance as bearing somewhat directly on the special
subject of the present volume, we have now to introduce a few remarks
in regard to a class of rocks occurring on the west slope of the Sierra,
and not belonging to the bed-rock nor yet to the volcanic and detrital
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on Butte, Chico, and Cow creeks, as also at Tuscan Springs, where the beds
are rich in fossils, which have been figured and described in the volumes of
the Paleontology of California.

The most interesting locality of this formation is that at Pence’s Ranch, in
Butte County, about nine miles north of Oroville. This has been described
in Geology I (p. 209), and need only be referred to here, as illustrating
excellently, not only the relations of the marine Tertiary and Cretaceous to
the underlying auriferous slate series, but also the position of the volcanic
formations of the west slope of the Sierra, which at the northern extremity
of the Great Valley have flowed down so far as to cover the marine sedimen-
tary beds, while in the counties farther south they have not usually reached
the foot-hills. At Pence’s we see the Cretaceous strata resting nearly
horizontally on the rocks of the auriferous slate series, which latter dip at
a high angle towards the northeast. ~On the Cretaceous lie, nearly conform-
ably, beds of Tertiary age, which are probably of fresh-water origin, over
these stratified masses of volcanic ashes and tufa, and, capping the whole,
heavy masses of solid basaltic lava, which has been eroded away, so as to
leave isolated patches with flat summits, forming the peculiar elevations
known in California as « Table Mountains.” The peculiarly interesting fea-
ture of this locality is, that here we have the volcanic and fresh-water detrital
formations of the Sierra — the especial subject of this volume — brought into
contact with the marine strata which are of more recent age than the au-
riferous slate series, and which, as has been described, form an ahnost con-
tinuous belt along the foot-hills of the Sierra. The relations of the different
sets of formations to each other and to the bed-rock series are so clearly
displayed at this locality, that there can be no mistaking their nature, and
in the succeeding chapter we shall have occasion to present a great number
of facts, by the aid of which we shall arrive at a still better understanding of
the phenomena here presented.
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Lakes, as well as in many other parts of the world where the formations,
being hard and crystalline, are not easily ground to a fine powder, and where
other necessary conditions — partly climatological and partly geological —
have prevailed. Some hints as to the nature of these conditions may be
found in a subsequent chapter. The chief interest of the gravels of the
Sierra Nevada depends, it must be admitted, on the fact that they are aurif-
erous: were a large portion of the gravels of New England sufficiently rich
in gold to render it possible that at any point there might be obtained a
sufficient quantity of the precious metal to pay a handsome profit to the
miner, it will be readily understood that everything relating to the mode of
occurrence and the distribution of these detrital deposits would be of the
greatest interest, while the face of the country would, over a great part of
the surface, bear the traces of the most extensive mining operations, as does
now the western slope of the Sierra Nevada.

The gravels of the California range, however important they may be from
the economical point of view, present also facts of the greatest geological
interest. The phenomena revealed by the many years of mining work upon
these deposits are peculiar, almost unique.  Most remarkable is it, that these
peculiarities are repeated in a manner which almost amounts to identity, in
an antipodal region, — Australia. But there are differences, of a curious
kind, between the Californian and the Australian gravel deposits, and these
will be pointed out farther on. At present we will proceed to describe what
is to be seen in California.

Gravel deposits of considerable magnitude are not limited, even on the
Pacific slope, to the Sierra Nevada. As already mentioned (pages 19, 22, 23),

there are quite extensive gravel beds in the Coast Ranges. They have even,

S,
in onc district (page 19), been worked to some extent for gold. Generally,
however, they are not auriferous, at least not sufliciently so to encourage
working. Neither have these Coast Range gravel deposits those peculiar
features which make the Sierra gravels so interesting. The manner in which
they have been accumulated would, it is true, form an interesting object of
geological inquiry, and this problem will, at some future time, no doubt, be
taken up; and some hints in this direction may perhaps be given in the
course of the succeeding chapters. There are alto gravel beds of consider-
able magnitude in the extreme southern and northern portions of the State
of California, which are more or less auriferous, but in regard to which we
have little or no definite information.  The gravels in the cafions of the San
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Butte and Plumas, partly because the rocks begin to be more and more cov-
ered with volcanic materials, and partly because of other conditions, to be
hereafter explained.

It is true, in a general way, that the region of auriferous gravels is also
that of quartz veins. For in the Sierra Nevada, as almost everywhere
else in the world, there seems to be an intimate and not easily explained
connection between the metal gold and the mineral quartz. It cannot be
said that quartz is the exclusive ¢ gangue” or accompanying vein-stone of
gold ; but this metal is found, with comparatively small exceptions, in the
veins of quartz which intersect metamorphic rocks, and also, to some extent,
in the slates which lie adjacent to such veins. A large portion of the gold
actually obtained, however, throughout the world comes from the débris of
such veins and rocks, formed by the operation of those -eroding and disinte-
grating agencies which are and have been at work ever since rocks began to
be formed. There are regions of the earth where gold has been procured in
large quantities from ¢ washings,” — that is, from the working of detrital
materials, especially of gravels and sands, and where no mining in the solid
rock has ever been attempted, or indeed any veins of quartz discovered; but
it is, perhaps, not unreasonable to say, that, in any region where this metal
is found in the superficial detritus in even a moderate amount, there or
somewhere in the vicinity metamorphic rocks would be discovered, after some
search, and that these would be found to be intersected with veins or masses
of quartz. Further investigations would prove, in the great majority of
cases, that the gold in the detritus came from those quartz veins, or from the
rocks immediately adjacent to them. Every great gold-producing district in
the world furnishes a portion of the metal from washings, and another part
from muning in the solid rock. There have been facts observed in California,
however, which would seem to indicate a different origin for a portion of the
gold there obtained, as will be mentioned farther on.

It is a remarkable fact that the veins which are productive of gold, the
world over, are in a very great majority of cases, much simpler in their mode
of occurrence than those which are productive of the ores of the other metals.
Awriferous quartz veins are made up of quartz alone, with little or no admix-
ture of other earthy minerals, such as calcite, brown-spar, heavy-spar, and fluor-
spar, which, in ordinary veins, are of frequent ocecurrence, often making up a
large part of the gangue. The writer has never scen, among the many quartz
veins examined in the Sierra Nevada, a trace even of fluor-spar, or anything
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At present it will be desirable to give a brief explanation of the methods
by which the detrital deposits are worked for the gold they contain, as pre-
liminary to a general account of their mode of occurrence. The terms which
are made use of by the miners in describing their operations are so inti-
mately connected with and dependent on the character of the deposits they
are working, that it would be impossible to give a clear idea of the phe-
nomena, without a knowledge of the different methods of getting at and
making available the variously situated aggregations of auriferous detrital
material in which the gold is found. It is not, however, the object of the
writer to furnish a practical guide to the mechanical operations of gold wash-
ing, in any of its departments; but only to convey a sufficiently clear idea
of the methods employed in this kind of work to make the subsequent
description of the geological conditions intelligible.

All the methods of separating metalliferous particles from the sands or
gravels through which they are disseminated depend, of course, on the
simple principle of giving gravitation a chance to act on the heavier material;
and this is done, almost exclusively, with the assistance of water. In the
case of ordinary ores of the metals occurring mixed with the gangue, or of
particles of gold in the solid quartz, the material must first be crushed or
stamped to a fine powder, and then, the pulverized material, or slimes,”
being agitated or in some way allowed to move in the presence of water the
heavier particles have an opportunit:y to sink to the bottom. But the variety
and the complexity of the machinery which has heen contrived to do this
simple work, especially in those cases where the ore is not much heavier than
the rock with which it is associated, and to do it with the greatest amount
of efficiency, rapidity, and economy of labor, is very great. In the case of
gold, however, such complication is unnecessary; and, besides, in working
on any considerable scale the chemical affinity of quicksilver for gold is
taken advantage of, as a most important assistance in helping to detain the
precious metal. In the case of ordinary gold washing, the material operated
on — sands and gravels — has already been pulverized by natural processes,
and the miner has only to separate the valuable metal from the worthless
portion. The simplest implement for cffecting this is the pan, a sheet-iron
or tin vessel with a flat hottom, a foot or more in diameter, which is partly
filled with the material to be operated on, and then, with the repeated addi-
tion of water, shaken with a peculiar motion not easily deseribed, the earthy
particles being allowed to pass over the edge of the utensil, until finally only
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by the aid of which the gold is separated from the gravel are, in general,
quite simple, as will have been gathered from the very brief notice given of
them above. The sluice seems to have been introduced about the year
1851.

We may now endeavor to trace the course of the discoveries and develop-
ments which have taken place in California with reference to.the way in
which the auriferous gravels occur. Each one of the rivers flowing down the
slope of the Sierra Nevada, within the limits of the auriferous belt, may be
considered as a kind of natural sluice, the edges of the upturned slate rocks
and the cavities resulting from their irregular decomposition or erosion hav-
ing acted most efficiently the part of riffles. If we conceive of this region as
once having been covered with auriferous débris, and notice that it is now
traversed by streams running in deep gorges, with a very rapid descent, it
will be easy to see that we have here all the requisities, furnished by natural
causes, for concentrating a considerable portion of the gold within compara-
tively narrow limits, so that it may be easily got at. Hence it will not be
surprising to learn that during the first two years of the Californian gold
excitement, when perhaps 50,000 miners were at work on the flanks of the
Sierra, at least nine tenths of them were engaged in what was called “ river
mining.” DBy this term is meant washing the accumulations of sand and
gravel along the channels of the present rivers, or in their immediate vi-
cinity. This was done either by attacking the ¢bars,” as the sand and
gravel banks along the river are called, during the season of low water, or
by “fluming ” the streams,— that is, taking up the water in wooden flumes
constructed along the banks for some distance so as to leave the bed of the
river dry and accessible at all points. Such localitics on the principal streams
in the heart of the gold region were often found exceedingly rich, and they
have all been washed over and over; in some cases a dozen times, until they
have become almost entirely exhausted, so as to be no longer worth working,
except as here and there a party of Chinese miners, content with very mod-
erate gains, may find it worth while to attack them. Along the sides of the
caflons, in rich districts, the crevices between the projecting edges of the
slates, in the ravines or so-called “ gulches” leading down to the rivers, were,
during the carly years of gold mining, scraped out with knives, and the detri-
tus thus obtained panned out, often yielding large returns.  From the spring
of 1848 to 1851 nearly all the mining was of the character thus indicated,
that in the river beds being called “wet diggings,” and that in the ravines
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sufficient to ¢ cut” it, as it is called, — that is, to disintegrate and break it
up, so that it can be moved by the current, after it has spent its force
against the bank, down into the sluices.®* Of course the arrangements for
effecting this must be suitably adapted to the circumstances. In the first
place there must be an ample supply of water; then a sufficient slope of the
ground, with an unchecked outlet, so that the sluices may be laid in a suit-
able position, and there be room for the ¢ tailings,” or material which issues
from the end of the sluice, after leaving behind in the riffles the greater por-
tion of the gold which it contained. It is owing to a happy combination
of favorable circumstances that the system of hydraulic mining has been
so successful on the slopes of the Sierra Nevada. That the peculiar set
of conditions which makes hydraulic mining possible is not often met with
is sufficiently proved, by the fact that this system, which seems so admirably
adapted to the needs of the Californian gravel miners, has hardly been at all
successful in any other region. It has been tried again and again in the
Southern United States, with almost unvarying loss; and, even in Australia,
where the mode of occurrence of the gold is in many respects so similar to
what it is in California, there are few districts where the hydraulic method
can be applied.

The first great need of the hydraulic miner is an abundance of water, and
with a considerable “head,” so that the stream may issue with sufficient
velocity from the pipes. The conditions of rain-fall in the Sierra having
been already explained, it will not be difficult to understand how an abun-
dance of water may be secured for the miners’ use. But this cannot be done
without extensive engineering operations, and the expenditure of a large
amount of money. Extensive reservoirs must be constructed, by building
dams across the outlets of the mountain valleys, so as to impound the water
coming from the melting of the winter’s snow on the High Sierra, and the
necessary canals —or ditches, as they are universally called by the miners —
must be excavated to carry the water to the points where it is needed for
uset  The long, rapid, and rather uniform slope of the Sierra, in the mining
districts, makes it possible almost everywhere to carry the ditches with such
a grade and in such a position as to allow the water to be taken from them
at a sufficient elevation to give the necessary head at the point of working.

* Where, as is often the case, the gravel is too solidly compacted to be readily “cut” by the pipes,
powder is freely used to shake up the mass, which is then much more easily acted on by the hydraulic jet.
t See farther on, for examples of the mode of construction, extent, and cost of such dams and ditches.
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by the gorges or cafions in which the present rivers run, in a most extraor-
dinary manner; he will find it several hours’ work to descend into one
of these and rise again to the general level on the other side, even if
assisted by a well-beaten trail. All along the western slope of the Sierra, the
streams have worn for themselves deep cafions, and it is these tremendous
gorges which form the leading feature of the topography of the region. If
the streams ran nearly on a level with the general elevation of the surface,
the whole character of the mountain slope would be changed. This was
formerly the condition of the drainage of the Sierra slope, as will be seen
farther on. At present, however, if we start from any point in the foot-hills,
we find the general level of the ridges, between the streams, rising much
faster than the streams themselves; so that, when we have reached an ele-
vation of from 3,000 to 4,000 feet on the divide between any two streams,
the bottom of the cafions on either hand are from several hundred to two
thousand feet and even more below us. The section (Plate G, Fig. 1) alluded
to again fartheron, illustrating the relative grades of the Pliocene and present
channels of the American and Yuba rivers, well illustrates this, the broken
lines indicating the levels of the beds of the rivers of the present day, be-
tween the foot-hills and the crest of the Sierra, while the unbroken lines
show the position of the Pliocene river beds in the same region; and, as will
be explained hereafter, the level of the Pliocene rivers is, in general, that of
the bed-rock surface on the divides between the streams. The diagram,
however, only includes the various branches of the American and Yuba
rivers, which are those draining the most important portions of the hydraulic
mining region. If we had the data for making a similar profile for Feather
River, the great depth of the present river beds below the general level of
the country would be shown in a still more impressive manner. On com-
paring, in the section given, the difference of elevation between the Pliocene
Middle Fork of the American and the present bed of the same river, we see
that at Michigan Bluff, for instance, this difference is about 1,800 feet, and
that it remains about the same for several miles in either direction, gradually
diminishing, however, as we descend the Sierra, and increasing as we ascend.
At Towa Hill, on the divide south of the North Fork of the American, the
difference of elevation between the Pliocene and the present rivers is about
1,300 feet. To arrive at the actual difference of level between the divide
and the river calion adjacent, we have to add to the figures given the thick-
ness of the accumulated gravels and volcanic deposits piled upon the bed-
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have become gradually familiar, as many years of workings have revealed
all the facts necessary to enable them to understand the mode, of occurrence
of those deposits, in regard to whose real nature there was for a number of
years the greatest uncertainty. The names given to the gravels in question
have varied from time to time as more became known about them. At first,
they were called simply “ high gravels,” as being at a higher level than those
which had previously been ordinarily worked; then they were known as
“deep gravels,” because usually occurring in heavier deposits than the river
gravels. As they are exclusively worked by the hydraulic process, they are
often called “hydraulic gravels”* It is now necessary to explain, with some
detail, the manner in which these high gravels occur, in order that the reader
may understand the meaning of the terms used in describing the various
localities where these are worked and the circumstances in which they are
found as preparatory to a general discussion of the facts observed.

There are many localities in the gold region where the high gravels were
sufficiently well exposed as to be easily recognized previous to any mining
upon them; hence the earliest scientific observers noticed their existence,
and commented upon their geological relations. As early as 1849, Mr. P. T.
Tyson passed through the mining districts between the Mokelumne and the
South Yuba rivers, and noticed the occurrence of gravels and volcanic rocks
in many places; the former he repeatedly mentions under the name of con-
glomerates, and he supposed that they were the remains of a formation once
continuous over the whole of the lower portion of the Sierra slope. He con-
siders this formation to be not older than the Eocene, and accounts for the
elevated position by the upheaval of the range since their deposition.}

From 1852 on, the nature of the high gravel deposits began to be a matter
of great interest to the miners, and much was written and published in the

* Instead of saying “to work by the hydraulic method,” the much less cumbersome — it inelegant —
phrase “to hydraulick ” is in general use.

t “We bave evidence in the existence of sedimentary rocks near the Mokelemy River, that they have
been elevated 2,000 feet at least since their formation, which is certainly not anterior to the Eocene
period. . . .. It was during this long-continued diluvian era that denudations were most rapidly
effected. It was then that the large valleys, before noticed, south of the American River, were mainly
formed, by the removal of perhaps one half the area of the conglomerates, sandstone, etc., which once cov-
ered the entire surface of the flauks of the mountain (at least between the Cosumes and the Calaveras) to
an extent of not less than twenty miles eastward from the valley. And, more than this, it scoured out
innumerable ravines among the slates and other soft rocks beneath them, which were thus again exposed
to the light of day.”—P. T. TysoN, Geology and Industrial Resources of Culifornia.  Baltimore, 1851.
pp- 23 and 26.
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newspapers in regard to this question,— as well as about the origin of the
gold in the different formations. The idea that these immense gravel accu-
mulations were in some way the result of ancient river action began to gain
ground, although vehemently opposed by many. It is very easy at the pres-
ent time to understand the cause of the great diversity of opinion among
the miners. The idea of an ancient river formation was at first always
connected with the existence of one river, and not of many. This arose
from the fact that the high gravels were exposed, during the earlier years of
hydraulic mining, chiefly along a certain belt of the Sierra, at various points
of nearly equal height above the sea, exhibiting at these points very simi-
lar appearances, so that they seemed to be portions of one consecutive
formation crossing the present system of rivers nearly at right-angles.

Thus Dr. J. B. Trask, who conducted a geological reconnaissance of
the State, under authority of the Legislature, during the years 1852 - 55,
in his second Report of work done in 1853, speaks of an ancient stream
flowing with a breadth of about four miles, at an elevation of 4,000 feet
above the sea, from Butte to El Dorado County.* This stream he calls
the ¢ Eastern Blue Range,” and he describes its peculiarities with con-
siderable detail, tracing it from the South Fork of Feather River as
far as Georgetown. According to Dr. Trask, the boulders found in this
range of gravel are almost exclusively quartz, surrounded by an earthy
material of a deep blue color, giving a very marked character to the

# « Tt is now ascertained to a certainty that the placer-ranges extend to the east, within ten or fifteen
miles of the ¢ Summit Ridge,’ so called, of the Sierra Nevada ; and the condition in which it is found at
these points are similar in all respects to that in the older or more western sections, with perhaps one ex-
ception, and that the relative age of both. There are evidences which clearly indicate a deposit of gold
older than the diluvial drift of the lower or western diggings (which latter is often confounded with the
drift deposits of the tertiary periods in this country), the character of which differs in almost every respect
from any other deposit yet observed in this country, except in this particular range. Its direction has
been traced for about seventy miles, and is found to extend through the counties of Butte, the eastern part
of Yuba, Sierra, Nevada, Placer, and El Dorado ; it appears to have an average breadth of about four
miles, with an elevation of four thousand feet above the sea for the greatest part of its length. From the
examinations that were made upon this range, there are abundant evidences that an ancient stream flowed
through this section of the country, and in a direction parallel with its then existing mountain ridges, and
the extensive mining operations conducted in the southeast part of Sicrra County on this range, has been
the means of demonstrating this fact, which had heretofore been strongly suspected only. The outliers of
its banks are very definitely marked throughout the entire length of the formation uunder consideration,
and its former bed filled in many places with a voleanic sand and ashes, which probably accompanied its
displacement.” — J. B. Trask, M. D., in Report on the Geology of the Coust Mountains and Part of the
Sierra Nevada, Doc. No. 9, Session 1854. pp. 61, 62.
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mass, and distinguishing this deposit from all others in the State.* In his
Report of the next year, 1854, Dr. Trask seems to have been led by more
extended observations to abandon the idea of a river channel, and he divides
the ¢ placer mines” (including under this designation all the gravel wash-
ings of the Sierra, whether high or low) into three “ranges,” the Upper or
Eastern Range, the Middle Placers, and the Valley Mines.t The rationale of
this division is not apparent from the description given; it seems, in view of
the facts as at present developed, to be entirely artificial. In his last Report
(1855), this author confines himself to the quartz mining interest, so far as
the Sierra Nevada is concerned, except that he describes at some length the
lava flow known as the Sonora, or Tuolumne County, Table Mountain, which
he recognizes as having ¢ followed the course of a stream, filling its bed and
banks.” He found both shells and leaves in the clays under the volcanic
capping, which fossils he, however, considers as identical with those now liv-
ing in the region.y Dr. Trask perceived that this lava stream must have
crossed the Stanislaus River where the cafion is some 1,600 feet deep, and
concludes that it took possession of a former bed of this river, displacing the
latter and filling up the space between its banks. Nothing further is added
in this, his last Report, in regard to the phenomena of the gravel deposits.
In 1854, Mr. W. P. Blake, one of the geologists attached to the Pacific
Railroad Survey, made a tour through the gold mining districts of the Sierra
Nevada, in the course of which he visited a considerable number of the most

# «The peculiarities which characterize this formation, and which distinguishes it from all others in
the State, are the following : the boulders found throughout its entire extent are very uniform in their
characters, and are composed of quartz exclusively (or nearly so) this has a bluish-watery color in the
mass, highly translucent and vitreous when fractured, constituting ninety-seven per cent. of all the stones
found in the deeper diggings, they are invested by a dull but deep blue earthy material highly charged
with pyrites. . .. . The blue color of the drift in this range has been found to pervade all parts of this
peculiar deposit wherever it occurs, its boulders maintain their character and percentage,” ete. — J. B.
TRrask, L. c. 62, 63.

t “Inorderto convey a better idea of the mining districts, they will be divided into three distinct ranges,
denominated the Upper or Eastern Range, the Middle Placers, and the Valley Mines. This has now be-
come necessary from the fact that the characteristics of these districts are as distinctly marked as are the
northern, middle, and southern portions of the State. It separates also three evidently distinet periods
of the geological history of this part of the continent, in which marked changes are apparent upon the sur-
faces that had emerged above the ocean during that epoch.” — J. B. TrASK, Report on the Geology of the
Coast Mountains, etc., Doc. No. 14, Session of 1855. p. 72.

I “The fine clays contain an abundance of leaves of present existing genera and species, most of them
may be found in the adjacent country distributed along the banks of the streams and in the deep ravines

adjoining.” — J. B. Trask, Report on the Geology of Northern and Southern California, etc., Doe. 14, Session
of 1856. p. 21.



FORMER VIEWS OF GEOLOGISTS IN REGARD TO THEM. 69

important localities from Tuolumne to Nevada County. At that time the
hydraulic system of mining was already extensively used, and the miners
were beginning to have some idea of the real nature of the high gravel
deposits. Mr. Blake, however, did not arrive at any very satisfactory con-
clusions in regard to the formations in question, although correctly describ-
ing some of their peculiar features. He considered them to be partly of
fresh-water, and partly of marine origin, and that these deposits once covered
the whole region, and were brought into their present form and condition by
erosion and denudation, which took place during the elevation of the
Sierra.* :

Dr. Hector, a geologist attached to the Government Exploring Expedition
under the command of Captain J. Palliser (1857 — 60), on his return from
British Columbia, visited the mining region of the Sierra Nevada, and briefly
describes what he saw, in an article published in the Quarterly Journal of the
Geological Society of London.tf He speaks of the gravel as being of marine

# « These formations — the erupted and metamorphic rocks — form the floor or bed-rock upon which
a very different series of formations is deposited. These formations consist of the auriferous drift in its
various forms, and of a more uniform and extended series of nearly horizontal strata of clays, sand, and
gravel. The last are of marine origin, and probably Miocene or Pliocene Tertiary. In many parts of the
region they are entirely swept away, and scarcely a vestige remains ; but at other points they are found
in extensive plateaux, or gently-sloping table-lands bordering the rivers, which have cut their way down-
wards through the strata and exposed them to view. The table-like hills or mountains seen from Knight’s
Ferry, on the Stanislaus, and between the Mammoth Grove and the Great Cave, are examples of these
deposits.  In many places they are overlaid Ly a stratum of basaltic lava, like that at Fort Miller, on the
San Joaquin. It is most probable that the principal deposits of this great series of nearly horizontal strata,
flanking the Sierra Nevada in the Gold Region, are of the sume age as those from which fossils were ob-
tained farther south along the Tulare Valley. . . . . Great changes have been produced in all these
deposits by denudation and erosion during and since the elevation of the region to its present level. . ...
It seems most probable that the appearance of the gold was nearly coincident with that mighty con-
vulsion which resulted in the elevation of a great part of the Coast Mountains and the drainage of the
whole western base of the Sierra Nevada, until that time covered by the waves of a Post-Tertiary sea. At
such a time denudation by floods would be most active ; and, until the newly risen continent had attained
its permanent elevation, the streams and rivers must have been constantly changing their channels ; lakes
must have been formed, and then drained, and a series of effects produced corresponding to those we now
witness over the whole region.” — W. P. BLAKE, in Report of a Geological Reconnaissance in Cualifornia.
1838. pp. 276, 278.

t “Before leaving these shingle-deposits, which are so largely distributed throughout the mountain
valleys of British North America, I may mention that in California I found these terraces ranging on the
western slope of the Sierra Nevada, at least to the height of 3,000 feet. . . . . At Nevada City, where
the coating of shingle-deposit has thus been cleared from the surface of the coarse-grained and soft granite
which underlies it, gigantic masses were exposed on what had once been the rugged shore of an inlet, just
as may be seen on a waterworn coast of the same material at the present day. .. .. The evidence we
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origin, and evidently entertained views quite similar to those of Mr. W. P.
Blake, supposing the erosion of the gravel deposits, which he calls “shingle
terraces,” to have taken place during the upheaval of the continent.*

In 1860, M. Laur, Ingénieur au Corps Impérial des Mines, was sent by the
French government to California and Nevada, for the purpose of examining
and reporting on the gold and silver mining interest of those States. In the
course of his investigations, he spent two months among the hydraulic and
quartz mines of the Sierra Nevada, and published his account of them in 1862
in the form of a Report to the Minister of Public Works. M. Laur describes
the high gravel deposits under the designation of “auriferous alluvia anterior
in age to the basalt.” He considered them to have once extended over the
whole western slope of the Sierra, and maintained that they were thrown
into confusion (bouleversés) by the phenomena attendant on the eruption of
the basalts.t The views of this mining engineer were extremely crude; he
seems to have entirely misapprehended the nature of the phenomena and to
have failed to notice some of the most striking facts connected with the
occurrence of the gravel deposits,— facts which, even at that early period,
had made a strong impression on the miners themselves.

During the years previous to 1860 there seem to have been many articles
published in the Californian newspapers in regard to the real nature of the
high gravels. Few of these can now be obtained, and most of them have
never met the eye of the writer. Some extracts, however, are preserved in
Mr. J. S. Hittell’s Mining in the Pacific States of North America. In an

have respecting the age of the terrace-accumulations is very imperfect. There can be no doubt that those
occupying the valleys of the Rocky Mountains, being farthest from the coast and at the greatest elevation,
are the most ancient, and that from the time of their deposit till now the rearrangement of the same ma-
terials has been carried on durving the gradual uprising of the continent.” — James Hecror, M. D., in
Quarterly Journal of the Geological Society of London, Vol. XVII. 1861. pp. 404, 405.

® < Tt must have been during the period when this denudation of the eastern plains accompanied the
gradual emergence of the continent, but acting with very different results on the rocky sea-bottom and
successive ranges of iron-bound coast presented by the western slope, that these immense deposits of
shingle were formed and moulded into terraces.” — HECTOR, 1. ¢. p. 405,

1 “ Les alluvions auriferes de formation antérieure au basalte constituent par leur étendue et leur épais-
seur les mines d’or les plus importantes de Californie. . . . . Cette formation ’étendit primitivement
sur tout le versant occidental de la Névada ; elle fut ensuite bouleversée par des phénomeénes de Pépoque
des basaltes.  En certains points, les dépits furent recouverts par des couldes basaltiques ou des couches
de tufx sous lesquelles ils sont aujourd’hui exploités.  Ailleurs ils furent attaqués par de violentes érosions
qui les firent disparaitre sur tout ou partie de leur épaisseur.” — P. LAUR, in De la Production des Mctauz
Précieux en Californie. Rupport & 8. Exc. M. le Ministre des Travawe Publics. Paris, 1862.
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article written by Mr. C. S. Capp, and published previous to 1859,* he de-
scribes the so-called “ Blue Lead,” to which allusion has already been made,
and traces it from Sebastopol in Sierra County across the North Yuba, thence
to the Middle Fork of that river, by Forest City, Chip’s Flat, Centreville, and
Minnesota. Here, he says, “it is obliterated by the Middle Fork of the Yuba,
but is believed to be again found at Snow Point on the opposite side of the
river; and again at Zion Hill, several miles beyond.”{ Of this “lead” he
says, “it is evidently the bed of some ancient stream, because it is walled in
by steep banks of hard bed-rock, precisely like the banks of rivers and ravines
in which water now runs, and because it is composed of clay which is evi-
dently a sedimentary deposit, and of pebbles and black and white quartz,
. which could only be rounded and polished as they are by the long-continued
action of swiftly running water.”

These views, however, met with much opposition on the part of the miners
and others. Mr. B. P. Avery, afterwards editor of the Overland Monthly and
United States Ambassador to China, thus wrote, in 1859, in reference to Mr.
Capp’s description of the ¢ Blue Lead ”: *It is remarkable that the ma-
jority of our miners, who are commonly men of intelligence and practical
knowledge in their pursuit, should have discarded entirely, if they ever enter-
tained, when speculating upon the origin of our gold fields, the more rational
theory of marine influence, for one of purely local causes. They overlook
all the facts which go to prove a total submergence of this coast at some
remote period, and settle down upon the narrow idea that the immense
gravel beds which contain so large a portion of our mineral wealth, and
which extend at least four hundred miles north and south, having an aver-
age breadth of probably not less than sixty miles, were deposited by rivers,
which anciently ran here, and changed their channels from time to time,
until they paved the whole country with cobble stones. These deposits
have been cut through by modern streams, running a different course, and
hence the present cafions and ridges. Of the ancient rivers, the one that
deposited the blue lead has alone left distinctive marks of its course. Now,
unfortunately for the plausibility of this theory, the blue lead is found all
the way from the summit of the Sierra to the foot-hills. Instead of being
confined to a certain altitude, and a certain line, it exists in every alti-

* This article probably appeared in the San Francisco Bulletin ; it is quoted by Mr. Hittell in the book
above mentioned, published in 1861, but without indication of date or origin.
+ See Map at the end of this volume, which, however, does not extend north of the Middle Yuba..
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tude, on the main ridge as well as on spurs of them, and even on isolated
” 3%

peaks.
The current opinion of the Californian miners in regard to the origin of

the high gravels, at the time of the beginning of the State Geological Survey
under the direction of the writer, is probably very well stated by Mr. Hittell
himself, and reads as follows: “The alluvial placers may be divided into
ancient and modern. The ancient are those formed by streams which no
longer exist, or have found new channels. Two very remarkable examples
of the ancient stream placers are found in California; one called the Blue
Lead of Sierra County, the other Table Mountain in Tuolumne County. It
is supposed that the Blue Lead was once the bed of a large river, about fifty
miles eastward of the present position of Sacramento River and parallel with
its course. Table Mountain is a pile of basalt, standing on what was, in the
remote past, the bed of a river nearly parallel with the Stanislaus. These
ancient and deserted channels are not rare, and are found from a very small
to a very large size. They are usually buried at a considerable depth be-
neath dirt and gravel. Sometimes they are found high above the level of
the present streams running near them.”t This statement of Mr. Hittell
is much nearer the truth, as now made out from a long series of careful
examinations by the Geological Survey, than anything which had been pre-
viously published, and contrasts in a marked degree with the crudities con-
tained in the official report of a French mining engineer.

The essential fact that the high gravels of the western slope of the Sierra
Nevada have to do with an ancient river system having been so clearly recog-
nized by many of the miners, it is not difficult, from the stand-point of our
present knowledge of the conditions in which they occur, to understand why
this view did not meet with universal acceptance. It was always hampered
with the idea that there was one great river running parallel with the crest
of the Sierra, as we sce in the quotation just given from Mr. Hittell’s book.
As long as this determination to change the whole present condition of the
drainage system of the Sierra was persisted in, without accounting in any
way for such a change; as long as a river forty miles in breadth had to be
imagined, in order to embrace all the deposits in question, and regardless of
the fact that one of its banks would have to be some thousands of feet higher
than the other, so long of course the ancient river theory would continue to

* Quoted in Hittell’s Mining in the Pacific States, pp. 74, 75.
t L c. p. 63.
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meet with opposition. It was necessary to make another step in advance
and to show that the rivers were not one but many, and that the direction
of the drainage was, when those high gravels were accumulated in the
channels of the ancient streams, not essentially different from what it now
is. It was necessary that the position of the gravels and the intercalated
and overlying volcanic deposits should be laid down with accuracy on a map,
and that the course of each separate stream should be followed up with a
series of measurements of elevation, so that continuity or non-continuity
could be asserted with confidence as an established fact, and not guessed at.
The work of the State Geological Survey was, for various reasons which it
is not necessary here to explain, chiefly carried on during the first years in
the Coast Ranges, and in 1862 - 63 there was only time for a rapid recon-
naissance in the mining region of the Sierra. The general results of this
preparatory work, in so far as the high gravels were concerned, were given
in the following words in a résumé of the progress of the Survey, published in
the American Journal of Science, for September, 1864 : “ There is perhaps
no subject connected with the geology of the Pacific coast in regard to which
there are so many misapprehensions as there are in what has been published
by geologists on the nature and distribution of the detrital deposits which are
so extensively worked by the methods known as hydraulic and tunnel min-
ing. It has been assumed that these deposits are of marine origin, and that
they originally extended over the whole slope of the Sierra Nevada, — a con-
dition of things which, were it true, it would be of vast importance for Cali-
fornia to know ; but the real facts of the case are entirely different. In the
first place these deposits are not of marine origin, as is proved by the fact
that, although frequently found to contain impressions of leaves, masses of
wood and imperfect coal, and even whole buried forests, as well as the
remains of land animals, and occasionally those of fresh-water, not a trace of
any marine production has ever been found in them. Again, these detrital
deposits are not distributed over the flanks of the Sierra in any such way
as they would have been if they were the result of the action of the sea.
On the contrary, there is every reason to believe that they consist of
materials which have been brought down from the mountain heights above
and deposited in preéxisting valleys: sometimes very narrow accumulations,
simple beds of ancient rivers, and at other times in wide lake-like expansions
of former watercourses; and this under the action of causes similar to those
now existing, but probably of considerably greater intensity. This deposition
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of detritus, for the most part auriferous, took place during the later Pliocene
epoch, and not as late as the drift or diluvial period, as is abundantly proved
by the character of the remains of plants and land animals which are im-
bedded in it. The deposition of this auriferous detritus was succeeded,
throughout the whole extent of the Sierra Nevada, by a tremendous outbreak
of volcanic energy, during which the auriferous gravel was covered by heavy
accumulations of volcanic sediments, ashes, pumice, and the like, finally
winding up by a general outpouring of lava, which naturally flowed from the
summits of the Sierra through the valleys, into the lake-like expansions,
filling them up and covering over the auriferous gravels, which were to
remain for ages, as it were, in a hidden treasure chamber, concealed under
hundreds of feet in thickness of an almost indestructible material.”

