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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
Untrep STATES GEOLOGICAL SURVEY,
Washington, D. C., February 15, 1905.

Sir: I transmit herewith a report by Mr. C. W. Purington on
Methods and Costs of Gravel and Placer Mining in Alaska, and rec-
ommend its publication as a bulletin.

Placer mining in Alaska is affected by conditions which are not
combined in any other field familiar to American miners. Hence new
methods of operating must be substituted for those which are employed
in other regions if the greatest success is to be obtained. In too many
cases this fact has not been sufficiently recognized and many enter-
~ prises have therefore failed when they should have succeeded. = These

failures have tended to deter capital from entering a field which still
presents many opportunities for profitable investment. Some of the
factors which increase the cost of production of placer gold in Alaska,
such as high rates for transportation, are changing for the better;
others, such as the inadequate water supply and low-stream gradients
which prevail in many localities, are pennanent and must be met by
properly applied methods of exploitation. It is these facts which led
to the investigation so successfully carried out by Mr. Pumngton the
results of which are here presented.

It is believed that this report will stlmulate the mining industry by
making available, in compact form, the accumulated results of the
experience of mining men in this field and by directing attention to
those mining methods developed in older districts which appear to be
adapted to the conditions prevailing in Alaska. While many of the
figures presented, showing cost of labor, transportation, and fuel, are
subject to fluctuation, with a general tendency to decrease, yet, as a
.comparative study of mining methods, this report will form a valuable
permanent contribution to mining literature.

Very respectfully, '
‘ . Aurrep H. Brooxs,
Geologist in Charge Division of Alaskan Mineral Resources.

Hon. CrarLes D. WaLcorr,

Director United States Geological Survey.
. 11
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METHODS AND COSTS OF GRAVEL AND
PLACER MINING IN ALASKA.

By C.‘ W. PuUrINGTON.

INTRODUCTION.

Owing to the fact that numerous requests have heen received by the
Geologlcal Survey during the last three years for information regard-
ing the cost of operating gold-bearing alluvial deposits in Alaska and
the best means of working the claims in the varvious districts, the
preparation of a report embodying such information, in so far as is
possible from data at present obtainable, was decided on.

I was requested, in the spring of 1904, by Mr. Alfred H. Brooks,
geologist in charge of ‘the division of Alaskan mineral recources, to
proceed to some of the most important placer fields of Alaska during
the open season of 1904 and to collect data for an economic report.
I was asked also to visit the neighboring British fields of Atlin and
Klondike for the purpose of comparison. Mr. Sidney Paige was
assigned as my assistant for the field and office duties, and has rendered
most efficient aid during the entire progress of the work. '

In the north the Juneau, Atlin, Klondike, Birch Creek, Fairbanks,
and Seward Peninsula districts were successively visited, and on the
return a short stay was made at the gold-dredging field of Oroville,
Cal. (See PI. II, p. 14, general route map.) Data concerning the
districts not visited—the Porcupine, Chistochina, Cook Inlet, Forty-
mile, and Rampart, and remote parts of Seward Peninsula—have been
collected from reliable sources, especidlly from members of the Geo-
logical Survey who have made lnvestlgatlons in those portions of
Alaska. :

ITINERARY.

A start was made from Seattle May 26. Five days, from May 30 to
June 3, were spent in the vicinity of Juneau, Alaska, where the pl‘mels
of Silver Bow basin and the power plant of the Alaska-Treadwell mines
were inspected. Six days, June 11 to 16, inclusive, were spent in the
Atlin district of British Columbia, where ten plants were visited on
Pine, Willow, Boulder, Spruce, and McKee creeks and Gold Run.
Twenty-two days, June 25 to July 16, iric]usivg, were spent in the
Klondike district of the Yukon Territory, where 32 operations were

13



14 GRAVEL AND PLACER MINING IN ALASKA.  [BuLs.263.

visited on Gold Run, Sulphur, Upper Dominion, Bonanza, Eldorado,
Hunker, Last Chance, Bear, and Gold Bottom creeks. Three days,
July 17 to 19, inclusive, were spent in the vicinity of Eagle, Alaska,
two operations on American Creek being visited. At Circle the
regular route of transportation via Yukon River was departed from.
On July 22 the party started west with a pack train and reached Dead-
wood Creek, in the Birch Creek district, on July 24. This day and
the next were spent on Deadwood Creek, where 6 operations were
inspected.” On July 26, 5 operations on Mammoth and Mastodon creeks
were visited. On July 27, 4 operations on Eagle Creek were visited.

The route was then pursued westward over the ridge trail to Fair-
banks Creek. From August 1 to 5, inclusive, nearly all the operations
in the recently opened Fairbanks district were visited, including. 85
operations on Fairbanks, Chatham, Cleary, Twin, and Pedro creeks.
On Fairbanks Creek a junction was made with Mr. L. M. Prindle’s
party, and it is due to the fact that the two parties worked
* together in the Fairbanks district that all the operations were visited
in the few days available. During the few succeeding days as much
information as possible was collected in the town of Fairbanks con-
cerning the new gold finds of the Tanana, and my party then proceeded
via the Tanana, Yukon, and St. Michael to Nome, arriving there
August 20. From August 21 to September 4, inclusive, 21 operations
were inspected on Anvil, Glacier, and Dexter creeks and Grass
Gulch, and on Newton, Peluk, and Dry creeks. :

On September 5 the party proceeded to Ophir Creek via Cheenik
and Council, and from September 5 to 17, inclusive, inspected 29
operations on Ophir, Crooked, Warm, Gold ‘Bottom, Penelope, and
Big Hurrah creeks and bolomon River.

After returning to Nome a week was consumed in completing at
the offices of the mining companies the data already partially obtained
on the creeks and in- gathering all possible information concerning
operations in portions of Seward Peninsula not visited. The party
arrived in Seattle October 2,’and after a few days spent at Oroville,
Cal., returned to Washington.

FIELD METHODS.

Every operation in a district was not visited, but enough represen-
tative claims were examined to give a fair estimate of the cost, utility,
and adaptability of each method of mining.

For assistance in obtaining the data necessary a blank, a copy of
which is given on pages 17-20, was sent to all the placer miners of
Alaska whose addresses were known. This blank was accompanied hy
a circular letter, and in many cases by a personal letter, explaining the
purpose of the investigation. The fact that replies have been received
from all parts of the Territory, in many cases from the most remote
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PURINGTON.] INTRODUCTION. 15

" camps, shows that the mine operators take an interest in contribut?ng
to the preparation of the work in hand.

At the operations visited by myself or by Mr. Paige more detailed
information was collected regarding costs, the handling of water, the
setting up of the plant, and the mechanical appliances. Forms 1, 2,
3,4, or 5 (pp. 17-25) were used, according to the character of the
operations. Photographs were taken of all the operations visited.
Over 400 excellent photographs have been obtained by Mr Palge,
some of which are reproduced in this report.

In each district a study has been made of the water resources, the

most important factor in placer and hydraulic mining, and of the cost
of building and maintaining ditches, flumes, and storage reservoirs for
the purpose of using water under pressure. The important devel-
opment of ditch building in Sewzud Peninsula has been especially
considered.
. The quantity and quality of timber in the mining districts has been
considered with reference to its use for fuel, for building flures and
sluice boxes, and for timbering drift mines. It is an unwelcome fact
that the important placer districts of the Northwest do not contain a
great amount of timber, and the mining communities of the interior
" must use with discretion the scant supply of native timber at their
command.

