THE ANCIENT RIVER BEDS OF THE FOREST HILL DIVIDE.
By Ross E. Browne, Mining Engineer.

The Forest Hill Divide is situated in Placer County, betweemNtnth and Middle Forks of the
American River. It is one of theumerous spuiike ridges of the westeritank of the Sierra Nevaddhe
ridgeline is uniformly graded and unbroken for tweffitye miles or more, extending from an altitude of
five thousand eightundred to two thousand three hundred feet above sea level. Migivegen these
points the ridge fanches, the northerly branch bethg lowa Hill Divide, and the southerly, or main
branch, the Foreslill Divide proper. The general course is south of west, or approximasdetyal to the
axis of the main Sierra Range.

At certain favorably located pdgan extended view is obtainedthis and neighboring divides.
Upon losing the effect of the detail orexeives the impression of a general uniformity in the grades of
thesummitlines. These summlines appear as the remaining traces gémtly unduhting plane, sloping
regularly from the bases of theassive peaks of the Sierra to the Sacramento Valley. One readily
conceives the idea that the deep canons and gulches, which givenodide surface its broken and
rugged character, are but the resoltthe prolonged erosive action of the present streams.

An examination of the district shows that the bases and main fdlesse ridges are composed
of metamorphic rocks of great age; dhdt there are commonly exposed on the summits large
accumulabnsof volcanic material and extensive river deposits of a comparatieegnt geological
epoch. In a popular sense, however, these degresitecidedly ancient, and they have been appropriately
credited to mancient river system.

A characteristic crassection of the Forest Hill Divide is given Fig. 1.

—CROSS-SECTION— The Metamorphic Rocks forming
FORESEHIL L the base and main body of the ridge
constituting the country rock of the
district are commonly slatesarrying
seams and ledges of gdearing quartz.
The slates vy in character; they are
finely laminated or coarse and blocky,
talcose, argilaceous, or highly siliceous.
There are several belts of soft laminated
slate in which the quartz ledges and
seams are specially numerous.

The strike of the slates is generdligtween north and northweand the dip 75 degrees to 85
degrees to the east.

Prominently exposed are patches and dikes of diorite and azopnadf serpentine.

The term "bedrock," though evidently intended to apply only tadbk immediately forminghe
bed of the river, is nevertheless used igeneral way to designate the country rock of the district.

The River Deposit consists of well washed bowlders, pebblesaat] composed of the harder
materials eroded from the bedrécknostly quartz and Bteous rocksClay strata are of frequent
occurrenceparticularly in the upper portion of the deposit. Trunks of treesymonly cedars and oaks,*
are found imbedded in the upper lay@ither petrified or somewhat lignitized. Certain layers of the
grawlsthus formed have become strongly cemented, owing, probably, pett@ation of siliceous and
calcareous waters. The color is gray, blue, green, reddish brown, or white, according to the material, as

*|. e., trees similar in appearance to our présedars and oaks.
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well asthe degree of oxidation of the iron contained in the cementing substance.

Gold occurs throughout this deposit in the form of rounded nuggesties, and dust (see Fig. 12).
This occurrence is the result of thieeaking and griging of fragments and bowlders of the gblelring
portions of the bedrock. By a natural process of concentratidvottam layer of each deposit of gravel
has become, as a rule, the rich&btat these auriferous gravels are river deposits, was buf@ane o
numberof the theories advanced during the first decade of active mipiagations. The theory was well
established, however, by Profesgdhitney in his earlier work as State Geologist, and the accumulating
evidences have long since become concéusiv

The Volcanic Cap consists of massive layers of beds of light ggdglish brown, and dark
colored cements and conglomerates. It contains large bowlders and fragments of volcanic rocks, and in its
bottomlayers occasional trunks and branches of treeeadat lignitized. Itarries no appreciable
guantities of gold, and is, in fact, the barmeaterial of the district.

Between these massive beds are layers of gravel, marking dugriads in the flow.

Doubtless the volcanic cement was originally ia thrm of a semiplastiftuid, or mud,
solidifying or "setting" soon after depositingome of the gray and dadolored cements are as firm as an
artificial concrete, and resist the erosive action of the water better theoftée finely laminated sles.

Mining Development& The Forest Hill Divide has been for thimtyneyears an active field for
mining enterprise. There have been expdseldydraulicking many sections of the river deposit and
extensive areasf the river beds; and by drift miningnamber of the channels halveen explored and
worked continuously for a mile or more tbieir lengthsThe principal developments are indicated upon
the accompanying map. s

Mining Termsd Of the mining terms used it Flg 2. e
appears necessary to defaéew only:"Channel” :
refers to the deeper portion of the continusaagh
like bed of the river; "rim" to the sides of the trougt
from theline above where the bedrock begins to
pitch down, to the shore line tife bottom layer of
gravel filling the channel; "uppédead,” to an upper
layer of pay gravel; "bench gravel," to a patch of an earlier depagiaeél remaining in place after the
greater portion has been washed away.

THE CHANNEL SYSTEMS.*

The network of channels under the volcanic cap is rather confgiege are evidences of a
number of channel systems, each represeatipgrtial or complete displacement of the stream, a distinct
cut, and apecial deposit of gravel.