The above extract represents, very nearly, the general scope of the results
arrived at by the Geological Survey, during the first two or three years of
its existence, in reference to the origin of the high gravel deposits. No
detailed work had been done in the region where these occur, and the
extreme inaccuracy of all the existing maps would have rendered it im-
possible to coirdinate any such observations if they had been made. There
still remained much to be done before a thorough understanding of the
phenomena in question could be arrived at, as will be evident to the reader
of the succeeding chapters of this volume. What has been accomplished
since the Geology of California, Vol. I, was published, in the way of a de-
tailed examination of the gravel region, will be set forth in the next section
of this chapter, and, after a statement of the facts observed, their theoretical
bearing will be discussed at some length. In the mean time we have become,
from what has been said in the preceding pages, sufficiently well acquainted
with the géneml character of the high gravel deposits to be able to under-
stand the meaning of the terms employed by the miners in their work, —
terms which we shall have to use frequently in giving an account of our
observations in the mining region.

It being well understood that the high gravels belong to a system of an-
cient rivers, in the former beds of which detrital material has been deposited,
and which have since become in large part obliterated by accumulations of
lava, and also very extensively worn away by erosion, the character of the
miner’s work will be in a great measure directed by these conditions. That
the portions of the gravel richest in gold should be found towards the bottom
of the deposit, on or near the bed-rock surface, and in the lowest portions of
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that surface is what would be naturally expected from well-known condi-
tions; the much heavier metal must be ever tending, as the accumulations
of detritus are being swept onward in their course towards what would be
their final resting-place, if they were carried far enough, namely, the surface
of the bed-rock. These deeper regions where the miners expect to find the
gravel richest, and which, when connected together, must evidently approxi-
mately mark the course of the former current or river, are always called the
“channel.” Whenever the miner is looking for some place rich enough
to make it worth while to commence washing for gold as a permanent oper-
ation, he will say that he is “looking for the channel.” Not that the richest
places are always the lowest, or that the gold is limited in its range exclu-
sively to the vicinity of the bed-rock surface; but, as a general rule, these
are the conditions with which the miner expects to meet. The position of
the channel, therefore, and its direction in any mining district, become a
matter of great importance. It is with reference to these circumstances that
all exploratory work must be laid out. The miner runs his drift — or tunnel,
as a horizontal excavation is universally called on the Pacific coast — with a
view to striking the channel, guided by what he knows, or thinks he knows,
of its probable position, from a study of the results of adjacent mining opera-
tions; if in an unprospected region, he must in drawing his conclusions be
guided by the form of the surface, or other circumstances which his previous
experience has shown him to be of most value as a guide in prospecting.
Everything, then, connected with the form, size, direction, and variations in
character of the « chan.hel,” or the bed-rock frame which holds the gravel,
is a matter of importance to the miner, and not less so to the geologist in
search of the facts necessary as a basis for his theories. If we knew the
exact position of the lowest surface of all the detrital masses in the Sierra,
we could then reconstruct the ancient system of drainage with accuracy ;
but, of course, as but a very small portion of these ancient channels has
been, or ever will be, revealed by mining operations, and as much that is
laid open will never be examined and recorded while accessible, we can
never expect to know exactly what were the relations of all parts of the old
river system to each other. This will be evident enough when the facts
presented in the following pages come to be examined.

If the channels of ancient rivers exist in the mining region of the Sierra,
and at a high level above the present streams, there must be, in places at
least, more or less of the sides or banks of these channels still in existence.



76 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

Such remaining portions are known to the miner as the ¢ rims,” or the “ rim-
rock.” To one who knew nothing of the peculiarities of the gravel mining
region, it would seem very strange to see — as may often be done — the
miner running a tunnel in the hard bed-rock, where there are no external indi-
cations of gravel deposits whatever, and especially when it is ascertained that
the work on such a preparatory undertaking, which can never begin to pay
until gravel has been reached, may require years for its completion and cost
many thousands of dollars. The miner, in such a case, if questioned as to
the object of his work, would say that he was “ tunnelling through the rimn-
rock, in search of the channel” His knowledge of the country would have
taught him that there was a sufficient chance of finding a paying deposit of
gravel, occupying a channel-like depression somewhere in the region towards
which he was tunnelling, to make it worth while for him to risk his tune and
money in the manner suggested. Some of these channels in the Sierra are
wonderfully well defined and deep, with a perfectly preserved rim on each
side, as will be seen from the descriptions farther on.

In many places there is associated with the gravel, often overlying it, but
sometimes in interstratified beds, a large amount of material of a volcanic ori-
gin. This may be either solid lava, in the form of a regular flow consolidated
from a liquid condition, or it may be of a detrital character, and made up of
more or less rounded fragments, which after having been ejected have been
carried to a distance from the place of their origin by currents of water, and
deposited as a stratified mass of volcanic conglomerate or breccia. Some of
these deposits seem to consist of material which has fallen into the water, in the
form of ashes and lapilli, and taken on a decidedly stratified form, somewhat
resembling clay in appearance. Not unfrequently volcanic and ordinary
sedimentary strata alternate with each other, or occur mixed together in the
same layer, so that it is not easy to decide, without close examination, of
what the deposit really consists. For the different kinds of volcanic material
occurring with the gravels there are various names in use among the miners.
In the regions where the fragmental character predominates, as is often the
case, especially in the central mining counties, the voleanic deposits are called
“cement.” This is a term somewhat differently employed in different dis-
tricts, but most frequently applied to rather closely compacted volcanic
breccias and conglomerates, of which the different coarser materials seem
to be pfetty firmly cemented together by the finer portion of a very similar
material. The whiter, fine-grained and homogeneous beds resulting from
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the consolidation of ashes and volcanic mud are usually called simply “lava.”
Other terms of local use will be noticed in the description of the various
gravel mining districts farther on in this chapter.

Among the non-volcanic portions of the mass there may be fine clays,
very distinctly stratified, sands of every degree of texture, and gravels proper
or collections of rolled pebbles, — the latter of all sizes and of various ma-
terials. Some of the gravels are chiefly made up of quartzose pebbles; and,
in places, boulders of this material form almost exclusively the mass of the
gravel. The finely-laminated beds are known to the miners as pipe-clay;
and the terms sand and gravel are employed much as the geologist would use
them. The gravel which is rich enough to be worked is called “ pay dirt,”
or “pay gravel,” and, if there is a well-defined bed of it, it is often termed
the “lead,” or the “ pay lead.” If the gold is irregularly disseminated through
the gravels, the term “spotted ” is applied to them.

In many localities the auriferous gravels with the associated sedimentary
deposits having been entirely covered by volcanic overflows, either of solid
lava or of detrital materials, this “ capping,” as the miners term it, has never
been removed by denudation, so that the underlying beds are entirely con-
cealed, and there is sometimes a mass of unproductive rock several hundred
feet in thickness piled over the gravel in which the gold occurs. By exam-
ining the maps accompanying this volume it will be seen, in comparing the
relative position of the gravel and volcanic deposits, how much of the former
must be covered by the latter. The eruptive materials having come from
high up in the range, their relative quantity naturally increases in that
direction, as will be shown in detail farther on. The presence or absence of
a capping of greater or less thickness of volcanic rock over the gravel is, of
course, a matter of much practical importance to the miner. In the use of the
hydraulic method of mining everything above the level of the bottom of the
workings must be removed by the current of water, and must be of such a
nature that it can be “ cut” by the pipes, either as it naturally occurs or
after being shaken up by the use of powder. The solid lava, however, can-
not be brought into the sluices in this way, so that it is evident that a cap-
ping of such material is a barrier to hydraulic mining. The less coherent
kinds of lava can be washed down by the hydraulic jet; but material con-
taining no gold cannot be handled without expense, so that it often becomes
a question, in deciding upon the opening or the continued working of hy-
draulic mining ground, how thick a mass of unproductive detrital material,
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whether it be of volcanic or sedimentary origin, can be sluiced off without
more than counterbalancing by the expense of the operation the profit to be
got from working the productive portion of the deposit. When the cover of
volcanic material or of unproductive gravel becomes too thick, so that the
work no longer pays, the locality has to be abandoned, unless the channel is
sufficiently well marked and rich enough to make it worth while to follow
and work it by the method called  tunnel mining.”

Tunnel mining was formerly extensively employed in California, although
now quite overshadowed in importance by the hydraulic method. Indeed,
the present knowledge of the extent and value of the hydraulic claims is
largely due to the other and older method of attacking the auriferous depos-
its. Some localities, as, for instance, the Sonora Table Mountain, have been
exclusively worked by tunnels. This method consists, simply, in driving or
tunnelling in the channel and bringing out the pay dirt in cars, or otherwise,
to be sluiced, exactly as any auriferous material obtained by river or bar
mining would be. The channel must first be found by drifting or tunnelling
to it, except in those rare cases where the ground has been so eroded as to
bring the pay gravel to the surfice. When a “lead” has been struck suf-
ficiently rich to pay for working, it will be followed by a drift, so run as to
keep in the best ground, or in the pay streak, as long as the operation
proves remunerative. In case of necessity one or more shafts may be sunk
from the surface to the workings, to furnish ventilation, and some claims
have been and still are worked by means of shafts and drifts, the pay dirt
being hoisted with a windlass through the shaft. This is the method chiefly
followed in the Australian gravel mines, where the conditions are rarely
favorable for using the hydraulic process. Shafts have also, in former times,
been extensively sunk for the purpose of ascertaining the position of the
channels, in order to fix the level at which the tunnel should be carried in.

The above general description of the mode of occurrence of the gravel
deposits and of the methods by which they are worked seems to be suffi-
cient to enable the reader to understand the detailed descriptions which are
to follow in the next section of this chapter, and to which we now proceed.

StctioN II. — Delailed Description of Portions of the Auriferous Gravel Region.

The Geological Survey of the State of California, after a suspension of two
years’ duration, in consequence of the failure of the Legislature of 1869 — 70
to make any appropriation for its continuance, began work again in the
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spring of 1870. From that time on, during the ensuing three years and a
half, a considerable portion of the resources at our command were devoted to
detailed work on the western slope of the Sierra Nevada. Naturally, among
the subjects to be investigated, that of the mode of occurrence of the aurif:
erous gravels was one of prime importance. The principal difficulty in the
way of executing satisfactorily this part of our task was the necessity of
accurate maps on a large scale of the region to be geologically surveyed. It
was evident that without such maps as a basis for the observations the re-
sults would be very far from meeting the expectations of those pecuniarily or
scientifically interested in the gravel deposits. But the peculiar topography
of the Sierra, together with the fact that its western slope is so densely
wooded, render the accurate mapping of the region a work of great labor
and expense. As much was done as was possible with the very limited means
at our command, and we received essential aid from the Central Pacific Rail-
road Company, which furnished us with detailed maps of the region adjacent
to their line, embracing a belt of perhaps ten or fifteen miles in width, run-
ning across the Sierra in the heart of the gravel mining region.* With this
assistance, and with such additional information as could be derived from the
very incomplete and erroneous surveys of the United States Land Office,
combined with the topographical work executed by the Geological Survey, a
map of the mining counties was constructed, on the same scale as that of the
Bay Map, namely, two miles to an inch. This map covered an area of about
nine thousand square miles, extending from Knight’s Ferry on the Stanislaus
to Quincy in Plumas County; it was never published, the survey having
been discontinued before it could be made ready for the engraver.

In arranging for the detailed exploration of the mining counties, the
western slope of the Sierra was divided into two portions by the North Fork
of the American River. The region to the south of this river was assigned to
Mr. W. A. Goodyear, with special instructions to make as thorough an in-
vestigation as possible of the auriferous gravel deposits, not neglecting, how-
ever, other facts of general geological interest. Mr. Goodyear was in the
field, without assistance, from May 15 to December 17, 1871, and he went
over all the important gravel mining districts between the North Fork and
the Middle Fork of the Middle Fork of the American River, a region in
which the gravels are very extensive, quite various in character, and where

* This cartographic work, as we were informed, cost the company more than the total appropriation for
the Geological Survey during the two years of its continuance from 1870 to 1872.
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they extend high up towards the crest of the Sierra. He also explored the
region about the South Fork of the American, and examined all the im-
portant points in El Dorado County, especially the neighborhood of Placer-
ville, as well as a considerable portion of El Dorado and Amador counties, as
far south as the Mokelumne River. Nearly or quite all the hydraulic mining
districts where any work was doing between that river and the North Fork
of the American were examined by Mr. Goodyear during the course of the
summer. The region north of the North Fork of the American, as far as the
Middle Yuba, was assigned to Mr. A. Bowman, who took the field early in
the spring of 1870. Professor W. H. Pettee joined him in July, and they
together spent nearly all the remainder of the year in working out the
geology, and mapping the detailed topography over the area indicated.
From their surveys, aided by such information as could be obtained from the
various gravel mining and ditch companies in the region, the map, which is
appended to this volume, was compiled by Messrs. Hoffmann and Craven.
This map, which is on a scale of one mile to the inch, extends over the area
between the Middle Fork of the American and the Middle Yuba, embracing
the most important hydraulic mining region of the State. The work of
Messrs. Bowman and Pettee was supplemented on the north by surveys made
for private companies by Mr. Hoffinann, so long chief topographer of the
Geological Survey; the work thus introduced was especially important as
including perhaps the most important of all the gravel deposits in the State,
those between the South and Middle Yuba. A considerable number of ditch
lines in the region surveyed are also laid down from information furnished
by the various companies; also all the quartz and gravel mining claims
which had, up to 1873, been patented or officially surveyed for the purpose
of sccuring a patent under the United States laws are indicated upon this
map.*

In regard to the extension of the gravel ranges north of the Middle Yuba,
our data are far from complete. The region was traversed at different times
by various members of the Survey, but never systematically explored. This
is especially true for the interesting district between the Middle Yuba and
Slate Creck. Plumas County was explored by the writer in 1866 ; but here
the gravels have by no means the importance which they possess farther south.

* As the location of these claims is not a matter of scientific interest, it has not been considered neces-
sary to have the map brought up to date in respect to the additional patents which have been issued
since 1873.



ORDER OF WORK IN PLACER, EL DORADO, AND AMADOR. 81

For the district south of the Mokelumne River — the southern boundary of
Mr. Goodyear’s work — there are no complete surveys, althongh most of the
mining region between that river and the Merced has been passed over
and portions examined in some detail by the writer, and especially by Mr.
Rémond, who made, in 1865, quite a detailed examination of the region
between the Merced and the Stanislaus. The volcanic rocks and the quartz
mines are of great interest in this region; but the gravels are much less
important than they are farther north. It is, however, from the detrital
deposits south of the Stanislaus that most of the interesting fossils, to be
described farther on, have been obtained. '

In giving the details of the various gravel deposits which have been ex-
amined, a beginning will be made with the district so carefully surveyed by
Mr. Goodyear. His notes, however, which are in the form of a journal, are
too voluminous for publication in full in the present volume, and they include
much matter which has no reference to the gravel question. Besides, as
some localities were visited more than once, at different times, there is neces-
sarily more or less repetition, and supplementing of details imperfectly made
out at a first examination. Mr. Goodyear also furnished a review, or general
discussion, of his observations, which will be frequently referred to and quoted
from in a future chapter. In giving a résumé of Mr. Goodyear’s notes, the
observations made by him in the course of his work will be arranged in
what appears to be the most suitable order for acquiring a clear idea of the
nature of the phenomena. The lithological character of the ded-rock and its
stratigraphical position will first be indicated. ~Next the appearance and
form of its surfuce, as exposed after the gravel has been washed away, will
be described, and such other facts mentioned as naturally fall into this divis-
ion of the subject. After giving all that secms necessary to be mentioned
in reference to the bed-rock, the gravel deposits will be described with some
detail; then will follow some details in regard to the volcamic materials so
intimately associated with the gravel, as already mentioned; next, the
channels will be taken up, and their position, size, direction, and grade at
the different localities examined will be given; finally, the distribution of
the gold in the gravel, its position in reference to the form and character
of the channel and the rim-rock, will be discussed, with the addition of such
facts in regard to the workings, from an economical and practical point of
view, at the various localities visited, as may seem to be of general interest.

The order followed in giving these various details for each branch of the
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subject will be essentially that of Mr. Goodyear’s route in the field, and may
be followed on the accompanying sketch-map showing the distribution of
the Volcanic and Gravel Formations over a portion of Placer and El Dorado
counties. (Plate B.) This map is an approximation only for the region high
up among the numerous branches of the Middle Fork of the American River,
that district never having been topographically surveyed. A portion of El
Dorado County, south of the Middle Fork of the American,— which separates .
El Dorado from Placer County, — extending as far south as Georgetown,
is also to be found on this diagram; but the region east of this, at the head
of the South Fork of the Middle Fork —also visited by Mr. Goodyear —
has been omitted for want of the necessary data. For the immediate vicinity
of Placerville — an interesting and important mining district — a special
sketch-map, on a scale of three miles to the inch, is introduced.

The route pursued by Mr. Goodyear in his investigations was nearly as
follows: From Colfax across the North Fork of the American to Iowa Hill,
Wisconsin Hill, Elizabeth Hill, Sucker Flat, Monona, Wolverine, Strawberry,
and the other important mining towns between the American and the branch
of it called Shirt Tail Caion; then to Damascus and the Forks House, near
the head of Shirt Tail; then to Canada Hill, Millers’ Defeat, Last Chance,
and the other mining camps at the head of the North Fork of the Middle Fork
of the American; from the head of the Middle Fork down to Deadwood
and Michigan Bluff, respectively on the east and west sides of El Dorado
Cafion, thence down the south side of the divide between the Middle Fork
and Shirt Tail, through the extremely important mining localities between
Michigan Bluff and Todd’s Valley, including Bath, Forest Hill, the Dardanelles,
and Todd’s Valley. From Forest Hill the north side of the same divide was
visited, including Yankee Jim’s and the different branches of Brushy Cafion.
Crossing the Middle Fork of the American, Mr. Goodyear’s route next took
him to the mining districts along the divide north of Otter Creek, to Volcano-
ville, and to the various localities north of Georgetown, on both sides of
Cafion Creek. At this point the work was suspended for a short time, in
order to refit and repair. On recommencing, a start was again made from
Colfax, and some localities about Jowa Hill, Forest Hill, and Michigan Bluff
were revisited. Another trip was also made to the region high up on the
Middle Fork, about Last Chance and Startown; thence down the valley to
Peckham Hill, and across the Middle Fork to Spanish Dry Diggings, and by
way of Greenwood to Georgetown again. From the last-named place an
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excursion was made into the region at the head of the South Fork of the
Middle Fork of the American, an important mining district not included
within the limits of the map. Returning to Georgetown, the explorations
were continued down the slope of the Sierra to Folsom, and thence upward
to Placerville, the vicinity of which important and central mining town was
thoroughly examined, as well as the region at the head of the Cosumnes
River, between Newtown and Grizzly Flat. The remainder of the season
was given to the principal mining localities in Amador County, nearly the
whole of which was gone over. Following the above geographical order,
pretty nearly, the observations made by Mr. Goodyear will now be given,
arranged under the various heads previously indicated.

§ 1. The Lithological Character and Stratigraphical Position of the Bed-Rock.

Immediately above Newcastle, on the line of the Central Pacific railroad, slates make their
appearance, and the country between here and Auburn cousists partly of slate and partly of granite.
The slates here, so far as seen, generally strike northwesterly and stand nearly vertical. At Au-
burn the rocks are hard silicious slates, standing vertically or with a sligzht inclination to the
northeast : they strike about N. 20° W. These slates are excessively hard and compact, and can
with difficulty be broken. Their color varies from light green to almost black,. On the stage
road from Folsom to Auburn, the granite continues until within three miles of the latter place.

At Iowa Hill, at Wiessler’s Claim, the bed-rock consists entirely of slate, generally very thin-
bedded, argillaceous, and sometimes apparently more or less talcose. Some of these slates are hard
and very tough, and are then generally of a dark bluish color ; but other portions are quite soft, and
then usually white. Their strike varies between N. 15° W. and N. 25° W, and they stand
nearly vertical. At Wolverine, about two miles northeast of Iowa Hill, the slates strike N. 10°—
15° W,, and have an almost vertical dip. At Metcalf’s Claim, near Roach Hill, the strike of the
slates is N. 10°—15° W, and their dip 60°— 70° to the southwest. At the Morning Star
Tunnel, on the southeast side of Indian Caiion, nearly opposite Iowa Hill, the strike of the slates
is pretty uniformly N. 10° —15° W, At Strawberry Flat, Indian Caiion, a little above Inde-
pendence Hill, the bed-rock slates have a direction of N. 20° W, and dip at a high angle to the
southwest. In the southwest pit at Elizabeth Hill, two niiles south-southwest of Iowa Hill, the
slates stand nearly vertical, with the usual predominant strike in this district of N. 15° — 20° W.
At King’s Hill they strike N. 35° W. and stand vertical. At Refuge Calion, west of Wisconsin
Hill, the strike of the slates is N. 50° W. ; in the cast pit at Elizabeth Hill, a little west of Refuge
Caiion, it is N. 20° — 25° W,

At Nahor's Claim, in Green Valley Gorge, about five miles northeast of Iowa Hill, the bed-rock
is entirely serpentine, and it is said that this rock can be traced for many miles north and south of
this point ; Brimstone Plains, about four miles south-southeast of the Green Valley Gorge, is said
to be on this belt of serpentine. At the Mountain Gate Tunnel, near Damascus, four miles east
of Green Valley Gorge, the bed-rock is a very fine-grained, thin-bedded clay-slate, which, if a little
harder, might make good roofing-slate ; its dip is nearly vertical, with a slight inclination some-
times to one side and sometimes to the other; strike N. 10°—15° W. The color of these slates
is variable, the lighter colored being the softest ; the dark bluish-black varieties are often filled with
small cubical erystals of pyrites. In the Lower Tunnel the slate is everywhere dark in color. At the
Cement Mill Claim, near Damascus, the slate is more or less talcose, and some of it very much so.

The summit of Secret Mountain, on the road from Damascus to Canada Hill, near the head of
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Secret Caiion, consists of a hard, gray quartzite, which seems to be a metamorphic form of a rather
coarse-grained, quartzose sandstone. The bed-rock at Sterrett’s Claim, on the left bank of Sailor’s
Cafion and two miles in a straight line from its mouth, near Canada Hill, is a hard slate striking
N. 35° W., and dipping to the northeast at an angle of 85°. Bald Mountain, a little east of
Canada Hill, is entirely made up of an enormous mass of impure guartz-rock. The boulders in the
main channel at Canada Hill consist very largely of quartzose sandstone, and there is in the adja-
cent region a great deal of this material. The slates and sandstones about Canada Hill have a
nearly east and west strike. In Miller's Defeat Cafion, about three miles south of Canada Hill,
the boulders are largely of sandstone. At Yule’s mine at Startown, near Last Chance, and five
miles west-southwest of Canada Hill, the bed-rock varies more or less in character from a soft and
light-colored slate, to a very hard and dark-colored material, which may be either slate or sand-
stone ; much of this rock is very quartzose, as well as compact and hard. The strike of this rock
is pretty uniform in direction, a little to the west of north. The rocks in the bottom of the cafion
of the North Fork of the Middle Fork of the American River, below Last Chance, are metamor-
phic slates, dipping at a high angle to the northeast, and striking northwest.

A great deal of the bed-rock in the claims near Michigan Bluff is a very talcose slate ; some of
it, as at Byrd’s Claim, is a kind of semi-serpentine, mixed with very soft talcose slate. In this
vicinity the strike of the slates is about north and south, and they stand nearly vertical. There is
a region, extending for many miles north from Byrd's Valley, among the forks of Shirt Tail Cafion,
through Brimstone Plains, and Green Valley, as before noticed, where the bed-rock is almost ex-
clusively serpentine. There is a fine locality of this rock, on the line of McKinstry’s ditch, south
of the North Fork of the American River, nearly east of Clipper Gap, and about a mile northwest
of the ““ United States House.” The extent coversan area of 150 feet wide by 300 or 400 feet long,
over which the quality of the rock is good ; but the whole mass is much larger. The stone is
very beautiful, but more or less scamy. At El Dorado Hill the bed-rock is generally a talcose,
and very soft and thin-bedded slate, striking a little to the east of north, and with a variable dip,
as if it had been locally disturbed.

At Smith’s Point, between First and Second Brushy cafions, near Yankee Jim’s, the strike of
the slate bed-rock is N. 10°— 15° W. The slates vary from talcose to argillaceous, and stand
nearly vertical. At the Dardanelles Claim, a mile and a half southwest of Forest Hill, the bed-
rock strikes N. 35°—45° W, and stands nearly vertical : some of it is quite hard, and other
portions are very soft.

In the Illinois Cafion, near Georgetown, six miles south of Forest Hill, the bed-rock is slate,
which is sometimes very thinly laminated and talcose, while other portions are heavy-bedded and
argillaceous, so as to pass into a fine-grained sandstone. The more talcose slates are full of cubes
of pyrites, and these are said to be rich in gold. The rock is all thoroughly decomposed. These
slates have a strike of N. 20° W., and dip to the northeast at an angle of about 55°; they are
traversed by a system of joints, underlaying to the southwest at an angle of 45°. At Georgia
Slide, near Georgetown, the bed-rock is a rather soft, decomposed slate, gencrally more or less
talcose, and full of decomposed crystals of pyrites. DBald Mountain, between Caiion and Otter
creeks, three miles north-northeast of Georgetown, is a mass of serpentine, which does not extend
far to the east, being succeeded by slates in that direction. At Flora’s, two miles west of Volcano-
ville, and a little over five miles north of Georgetown, on the extreme end of the spur between
Republican Caiion and the Middle Fork of the American, the bed-rock is quite hard: it has a
nearly north and south strike, and stands almost vertical. At the Buckeye-Sucker Claim, about
one third of a mile southeast of Mount Gregory, near the head of Otter Greek and eight miles
northeast of Georgetown, the bed-rock is a soft decomposed slate striking about N. 5° W. and
standing nearly vertical. There is a very heavy body of serpentine in the vicinity of Hotchkiss’s,
at the southeast foot of Mount Oliver, which is about three miles south of Dald Mountain, and
some of the same rock at Voleanoville.  Serpentine is known to the miners in El Dorado County
and the southern part of Placer as “ hornblende rock.”
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On the road between Auburn and Colfax, at a point nearly opposite Clipper Gap, the bed-rock
is porphyritic, containing large crystals of feldspar, and it is locally known as “ China rock.”
At a point two or three miles below Colfax a little serpentine occurs, and along the road from that
place to Iowa Hill, on the north side of the river (the North Fork of the American), there are out-
crops of metamorphic conglomerate and imperfect serpentine.

At Spanish Dry Diggings, south of the Middle Fork of the American River, the bed-rock con-
sists of slates and very fine-grained sandstones, generally filled with crystals of iron-pyrites, and to
a greater or less extent traversed by small irregular scams of quartz. Immediately east of the Grit
Claim is a heavy mass of semi-serpentine, apparently the result of incomplete metamorphic action
on a fine-grained slate rock. Some of the slates here appear to be made up of an aggregation of
minute acicular crystals (? tremolite or fibrolite). Near Greenwood, three miles south of Spanish
Dry Diggings, there is some exceedingly fine-grained argillaceous slate, with much fine-grained
sandstone, and some coarser grit-rock, which has once been, apparently, a sort of fine breceia, or con-
glomerate. There is also considerable porphyritic schist, locally known under the name of * China
rock,” as mentioned with regard to a locality near Colfax. This is a hard, fine-grained, schistose
rock, filled with large feldspar crystals. In the St. Lawrence Claim, near Greenwood, the stratifi-
cation of the rocks scems to have been greatly disturbed, the decomposed slates striking and dipping
in various and very different directions. It is said that the  China rock ” forms a continuous
belt from Greenwood across the North Fork of the American.® At White & Co.’s Claim, on the
tunnel, the bed-rock is thoroughly decomposed and very soft, and has occasional little seams of quartz
running through it. At Pilot Hill, or Centreville, six miles south-southeast of Auburn, on the
Georgetown Divide, between the Middle and South Forks of the American River, there is a large
quantity of dioritic (?) rock, and hornblendic slates ; portions of this bear some resemblance to
gneiss. The summit of Pilot Hill has been much metamorphosed, and consists chiefly of a very
hard rock through which there is distributed considerable quartz, in the form of little irregular
seams of chalcedony. There is also on the summit of the hill a good deal of gossan, and the quan-
tity of iron contained in the rock seems to be very large. At a point about half a mile, a little
east of south, from the summit of Pilot Hill, there is a belt of crystalline and highly metamor-
phosed limestone, which at that place is not over a hundred feet in width. It is said that this
limestone belt can be traced, at intervals, all the way to the South Fork of the American, in a
direction of S. 34° E. ¢ Alabaster Cave” is said to be about five miles nearly west of Centreville;
while Cave Valley, on the road from Georgetown to Auburn, is above five miles north of Pilot
Hill. There appears to be no continuous belt of limestone between the two localities, but only a
narrow outcrop at each place. Here, as elsewhere in the region north of the Mokelumne River,
the limestone outcrops are small, and cannot be easily connected with each other, so as to
form a continuous line. At Powningville, three or four miles east-northeast of Pilot Hill, on the
road to Georgetown, there is some granite, and some tough hornblendic rock, and this locality
seems to be about on the line of demarcation between the slates and the granite, which latter then
stretches on up the river as far as to the point when the road forks to go to Johntown, between
Michigan Flat and Coloma. Near Alabama Flat, on Johntown Creek, the bed-rock is serpentine ;
and between Alabama Flat and Johntown the porphyritic material called “ China rock ” occurs.
Just below Johntown, the bed-rock passes into thin-bedded slates which strike northwesterly and
dip at a high angle, probably 80°, to the east. At Crane’s Gulch, between Johntown and George-
town, the “scam-diggings” are in slate which is considerably decomposed, and much of it talcose.
Its strike is northwesterly and its dip nearly vertical ; but the stratification is much contorted, and
it contains irregular seams of quartz, which, however, follow pretty nearly the lines of hedding.

On the line of the road from Georgetown to Placerville, the rocks are chiefly clay slates, exceed-
ingly thin-bedded, — the lamination being sometimes as delicate as paper. These slates usually

® Mr. Goodyear adds in his notes, “ My experience has been, that there are no continuous belts of any-
thing, for any great distance, in this section of country.”
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dip at a very high angle, sometimes inclining in one direction and sometimes in another, sceming
to have been considerably disturbed. In Hangtown Hill, just south of Placerville, the bed-rock is
generally soft and decomposed ; in the Excelsior Claim much of it is apparently a sandstone,
sometimes fine-grained, and occasionally of coarse texture and passing into a purely silicious sand-
stone, the quartzose grains being rounded and mixed with scales of mica. At White Rock Point,
about four miles northeast of Placerville, the bed-rock is granite, much of which is soft and
decomposed ; it stretches southerly as far at least as Smith’s Flat, distant about two miles, and
appears to be an isolated patch surrounded by slates and mostly covered by the volcanic and gravel
deposits.  On the south side of Webber Hill, about two miles south-southeast of Placerville, the
bed-rock is a hard, dark-blue argillaceous slate, standing nearly vertical, and having a strike of
N. 10° W. In these slates there are well-marked veins of slaty material, in the form of a gray
schist, cutting very sharply the stratification of the slates, at angles of 10° or 15°. The latter dip
generally to the northeast, with an inclination of 80° to 85°, while the veins pitch at about the
same angle in the opposite direction. The material which fills these so-called veins is finely lami-
nated in a direction parallel with their sides ; so that the slaty structure is nearly or quite as well
marked as that of the rock in which they are enclosed. There is much pyrites disseminated through
the rocks in the neighborhood of Placerville, as is often the case in other localities where the argil-
laceous slates occur.

In the region between Mud Springs and Shingle Springs, the bed-rock is slate, often more or
less “ blocky,” — that is, breaking into large fragments or blocks. In some places the slate passes
into a semi-serpentine. A mile or two below Shingle Springs, the rocks are gneissoid and grani-
toid ; these continue for some distance, and gradually give place to slates and “ blocky ” rocks.
About five miles below Shingle Springs, and a mile south of the road to Folsom, is Marble Valley,
on a creek of the same name, which is a branch of Deer Creek. Here is an outcrop of saccharoidal
and rather coarse-grained limestone, of a grayish-white or very light bluish color, which is dis-
tinctly stratified, with a strike of about N. 55° W., and a dip of from 80° to 85° to the northeast.
Half a mile farther down the Creck is another outcrop of the same rock, with a strike of N. 10°—
15° W., and, here also, standing nearly vertical. The belt is narrow, apparently but a few hundred
feet wide, and cannot be traced to any great distance in the line of its strike. There are said to
be several more isolated patches of limestone in a distance of two or three miles to the southeast ;
they are smaller, however, than those which have just been described. Along the northeast side
of the limestone at Marble Valley numecrous large boulders of variegated jasper were noticed.
Below Shingle Springs, after passing the granitoid and gneissoid rocks, the bed-rock consists
chiefly of very fine-grained metamorphic sandstone, usually breaking into “blocky” fragments.
Portions of the rock are, however, argillaceous. In the bed of Willow Springs Creek, not far
from where the Folsom road crosses it, the bed-rock is a fine-grained blue sandstone, which has
been used for building in the vicinity ; it may be seen in a wall near the north end of Willow
Springs Hill.  Along the road between Shingle Springs and Folsom many fragments of bed-rock
are scattered, which are porphyritie, with crystals of white feldspar.