The questions of wages and cost of living have been considered from
the standpoint of both the laborerand his employer. Temporary con-
ditions govern wages in Alaska to a notable degree, and the.table of
wages applying in 1904 must be understood to have only present value.
While the rate of pay for miners appears attractively high, the cost of
living and of transportation to and from the country must be consid-
ered, as well as the shortness of the active season and the low rate of
winter wages. Alaska presents a small field for those whose aim is
Nmited to the earning of a day wage. - On the other hand, men who
are willing to work for wages during the summer, and actively and
intelligently prospect during the winter with the money so earned,
have always the chance of finding and locating a pay streak for them-
selves. ‘

The main object has been the determination of the cost and most
-expeditious means of getting out the auriferous material—gravel,
sand, or bed rock; of the cost of obtaining its valuable contents; of
the best methods of hydraulic mining; of the cost of removing over-
burden under each set of conditions, and of handling the tailings; of
the capacity and cost of installing mechanical methods; of the cost,
capacity, and adaptability of the methods emploved to thaw frozen
gravel; and of the most feasible method of mining in little-developed
dlstrlcts
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Care has been taken to avoid the publication of figures which were
accompanied by the request that they remain confidential. It may,in
general, be said that the detailed data furnished have been used mainly
for the purpose of compilation, and have not heen herein specifically
transcribed. ‘

In addition to matters relating directly to the operation of placer
mines, attention has been given to means and cost of fr eight and pas-
senger transportation. Whoever 00ntemplatcs engagmg in mining in

" the northwest portion of America, especially in the interior Alaska

country, can not devote. too much rLttentlon to the study of the cost of
transportation of supplies. For the benefit of those who must depend
on local supply points in the north for their needs, a table is given
showing present costs, at each principal point, of the articles most
necessary to the miner.

As 1egards transportation facﬂltles, care has been taken to collect
and embody in this report all available data and statistics relating to
the construction of wagon roads in the Northwest. The neighboring
fields of British Columbia and the Yukon Territory, in Canada, have
afforded excellent opportunity to obtain costs and methods of road
construction applicable to the Alaska interior. Recommendations
regaldlng the most practical and serviceable routes for road construc-
tion in Alaska have been made in a previous report by 1 Mr. Alfred H.

_Brooks.® The need of these roads can not be urged too strongly, and

the expenditure of $1,000,000, as suggested by Mr. Brooks, would be
many times repaid by the resulting development and increased gold
production. Already over 300 miles of wagon road have been built

by the Canadian government in the Yukon Territory and the Atlin

district of British Columbia, while over 600 miles of sled roads have
been made in the Yukon Territory. The fact that.in the summer
wagons and vehicles of all descriptions, and even bicycles, may be
seen daily about Dawson, the Klondike creeks, and Atlin, in British
Columbia, while the winter roads in Canadian territory afford contin-
uous, easy routes for horse sleds down the Yukon to Dawson, is evi-

dence of the success of the Canadian road-building enterprise. On

the other hand, there are in Alaska less than 50 miles of well-built
wagon roads, and these have been constructed by private enterprise.

No attempt has been made to give a detailed account of the topo-
graphic and geologic conditions in the districts visited, except where
such conditions have a direct bearing on the method to be employed
in working the ground. The Geological Survey has already pub-
lished many exceedingly valuable reports and maps, most of which
are distributed free of charge. A list of the Survey publications on
Alaska is given at the end of this bulletin. Any prospector who is
unprovided with the reports concerning the region in which he is
working lacks an important part of his equipment.

- aPlacer mining in Alaska: Bull. U. §. Geol. Survey No. 225, 1903, p. 57.
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It should be distinctly understood that the purpose of the expedi- -
tion on which this report is based was not the sampling of gold-gravel.
deposits. Sampling is the, business of the mining engineer acting in
a private capacity, and'is neither pr: actlcab]e nor per n11531ble for officers
of the Federal Government. :

Information concerning the tenor of the gravels worked was fre-
quently given by operators whose claims were visited, and such state-
ments have been considered in the estimates of the average tenor in
gold of the gravels.

On the following pages are reprinted the circular letter and the
forms which were sent to miners in Alaska: '

Circular letter sent to placer miners.

Your kind cooperation is earnestly requested in the preparation of the report on
the placer mining methods of Alaska, which has been undertaken by this Office
under the supervision of Mr. Alfred H. Brooks, geologist in charge of division of
Alaskan mineral resources.

Mr. Chester W. Purington has been detailed to investigate some of the principal
placer districts of the Northwest during the coming summer, and will personally
obtain as much information as possible. It being impracticable, however, to visit
each operator, you are requested to assist in the preparation of this report by fur-
nishing such data concerning your placer and the methods employed in operating it
as are asked for on the accompanying blank form. The information furnished will
materially aid the investigation and will insure the inclusion of all the districts in
the final report, which it is expected will be distributed in 1905.

Methods of operating are improved and rendered more effective by a community
of interest, and while data furnished by you and made use of in the report may assist
some other operator, you also may derive benefit from it through the suggestions of
others.

The results already attained in placer mining in Alaska and nelghbormg territory
will be made use of for the purpose of outlining the most advisable methods to be
followed in each of the principal placer districts. FEspecial attention will be given to
gold dredging, hydraulic placer mining, the employment of elevators for obtaining
artificial grade, and the determination of the best methods for the thawing of frozen
gravel. A special feature of the report will be a comparison of costs of operation by
various methods in all parts of the placer fields. It is evident that for carrying out
the plan full data are necessary concerning the character of the ground, the local
conditions, and the methods at present in use.

- As the value of these reports depends largely upon the promptness of their publi-
cation,.an early reply is earnestly requested. Please answer the queations on the
schedule as far as possible. If you can not give the exact ﬁgures in all cases, make -
the replies as approximately correct as possible.

A copy of the report will be sent to each operator furnishing a statemenf. An
addressed envelope is inclosed, which requires no stamp.

Form No. 1, sent to gold-placer miners of Alaska.

It is hoped that even in cases where the operator does not care to give full data
concerning his property and operations he will furnish at least a part of the informa-
tion requested. Very few of the facts obtained will be embodied directly in the
report, but from the sum of them will be drawn conclusions and suggestions which
it is hoped will be of value to the gold-mining community as a whole,

Bull. 263—05——2
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14.

15.
16.
17.

18.

19.
20.
21.
22
23.

24,

25.

26.

27.
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. What is the name and post-office address of firm, corporation, or individual

making this report?

. What is the name of mine?
. What is the location of mine, and in what district? (Nore.—Give name by

which district is commonly known, such as ‘“Birch Creek,” ‘Ophir
Creek,” etc.)

. By whom is the property owned?

Address:

. By whom is the mine managed ?

Address:

. (a) How long has the mine been operated, and what was date of opening?

(b) How many ounces of gold has it produced ?
(¢) What was the gold worth per ounce?

. What is the character of the deposit? (Creek, bench, river bar, seabeach, or

gravel plain.)

. (a) How many acres does it contain?

() What are its approximate dimensions?

. How many men are employed, and how much are they paid?
10.
11.
12.
13.

How many shifts are worked, and how many men on each shift?