The series of volcanic eruptions in the high Sierras had a markedwgftecthe wateourses
and has enabled a ready grouping of the chaysééms according to three important periods, covering
the time beforeduring, and after the series of eruptions.

First Periodd Prior to the first important flow of volcanic' cemetitis period igepresented by a
system of continuous valldike depressions the bedrock, from a thousand to several hundred feet in
depthand several miles in width, and containing broad river beds filledgséttel to very considerable
depths. The rivers, in erodjrthe bedrocland forming these depressions, left a succession of broad, flat
benches with shallo@ccumulations of gravel.

*The term "channel system" herein refers to the beds of contemporary streams.
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The channels naturally followed, to a great extw belts of softlate. This slate is easily
eroded, slacks readily, and is washed aimndite form of a fine silt. Quartz is the only important material
containedn the belts which is hard and permanent enough to residesiteictive action of the awmnt.
Owing to these facts we find in tfiling of the channel, for long stretches, quartz gravel and quartz sand
almost to the exclusion of other materials. The white channel dolatain Gate and Hidden Treasure

Mines is a striking example. (Sé&. 3.)
The channel is filled to a depth of

o 3 100EY, TaEASURE CnanneL fifty feet, and a width of one thirof a

‘ mile, almost exclusively with smoothly

washed bowlders, pebbles)d sand of

pure white quartz. On top of this, to a
i depth of one hundreahd fifty feet or
more, and an dginal width probably
exceeding anile, the filling is quartz sand
and sandy pipelay.

The course of these belts of soft
slate being south, or somewhat a#fst
MR south, and not entirely continuous, and the
Wt D rgrare - so00- 000 Lt s000 o “eooc  general slope of the surfabeing to the

- southwestthe channels occasionally break
across théarder belts of bedrock. The quartz gravel decreases in quantityheaadcre substituted
pebbles and bowlders of equally hard silicemetamorphic rocks.

There appears no conclusive evidence of the occuwrelucing thigperiod, of any disturbances
to cause a wide diversion of the watercouas®, the writer is unable to say whether the period is
representetdy one large channel system only, with its tributaries, upper leadbeactes on the valley
slopes, or by several such systems.*

The first important volcanic eruption in the high Sierras changecothditions. A mud
composed of fine volcanic material was delivet@the river bed and washed down its course, spreading
overthe graveto a considerable depth, solidifying and sealing the river deposistiidems were
diverted by the cement cap thus formed, and thegiisbd came to a close.

Second Period, or period of the series of volcanic cement flolse capping of tle older
channel deposit occurred in a succession of fldle. watercourse was several times diverted by the
heaping masses wblcanic materials. During the intervals between the periods of voleamition both
shallow and deep narrow channels were smtetimedgollowing and partly obliterating the older
deposit, sometimes crossiagd leaving the deeper portion of the older bed altogether. Saimesef
later cuts are higher than the earlier; several of them, howsagsed entirely through the oldkposit
and fifty to one hundred fedeeper into the bedrock. (See Figs. 3 and 4.)

The "blue channel" and the "volcanic gravel channel,” shown isdt#on, represent two such
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cuts.
The "blue channel" contains, in its lowest depression, five to fifesstrof bedrock gravel of a

*See Appendix A to this article.



grayish blue color,* and on top of this eigliéet of cement, then a layer of four or five feet of bedrock
gravel; andn top of this again, cement.

The " volcanic gravel channel " contamé$arge body of coarse gravebmposed mostly of
volcanic rocks, and to a small extent only of bedrock.

These two channels represent distinct systems. The volcanic gnavelel is doubtless the later
of the two; possibly the latest of the dedyannels of the periot

The final bed of the period was filled with coarser cements and conglonteratgseat depth.
Volcanic eruptions in the high Sierrasased altogether, and thus the cause of frequent diversions of the
watercourse disappeared.

I 1 k. LONGITUDINAL SECTION OF WHITE CHANNEL

TNl Quwrdy Gowevd )
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Third Period, immediately following the last important flow of volcanic cement and extending to
the present timé. There still remains ahe volcanic cap from three hundred to one thousand feet in
depth. Theancient valley was filled to depths even gretitan these, and theresulted a wider and more
permanent diversion of the watercouremn heretofore. The streams started new channels, probably
along themarginal lines of the cap, cutting across the cap at the juncture of tributeeimdy period,
and ultimately obliterating the greater partlué deposits of the first period and a large part of the
deposits of theecond period.

These streams, undisturbed by volcanic activity, have continurd,tforming eventually as the
forks of the Amerian River the deepanons of the present day. The following series of sections will
illustratethis conception of the transformation of the original surfacettaéxtent of the cutting and
filling of the three periods (see Fig 9he surfaces marked teasections of the gravel deposits of the
first period, and those marked 2 are sections of the volcanic cement deptisitsecond period.