All the way between Placerville and Newtown the bed-rock is much decomposed and usually
quite soft. It frequently passes into a talcose slate and occasionally becomes a well-marked soap-
stone. South of Placerville, on Squaw Hollow Creek, and all along the road to Fairplay, between
the North and Middle Forks of the Cosumnnes, the bed-rock is granite, which continues as far as
Fairplay itself. From that place across the ridge to the Middle Fork of the Cosumnes, the coun-
try is all granite, generally rather soft, and containing frequent dark-colored nodules of syenite, or
syenitic granite. At the Cosumnes copper mine, a hecavy mass of coarsely crystalline limestone
crosses the river in a northeast and southwest direction, and rests against the granite on its western
side. In thisrock is a cave of considerable, but unknown, extent. It issaid to have been penetrated
to a distance of 800 or 900 feet, without reaching its end. In the neighborhood of Grizzly Flat,
situated a little to the northwest of Stecly’s Fork, a branch of the North Fork of the Cosumnes, the
bed-rock is chiefly granite, usually soft and decomposed, but containing a good many hard bouldery
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masses. There are streaks and patches of slates and sandstones connected with the granite, making
it a difficult problem to unravel the geology in this region. At Brownsville, there is a belt of lime-
stone, the surface of which is worn into all sorts of fantastic forms; this rock cannot be traced for
any considerable distance, and is apparently not more than a few hundred feet in width. The same
limestone occurs again at Indian Diggings, on Iudian Creek, where there appear to be several thin
belts or patches of this rock. Many of the huge fantastic blocks into which the limestone has been
eroded, or weathered, have been broken off and rolled down into the Creek below, so that it is
difficult to say when the rock is in place and when not. At the last-mentioned locality the bed-
rock, when not limestone, is slate and sandstone, all thoroughly decomposed and soft. This de-
composed material has belts, patches, and bunches in it through which is distributed a certain
quantity of rolled pebbles of quartz and other rock, the whole forming a curious pot-pourri of decom-
posed bed-rock and- gravel. There are portions of the rock in which no water-worn pebbles are
found ; but in other places there is a great abundance of them scattered about in an irrcgular way.
Some of the belts in which they occur are but a few feet wide, and stand nearly vertical ; others
are more or less inclined ; others horizontal, or nearly so, while some are quite irregular in posi-
tion. It is said that whenever these rolled pebbles are found distributed through the rock, the latter
contains gold enough to pay for washing; and that, when they do not occur, this is not the case.
It appears probable that, as the creek slowly cut its way down through the soft bed-rock, there took
place, from time to time, a great deal of sliding of the ground; and that the gravel, which once
overlaid the surface of the bed-rock, has thus become irregularly incorporated with its soft mass.
The most common direction of the strike of the slates in the immediate vicinity of Voleano is
northeast and southwest. At the head of the Flat the slate strikes northeast; though at the
foot, just below the town, it runs about north. These rocks are not unfrequently much contorted ;
and the outlines of the limestone masses occurring here are very irregular. In the caiion of Sutter
Creek, a little way below Volcano, there is a large quantity of well-characterized talcose slate,
called “soap-stone” by the miners; but there are also cousiderable bodies of very hard, fine
grained, nearly black silicious rock, which is very tough and massive. - Limestone forms the bot-
toms of all the workings in Indian, Jackass, and Soldier's Gulches, near Volcano ; and it also
makes up the lower portion of the spurs which separate these gulches. The surface of this rock,
especially in the spur between Indian and Clapboard Gulches, is worn out into holes and cavern-
ous places of the utmost irregularity of form, with fantastic pinnacles between them. These
cavities are filled with gravel, and are often as much as forty or fifty feet in depth. The flat which
stretches along Sutter Creek, above Volcano, is from 500 to 600 feet in width, and, for
nearly its whole length, it has been extensively worked by sinking pits, raising the gravel by
derricks, with whims driven by horse-power, and washing it in sluices. These pits have been
worked down, sometimes, to a depth of forty or fifty feet, over a width of from 300 to 400. The
surface consists of a dark-colored soil, from three to eight feet in depth, and beneath this lies the
gravel, the general level of which rises but a few feet above the average level of the higher por-
tions of the limestone, whose surface, as in other localities, is worn into the most fantastically
shaped cavities. As Mr. Goodyear remarks, “No words can paint the ragzedness of these
excavations.” ® Similar phenomena may be observed on the right bank of the South Fork of
Sutter Creek, near Aqueduct City, about six miles southwest of Volcano ; at this point a considera-
ble area of the limestone has been worked off, or uncovered by mining. The rock here, as in sev-
eral other portions of the limestone belt, is intersected by numerous dykes of diorite, which traverse
it in an easterly and westerly direction. These dykes vary from two to thirty feet in width ;
some are even wider than thirty feet. On the right bank and near the mouth of Soldier’s Gulch, at
Volcano, there is a locality of complex forms of chalcedony. Close by it there is a rocky point con-
sisting entirely of a perfectly honey-combed mass of thin, flat sheets of chalcedonic and jaspery
quartz. This rocky knob is from thirty to forty feet in height, and about the same in diameter.

* The claim at the upper end of Volcano Flat, where the limestone has the most ragged appearance, is
called the “ Upper Engine Claim.”
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It looks as if a body of sandstone, full of the most irregular seams, had had all these filled with
chalcedony and jasper, and afterwards the rock had been dissolved away, leaving only the silicious
skeleton, in the form of a honey-combed mass.

On the road from Volcano to Fiddletown, from the crossing of Dry Creek on, the rock is slate,
with the regular northwesterly trend and high inclination to the east. On the road from Fiddle-
town to Mud Springs, on the hills to the north of Indian Creek, granitic rock occurs, and extends,
for a distance of four or five miles, to the edge of the cafion of the Cosumnes River; much of it
approaching mica or hornblende slate in character, but with a granitic texture. This rock con-
tinues, on the route indicated, as far as the brow of the hill on the south side of the cafion, where
slates occur, some portions of which have the texture of diorite. These slates, which continue
down to the Cosumnes River, have a nearly north and south (magnetic) strike ; but always a high
inclination, sometimes to the east, and occasionally to the west. Just below Kingsville, three
miles east of Shingle Springs, on the road to Placerville, there is a body of serpentine. The rocks
in this vicinity, however, are in general slates and sandstones, in a large proportion of which the
stratification is nearly obliterated, although in places there are clay slates of which the bedding is
perfectly preserved. There is a ridge between Latrobe and Big Cafion Creek, which looks very
prominent, as seen from the hills about Placerville. Here the rocks exhibit a great variety of
texture, appearing to be metamorphic forms of clayey and sandy beds, and conglomerates of small
pebbles. Intercalated with these are beds of what appear to be volcanic materials, looking like
diorite. Between Latrobe and Michigan Bar, on the Cosumnes, low down on the foot-hills, the
bed-rock consists of hard and much altered strata, the outcrops of which are much elongated in
the direction of the strike of the formation, which is about N. 15° W. It is only by the form of
these outcrops that the bedding can be made out, so complete has been the metamorphism of the
original material which seems to have been sandstone. In places, however, there are intercalated
masses of thin-bedded argillaceous slates among these more erystalline and perhaps in part volcanic
rocks. In the vicinity of Michigan Bar the bed-rock is slate, often much decomposed and dipping
usually at a high angle to the northeast, although sometimes in the opposite direction.

In the Sugar Loaf, near Puckerville, which is about six miles nearly east of Forest Home, the
rocks are metamorphosed and very hard slates, sandstones, conglomerates, and breccias. At a point
about a mile and a half below Puckerville there is a small outcrop of limestone, and the same rock
probably occurs, at a point opposite this, on the Cosumnes River. There is also a considerable
quantity of imperfect serpentine in the hills, to the southwest of the Sugar Loaf, near Pucker-
ville.

From Dry Creek to Amador Creek the rocks are almost all very hard metamorphic slates and
sandstones ; and in many places the stratification is only to be made out from a study of the out-
crops, which are elongated in the direction of the strike of the formation. In the vicinity of Ran-
cheria Creek there is a large quantity of porphyritic slate, containing large greenish-white crystals
of feldspar, and somewhat resembling the ¢ China rock " mentioned as occurring at Greenwood.
On, or very near, the crest of the ridge next north of Sutter Creek, abont half-way from the town
of that name to Volcano, there is a limestone quarry, where this rock has been quarried for burn-
ing into lime. The belt, which does not appear to be more than 200 or 300 feet wide, shows at
various points along a line of nearly half a mile in length, having a general northwesterly trend.
The rock has been shattered and scamed in every direction, and some of the cracks thus formed
have become filled with quartz. This limestone quarry is about six and a half miles from the town
of Sutter Creck, and the bed-rock passed over between the two places consists of slates and schists,
somewhat inclined to be porphyritic in structure. Some of the slates are thin-bedded, dark-blue,
and argillaceous, and other portions are in heavy layers, or “blocky.”

The bed-rock at Muletown, a little north of Ione City, is slate, passing into sandstone, generally
much decomposed, and especially so under the gravel.  In the adjacent ravines and gulches below
the level of the floor of the gravel, it is quite hard. In some of the soft slates in this vicinity
there are indications of fine lumination or cleavage, at right-angles to the planes of bedding, such as
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is occasionally, but rarely, seen in California, although common enough in some other districts
where motamorphic slates occur. At Irish Hill, three miles northwest of Muletown, the bed-rock
is also slate, but harder than at the latter place. Among the gravel hills adjacent to Irish Hill
the bed-rock is completely decomposed into clay. Some of it is mottled with various colors, —
brown, red, violet, purple, yellow, and pink ; other portions are pure white, resembling the rock at
Michigan Bar. In the bed of Dry Creek, below Dry Town, there is a large amount of pebbly con-
glomerate and fine breccia, both highly metamorphosed ; this is seen extending over a distance of
between two and three miles, along the course of the Creek, beginning a mile below the town. At
the town the rock is chiefly thinly-bedded argillaceous slate, with some harder and thicker-bedded
varieties intercalated. At the Potosi Mine, on the south side of Dry Creek, the rocks are argillaccous
slate, which is not very hard, but nearly black and containing more or less iron pyrites disseminated
through the mass. These slates stand nearly vertical, or have a very high dip to the northeast.
They are very much bent and broken, especially near the surface, and are very thin-bedded. At the
% Old Amador ” or “ Little Amador” Mine the hanging wall of the vein is a rather hard, compact,
fine-grained crystalline rock (metamorphic sandstone?) filled with sulphurets distributed through it
in very fine particles. It is green in color and called here “greenstone.”* The foot-wall of the vein
at this mine consists of the usual dark-colored, thin-bedded, fine-grained argillaceous slates. At
Down’s Mine, the most northwesterly one worked in 1871 at Sutter Creck, the country rock is a
greenish slate, generally not very hard, and containing more or less pyrites disseminated through it.
1t is called “granite” by the miners. The bed-rock in the neighborhood of the great quartz mines
of Amador County is mostly of the kind indicated above, — argillaceous slate, sometimes talcose,
varying in hardness, and containing much pyrites disseminated through it.

§ 2. Bed-Rock Surface under the Gravel.

At Iowa Hill the surface of the bed-rock is often very rough and irregular. At Metcalf’s Claim,
Independence Hill, the bed-rock is exceedingly rough. At Elizabeth Hill the bed-rock is very
uneven. At Nahor's Claim, in Green Valley Gorge, the surface of the bed-rock is smooth and
water-worn.

At the Mountain Gate Tunnel, near Damascus, the surface of the bed-rock is remarkably smooth
and regular ; pot-holes and projecting points of rock being almost unknown.

In the Morning Star Mine, at Startown, the bed-rock is very rough; that is, uneven, with
many irregular depressions ; and it is generally in these depressions that the miners find the richest
spots.

In the Forest Hill ridge the bed-rock has generally a pretty even surface. It is, indeed, more
or less rolling ; but it is rare that points project more than seven or eight feet above the general
level.

At Smith’s Point, between First and Second Brushy caiions, the surface of the hard bed-rock,
where exposed, shows little channels cut in it by the water, in the form of furrows, which are
sometimes a foot deep and eight or ten feet long. There is a general parallelism in these furrows,
and most of them run in a direction about S. 75° — 85° W., across the edges of the slates.

The town of Yankee Jim’s is on the southern slope of the southern rim-rock of the Big
Channel. In this channel the bed-rock is exposed over a very large area, and its surface is seen
to have many long furrows or channels worn into it ; these vary from one to ten feet or more in
length, and are generally shallow and narrow, and often somewhat crooked. The great majority
of them are parallel with the direction of the main channel, that is, nearly west, crossing the strati-
fication of the bed-rock almost at right-angles. At Indiana Hill, one quarter of a mile southwest
of here, on the other hand, there are also many of these same furrows to be seen on the washed

¢ This rock, which Mr. Goodyear calls a “metamorphic sandstone,” may perhaps be a metamorphic
volcanic material.
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surface of the bed-rock ; but there their axes are nearly parallel with the strike of the slates, or
N. 10° —15° W., and their direction points exactly to Georgia Hill, on the south or opposite side
of the Devil's Cafion. It appears, therefore, that there were two channels on the bed-rock here,
the first or largest one coming from the east, and the second coming from the southcast, the two
forming a junction at or near the head of Yankee Jim’s Caiion, which now heads just between
the two channels. The true pot-holes in the rock were generally barren.  In the upper or castern
portion of the Big Channel the richest pay was on the bed-rock ; but toward the lower end the
surface of the bed-rock was not so rich, and the upper gravel paid much better.

At the Dardanelles and Oro claius, near Todd'’s Valley, the surface of the bed-rock is exceed-
ingly rough and irregular, being filled with depressions of various shapes, some of which are from
fifteen to twenty feet deep. The whole surface of the high as well as of the low bed-rock is well
water-worn. Numerous small, elongated furrows are worn in the surface of the rock, which vary
from a few inches to one or two feet in depth, and often several feet in length. These furrows
run across the edges of the strata, and are nearly parallel with ecach other; their direction is about
S. 65° W, indicating that the water on the bed-rock flowed southwesterly.

In the Spring Tunnel, near Volcanoville, the bed-rock is said to have been found very uneven,
so that the tunnel, which starts 150 fect below the rim-rock, and was driven for 900 fect in a
direction a little west of north, passed several times alternately through bed-rock and gravel.

At a point about a quarter of a mile east of the Franklin Claim on the south side of Little Span-
ish Hill near Placerville the furrowings of the surface of the bed-rock are unmistakable, and run
in a direction about S. 46° W. magnetic across the edges of the slates which strike N. 44° W,
magnetic and stand nearly vertical.

8§ 3. Crevices in the Bed-Rock.

In the Morning Star Claim, near Iowa Hill, a crevice was struck in the tunnel, which is said to
have been 150 feet in length at the top and about eighty at the bottom, and from one to ten feet
wide. Its direction was parallel with that of the strike of the slates, and it was filled with gravel
mixed with fragments of the bed-rock. This crevice is said to have yielded $ 40,000,

At El Dorado Hill, near Michigan Bluff, there is in the outer portion of the hill a deep guleh
in the bed-rock running nearly north magnetic and descending with a very rapid grade toward the
north for some four or five hundred feet and then ending by abutting sharply against a high mass
of bed-rock. This gulch is said to have becn extremely rich. It is fiftcen to twenty fect decp
below its rims.

In the western portion of the Hook and Ladder Claim, near Placerville, there are three or four
crevices in the bed-rock, running parallel with the stratification, and which are filled with gravel
and little broken fragments of the slate. They have been very rich in gold, far richer than any
of the gravel on the surfuce of the bed-rock. Not one of these erevices has yet been worked to
the bottom, and their depth is therefore unknown. They extend into the adjacent location, — the
Blacklock.

Near Aqueduct City there are narrow crevices in the decomposed slates, occupied by gravel,
which secrus to form vertical dykes as it were. These run down to depths of from twenty to a
hundred feet. These gravel-filled crevices scem to have heen once occupied by limestone, and
this has been removed by the solvent action of water, leaving a cavity into which the gravel has
later been washed.

§ 4. Character of the Gravel Deposits.

At Wiessler’s Claim, Towa Hill, over a considerable portion of the area worked, especially towards
the southwest, the gravel resting dircetly on the bed-rock varies from two to ten or more feet in
thickness, and is overlain by a stratum of sand, containing much mica, and ecalled “ pipe-clay ”;
this ranges from ten to fifteen feet in thickness. Over this again is gravel to the top of the bank,
with only thin layers of sand irregularly intercalated in it.  Elsewhere there is no sand, but only
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gravel ; this is generally yellowish-white in color, and not very strongly cemented together, the
boulders and pebbles of which it is composed being entirely quartzose and metamorphic in char-
acter, without any granite or volcanic. They are also generally rather small, few being larger
than a man’s head, and not usually exceeding the size of the fist, although occasionally boulders
weighing several hundred pounds may be observed. The body of the gravel is generally very
nearly horizontally stratified. DBut near the bed-rock there are occasional appearances of cross-
stratification, or “ beach-structure.” In one place an inclination of the layers as great as 15° wus
observed. The thin streaks of sand occurring here are generally of limited extent, irregular in
shape, forming lenticular patches in the gravel, often bifurcating with it and entirely surrounded
by it, and varying in thickness from a few inches to several feet.

At Independence Hill, a little northwest of Iowa Hill, in the Reno Claim, the thickness of the
auriferous gravel is from 75 to 100 feet.

In the Morning Star Tunnel (near Iowa Hill) the gravel is what is called “blue cement,” the
pebbles being all metamorphic, often very hard, and consisting to a great extent of a dark-blue
sandstone and slate, with less quartz than at Iowa Hill.

At the head of Refuge Caiion just west of the Wisconsin Hill school-house, some sluicing has
been done, and banks of gravel twenty-five or thirty feet high are exposed. There are some very
large quartz boulders here. This work is said to have yiclded in a short time over $10,000.

A few hundred feet east of Mr. Teasland’s house at Wisconsin Hill a shaft was sunk through
gravel, said to be 190 feet deep, without reaching bed-rock.

In the Lebanon Tunnel, on the northeast side of New York Cafion, an air-shaft was raised to the
surface giving the following section.

Feet.
Volcanic conglomerate . e e e . . . . . 90
Auriferous gravel . . . . . . . . . . . . 4
Volcanic conglomerate . . . . . . . . . . . 160
Auriferous gravel . . . . RN . . . . .. 60

Bed-rock . . . . . . . . . . . . . . 40

At Nahor’s Claim, in Green Valley Gorge, the layer of gravel resting on the bed-rock is quite
thin, more or less mixed with volcanic boulders, and covered over, first with more or less volcanic
conglomerate, and then with a heavy mass of volcanic breccia.

At Sucker Flat, where a tunnel was driven on the surface of the bed-rock, N. 45° W. magnetic,
some 1,300 or 1,400 feet into the hill, the quantity of gravel was very small, and it was imme-
diately overlaid by heavy masses of volcanic d¢bris. But very little gold was found.

At the Cement Knob Mine, in the spur west of Grizzly Caiion, and about a mile below Grizzly
Flat, the layer of gravel is said to vary from six to eighteen inches or two feet in thickness, and
it is overlain by volcanic materials.

The gravel in the Mountain Gate Tunnel, at Damascus, is all white in color, except that in some
places it is stained slightly red with oxide of iron, the pebbles and boulders consisting entirely of
quartz, which is remarkably uniform in character, compact, white and solid, and only occasionally
a little crystalline. Some of the quartz boulders are very large, weighing, it is said, a hundred
tons or more. DBut these large boulders scem to occur only near the bed-rock ; and the gravel
grows rapidly finer on going upward from it. The material between the boulders and pebbles
consists largely also of guartz sand, mixed, however, to some extent with clay derived from the
disintegration of the slates. The gravel is generally not very hard, except occasionally near the
bed-rock, where it contains much iron pyrites.

On the east side of Damascus Caiion, and one eighth of a mile from the hotel, there is a
hydraulic pit exposing a bank with from forty to fifty feet of gravel, covered by from twenty to
twenty-five feet of water-washed voleanic gravel.  The gravel here is very much like that in the
Mountain Gate Mine, being white below, with plenty of large boulders near the bed-rock, growing
finer above and assuming a yellowish tinge, sometimes deepened into red by oxide of iron. At
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the Cement Mill Claim on the east side of Damascus Cafion and one fourth of a mile from the hotel,
the gravel in the channel, where worked, is composed of quartz and volcanic pebbles and boulders
mixed together, with much volcanic sand ; the pay-stratum lies always close to the bed-rock, and
is only a foot or two thick. Toward the head of Indian Caiion, above the Mount Pleasant Flat,
many tunnels have been driven into the hill, developing a system of shallow channels which
seemed to come down from the central portion of the ridge obliquely to the present cafion. The
stratum of gravel here was thin, ranging from a few inches to two or three feet in thickness, and
was covered with volcanic dcbris, while in places the volcanic matter closed down directly on to
the surface of the bed-rock ; which, however, was everywhere water-worn, whether any gravel in-
terposed between it and the volcanic, or not. '

At the Red Point, near Damascus, the quartz gravel stratum is said to be twenty feet thick.
The material is wholly quartz, but not so much rounded as in the Mountain Gate Channel.

At Sterrett’s Claim, on the left bank of Sailor’s Cafion, the gravel appears to be pretty deep,
possibly 150 feet, and consists of a very heavy “wash,” that is, of large boulders only partially
rounded by water ; these boulders are generally very quartzose, but not pure quartz. They seem
rather to be a pebbly conglomerate metamorphosed into a jaspery mass.

In Yule's Claim, at Startown, thie gravel is well washed and water-worn, and the boulders are
of the same general character as the harder portions of the bed-rock, and do not appear to have
come from any great distance. The thickness of the gravel is from thirty to fifty feet, and it is
immediately overlain by the volcanic débris, which forms all the crest of the ridge.

At Nick Anderson’s Mine, just below Last Chance, the gravel is whitish and contains consider-
able quartz, but many of the boulders are of the same character as those in the two chief claims at
Startown (Yule’s and the Morning Star).

At the English Claim on the west side of the ridge fronting El Dorado Cafion, near Deadwood,
the pebbles and boulders consist of a great variety of metamorphic rocks. The bed-rock is well
washed and the gravel is only a few feet deep, varying from one to seven feet, and overlain by
voleanic débris, much of which is more or less clayey in texture and of somewhat the color of
chocolate.

In the Recd Mine, near Deadwood, the gravel varies from an inch or two to six or eight feet
in thickness, averaging probably about eighteen inches. It contains some pretty large boulders,
some of which will weigh several tons. Some of these boulders are composed of white quartz;
but most of them are of metamorphic sandstone, very compact, and hard and bluish in color.
Immediately above the gravel comes a layer of what the miners call “chocolate,” which is from
nothing to five feet in thickness, averaging about three feet. This material looks like a mass
of consolidated clay and has very nearly a chocolate-brown color. It appears to be a mixture of
clayey matter with almost impalpably fine sand, and is probably a volcanic mud-flow. The order
of succession, at a point where an air-shaft rises to the surface, in this mine is as follows : —

Feet.
Cement and voleanic conglomerate . . . . .« « .  60or 80 to surface.
Quartz gravel with fine scales of gold . .« e . .. 7
“Cement,” proper . . . . . . . . . . . . 40
Quartz gravel, auriferous . . . . . . . . . . 6
“Gray Cement” . . . . . . . . . . . . 30
¢ Chocolate . . . . . . . . . . . . 4-5
Gravel, auriferous, six to eight feet in some places, averaging . . . . 1}

Bed-rock

At the Rattlesnake Mine, near the Reed Mine, and near Deadwood, the gravel in the middle
channel ranges from fifteen to twenty feet deep, and is similar in character to that in the Reed
Mine, only it is much deeper, and contains large quantities of detached and more or less rounded
fragments of bed-rock. Many of the boulders in this gravel are of hard blue sandstone, and some
are of qu-rtz, weighing. occasionally, as much as two or three tons. Above the gravel is a thin
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stratum of sand ; and over this, again, the same “ chocolate ” as at the Reed Mine, resting hori-
zontally on it. On the rim-rock the gravel disappears and the “chocolate ” rests directly on the
bed-rock. In both the Reed and the Rattlesnake claims the ¢ chocolate” shows no indication of
bedding or lamination.

In the Basin Chaunel, at the Devil's Basin, the average thickness of the gravel on the bed-rock
was about two and a half feet, though it sometimes reached five or six feet. Immediately above
the gravel was a stratum of the “ chocolate ” volcanic mud about two feet thick, and above this a
bed of “ gray cement ” similar to that in the Reed Mine, which at one point where they raised up
through it was found to be twenty-five feet thick, and to be overlain by another stratum of aurif-
erous gravel of unknown thickness, resembling in character that upon the bed-rock itself, excepting
that the boulders it contained were smaller and the gold was finer. Silas Griffett’s Claim is located
on the trail at the Devil's Basin, at the point where he believes the Basin Channel enters the
Deadwood Ridge. The gravel in this claim is of about the same charucter as that in the Basin
Channel, but is some ten or twelve feet thick on the bed-rock in the hydraulic face, and is overlain
by about fifteen feet of exceedingly fine sand mixed with some clayey matter, and very thinly bed-
ded in horizontal layers.

At Hornby’s Tunnel, near Deadwood, the gravel runs all the way from a few inches to two feet
in thickness. Over it lies the “ chocolate,” and above this as in the Reed Mine lies the gray
cement,” which here, however, contains numerous smooth rounded volcanic pebbles and boulders,
some of which will weigh over 200 pounds; these are usually very fine-grained, hard and tough.

At Weske's Claim, near Michigan Bluff, the layer of gravel is very thin, averaging probably
not over a foot, although deeper in the depressions of the bed-rock. The quantity of quartz in
the gravel is not large. It consists chiefly of metamorphic pebbles, with a few volcanic ones inter-
mingled. Immediately above the gravel comes a heavy mass of ¢ gray cement,” similar in charac-
ter to that of Reed’s Mine, near Deadwood ; the thickness of this bed of “cement” is unknown.
In many places the gravel “shuts out” entirely, and the cement lies directly on the bed-rock.
Yet even in such places the bed-rock sometimes pays; and, when there is only a little sand
between the cement and the bed-rock, it is frequently rich. In Van Emmon’s hydraulic claim, at
Michigan Bluff, the gravel is from twelve to fifteen feet thick. It is overlain by a bed of sand,
which at the point exposed when the locality was examined by Mr. Goodyear was about three
feet thick. Above this there was another streak of gravel, of about a foot in thickness, and above
that a material which they here call ¢ cement,” though it probably contains nothing voleanic, and
consists of a very tenacious clay mixed with some sand, and containing a good deal of very fine
gravel. The gravel in general is moderately hard and the majority of the pebbles and boulders of
which it is made up are of quartz, though with these occur many of metamorphic rock. At the
Specimen Claim, in Byrd’s Valley, the gravel is very largely quartz, and many of the quartz boul-
ders are of great size, weighing several tons ; these are considerably water-worn, although not per-
fectly rounded.

At A. Bowen's Tunnel, near Michigan Bluff, the gravel averages a foot or two in thickness in
the middle of the channel, and on the rims it runs out entirely. Over the gravel is, first, a mass
of “chocolate ” from one to four feet in thickness; above this the gray cement,” similar in
character to that at the Reced Mine, near Deadwood. The chocolate also runs out on the rim-
rock, and the gray cement closes down on the bed-rock. This gray cement is supposed to be from
forty to fifty feet in thickness ; the chocolate contains leaves of deciduous and coniferous trees in
tolerably good preservation.

At Ayer's Claim, near Michigan Bluff, the gravel is well washed, but consists chiefly of voleanic
boulders, which range from a few pounds to a ton in weight. At El Dorado Hill, near Michigan
Bluff, the maximum height of the hydraulic bank is about 100 feet. There is very little quartz in
the gravel here, the boulders being chiefly volcanic and not very large.

At the Dam and El Dorado claims, in the West Fork of El Dorado Cafion, between five and
six miles north of Michigan Bluff, the gravel varies from nothing to seven or eight feet in thick-
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ness ; it thins out rapidly in going up on the rim to the west, and also in the opposite direction
towards the deeper portion of the channel, which has not been worked so as to expose the rim-
rock on that side. The gravel is chiefly made up of boulders of metamorphic rock, which are
remarkably uniform in size, few of them being over 100 or 150 pounds in weight. Immediately
over this gravel lies a heavy mass of the material called *“gray cement” at Deadwood. It con-
tains occasional large and hard boulders of volcanic material, and many small ones.

At the Paragon Mine, at Bath, or Sarahsville, near Forest Hill, a tunnel has been run first
2,200 feet N. 463° W., then 1,250 feet N. 38° W., then 400 feet N. 7° W, all magnetic, making
3,850 feet in all, to a point in the gray mottled volcanic cement which here cuts off the gravel as
elsewhere described. It is entirely in the gravel, except the last 100 feet, which is in the volcanic
cement, and the distance down to the bed-rock is not accurately known, although it is probably
between 75 and 100 feet. In this mine they are following a ¢ pay-streak,”” which extends nearly
horizontally through the gravel and varies from one to six or seven feet, but averages about three
feet, in thickness ; this they call the ““lead,” and the men working it can distinguish its limits at top
and bottom, although the difference between the pay-streak and the material in which it is enclosed
is so slight that it is hardly perceptible to one not trained to observe it. The *lead ”” appears to
be a little less sandy, and of a rather nore reddish color, and harder than the gravel above and
below it. This gravel is made up chiefly of pebbles and boulders of hard metamorphic rock, with
but little quartz and no perceptible volcanic rock. Below the “lead ” is what the miners call
“blue gravel ” ; it is grayish in color, and has somewhat more of a bluish tinge than the *“lead”
itself. Immediately above the paying stratum there is usually more or less gravel, the boulders
and pebbles of which are perfectly similar to those of the “lead’ ; but whose finer portions con-
sist of a gray granitic-looking sand, with much mica, and which appears to be of voleanic origin.
Above this comes a heavy mass of what is now a soft rock, made up of a consolidated mottled gray
and white sand, precisely like that in the gravel above the “lead,” and containing much mica, in
scales, and quartz in grains. This material is unquestionably a bed of volcanic ash, and belongs to
the class of the so-called * white lavas” so common around Placerville and elsewhere ; though its
whole appearance is strongly suggestive of a granitic sand which has become consolidated and then
partially decomposed, especially as it also has mixed with it considerable clay, apparently the result
of the decomposition of feldspathic material. A vertical air-shaft was raised in this mine to the sur-
face, and this furnished the following section. First 27 fect of gravel, including the “lead ” ; then
107 feet of the above-described gray volcanic sandy material; then 7 feet of quartz gravel, and
above this to the surface the ordinary bouldery volcanic cement, 274 feet in thickness. The aver-
age breadth of the strip worked out in this mine is between 200 and 300 feet, and the “lead ” has
for a distance of 2,200 feet from the mouth of the tunnel a gently descending slope to the north-
west. DBut at this point the grade changes, and from thence in to the end of the tunnel the
“lead ” has a gently ascending grade towards the northwest ; in the drifts running northeast from
the tunnel, however, there is always an ascending grade. In fact the form of this stratum is pre-
cisely that of a very wide and shallow V-shaped trough whose breadth is some 4,000 feet, and
whose axis, running northeast and southwest, has a gently descending grade towards the south-
west.

In the New Jersey Mine, at Forest Hill, the gravel on the bed-rock is generally but a few feet
in thickness, varying from nothing up to seven or eight feet. The pebbles are very largely,
although not exclusively, quartzose ; those which are not quartz are of metamorphic rock, and
there are none of volcanic origin.  Immediately above this gravel there is, over large areas in the
mine, a layer, varying from an inch to a foot or more in thickness, of a rather hard and pure white
clayey material, containing some gritty particles. Over this again comes a heavy stratum of so-
called ¢ cement,” which is of a very light granite-gray color, sumewhat sandy, full of scales of mica,
and containing some clayey matter. This cement is very similar to that which overlies the gravel
at the Paragon Mine, but somewhat harder and generally of rather finer texture than that. In
many places on the higlier bed-rock this cement closes down ou to the rock itself, the gravel being
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wanting. But even here the soft bed-rock is said to be rich and to have paid, over much of the
area thus situated, almost as well as where there was gravel. There are still to be seen rich
streaks in the gravel, “lousy with gold,” to use the miners’ phrase. The Back Channel® is be-
lieved to be rich, having been sufficiently prospected to prove this. The gravel appears to be
deepest in the deeper portions of the channel; but it is not deep enough to cover the high bed-
rock, nor does its upper surface lie level ; but, to a considerable extent, it conforms to that of the
bed-rock itself, especially in the larger channels. - Numerous quartz boulders have been found here
rich in gold, and some of them were remarkable. For instance, it is stated that one boulder
weighing only twenty-nine pounds contained $3,700 in gold, which metal made up more than one
third of its weight.

In the region lying between the heads of the three cafions, known as First, Second, and Third
Brushy, directly north of Forest Hill, and from one to three miles distant from that place, there is
a large amount of gravel. Some of this is uncovered ; other portions have a deep covering of vol-
canic material. The gravel varies much in thickness, ranging from a few feet to as much, perhaps,
as three hundred. A peculiar feature of this region is, the great depth to which much of the vol-
canic conglomerate has been decomposed. This decomposition has developed in a remarkable
degree the concentric structure of the voleanic boulders. These are bauks in which, almost with-
out exception, every boulder will exhibit this structure, with sometimes a hard kernel in the centre,
and sometimes without one. Another feature of this district is, the frequency of streaks or beds
of auriferous gravel overlying the voleanic cement. Distinct channels can with difficulty be traced,
in the region in question, on account of the wide diffusion of the gravel, the deep covering of vol-
canic material with which it is overlain, and the very limited extent to which the bed-rock itself
has been exposed to view.

At Smith’s Point, between First and Second Brushy cafions, in the banks exposed by the
hydraulic operations, the gravel ranges from fifty to sixty feet in thickness. It is made up of peb-
bles and boulders of metamorphic rock chiefly, with some of quartz; they are generally under
twenty-five pounds in weight. The gravel is in places more or less interstratified with beds and
streaks of sand, which are not continuous for any great distance, and which are not exactly hori-
zontal, hut slightly inclined in various directions. Above the gravel lie alternating beds of ash,
more or less clayey, and volcanic conglomerate, occasionally containing very large boulders. Far-
ther back on the crest of the ridge the regular voleanic conglomerate occurs in heavy masses.