Between what dates is gravel extracted?

Between what dates is it washed?

(a) 1s there timber on' the property?

() If s0, how much, and of what kinds and average size?

(¢) What does sawed lumber cost per thousand?

(d) Where is sawed lumber obtained?

(a) If gravel is in a stream bed, what is the grade of the stream per mile, in
feet?

(b) How many miner’s inches or cubic feet of water are used in mining oper-
ations, and for how many months in the year?

How much, in dollars or cents, must the gravel contain per cubic yard to pay?

How far below the surface does the pay gravel lie?

Will you please describe a section of the overburden, giving the succession and

thickness of turf, soil, sand, round or angular gravel, clay, etc.?

(@) Does pay lie directly upon bed rock? (&) If not, upon what does it rest,
and what is beneath?

How wide and thick is the pay?

Does it follow any definite channel or channels?

Is there more than one pay streak?

Is the pay gravel sandy or clayey?

(@) Isthe gravel rounded or angular?

(b) What is the usual diameter of the stones?

(¢) What per cent are over 6 inches in diameter?

(d) What per cent are over 18 inches in diameter?

(e) Is ground frozen?

(b) If so, to what depth?

(a) Is bed rock hard or soft?

(b) What kind of rock? °

(¢) If slate, or thinly bedded rock, what is its angle or dip?

(a) Is bed rock excavated in mining?

(b) To what depth?

ta) Do you get coarse or fine, flaky or shot gold‘?
.(b) Are nuggets found?
. (¢) Of what size?
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28,

(a) Is gold smooth or rougﬁ?

~ (b) Rusty or bright?

29.

30.

3L

32.

33.
34.

(¢) Flat or chunky? ‘

(@) Does nature of gold vary from grass roots to pay or in different parts of the

pay streak?

() If so, in what way? Please describe.

(@) What amount of black sand is caught per cubic yard of gravel washed?

(b) What amount of other materials?

(@) Are other valuable minerals caught besides gold?

(b) If so, what are they and in what amount?

Under which of the following heads do your operations come, and will you
briefly describe the important features? (Operations: tundra, beach, creek,
or bench mining. )

How many cubic yards of gravel are washed per day during the season?

How many cubic yards of overburden are stripped during the season?

+ PROSPECTING GROUND.

. (@) Has ground been prospected by pits or by drill holes?

(b) If by pits, what was the size and depth? -

. (a) How many were dug?

(b) What did they cost?

. (a) Did they need timbering?

(b) If so, how closely and how heavily?

. If ground was prospected by drilling, what size, depth, and number of holes

were used?

. (@) What was the cost per foot?

() What was the cost of equipment?

. What difficulties were encountered?
. How did the results from mining compare with the probable results as indi-

cated by prospecting?

HYDRAULIC OPERATIONS AND EQUIPMENT.

. How much water is used, and how is it distributed in the operations?

. What is the length, capacity, and grade of ditches, and head and tail flumes?
. What is the length and size of pipe lines, and of what is-pipe made?

. 'Will you kindly describe giants, as to size, make, capacity, effectiveness, ete.?

How are bowlders handled?

. What and how much material is consumed, such as lumber, quicksilver,

powder, etc.?

. What is the effectiveness of a giant upon frozen gravel?

. How much gravel is moved in 24 hours, and what does it cost?

. Are elevators used, and if so, what has been your experience with them?
. How much water do they use?

. Of whose make are they, and will you kindly describe them?

. How large stones will they handle?

DREDGING.

[NoTE.—If blueprints or photographs are furnished, they will be returned if desired.]

. Will you kindly give a general description of dredge; Maker, type, size, esti-

mated capacity, cost, and some details of construction; especially of new
features that have proved advantageous.

. How are bowlders handled?



20 GRAVEL AND PLACER MINING IN ALASKA.  [(suiL.ss.

. How deep will buckets or dipper dig?
. What is capacity of buckets?
. What are arrangements for moving dredge and holdmg it in place?
How is gravel sized?
. Are plates or quicksilver used?
. What is the life of wearing parts?
9. What kind of power and engines are used?

10. What fuel is used, and what is its cost?

11. What type of pumps are used, and what is their capa(uty?

12. How many cubic yards of gravel have been handled in a given time from past
record?

13. What specjal difficulties are encountered?

14. What is cost of dredging under local conditions?

15. Is frozen ground encountered, and if so, how does dredger work in it?

In case of special operations not covered by the above summary, will you kindly
give brief descriptions, especially of apparatus which has proved successful in han-
dling placer gravel under northern conditions? '

The following space is left blank in order that any special descr1pt10n of the
property-may be given.

You are requested to fill out this schedule as soon as possible and return in the
inclosed envelope which requires no stamps.

© N O Tk W

Forms 2, 3, 4, 5, 6, contained the first thirty-four questions in form
1, and the questions in form 1 regarding prospecting ground. In addi-
tion the following data were asked for, a separate form being used
according as the operations came under the heads of hydraulic mining,
dredging, open cutting, or drift mining. :

. Form 2.—Hydraulic mining.
Size of head-gate.
Dimensions; grade, length, capacity, and cost of head ditch.

Cost of maintaining.

Length of flume, if any.

Dimensions, grade, and size of lumber in bottom, sides, and battening; size and
length of posts and sills in head flume; number of collars to box.

Amount of trestling and cost of same. Size of sills, posts, and stringers.

Is flume or ditch covered to prevent freezing? Describe method.

Number of relief gates in ditch line.

Are inverted siphons used? 1f so describe.

Amount of water available.

Size pressure box and size lumber used

Head of water in feet.

Length of pipe line from pressure box.

If more than one pressure box or pipe line, describe.

Size, gage, cost, and nature of pipe employed.

Where obtained.

Kind of joints.

Kind and number of air valves.

Method of setting and unsetting pipe.

Size of pipe at giant or giants.

Is water diverted for other purposes beside giant?

1f so, how much, and for what purposes?

Number and angles of elbows in main pipe line,
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Size, make, and cost of giant or giants used.

Size nozzle used, with or without deflector.

How often is giant moved ?

What height of bank is operated on?

‘What modifications adopted in system of piping owing to frozen gravel?
Does giant clean bed rock ?

If not, how is bed rock cleaned ?

How much gravel is moved per shift?

If bankhead or by wash water used, how much ?

How are bowlders handled, derricking or shooting ?

Cost of handling bowlders.

Size, capacity, and cost of derrick and plant cost to operate.
At what distance is head box of tail sluice from giant?
Dimensions, grade, and length of boxes in tail sluice.
Number of boxes.

Size of lumber in bottom, side, and lining boards

Method of making sluice box, size of posts and sills.