Distinctive Feature8. From the frequent displacement of the stredoring the second period,
there have arisen kiaus complications in thehannel systems. Although the mining developments are
extensive irportions of the district, it still remains a difficult matter to separateti@nel systems of the
second period, and it is not always easy to distindugsiveen those of the first and second periddsa
general way, it may be said that the channels of the second geéfgdrom those of the first as follows:

*In this article "bedrock gravel* means gravel composed of bedrock mateeialent," volcanic
cement; "volcanic gravel," gravel composed of volcanic rocks mement than the channel systems of
the first period.

** See Appendix B to this article.



their beds are narrower, rims steeper, and
; accumulations of bedrock gravel incomparably
"[— S smaller.
S 1 X Thefollowing may be said concerning the
BED [ROCK gravels in the deeper chanbelttoms, and their
i B T immediate volcanic cappings: The characteristic
‘ é channel deposit of the first period consists of a

7 ' ' large body of gravel oéxclusively bedrock
»' : { material, and a light cemeoapping; the
characteristichannel deposits of the second

1% CLOSE OF SECOND PERIOD 3% _ _
4000 B 53 S - Jua period, either of a small body bédrock gravel
e  vowcame o = | : ;
\ “L = and a heavier cement capping, or of a large body
| ! ‘B\ . .
oo LY ~ of volcanicgravel and a heavy volcanic
BED {mcn conglomerate and cement capping.
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! R A continuous cap of so lted pipeclay
generally indicates the firpeeriod.
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j l Where one deep channel cuts across the

ok’ﬂ ) deposit of another, thehannel which does the

cutting belongs, as a rule, to the second period.
The channel which has been cut may belong to
either period.*

Gravd Dislodged and Redepositéd.
There occurs occasionally vearge
accumulations of bedrock gravel between the
deposits of volcanicement, which are evidently
the result of the cutting and dislodgmeiht
sections of the older deposit. (See Fig. 6).

The uper body of quartz gravel shown in
the figure is such an occurrenttehas not been explored to any great extent, and the lintiti@gin this
section are conjectural. .

Buried Treesy The section given Iig 6. _LONGE,?%,NSZ"‘QV,(;‘QET,LUN_ S
in Fig. 6 shows an interestimgcurrence. = S ’ '

The cemenfilling the bed to a depth of one
hundred feets a more uniformly fine
grained sediment than is commonly
encounteredt incloses a number of oak
and cedar trees standing on Hamks of the
channel, with the roots intact in the gravel (EDyROCK
soil andbedrock One of these is a cedar I AL 3LL/”//\// )
nearly one hundred feet in height and four  ° woodéce 2000 2000 4009 5000
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*A careful study of the immediate volcanic caps of the gravel deposits by a conypeteiatist
in petrography may lead to important criterions in classifying the charinelfi.be evident that the
writer's opportunities have been mainly for a study otdpegraphical features.



feet in diameter at the base, and stands perfectly uprightc@mgldering its age, is in a surprising state
of preservation.

Similar standing trees afeund also in the Bowen Mine, in the saatmnnel. These trees are
immediately on the shore line of the shalld@posit of gravel, and show that for a few centuries at least
before thadepositing of the volcanic material the stream was a small oneFigee)

These standing .
trees show also that the qu .
first flow of the cement 3500
wasnot torrential, though
moving with a certain
velocity. The existencef
a current and its direction X

.

3
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CROSS SECTION OF WESKE CHANNEL
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immediately surroundinthe trunks of the trees.

The Weske channel is apparently one of the earlier channelssedbed period. It is cut by a
slightly deeper channel, which is filled @aoconsiderable depth with a coarse, volcanic gravel, containing
largewaterworn bowldersfdava, mixed with a certain amount of coabsglrock gravel. The whole is
capped with hard cement and conglomerajefollowing the course of the Weske channel on the map, it
will be seen that it, in turn, cuts and recuts a channel of the first pgrioBaragon and May Flower
channels.

The Significance of the Volcanic Cépln certain districts in the Statle ancient channel
system, together with its dividing ridges, was completelyered by a broad lax@p or mantle prior to
the starting othemodern channel system.

There appears no definite indication of such a mantle in the distriein described; on the
contrary, the presumption is against it. Hlad second period been closed by a broadtdlgted lava
mantle, completelgovering the edier divides, one should expect to find the modgrannel,
independent of the cement channel in its course, occasiandilyg and occasionally avoiding the same
without a very definitguidance, and leaving as much of the old leapped divide as dhe cement
channel to form the present ridge. Such, however, is natfeon the Forest Hill Divide. The
prospecting shafts and tunnéksve invariably developed the existence of a trdilghdepressiomnder
the volcanic cap. The ridge for twergix miles, from Tadpoléo Peckham Hill, shows under the cap a
practically continuous depressionthe bedrock surface. There is good reason for regarding tthis as
main cement channel of the district.

It is difficult to establish satisfactorily the causkigh led themodern river to avoid the older
cement channel to so marked an extimpicturing the periods, it has been assumed that the old river
bed, orrather the valley, was filled with volcanic material to a level higlomjis widespread rims, but
not to actual overflowing; that the thigklcanic mud formed a more compact conglomerate of the
heavierdebris in the central line of flow, and a lighter and more sandy cdowaid the shore lines; and
that these conditions tended to divert streamgoward the marginal lines of the deposit. The streams
would necessarily cut across the deposit at the juncture of the velcappedributaries.