At Yankee Jim’'s the gravel is composed of all sorts of metamorphic rocks, and few boulders
are met with which are too large to wash through the sluices with a good head of water. The
proportion of quartz is small. Over the central axis of the Big Channel the gravel averaged, for
most of the distance, over a hundred feet in thickness; and the average over the whole ground
washed was, probably, forty feet. Over almost the whole of this ground the gravel was uncovered ;
but at the cast end it is overlain by the volcanic cement, which here also shuts out a considerable
portion of the thickness of the gravel.

At Georgia Hill on the south side of the Devil’s Caiion, a little below Yankee Jim’s, an area has
been washed off 600 or 700 feet long by an average of 100 wide ; in the western half of this
ground the gravel was uncovered and reached a depth of 100 feet or more, but the castern half
was covered with volcanic cement which in going easterly from the middle of the ground worked
gradually descends, and nearly shuts out the gravel.

At the Oro and Dardanelles claims, near Todd’s Valley, the lower portions of the banks consist
of blue gravel. Above this in the Oro and the eastern part of the Dardanelles is red gravel to the
top; but in the central and southwestern portion of the last-mentioned claim the upper heavy
bank of red gravel is overlain by a mass of volcanic cement, whose maximum thickness, so far as
it is exposed, is not far from 100 feet. The gravel is generally very hard ; and the banks, even
where they have not been touched for five years, are usually very smooth, and often very nearly

* See page 106 for a description of the so-called Back Channel.
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vertical from top to bottom. The gravel is a mixture of all sorts of metamorphic rocks, with but
little quartz, and few large boulders. Many of the pebbles soften on exposure to the air.

At Todd’s Valley the gravel ranged from a few feet to thirty or forty in thickuess, and nine
tenths of the pebbles and boulders of which it is made up are of quartz. They are not so much
water-worn as is usually the case in deep gravel ; indced, the deposit has a more or less brecciated
appearance, and there are streaks of the angular gravel so firmly cemented together by oxide of iron,
that it will break through the centres of the quartz pebbles rather than crumble. Over the gravel
lies a stratum from twenty to twenty-five feet in thickness of bluish-gray sand, and above this
some thirty or forty feet of volcanic cement. This cement is soft and breaks into lumps, which
pass easily through the sluices. The proprietor thinks that there is gold enough in the gravel to
pay for handling 150 feet in thickness of this cement, if water were free.

At the Reed Claim, on the north side of Mameluke Hill, near Georgetown, the banks have a
maximum height of fifty or sixty feet. On the bed-rock there was a thin layer of gravel ranging
from a few inches to two or three feet in thickness. This has been all drifted out, and is said to
have been extremely rich. At this point the surface of the bed-rock pitches southerly into the
hill, and the southwest slope in the front of the claim was very rich, and is reported to have paid
in spots as much as a thousand dollars per hour. From the area covered by a 4 x 4 foot shaft the
sum of § 7,000 was once taken. The gravel contains considerable quartz, which appears in general
to have been but little washed. Immediately above the gravel comes a stratum of soft, gray, de-
composed, volcanic bouldery cement, varying from ten to fifty fect in thickness. Over this there
is another streak of quartz gravel, with small pebbles generally but little washed ; this stratum is
from one to four feet thick and contains a little fine gold. Above this there are a few feet of ir-
regularly alternating layers of gravel, volcanic ash, and red dirt, more or less mixed together, and
forming the top surface.

In the Roanoke Tunnel, about a quarter of a iile east of Bottle Hill, the channel is said to lie
some 300 to 350 feet below the top of the crest of the ridge. The gravel is reported as not having
averaged over two feet in depth, and as being covered with very hard volcanic bouldery cement.
An upper stratum of gravel was found here, about four feet in thickness, which contained some
fine scale gold, and ran nearly level from the upper bed-rock, or edge of the rim, through the
cement over the deeper channel. The bed-rock is generally hard and dark-bluish in color; and
the gravel consists of pebbles and boulders of dark-colored hard metamorphic rocks, the quantity
of quartz being small.

At the Ouk Grove Claim, on the north side of the ridge, a mile and a half east of Volcanoville,
several tunnels have been driven, and irregular works extended from there for some distance into
the hill. The gravel here consists of metamorphic materials, which are more than usually mixed
with volcanic pebbles and boulders. The gravel is very hard in places; and the gold, which is
mostly near the bed-rock, is not coarse.

At Flora’s Mine, two miles west of Volcanoville, the bank exposed in the hydraulic workings
is about 130 feet high, of which the lowest twenty-five feet consists of well-washed metamorphic
gravel, which near the bed-rock is generally very hard, but higher up somewhat softer. The next
twenty-five feet is a bed of volcanic ash cement, red in color, containing no large boulders, and
rarely a pebble of any size, but full of little smooth rounded pellets of volcanic rock, which were
once very hard but now considerably softened by decomposition. Over this, the whole bank, to
the top, consists of well-worn, bouldery gravel, containing a little quartz and considerable meta-
morphic rock, in the form of boulders, as well as a little gold. This deposit, however, is more than
half made up of voleanic materials.

At the Grizzly Flat Mine, half a mile a little east of south from Voleanoville, the character of
the gravel is the same as that at Mameluke Hill, it being made up of small fragments of quartz,
but little washed.  The finer portion of it consists mostly of clayey matter, resulting from the dis-
integration of the bed-rock. This material appears in the hydraulic face to be some thirty to
thirty-five feet deep, and above it lies red volcanic cement, containing a few hard boulders.
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At the Buckeye-Sucker Claim, on the southeast side of the hill in Spring Tunnel Ravine, one
third of a mile southeast of Mount Gregory, a hydraulic pit has been opened, exposing a bank of
sixty to seventy feet in height. Of this, the first twenty or twenty-five feet above the bed-rock is
a mass of angular fragments of the bed-rock mixed with earth, and containing but little gold.
Over this comes a stratum of quartz gravel, from twelve to fifteen feet thick. This gravel is well
washed, and contains many large quartz boulders. It resembles in general appearance the lower
gravel at Michigan Bluff, the boulders and pebbles which it contains being almost without ex-
ception quartz. :

At the Shoo Fly Claim, in Missouri Cafion, the gravel is generally some four or five feet thick
on the soft bed-rock. It is of a dark-brownish color, and is made up of all sorts of slate and
metamorphic rocks, with some quartz, and is not much rounded by water. The gold is generally
coarse, heavy, and well-worn, and the rim is said to have paid very well. Over the gravel is gray
volcanic cement.

At Kentucky Flat, two miles southeast of Mount Gregory, there is a bank exposed in the
hydraulic washings, from twenty-five to thirty feet in height, and which is entirely of gravel.
Nine tenths of the boulders in this gravel are quartz, like those at Michigan Bluff; some of them
are very large, weighing as much as twenty-five or thirty tons. The deep bed of quartz gravel paid
four dollars a day per hand, over all expenses, in coarse, heavy gold, which was smooth and well
washed ; the largest piece found weighed $94. Similar gravel is said to show in the bank on
the opposite side of Otter Creck at a point perhaps half a mile distant, in a direction S. 35°— 40° E.
(magnetic) from Kentucky Flat.

At West and Foster's Mine, about two miles above Auburn, a tunnel has been driven some 280
feet under an isolated gravel hill, in which a channel is said to run about in the same direction as
the bed-rock, or southerly. The hill is about a hundred feet higher than the level of the tunnel.
The gravel is all of metamorphic material, with but very little quartz. All the boulders and peb-
bles in the gravel are well washed and quite smooth. The hill is probably capped, at least in part,
with volcanic cement. Above West and Foster’s there are said to be scattered gravel hills all the
way to Colfax, although the bed-rock is generally at the surface.

In Todd's Valley Ravine, near Peckham Hill, a shaft has been sunk between the rims of the Big
Channel, to-the depth of 103 feet, without reaching the bed-rock. After sinking forty feet
through the volcanic material, a streak of gravel was passed through, three or four feet in thick-
ness, and which is said to have prospected well. At ninety feet the top of another gravel bed was
struck, which proved to be six feet thick. Below this was a stratum of exceedingly fine sediment-
ary matter, about seven feet thick, probably of volcanic origin, and below this, again, a stratum
of boulders.

At Roach Hill, near Independence Hill, there is a clay bed resting directly on the bed-rock, and
it is filled with impressions of leaves ; this bed is from three to four feet in thickness. Above it is
gravel from a hundred to a hundred and twenty-five feet thick, and over the gravel volcanic
cement.

At Densmore’s Claim, in Grouse Cafion, about once-and a half miles a little west of south from
Startown, there are generally but a few inches of gravel in the channel ; this gravel is covered with
volcanic cement, of a brecciated character.

At Wilcox’s Claim, on the right bank of the North Fork of Long Cafion, the bed-rock is entirely
granitic ; beneath the gravel, however, it is soft and decomposed. The gravel is from fifteen to
twenty-five feet thick, and is overlain by a light-gray volcanic ash cement, which contains occa-
sional more or less rounded pebbles of metamorphic and other rocks. This cement forms quite a
thin stratum at the claim ; but increases rapidly in thickness in going n(\)rthwesterly into the ridge,
where it attains a development of 200 feet or more. The channel seems to have come through the
ridge in a direction of about S. 60° E. (magnetic), and is from 300 to 400 yards in width. The bould-
ers in the gravel are in general not very large, although some attain a great size. They consist almost
entirely of a very hard quartzose sandstone and of silicious slate, with some impure quartz, while
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those of granite are exceedingly rare. There is in the bank at this claim a great deal of opal,
almost all of which is green, a part of it being of a bright emerald color. The boulders in the bank
are almost entirely undecomposed, and the opal occurs in the interstices between them.

At Blacksmith Flat, on the south side of the ridge between Long Caion and the Middle Fork
of the Middle Fork of the American River, the maximum thickness of the gravel exposed in the
hydraulic banks is fifteen feet. The gravel is here and there overlain by an irregular stratum of
sand ranging from five to ten feet thick. Above this come several hundred feet in thickness of
volcanic materials forming the crest of the ridge. The gravel is smoothly rounded and made up
of a great variety of metamorphic rocks, with a large admixture of granite boulders, some of which
are eight or ten tons in weight. For a distance of two or three miles above Blacksmith Flat the
diteh, which runs 300 feet above the bed-rock, is cut through gravel, and there are indications at
other localities that the quantity of gravel in this ridge between Long Caiion and the Middle Fork
of the Middle Fork of the American River is very considerable, although at the same time the
capping of volcanic materials along the central portion of the ridge is very heavy.

At Castle Hill, near Georgetown, the gravel varies, in the channel, from one or two inches to two
or three feet in thickness, and contains some pretty well washed quartz pebbles, with many frag-
ments of bed-rock. It is immediately overlain with volcanic cement, which is-generally grayish in
color. This volcanic capping is probably 125 feet deep on the crest of the ridge; and it contains
many large boulders, which are equally plentiful towards the top or the bottom of the mass.

At Centerville, some ten or twelve miles below Georgetown, the material called gravel consists
mostly of angular fragments of the bed-rock, of all sizes. Among the great variety of dioritic,
hornblendie, and porphyritic rocks of which this gravel is made up, there are a few of granite, and
these are well rounded. Numerous quartz boulders also occur, many of which are very large,
some even weighing from eight to fiftcen tons. The greater portion of these boulders, whether
large or small, are but little rounded by water, although some of them are thoroughly so. One
large boulder of compact white quartz found here yielded $ 8,000 in gold, and others have also
proved valuable. The bed-rock at this place is chiefly slate, but there are dioritic rocks farther to
the southwest, in the sides of Pilot Hill. The bed-rock slopes to the East and the West ; and on
the eastern slope there is a certain area covered with a few feet in depth of well-washed gravel,
which is very tirmly cemented together and very hard. This gravel is overlain by the brecciated
mass ten to twenty feet thick, which is the ordinary “gravel” of the district, and which is in all
probability only a local deposit, perhaps accumulated from the slopes of Pilot Hill,

The general character of Buffulo Hill, near Georgetown, is much like that of Mameluke Hill; the
crest of the ridge runs for half a mile, or more, in a direction N. 18° W. (magnetic), between West
and Illinois caiions. It is capped with volcanic bouldery cement, in places a good deal decom-
posed, and with a maximum depth of from seventy-five to eighty feet. There appears to be, in
general, but little gravel on the bed-rock, beneath the cement; and, although numerous shafts
have been sunk here, the results do not seem to have been pecuniarily satisfactory.

At Tipten Hill, two and a half miles a little west of south from Kentucky Flat, the gravel
ranges from four to six feet in thickness, and is almost entirely made up of quartz, in fragments of
moderate size, not much rounded. This gravel is covered with the ordinary bouldery cement, and
the maximum height of the banks is about thirty-five fect.

At the Excelsior Claim, near Placerville,* the maximum height of the bank is 170 feet, of
which the lower sixty or seventy feet are ¢ pay gravel ” consisting of quartz, metamorphic rocks, and
sand ; the upper hundred feet is made up of well-rounded and water-worn voleanic gravel.  This
is said also to contain a little fine gold. The line of demarcation between the pay gravel and the
volcanic capping is pretty well defined, the former being yellow, and the latter bluish-gray. There
are a few metamorphic pebbles in the volcanic beds ; but no voleanic materials in the pay gravel.
About twenty acres of ground have been washed off here, with an average thickness of something
over fifty feet of “pay gravel.” Along the northern side of Hangtown Hill, just south of Placer-

* For the position of the localities and the claims about Placerville, see diagram, Plate C.
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ville, more than nine tenths of the whole mass of the gravel is of volcanic origin, and all the peb-
bles are very smoothly rounded.

At the Webber Claim, about a thousand feet east of the Excelsior, and on the south side of
Coon Hollow Ridge, where an acre or more has been washed off, the bank is a little over a hun-
dred feet in height. The upper twenty-five or thirty feet are of the so-called “black lava,” and
beneath are sixty or seventy feet of smoothly rounded “mountain gravel.” The metamorphic
gravel lies on the bed-rock, and varies from two or three to twenty feet in thickness, according to
the inequalities of the surface of the bed-rock. The mountain gravel is said to contain gold enough
to pay all expenses of wages and water. At Webber Hill the maximum thickness of the gravel is
forty or fifty feet. It is overlain by white lava, which, in the eastern part of the hill, is from
seventy-five to one hundred feet thick, and shows a decided tendency to assume columnar forms.
Above this is “ mountain gravel,” forming the crest of Webber Hill

At the Confidence Mine, 300 or 400 feet north of the flume at the head of Cedar Ravine, the
slope goes down with an inclination of five feet in twelve and is 300 feet long to the bed-rock.
On the bed-rock is a stratum of gravel from five to eight feet in thickness, overlain by the * white
lava,” which extends all the way to the surface. In Cedar Ravine, near Dickerhoff’s Mill, the
white lava shows something of a tendency to a columnar or prismatic structure.

At Dickerhoff’s Mine in Cedar Hill the pay-gravel in the channel on the bed-rock is from three
to four feet in thickness, and is made up almost entirely of pebbles of metamorphic rock, with
much quartz, a good deal of which is but little rounded ; it is immediately overlain by a body of
exceedingly fine-grained, compact material, called by the miners ¢ lava,” and which, in fact, appears
to be of volcanic origin. It is believed to be of great thickness, perhaps from 100 to 200 feet, and
it is capped by the * black lava,” which is also fully a hundred feet in thickness, in all probability.
Just east of Dickerhoff’'s Mill in the north side of Cedar Hill, the hydraulic banks are  from
fifty to sixty feet high, the lower few feet only being a true gravel, and all the upper part of the
banks consisting of sands and clays. In the hill immediately back of the banks these finer sedi-
ments are also overlain first by eight or ten feet of * white lava,” then by a body of *mountain
gravel,” and finally the latter is capped with a mass of ¢ black lava.”

At the Hook-and Ladder Claim in Big Spanish Hill, about one mile nearly east of Placerville,
the gravel on the bed-rock averages from four to six feet in depth, and is covered by from fifteen
to twenty-five feet of sand, above which come heavy beds of still finer sediment, containing occa-
sional thin streaks of fine gravel ; and over all a few feet of volcanic cement, the whole height of
the bank being about a hundred feet.

On the north side of Little Spanish Hill, about the head of Spanish Ravine, the gravel has a
total thickness of sixty to seventy feet. At the height of twenty-five or thirty feet above the bed-
rock it is traversed by a stratum of mottled white and rose-colored * pipe-clay ” six or eight feet
thick. Below this  pipe-clay ” is a mass of fine sand with some clay but no pebbles. But above
it is pebbly gravel, which shades off again at the top into fine sand and clay, immediately beneath
the final capping of “black lava.”

The section of the bank, at this point, is as follows : —

Feet.
Volcanic breccia . . . . . . . . . . .. 10-12
Very fine sand, irregularly bedded . . . . . c . 4-6
Streak of white pipe-clay . . . . . . . .o . 0-1
Fine gray gravel and sand . . . . . . . .o 8-10
“ Pipe-clay,” pinkish and rather hard . e e e e e 8-12
Sand, reddish below and bluish at top . . . . . . 15-20
Gravel, rather fine, with some sand . . . . . . . . 10-15
Total height of bank . . . . . . . . . . 75 to 80 feet.

There are places in Little Spanish Hill, where the volcanic capping is seventy-five feet thick.
The order of superposition of the different materials in the banks above the bed-rock, in Hang-
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town, Cedar and Spanish hills, near Placerville, appears to be as follows, beginning from the bed-
rock :

1. Gravel proper, which is generally but a few feet in thickness.

2. Yellow sand, of varying thickness, generally rather fine, and free from pebbles, or nearly so.
It has, occasionally, streaks of fine gravel running through it. Its thickness is sometimes as much
as thirty or forty feet.

3. A mass of finer materials, consisting of extremely fine sand, with a large proportion of clayey
matter. This is often very closely compacted, and is of a mottled yellow and white color. It is
called * pipe-clay ”” by the miners ; thickness, up to twelve feet.

4. The so-called “white lava,” a material which appears to be a consolidated and slightly silici-
fied, or metamorphosed, volcanic ash. It is easily dressed by the hammer, and is in general use
as a building stoue, for which it is, in most respects, well adapted, although rather too easily
crushed. It occasionally though rarely contains small and sometimes angular, but sometimes
smoothly worn fragments of quartz and metamorphic rock.

5. The “mountain gravel,” which is a well-washed or water-worn gravel chiefly of volcanic
materials, although containing a few metamorphic and granitoid pebbles. This gravel is usually
slightly auriferous in the neighborhood of Placerville, and is locally known as “mountain gravel.”
This with its sandy streaks is a perfect fac-simile, so far as structure is concerned, of the ordinary
metamorphic gravel. There are occasional boulders of white lava all through the mountain gravel,
along the north side of Hangtown Hill ; and there seems to be a much greater variety of texture
among the volcanic rocks in the mountain gravel than there is in the black lava. This is very
natural, since the former shows by its water-worn character that it has been transported from a
great distance, and it would naturally contain a greater variety of materials. Probably fifty per
cent of the whole mass of the mountain gravel consists of pebbles weighing less than five pounds
apiece ; and there are comparatively few boulders in it too large to go through the sluices. All
through the Placerville district this gravel is not so solidly compacted together that it cannot be
“ piped.”

6. The “black lava,” which is generally a strongly compacted volcanic breccia, containing, how-
ever, occasional pebbles and boulders of granitic and metamorphic rocks.

It is often the case that one or more of these layers is wanting at particular localities. DBut
where they are all present, the above is the order of their arrangement.

In the Robinson Mine, on Prospect Flat, near the head of the ravine of that name, southwest of
Smith’s Flat, and east of Placerville, a pretty well marked channel, running about S. 32° W, has
been worked for several hundred feet, by means of a shaft 100 fect deep to the bed-rock, through
“white lava,” which has several small streaks of gravel intercalated between its successive beds.
The bed-rock gravel, at the shaft, is thirteen fect thick, and the mine pays well.

In one place at White Rock Point, northeast of Placerville, the banks exhibit a thin stratum of
gravel lying on the bed-rock, and covered by twenty or thirty feet of compact “ white lava,” above
which comes a stratum of fine gravel three or four feet thick, consisting entirely of metamorphic
materials’; this last is itsclf overlain by a bed of horizontally and very delicately and thinly bedded
clay, from five to cight feet in thickness, while over all comes the “mountain gravel.” A short
distance east of here, however, the ¢ white lava ” gradunally thins out wedge-shaped towards the east,
while the underlying gravel grows thicker till finally the “ white lava ” entirely disappears and the
two streaks of gravel unite in one. At cne locality near here also, the “ white lava” was seen in
mass resting immediately on the surface of the soft and decomposed granite bed-rock with no gravel
or anything else between.

At Negro Hill, ncar Placerville, in the Oldfield Claim, where two or three acres have been
worked, they have a bank of sixty to seventy feet in height. The gravel on the bed-rock is in
general not very smoothly water-worn, and it ranges in thickness from twenty-five to thirty feet.
It is immediately overlain by the ¢ black lava,” which is from fifteen to twenty-five feet thick, and
extremely hard, so that it breaks up into enormous blocks, many hundreds of tons in weight, thus
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adding much to the expense of working the claim. One of these blocks was found, on measure-
ment, to be fifty-five feet in length, and to be equal in dimensions to a cube of thirty feet, and was
estimated to weigh 2,000 tons.

At the Henderson Claim, on the north side of Negro Hill, a little northeast of the Oldfield, there
have been two or three acres washed off, the maximum height of the bank being 115 to 120 feet.
The amount of metamorphic gravel here is very small, and it forms a stratum of a few feet in
thickness upon the bed-rock. The great mass of the bank consists of beds of volcanic sands and
gravels. These are beautifully stratified in horizontal layers, and much of the material is very
thinly and delicately bedded. This ground is said to be very rich in gold.

The maximum depth of the gravel, including the * mountain gravel,” at Indian Hill, is about
sixty or seventy feet ; and there are five or six acres over which the average depth is twenty feet.
On the top is a thin capping of * black lava,” perhaps from three to four feet in thickness, — not
enough to give any serious trouble in hydraulicking.

At the southwest end of Clay Hill, a little southwest of Indian Hill, there has been a quarter of
an acre of ground washed off, exposing a bank twenty-five to thirty feet high, of which the lower five
or six feet consist of quartz and metamorphic gravel, generally rather fine : all the upper portion
is a coarse “mountain gravel,” occasionally containing very large and very smoothly rounded
boulders ; one of them was found to be not less than ten feet in diameter and nearly spherical in
shape.

At the west end of Indian Hill, a little to the northeast of Clay Hill, a considerable extent of

- ground has been worked, showing the face of a bank from twenty to thirty feet high, for a couple
of hundred feet in length. Only a thin layer on the bed-rock here could have been of metamorphic
material, for the whole face now visible is volcanic. The lower portion consists, to a great extent,
of gray volcanic sand, with occasional thin layers of fine “ mountain gravel.” The upper portion
of the bank consists entirely of coarser mountain gravel ; and the structure of the bank shows, that
after the sand had been deposited, it was again here and there channelled out to a greater or less
extent, before the mountain gravel was laid in heavier masses over it.

At the Sugar Loaf, a hill on the south side of Webber Creek and about a mile below Diamond
Springs, an area about 800 feet long and 200 wide was first drifted out, and has since then been
washed off, so as to have removed the whole original top of the hill. The gravel which averaged
about fifty feet in thickness, and was not capped at all with volcanic materials, was metamorphic,
well-washed, and contained a good many quartz pebbles, but no large boulders, stones of more
than a hundred pounds’ weight being rare. Most of the pebbles which were not of quartz were
thoroughly decomposed, and the mass of tailings slacks quickly on exposure to the air. The total
yield of this deposit was, it is said, not far from $ 3,000,000.

On the east side of Bean Hill, just northeast of the Sugar Loaf, at Diamond Springs, the bank
exposed is about 1,200 feet long, and ranges from twenty to forty feet in height. About four or
five acres of ground have been washed off here, with an average depth of about twenty feet. The
gravel is mainly metamorphic, yet containing a good many boulders of “ white lava ” and occasion-
ally of other volcanic materials. Nearly all the pebbles, except those of quartz, are much decom-
posed, so that the bank washes very easily.

In the Deadhead Claim, three quarters of a mile below Newtown, on the south side of Webber
Creek, an area has been washed off estimated at about 800 feet long by 200 feet wide, with an
average depth of 30 feet. The gravel here is chiefly metamorphic, but contains a good many volcanic
boulders, a large proportion of which are “ white lava,” scattered throughout its mass, and also
many boulders of a rock of granitoid texture, but consisting of quartz and feldspar without any ap-
preciable quantity of mica.

At Brownsville, on the North Cedar Creek, the gravel in the front of the claims is said to have
been seventy feet thick, at least, above the bottom of the workings, the bed-rock not being reached.
The gravel grew thinner as they went into the hill, its upper surface sloping to the south. It was
almost exclusively a quartz gravel, the pebbles being rarely very large.
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In the Sugar Loaf Hill, at the north end of a short ridge or spur between Clapboard and Indian
gulches, near Volcano, there has been considerable hydraulicking, exposing banks from seventy-
five to eighty feet in height. This hill is capped with a thickness of from fifteen to twenty feet of
black lava, which over the central portion of the hill lies nearly horizontal ; but, at the sides, bends
downwards, reaching thus sometimes thirty or forty feet lower. This bending, however, is not
smooth and regular, but of such a character as to prove that there has been considerable sliding of
the banks at some time in the past. So irregular is the surface of the limestone, that the thickness
of the gravel cannot be made out ; and there are large masses of decomposed slates imbedded in it,
the whole having been crushed together by the slipping and sliding which has here taken place.

In the W. T. Jamison Mine, near Fiddletown, a tunnel was driven about 630 feet, in a south-
erly direction, under Loafer Hill. No well-defined channel seems to exist here, the broad, gently-
undulating surface of the soft slate bed-rock being almost everywhere covered with from two to
fifteen feet of gravel which is immediately overlain by ¢ white lava.”” The gravel varies a good
deal in color, is not very hard, and consists almost entirely of metamorphic material, though con-
taining occasional boulders of “white lava.” It also contains a good deal of clayey matter and
furnishes very smooth casts of its pebbles. This gravel has paid well for drifting. The general
surface of the bed-rock under it is said to have a gentle fall everywhere towards the southwest.
The whole mass of Loafer Hill is * white lava.”

At Michigan Bar the gravel is all metamorphic, and its pebbles are small. The gold also is
generally fine and smoothly worn. The area of gravel here is estimated at three eighths of a
square mile, with an average depth of 15 to 20 feet.

At Forest Home the gravel is generally pretty well washed, and many of the hills are covered
with it, to depths ranging from ten to thirty feet ; it contains no large boulders.

The gravel in the hills at Muletown ranges from a few feet to seventy-five, or possibly a hun-
dred, feet in maximum depth. It is a ferruginous quartz gravel, but little washed, and containing
very few, if any, large boulders. Nine tenths of the pebbles it contains are of quartz, and there
are none of volcanic origin. These gravel beds form the southwestern termination of a secries of
spurs of the chaparral hills, and rise two or three hundred feet above the general level of the
country immediately to the southwest. In the different spurs, immediately to the northeast of
the gravel, the crests of the hills continue on perfectly smooth, but at the edge of the gravel, the
bed-rock, consisting of hard clay-slates, rises abruptly to the surface and forms the crests continu-
ously in that direction. The whole structure of the banks here is full of evidence of the action of
shifting currents, on a small scale, and probably of no great force. None of the gravel is thor-
oughly water-worn ; it consists chiefly of small angular fragments of quartz. In the soft bed-rock
underlying this gravel just such quartz occurs in little erushed seams. At Irish Hill, two or three
miles northwest of Muletown, the gravel is quite different in character, consisting chiefly of meta-
morphic slaty rock, with a good deal of dark-colored quartzose material, and occasional volcanic
pebbles, but hardly any white quartz. The pebbles are more water-worn than thuse of the Mule-
town gravel.

Near Irish Hill the greatest part of the work has been done in a mass of rolling, chamisal-covered
hills, scattered over a quarter of a section of ground, in which some eight or ten acres have been
washed away, with an average depth of gravel of perhaps twenty feet. The surface is irregularly
cut up by gulches, and the pits are equally irregular in their distribution. The maximum depth
of the gravel is perhaps forty or fifty feet. The whole character of the gravel at Irish Hill is so
different from that of Muletown, that it appears quite impossible that these deposits should have
been formed by the same stream. The gravel of Irish Hill would appear to have been deposited
by a stream draining nearly the same area of country as that now drained by Dry Creek.

At Tunnel Hill, near Jackson, an area has been washed off estimated at 1320’ x 440’ to an
average depth of ten or twelve feet. The gravel is red, with plenty of moderate-sized boulders,
but few large ones. The smaller pebbles are nearly all quartz, and but partially rounded ; some
of the quartz is jaspery. There are no volcanic pebbles.
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§ 5. The Volcanic Capping of the Gravel ; its Thickness and General Character.

Ou the road, a short distance above Independence Hill, may be seen a small outcrop of “ white
lava,” which material is very rare in this vicinity. It underlies the bouldery cement which forms
- the crest of the ridge. Half a mile northwest of Independence Hill the capping of volcanic débris,
on the crest of the ridge, is probably 400 feet thick. On the northern slope of the first Sugar
Loaf Hill, just southwest of Iowa Hill, a tunnel has been driven, at a point northwest of the Colfax
road, N. 15° W. into the gravel. The crest of this hill is covered with an aggregation of earthy
matter with fragments and boulders of all sizes, up to many tons in weight, and only partially
weather or water worn. The thickness of this capping is uncertain ; it probably does not exceed
one hundred feet, and may be less than fifty.

There are in the Lebanon Tunnel, on the northeast side of New York Cafion, many very large
boulders of very hard and compact volcanic rock, thoroughly smoothed and rounded by water; as
much so, indeed, as any of the pebbles in the ordinary metamorphic and quartzose gravel.

In the ridge between Iowa Hill and Damascus the volcanic conglomerate is frequently overlain
by heavy masses of breccia, the total thickness of volcanic matter often ranging from 300 to 500
feet. The bed-rock at the Hog’s Bank, between Damascus and Secret Hill, is said to be from 600
to 800 feet below the crest of the ridge ; or, in other words, that is the supposed thickness, in that
region, of the deposits of detrital and volcanic material.

On either side of Sailor’s Cafion, four or five miles east of Canada Hill, and nearly parallel with
it, are two small cafions, and the basin to which they belong is approximately semi-circular in form
and has a radius of three or four miles. The whole of the ridge around this basin is capped with
voleanic débris of all sorts, beds of ash alternating with masses of well-rounded and water-worn
conglomerate, but with no solid lava. The depth of this capping seems to vary from a few hundred
to a thousand feet in thickness. From here a sharp high peak, on the crest of the Sierra, bears
N. 37° E. (magnetic), and from this peak around to the north the whole summit as far as visible,
that is through an arc of some 15° or 20°, consists of volcanic rocks horizontally stratified, and the
depth of this deposit must be very great, probably from 1,500 to 2,000 feet.

North of Deadwood, along the western brow of the ridge fronting the East Fork of El
Dorado Caiion, the gravel, which is a few feet in thickness only, is overlain by volcanic depos-
its in horizontal strata, and which are made up of alternations of sandy and clayey materials with
heavier masses of bouldery accumulations. This voleanic capping acquires a thickness of several
hundred feet, as we go back towards the crest of the ridge. At the Reed Mine, near Deadwood,
the whole mass of the gray cement contains large quantities of magnetic iron in fine grains ; but the
white pumice-like spots which occur in the cement appear to be particularly rich in this mineral.

The volcanic “cement ” occasionally contains fragments of quartz included in it, showing that it
has been transported from a distance, as at Hornby's Tunnel near Deadwood, and other localities.
On the crest of the ridge, just above Deadwood, two or three huge volcanic boulders were seen ;
these were smoothly rounded, and one of them was estimated to weigh not less than twelvo or
fifteen tons. .

In the sides of the ditch running from Deep Cafion to Last Chance, the volcanic formation is
seen to consist chiefly of only partially rounded pebbles and boulders, it being rather a breccia
than a conglomerate. The rocky fragments of which it consists are of all sizes, from small pebbles
up to boulders and blocks of five or six tons, or even more in weight.

On the gravel in Jones’s Hill, northwest of Georgetown, there lies & heavy stratum of micaceous
volcanic sand ; then, a layer of gravel, about four fect thick, containing a little gold, and above that
the ordinary bouldery volcanic cement.

Immediately north and northwest of Colfax the volcanic formations are seen in the crest of a
ridge rising to 400 or 500 feet above the town. There is at least 200 feet in thickness of volcanic
material here, and the crest is narrow and sharp and covered with boulders, some of which will
weigh two or three tons. These boulders are rounded ; but not so much as the volcanic fragments
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generally are, when found resting immediately upon the bed-rock, or at no great distance from it.
The course of this ridge is northeast and southwest, and a line of detached hills of similar character
extends for several miles to the southwest, appearing to cross the railroad a mile or more below
Colfax.

To the south of Forney’s, on Pilot Creek, the country around, within a radius of two or three
miles, spreads out into a broad, gently-undulating tract, where the gulches are shallow, and most of
which seems to drain towards Pilot Creek, although its general surface is not very far from level.
This whole area, so far as could be seen, is covered with voleanic cemeut. At a point not far from
two miles, in a direction 8. 75° E. (magnetic) from Forney’s, is a high timbered peak, the summit
of which is about 800 feet higher than the level of Forney’s. The volcanic cement extends to the
foot of this peak and a very short distance up its flank. But the top and the upper 300 or 400
feet are of bed-rock, which is here a quartzite, more or less stained with iron, and containing
occasionally little scams of quartz. The law which generally holds good, in the region to the
north, in the basin of the Middle Fork of the American, — that the highest crests are all capped
with volcanic matter, — secems to be here reversed, the more elevated ridges being of bed-rock, and
the volcanic deposits not extending above a certain zone. From this it appears probable that the
present depth of the volcanic matter in the central portions of the broader crests in the basin of
the Middle Fork is a fair indication of its maximum depth in the past, and that it has never
been much deeper there than it now is. In that case, it can never have extended much farther
up the sides of the highest projecting peaks of bed-rock than it now does; or, at least, these peaks
have never been covered by it.

Along Hangtown Hill and Cedar Hill, near Placerville, the whole crest of the ridge consists of
“black lava,” i. e., volcanic breccia, the thickness of which in places is perhaps a hundred feet,
and which contains many fragments or boulders of enormous size, some weighing from fifteen to
twenty tons. Many of these are very angular and unworn, although they are generally somewhat
more rounded on the corners than is usually the case with the boulders seen on the surface of lava
streams. This breccia is underlain by smoothly washed voleanic gravel, here known as “ moun-
tain gravel,” and under this again is the ordinary metamorphic auriferous gravel.