Cost and time to make and put in place one hox.
Life of lining boards.
Largest stones put through sluice.
. Average cost of shooting bed rock to keep sluice on grade.
Kind of riffles employed in the sluice—distribution.
Cost and life of same—preference of riffles.
Amount of quicksilver used.
Amount of quicksilver consumed.
Are undercurrents used? Description, number, distribution, area of each, grade,
results.
Per cent of gold saved in different parts of sluice.
Per cent of gold saved in undercurrents.
Per cent of gold lost.
Is gravel forked in the sluice?
Is dump moved after leaving end sluice box ?
1f o, by what power and to what distance ?
Are tailings impounded ? If so, for what reason ?
Method and cost of impounding.
_Cost of breaking down, moving, and washing gravel per cubic yard
Improvements contemplated or suggested.
If hydraulic elevator is used—make, size, weight, and cost of elevator.
Depth of sump.
Effective lift of elevator.
- Pressure necessary to obtain lift.
Size of throat, upcast pipe, and nozzle.
Weight, thickness, material, life, and cost of throat.
Method of joining upcast pipe.
Shape, material, and life of hood.
Largest stones handled.
Amount of water handled by elevator.
Amount of gravel handled by elevator.
Amount of water fed to nozzle.
Are auxiliary water lifts used ?
Is any method beside piping used for feeding gravel to elevator? What method.
Describe sluice boxes before elevator, if any—number of boxes, grade, dimensions,
riffles.
Descnbe tail slmce—length, grade, dimensions, riffles.
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Per cent of gold caught before and after elevator.
Frequency, time, and cost of moving elevator.
Difficulties encountered in its use.

Form 3. ;—Dredging.

Make and cost of dredge. :

Estimated and actual capa,city‘ of dredge in cubic yards per twenty-four hours.

Is dredge in a river or in self-made pond?

Depth to which buckets dig, and height of bank above water level.

‘Where was hull constructed and of what material?

Feet of lumber in hull and cost of hull.

Dimensions and draft of hull, loaded.

Weight of machinery.

Power used, nature, amount, cost per day.

Height, size, method of bracing, and inclination of gauntrees.

Size, weight, position, and description of spuds, if used.

Size, number, position, and use of winch drums.

Position of lever house.

Size, number, and length of cables.

Does dredge dig on spud or head line?

Length, width, weight, material, of digging ladder.

Material and weight of tumblers. '

Number, capacity, arrangement, weight, shape, and cost of buckets.

Material, life, and cost of bucket lips, pins, and bushings.

Are teeth used on any buckets?

How far in front of bow will buckets dig?

What size of stones are handled?

Do buckets clean bed rock?

Describe save-all, if used.

Is nozzle used for cleaning buckets?

Is trommel or shaking screen used? Preference.

Dimensions and life of trommel; size holes.

Is side chute used for large stones? Describe grizzly.

Is sluice box with auxiliary float used? If so, describe.

Is stacking ladder used? Length, how driven, steel-link belt, or rubber belt, width,

Height and distance from stern stacked.

Life, efficiency, and cost of stacker helt.

Treatment of fines, area, grade, and description of tables; kind of riffles most suc
cessful, amount of quicksilver used.

Is sand pump used? How often?

Clean up, how often? State method used and time consumed.

Size, make, and cost of pump used for supplying sluice water; height of lift.

Distribution of power; how much to each operation.

Size and capacity of boilers and engines or dynamos used; describe connections
pulleys, and clutches.

Special difficulties owing to northern conditions.

Most frequent breakages.

‘What kind of ground does dredge work best in?

‘What kind of ground does dredge have most difficulty in?

If in pond, is water pumped in? How much? From what source?

Cost per cubic yard of digging and washing gravel.



PURINGTON.] FORMS SENT TO MINERS. o 23
Form 4.—Open cut (not worked by hydraulicking).

Depth of overburden stripped.
Method of stripping; by ground sluicing, hydraulicking, scraping, or booming.
Cost per cubic yard of stripping; amount stripped in a glven tlme
Source of water.
Amount of water in miner’s inches.
Length of ditch or lume and dimensions.
If water is pumped for sluicing, kind of pump used and cost of pumping per cubic
yard of gravel handled.
Dimensions and grade of sluice boxes and number used.
Is mud box used? Dimensions.
Disposal of large stones.
Size of lumber used; one or more strings of hoxes.
System of joining and setting up boxes.
Kind of riffles, cost and life.
Dimensions of pit worked with one set-up, frequency of new set-ups, and time con-

* sumed in changing.
How is seepage water handled, by pump or drain?
Dimensions, length, grade, capacity, cost, and method of constructing drain; diffi-
culties with drain.
Is China pump used? Capacity; cost of pumping.
Is power pump used? Capacity; cost of pumping.
Describe system of dams, if used, method of construction and cost.
How are tailings handled? If scraped by horses, cost of scraping.
Per cent of gold saved in boxes, if known.
The following special queries apply to open-cut work:
If men shovel into boxes—
To what height do men throw?
Are platforms used?
Depth of ground shoveled in. .
Amount of ground handled per shift per man in cubic yards.
If horse scrapers scrape into boxes—
How many cubic yards per day will one team scrape into hoxes?
Cost per day of team and driver.
Per cent of gold saved.
If steam scraping is employed, in handling pay or tailings—
Describe plant and cost, cost of operation, capacity, and difficulties encountered.
Amount and kind of fuel used. .
Number of men required to scraper.
Distance to which material is conveyed, and height elevated.
If derricking is employed—
Describe capacity of plant, give cost, system of operating, amount and dlstn-
bution of power and labor.
if inclined track and car system is used—.
Number and capacity of cars handled per shift; number and length of tracks
in use.
Length of tram to bottom of incline.
Number of men to a car.
Length of incline and vertical height of dumping platform above bed rock.
Amount of power to elevate; system of elevating, automatic devices used.
If steam shovel is used—
Size, make, capacity, and cost of shovel.
Power used, amount, and how generated.
Capacity of dipper.
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If steam shovel is nsed—
Length of boom.
Weight of machine.
On track or skids.
Height of bank on which it will operate.
Does it clean bed rock, or do men clean bed rock after it?
Efficiency in digging the material at hand.
Does it dump into cars or sluice hoxes?
Is conveying system equal in capacity to shovel?
Difficulties encountered.
Cost per cubic yard of digging.
Elevation to which gravel is hoisted in cars, power necessary for hoisting.
Describe track system for returning empty cars. ,
If more than one of the above systems is in use for working open cuts on the same
claim, give comparative efficiency and cost.

Form 5—Drift mining.
Dimensions of shaft. ' '
Cost and rate of sinking per foot
Is shaft timbered?
- Method of timbering shaft.
Depth of shaft to bed rock.
Unfrozen gravel—
Method of drifting. .
‘What width of face is carried?
Are pillars left, what dimensions?
. Height of posts, length of caps.
Are false sets used?
Method of filling or caving worked-out ground
Are timbers recovered?
Frozen gravel—
' Rate and cost of sinking shaft by steam point.
Diameter of steam pipe entering shaft.
Length, diameter, and cost of points.
Pressure of steam, size of cross-head.
How far apart are points placed in face?
Is hot water used in starting points? Preference.
Horsepower per point.
How long are points left in face?
Cubic yards of gravel thawed by each point in given time.
System of mining and hoisting.
If gravel thawed by hot-water hydraulicking, describe method.
Size, capauty, and cost of pump.
Position of pump.
Temperature of and method of heating water.
Amount of water used.
Size nozzle used.
Cubic yards of gravel thawed per shift.
Boiler—kind, make, cost.
Kind, amount, cost of fuel burned per day. -
Distribution of power, to thawing, to hoisting and conveying.
If gravel thawed by wood fires, describe method; give cost and capacity.
Describe system of tramming, wheeling, or skidding to shaft.
Describe systém of hoisting.
Is self-dumping cavrier used? Kind, efficiency.
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To what distance and height above the collar of shaft does it transport the gravel?
Capacity of the plant.
Cost per cubie yard of mining, hoisting, and washing.
What area of ground is worked from one shaft?
If winter dumps are taken out and washed in spring—
Size of dump. ‘ ‘
Method of sluicing.
Cost of gluicing.
Is dump rethawed?
Method and cost of rethawing.
Method of sampling dump, if any.
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GENERAL STATEM_ENT OF CONDITIONS.