There is offered no definite evidence in support of this assumpttisrmade, in default of a
better onewith the view of impressing thfact that the old cement channel has been avoidedidtahle
extent,by the channel of the modern rivers.



It is plain, however, that the reconstruction of the ancient systerasyisar from being so
simple, asndicated in Fig. 5.
The following section (Fig. 8) shows the height of the present beddyss. The rims of the old

river bed must have been higher Fl 8
thanthese. 9 i
The section here givenis | = PEATAD
taken across the Golden River anc sof ------------------ g J --------- 3 e
EurekaClaims. The existence of “
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two deep channels is not absolutel
determinedThey are indicated by
the pitching rims, but have not yet | 3500
beendeveloped.

The Grades of the Ancient | 2000 1 AN
Channelsd Owing to small {“&\‘\, \\ b
irregularitiesthere is required the | 1oeo e LTI Q\z&\x’“’”"
development of a considerable length of thermelto determine satisfactorily the average grade.
However, disregardinthe smaller tributaries, the exposed sections show, as a ruleunifarmity of
gradeéd certainly as great a uniformity as the modever beds.

The accompanying longitudinalc®n of the divide shows the gradefshe summit line, and of
the ancient and modern channels, and the ddm@losion (see Fig. 9).
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The course of the
ancient river was somewhat
more sinuous than thaf the
ridge line, hence the apparent
grade in thesection is somewhat
greater than the actual grade.
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channel .015, sseventynine feet to the mile.

The grade line of the deep modern channel is curved to a ndekeek; that of the shallower
ancient channel to a scarcely perceptildgree.

In the following diagrams (Fig. 10) there are given the coursegrani@s of vaous patches of
channel exposed in mining. The magnéearings of the dowstream courses are platted from a
common point.

The first group represents the first period; the second group, the searioal

The Paragon grade is exceedingly irregular ctiennel bottom risingnd falling alternately on
the downstream course. The grades of bem, Mitchell, Rainbow, and Dix Mines, belonging to the
second grouphough determined, were not included in the diagram. They dodass: Dam and
Mitchell, souh 50 degrees east .005; Rainbow Bixd south 40 degrees west .005.



Professor Whitney, in his work on "Auriferous Gravels," after discusbmglate of uplift of the
Sierra, says: "We may assume thiaigraphic causes may pretty much be left out ofidenstion in the
discussion of what has taken place since the gravel was deposited."

Prof. Jos. Le Conte, in his paper on the "Old River Beds of Califoatizifjutes the cutting of
the new channel, below the level of the oldatoonsiderable elevagrof the Sierra Range, and increase

of the mountairslope. The Fig. 10.
question on which the two G P SRgmar
authorities differ so widelin S g : 2

opinion is an important one in
tracing the old channels. If, fol
example, Professor Le Conte":
view is correct, and the

bearing of theaxis of upheaval e i—7"
is north and south, and the tilt -02<>** b,,e"z
to the west, one shouékpect _9\693"‘

to find, in following the &

sinuous course of the tilted
channelFirst, the original
grade maintained wherever the
course is north ssouth; second, a greatly increased graderever the course is wetiird, little or no

grade wherever the course is east. It is plain tegsematic study of the grades promises not only a
settlement of thenain question, but perhaps also the determination of the bearingaofishand the
magnitude of the tilt, if any occurred.

The information furnished in the above diagrams (Fig. 10) is rateager. More data are wanted
to settle the question of tilting. Howevérmay be said that the evidence, as far as it goes,* is against any
consterable increase in the slope of the Sierra fladkcidedly againsdn increase large enough to
account per se for the two thousand feet deeyiging of the modern river.

Local Disturbance8. There appears to have been very little local disturbahte channels
through faultingt* The writer has observezhly one well marked case in the district covered by the
map** * A fault passes across the bed of the Yankee Jim channel. The strike i85defrees west
magnetic. The throw is to the northeaskefih feet, andlmost vertical, making the dowstream bed
fifteen feet higher than thgx-stream. The gravel has been washed away by hydraulicking,ibptain
that the fault extended through the gravel deposit, as theskalls no wash and its edigerough and
angular.

Origin of Quartz Graved. The enormous accumulation of quartz gramehe white channel of
the Mountain Gate and Hidden Treasure Miisess matter of some interest. A large number of the
smoothly washetowlders are from three to dieet in diameter, and weigh from onetém tons each.

One of the largest encountered had a smoothly waslréaite and was between ten and twelve feet in
diameter, weighing ovdifty tons. It does not appear likely that the heavier of these mesgdfar after
reaching the rough bottom of the river bed, and the surfeeesprobably polished by the sharp quartz

* The Dam and Rainbow are forks of the same channel. Their grades disclose no tilt,

** This absence of local disturbance is a further indicatthat no marked uplift of thgierra

Range has taken place since the period of the ancient channels.

*** See Appendix C to this article.
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sand in the swift currengtill the great mass of the material was doubtless derived fswarae far
above thessections.