In the Franklin Claim on the south side of Little Spanish Hill, as well as at Negro Hill, near
Placerville and elsewhere, the “ black lava” or volcanic breceia is traversed by horizontal planes of
stratification, proving the occurrence of successive flows of brecciated matter over the same ground.
In the Franklin Claim the lowest stratum of “black lava” is four or five feet thick. Above it is
a layer of sand and fine gravel a foot to eighteen inches thick, said to contain some fine gold, and
over this again are several successive layers of “black lava.” Along the southern side of Little
Spanish Hill the gravel is generally immediately overlain by “black lava.” There is no “ moun-
tain gravel ” in this hill.

At Smith’s Flat, about three miles east of Placerville, the “ white lava ” occupies most of the
surface. The bed ranges from twenty to thirty feet or more in thickness. The gravel beneath it
is worked by inclines. At thirty feet below the bottom of the white lava, the gravel still contains
boulders of this rock intermingled with the other materials. ‘These boulders must have come from
some considerably older deposit of the same kind of rock higher up in the mountains.

Near the Toll House, about one and a half miles N. 8° E. from the Try Again Tunnel, there is
a high bluff of the “white lava,” in which rude colummnar forms are well developed ; the top of
this bluff is not less than 200 feet above the Toll House, and the bed-rock at the house is buried
beneath some sixty feet of the same material. In the hill back of the face of the bluff, therefore,
there cannot be less than 250 feet in thickness of this material. It is overlain, on the narrow crest
of the spur immediately east of Smith’s Flat, by a shallow bed about half-way in character be-
tween the “black lava” and the “mountain gravel.” The “white lava” here contains a good
many small cavities filled with a substance which has much resemblance to little fragments of
fossilized woold.  The material does not show in its internal structure, at this point, any distinetly
horizontal bedding ; but the weathered faces of the columns indicate it by a corrugation of their
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surfaces, the little furrows and ridges produced by weathering being often from half an inch to an

_inch deep, and running horizontally across the nearly vertical faces of the columns. Many of the
columnar surfaces are, however, not corrugated ; and some of them are as smooth as if polished ;
the external crust, in such cases, having its texture entirely changed to a depth varying from an
eighth of an inch to three quarters of an inch in thickness. This change of texture, which on the
whole seems most likely to have been produced simply by the chemical action of water, is one
from the ordinary, sharp, granular condition of volcanic ash, to a peculiar compact, and almost
opaline, or semi-vitreous state. The rock of this bluff is quite hard, rings sharply in large pieces
under the hammer, dresses, splits, and chisels easily and well, and is said, probably with truth, to
furnish the best quality of building-stone of any locality near Placerville.

The whole crest of the main ridge near and above the ‘“Twelve Mile House,” on the Carson
road from Placerville, is made up of volcanic débris, and the thickness of this material must be,’
in places, at least, fully 700 or 800 feet.

Negro Hill, northeast of Placerville, is capped with “black lava” or volcanic breccia, which
throughout the hill is generally very hard. The same material extends over all the highest por-
tions of Cedar and Hangtown hills south of the town.

The crest of the main ridge between Jackson and Sutter Creek is capped with volcanic gravel.
The same material frequently caps other ridges in this section of the country, and often has beneath
it a little metamorphic gravel, which here and there has been worked to some extent by drifting.

§ 6. The Channels: their Width.

It is impossible to define with accuracy the width of the deep channel at Towa Hill, since the
hydraulic workings, extensive as they are, do not uncover the rims, and high bed-rock is known to
exist at one or two points so located as to render it more than probable that the width is far from
uniform. This difficulty is further increased by the great depth of the channel, which appears
from the barometric observations to be abont 200 feet in the bed-rock. But it is evident that at
the northwest end of Wiessler’s ground the channel was at least from 400 to 600 feet wide, while in
the central portion of the ridge the strip of ground still standing beneath the town of Iowa Hill is
so narrow, and the extent of the pits already worked on either side is so great as to render it ex-
tremely probable that the width of the deeper portion of the channel in its narrowest part is not
less than 200 fect.

In the Lebanon Tunnel, on the northeast side of New York Caiion, they have followed a well-
defined channel in the bed-rock which generally ranges from sixty to eighty feet wide, although
in places much narrower ; it curves somewhat, but its gencml course is southerly, and it has a
decided descending grade in that direction.

At the Tunnel of the Eclipse Company, in Grizzly Cafion, the channel is about 300 feet wide,
and some fifty or sixty feet deep.

At the Mountain Gate Tunnel, near Damascus, where the channel has been followed for 4,000
feet, it has been found to be from 175 to 200 feet in width, and the rise of the rock towards either
side, so far as they have been worked, is very gentle, the extreme points reached at the sides being
not generally eighteen or twenty feet higher than the central and lower portions of the channel. At
the Cement Mill Tunnel, near Damascus, the channel has been worked out to an average width of
nearly one hundred fect. The bed-rock rises considerably higher on each side of the channel.

In Yule’s Claim, at Startown, the channel is very wide, but not deep. At Nick Anderson’s
Claim, just below Last Chance, near Startown, the average width of the outer channel is from
seventy-five to one hundred feet ; that of the back channel is about 300 feet.

At the Reed Mine, near Deadwood, the width of the channel is said to be sixty or cighty feet,
and the Basin Channel at the Devil’s Basin, where the trail from Deadwood to Last Chance begins
to descend into the caiion of the North Fork of the Middle Fork of the American River, about
eighty feet. This is the width actually worked in the Basin Channel and rich in gold ; but the
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entire width of the real channel may be as much as 200 or 300 feet, as indications of a rimn-rock are
seen on cach side, indicating about those dimensions. At Hornby’s Tunnel, near Deadwood, the
width of the channel averages forty feet, and the bed-rock rises high on each side.

At Weske’s Claim, near Michigan Bluff, the rich channel has been followed for 600 to 700 feet,

running in a direction nearly N. 45° W. (nagnetic), with an average width of about sixty feet,
and in places as much as eighty. A. Bowen’s Tunuel, near Michigan Bluff, has developed a chan-
nel having a width of from twenty-five to thirty-five feet, with a high rim-rock on both sides, the
direction of the channel being N. 68° W. (magnetic). The direction of the flow appears to have
been southeasterly, as indicated by the position of the fossil trees, and the occurrence of richer
patches of gold-bearing gravel under the lee of sume of the boulders,
At Forest Hill the channel is very wide and deep; and the appearances are on such a grand
scale, that it is desirable to give quite full particulars in regard to the workings at that locality.
As an indication of the importance of this channel, it may be mentioned that between the southern
edge of the Bath District and Todd’s Valley, there are twenty-five extensive tunnel and hydraulic
claims, along the north side of the Middle Fork of the American River.

At the New Jersey Claim the tunnel starts in on the bed-rock, and runs in a direction of
N. 43° W. (magnetic), for a distance of 1,100 feet ; it then forks, and one branch keeps on for
about 500 feet farther in the same direction, while the other one turns and runs nearly west for
about 400 feet, to the head of a slope going down into the “ back channel,” with a grade of twenty-
seven inches to the rod. This back channel is very wide, and appears to run from northeast to
southwest. In the New Jersey Mine it has never been worked, although prospected by the above-
mentioned incline, which has gone down for a distance of 900 feet on the slope of the southeastern
rim without reaching the bottom of the channel, the vertical depth attained in the incline being
forty feet below the level of the tunnel, which is itself thirty feet or more below the level of the
rim on the southeastern side of the channel. Nowhere in this vicinity has the rising slope of the
other side, or northwestern rim, of the channel been seen. If the slope on the northwest side is as
long and gentle as that on the southeast, the channel must be not less than 3,000 feet wide, and it
is possible that it is considerably more. Immediately back of the highest southeast rim, where the
general slope of the rock is northwesterly towards the bottom of the great “back channel,” there
are in the New Jersey Mine some five or six small channels or troughs, which are nearly parallel
with each other, but at right angles with the great main or back channel, seeming to run down
towards its bed. It is from these that the gold has been taken; and there has been obtained,
mostly from a strip of ground 800 fect long and about 330 feet wide, not far from a million and a
half of dollars, the bed-rock between these little channels themselves being everywhere found
highly productive. These front channels are usually but a few feet deep.  As a general thing the
bed-rock gradually rises for a distance of about 900 feet from the front in to the southeastern edge
of the rim of the back channel, whence it begins to fall off, and more rapidly, towards the north-
west.  An attempt was made to get to the bottom of the channel from the Devil’s Cafion, on the
northwest side. A slope was sunk down to the bed-rock, which it reached at a point ninety feet
vertically below the level of the main tunnel, and at the bottom of this slope the rock was found
to be still pitching to the northwest, and even more steeply than in the tunnel. From the foot of
this slope a counter-slope was sunk, following down the bed-rock for a distance of 300 feet, and
attaining an additional depth of thirty-five or forty fect, when the work had to be suspended
in consequence of the machinery not being sufficiently powerful to keep down the water. The
gravel is said to have been very rich, but extremely hard. It will be seen from the figures given
ahove that the foot of this counter-slope was 155 or 160 feet below the top of the southeastern rim
of the channel.  From all that could be gathered at the New Jersey Mine, it appeared that the
inner slope of the southeastern rim of the back channel had been prospected for a distance of
1,900 feet, so that the probable width of the channel is 4,000 feet, while it may be over a mile.

In Second Drushy Cafion, about a quarter of a mile below “ Young America,” a tunnel has been
driven some 1,500 or 1,600 feet, in a direction a little east of south, and the bed-rock found here
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to pitch to the south. This is the only indication yet discovered of a northwestern rim to the
great Forest Hill channel, and this is over a mile distant from the known position of the south-
castern rim.

Something over a mile northeast of Bath, the mining operations have shown that the bed-rock
rises quite high in the immediate vicinity of a deep channel. In the bottom of Voleano Caiion,
at the crossing of the upper road from Forest Hill to Michigan Bluff, a shaft was sunk 153 feet
deep through volcanic cement. Before reaching the bed-rock, and on the crest of the ridge, a
quarter of a mile west of this, the bed-rock rises to an elevation of about 400 feet above the mouth
of the shaft. At the bottom of this shaft the bed-rock was found pitching to the northwest, show-
ing that they were on the southeast side of the lowest part of the channel. They then followed
down some ten or twelve feet lower on the rock, and found the gravel very hard, but rich in gold.
About half-way between here and Bath, and on the northwest side of Voleano Caiion, is the Maine
Boys’ Tunnel, which was driven through very hard bed-rock, in a direction nearly north (magnetic)
some 500 or 600 feet, and at its end broke through into what is believed to be the same channel
as that reached by the shaft above described. They then went down with a slope on the surface
of the bed-rock to a vertical depth of ninety feet below the tunnel before reaching the bottom of
the channel, when the water drove them out.

Near the northwest end of the tunnel in the Paragon Mine, at Bath, the pay streak and all the
accompanying strata, so far as here prospected, above and below it are cut sharply off by a mass of
volcanic cement precisely similar in character to the so-called “ gray cement” of the Deadwood
Mines, which contains much partially carbonized wood and some metamorphic pebbles. On strik-
ing this mass the tunnel was continued for about a hundred feet into it to the northwest, in the
hope of passing through it and finding gravel again beyond it ; but without success. The surface
of demarcation between it and the elided gravel strata was however followed by drifts for a dis-
tance of nearly 600 feet, and was found, though somewhat crooked, to have a general direction of
very nearly east and west (true course) and a pitch or dip of about 45° to the north. "There can
be little doubt that this body of cement marks the position of a stream which, subsequent to the
deposition of the gravel strata in the Paragon Mine, eroded a considerable portion of them, and
then afterwards had its own channel filled with volcanic mud. And it is not at all improbable
that it may have been the same stream whose channel was struck in the Maine Boys’ Tunnel and
in the shaft in Volcano Cafion. If this be true, the general course of the stream was southwesterly,
and it came from somewhere in the Michigan Bluff divide.

The channel at Jones’s Hill, four miles northwest of Georgetown, appears to run very nearly west
(magnetic) in the Columbia Mine, with a grade falling in that direction, heavy enough to make
brakes necessary on the cars. The channel passes under the southern slope of the hill, and is said
to range from fifty or sixty feet in width to over two hundred, averaging perhaps a hundred. It
is described as well-defined, with a high and steep rim-rock rising on the north side, while the
southern rim is not more than ten or twelve feet high. The channel has been followed and worked
here, by drifting, for over a quarter of a mile ; it has generally paid well, and in spots has been
very rich,

In the Roanoke Tunnel, near Bottle Hill, the channel varied from ten to a hundred feet or more
in width. The whole length of the tunnel through the hill was rather more than a mile, and it
was somewhat crooked, although its general course was N. 50° W. (magnetic). The channel is
narrow, and the rim-rock high on both sides, although it is not known how high. It is said, how-
ever, that an incline was once run up on the northeast rim to a height of fifty or sixty feet above
the tunnel, and that here an upper stratum of gravel was struck, which was about four feet in
thickness, the bed-rock then remaining nearly level in a northeast direction, so far as it was fol-
lowed, or for a distance of fifteen or twenty feet, indicating that the top of the rim had been
reached. :

At a point where the channel in Roanoke Hill leaves the hill, a little side channel comes in from
the south. This little channel, where seen by Mr. Goodyear, was not more than twelve or fifteen
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feet wide, and very shallow, yet it has been followed for three fourths of a mile, and is said to
have been pretty rich. It runs directly through the ridge, a little to the west of Dottle Hill, its
general course being about N. 10° 'W. magnetic, with a decided fall in that direction. There is
also said to be, in Gravel Hill, a channel as well-defined as the one just described. It is described
as coming into the hill from the south, and running northerly for a distance of 700 or 800 feet,
then bending to the west and going about as far in that direction before making its exit from the
hill. This channel has been distinctly traced for the distance mentioned, with a decided down
grade to the north and west. It is supposed to be a branch of the Roanoke and Jones’s Hill
channel, which it may have joined in Jones’s Hill at the Columbia Claim.

At Flora’s Mine, two miles west of Voleanoville, there is said to be a well-defined channel, with
high rim-rocks on each side, and which has been worked from 100 to 150 feet in width. The grade
of this channel is descending towards the west, and it appears to be pretty heavy.

At Densmore’s Claim, a mile and a half a little west of south from Startown, on Grouse Cafion,
the channel is narrow, ranging from thirty to fifty feet in width, and it runs nearly parallel with
the ridge, or in a dircction a little south of west; it has been fullowed for about 100 feet in the
tunnel at Densmore’s. It is said that the same channel has been traced in a southwesterly direc-
tion along the right bank of Grouse Caiion, for some two miles.

At Peckham Hill there appears to be a broad and well-defined channel, with high rims on both
sides, but which has not yet been much explored. There is considerable reason for believing that
this is the continuation of the great channel at Forest Hill.

At Castle Hill, two or three miles above Georgetown, and near the Clipper Mill, a tunnel has
been driven in Robbins's Mine, for 400 feet in a direction of S. 5° E., and then 250 feet farther
S. 20° E,, following a channel up stream. This channel is narrow, so far as followed in this mine,
having been worked only about fifteen feet in width; it is well-defined, with distinct rim-rocks.
It is stated that at some distance to the southeast this chanuel is wider, having been worked in
places to a width of sixty or seventy feet.

At the Excelsior Mine, near Placerville, the channel is supposed by Mr. Alderson to run diago-
nally through the main ridge in a northeasterly direction, passing just southeast of the ancient
village of White Rock, and coming out in the caiion of the South Fork of the American River just
above that place. This channel at Coon Hollow scems to be very wide, exceeding 2,000 feet ; above
this, it is said to be still wider. A little below White Rock, there is another channel, called the Dlue
Lead, which is supposed to lie beneath the other broader channel.  This blue lead channel, which
runs through the main ridge, with a direction a little cast of south, is said to be from 400 to 600
feet in width, and from thirty to forty feet decp, with a well-detined rim on each side, and the
grade or fall is said to be towards the southeast.

§ 7. The Channcels; Recent Changes of their Position.

The Golden Gate Cafion is a little branch of Damascus Cafion, on its east side. Following
down this cafion, on its left bank, and running parallel with it for a distance of 1,500 feet or more,
and from twenty-five to one hundred feet above the bed of the present cafion, is an older bed of
the same stream, now buried in the bank, and with a rim of bed-rock, varying from a few to forty
feet in height, separating it from the present caiion. This older channel is filled chiefly with frag-
ments of bed-rock and svil, with more or less voleanic boulders, and a few of quartz. It has been
drifted and worked considerably, and has paid well. It contains an abundance of trees and wood
of various kinds, which seemed to be similar to those now growing in the region. One cedar log,
in perfect preservation, measured three and a half feet in diameter.

In El Dorado Caiion, near Deadwood, there are many old channels parallel with the present
caiion, and some of them several hundred feet above its bed, on the mountain sides.
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§ 8. The Channels; their Grade.

At the Mountain Gate Tunnel, near Damascus, the channel has a grade of about two feet to the
mile, for the first thousand feet beyond where the tunnel strikes the gravel, 2,600 feet from its
mouth ; after that it is somewhat heavier. The channel descends towards the southeast.

At Canada Hill the channel has a grade of about five feet in a hundred, descending towards the
east.

At the Reed Claim, near Deadwood, there is a descent in the channel of about two and a half
feet in the hundred towards the southwest.

" In the Basin Channel, at the Devil’s Basin, above Deadwood, the average grade of the channel
is just about two and a half feet in a hundred, and the descent towards the west.

At Castle Hill, above Georgetown, the channel has a fall of about thirty feet in going 1,200 feet
northwesterly from White & Co.’s Tunnel.

§ 9. The Channels ; their Varying Character.

The Dick and Arkansas Claims are on the eastern branch of the West Fork of El Dorado Caiion ;
the former is on the right bank, the latter on the left bank of the cafion. In each of these claims
tunnels have been run for some 2,000 feet. In the Arkansas Tunnel a well-defined narrow chan-
nel with a high rim on both sides was followed ; in the Dick, no rim-rock was found, the channel
having a basin-like character. In both these claims the gravel and cement are perfectly similar to
those in the Dam Claim, and the gold found in them was of exactly the same character also, so
that there would appear to be little doubt that all three were in the same channel, which must
however in that case have been extremely crooked and varying in character.

On the west side of the ridge fronting El Dorado Caifion for one and a half or two miles above
Deadwood there has been considerable hydraunlicking on the spurs, besides the tunnelling in the
hills. It is thought that there are three channels here ; one, called the ““red channel,” occupying
the outermost spurs, and is seventy or eighty feet lower than the next higher one, which lies a
little farther back in the ridge, and is known as the “quartz channel.” In this latter the boulders
are nearly all white quartz, pretty well worn, and much resembling those in the Mountain Gate
Channel, at Damascus. Still farther to the east, and still higher than the others, lies what is
called the “cement channel.”

§ 10. The Channels ; Occurrence of Basin-like Depressions in them.

In the ground worked by Mr. Wiessler at Towa Hill, there are two so-called channels, running
in the direction of the strike of the rocks (N. 25° — 30° W.) and separated by a ridge of soft,
light-yellowish shaly bed-rock, while their own beds are hard and dark-colored slates. One of
these channels is broad, and the other narrow and deeper. Both appear to be simple basins, which
are elongated in the strike of the bed-rock, and which are entirely surrounded by rims, higher
than their central portions. These basins were very rich in gold.

Mameluke Hill, near Georgetown, is said to cover a basin in the bed-rock, the rim on all sides
being higher than the central portion. All over the basin the gravel was very thin, ranging from
only a few inches to five or six feet; and this was capped with voleanic cement, which, though
very soft around the edges and on the top, was pretty hard in the interior of the hill. The gold
is said to have been smoothly washed, coarse and heavy ; and some large nuggets are reported as
having been found here.

§ 11. The Channels ; their Direction.

At Towa Hill, in Wiessler’s Claim, the surface of the bed-rock, where hard, is water-worn in
such a way as seems to indicate that the old stream flowed here approximately in the direction of
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the strike of the slates (N. 30° —40° W., magnetic) i. e. N. W. or 8. E.; but which way the
water ran is not so clear; the probabilities are that it flowed southeast.

In the deep channel at Iowa Hill the direction of the flow was probably from the northwest
towards the southeast, as the bed-rock in the North Star Claim, on the southeust side of the pres-
ent ridge, appears to be somewhat lower than it is in Wiessler's Claim on the northwest side.

Northeast of Independence Hill the surface of the bed-rock in the interior of the ridge, beneath
the gravel and the volcanic capping, is said to be furrowed by a system of nearly parallel channels
which have a southwesterly course.

At the Mountain Gate Tunnel, near Damascus, the course of the pay-channel, which has been
followed by a tunnel for a distance of 3,900 fect, is about S. 45° E. (magnetic).

The course of the Canada Hill Channel, so far as it has been worked, is S. 873° E. (magnetic).

At Nick Anderson’s Claim, near Startown, the course of the outer channel is S. 40° W. (mag-
netic), and the back channel ruus nearly S. 23° E. (magnetic).

In the Morning Star Claim at Startown the tunnel runs S. 12° W. (magnetic) some 1,300 or
1,400 feet, being parallel with the tunnel in Yule’s Mine, and only about 300 feet west of it.
Near the mouth of this tunnel there is a so-called “outside channel,” which runs nearly parallel
with the present river cafion, and has been richer in spots than the interior of the hill, but has not
paid so uniformly.  This channel is said to have been traced along the mountain side towards the
west and southwest as far as Last Chance, and it is generally believed by the miners at Last
Chance to be identical with the so-called outside channel in the Nick Anderson Claim just below
that town.

At the Reed Claim, near Deadwood, and on the southeast side of the ridge towards the North
Fork of the Middle Fork of the American River, a tunnel has been driven about 200 feet in the
bed-rock, then on its surface about 1,450 feet, N. 35° E., then about 2,000 feet S. 85° E., then 200
feet N. 23° E. (all magnetic); this tunnel follows the channel, and is driven on the surface of the
bed-rock, and has a grade of about two and a half feet in the hundred.

The mouth of the Rattlesnake Minc is situated nearly east of Deadwood on the eastern side of
the spur between Black Cafion and the North Fork of the Middle Fork of the American River,
and not more than a fourth of a mile distant in a direction nearly magnetic east from the last bend
of the long tunnel in the Reed Mine. The Rattlesnake Tunnel runs S. 75° W. (magnetic) about
300 feet, following the course of a well-defined channel from 30 to 40 feet wide between high
rim rocks with a descending grade towards the west. The course of the Rattlesnake Tunnel if
continued towards the west would carry it but very little to the south of the bend just referred to
in the Reed Tunnel, so that it is extremely probable that the Rattlesnake Channel actually unites
with the Reed Channel at or near this bend.

The general course of the DBasin Channel at the Devil’s Dasin for a distance of 2,150 feet in the
tunnel is S. 70° W. (magnetic).

The present face of the tunnel in Hornby’s Mine near Deadwood, which has followed up the
course of the channel for a distance of 1,500 fect, is not more than 400 or 500 feet distant from
where the Reed Tunnel first strikes the channel, and the course of the Hornby Tunnel at the face
is directly towards the latter point, showing that it is in all probability on the same channel.

At Wilcox’s Claim, on the North Fork of Long Caiion, the course of the channel seems to have
been from northwest to southeast.

Mr. Silas Griffett’s Claim at the Devil’s DBasin, between Last Chance and Deadwood, follows the
channel in a southwesterly direction. At Hornby’s Tunnel, near Deadwood, the direction of the
channel is from northeast to southwest. From a point near Robertson’s Tunnel on the northwest
side of the ridge, near Deadwood, a channel has been followed in a direction about N. 70° E. for
a distance of 800 to 1,000 feet through the mountain to Kaylor's.

At Weske's Claim, near Michigan Bluff, they are following the channel in a northwesterly direc-
tion with a down grade.

At the Dam Claim, in the west branch of El Dorado Caiion, the tunnel runs nearly straight for
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900 to 1,000 feet in a direction about N. 20° to 25° W. (magnetic) following, up stream, along
the right bank of the channel, whose deepest portion lies, or appears to lie, east of the tunnel. At
the northern extremity of the mine the channel seems to make rather a sharp bend to the west
and southwest, and the tunnel, which is driven some 300 feet beyond the end of the straight por-
tion, forms within this distance a curve from N. 25° or 30° W. to S. 75° W. (magnetic).

At Yankee Jim’s the broad channel has been worked through the hill called “ Cleveland Hill,”
just north of the village, for a distance of some 2,000 feet, in a direction nearly S. 75° W. mag-
netic ; the width is varying, but it will average probably a thousand feet. The area which has
been worked off here is estimated at fifty acres.

In the Gore Tunnel and Rough and Ready Claim, at Forest Hill, a channel runs in a direction
of N. 87° W. (inagnetic) and is narrow. It is perhaps the same as one of the outer channels in
the New Jersey Mine. )

At Jones’s Hill, four miles northwest of Georgetown, the channel in all probability came in from
the northeast, passed through the crest and then curved around to the west. The general course
of the channel in Castle Hill, above Georgetown, is about N. 20° W. (magnetic).

About a quarter of a mile east of Bottle Hill a deep channel, on which is the Roanoke Tunnel,
has been followed entirely through the ridge in a direction about N. 50° W. (magnetic), the course
of the ridge being itself nearly east and west. This channel is said to have a heavy fall towards
the northwest, so that a brake was needed on the mine-cars. The main channel runs from the
mouth of the Nevada Tunnel, on the southeasterly side of the ridge, in a pretty straight general
course, with but little curving, through the Nevada, Washington, Roanoke, Eureka, and Black
Hawk Claims, a distance of about 7,000 feet ; it then makes a sharp bend and goes some 600 or
700 feet in a direction S. 55° W., crossing Roanoke Gulch into the next spur, then bending again,
and running about 700 feet in a northwesterly direction, then turning again to the southwest, and
running for about a thousand feet to a point where it passes out of the last spur. From this it
appears to have passed along over the southern portion of the present river cafion, and to have been
carried away, nothing more being seen of it until it strikes Jones’s Hill, at a point bearing
S. 79° W, and distant about two miles. !

There seems to be a deep channel crossing the Missouri Cafion, at the Shoo Fly Claim, about a
quarter of a mile 8. 50° E. from the Buckeye-Sucker Claim. This channel runs in a northwest-
southeast direction, the bed-rock on each side of it being high.

The Blue Lead near Placerville is supposed to enter the hill on the southwest side of White
Rock Caiion, and to pass diagonally through Negro Hill Ridge and beneath Oak Grove and Dirty
Flat, thence to Smith’s Flat, and through the ridge between that and Webber Creek, coming out
at Try Again Tunnel. This would give it a very nearly north and south course.

At Dickerhoff’s Mine in Cedar Ravine, near Placerville, a tunnel has been run into the hill for
a distance of over 1,000 feet, and in a direction S. 10° — 12° W. (magnetic), the pay-gravel being
from three to four feet thick. The channel followed is narrow, in front, being only from 200 to
300 feet wide, but it enlarges as the hill is penetrated, and at the back end of the mine is from
500 to 600 feet in width. It bent around to the southeast and southwest, being quite crooked,
and in one place enclosing an island of high bed-rock. The rim-rock here rises on each side to the
height of from forty to sixty feet.

At a point in the surface of the bed-rock, on Clay Hill, near Placerville, there are furrows worn
by the current, their longer axes lying in a direction of about S. 52° W. (magnetic).

At the west end of Indian Hill, near Placerville, the strike of the bed-rock is about N. 35° W,
and the direction of the furrows worn in its surface by the water ranges from 8. 60° W. to S. 85°
‘W, the average being probably not far from S. 70° W. (all magnetic).

In the hill between Smith’s Flat and Dirty Flat, near Placerville, called Granite Hill, the gen-
eral course of the deep channel, going “up-stream,” is supposed to be about N. 40° W. (magnetic),
which course it scems to hold nearly through the hill, and then to make another sharp bend to the
north, running nearly north magnetic, across-the head of Dirty Flat. It would appear from the
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statements of Mr. Carpenter, that the so-called “ benches” of this “deep channel ” are sometimes
scparate channels in the bed-rock, with their rims well defined on both sides, and running nearly
parallel with the deep channel, only at a higher level.

It is thought by those acquainted with the region, that there are, in"the hill south of Big
Cafion, northeast of Placerville, several parallel channels, with ridges of bed-rock, from twenty-five
to forty feet high, between them, running in a southwesterly direction through the hill. The bed-
rock which shows near the crest of the ridge, immediately northwest of the Rocky Mountain Claim,
is said to be an isolated point, the gravel being deep all around it.

§ 12. The Gold ; its Distribution in the Gravel, and Position with Reference to the Channel
and Rim-Rock.

In Wiessler's Claim, at Towa Hill, where there are two basin-like depressions in the bed-rock,
surrounded by rims, the richest spots are said to have been invariably not in the central parts of
their bottoms, but on the sloping sides of the bed-rock which surrounds them. The sides of the
ridge which separates the two basins are said to have been extremely rich ; but there did not
appear to be any connection between the direction of the slopes and the amount of gold deposited
on them. Both sides of the dividing ridge were rich.

At Independence Hill and elsewhere, on the ridge above Iowa Hill, as a general rule, the richest
spots and coarsest gold are found immediately on the slopes of the rim-rock, and on the ridges in
the interior of the hill, which sometimes rise as high or even higher than the rim. Streaks of
coarse gold are occasionally found high up in the gravel above the bed-rock.

At Wisconsin Hill the rim-rock is said to have been rich in places, and to have yiclded some
pretty coarse gold ; but generally the surface of the bed-rock here is not supposed to be rich.

At King's Hill the eastern rim-rock is said to have paid very richly, while the ground farther
back in the hill did not pay expenses.

At the Morning Star Claim, at Startown, the bed-rock is very rough, and the richest spots are
found in the depressions of its surface. .

Many of the claims immediately about Deadwood are said to have been extremely nch at the
outer edge, but poor farther back in the hill.

At Weske’s Claim, near Michigan Bluff, the rim-rocks are not very well defined, but the high
rock has generally paid the best; although the distribution of the gold is very irregular, or
“spotted,” as the miners say.

The richest portion of the pay-streak in the Paragon Mine, at Bath, was a strip from 200 to 250
feet wide, immediately northeast of the main tunnel

In the Rough Gold Mine, southwest of the Paragon Mine, the pay-streak — which is the same
stratum as that at the Paragon Mine — has, at one point between it and the bed-rock, as much as
140 or 145 feet of gravel.

At the Dam Claim, in the west branch of El Dorado Cafion, there is a great curve in the
channel, which makes within 300 feet a bend from N. 25° W, to S. 75° W. (magnetic), and im-
mediately below this bend, and on the right bank of the channel, an extensive bar was found,
which, as is stated, would have paid, if worked by itself, from $15 to $20 a day per man em-
ployed. This bar was between 300 and 400 feet long, and from sixty to eighty feet wide, and it
was separated from the main channel, on the east, by a narrow ridge of high rock, along which
there was a large quartz vein, from five to eight feet in width. All along the straight portion of
the tunnel, or for a distance of about a thousand feet, the surface of the bed-rock is pitching to
the east, and there is a distance of some 1,300 feet or more in which they have never driven eust
across the channel, or seen anything of the east rim-rock. In the vicinity of the main or party
tunnel, which forms the dividing line between the Dam and El Dorado claims, and runs for 250
feet in a direction N. 56° E. (magnetic), the chanuel, going down stream, scems to make a pretty
sharp bend to the cast, and a considerable area of ground has been worked out by the El Dorado
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Company, which is said never to have paid much, with the exception of a certain portion on the
northeastern or concave rim. The channel is well-defined, and the bar and the two curves are
excellent illustration of the formation of bars and the accumulation of the gold in the channel on
the concave side of the.bends, just as has taken place so often in the more modern streams.

At the New Jersey Mine, near Forest Hill, the * great pay ” came from immediately but entirely
back of the highest rim-rock of the great channel.

At Smith’s Point, between First and Second Brushy cafions, the pay-streak on the bed-rock has
been found, at some points, to rise from the surface of the rock, and run nearly horizontally
through the gravel, across the little basins and depressions in the rock.

At Yankee Jim’s the best pay over the whole surface washed has been invariably found on the
southwest slope of the bed-rock. The latter is not very uneven in the channel, yet there are, of
course, some irregularities ; and wherever the rock pitched off a little to the west or southwest, there
it was rich ; while wherever the slope was in the opposite direction, there it was very poor. At
one locality near the central part of the ground worked there is a narrow depression .cut some
twelve or fifteen feet deeper than the average of the broad portion of the channel, and where the
rock first pitched off into this depression, it was so rich that about $ 20,000 was taken from an
area only twenty or twenty-five feet square. The true ¢ pot-holes” were generally barren. In
the upper or eastern portion of the Big Channel the richest pay was on the bed-rock ; but towards
the lower end, that is, near the head of Yankee Jim'’s Caifion, much of the bed-rock was not so
rich, and the upper gravel paid much better. The rock here, too, was more uneven, and contained
several large basins, which, however, are said to have been comparatively poor, the pay-gravel
running nearly horizountally over them. The head of Yankee Jim’s Gulch is said to have been
enormously rich, single men having repeatedly taken out thousands of dollars in a day. At
Georgia Hill the rim-rock was richer even than the spot at the head of Yankee Jim’s Caiion.

In front of the Paragon and Rough Gold claims, at Bath, some parties, it is said, took out, chiefly
from a thin streak in the gravel, not far above the bed-rock, and only an inch or two thick, the
sum of $ 52,000.

The Roanoke Channel, near Bottle Hill, which was followed for about a mile with a width vary-
ing from twelve to a hundred feet, yielded over $ 500,000.

At Flora’s Mine, west of Voleanoville, the lower portion of the gravel near the bed-rock is said
to be tolerably rich, and occasionally very rich spots are found in it. One hundred dollars to the
pan have been scraped up. The upper portion of the gravel is much poorer, and is said to pay no
more than two dollars per day to the hand in drifting.

At the Slab Claim, on the trail three quarters of a mile below Last Chance, the pay was found
almost ‘exclusively on the bed-rock, the layer of gravel being very thin, and overlain by a stratum
of chocolate cement ; this again was covered by a bed of gravel about twelve feet thick, but con-
taining very little gold. ,

§ 13. The Gold ; its Size and Character.

At Wiessler’s Claim, Towa Hill, the gold near and upon the bed-rock is coarse and worn into
elongated and flattened grains; it is said to be worth $ 18 per ounce. That from the upper part
of the bank is scaly and exceedingly fine, or *“flour gold,” and is generally worth from fifty to
seventy-five cents per ounce more than the coarse gold on the bed-rock.