Placer mining is that form of mining in which the surficial detritus.
is washed for gold or other valuable minerals. When water under
pressure is employed to break down the gravel, the term Aydrawlic
maning is generally employed.. There are deposits of detrital mate-
rial containing gold which lie too deep to be profitably extracted by
surface mining, and which must be worked by drifting beneath the
overlying barren material. To the operations necessary to extract
such auriferous material the term drift mining is applied.

As nearly all mining in alluvial deposits comes under the head of
gravel mining, that term has been adopted in the main for operations
described in the report of which the following chapter is a summary.
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Occasionally, however, the precious mineral sought lies in a matrix
of fine sand, or even entirely in the crevices of the bed rock on which
the alluvial deposit rests. Obviously the term gravel mining does
not cover the cases in which detrital gold is extracted from such
matrices, and the general term placer mining has been, therefore,
added in the title of this report for want of ‘a name which shall
include all operations considered.”? When in the subsequent matter
the terms gravel deposit, gravel washing, and gravel mining arve
employed they must be understood, for the sake of brevity, to include
the consideration of all classes of deposms in which gold of detrital
origin is found.

The term *elluvial” has been applied to placer deposits formed by
the rotting of rock in place to greater or less depth.c Such deposits
do not occur in the portions of Alaska V1s1ted and may be excluded
from consideration.

In regard to the valuable contents of the deposits, it should be
stated that in all the cdses here considered gold is the mineral sought.
Platinum or any minerals of the platinum group have not been found
in paying quantity in any part of Alaska. Alluvial tin has been
found and mined in the western portion of Seward Peninsula. The
deposits were not, however, visited by the present expedition.¢

a Placer, according to a Spanish definition, is a place near the bank of a river where gold dust is
found. Lindley on Mines, sec. 419, makes the following comments:

“Dr. R. W. Raymond (Glossary of mining and metallurgical terms, Trans. A. I. M. E., vol 9, p.
164) defines the word placer as a deposit of valuable mineral found in particles in alluvium or dilu-
vium, or beds of streams. He adds to the definition the statement that, by the United States
Statutes, all deposits not classed as veins or rock in place are considered placers. As wasg said by the
Supreme Court of the United States (Reynolds ». Iron S. M. Co., 116 U. S., 687-695; 6 Sup. Ct. Rep.,
601), in distinguishing the two classes of deposits: ‘ Placer mines, though said by the statutes to
-include all other deposits of mineral matter, are those in which this mineral is generally found in
the softer material which cover the earth’s surface, and not among the rocks beneath.’”

It is evident that the term placer mining as used in the present report covers & much more limited
field than would be the case were the term placer used in its broad legal sense.

b The term alluvial mining, used in Australia, is not generally employed in the United States.

¢Eng. and Min, Jour., vol. 77, May 5, 1904, p. 722.

dSee the report of A. J. Collier (Bull. U. 8. Geol. Survey No. 229, 1904) for an exhaustive account of
the York tin deposits.
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CLASSIFICATION OF ALLUVIAL GQLD DEPOSITS IN ALASKA.

The alluvial gold deposits of Alaska may be classified as follows:

Classification of alluvial deposits in Alaska.

Creek placers...........
Hillside placers.........

Bench placers...........
River-bar placers........
Gravel-plain (tundra)

placers.
Sea-beach placers

Lake-bed placers........

Placers in, adjacent to, and at the level of small streams.

Placers on slopes, intermediate hetween creek and bench

claims.

Placers in ancient stream dm,posus from 50 to 300 feet
- above present streams.

Placers on gravel flats in or adjacent to the beds of large
streams.

Placers in the coaétal plain of Seward Peninsula.

Placers adjacent to the seashore to which the waves have
access. i

Placers accumulated in the beds of present or ancient
lakes; generally formed by landslides or glacial dam-
ming.

The methods of working the alluvial gold deposits are shown in the

following table:

Methods of working alluvial gold deposits of Alaska.

Class of placers.

Method of working.

Creek placers...........

Hydraulicking.

Hydraulicking with hydraulic elevator.

Dredging.

Open cutting, separate« stripping, and shoveling in.?
Open cutting, separate stripping, and horse scraping.
Open cutting, separate Strippil]g, and steam scraping.
Open cutting, separate stripping, wheeling, and cable tram.
Open cutting, separate stripping, and steam shovel.
Open cutting, separate stripping, track and incline system.

Open cutting, separate stripping, track csystem with hy-
draulic elevator.

Open cutting, separate stripping, track system, with der-
ricking.

Open cutting, separate stripping, skidding, with derricking.
Shaft, drifting, and timbering.
Shaft, thawing, and drifting.

Hillside plg.cers €

By the same methods as creek claims.

aCharged to independent account.
is ground-siuiced off.

of silt and ice, whic
bIncludes rocker work.

The stripping generally consists of frozen “muck,” a mixture

¢ Detritus varying from 3 to 60 feet in thickness.
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Methods of working alluvial gold deposits of Alaska—Continued.

Class of placers, Method of working.

Bench placerse .....___. Hydraulicking.

Open cutting, separate stripping, and shoveling in.
Open cutting, separate stripping, and horse scraping.
Shaft or adit, drifting, and timbering.

Shaft or adit, thawing, drifting, little timbering.

River-bar placers? .____. -Hydraulicking with hydraulic elevators.
Dredging.

Open cutting, steam shovel.

i

Gravel-plain (tundra) | Hydraulicking with hydraulic elevating.

placers, ¢ Open cutting, separate stripping, and shoveling in.
Shaft, thawing, and drifting.
Sea-beach placers?...__. Digging shallow pits and shoveling in.e
Dredging.
Special devices.
Lake-bed placers._...... Hydraulicking.

aDetritus varying from 5 to 150 feet in thickness; in parts of Seward Peninsula to 230 feet.
bDetritus from 3 to 60 feet in thickness.

¢ Detritus from 15 to 150 feet in thickness.

dDetritus from 1 to 6 feet in thickness.

eThe greater part of the gold from the beach sands has been obtamed by rockers

The above classes are based on operations actually seen during the
season of 1904. Suggestions concerning the application of other
methods to certain forms of deposits are given in the body of the main

report.
In the districts (P1. TI, p. 14) visited the depos1ts under explomatlon
as above classified were as follows:

Classes of deposits worked in districts visited.

Province, District. Class of placer worked. -
South Coast......... Juneau ............ Creek and lake-bed placers.
Interior ............ Atlin.__...... .- Creek and bench deposits.
Klondike.......... Creek, hillside, and bench placers.
Eagle ._.......... Creek and bench placers. -
Birch Creek ....... Creek, hillside, and river-bar placers.
Fairbanks . ......_. Creek placers.
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Classes of deposits worked in districts visited—Continued.

Province. District. Class of placer worked.
Seward Peninsula...| Nome .............| Creek, hillside, bench, gravel plain, and
seabeach placers.
Council ........... Creek, hillside, and river bar placers.
Solomon..... RO Creek and river bar placers.