In extracting the gravel and exposing the channel bottom therebbawefound a number of large
guartz ledges. One of these measuhnédy-four feet in width. Still the amount of quartz thus seen in the
bedrock does not appear as sufficierscoount for the filling of thehannel. One is led to assume that
the size of the quartz ledges,tbeir number, further up stream and perhaps nearer to the original surface,
was greater than in the bedrock now exposed in the chiaottein.

Bench Graved Numerous benches on the rims of the larger chammasis been worked with
profit. Owing, however, to the uncertaimggarding the extent of such benches when buried under the
volcaniccap, there has been very little prospecting for them in the prirdrifainines.

High up on the west rim of the present El Dorado Canon are a noifribenches which have
been hydraulicked with profit. Severaltbiese are shown on the map. The Batchelder, Franklin,
Drummond,and EI Dorado Hill deposits are doubtless meaent than the anciedbannels under the
volcanic cap. The gravel of the Gas Hill and Bign pits is practically the same as that of the Mountain
Gate and Hiddemreasure white chanrielthere is good reason for thinking thlaése are remaining
patcheof the same channel deposit.

Courses of the ChanndsThe courses of the channels placed upomthp appear to the writer
as pretty definitely indicated by the dafdue periods to which these channels are thought to belong are
indicatedby the coloring(See note on map.)

In this connection attention is called to the "Review and Gebésalssion” of Mr. W. A.

Goodyear, pp. 488 to 526 of Whitney's "Aurifer@eimvels” Mr. Goodyear's foresight in outlining the
courses otertain channels, at that time 711§ but imperfectly developed, is noteworthie indicated
approximately the course of the Mountain Gatéte channel several years before the discovery of the
Hidden Treasuregnd pointed out the probability of the bend in the Paragon charamgl yeardbefore

the May Flower discovery was made.

Depth of Graved The depth of bedrock gravel wholly under the volcaaig is, as a rule, from
thirty to one hundred and sevesiiye feetin the channels of the first period, and from a few inches to
twelve orfifteen feet in the channels of the second period.

Width of Channelé The character of the bedrock seems to havddragmportant influence on
the width of the channel, the course, @ag. The old river was frequently narrowed down and turned by
contactwith belts of the harder of the l (
metamorphic rocks. J RED POINT CHANNEL

The following plan of the Red Point -+ SRR SRR
Mine is a good illustration dhe effect of the | u‘(,u;,m H-
hardness of the bedrock upon the width of the ~44#*4
channeland the amount of gravel deposited:

The black surface represents #reount
of gravel extracted, amtactically the entire
extent of gravel in the channel bottom. Where :
the channel crossed the hard reef it was narrov |-~
and contained ngravel, the volcanic cement
resting immediately on the bedrock.




The Goldd Fig. 12 givesa fair idea of the sizes and shapes of theld nuggets and scales

occurring in the gravel of the Red Point Mifidwe Fig.12.

fineness of this gold is about 0.930. GOLD From RED FPOINT MINE
The greater portion of the gold is of o LS00

medium size or fine and flat scaly.
The gold from thédlue channel of the At CRE =

Mountain Gate Mine, and frothe Paragon and “ w e S e &'ﬂ";r

May Flower channel, is about the same as that fr
the Red Point. That from the white channel of the MEDI UM

Mountain Gateand Hidden Treasure and from the we &8s 8 ‘N"Q“p"’

Weske is somewhat coarser. Nuggets weighing =~ ® & ¢ ¥ / Egdme

or two ounces are not uncommon,; they seldom Shot ¢ Srien

weighas much as ten or fifteen ounces. Cerueres "' Y AL LA
The distribution of the gold in the gravel is P it S

not always the sam#hough as a rule the bottom “f.).fi”f“

layer of gravel is the richest. L Ul

The Weske channel, it is stated, hasdgd
good pay on highenches. In one portion of the Dardanelles Mine, pay gravebxtescted in floors to a
height of thirtyfive feet above the channebttom. The upper lead of the Paragon Miree hundred
andsixty feet above the channel bottdérhas yelded by drifting more paunning foot of channel,
though less per ton, than has the bottom leadSee tabular statement.)

The gold is evidently derived from the bedrock traversed bghaanel.

The fact is frequently commented upon that the quargekedh thidistrict, though numerous,
are usually too poor to pay the expensworfking. This does not necessarily justify the conclusion that
theywere too poor to furnish the gold in the channels. Some of the ladgeshown gold enough to
induce thanvestment of capital, and hagetimes paid a profit. It would not appear as esamguine to
expect$2 or $3 per ton in a bottom layer of concentrates, representing amalyfraction of the mass of
guartz broken and ground sluiced.

Finely laminatedslates with quartz seams form good riffles in¢hannel bottom for the
lodgment of the gold. The gold nuggets agdles frequently become imbedded in the softer slates to
such an extenthat it pays to remove the bedrock to a depth of several inahegeaa foot.

The effect of the swiftness of the current upon the pay is impoAaninderloaded current, i. e.,
a current charged with less detritus tlitsin well able to carry, is apt to cut its bed and prevent the
accumulatiorof gravel. A greatlyverloaded current will deposit too rapidlyadmit of the
concentration of the gold dust. It is apparent, therefbet,a suitable relation between the velocity of the
current and thamount of material carried is an important factor in forming alst&pay gravel. If such
a relation exists, and is undisturbed for a considegadyied of time, and the material passing over the
riffled bedcarries sufficient gold, a rich body of pay gravel may be formed.