At the Lebanon Tunnel the channel has proved rich in coarse and rather scraggy gold. One
lump is said to have weighed ten ounces, and another forty-two.

At Nahor’s Claim, in Green Valley Gorge, the gold is rather codrse and smooth, and it seems
generally to grow coarser-as we travel up the ridge from Iowa Hill.

The gold from the tunnels about the head of Indian Cafion was usually very coarse. Some of
the claims paid well, and occasional spots were found that were very rich.

The gold in Grizzly Caiion is said to be coarse and generally rather smooth, although some of it
was quite ““scraggy.”
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At the Mountain Gate Tunnel, near Damascus, the gold is generally not very coarse, although it
is sometimes so, a piece weighing nine ounces having been found here. The coarser gold is gener-
ally well-rounded and smooth, the finer is often flaky or scraggy, and sometimes pieces of consid-
erable size are found very scraggy, with more or less quartz adhering to them. The gold from the
Cement Mill Claim, at Damascus, is not so coarse as that from the Mountain Gate Tunnel, and is
worth about $ 18.25 per ounce.

At Sterrett’s Claim, in Sailor’s Caiion east of Canada Hill, some coarse gold is found on the
bed-rock, and finer gold in the gravel above. The gold is well washed.

Nearly all the gold in Weske’s Claim, near Michigan Bluff, even when the pieces are quite large,
is in thin, scaly, and tabular forms, which are generally pretty well water-worn and smooth.

In the Van Emmons Claim, at Michigan Bluff, the gold in the quartz gravel is not in such thin
tabular forms as at Weske’s Mine, but is thicker and rounder and more water-worn; it is also
duller and darker in color, and is said to be worth §19.50 per ounce. The gold from the quartz
gravel at this locality is said to be worth a little more per ounce than that from the so-called
“black gravel,” which contains less quartz and more metamorphic rocks.

Mr. Strobel, who has been for many years a purchaser of gold-dust at Michigan Bluff, states
that the fine gold is always richer than the coarse. For example, if coarse gold from a given
locality be worth $ 17.25, the fine gold from the same locality will be worth $ 18.00 per ounce.

The gold from El Dorado Hill, near Michigan Bluff, is generally well water-worn, and about as
coarse as that from Weske’s Mine, but thicker and heavier, and often very black ; it resembles
that from the quartz gravel at Michigan Bluff.

At the Specimen Claim, in Byrd’s Valley, many handsome specimens have been obtained of
crystallized gold.

Mad Caiion, near Byrd’s Valley, is said to have been very rich in scraggy gold, furnishing many
beautiful specimens, with foliated and tabular crystalline forms. Ladies Caion also paid well,
but yiclded little fine gold, the metal being mostly in lurge pieces, or “slugs,” very rough and
scraggy, and often associated with quartz.

In the Paragon Mine at Bath, the gold now obtained is always fine, a piece worth as much as
five cents being very rarely secen. Yet the pay-streak is rich, and portions of it have yielded five
dollars per car-load, the cars holding but little over a ton each. But Mr. Whecler, one of the
owners of this mine, states that while working the front portion of the mine, and for a distance of
2,400 or 2,500 feet back from the mouth of the tunnel, considerable coarse gold was found, and
picces worth from two to five dollars each were not uncommon. But absolutely no coarse gold
at all has been found more than 2,500 feet back from the mouth of the tunnel.

In the New Jersey Mine, at Forest Hill, the gold from the back channel is not worth so much
as that from the front. The gold from the quartz boulders contains considerably more silver than
that from the gravel.

At Smith’s Point, between First and Second Brushy cafions, a stratum worked by drifting,
some forty or fifty feet above the bed-rock, was quite rich in rather coarse gold, while the gravel
beneath it is far poorer, and the gold much finer. The gold here is generally fine and scaly, but
the coarse gold is pretty well worn and heavy. Considerable ¢ shot gold ” is also obtained from
points in this region.

The gold in Castle IIill, a short distance above Georgetown, is pretty coarse, well-rounded and
heavy ; it is often more or less covered with a kind of blackish incrustation.

At the Excelsior Claim, near Placerville, the gravel was drifted at two different levels, once on
the bed-rock, and then again at twenty feet higher. The bed-rock gold is rather coarse, much of
it being in pieces of from five cents to twenty dollars in value; it is also very smoothly rounded,
and it averages about $19.10 per ounce in value. The gold from the upper streak is rather fine,
not quite so well washed as that from the bed-rock, and is worth, on the average, one dollar more
per ounce than that. This gold is said to contain but a mere trace of silver.
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§ 14.  Scam Diggings.

At Illinois Cafion, near Georgetown, are so-called “seam-diggings ” which consist of decomposed
bed-rock, filled with irregular seams of quartz containing gold. This ground is worked by the hy-
draulic method, and a spot having an area of fifty by a hundred feet has been washed off. This
operation is said to have paid a little less than wages, on the average, although as high as $40 to
the pan has been obtained here.

At Georgia Slide, near Georgetown, they have been working seam diggings in the bed-rock for
some sixteen or seventeen years, and have reached a depth of 175 feet in the bed-rock, which is a
rather soft, decomposed slate, generally more or less talcose, and full of decomposed ecrystals of
pyrites ; much of the slate itself contains fine gold.

Young’s Dry Diggings are shallow, surface excavations, covering two or three acres of sloping
ground. on the southwestern side of the ridge which extends along the road from Georgetown to
Spanish Dry Diggings. They are said to have paid well, whenever.water could be obtained. It is
stated that a little seam of quartz, some twenty feet long, was once struck here, from which in a
short time between $ 25,000 and $ 30,000 was taken. The bed-rock at this locality consists partly
of rather soft slates, and partly of very hard and tough metamorphic sandstones ; the latter occurs,
in places, in the form of lenticular masses enclosed in the slates.

The so-called * Spanish Dry Diggings” belong entirely to the class of “seam diggings,” although
the gulches in this vicinity are said to have been rich in the early days. There are two principal
claims, the “ Grit” and the “Dam.” The course of the main tunnels is very nearly north and
south, and this appears to be the general course of the belt of rich ground. Immediately east of
the Grit Claim there is a heavy mass of semi-serpentine, which appears to be a product of the
metamorphism of a very fine-grained slate. The rocks in the mines are slates and sandstones, the
latter very fine-grained ; these rocks are filled with crystals of iron pyrites, and traversed by nu-
merous small irregular seams of quartz. Tt is said that, in the Grit Claim, the seams which have
paid best run nearly north and south and dip to the east at an angle of 45°, or thereabouts. These
seams traverse the decomposed rock and dip towards the serpentine ; but it is stated that they do
not pass into it. The Grit Claim is said to have yielded not less than $300,000. It was from
this mine that the magnificent specimen of gold was taken which was on exhibition for some time
in San Francisco, and which afterwards was taken to Paris. Its intrinsic value was estimated at
€ 4,000, and it was entirely made up of fine reticulations of imperfect arborescent crystallizations,
It is said that some § 6,000 or $ 8,000 more was taken out from the same place in the immediate
vicinity of this remarkable specimen. The Dam Claim is said to have yielded $ 250,000 ; and the
seam diggings, within a mile of the town of Spanish Dry Diggings, have yielded fully $1,000,000.

The small quartz seams in the Dam Claim run in every possible direction, without regularity,
and the gold is very far from being uniformly distributed through them ; indeed, it occurs chiefly
in “ pockets,” so that it is commonly said that a miner at these diggings either makes nothing or
a fortune. It is stated that whenever the quartz seams run into hard rock they thin out or disap-
pear altogether and the gold almost invariably gives out.

Immediately opposite Spanish Dry Diggings, on the other side of the river, at a place known as
Shenanigan Hill, there is a spot where some work has been done, and where there are also seam
diggings resembling those just described. There are other claims of a similar character in this
vicinity, and from one — the *“ Short Handle” — it is said that $ 60,000 was taken, from a seam
only twenty or twenty-five feet long, and worked to a depth of thirty feet only.

In the range of hills immediately west and southwest of the village of Greenwood, and which
rise to the height of from 100 to 150 feet, there are seam diggings of some ektent, in the so-called
Franklin and French Claims. Here a piece of ground of an irregular shape has been worked out,
covering an area of one or two acres in extent, and the maximum elevation of the banks is about
sixty or seventy feet. The rocks exposed here are very fine-grained argillaceous slate and sand-
stones, and associated with these is a rock which was once a fine breccia or conglomerate, and
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which has since been so metamorphosed as almost to have lost its original character. There is also
a porphyritic slate, which consists of a fine-grained silicious base, with large crystals of feldspar
scattered through it. These crystals are so large and so peculiarly distributed through the rock as
to give it an appearance slightly suggestive of its being covered with hieroglyphics. For this
reason, probably, it is known to the miners as “ China rock.” All these rocks have been irregu-
larly and extensively decomposed, and are traversed in every direction by little seams of quartz,
but they are not numerous. These seams are occasionally rich in gold ; but, to use the miners’
phrase, they are very “spotted.” It is said that about $ 81,000 has been taken from the French
Claim, in ten or twelve years of working. There are several other claims of a similar character in
this vicinity ; but none have paid so well as the French Claim. In the early days of California,
the gulches and ravines about here are said to have paid quite well ; but water is not abundaut in
this region. .

There are Seam Diggings between Johntown and Georgetown, on the hill at the head of Crane’s
Gulch. They are in slate rock, which is quite talcose in character, and considerably decomposed.
The slates have the usual northwesterly strike and nearly vertical dip, and are a good deal contorted.
The seams of quartz are irregularly distributed through the slates, curving more or less, but on the
whole following pretty nearly their stratification. The whole area of ground which has been
worked here is not far from a quarter of an acre, and from the flume or tailing sluice to the top of
the bank at the highest point is about seventy-five feet. At one place a bunch of quartz is ex-
posed at a depth of about forty feet below the top of the bank, and is there nearly three feet thick ;
but a few feet higher up it splits into eight or ten little irregular stringers which extend branch-
ing upwards for a short distance and then disappear, none of them reaching the surface of the rock.
This is, indeed, the case with most of the quartz seams at this locality ; they rarcly extend to the
surface. There has been a great deal of pyrites in the quartz as well as in the slates ; but it is now
decomposed and carried away. The quartz itself is considered of little value and is not crushed,
the gold being all obtained from the sluices, for which purpose the rock has to be blasted and
broken with the hammer, and then washed with a two-inch hydraulic jet.

§ 15. Amount and Yild of Gravel Worked.

At Wiessler’s Claim, Towa Hill, in 1871, the body of ground worked had a length of about
1,200 feet and width of 400 approximately ; the maximum height of the bank was from 125 to
130 feet. Assuming an average of 1,200 feet in length, by 350 in width, and 60 in depth, the
amount of gravel washed away will be 933,333 cubic yards. The amount of gold taken out could
only be guessed at. It was put all the way from half a million to two millions.

From the southwest corner of the ground owned by Mr. Wiessler at Iowa Hill another large
pit extends into the hill in a direction S. 30° E., magnetic, for a distance of 700 or 800 feet, with
a maximum width of something over 200 fect, the height of the bank at the head of the pit rang-
ing from sixty to eighty feet. The quantity of material removed from here was estimated at
200,000 cubic yards. The bed-rock was not reached, and the gravel immediately upon it is said
to be too poor to pay for working. No information was obtained as to the amount of gold yielded
by this work.

On the southeasterly side of the Towa Hill Ridge, including the North Star and Sailors’ Union
claims, an area of about 1,000 by 250 has been worked off, with an average depth of 100 feet :
this gives, as the total amount of ground washed, about one million cubic yards. In regard to
the operations of the Sailors’ Union Mine, the following statement was taken from the Company’s
books.

Ground worked : 580 feet long by 160 wide, and with an average depth of 116 feet.

Amount of gold taken from the bed-rock . . . . . . . 8124598
Amount of gold from gravel above the bed-rock . . . . . . 42,800

Total . . . . . . $167,308
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This gives as the yweld of the gravel, which equals in amount 398,700 cubic yards, the sum of
10.7 cents per cubic yard.

At the Morning Star Mine, near Iowa Hill, there has been about one quarter of an acre of the
bed-rock stripped and cleaned, which is said to have yielded about $ 30,000, exclusive of the $40,000
which was taken from the crevice.

At King's Hill there have been four or five acres washed off to an average depth of 20 feet.

In the east pit at Elizabeth Hill an area 700’ x 200’ has been worked to an average depth of
about 20 feet. In the middle pits at Elizabeth Hill an aggregate arca of about three acres has
been washed off, exposing banks whose higher portions range from 50 to 75 feet. In the south-
west pit at Elizabeth Hill there has been about an acre of ground washed off to an average depth
of seventy-five feet.

About 800 feet south of the Wisconsin Hill school-house, on. both sides of a little branch of
Refuge Cafion, hydraulic pits have been worked over an aggregate of five or six acres, exposing
banks whose maximum height ranges from sixty to seventy-tive feet.

In the claims worked by Mr. Vaughn, at Wisconsin Hill, about twelve acres of ground have
been washed off, in five years’ work to an average depth of fifty-five feet. The yield is estimated
at about $ 30,000, which would give an average of about thirty-four cents per cubic yard.

It is stated that in one season’s work the sum of § 10,000 was taken from the Lebanon Tunnel
at New York Caiion, and the total yield of the mine is estimated to have been not less than
875,000.

At the Clinton Claim, in Grizzly Cafion, an area of 600 feet by 100 was sluiced off to a depth
of about twenty feet, yielding, it is said, $ 240,000.

The main channel at Canada Hill is said to have yielded about $ 100,000, and the adjacent
gulches about § 50,000 more.

The English Claim and the one adjoining it on the western side of the ridge, near Deadwood,
are said to have yielded $ 100,000.

The Morning Star Mine, at Startown, has yielded over $ 300,000.

The Slab Claim, on the trail three quarters of a mile below Last Chance, is said to have yielded
not less than & 75,000.

The Basin Claim at the Devil's Basin is said to have yielded about $ 200,000.

The Dick and the Arkansas claims are said to have yielded over § 70,000 each, and the Dam
Claim some $ 40,000. All three of these claims are on the upper part of the West Fork of El
Dorado Cailon, five or six miles a little east of north from Michigan Bluff.

At Weske’s Mine, near Michigan Bluff, June 16, 1871, Mr. Goodyear saw washed out from
eight car-loads of gravel, of about fourteen cubic feet each, the result of one day’s work, with
twenty men employed, 914 ounces of gold, worth $1,601.25. The total yield for the current
week, at this claim, was 514} ounces, worth $8,939.44. At this claim the distance worked on
the channel in five months was about 200 feet, and the yield during the first five days of the week
of Mr. Goodyear’s visit was 352 ounces. Weske's Mine had yielded something over $ 100,000 up
to June 30, 1871.

El Dorado Hill, near Michigan Bluff, is said to have yielded over $ 150,000. .

Fabulous stories are told of the richness of Dutch Gulch, which lies between the point of the
Flat and Red Hill at Michigan Bluff. For instance, it is said that one man took out & 1,100 from
a single pan of dirt here. Another statement with respect to the Flat itself, and which was
repeatedly made, was to the effect that in drifting here two men took out 1,200 ounces in one
week ; this was at the Empire Claim. Stickner's Gulch, which runs down on the opposite side of
the point at Michigan Bluff into Skunk Gulcl, is also said to have been extremely rich, although
not comparable with Dutch Gulch.

At Ayer’s Claim, on the east side of the ridge facing El Dorado Caiion, north of Michigan Bluff
from a space, near the mouth of the tunnel, about a hundred feet long and from thirty to forty
wide, about § 30,000 was taken out, and after that nothing farther was found.
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In the Franklin Claim, near Michigan Bluff, from a triangular piece of ground about eighty feet
long and forty wide, or say 2,000 square feet, $ 37,000 was taken out.

The Express Agent at Forest Hill, Mr. K. D. Soulé, stated that the shipments of gold through
the Express Office at that place in 1871, ranged a little over $ 30,000 per month ; this comprised
the yicld of the Forest Hill, Brushy Caiion, and Yankee Jim claims. Mr. Soulé considered that
the shipments from Michigan Bluff were a little greater in amount than those from Forest Hill, and
that the total yield from the country between the North and Middle Forks of the American
amounted (in 1871) to something like $ 1,500,000 per annum.

At Smith’s Point, between First and Second Brushy caiions, a strip of ground some 2,000 feet
long and having an average width of 200 feet approximately, has been washed off, with an average
depth of fifty feet. It is estimated that more than a million of dollars has been taken from this
ground. This was first drifted over, however, to a considerable extent and afterwards ¢ hydrau-
licked,” and a portion of the gold was obtained from drifts running from 200 to 600 feet beyond
the present faces of the banks.

Mr. K. B. Soulé, Express Agent at Forest Hill, stated that the total yield of the Paragon Mine,
at Bath, had been, up to 1871, certainly over $ 750,000 ; and that during five years from 1865 to
1870 its regular product was $ 100,000 per annum, no two years differing from each other by so
much as $ 5,000, during that time.

The arca which has been hydraulicked off at Todd’s Valley is probably about a mile long with
an average width of a quarter of a mile. The ground washed off here was in the form of a ridge,
which along the middle line was some sixty to seventy-five feet in depth, and the average depth
was about thirty-five feet. This gives a total amount of 9,000,000 cubic yards nearly, and the
estimated yield from this ground is 4,000,000, or about forty-four cents per cubic yard. The
estimate of the yield of this ground was given by Mr. Pond, who has lived at Todd’s Valley since
1849, and is and has been largely interested in mining operations at that place.

A picce of ground in Pond's Claim, of the yield of which precise record Lad been kept by Mr.
Pond, and which was hydranlicked in the five years begiuning with 1866, was surveyed by Mr.
Goodyear. It was found to contain 138,206 square feet, or 3.1728 acres, equal to 15,356 square
yards. If the pay gravel averaged thirty-five feet deep, as estimated, this will give 179,153 cubic
yards of auriferous gravel, and the total estimated depth of fifty feet will give 255,933 cubic yards,
in all, washed away from this ground. Its total yield was $91,828.30. Considering, therefore,
the auriferous gravel alone, the yield would average 51.257 cents per cubic yard; while, consider-
ing all the bank moved, it would be 35.88 cents per cubic yard. Since the water bill for the same
time was $29,003.42, it also appears that the water cost about 11.332 cents per cubic yard of earth
moved. The price of the water was ten cents per “inch” for ten hours, or one cent per “inch”
per hour. But the method of measuring the water was an unusual one. The opening in the
measuring box through which the water issued was ten inches high, its bottom being level with
the bottom of the box, and the water standing four inches ahove the top of the opening, or four-
teen inches deep. "The amount of the discharge was regulated by a sliding gate which varied the
horizontal length of the opening according to the quantity of water required. For example, if
400 “inches” were required, the gate was set to leave the opening forty inches long.

The former Express Agent at Georgetown, Mr. Murphy, stated that Mameluke Hill had yielded
not less than two millions of dollars.

The Roanoke Channel at Bottle Hill, near Georgetown, was found to pay well wherever there
was any gravel, and many spots were extremely rich. From a single candle-box full of dirt as
much as seventy ounces are said to have been taken.  The total yield of the channel has been, it
is thought, not less than a million of dollars. Almost all the ground has been worked over three
times, and a part of it four times, each time paying satisfactorily. In the first spur reached by
the channel after crossing Roanoke Guleh, a spot about a hundred feet long, in the Butfalo Claim,
yielded, it is stated, about £60,000. In the Bottle Hill Claim, immediately below the last bend
in the channel, before it passes out of the hill, there was a spot about 200 feet long, where the
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whole width of the channel did not exceed seventy-five feet, but which yielded as much as
$200,000, which would be over thirteen dollars per square foot of surface of the bed-rock. In
this claim it is said that there was in 1851, or 1852, a face of gravel five or six feet in thickness,
stretching entirely across the channel, and, to use the miner's expression,  perfectly yellow ” with
gold. Yet rich as this gravel was, it has not generally paid expenses to hydraulic the top off,
after the bottom had been drifted out. In all the spurs crossed by the channel, after leaving
Roanoke Gulch, the cement is decomposed and soft, and easily piped, and the banks would not
anywhere be more than about a hundred feet in height, if the whole bed of this portion of the
channel were hydraulicked. Consequently several pits have been opened, and the attempt made
to wash the whole off ; but, as a whole, the work has not even paid “ water-money.”

At Wilcox’s Claim, on the north fork of Long Cafion, the gold is distributed entirely through
the gravel from top to bottom. It is both coarse and fine, and generally very smoothly washed,
although flaky. The bed-rock surface is not rich, and would hardly pay for drifting. About two
acres have been washed off here, and $ 100,000 obtained.

The proprietor of Flora’s Mine, west of Volcanoville, states that his gravel averages at least two
dollars a car-load, and that his claim has yielded about $ 20,000.

At the Excelsior Claim, near Placerville, about twenty acres of ground have been washed off,
with an average thickness of from fifty to sixty feet of pay gravel. The yield from this ground is
estimated at over § 5,000,000, about half of which was taken out by drifting, and the other half
by hydraulicking. The whole ridge has heen drifted out at two different levels; first on the bed-
rock, and then along a second pay streak which was about twenty feet above this. The latter
streak paid about $ 12 per day to the hand employed. Mr. Alderson, the principal proprietor, esti-
mates the yield of the Excelsior gravel at one dollar per cubic yard of dirt washed away ; this in-
cludes also the top, which is volcanic gravel. -

It is estimated that the yield of the ground in Coon Hollow, near Placerville, has been at the
rate of five dollars per cubic yard, and that the total amount obtained there is $ 5,000,000.

§ 16. Amount of Gravel still remaining.

The distance in & straight line from the outcropping bed-rock a little southwest of the Parker
House, at Towa Hill, to the base of the first Sugar Loaf is some 2,300 or 2,400 feet, and within
this distance nothing but gravel is to be seen on the crest of the hill. The Odd Fellows Hall is
not far from midway between these two extremities, and the drifting never extended so far south-
west as this Hall. As good a rough estimate as can now be made of the total quantity of gravel
originally existing, and capable of being hydraulicked, in this ridge, between the first Sugar Loaf
and Independence Hill, would be half a mile square, or 160 acres, with an average depth of one
hundred feet over the whole of it. The little flat on which stands Independence Hill is about a
quarter of a mile long, and it is covered, though not very deeply, with volcanic matter, and may
possibly yet be all hydraulicked. This estimate would give, in round numbers, about 26,000,000
cubic yards of auriferous gravel in the Iowa Hill Ridge, between the first Sugar Loaf and Inde-
pendence Hill. Of this quantity it may be estimated that about 20,000,000 cubic yards were
concentrated in the deep chaunnel which crosses the crest at Iowa Hill itself, and the remainder
scattered along the sides of the ridge at various points, but chiefly along the southeastern side near
Indian Caifion, and in the shallow patch which caps the ridge near the Catholic church, a little
northeast of Towa Hill. The total quantity already washed away is probably between two and
three million cubic yards, of which about nine tenths may be assumed as having come from the
deep channel, and the remainder from smaller pits at other points. This would leave between
twenty-three and twenty-four million cubic yards yet capable of being hydraulicked. How much
of this it will ever pay to wash is a difficult question to answer ; but probably the greater portion
of it will be worked with profit, whenever the supply of water shall be plentiful, reliable, and
cheap. Such estimates as the above must, however, be considered only as approximations. In
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this case, the area was calculated from measurements made by pacing, the heights of the banks
being determined by the aid of the barometer. There was also as much information obtained
as possible in regard to the probable lay of the bed-rock under the gravel, both from personal
observation and from the statements of men who had worked in the various shafts and tunuels
in the region in question.

Mr. Goodyear makes the following estimate of the amount of ground remaining to be worked by
the hydraulic process, in the vicinity of Placerville : —

Locality. Dimensions. Cubic Yards
Hangtown Hill to Reservoir . . . . . 2640/ x 1000’ x 75/ 7,333,333
Excelsior Claim, Coon Hill . . . . . 40 acres 135' deep 8,712,000
Webber Claim, Coon Hill . . . . . 900 x 1200" x 100/ 4,000,000
Webber Hill . . . . . . . 40 acres 75' deep 4,840,000
Little Spanish Hill . « + « « « 20acres 100/ deep 3,226,666
Big Spanish Hill e e e e e 10 acres 100/ deep 1,613,333
Smiths Flat . . . . . . . . 1200 x 200’ X 60 533,333
ClayHil . . . . . . . . 3 acres 15/ deep 72,200
Indian Hill . . . . . . . . 6 acres 20 decp 193,600
Negro Hill, below Reservoir . . . . 50 acres 75’ deep 6,050,000
Stever’s Claim, spur . . . . . . 15 acres 40’ deep 968,000
White Rock Cafion, southwest side . . . 1200/ X 1000/ X 407 177,778
‘White Rock Point, spur . . . . . . 15007 X 400" X 90! 2,000,000
Cedar Flat . . . . . . . . 15 acres 45’ deep * 1,089,000

Total, 40,809,743

" If now to the above estimate for special localities we add 25 per cent, which is probably a liberal
allowance for the quantity which remains distributed along the sides and spurs of various hills, and
not taken into account above, we may say that as fair an estiinate as can now he made for the total
quantity of gravel capable of being hydraulicked in the vicinity of Placerville will amount, in
round numbers, to fifty millions of cubic yards.

SuspivisioNn II. — Tne RecioN soutH oF THE MOKELUMNE RiIVER.

The region between the Mokelumne and the North Fork of the American
River having been described in the preceding pages, chiefly from the notes
of Mr. Goodyear, we turn next to that portion of the western slope of the
Sierra which lies to the south of the Mokelumne. The region which is now
about to be described is extremely interesting from many points of view;
but it is not a great hydraulic mining district. It has been the scene of
extremely rich placer, river, and tunnel mining operations, and many quartz
mines have been worked in the three counties of Calaveras, Tuolumne, and
Mariposa; but no one of these interests can be said to be, at the present
time, in a very flourishing condition. Few, if any, of the quartz mines have
proved to be permanently productive and capable of being worked to great
depths like those in Amador County; the river beds have long since been
thoroughly cleaned out. The rich channels under the various lava flows,
like the Sonora Table Mountain, have been worked out by tunnels, and

* This item was added by Mr. Alderson, who examined and approved of Mr. Goodyear’s estimates as

given above.
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the gravel deposits, although numerous and often rich, are on too small
a scale and too “spotted” to be capable of being attacked with success by
hydraulic mining operations on a large scale. :

In describing the geology of the region south of the Stanislaus we may
follow an order somewhat similar to that already indicated for the region
farther north.

§ 1. The Bed-Rock in Calaveras, Tuolumne, and Mariposa.

So much has already been stated in regard to the bed-rock in Tuolumne and
Mariposa * that this branch of the subject may be passed over with rapidity.

The most interesting orographical feature of this region in connection
with the bed-rock series is the existence of a subordinate range in the
foot-hills, parallel with the Sierra, but having more of an isolated and inde-
pendent character than any other of the more or less continuous foot-hill
ranges which lie along the base of the great mass of the Sierra itself. The
range in question is so distinctly marked as to have received a name, and
the group is known as the “ Bear Mountains.” It is, in fact, a double range,
having two quite well-marked divisions ; the more southwesterly, which is
parallel with the other but quite subordinate to it, is known as the “ Gopher
Hills.” A glance at the map of Central California will show the position of
these elevated ranges. They extend between the Calaveras and the Stanis-
laus rivers, and govern the distribution of the drainage within that region,
giving it a character quite unlike what it usually has in this part of the
Sierra. The.various streams which rise in the upper portion of Calaveras
County flow with the usual southwesterly course, until they reach the north-
east edge of the Bear Mountains, when they turn at right angles, and flow
northwest and southeast to the Calaveras or the Stanislaus. The smaller
creeks, which rise in the rather broad and regular valley between the Gopher
Hills and the Bear Mountains, also have courses parallel to that of the
ranges themselves.

The rocks of the Bear and Gopher ranges are all of the bed-rock series,
and highly metamorphic. The slates are well developed in the depression
between the two ranges, and are there associated with irregular bands of
serpentine which are sometimes of great length and width. This region
was formerly the seat of the most active copper-mining operations in the
State, Copperopolis being the principal mining centre. The only important

* See ante, pp. 43 - 47.
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vein at this place, the so-called “Reed Lode,” was enclosed, for a portion
of its course at least, between walls of argillaceous slate on one side and
serpentine on the other. In Salt Spring Valley, a continuation of the
depression between the two ranges, previously mentioned, ten or twelve
miles northwest of Copperopolis, the rocks consist almost entirely of slates,
generally thin-bedded and fine-grained; the prevailing character is argil-
laceous, although portions are talcose or chloritic. These slates, with the
associated serpentine, appear to occupy the whole width of the valley
between the two ranges, which themselves are made up of much harder
rocks, evidently highly metamorphosed and probably, as farther south, com-
posed in good part of volcanic materials. The chemical changes in these
rocks have been carried so far that the stratification is almost or quite oblit-
erated, and could hardly be made out at all unless from the peculiar form
of the elongated outcrops on the surface, which everywhere on these ranges
is but sparsely covered by detritus. At the western base of the Gopher
Hills the granite appears at the surface and occupies a considerable width,
where crossed by the stage-road from Stockton to Copperopolis.

Not far from Telegraph City is the locality called Quail Hill, which at one
time attracted much attention on account of its supposed richness in gold.
There is here a belt of several hundred feet in width, through which the
rock has been acted on by chemical influences so as to have become more
or less irregularly decomposed, the resulting material, which is of a clayey
and ochery character, having assumed a variety of brilliant colors. The local
name for this decomposed formation is “calico rock.” The same peculiar
belt may be traced at intervals for several miles along the edge of the foot-
hills, and being near the granite, which, as already mentioned, occurs in this
position, it is not unlikely that the proximity of the eruptive mass is con-
nected with the peculiar decomposition of the adjacent slaty rock. This
belt of calico rock was at one time believed by some persons to be very rich
in gold, and Quail Hill was the scene of considerable excitement in conse-
quence of this.*

On the north side of the Bear Mountain Range, and in close proximity to
it, is the belt of rock through which the Great Quartz Vein passes, and which
presents many phenomena of interest with reference to the occurrence of the
various formations characteristic of the western slope of the Sierra, although

* Sce Proceedings of the California Academy of Sciences, Vol. III. p. 349, in which article the
whole mass of rock at Quail Hill is stated to be worth 50.22 per ton in gold and silver.
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by no means a region of important hydraulic mining operations. A large
part of Calaveras County above the Bear Mountains is covered by volcanic
materials, which in places come down within a few miles of the foot of that
range, although nowhere invading it. The Bear Mountains seem to have
acted as a barrier during the volcanic period; neither gravel nor lava are
found in this range, or in the Gopher Hills. The volcanic, however, in the
central belt of Calaveras, on the line between Angel's Camp and San An-
dreas, occurs in patches, covering only the higher portions of the country; the
bed-rock is well exposed in the lower regions, and especially in the valleys
of the rivers.

In the vicinity of Mokelumne Hill the slates are very quartzose and mica-
ceous. Their dip varies much more than their strike. At French Hill, one
fourth of a mile from Mokelumne Hill, the strike of the mica slates is N.
67° W., and their dip 45° to the north-northeast. In Burns’s Gulch, on the
opposite side of the Mokelumne River, the strike is nearly the same as in the
last-mentioned locality ; the dip is a little higher, namely, 65°. There is also
a large amount of hornblende rock, or amphibolite, in this region. This rock,
which is made up of hornblende, associated with a little quartz and mica, is
of dark-greenish color, and is occasionally traversed by veins of epidote, with
which are associated masses of crystallized brown garnet.

The slates in the vicinity of Angel's Camp are gray or light-green in color,
and fine grained. Near the Great Quartz Vein they become porphyritic.
The bed-rock all along the line of outcrop of this vein is very similar in char-
acter to that described as occurring in similar relations in Tuolumne County.

The most interesting feature of the bed-rock geology in Calaveras County
is the great development and peculiar character of the surface of the lime-
stone belt, the occurrence of which farther north has already been noticed.
This belt of rock is continuous from Kincaid Flat, a little east of Sullivan’s
Creek, in Tuolumne County, as far as the Stanislaus River, and its average
_course is nearly uniform, although its width and the space it occupies on the
surface are quite variable. At Kincaid Flat its development hardly exceeds
a few hundred feet in width, but beyond Sonora it expands rapidly, and just
before reaching Springfield a line drawn across it at right angles to its trend
would be fully a mile in length. Just beyond Springfield its northeastern
boundary bends sharply around at a right angle, and runs for nearly two
miles towards the northeast, then turns again as sharply, at Shanghai Moun-
tain, and assumes its ordinary course of northwest. By this change of trend
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the limestone belt acquires a width at Columbia, and from there west to the
Stanislaus, of from one and a half to two miles. Great numbers of dykes of
dioritic rock cross it nearly at right-angles to its strike; they vary in thick-
ness from a few inches to many feet. It would appear that these dykes are
a peculiar feature of the limestone belts, since they occur not unfrequently
in this connection.* It is not easy to sece why there should be any special
reason for their occurrence in the limestone belt in preference to other por-
tions of the bed-rock series. It may be that they are more conspicuous in
that position, on account of the marked difference in color of the two rocks
and the complete exposure of the surface of the limestone. This rock, which
between Kincaid Flat and the Stanislaus was formerly covered by a heavy
mass of detritus, has been washed clean, and exhibits a most curious appear-
ance, as already noticed in describing the bed-rock in the vicinity of Volcano.
Its surface is everywhere worn into cavities, sometimes as much as fifty feet
deep, but oftener ten to twenty, the inclination and direction of whi¢h coin-
cide with the dip and strike of the rock itself, while their sides are smooth
in appearance, looking as if the material had been removed by some cor-
roding, rather than eroding, agency. These cavities were once filled with
auriferous materials, which also appear to have extended over the whole
surface in distinctly stratified beds, rising several feet above the general
level of the higher projecting portions of the limestone.