In the districts not visited the classes of deposits are as follows:

Classes of deposits worked in districts not visited.

Province. " District. N Class of deposit worked.

South Coast ........ Porcupine ......... Creek and bench placers.
Nizina ............ Do.
Chisna ............ Creek placers.
Sunrise............ Do.

Interior ......_..... Fortymile ......... Creek and hench placers.
Rampart ....-..... Do.

Seward Peninsula_._| Topkok ... ... .__ Creek, gravel plain, and seabeach pla-

cers.

Port Clarence...... Creek and bench placers.
Fairhaven ......... Do.
Kougarok ......... Do.

METHODS OF MINING, AND CONDITIONS.

The mining of placer gold in Alaska is carried cn for the most part
during June, July, August, and September. The gold-bearing gravel
mined during the remainder of the year by winter drifting does not
exceed 15 per cent of the total annual amount extracted. The gold can
not be washed from this gravel .until the cessation of winter conditions
liberates the water in spring for siuicing purposes. The sluicing of -
the ““winter dumps” takes place during the latter part of May.

Many of the methods of mining have heen developed within the last
ten years to suit the unusual conditions existing in the northern gold
fields. Gravel miners from other parts of the world found that in
Alaska much of their previous experience proved of no special benefit.
On the other hand, men without previous experience in mining, but
possessing ingenuity, have occasionally adopted devices which have
proved efficient and adequate to meet the northern conditions.
Methods which had been condemned or tried with ill success in other
countries have given .good results in Alaska, while the attempts to
apply hydraulic or mechanical methods of established reputation else-
where have frequently resul ted in ignominious failure.
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Mining operations have been made difficult by the short available
season, the lack of grade to the streams, poor water supply, poverty
of timber resources, high cost of labor and transportation, concentra-
tion of gold on and in the bed rock, and comparatively large thickness
of barren overburden, the frozen, or worse still, half-frozen condition
of the gravel, lack of wagon roads, and inadequate mining and police
regulations. In spite of these obstacles the wide and fairly uniform
distribution of alluvial gold over large areas of Alaska, hitherto unex-
ploited, the uniformly healthy and even enjoyable climate of the
country, and the near proximity of the phenomenally rich gold fields
of the British Yukon Territory, offer a certain justification for the
present energetic prospecting and mining for gold over so extensive
an area. : _

The main impressions derived from an inspection of the placer gold
fields of the north are as follows: (1) Operations requiring the instal-
lation of expensive plants are frequently undertaken before adequate
sampling of the ground has been done; (2) the methods of mining and
conveying the auriferous material, .while often leaving much to be
desired from the standpoint of economy, are; in the main, developing
along favorable lines; (3) the gold-washing and gold-saving appliances
in use are, in numerous cases, inexcusably crude and inefficient.

The winning of gold from alluvial material is a business difficult
both to learn and to conduct successfully. The careful miner, like the
careful manufacturer, will give as much attention to one part of his
business as to another, irrespective of the scale on which it is conducted.
The extensive but not remarkably rich gold-bearing area of Alaska
offers a field for men who propose to conduct their operations with
energy, intelligence, and economy. To others it can afford only

ultimate poverty and despair.

The South Coast province is characterized by heavy grades, abundant
water supply, and good timber. Gold-bearing gravels are, however,
distributed in small quantity and, however good the conditions for the
installation of hydraulic plants, the province remains an unimportant
producer of alluvial gold. _

The Interior province promises to continue for many years a fairly
important producer. Geographically considered, the phenomenal
Canadian deposits of the Klondike come under this province. No
gravels approaching the Klondike deposits in richness have been found
on the American side, but a large area yet remains to be prospected.

Owing to the topographic conditions, low grades to creeks, and
insufficient water supply at an available elevation, hydraulicking on
any but the smallest scale is impossible. Many of the creek deposits
are shallow, and, besides the primitive method of shoveling into sluice
boxes so largely in practice, there is a considerable field for the instal-
lation of horse-scraping methods and the installation of simple mechan-
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ical plants. Solidly frozen creek deposits-exceeding 15 feet in depth
can be most economically worked by drifting methods, as heretofore.
Experience gained in the Klondike has been invaluable to the miners
now developing the new Fairbanks field. There is room, however,
for considerable improvement and reduction of expense in the methods
employed. . '

The natural conditions prevailing in the Alaska interior gold field
imply great age and erosion subsequent to any deposition beneath sea’
level. Topographic conditions exercise a remarkable control over the
methods which can profitably be employed in gravel mining, and the
prospective miner neglects a vital part of his preparation if he does
not study the topographic features of a given district in detail before
entering upon his operations. In California and Australia the geologic
and topographic conditions favor the placer miner. In other coun-
tries, notably Siberia, Alaska, and the Yukon Territory, they are inimi-
cal to his success. In Alaska, as a rule, alluvial gold is almost entirely
lacking where timber and water are plentiful, grades are steep, and the
ground is unfrozen. Where gold is distributed in. paying quantity,
water supply is inadequate, timber is poor or altogether lacking, the
miner must provide grade for his boxes and dump for his tailings by
artificial means, and must meet the formidable obstacle of solidly fro-
zen alluvium. Bench deposits, where gravel can be moved on natural
grade, occur in hoth the Fortymile and Rampart districts of interior
Alaska, and have been made to produce a small amount of gold by the
hydraulic method. Although it is not impossible that extensive and
valuable bench deposits may yet be found, no deposit comparing either
in extent or in vichness with the famous ‘“ White Channel” of the
Klondike has heen discovered.

In that portion of the Alaska interior lying between Circle, on the
Yukon, and Fairbanks, on the Tanana, the mountainsrise to heights of
from 1,500 to 2,000 feet above the level of the streams, have rounded
tops, and slope to the intervening valleys at angles which do not exceed
20 degrees, and often are not greater than 10 degrees. The streams
and valleys are on a gently descending plain, the grade of which does
not exceed 3 per cent, except in the upper one-half mile, and frequently'
is not over 1 per cent. The mountains are referred to by the inhabi-
tants as ‘‘domes,” and the word fairly well describes them. They
present what corresponds most nearly to the upper segment of a great
ellipsoid except in places where the erosion has not been sufficient
to accomplish the obliteration of a still more ancient topography.
This ancient surface, remnants of which are visible on the tops of the-
» highest mountains, was evidently a base-leveled plain, which was
approximately 2,500 feet above the present drainage plain. Although
the base-leveling is apparent to the eye, it is not evinced by the
presence of rounded gravel on its surface. The lack of gravel is
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accounted for by the fact that the second denudation has progressed
for a great period, and the comparatively small amount or vertical
section of gravel which existed subsequent to the elevation has been
worn away.

In the Klondike recent streams have cut the old Pleistocene chan-
nels and have reconcentrated the gold. The gold is about equa]ly
distributed in the old and in the new gmvelq From the miner’s
“standpoint, therefore, in the Klondike region there are two great
classes of mining to -be considered, namely, creek mining and bench
mining. Outside of these two classes there is no mining in the Klon-
dike of productive importance.