An increase of grade, or narrowing of the aelnwill cause aincrease of velocity, and the
same stream may be underloaded iraaow, steep section, and overloaded in a broad, flat section.
Furthermorea stream may be underloaded in the center of the channeVaridaded on the rims; or it
maybe underloaded on the outer rimeo€urve and overloaded on the inner rim.

Other conditions being the same, when the average grade of the dharemglgreat, one should
expect to find the pay in the broad, f&tctions, on the rims, and high up oe thner rim of the bend;



whenthe average grade is very small, rich gravel will be more likely to aedbe sections where the
current is relatively swift.

In the Forest Hill District, where the average grades range fromteieighty feet to the mile
the general experience in working the botteads seems to be about as follows:

In the larger channels of the first period, the best pay is found dmdheof the steeper pitches
on the dowrstream course, and on the inniens of a bend. The pay geadly favors one rim for long
stretchesNear and at the foot of steep pitches, and in very narrow sectionsptieargotholes and the
deposit is barren, consisting of round bowldard sand. In the channels of the second period, there is a
scarcity ofgravel in the narrower sections, hence the broad, flat sections are prefeerethough the
gravel may not be so rich.

The upper pay leads, such as the upper lead of the Paragon, prepaitent long periods of
comparative equilibrium betweemnitting andilling; while the poor strata are more likely to represent
periods ofrapid filling. A lack of stability in the beds of the upper strata militatgaginst the frequent
occurrence of rich pay leads in them.

Fig. 13 presents the average crssstion of the May Flower channitle plan and longitudinal
section, or profile, of the bodies of pay Fia 13
gravelextracted (in black), and the plan ¢ J
rim contours ten feet above thkeannel
bottom. There are further given, in small
figures, the totahmount ofgold extracted
from various sections and the average
yield indollars per ton of gravel (ranging [« 55727727 R T L e X
from $3 to $50) at intervals of one 7§f?zs%vo:';‘JfT?Tg,g;z;,@f‘ff‘%'asiggoﬁ4nsﬁ*‘&°—°fﬂ oy =l
hundred feetThe average grade of the
May Flower channel is twelve feet in one
thousand. s e T
Yield of the Districtd The writer —:Aj&“'ﬁ" g T T TNS T
has been wholly unable to obtainediable
estimate of the totalield of the district represented on the map.

Apparently it is about $30,000,000.

The following figures may be wide of the mark, as they are basbdamay evidence, except in
a few case where comprehensive accownvere available:

Red Point, blue channel, driftin§§150,000

Mountain Gate, white channel, drifting00,000

Mountain Gate, blue channel, driftintj75,000

Hidden Treasure, white channel, driftirigl50,000

Weskechannel, drifting 750,000

Michigan BIuff District, mainly hydraulicking5,000,000

Paragon, bottom lead, driftin§50,000

Paragon, upper lead, drifting00,000

Paragon, hvdraulickind00,000

May Flower, bottom lead, driftind85,000

Forest Hill Distict, drifting and liydraulicking5,000,000

Dardanelles, hvdraulicking and drifting,000,000

MAYFLOWER CHANNEL
CRO;;‘:'“SECT/ON




Todds Valley District, mainly hydraulicking,000,000
Yankee Jim's District, mainly hydraulicking,000,000

For special account of yield per running foot bénnel, and per toof gravel, see tabular
statement.

The richest drifting channel on the divide was, doubtless, the Fditeshannel, or series of
parallel narrow courses under the towrfFofest Hill, which, according to hearsay, yielded by drifting a
averageexceeding $1,000 per running foot.

Methods of Miningd Many of the ancient channels and benckepgciallythose of the earlier
period, have been exposed in completessestion by the erosion of the modern streams.

For some time after the firdiscovery, in 1851, the mining diedistrict was practically confined
to these exposed sections. The mdstveere naturally ground sluicing, hydraulicking, and drifting direct
uponthe richer layers. The drifting extended farther into the hill, angdatégnnels were driven to drain
off the water and facilitate the delivettye gravel.

The exposed and easily accessible deposits were gradually exhandtbd|der enterprises were
started. Shafts were sunk through voécanic cap, and a deeper systainchannels discovered. Large
guantitiesof water were encountered, and this method of attack was foarekpensive. At the present
time all of the important mines of tldévide are worked through deep drain and tramway tunnels, driven
atgreat expenséntough the bedrock. Upraises to the channel boti@made at intervals, and the richer
gravel extracted. According the firmness of the cementing substance binding the pebbles toge¢her,
gravel is either washed through sluices or crushed in a stalinp

The tunnels are driven either by hand or machine drills. By Haltidg the progress is from
forty to seventy feet per month, and theense $6 to $10 per running foot. By machine drilling the
progresss from one hundred and fifty to threendred feet per month, and #aepense $12 to $18 per
running foot. For details, see special descriptams tabular statements.*

Details of Prominent Mine8. Four of the most actively operatednes at the present time are
selected for detailed descripti. Thesare:

Firstd The Hidden Treasure, discovered in 1875 by Mr. Will@ameron. This discovery is
noteworthy, as the channel was not expasggvhere near the point of attack, having been cut away by a
volcanicgravel channel. Mr. Cameron based hiswations upon the similaritgf the deposits at the
Mountain Gate Mine and at Gas Hill, and started a tunnel, which passed through six hundred feet of
volcanic gravel, andtruck the white channel at precisely the right elevation.