Beyond the Stanislaus the limestone belt is quite irregular in its develop-
ment ; but it is, as before remarked, a prominent feature in the bed-rock
geology of Calaveras County. At Abby’s Ferry, where it is intersected by
the river, it is more than a mile wide, and rises in highly picturesque cliffs
on either side. The strike of the limestone here is nearly east and west,
magnetic, and the rock underlying it is almost exclusively made up of
hornblende, which occurs in very coarsely crystallized masses. On the west
side of the Stanislaus, away from the immediate vicinity of the river, the
limestone is covered by the lava flow of Table Mountain; but it is well
exposed again in the ncighborhood of Douglass Flat and Murphy's. The
strike of the beds in this county is very variable. At the Ferry, as already
remarked, it is nearly east and west; and while the general trend of the
formation from Vallecito to Murphy’s is about north and south, yet the
strata appear to run in a direction nearly at right-angles to this. At
the Blue Wing Mill, for instance, three fourths of a mile north of Mur-

* See ante, p. 87.
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phy’s, the strike of the limestone is N. 80° E, and its dip is to the southeast
at an angle of 75° or 80°. The outcrop of this rock at Murphy’s, where the
belt is a little over a mile wide, is in part similar to that described as occur-
ring on the other side of the Stanislaus, and the cavities have been exten-
sively washed for gold. On the northern side of the town, however, the
limestone rises in high hills, very conspicuous from their peculiar blue-
gray color, so different from the usual tinge of the bed-rock in the mining
districts. This character of the limestone continues between Murphy’s and
San Domingo Creek, on the trail to Cave City. Just beyond the last-named
creek it disappears again, and is not seen until we arrive near Cave City,
about five miles, in a direct line, northwest of Murphy’s. At this point the
limestone belt is very conspicuously exposed, resembling in the character
of its outcrop the hills north of Murphy’s. The strike of the beds at Cave
City is about N. 30° W., and the dip to the northeast at an angle of 60°, the
width of the belt being here about one fourth of a mile. From this point
the limestone can be seen trending to the northwest and presenting, for
a distance of two miles, a series of precipitous and almost bare outcrops.
Beyond this it has not been seen by any member of the Geological Survey
Corps until the neighborhood of Volcano is reached (see page 87).

The bed-rock on the northeast side of the limestone belt in Calaveras
County is mostly slate of a very quartzose character, or quartzite. It is
much less auriferous than the rock on the other side of the limestone, there
being hardly any mining, whether quartz or placer, to the northeast of that
belt of rock.

§ 2. Gravel and Volcanic Formations in Culaveras, Tuolumne, and Mariposa Counties.

The gravels are comparatively of so little importance in the region south
of the Mokelumne, that in a rapid description of the geology it is not desira-
ble to describe them separately from the volcanic formations. The latter
are, however, of great extent and interest; but the region requires a much
more detailed investigation than has yet been given to it, based on an accu-
rate map; and this field work would have to be followed by a microscopic
examination of the specimens collected. All that can be done, at present, is
to point out roughly the extent of the region covered by the volcanic beds,
and to give the character of the gravels at the principal points where they
have been worked.
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Unlike the counties to the north, of which the geology has just been de-
scribed, Calaveras does not extend so far up on the range as to take in any
portion of the summit. Alpine County has been formed out of the territory
on both sides of the dividing ridge at the expense of Amador, Calaveras, and
Tuolumne. This was done at the time the mines near Silver Mountain were
expected to be very productive, which they have not proved to be.* This
peak is the centre of a grand eruptive region, from which the lava flows have
spread themselves far down the slope of the range. Nearly all the crest of
the Sierra, through Alpine County, is covered with volcanic materials, which
are sometimes accumulated to a great thickness, as in the mass of Silver
Mountain itself; but it is everywhere evident that granite forms the basis on
which the volcanic materials have been piled up, the lava occupying only the
crests of the spurs. One of the grandest, and perhaps the most picturesque,
of all the volcanic ranges in the State is the one about six miles northwest
of Silver Mountain, called on Holt’s map the “ Cliffs of Nonatore.”t From
here seem to have originated great flows of lava, which have spread down
the slope of the Sierra into Calaveras County, and which are so conspicuous
to one looking from Murphy’s towards the north, and over which the trav-
eller passes in going from the Calaveras Big Tree Grove to West Point or
Railroad Flat. The last-named place is quite surrounded by volcanic ridges
and tables, which are elevated from 600 to 800 feet above the Flat, and
capped by basalt which weathers into rounded, boulder-like masses. The
volcanic materials continue almost or quite uninterruptedly from Railroad
Flat to Mokelumne Hill and far down on the divide between the Calaveras
and the Mokelumne, into the very foot-hills. From the appearance of the
low flat-topped elevations which occur all along the base of the Sierra be-
tween Dry and Little John Creeks, a very large amount of volcanic material
has been carried down the range by currents of water, and deposited at its
very base in an almost or quite continuous mass of considerable extent and
thickness. This, however, has been so extensively and irregularly eroded
away, that, without maps on a very large scale and a long course of detailed
exploration, it will be impossible to lay them down with accuracy. The ma-
terials of the different flows have, in all probability, been much mixed
together by shifting currents, so that it would, under any circumstances, be

* Sce Geology I. p. 449. Iardly anywhere in the country have more persistent efforts been made to
work worthless mines than here.
t See Geology of California, L. p. 446.



GRAVEL AND VOLCANIC FORMATIONS: AMADOR COUNTY. 127

extremely difficult to refer any portion of it to its original source in the High
Sierra. The region near Q. Ranch, a few miles northwest of Ione City,
shows a number of these isolated mound-like outliers of volcanic sedimentary
deposits. One of these elevations, called Pratt’s Hill, four or five miles west
of Ione City, is made up of a series of strata of clays of different colors and
textures. There are five of these beds, which seem to have been formed, in
large part, from the trituration of the débris of volcanic materials, resting hori-
zontally on the bed-rock, which is here a hard, compact, fine-grained silicious
slate, somewhat ferruginous in character. On the clay beds is a deposit of -
coarse gravel, made up almost exclusively of well-rolled pebbles of lava. This
is succeeded by a fine gravel cemented by volcanic sand, and capping the
whole a solid (andesitic ?) lava. .

The volcanic deposits cover a large amount of surface in the vicinity of -
Jackson, which town is situated upon the slates, but is surrounded by an
almost continuous line of elevations capped with volcanic materials. Large
areas to the south and southwest of the town have been washed off and
found rich in gold. North of Jackson and extending along the south side
of Sutter Creek is a continuous ridge of lava, known as' Humbug Hill.
The thickness of the detrital deposits here is about 250 feet; of this, about
200 feet consist of finely stratified materials, and the upper fifty of imper-
fectly rounded masses of lava (andesite ?) which grow larger towards the top
of the stratum. The thickness of the pay-streak is quite small, in places not
over one or two feet, and it is made up chiefly of pebbles and slightly rolled
fragments of quartz, including, however, some very large boulders of the
same. The channel is said to be about 125 feet in width.

The “ Butte,” about four miles east of the town of Jackson, is an isolated
knob, from which a fine view of the adjacent region may be had. The sum-
mit is elevated about 1,200 feet above the town of Jackson, and 800 feet above
its base. At the base of the Butte, on the west side, an excavation made by
prospecters shows horizontal strata of white clay, sand, and finely powdered
pumice-stone, the thickness of which could not be ascertained. Above this
apparently horizontally stratified and undisturbed sedimentary volcanic de-
posit is at least 500 feet in thickness of a hard eruptive material of a reddish
color, supposed to be basaltic in character.* This mass is distinctly lami-
nated or stratified, and the layers have a variable strike and inclination.
The prevailing direction, however, is northeast and southwest, and the dip,
which is very irregular, is in places as much as 50° or 60°.

* The specimens obtained in this vicinity were all destroyed by fire.
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The cafion of the Mokelumne River, between Jackson and Mokelumne
Hill, in Calaveras County, is about 1,500 feet deep, and the rock exposed
here is of a gneissoidal character. The river, along this portion of its
course, has been “flumed ” again and again; it was long since abandoned to
the Chinese, and probably has ceased to be worked even by them. The
detrital formations at Mokelumne Hill were, in the early days, the scene of
the most active mining operations, and they seem to have been, in places at
least, extremely rich. Mr. Hittell says, “ Every variety of mining operations

“has been carried on successfully in the neighborhood of Mokelumne City.....
There is scarcely one of the numerous ravines and gulches in the vicinity
the bed of which has not been overturned, year after year, since 1849; first,
with the butcher-knife and pan or dafea ; then with the pick and shovel and
the rocker ; next, with the long-tom; and finally, with the sluices. At last
they were abandoned to the Chinamen with their rockers, and the Digger
Indian women with their little crowbars, horn scrapers, and tin pans.”*
It is said that the claims at Mokelumne Hill were limited to fifteen square
feet, and that some of them produced as much as 250 pounds of gold each.t
The gravels in” this vicinity were thin, but extremely rich. They were
covered by a mass of sedimentary volcanic materials as much as 200 feet
in thickness. This deposit was somewhat variable in character; but gen-
erally very fine-grained and homogeneous, having a pinkish-red color, and
breaking with a conchoidal fracture. Over this, again, was a mass of bould-
ers of lava (andesite ?) not polished and smooth as if formed by the action
of water, but roughly rounded in such a way as to lead to the inference that
their form was due to dry friction — if the expression may be allowed — of
a mass of lava broken up on the surface and carried downwards by the
aid of gravity alone. Large masses of this lava detritus were closely exam-
ined by the writer, without the discovery of a single pebble of quartz or any
other form of metamorphic rock. The Mokelumne Hill channel seems to be
continued for considerable distance to the southwest. Along the borders
of Chili Gulch, for a distance of six miles from Mokelumne Hill, active
mining operations were being carried on from 1860 to 1864, and perhaps
later. Here there were several beds of gravel intercalated in the lava, the
“ pay-streak ”’ being at the bottom, however, and about eight feet thick.
Much of it was so compacted together that it had to be stamped before it

* Mining in the Pacific States, p. 90.
+ P. Laur, Métaux Précieux en Californie, p. 27.
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could be run through the sluices. That this could be done with profit, —
as must have been the case from the length of time the operation was car-
ried on, — shows that the gravel must have been quite rich in gold. The
continuation of the Mokelumne Hill channel below Chili Gulch, towards
Double Springs, has, apparently, not been found worth working to any
considerable extent.

In that portion of Calaveras County which lies to the southeast of the
river of that name there are numerous localities where gravel deposits occur
under the volcanic materials; but none of these are of great extent, or
have been worked very continuously. The localities where these gravels
occur are chiefly in the vicinity of San Andreas, Altaville, and Vallecito.

The gravel deposits at San Andreas have been worked in former years to
considerable extent. The formation appears to be from 100 to 150 feet
in thickness. A section, as given by two of the miners at this place, will
be found farther on, in the chapter devoted to the remains and works of
man in the gravel under the volcanic beds. The eruptive masses here would
appear from their position to be connected with the flow which has come
down from the Sierra behind the Big Tree Grove, and which passes about
two miles north of Cave City, and is there known as Table Mountain, a
name very commonly given in California to lava flows, and especially to
isolated patches of such flat-topped masses.

In the vicinity of Douglass Flat and Altaville there is a large develop-
ment of volcanic materials, and some gravels which have been worked from
time to time. There is a nearly level tract of land extending north from
Vallecito to Douglass Flat, known as Vallecito Flat, which is an area de-
pressed below the surrounding region, and filled to a considerable depth by
gravel, of which the exact limits seem to be not well known. The bottom
of this depression is too deep to be drained, except by a long tunnel, and
such a one was commenced many years ago, but never completed. A tunnel
from the forks of Coyote Creck, about a mile in length, would, it is supposed,
open this ground at a sufficient depth to permit its being worked by the
hydraulic method. There is an elevated ridge of volcanic breccia extending
along the northwest side of Vallecito Flat, which rises to a height of nearly
600 feet above the lower portions of the surface of the Flat, and the Sonora
Table Mountain extends, with a nearly equal elevation, along the east side,
occupying most of the space enclosed between Murphy’s, Douglass Flat, and
Vallecito Flat on the west, and the Stanislaus River on the east, as far as
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Abby’s Ferry. The surface of the depression on the west side of Table
" Mountain is drained by Coyote Creek, a branch of the Stanislaus, both
streams running nearly south in this part of their course. The depth of the
gravel which partially fills this depression is stated by those who have worked
there to be in places considerably over a hundred feet. The position of the
rim-rock is also said to indicate that the course of the channel is nearly west.
Only a small portion of the Flat seems to have been worked by drifting
down to the surface of the bed-rock. Mr. Goodyear, who examined this
locality, in 1877, for a private company, says that no definite information can
now be obtained in regard to the yield of the gravel of Vallecito Flat, in the
early days, except that it was “ extremely rich,” and that many large nuggets
were found there. He adds: “That it was indeed rich may be inferred, how-
ever, from the extent of the drifting which was done, and the conditions
under which it was done. From the best information which I could obtain,
it appears that about eight or ten acres of this ground at the lower end of
the Flat were drifted out. . . . . It was done by the sinking of vertical
shafts from fifty to over a hundred feet in depth, through which all the
water had to be pumped and all the gravel hoisted. Moreover, as the
individual ¢ claims’ in those days were very small, and as only a few claim-
ants would unite in the sinking of any single shaft, the shafts were very
numerous, and often very close together; and their mouths, together with
the heaps of dirt around them, still remain to attest the extent of the work
which was done.”* Of late years a portion of the ground which had been
thus previously exhausted, as far as practicable, by the earlier drifting has
been washed away down to the bed-rock. This operation was still going on
in 1877, and up to that time two or three acres of ground had been worked
over in this way to an average depth of thirty-five or forty feet, and in
places to as much as sixty or seventy, but under great disadvantages, for
want of the necessary deep drainage, without which the gravel has had to
be hoisted in cars on inclined tracks and the water pumped by machinery.
Immediately north of this drifted ground there is, as Mr. Goodyear thinks,
an area of from forty to fifty acres in the bottom of the valley which has
not been touched, and over which the gravel may average from seventy-five
to eighty feet in depth, as appears from prospecting shafts sunk over it to a
depth, some of them, of over a hundred feet, and from which the miners were
driven out by water. Altogether this is a very remarkable locality, espe-

* From a pamphlet report by Mr. Goodyear, to private parties, made in April, 1877,
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cially on account of its great depression below the adjacent channel in Table
Mountain. Until it has been more extensively worked, but little can be
made out in regard to the connection of this deposit of gravel with any other
in the vicinity.

The volcanic formations described as occurring to the west of Vallecito
Flat extend down nearly to Angel’s Camp, and may be observed in low flat-
topped elevations on the north of that place and northeast of Altaville.
There are several alternations of lava and gravel ; but the hills are too deeply
covered with soil to allow the geology to be well made out from an inspec-
tion of the surface. There have been several shafts sunk and drifts run to
strike the gravel in this vicinity ; but they have not been accessible when
visited by the writer. What has been ascertained in regard to the details of
the occurrence of the gravel and lava near Altaville will be noticed in the
section devoted to the occurrence of human remains at Bald Mountain, the
famous locality of the so-called « Calaveras skull.”

The Sonora, or Tuolumne County, Table Mountain, already several times
alluded to in the preceding pages, is a lava flow of so much interest, from a
variety of aspects, that it demands a somewhat detailed description. It is
perhaps the best marked of all the flows of volcanic materials down the slope
of the Sierra, not so much on account of its great length, but because it is
more continuous and more isolated than such flows usually are, as will be
apparent from the description. It also has a special interest, due to the fact
that the stratified materials underlying it have been found to contain a con-
siderable variety of plants and of animal remains, including the bones as well
as the works of man. The Tuolumne Table Mountain begins in Calaveras
County at some point high up in the Sierra, which has not yet been posi-
tively identified. It seems, however, the same flow which is crossed on the
way from the Calaveras Big Tree Grove to the South Grove, so called, and
this appears to connect with the lava ridge which is so prominent south of
Hermit Valley, on the Big Tree and Carson road. At all events, this flow is

" well ascertained to be continuous on the west side of the Stanislaus for at
least ten or twelve miles above the point where it crosses that river between
Abby’s and Pendola ferries, On.that side of the river, however, there has
been but little mining done, although the channel scems to have been pros-
pected, without success, at various points near the river. From that cross
ing, which is about on the line connecting Sonora with Angel’s Camp, the
Table Mountain has been cut into by tunnels at quite a number of points
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and the channel opened, so that a very good idea can be had of its struc-
ture.

This lava flow has long been known and has excited much attention, not
only on account of its peculiar features, but because of its richness in gold.
It has already been referred to as having been described by Dr. Trask (page
68) in his Report for 1856. Mining was commmenced under this flow in No-
vember, 1854, the first discovery having been made, it is said, near Shaw’s
Flat, by the Brown boys, who in cleaning up an old shaft struck gravel, which
although only one foot in thickness was very rich in gold. Two years later,
Judging from Dr. Trask’s description, there must have been a good deal of
activity displayed here. The region was examined by the writer in 1861,
when work was going on at several places; when revisited, ten years later,
there seemed to be nothing more doing. All the tunnels, between Shaw’s
Flat and Jamestown at least, had been abandoned. Mr. Rémond also in the
course of his examinations near Sonora, in 1866, made two sections across
Table Mountain. A description of the principal features of this lava flow will
be found in Geology, Vol. I, with some sections illustrating its structure and
peculiarities.

The fact that the Sonora Table Mountain formerly extended over what is
now the calion of the Stanislaus was early recognized by the miners, and is
so evident that it could not escape their attention. To one standing on the
summit of the mountain at the point of crossing, where it first passes from
the west to the east side of the river, and looking from either side over to
the other, the evidence of a former junction of the dissevered portions seems
to be very clear. There is no mistaking the fact that the portion on the
west once connected with that on the east. After crossing here, the flow
continued on for about two miles in an easterly direction to a point near
where the present town of Springfield is situated, then turned and ran a little
east of south in a line nearly parallel with the present Stanislaus, for about
ten miles, to a point a little west of Montezuma; here it divided into two
portions, of which one ran west for four or five miles and again crossed what
18 now the cafion of the river and continued down on that side, while the
remainder seems to have kept to the east of the present river. From Mon-
tezuma downwards, however, the current spread out over such a wide area,
and has been so much eroded away, that the original form of the flow could
not be restored without much more labor than we have been able to bestow
upon it. From the diagram which is here given (Plate D), however, a good
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general idea of the position of the flow may be obtained. It breaks off pretty
abruptly close at Knight’s Ferry, where the basaltic masses at its terminus
are very conspicuous. The total distance from the first crossing of the river
to the foot of the flow is about twenty miles in a straight line. The exact
amount of fall in this distance is not known; but it appears to be on the
average about seventy-five feet to the mile. On the trail which crosses the
top of Table Mountain, on the way from Murphy’s to Pine Log, the eleva-
tion of the summit, as determined barometrically, is 2,615 feet; southwest
_of, and at the nearest point to, Columbia it is 2,247 feet; over the Buckeye
Tunnel west of Sonora 2,033 feet, which would give an average fall of about
eighty feet to the mile in this part of its course.

Between Shaw’s Flat and Montezuma, a distance of eight miles, the flow
of Table Mountain is very regular and uniform, and it is here that the
channel has been reached in quite a number of places by tunnels driven in
through the rimn-rock, and mining has been carried on by drifting in gravel,
which here, however, forms but a narrow and thin belt. There is perhaps
no place in California where all the peculiar features of one of these lava
flows covering an ancient river channel are so well seen as here. To one
standing at a distance and looking in the direction of this flow, from a point
affording an unobstructed view of it, the horizontal upper edge of the dark
mass of lava, looking perfectly straight, but with an evident gentle descent
towards the valley, offers a marked contrast to the usual curving lines of
the eroded hillsides of the Sierra. The absence of vegetation on this table-
like elevation also helps to render it very conspicuous. It is seen at once
that the top of this flow is higher than the surrounding country, and that
there must have been a large amount of rock removed, by denudation, from
each side of it, in order that it should stand out above the adjacent country
in such isolation. It is evident that being, as is clearly seen from the nature
of the rock and its position, a flow of volcanic material down the slope of the
Sierra, it must have occupied a pre-existing depression or valley; by no
possibility can such a flow be conceived of as having followed the summit of
a ridge or spur. But there are other features which also furnish corrobora-
tive evidence as to the character of the surface when this erupted material
assumed its present position. Under the lava is found an extensive formation
of sedimentary origin, distinctly stratified, in a horizontal position, which could
only have been deposited from water standing still, or flowing with a very gen-
tle current. This stratified material varies in character ; much of it is a fine
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white clay made up, probably, in considerable part of volcanic mud and
ashes, often in very fine layers; other portions are more like ordinary river
sand, not very closely compacted together, and usually disintegrating rapidly
on exposure to the air. The entire thickness of the sandstone and clay
under the centre of the lava flow is, in one locality at least, fully two hun-
dred feet. Under this stratified deposit is a distinctly marked river channel,
containing pebbles and boulders of metamorphic rock, intermixed with more
or less of fragments of trees, and presenting exactly the same appearances
as any of our present river channels.

The peculiar features of the Sonora Table Mountain will be best made out
by examining the sections given on Plates E and F. Of these the one given
on Plate E, Fig. 1, by Mr. Rémond, was made at a point east of Mormon
Creek, about one and a half miles below Springfield, and in the vicinity of
Shaw’s Flat. In this section only one of the “rims” of the channel has been
preserved, the other having been eroded away, together with a considerable
portion of the lava flow itself. This partial denudation of the region on one
side of the Table Mountain is what led originally to the discovery of the
channel at this point, or in its immediate vicinity, as already mentioned.
On the east side, the basaltic lava forms a perpendicular wall a little over a
hundred feet high, under which a few feet in thickness of sands and clays
are exposed, the position of the channel under these sediments being indi-
cated on the diagram. On the western edge of the flow, at this point, the
rim-rock rises nearly as high as the edge of the lava itself. There is under
the basalt a greater or less thickness of brecciated material, called by the
miners “cement,” and which is probably chiefly made up of andesitic lava.
The thickness of this deposit seems quite variable, according as more or less
of it had been eroded away previous to the flowing down of the basaltic
mass which everywhere covers it, and in most places conceals it entirely.

At the Buckeye Tunnel (Plate F, Fig. 1), a couple of miles farther down
the flow than the locality of the section just described, the following data
were obtained, by the writer, from observation and from information given
by the miners then at work there. The whole flow, so far as visible on the
surface, seems here to be of solid basaltic lava, which is very smooth and
flat on the summit and almost entirely destitute of vegetation. The width
of the mass was here found by measurement to be 1,700 feet, and its thick-
ness varies from 40 to 140 feet. Under the basalt is more or less ¢ cement”
or brecciated (andesitic ?) material ; but this rock could not be well exam-
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ined for want of good exposures at the time the locality was visited ; neither
could the exact thickness of the detrital beds be made out. On the north
side a tunnel was run in through the rim-rock, and at a distance of 700
feet from the entrance the first channel was struck, the tunnel passing just
under it, so that by rising a little (excavating upwards) it could be drifted
upon, which was done and some gold obtained, but not in paying quantity.
From this channel, which was found to be eighty feet in width, the tunnel
was continued in the bed-rock for 700 feet farther, which point it had
reached when examined by the writer ; it was then said to be 285 feet below
the surface. This tunnel runs S. 80° E,, the silico-argillaceous slates which it
traverses having a dip of 70° to the northeast; they were of a dark color,
containing much disseminated pyrites. On the opposite side a tunnel had
been run in for a distance of 300 feet, following the surface of the rim-
rock, which here descends with a steep pitch, or at the rate of thirty-six feet
in a hundred. Here the bed-rock was overlain by “cement,” and a chan-
nel had not been reached when the place was examined by the writer.

At the Down East Tunnel, about a third of a mile below the Buckeye,
a tunnel had been run in 875 feet and the main channel reached, on which
drifting was being done at the time of the writer’s visit. At this place they
passed under the small channel struck by the Buckeye Company, but did
not rise to it.

At the Boston Tunnel the condition of things was more as represented in
the section at the Eureka Tunnel. The tunnel was run on the bed-rock
with sandstone just over it. After striking the main channel the drift was
continued alongside of it, with cross-drifts, so as to take out the pay gravel
and leave the tunnel securely standing. The thickness of the stratum of
gravel at this place was from one to two and a half feet; it consisted of
rounded boulders mixed with smaller pebbles, exactly like the material
in the bed of a modern stream from which gold is now being taken out.

At the Maine Boys' Tunnel (Plate F, Fig. 2), on the west side of Table
Mountain, near those already described, the excavations made at the time the
locality was visited permitted the relations of the rim-rock to the channel and
the overlying beds of sedimentary and volcanic materials to be well made out.
The lava capping, which is mostly of basalt, with some cement underlying it,
is 152 feet in thickness. The rock between the volcanic and the bed-rock
is sandstone, and is well exposed by an inclined shaft sunk in it, for some
distance, from a point just at the edge of the junction of the sedimentary
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and the volcanic. The vertical thickness of the sandstone on the top of the
outer edge of the rim-rock is somewhat over forty feet. The tunnel was run
1,000 feet before the channel was struck, and the rim-rock rises 142 feet
above its floor. The channel is 100 feet wide at this point, and in it there
is a sharp projecting ridge of slate three feet high, the gravel being four
or five feet thick. Work was begun in this tunnel in October, 1855, and the
pay dirt struck in March, 1860. The cost of the work, up to the time of
striking the channel, had been about $ 38,000, according to the statements
of the owners.

Still farther down, nearly opposite Jamestown, Mr. Rémond made another
section at the Lureka Tunnel, which is here appended (Plate E, Fig. 2). The
rim-rock is eroded on the northwest side, so that the tunnel is run in on the
gravel, the channel appearing here to be very wide. The basalt capping is
about sixty feet thick, and 700 feet wide. The underlying sedimentary
material consists of bluish soft sandstone, resting on whitish clays, the whole
stratified deposit having a thickness of about eighty feet, while the under-.
lying gravel is only two feet thick.

According to information obtained from the miners, the channel under
Table Mountain is of irregular width, sometimes dividing into two parts, but
averaging perhaps sixty or seventy feet. The gravel is shallow, and the
rim-rock exceedingly well marked, when not eroded off on one side or the
other. The course of the channel is also very easily distinguished, since
the flow is so isolated in its position. The main channel is said to have occa-
sional depressions, or “sinks,” as they are termed, which are sometimes as
much as forty feet deep. The gold is pretty coarse, usually in the form of
what is called “shot gold ”; that is, in small rounded pieces like shot. The
largest nugget the writer heard of as having been found under Table Moun-
tain was of $ 40 in value. .

The large quantity of silicified wood and of impressions of leaves found in
the sedimentary beds under Table Mountain has already been noticed. Bones
of animals and works of men’s hands are also among the materials obtained
in the tunnels which have been described or in other workings under the
lava. These will be noticed at length in a future chapter of this volume.

When Table Mountain was last visited by the writer, in 1870, all the above-
described tunnels seemed to be entirely abandoned. That mining operations
lower down on the channel were not quite given up seems apparent from
Mr. Skidmore’s remarks in his report to the United States Commissioner of
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Mining Statistics for the year 1874* He says: “Drift mining on the old
channels underlying the basaltic capping of Table Mountain still continues,
and, in the main, with excellent results. The Alpha Company, near James-
town, has demonstrated the existence of two channels; these are known as
the ¢ front” and ¢ back ” channels, and are separated by a high rim. That
on the east side is the most ancient, and is known as the Caldwell or Sara-
toga channel, and carries heavy, black, coarse gold, wherever it has been
struck in Table Mountain. The west channel is of later formation, and car-
ries finer and brighter gold ; no black gold is found in this, and no pipe-clay,
as is the case in the other.” That the Table Mountain gravel channel is
divided into two or more parts, for some portion of its course, has been
already stated ; but there is not sufficient evidence to justify the generaliza-
tion reported by Mr. Skidmore. It is not likely that two channels running
so near each other and so nearly on the same level should be very different
from each other in age and character. '

Of the pecuniary results of mining under Table Mountain but little is
known to the writer. In 1867 Mr. Hittell wrote as follows in regard to this
point:+ “Table Mountain has been an unfortunate locality for miners. It is
estimated that at least $ 1,000,000 more have been put into the mountain,
counting the regular wages, than were ever taken out. Nine tenths of the
miners who undertook to work claims there were the losers. There was
enough gold to pay well, but the miners did not know how to get it.” The
reasons given for this want of success are chiefly ignomncé of the position
of the channel, so that many tunnels were too high for drainage ; and dividing
the channel up into claims of insufficient length, so that many more tunnels
had to be run than would have been necessary to effect drainage and to open
the ground for working. The principal difficulty, however, was undoubtedly
the fact that the amount of gravel was too small to pay for operations not
conducted with skill and economy ; both of which elements seem to have
been wanting, in a very high degree. A long list of the companies at work
under Table Mountain in 1867, and in previous years, will be found in the
report from which the above extract has been made, and to that the reader
may be referred.

The following are some of the principal localities in Tuolumne County

* Statistics of Mines and Mining. Seventh Annual Report, Washington, 1875, p. 61.
t J. Ross Browne’s (second) Report on the Mineral Resources of the States and Territories west of the
Rocky Mountains. Washington, 1868, p. 39.



138 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

where placer gravel mining has been carried on, off the line of the Table
Mountain channel just described. At Chinese Camp there is a flat, or level,
area some three miles in length and covered with detrital material to the
depth of from three to five feet, which has been mostly worked out;
although as late as 1872, according to Mr. Skidmore, furnishing employment
to a considerable number of Chinese, and likely to do so for several years to
come. Some spots were found to be very rich; but these have long since
been exhausted. In this vicinity a number of patches of cemented gravel
occur on the summits of the higher spurs. One of these, situated immedi-
ately to the east of Chinese Camp and about 180 feet above the level of the
Flat, and covering an area of about ten acres, is said to have been exceed-
ingly rich, the pay gravel, which was of a blue color, varying from one to
twenty inches in thickness and lying immediately above the bed-rock.*

Two miles northeast of Chinese Camp is the town of Montezuma, which
was once noted for its rich placers, the gravel covering several small irreg-
ular patches to the north and east of the town and a larger one between it
and Table Mountain, which runs about a mile to the west. The thickness of
the gravelly material was here, in places, as much as fifty feet. Between the
Stanislaus River and Wood's Creek there are various gravel areas, but no
one so extensive as that to the west of Montezuma. Jamestown, on Wood’s
Creek, was once the centre of an active placer mining population, the bed
of that creek having been exceedingly rich, and many small patches of
gravel yielded largely, although not usually over two feet in thickness.
It is said that the sales of gold at Jamestown for several years averaged over
a thousand dollars a day.

The whole surfice of the limestone belt between Kincaid Flat and the
Stanislaus, already described, has been worked over and nearly or quite
exhausted, in all the localities where the deeply eroded cavities in this rock
could be got at, without too much expenditure for drainage. Columbia,
three miles northwest of Sonora, was for some years the centre of activity
in this mining region. It is situated on the limestone belt, in the midst of
what was once a beautiful valley ; but which now presents a most extraor-
dinary appearance, the soil and detrital accumulations, which once covered
over the underlying rocks, having been entirely removed, over the whole
extent of the belt, so that nothing is to be seen except the projectfng tops
of the ragged edges of the eroded limestone, rising sometimes fifteen or

* W. A. Skidmore, in Fourth Annual Report of the Commissioner of Mining Statistics, p. 60.
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twenty feet above the general level of the surface, and glistening white in
the sunlight. It is said that the crevices, or cavities, between the “bould-
ers ” — as the projecting portions of the limestone are called by the miners
— have in some places been worked down to a depth of a hundred feet;
the usual depth, however, was much less. Many attempts have been made
to drain this region by deep tunnels; but they have not, it is believed, been
in any case pecuniarily successful, owing to their great cost, the peculiar
nature of the ground, and especially the very irregular form of the bottom
of the eroded rock. The usual method of mining has been to hoist the
pay dirt into a dump-box, placed high enough to allow the refuse to be
carried away in sluices, into which the material was washed by water thrown
upon it from the hydraulic pipes. The hoisting was done by power obtained
from the water brought to the spot in pipes, under sufficient préssure to rise
to the top of the overshot wheels employed. Many stories are told by the
miners of deep holes in the limestone, resembling caves in their extent and
ramifications. The material which filled the cavities between the “bould-
ers,” in the neighborhood of Columbia, was largely made up of clay, and
much of it was evidently the result of the trituration of volcanic rocks.
These deposits have proved to be extremely rich in the bones of various ex-
tinct animals, especially of the mastodon, as will be noticed farther on. The"
most extensive and interesting locality of mining in the limestone cavities
is near Columbia, from which place as much as $ 100,000 per week is said to
have been shipped in the years between 1853 and 1858. Work was still
going on there in 1870 and 1871, but on a very limited scale, as compared
with its former activity. Some claims are said to have paid, for a time, very
large profits, —as much as $ 600 per day for each man employed. The
scene at Knapp’s Ranch, just adjoining Columbia on the east, where the
“boulders” are very large, was a most extraordinary one, at the time when
operations were being actively carried on, and could hardly be compared
with anything else in the way of mining, unless it might be the scene at the
diamond fields in South Africa, known to the writer, however, only through
the medium of photographs. The ragged projecting masses of limestone,
between and among which ran innumerable lines of sluices supported on
trestles, the lofty wheels mounted on tall scaffolds, with the accompanying
ladders, ropes, derricks, and other appliances, formed a most striking picture
of mining activity, displayed in a very peculiar field.