In the Birch Creek district, especially: on Deadwood Creek, there is
a very small amount of gravel in low benches which may be termed
hillside deposits. The bulk of the mining, perhaps 90 per cent of it,
is creek mining in its various forms. The terms bench deposit, hill-
side deposit, and the like are very loosely applied by the miners of the
Northwest, and names are given to classes of mining to which they
do, not in any sense apply. This looseness of nomenclature is apparent
in the Fairbanks district, where the term bench mining is applied on
Cleary Creek to operations in progress on the left bank.of the stream
at a place one-fourth mile above the junction of Clealy and Chatham
creeks. But whereas the depth to bed rock in the main creek at this
pomt is 18 feet, the depth on the so-called bench, 700 feet to the left,
is 53 feet, and the level of the bed rock at Whlch the gravel is found
is practically the same. In the one case, namely, in the creek work-
ing, the overburden is 6 feet of muck, while in the *“bench” to the

-left the overburden is over 45 feet of muck. The gently sloping side
of the valley at this point is unbroken in outline.

Observations along the various producing creeks and fromthe
hilltops have failed to distinguish any traces of bench topography
in the Fairbanks district. Such placer mining as is carried on there
comes under the head of creek mining. Geological evidence, how-
ever, suggests that bench deposits occur in the region lying between
the Fairbanks and Rampart districts.

The methods applicable to bench mining at Dawson can not be
used in the Fairbanks district, and all thought of applying them must’
be eliminated. The country being in every sense of more gentle
topography, there is no room for the disposal of tailings from bench
operations conducted by hydraulicking. .

On Pedro and Twin creeks there are about 2 miles of ground less
than 15 feet in depth which can be worked by open cutting, either by
shoveling into sluice boxes or by derricking. On a portion of this
ground it is possible to handle the water by bed-rock drain. Open-
cut mining has also been successful on Chatham Creek near its junc-

aSee McConnell, R. G., Prelimimiry report on the Klondike gold fields: Geol. Survey Canada, 1900.



PurINGTON.] - METHODS OF MINING, AND CONDITIONS. 33

tion with Cleary. In all other portions of the district, so far as
developed, drift mining according to the Klondike system of thawing
either by steam or hot-water hydraulicking, hoisting, and conveying
by means of the self-dumping bucket on cable tram will probably be
. found most economical. I would suggest the method of underground
hot-water hydraulicking to the miners of Cleary Creek, while on
Fairbanks Creek steam thawing appears to be advisable. The
efficiency of the hot-water method as used in the Klondike is from 5
“to 6 cubic yards per horsepower generated in-the boiler as against
3 cubic yards with steam. The method can, however, be applied only
under certain favorable conditions.

In Seward Peninsula the greater rainfall, larger catchment areas
at the heads of the long rivers, and the comparative cheapness with
which ditches can be constructed has led to the investment of much
capital in long water conduits. For example, a ditch system of 54
miles, built at an expenditure of $300,000 and costing $15,000 annually
to maintain, supplies 2,000 miner’s inches of water at 360 feet head for
four months in the year. Approximately 200 miles of ditches have
been,built in various parts of the peninsula. Excavafjons of earth-
work for ditch building in the peninsula average $1 per cubic yard.

Hydraulicking without the use of hydraulic lifts is economically
impossible, except in extremely rare cases. Bench gravels in the
front of Anvil Mountain, facing the sea, can be hydraulicked if water
at a sufficient head can be obtained at an expense which is not pro- -
hibitive. The remarkable ancient gravel channel which cuts the
southern portion of the peninsula from east to west, extending from
Fish River along Casadepaga and Kuzitrin rivers to Port Clarence,
lies at so low a level that the present streams have not cut through
it to bed rock. Except where subordinate pay streaks exist in it
above the present stream, therefore, the physiographic conditions
will forbid its gravels being hydraulicked, while any other form of
open cutting is manifestly impossible. It has been little explored,
and portions of it may be found rich enough to drift.

Horse scraping, steam or power scraping, derricking, and the appli-
cation of the mechanical shovel, accompanied in most cases by ground
sluicing of the frozen muck, should receive consideration from the
creek operators in Seward Peninsula, where the deposits are less
than 15 feet in depth. The low price of winter labor ($2.50 a day and
board) should permit of an increasing amount of winter drifting work
throughout the peninsula.

- It will doubtless eventually be found that the powel of water under

pressure can be more successfully applied to the working of the

average Seward Peninsula placer by generating electric power and

applying it to various mechanical devices. While it can not be denicd
Bull: 263—05—3
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- that some of the hydraulic elevator installations are handling the
gravel at a profit, the contrivance is a makeshift, and its use forms no
part of bona fide hydraulic mining.

COST OF MINING.

The average value of fuels in Alaska as shown by present operations

is as follows:
Cost of fuels available for use in Alaska.

Bituminous coal, price at Nome....._ .. .............. $17 per ton (2,000 pounds)
Crude oil at Nomie. « oot i $3 per barrel
Spruce wood, average price in the interior.... .. . .. ...l $12 per cord

Experience in the Nome district indicates that California crude oil is
the most economical fuel available in the southern part of Seward
Peninsula. In the interior of Alaska the price of imported crude oil
renders its use prohibitive for mining operations. * :

The recently exhibited tests of the adaptability and efficiency of
gas-producing engines should receive attention from operators who
contemplate the installation of mechanical plants in any part of Alaska.
There is no question that bituminous coal and lignite can be utilized
for gas producers, giving proportionately better results than anthra-
cite. An engineer operating a large pumping plant in the Klondike
is of the opinion that even the poor spruce wood available for fuel in
interior Alaska can be utilized in the gas-producer engine. The prej-
udices which exist againt the explosion type of engine in the United
States are fast disappearing. They have been due to faulty construc-
tion of the engines and lack of knowledge of their principle among
those who attempt to operate them. .The present valid objections to
installing gas and gas-producer engines are that these engines are
undergoing a process of evolution, and the standard has not been
attained. According to Mr. M. R. Campbell, the Government coal-
testing plant at St. Louis has demonstrated that a gain of from 30
to 50 per cent of efficiency is attainable in the gas-producing as
compared with the steam-producing engine.

The comparatively low cost of California crude oil at Nome renders
it a valuable fuel for the mining operations in that vicinity. The sat-
isfactory results from one type of gas engine at St. Louis showed that
crude oils of widely varying composition can be used with a higher
efficiency in generating gas for explosive engines than in generating
steam. ~ »

The purchase of water for hydraulic or sluice purposes is not
general in Alaska. In Seward Peninsula water under natural head
or pumped water is sold to miners to a limited extent. The average
price is §1 per miner’s inch, twenty-four hours’ service, for water
under head and 50 cents for sluice water. The inch used correspounds
to 1.2 cubic feet per minute. This measure of the miner’s inch is
not accepted in this report. The miner’s inch, according to its best
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definition, which is followed in this report, corresponds for all prac-
tical purposes to a flow of 1.5 cubic feet per minute. It is to be hoped
that if the Federal Government ever succeeds in establishing an ade-
quate code of mining law for its possessions a definition of the miner’s
inch will be included.

The data in the table on page 38 were compiled from statistics col-
lected during an inspection made in the summer of 1904 of the placer
fields in Alaska, Yukon Territory, and northern British Columbia.
Of the statements furnished by operators, only those which are con-
sidered reliable have been used. The work attempted had no relation
to the sampling or valuing of mining properties, and time did not
permit, except in a few cases, the measuring of the ground.