Secon@® The May Flowerdiscovered by Mr. Chappellet. This whe first complete
development of the covered portion of what wahattime called the deep back channel. This discovery
in 1884 gave aew impetus to mining enterprise on the divide.

* For further information regaling the Forest Hill Divide, and general descriptiand

comments upon methods of attacking the deposits, reference is made to W. A. Goodig=ar's

in Whitney's "Auriferous Gravels," A. J. Bowie's work on "HydraMiming," R. L. Dunn's and

John Hgs Hammond's articles in State Mineralogigtinual Reports of 1888 and 1889.

Mr. Goodyear's "Review and General Discussion" presents the more important data
leading to the ancient river theory, and discusses clearly the conclusions thatlmaagdepon
them. The publications of Mr. Bowie and Mr. Hammond present cohgpraivelythe methods
and results in working the deposits.




Thirdd The Paragon, discovered early in the fifties, and purchasbtebgrs. Breece & Wheeler
in 1865.

Fourttd The Red Point, or GoldeRiver, opened under the directiohMessrs. De la Bouglise &
Hoffmann.

At the Hogsback Mine a tunnel is being driven with machine dfile. equipment is similar to
that of Red Point. The channel botthas not yet been reached. Accurate accounts learekept by the
former Superintendent, Mr. W. C. Ralston, and show so close an agreithevit. Hoffmann's results
in tunneling at the Red Point Minthat it has not been deemed necessary to include the figures in the
Statements which follow.

At the Gray Eagle Mine a tunnel is being driven very rapidly whiga new Cummings air drill.
The information is not at hand for a detaitisbcription of the work.

The following descriptions and tabular statements will furnish the mgrertant information
regading the four mines selected as types:

HIDDEN TREASURE.

Mine opened and worked under personal direction of principal owtem Cameron and
Harold T. Power.

Pay Channel very wide, and unusually uniform in course, gradgaand

Gravel loose, involwng the use of powder only in the breakindaofye bowlders, and very little
labor in breasting, but consideralebepense in timbering. Free washing.

Bedrock very soft, involving the use of very little powder in breakifgpn being exposed to the
air it slacks and swells to an unusual extant requires close timbering.

Method of Attackd The channel is reached through six hundreddétinnel in volcanic
conglomerate. The tunnel is sinuous in its couasd,somewhat irregular in grade. Its averagelg is
eighteen inchem one hundred feet. It follows the channel up stream, and is pagtawel, partly in
bedrock. Present length of the tunnel, from surfaggaweel breast, eight thousand five hundred feet. The
gravel is breasteby picking andcaving, and is shoveled into cars having a capacionefton each.

These cars are pushed by hand through short gandavehyes main tunnel, and run thence by gravity to
the dump house on tlseirface. One horse hauls a trai Fig. 14.
of eleven empty cars into timeine.

Car Track, steel rails, thirty pounds per yard
length.

Tunnel Timbering The pressure from the
gravel is not great, but tfsvelling bedrock has been ¢
source of trouble, driving the legs of ttimberset
inward and crushing the cap. After mamsuccessful
attempts to overcome this difficulty, the legs were
given an increasinglgreater bottorspread, until
finally it was found that they remainetationary. The
swelling bedrock is removed from time to time dhel
track adjusted. The accompangicut shows the form
of tunneltimberset now used in bad swelling ground. (See Fig. 14.)

Sets are first put in four feet apart, and in the course of an@whs centesets are placed
between these. Timbsets on this plahave now been in place thrgears and are still in good condition.
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In the eight thousand five hundred feet length of tunnel, there arefabotihousand sets of timbers.
Two men are kept constantly employadeasing and repairing the sets and adjusting the track.
Breast Timbering@ In breasting the loose gravel the ground is timbelesely as shown in
sketch (Fig. 15).
Fig. 15. A . The excavation is partly filled in or

: walled up with large bowlders fmevent
extensive caving.
I Powder, used only in small quantity
//// ' // ///Z’///// ///' Ventilationd An air drift is run in

oo the gravel, following the tunndBy means of
connecting drifts between tunnel and air drift, and withassistance of a smalrfiace in the tunnel, a
good circulation of airs maintained. There being very little powder used in the minenstisod of
ventilating answers fairly well.

Washing the Gravel. Storage capacity of dumping floor, four hundteds. Size of nozzle, three
inches. Water pressure at the nozzle, sixteen The sluice boxes are eighteen inches wide and twelve
feet long, andhave a grade of eighteen inches to the box for the first six hundresigintgfive feet, and
twenty inches to the box thereafter.