Kincaid Flat, two miles southeast of Sonora, is also on the limestone belt,
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and in its mining features resembles those of the localities just described.
It is said that the area of mining ground here was originally 200 acres in
extent, and that it has been worked continuously since 1850, in places to a
depth of seventy-five feet. The total yield of the Flat, up to 1868, is stated
at $2,000,000.* The attempts to get rid of the water, which has been very
troublesome here, making it impossible to mine to the bottom of some of the
cavities, have not been pecuniarily successful, for the reasons which have al-
ready been given in connection with the account of the localities on the lime-
stone farther west. Sonora was one of the principal mining centres of Cali-
fornia during the time of the great productiveness of the placer diggings.
The town is situated on the junction of the limestome and the slates, in
which latter there is in the vicinity a large amount of volcanic material,—a
diabase. The limestone itself is intersected by numerous dykes of diorite,
as already, mentioned. The bed of Wood’s Creck, on which the town is situ-
ated, has been most thoroughly worked over, yielding largely.*

The Soulshyville district, about five miles east of Sonora, on Curtis Creek,
is a region of considerable interest, not only on account of its gravels and
volcanic rocks, but because there are several well-developed veins, which
have produced considerable gold, and which are enclosed in the granite.
This rock occupies a large area, between the Tuolumne and the Stanislaus,
extending almost down to Sonora. Upon it rests a lava flow which has
descended from the Sierra, spreading out in its downward course into several
branches, and covering considerable deposits of sedimentary materials. This
flow follows Curtis Creck, and occupies a belt on both sides of it. The surface
of the granite, under the volcanic masses, is somewhat irregularly rolling, and
in the depressions rests a small quantity of gravel, which does not seem to have
been found to contain a workable quantity of gold. Over this is a stratum
of pipe-clay, succeeded by a mass of rhyolitic tufa or ash, fine-grained and
white in color, enclosing fragments of pumice ; and over this, again, a deposit
of yellow clays and sands, the whole capped by a mass of volcanic materials,
of variable thickness, which in places is as much as 140 fect. The larger
portion of this mass of lava is of a brecciated character, consisting of frag-
ments of andesite, cemented together by gray volcanic sands, the whole

* J. S. Hittell, in Report of J. Ross Browne on the Mineral Resources of the States and Territories
west of the Rocky Mountains.  Washington, 1868, p. 38.

t For an account, compiled by Mr. Skidmore, of the doings (social and other) at Sonora in the early
days, see Report of United States Commissioner of Mining Statistics, for 1872, p. 65.
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being hardened into a solid mass. The andesite is of a dark gray color, and
contains long, prismatic crystals of black hornblende. As is often the case,
the masses of which the breccia is made up grow larger toward the top of
the deposit, and there attain sometimes a diameter of three feet or more.
The unequal wearing away of the cementing material often causes the vol-
canic mass to assume a very rough and irregular surface. Over the volcanic
table-land in the vicinity of Soulsbyville are scattered large blocks of a more
compact and finer grained andesite than that occurring in the breccia be-
neath It is of a grayish-brown color, and contains minute crystals of feld-
spar. These fragments appear to be the remnants of a bed of lava which
was once continuous over a considerable area of the surface in this region.
The gravels under the volcanic deposits in this vicinity do not seem ever to
have been extensively worked for gold ; they appear to be shallow and irregu-
lar, but the surface is so-covered by the lava, that but little can be ascer-
tained in regard to the real position of the:-channel. For an illustration of
the character of the table-land near Soulsbyville reference may be made to
the section given on Plate E, Fig. 3.

Volcanic rocks also occur over a considerable surface between Soulsbyville
and the Bower Cave; they are andesitic in character and are associated with
gravels; but the latter do not appear to contain a paying amount of gold ; at
least, although they seemed to have been prospected in many places, they
have not been worked to any extent.

Farther south in Mariposa County there have been, in former times, very
productive placer diggings, but all shallow ; and these have been long since
worked out or abandoned to the Chinese. The shallowness of the gravel in
this region has been the chief reason why water has not been brought down
from the higher parts of the Sierra, for which undertaking long and costly
ditches would have been necessary.

As we proceed south from Mariposa County we find the gravels becoming
less and less productive and important. Gold has been found in some quan-
tity in some of the gulches in Fresno County, and the detrital accumulations
in the beds of the lower tributaries of the Chowchilla, San Joaquin, and
Fresno rivers have been worked to some extent; but we have no particulars
of importance in regard to them. Their production has been so small that,
so far as known to the writer, the limits of the gold placer mining region of
the Sierra may be said to terminate with the southern limit of Mariposa
County.
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SuspivisioN IIl. — TrE REGION BETWEEN THE NORTH FORK OF THE
AMERICAN RIivER AND THE SouTH YUBA.

Having, in the preceding pages, given an account of that portion of the
gravel region of the Sierra Nevada which lies to the south of the North
Fork of the American River, we now pass on to the consideration of the very
important hydraulic mining districts which are found on the north of that
stream. In describing this region, as far north as the South Yuba, the work
of Professor Pettee will be chiefly relied on for details, as already men-
tioned.* The large map, also previously referred to, of the country between
the American and North Yuba rivers may be consulted in connection with
this subdivision of the detailed geology of the auriferous belt of the Sierra.
An inspection of this map will show at once the position of the gravel depos-
its, where uncovered by volcanic materials; and it will be easily recognized
that there are quite extensive arcas which are not thus overlain. Of course
where the gravels are covered their position cannot be indicated ; but that un-
der the volcanic there may be almost anywhere more or less detrital material,
containing some gold, will be readily inferred from what has been stated in
the previous pages of this volume. Following the system already indicated,
however, we shall defer general remarks on the occurrence of the gravels to
another chapter, and for the present confine our observations to the details
of their occurrence in the region under review. It is believed that by fol-
lowing this order it will be possible to give a better and more connected
idea of the whole series of phenomena than could be had from a description
in which the general should precede the special.

An examination of the map will show that directly north of the North
Fork of the American River, and in immediate proximity to the Central
Pacific Railroad, there is a very large deposit of uncovered gravel, on which
a number of mining claims are indicated. This area lies in very close prox-
imity to that lying north of Shirt Tail Cafion, and including the mining
centres of Jowa Hill, Elizabeth Town, and other camps already described from
Mr. Goodyear’s notes. Indeed, the southern extremity of the gravel deposits
north of the American is hardly two miles distant from the nearest gravel
on the south side of that river, while there is good reason for believing, as
will be noticed farther on, that these deposits, now separated by a deep

cafion, may once have been connected.

* See ante, p. 80,
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The Central Pacific Railroad runs on the divide between the North Fork
of the American and Bear River, and the gravels which come first in geo-
graphical order lie chiefly on this divide, a small portion of them, however,
being to the northwest of the last-named stream, and between it and its trib-
utary, Steep Hollow. The main mass of the gravel extends uninterruptedly
from Elmore Hill, just south of Bear River, for a distance of about five and
a half miles to Indiana Hill on the American. The towns of Dutch Flat and
Gold Run are situated on this range of gravel, the former near its northern
extremity, the latter about two miles north of its southern end, the railroad
passing through the latter and a little to the east of the former locality. A
wide branch of this gravel also extends off from the main mass in a south-
westerly direction, although intersected by Bear River, on the west side of
which is the third important mining town of this district, Little York.

This main mass of gravel, as is evident from an inspection of the map, is
prolonged in the deposit which, with only a slight break at Bear River, ex-
tends continuously from Liberty Hill to Lowell Hill, on the divide between
Bear River and Hollow Creek. Beyond Lowell Hill are still three isolated
patches of gravel, near each other and in the same general line of direction,
upward towards the summit of the Sierra. Besides these, there are a few
small areas of gravel to the south of and near the line of the railroad ; the
mining camps dependent on these are known as Blue Bluffs and Lost Camp.
These different deposits, at all of which somewhat active mining operations
were going on in 1870, will now be described in the order indicated, and
principally from Mr. Pettee’s notes.

§ 1. Dutch Flat, Gold Run, and Little York.

As before remarked, the gravel deposits are almost continuous from
Indiana Hill, on the North Fork of the American River, to Elmore Hill
on Bear River above Dutch Flat. In fact, with the exception of the gap
at the cafion of Little Bear River, there is no absolute break of continuity
between the two places mentioned, for none of the intermediate ravines cut
through to the bed-rock at all points. In endeavoring to trace the connec-
tion of the channel, or channels, in this great mass of gravel, the problems
presented are, as usual in such cases, not without difficulty. Above Elmore
Hill there can be no question as to the direction of the ancient stream; for
from Elmore the bank at Liberty Hill is plainly in sight at a distance of less
than two miles, and so much higher that the tops of the trees on the summit

.



144 THE AURIFEROUS GRAVELS OF THE SIERRA NEVADA.

of Elmore Hill are about on a level with the Liberty Hill bed-rock. This
gives a good and sufficient grade, with no intervening obstacles. Since the
time when the river flowed from Liberty to Elmore Hill, the present channel
of Bear River has been cut several hundred feet deeper, although not in a
materially different direction, the angle between the old and the new chan-
nels not exceeding ten or twelve degrees. Elmore Hill is on the left, and
Liberty Hill on the right bank of a stream whose general course is nearly
straight. If any additional evidence were needed, to show that there was
once a connection between these two points, it is found in a deposit of
gravel on one of the projecting spurs just below Liberty Hill, nearly on a
line between the points in question, and at the proper altitude. From the
other end of this gravel deposit, that is from Indiana Hill, the Iawa Hill
gravel is plainly in sight, and with such a position and relative elevation
that there is no difficulty in imagining that there was formerly a connection
in this direction, as will be noticed farther on.

The presence of gravel in a continuous mass between Elmore and Indiana
Hills seems sufficient proof of the existence of a continuous channel between
those two points. But to actually trace this channel through the various
workings along its line, so as not only to prove its existence but to recog-
nize its exact position and grade from point to point, is by no means an
easy matter. Among the miners in this channel there were, in 1870, and
probably still are, various conflicting views as to the direction of the current,
and these will be alluded to and discussed in a future chapter. After a long
series of patiently-conducted observations for level on the bed-rock, at all
points where this was visible, under the gravel, or where gravel had pre-
viously existed, Professor Pettee came to the conclusion that the evidence,
although contradictory in some points, was, on the whole, in favor of the
theory that the channel from Liberty and Elmore hills at one time found an
outlet by way of Indiana Hill

Taking that portion of the gravel range between the line of the railroad
and the Cement Mill, near Indiana Hill, the eastern and western rim of the
channel is pretty well defined, although it is not always easy to tell exactly
where the line between the slate and the gravel shall be drawn. On the
west is Cold Spring Mountain, near Gold Run Station, 3,679 feet above the
sea-level. The main body of this elevation is slate, capped by a broad, flat,
voleanic table, covering an area of as much as a hundred acres and about 200
feet in thickness. The height of the bed-rock is such here that there is no
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possibility that the channel had any exit in this direction. Near Gold Run
Station, and north of the railroad, is another quite well marked hill of slate,
which may be considered as the continuation of the slope of Cold Spring
Mountain towards Bear River. At the southern end of this last-named eleva-
tion there is also a prominent spur of bed-rock, near Betton Ravine, which
rises considerably above the line of the rim-rock, until the steep descent into
the cafion of the North Fork of the American is reached, which is here 2,270
feet below the summit of Cold Spring Mountain. On the east, the rim-rock
is seen on the right bank of Cafion Creek, for nearly the whole distance from
the railroad to the neighborhood of the Cement Mill. On the left bank of
the Creek there is a high ridge, the top of which has all the characteristics
of a lava flow, and seems to be a portion of the same one to which Cold
Spring Mountain belongs. There are one or two small patches of gravel on
the left bank of the Creek, near its junction with the North Fork, and about
on the same level with the main deposits of the same material on the oppo-
site side ; but they are not of much extent or value.

The width of the gravel will average, for the whole distance between the
railroad and Indiana Hill, nearly or quite half a mile; although there are
many places where it has not been washed off to that width. There were
still, in 1870, a number of claims staked out and held by their owners, on
which no work had been done, nor could be until the banks in front had been
washed away, or some outlet provided. In the spring of 1868 Mr. E. C.
Uren was employed to make the necessary surveys for a deep tunnel, through
which all the claims — north of Potato Ravine, at least— could discharge
low down into Cafion Creek. The total length of the proposed tunnel would
be over 9,500 feet, and then its head would still be 125 feet below the pres-
ent surface at a point quite near the railroad. In reference to this map
Professor Pettee remarks as follows: “ Mr. Uren’s map affords, by the way, a
good illustration of the difficulty of getting any full or correct list of claims
or locations of mining ground. Even with his facilities for obtaining infor-
mation, and considerable expenditure of time, some few inaccuracies — mostly
slight, it is true — could not be prevented from creeping in.”

An attempt was made to collect full details of everything connected with
the hydraulic mining interests in this district, Messrs. Pettee and Bowman
having been instructed by the writer to make a thorough survey of all the
claims, for the purpose of ascertaining with accuracy the amount of gravel
washed away, it being hoped that an approximation to the yield of the dis-
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trict might be obtained, and thus the average yield of the gravel per cubic
yard be ascertained; a problem which, so far as known to the writer, had,
up to that time, never been solved for any portion of the hydraulic mining
region of California. It was found, however, entirely impracticable, with any,
even unlimited, expenditure of time to collect an accurafe statement of the
location of the companies, the length of the channel held by them, and the
depth of the gravel worked; and it was also found still more difficult to
obtain an accurate account of the amount of gold washed out. The fol-
lowing statement of the detailed examinations made in the vicinity of Dutch
Flat and Gold Run is condensed and arranged from Professor Pettee’s notes.

I found it impossible, with the time at my disposal, to collect full details of location of com-
panies, length of channel held by each company, width and depth of gravel, or height of bank.
And, even if the time had been unlimited, such a tabular statement for Gold Run could bhave
had little or no value, for the reason that the course of the channel and the position of the bed-
rock are entirely unknown. The claims are mostly of irregular shape, and seem to have been
located entirely at random, or at least without any reference to the main deep channel ; although
probably some of the irregularities of houndary are owing to subsequent consolidations, and modi-
fications after the original location.

In the accompanying list of claims between the railroad and Indiana Hill, the measurements are
given as roughly determined by putting a tracing of Mr. Uren’s map over a sheet of paper ruled
in squares, each representing an acre, and estimating as nearly as possible the fractional parts of
those squares not entirely included within the boundary lines of the claims.*

[Here follows, in Professor Pettee’s notes, a list of forty companies, holding 737} acres, the
names of which it seems unnecessary to give at length, and they may be omitted.]

Since Mr. Uren’s map was made there have been some few changes in the boundaries of the
different claims, and some consolidations and consequent disappearance of old designations, and
introduction of new ones. The measurements given are intended to include only the gravel con-
tained within the boundary lines of the companies. In addition there is as much as seventy or
eighty acres within the gravel limits, mostly in the ravines, but not included within the lines.
Several rough measurements of the area included on Mr. Uren’s map, not excepting the ravines,
were made, and results obtained varying between 825 and 875 acres.

One of the objects in making the plane-table survey of these mines was to obtain some accurate
data as a foundation for computing the average amount of gold contained in each cubic yard of
gravel. I accordingly mapped the outline of the present banks, without any special regard to the
lines of the individual claims, and determined the area of the ground actually worked over, as
nearly as I could make it without actual tape measurements, to be : —

Between the railroad and Goosling Ravine . . . 168 acres or 7,318,080 square feet.

Between Goosling Ravine and Gold Run Ravine . 77 ¢ 3,375,000 ¢« “
Between Gold Run Ravine and Potato Ravine . .37 ¢« 1,611,720 « “
South of Potato Ravine . . . . . . 1443 ¢ 6,204,420 ¢ “

Total . . . .427 “ 18,600,120 ¢ ¢«

* In Mr. J. Ross Browne’s (second) Report all the names on Mr. Uren’s map will not be found ; but
there will be found as many as twenty additional or different ones. It is clear, in some cases, that the
rame places are referred to under different names, Mr. Uren giving the name the claim goes by, and Mr.
Browne the names of the owners at the date of his Report ; in other cases, it is not so easy to reconcile the
map with the Report.
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It was of course impossible to tell what the depth of bank had been at all points over this extent
of ground, but relying upon the statement that the slope of the country had been pretty gradual
from west to east, and upon my measurements and estimates of heights at a great number of points,
I obtained the results given below. Ou the Caiion Creek side and near the ravines the banks were
seldom more than thirty or forty feet high on the average for any considerable distance, while on
the western and northwestern sides of the diggings we find as a rule banks of from ninety to 120
feet or more in height. At the Cedar No. 2 Claim, where the highest bank of all is to be seen, it is
as much as 240 feet from the bottom of the flume to the top of the bank, but this depth is reached
only over a comparatively small area. It will hardly be necessary to give in detail all my notes
concerning the heights of banks, the results obtained from their use being all included in what
follows. The three prominent ravines crossing the Gold Run deposit of gravel and emptying into
Caiion Creek furnish such good lines of division that it is most convenient to subdivide the whole
mass into four portions, measuring and calculating each one by itself. It is not claimed that abso-
lute accuracy is attained in this way, but I think as good and trustworthy a result is here offered
as could be expected from the small amount of time available for making the measurements. I am
convinced that I am not far out of the way, and really cannot tell whether any of my figures are
too low or too high, probably the former, if either. My endeavor was to strike as near a mean
value as possible in all cases. )

My estimate of the average thickness of gravel which has been removed between the railroad
and Goosling Ravine is sixty feet, —based upon observations of height of bank every few rods
around the whole region. One or two small ravines had their heads within this region, but I have
made such allowances as scemed to me most nearly correct. The same estimate I made for the
portion between Goosling Ravine and Gold Run Ravine. Between Gold Run Ravine and Potato
Ravine the average is a little lower, —say fifty-seven feet. But to the south of Potato Ravine®
(even without the deep part of the excavation at Cedar No. 2) the average would be notably higher.
For this portion I adopted seventy feet as the average thickness. My calculations to determine
the number of cubic yards of gravel washed away gave the following results : —

Between the railroad and Goosling Ravine . . . . . 439,084,800 cubic feet.
Between Goosling Ravine and Gold Run Ravine . . . 202,554,000 « ¢
Between Gold Run Ravine and Potato Ravine . . . . 91,868,040 « ¢
South of Potato Ravine (excepting a part of Cedar No. 2) . . 440,609,400 ¢« «
Add for deep part for Cedar No. 2,say . . <. . . 50,000,000 ¢« «
Total . . . 1,224116,240 ¢«

These calculations are made on the supposition that the bottom of the old workings is always
smooth and level, which is far from being the case. In many places there are sluices of consider-
able size which have been cut deeper than the surrounding gravel, —and in many other cases
considerable masses of gravel have been left standing. This is particularly the case where different
claims have been worked from opposite directions, and a wedge or pyramidal shaped mass has been
left as a landmark. To allow for what has been left in this way I estimated that a deduction of
about five per cent from the grand total would be nearly correct. Making this deduction, I get
1,162,910,428 cubic feet as the amount of gravel which has heen removed since the commencement
of the washings between the railroad and the Cement Mill. Or, in round numbers, 43,000,000
cubic yards. This number I shall refer to again.

It is pretty safe to say that there remains within the limits referred to in the above calcula-
tion an average depth of as much as a hundred or a hundred and twenty feet more of gravel before
bed-rock will be reached. On this supposition, then, we can caleulate upon as much as 86,000,000
cubic yards, left to be washed, to say nothing about the outside claims which have not yet been
touched to any great extent. These will add considerably more to the grand total, and make in
all, say, 125,000,000 cubic yards; much of this will undoubtedly prove richer than the portions
already worked out, though some, with equal certainty, will be poorer.
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That portion of the gravel lying to the north of the railroad to and including Dutch Flat and
Elmore Hill was not surveyed with the same minuteness as the portion which has been previously
referred to. This was owing partly to the fact that the rainy season seemed to be approaching and
our time was limited. It was, furthermore, not possible to get such trustworthy statistics of the
production of the district as were obtainable at Gold Run; and, as a consequence, there was less
need of minuteness of detail in the measurements. There has been no map made, so far as I knovw,
of the different claims in this district,— and in my own work I confined myself mainly to the
outlines of the portions actually worked out. The following statement, however, may be taken as
a pretty fair approximation to the actual gravel area which has been already washed over: —

Between the railroad and Squire’s Cafion . . . . .. b2} acres or 2,286,900 square feet.
Between Sqmres Cafion and Dutch Flat Cafion . . 40 ¢ 1L,172,400 0« «
In the main Dutch Flat Diggings between Dutch Flat Cauon a.nd Bear

River . . . . . .« . . . . . . 144 “ 6,272,640 « “

Total . . . . 236} “ 1030L,8100 « «

The means for determining the average thickness of bank over this district are not so complete
and satisfactory as they were south of the railroad. The original country was more nneven, and
the outlines of the openiugs are not so regular as a whole. For the portion next north of the rail-
road I have adopted an average height of bank of forty-tive feet. It is considerably higher than
that on the side next the track, but as I have included in my estimate of the area the long shallow
tongue through which an outlet is found into Squire’s Cafion, the calculated number of cubic yards
will be pretty nearly correct.

Between Squire’s Caiion and Dutch Flat Cafion there was originally a high hill of gravel which
has been so washed away that while we have on the southeast side of the excavations banks of a
hundred, a hundred and twenty-five and more feet, the northwest banks are almost nothing. If I
take an average of fifty feet for the whole area I think I am fully high enou‘gh.

On Gray’s Hill and the other hills which go to make up the gravel deposit between Dutch Flat
Caiion and Bear River, it is even more difficult to decide upon a fair average depth. For the west-
ern quarter of the area, where the slope is more distinct from the top of Thompson's IIill towards
Dutch Flat Caiion, or Bear River, and the banks are pretty high on the northwestern side, it seems
not far out of the way to take sixty-five feet for the average depth of gravel already washed away.
¥or the rest of the district I cannot speak with so much confidence. The few facts upon which a
judgment is to be based are as follows. The average height of the numerous projecting points on
the Bear River side of the diggings is about fifty feet above the present general level of the gravel.
Near the town of Dutch Flat there is hardly any bank at all, — certainly not more than fifteen feet
on the average. On the northeastern end, near the small reservoir, the bank is a little higher, —
say thirty feet ; and on the southwest, near Thompson’s Hill, it will average as much as sixty feet.
The hill, however, rose considerably higher than the present level, — excepting perhaps on the
southwestern extremity. At the Dutch Flat Tunnel (referred to on page 151) Mr. Colgrove said
the top of the hill was from eighty to ninety feet above the present average gravel surface. At Mr.
Teaff’s shaft (in Teaff’s Diggings) there is a discharging tunmel, which was 206 feet below the
original surface of the ground, according to Mr. Julian’s survey. This tunnel is still considerably
below the general level of the gravel.  From such facts as these it is clear that the highest part of
the ground must have been somewhere between the site of the tunnel and Teaff’s Shaft. For
the southwestern half of Gray’s Hill I am inclined to accept an average depth of 100 feet, and
for the northeastern half an average depth of fifty fect, — or of seventy-five feet for the whole.
This would give us for the cubical contents the following results : —

Between the railroad and Squire’s Cafion . . . . . 102,910,500 cubic feet.
Between Squire’s Caiion and Dutceh Flat Caiion . . . . 87,120,000 ¢«
Between Dutch Flat Cafion and Bear River (west 1) . . . 101,930,400 ¢«
Between Dutch Flat Caiion and Bear River (east §) . . . 352,836,000 ¢«

Total . . o . . 644,796, g0« @
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From this total I make a deduction of ten per cent to allow for the numerous blocks of gravel left
standing within the limits comprised. This will leave 580,317,210 cubic feet, or approximately
21,500,000 cubic yards, just half the amount for the district south of the railroad. In regard to
the amount left still to be washed I feel unable to make any estimate, on account of the uncer-
tainty attending the position of the bed-rock.

The gravel is not uniform in character throughout the whole distance from Indiana Hill north-
ward. Near the Cement Mill the lower stratum of the gravel is a compactly cemented mass about
sixty feet thick, of which the lowest eighteen feet was so hard as to require drifting and blasting.

The method of excavation was to run a number of drifts and loosen, by blasting, a large quantity
at a time. Some of it could then be treated by the hydraulic process, but the largest part had to
be run under the stamps. This lower cement contains (as has been said before) a great quantity of
large boulders. At Iowa Hill there is said to be the same kind of cement as at Indiana Hill, but
I had no opportunity to visit the place. Going northward from the Cement Mill we soon lose
sight of the cement, because none of the excavations are deep enough to have reached it yet, even
if we are willing to admit that it really continues for a long distance. The great mass of the
gravel, as far as Squire’s Caiion at any rate, is fine and easy to wash, by no means firmly cemented
together, and also without any noticeable amount of clay or sand.

At the Cedar No. 2 Claim, where the highest bank is to be seen, the top, to the depth of (say)
115 or 120 feet, is a red gravel. Next follows about the same depth of a blue gravel, though not
cemented together. What there is below the blue remains to be seen at some future day, probably
a hard cement. The line of demarcation between the red and blue was not very distinct at the
time I was there, because the bank had been exposed to the air for some months and was very
dusty. But the difference of color seems to point to some radical difference in the gravel itself,
its origin or time of deposition. Mr. Brogan told me, for instance, that all the petrified wood seen
in the claim came from the red gravel, while all the wood in the blue gravel is thoroughly charred,
there being no charred wood in the red gravel at all. The gold, too, in the red gravel at this
claim has a fineness of %%, while the gold of the blue gravel has a fineness of only ££%, and is
also a little coarser than the gold found above. The difference, however, is not great ; the whole
being classed with fine, or flour-gold. In the cement near the mill the gold is coarse, rounded
and smoothed by washing. Some pieces, I was told, have been found worth as much as ten or
fifteen dollars.

In the claim next southwest from Cedar No. 2, — the Brink Claim, — the gravel has been
washed away to the bed rock, which here pitches rapidly to the east. There was also a much
larger quantity of clay met with in and upon the gravel than elsewhere in this neighborhood. It
would appear that when the channel had been filled up to that depth the quantity of water dimin-
ished or was spread out over a so much wider bed that, particularly on the banks, there was a good
opportunity for finer sediment to lodge.

To the north of Cedar No. 2 the distinction between red and blue gravel is not so marked; or
it may be that the upper claims have not yet exhausted the upper stratum of red gravel, and
that blue gravel will soon be struck, when work is recommenced. Concerning the gravel sunk
through at the '49 shaft in Potato Ravine (previously referred to) I have no information excepting
that given in Mr. Browne’s Second Report, viz. : “Pay gravel was found all the way down, and
it was soft until within six or eight feet of the bottom.” What the last few feet of gravel was
like is not mentioned, though probably a cement similar to that near the mill was struck.

The general character of the gravel remains, then, essentially unchanged as far as Squire’s
Cafion. In the Jehoshaphat Claim, however, between Squire’s Caiion and Dutch Flat Caiion,
there are a few peculiar features to which my particular attention was called by Mr. Kelsey, and
which may or may not be thought to have any great significance. Starting from the outlet of the
mine, in Dutch Flat Cafion, there is a distinct line of demarcation, between red gravel above
and blue gravel beneath, which rises in a southeasterly direction for a distance of about 175 feet
at such a rate that it follows the line of the sluice (of which the grade is 10 inches in 12 feet).
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From that point on the rise is more rapid for a short distance, — perhaps 100 feet, — so that the
sluice is entirely in blue gravel, and then the blue pitches off suddenly and disappears. Com-
mencing at the bottom of the present bank, then, the order of deposit in this claim is, first, the
blue gravel and then a fine red gravel, above which is a coarser streak of about sixty feet in thick-
ness in which the pebbles are mostly angular and unwashed. Mr. Kelsey says this streak can be
traced across the Dutch Flat Caiion to the upper part of Thompson’s Hill, and is remarkable for
containing a noticeable quantity of copper. 1 had no opportunity of testing the correctness of this
latter statement for myself, but have full confidence in Mr. Kelsey’s honesty in making it. This
cupreous streak is not wide, — only about 100 or 125 feet. It looks as if it lay lengthwise in a
stream, and gives additional reason for thinking that a current once ran in a southerly direction
at this point. Above the cupreous streak there lies about twenty-five feet more of red gravel.

A short distance beyond the point where the blue gravel disappears there are sandy deposits
dipping at angles varying from ten to twenty degrees (mostly about twelve degrees) to the south
and west of south. There are also extensive deposits, in alternating layers, of soft yellow and
blue clay, the blue being made up largely of bark of trees and other unmistakable vegetable mat-
ter. These beds of clay dip to the south, or nearly south, at a considerable angle, as much as 10°
or 15° on the average. These different clays are not, moreover, in all cases superposed quietly one
. upon the other. In one or two instances it seems as if a pipe of blue clay had managed to-efiect a
connection through the yellow clay between two otherwise distinct blue beds. A similar phenome-
non was also observed at the line between red and blue gravel. It looks as if a stream of blue color-
ing matter had made its way up through some open channel and soaked into the red until it was
completely absorbed. The effect on the face of the red gravel was as if some blue gerrymander-
like figures had been drawn there. I looked at this phenomenon pretty closely. The line be-
tween the red and blue was always distinct and well defined ; there was no shading off of tint.
In many cases, if a pebble as large as a man’s fist was in the line of division, one half of it would
be red and the other half blue, showing that the cause of the coloring is to be sought for in some
agency acting after the gravel had been deposited.

The boundary line of the blue gravel presents also another peculiarity in this claim. At a point
a few hundred feet from the caiion Mr. Kelsey has a shaft sunk forty-five feet in a red sandy mate-
rial without striking any blue gravel at all; but twenty feet to the west of the shaft blue gravel
sets in and rises abruptly. It is seen at the top of the shaft, but was not met with below within
the distance of forty-five feet.

The yellow clays in this mine abound also in little nodules of rather irregular shape, but still
so uniform as to have given the impression that they are ¢ fossil oysters.” There is indeed a cer-
tain resemblance to small oysters, and the nodules are all found lying on their flat sides in the
clay. 'When broken open the central portion is, in almost every instance, a black powder differing
entirely in appearance from anything else found in the neighborhood. I saved a few specimens in
the hope of being able to determine the character of the interior black powder at some future time.
Up to the date of this writing, however, nothing has been done about it. I am hardly of the
opinion that these nodules had any organic origin, still the fact of their all lying upon the flat side
is rather striking.

Some cause undoubtedly acted at this point of the gravel deposit to introduce irregularities which
are rare or less marked at other localities near by. The dipping of the line between the blue
and the red gravel in opposite directions, the deposits of vegetable mould, the coarse streak with
angular pebbles, all taken in connection with the form of the bed-rock as indicated in the three
old shafts near the outlet of the Jehoshaphat Claim, seem to corroborate to some extent the idea
previously advanced that at some time in the history of the old river there was a sudden change in
the direction of the current ; that it perhaps found itself choked up, and then broke through or
over some small divide and continued its way in quite a ditferent direction.  As has been before
remarked, there is evidence of a channel’s having also once gone from Dutch Flat to Little York,
—and if there ever was any such change of channel as I have supposed, the Jehoshaphat Claim is
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just on the spot where the change must have taken place. It is true, I cannot see just why any
such change of channel should have produced just the effects observed at this point, and it is pos-
sible that some far better explanation may be found. If so I shall be glad to adopt it.

South of Dutch Flat Cafion, it has been observed, we meet with no big boulders excepting in
the cement at the Indiana Hill extremity of the gravel ; but as soon as we cross to the Gray’s Hill
Diggings and the district which lies to the north and west of the town of Dutch Flat we strike at
once gravel of a different character. Almost the whole extent of ground that has been worked
over is now thickly covered with boulders varying from one or two up to five or six feet in diame-
ter. Whether the gravel all the way up to the original surface was of the same nature or not I
cannot tell positively, but I think the boulders were smaller and not so frequent towards the top.
Mr. Ross Browne, for instance, speaks in his report of the soft gravel at Dutch Flat above the
“blue lead.”

There were not many places where good information could be gathered concerning the nature of
the Dutch Flat gravel below the present surface. At Teaff’s Shaft (already referred to in another
connection) I could see that the mouth of the shaft was quite near the line between red and blue
gravel. A few strokes of the pick sufficed to break through the weathered outside and bring the
unmistakable blue color to light. The gravel at this point was very coarse and many of the
boulders were as much as five or six feet in diameter. The largest ones were apt not to be per-
fectly rounded, though very sharp angles were rare, The blue color of this gravel is owing in part
to the colors of the big boulders themselves, many of them being of metamorphic slate with a
decidedly bluish tint, though there is also a good percentage of quartz boulders to be seen. In the
red gravel, which overlies the blue, the boulders and the smaller pebbles as well are almost exclu-
sively of white or reddish quartz. Southward from Teaff’s Shaft big boulders begin to be rare.
The shaft itself is sunk in blue gravel for 128 feet before reaching bed-rock, and discloses signs of
gold pretty uniformly distributed all the way down. It was shown, too, that the gold in the blue
gravel is, as a rule, coarser than that in the red, which is scaly, flat, and fine. According to Mr.
Teaff, some of the gold in the blue gravel looked like pin-heads, — resembling the gold which has
been found in Bear River. With respect to fineness of gold, this is about the same distinction
which was made between the two kinds of gravel at the Cedar Claim No. 2. At Teafl’s, however,
I was told that charred as well as petritied wood was found in the red gravel, which was not the
case at the Cedar No. 2.

Another place where I had a chance to learn something about the character of the gravel below
the present surface was at the Dutch Flat Tunnel. The information was obtained from Mr. Col-
grove, and is, briefly, as follows. The tunnel was run for about 500 fect in a general southeasterly
direction without reaching gravel. It was then decided to rise, and gravel was struck on the north-
western rim at a distance of forty-two feet. Between this point and the present surface of the
gravel is about sixty-five or seveuty-five feet of blue cement covered by about fifteen feet of red
gravel : above which there was still as much as eighty or ninety feet of gravel to the original sur-
face. From the point where the channel was struck at the top of the forty-two feet rise, a hori-
zontal drift was run for 200 feet in “ blue cement.” At the extremity of the drift sinking was
commenced again. The first six feet was in the same kind of blue cement as in the 200 feet drift,
and then followed ninety feet of clean blue gravel to bed-rock. From this point a new drift of
forty feet in length was run in blue gravel, at the end of which a sink of seven feet was necessary
to reach bed-rock. The last two feet were in a hard cement.

At the northeastern end of Gray’s Hill, on the ground belonging to the Buckeye Company, the
boulders are also very large and numerous. As would be expected where big houlders are so
common, clay is scarce. In Mr. Teaf’s claim the thickest body of clay was only ten feet in thick-
ness, and that only over a small area.

At the upper end of Elmore Hill, where the gravel first makes its appearance on the left bank
of Bear River, it is said to look like a deposit of rotten rock, but as we get nearer to the Little Bear
River it takes on more the character of a blue cement similar to that in Gray’s Hill
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At Liberty Hill there is a bank of thirty feet in height of bluish gravel, covered by about the
same thickness of red quartz gravel. The boulders are very large and not much worn, as if they
were lying near the head of a stream, and had neither been carried far, nor had much gravel
washed over them. On account of the size of the boulders, it has not been very profitable to
work the gravel at Liberty Hill

The gold product of the Gold Run district has passed largely through the banking-house of
Messrs. Moore & Miner, at Gold Run, who kindly prepared for me a statement of their gold
purchases from March, 1865, to October, 1870, from which the following summary has been pre-

pared :
Year, Weight. Value.
oz, dwt.

1865 (March to December) . . . . 7,554 19 . . . . $140,182.05
1866 . . . . . . . . 12,723 . . . . 237,909.62
1867 . . . . . . . . 16,542 13 . . . . 311,812.65
1868 . . . . . . . . 13,5687 10. . . . 259,208.05
1869 . . . .. . .. ... ... 18996873
1870 (January to September) . . . . . . . . . 183,384.86

From Church Co., in addition, . . . . . . . . 62,814.60

Total, « .« . .+ « . . . $1385280.56
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