The ine of sluices is as follows, beginning at the dumping floor: kmeHungarian riffles; one
hundred and ten feet flat and weheelriffles; eight hundred and severtyo feet rock riffles, with
occasionaHungarian riffles; grizzly and undercurrent witll of fifteen feet; ondaundred and fortjour
feet rock riffles; drop of sixteen feet; one hundaed six feet cawheel riffles; tailings accumulate in
canon belowAll but the Hungarian riffles are more or less charged with quicksilver.

Clearupd Theupper box of Hungarian riffles is cleaned up dditye one hundred and ten feet
of flat riffles and camwheels once in two tiour weeks; the remaining riffles four times per annum. The
tailingsin the canon are sold to the highest bidder.

During the yen1889, under the management of Mr. Power, the &xiaénse of the mine, or the

difference between production and dividewds 99 cents per ton of gravel washed.
For further details, see map and tabular statements.

- in taking up bedrock and breiag large
c2 bowlders; total quantity about three thousand

pounds No. Zlynamite per annum.

MAY FLOWER.

Mine opened and worked By Chappellet, as Superintendent, for ey Flower Gravel Mining
Company, of San Francisco.

Pay Channel fairly uniform in course, though irregular in gradepagd

Gravel, hard cemented, involving the use of a large quantity of powbdesaking, and amall
expense in timbering. Requires millir@edrock, hard slate, requiring considerable powder in blasting,
but notimbering.

Method of Atta&.0 The channel is reached through four thousantisindred and forty feet of
straight bedrock tunnel (with uimifm gradeof three inches in one hundred feet), seven hundred and sixty
five feetof incline (with upgrade of eight in one hundred), and a bedgarkgway under the channel
with twenty to forty feet upraises to thbannel bottom. Present distance traminech gravel breast to
mill, eight thousand five hundred feet. The gravel is breasted by daltiddplasting, and is shoveled into



small cars having a capacity of aiusand three hundred pounds each. The cars are pushed by &and to
chute. Larger carhaving a capacity of one ton each, are loadédeathute and pushed by hand through
the bedrock gangway to tihead of the incline, and from the foot of the incline are hauledulgs to the

mill dump on the surface. At the incline the empty @asdifted by the loaded. One small mule will haul

ten or twelve emptgars into or loaded cars out of the tunnel, with about the same facility.

Car Track, steel rails, sixteen pounds per yard length.

Bedrock Gangway. Size, seven feet by seven feet. The chhnsesand falls alternately,
sometimes ten or fifteen feet in a length of ttweéur hundred. There is, in places, considerable water
in the gravelOwing to these conditions the driving of the bedrock gangway, teeergh a matter of
large expensesiessential to the successful workafghe mine. There are two gangways, one following
the channelp stream, one down stream. In order to push these ahead fast enkegp pace with
breasting, a compressor plant is maintained to diivarills. Twoair drills are run in the face. Blasting
with No. 1 andNo. 2 dynamite powder. Very little timbering. Expense of gangabgut $13 per foot
length. Progress, from one hundred to two hundretififty feet per month, as required.

Compressor Plankpcated at mouth of tunnel. One boiler fefour inches by twelve feet; one
boiler fifty-four inches by fourteen feéfwo Burleigh compressors, eightech cylinders, twentynch
stroke.One fivefoot Pelton waterwheel to run one compressor duringawvarid spring. Compressed air
pipe sixinches, four inches, and two inches. Thagaeceivers thirtysix inches by twelvéee® one in
compressaeroom, one halfwayn tunnel, one at head of incline. Twreeinch Ingersoll air drills, and
four three andne half inch.

Gravel Breastin@. Drilling single-handedBlasting with No.

2 dynamite powdeiTimbering with short caps and posts fivesot
feet apart. (See Fig. 16.)

Excavation in great part filled in withowlders. A gravel
breast, seventfive feet wide and six feet high, is driven ahesddng
the length of the channel at the rafeeighty to ninety feet per month,
and there are required two sumteasts to keep the twerggamp mill
running at full capacity. Prospedtifts, in gravel, cost $30 to$3 per
foot length.

Powderd The amounts of dynamite powder consumed are as
follows: In bedrock gangway, four pounds of No. 1 and four pounds of No.f2qesf length, at cost of
$1.70. In gravel breast, one half pound\w. 2 per ton of gravelelivered, at cost of 8 cents. Total
guantity,about thirtyfive thousand pounds per annum.

Ventilationd In part by compressed air, in part by connection aitishaft.

Gravel Mill.d Twentystamp mill located at mouth of tunnel. Fduatteries of five staps each.
Stamp, eight hundred and fifty poundsyen and a half inches drop; one hundred drops per minute. To
eachbattery there is an automatic feeder (Challenge), a grooved wtadzlenan oscillating rubber
(Eureka), and a box of riffles. For screemsnched iron plates are used, two tenths inch holes, six or
seven holes tthe square inch.

The mill is run by steam power in the summer and fall, and by wateer in the winter and
spring. There are provided for this purpose boiler, fortyeightinches by sixteen feet; one engine of
seventyfive horsepower; one fivefoot Pelton waterwheel.