Owing to the varying conditions governing the cost of mining in
the North, the Territory has been divided into three provinces. The
South Coast province includes the Juneau, Porcupine, and Sunrise
districts of Alaska. The Interior province includes the Atlin district
~ of British Columbia, the Klondike district of Yukon Territory, and
the Fortymile, Eagle, Birch Creek, Fairbanks, and Rampart districts of
Alaska. The Seward Peninsula province includes the Nome, Council
and Solomon districts of Alaska.

The Nizina district of the South Coast province and the Port Clar-
ence, Fairhaven, and Kougarok districts of Seward Peninsula, none
of which were visited, are separately considered. ,

In preparing the sheet the working costs of 118 different operations
were first tabulated with reference to the method employed and to
situation. A second table was then prepared, in which the working
cost was augmented by an amount per cubic yard based on allowance
for depreciation of plant. In general, six years was taken as the aver-
age life of an individual property, and, except in the case of winter
drifting operations, one hundred and twenty days as the working sea-
son. It was then assumed that five annual payments are made to a
depreciation fund. The fund is equivalent to the cost of plant and
maintenance during the life of the property plus six years’ simple
interest on the investment at 5 per cent. Each annual payment was
divided by the season’s output in cubic yards, and the amount thus
obtained was added to the daily working expenses, to get the total .
~output cost per yard, as far as possible. Prices paid for mining
property are not considered, as they represent an unknown factor.

In cases where expensive plants have been installed the amortiza-
tion was calculated separately for each case. '

In cases of shoveling-in and small mechanical plants, the installation
and maintenance cost was taken at an average amount for a group of
operations in each district. Where the operation implies an additional
stripping of overburden, which is always separately charged, the cost
was distributed and added to the gravel extraction cost.
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From the second table, where the costs were reduced to one figure
for each district, a third (table 1, p. 38) was prepared, giving as nearly
as possible the average cost for each of the seventeen separate methods
considered in one or more of the three provinces. Where the opera-
tions from which the averages are derived exceed two in number,
the fact is so indicated in the table.

The attempt has been made to reject figures whlch were evidently
notrepresentative. The final figure arrived at is not, however, always
satisfactory. For example, under No. 5 (the method of working open
cut by shoveling into wheelbarrows, wheeling to bucket, hoisting and
conveying to sluice by self-dumping carrier on cable) $2.14 is repre-
sentative for the Klondike, where seepage water is generally pumped
from the pit, and many operators pump the water for sluicing. On
the other hand, ata plant in the Birch Creek district of Alaska, mining
only 22 cubic yards per day and handling the water by a drain, the
cost of operation was $1.50 per cubic yard.. In No. 13 (drifting
solidly frozen ground, steam or hot-water thawing, hoisting and con-
veying with the use of the self-dumping bucket) the cost in the -
Klondike is $1.95, while the higher figure given is arrived at by
combining the expensive American camps of Fortymile and Fairbanks,
where the cost is $4.63 and $3.56, respectively.

The high cost of hydraulicking with use of hydraulic lift in Seward
Peninsula is caused by the difficulty of moving the gravel to the
bed-rock sluice® and the expense of the ditches and installations.
Hydraulicking by means of water under natural head without the use
of the hydraulic lift, or some other means of elevating the material,
was not seen by me in Seward Peninsula. It is understood that a
hydraulic plant is in successful operation at Bluff, 50 miles to the east
of Nome, but there are no data at hand concerning it.

In the interior only bench gravels are hydraulicked. Steeper grades
for sluices can be obtained, and the gravel is more easily moved. The
high duty of the miner’s inch in the Klondike is a large factor in bring-
ing down the cost 6f No. 1 and No. 16.

It should be distinctly understood, if hydraulicking -costs in the
interior appear attractively low, that the water supply is exceedingly
variable, and that no reliable estimate can be made beforehand of the
output of a given season’s operations. Furthermore, while much of
the bench gravel was originally rich, the pay streaks have been largely
drifted out, and the gold is not dlssemmated through the upper por-
tion of the gravel to the extent that it is in the California gravel
banks. With regard to the pumping of water for hydraulicking pur-
poses, the practice can not be too strongly condemned. He is a bold
man who attempts it, and a singularly fortunate one who makes a finan-
cial success of it.

aThis is caused not only by the exceedingly gentle grades of the streams, but also by the shingly
character of the material handled.
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Mzr. Stephen Birch, opelatmg in the Nizina district of Alaska, has
courteously furnished for this report a summary of the costs of work-
ing placer ground on Dan Creek. These figures ave given separately
(p- 39) after the table, as they imply a total charge of invested capital
in addition to working costs against one season’s operations. They
are worth the attention of prospective placer miners.

The cost of shoveling into sluice boxes in the remote parts of Ser:ld
Peninsula is at present from $3 to $5 per cubic yard. Some drifting
operations have been carried on in the Kougarok and Fairhaven dis-
tricts, on which figures are not at hand.

Diedging estimates furnished by reliable interior operators place
the cost at 80 cents per cubic yard where gravel must be thawed by
points ahead of the dredge. In Seward Peninsula it is estimated that
if the property is sufficiently large for a ten-year life, a dredge can be
operated at the cost of 30 cents per cubic yard. The field for dredges
in placer mining in Alaska is extremely limited. In Seward Peninsula.
it is not impossible that some of the wide, shallow creek deposits will
be worked successfully by means of the steam scraper. The cost of
an experimental operation on Ophir Creek was 1eported to be under
20 cents per cubic yard.

The costs of operating by two mechanical systems in Seward Pen-
insula (involving the labor of men in shoveling into cars and tram-
ming to the bottom of an incline, or into a bed-rock sluice leading to
hydraulic elevator throat) are unfortunately not available for publi-
cation. The derricking system, No. 7, however, both in the interior
and in Seward Peninsula, appears to be superior in point of cost to
either of the above mentioned methods for working the average
Alaska open cuts.

Frozen ground can not be attacked with success by the steam shovel.
Even where it digs the gravel successfully, if men follow it to clean
bed rock by hand, the cost of operating is sometimes doubled. The
steam shovel has, however, a field-in northern placer mining.

Regarding mechanical operations in general, the important princi-
ple should be emphasized that the main expense is getting the mate-
rial into the receptacle which conveys it to the sluice or washing plant.
Tramming even for a long distance, and to a considerable elevation,
adds a very small proportionate amount to the total cost of working.
The establishment of a permanent washing plant, economically situated
as regards water supply and dump, should be considered by every
Alaskan miner who proposes working the shallow creek deposits
which characterize that country. The isolation of the washing opera-
tions, together with the adoption of the most economical system of
tramming possible, will go far toward attaining the ends of adequate’
grade and room for tailings, which are the essential features of suc-
cessful gravel mining.
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Mz. Stephen Birch, in a letter, gives the cost of placer work on Dan
Creek, Nizina district, Alaska, as follows:

By ground sluicing through 20-inch ﬂume 6,803 cubic yards, $8,781.44, or $1.143
per cubic yard.

By use of 8-inch cotton pressure-hose and nozzle through 20-inch flume: 1,600
cubic yards, $1,457, or $0.91 per cubic yard.

. By use of pick and shovel only, through 10-inch sluice box: 2,320 cubic yards,
$5,100, or $1.875 per cubic yard.

A 273-foot tunnel, 6 feet by 6 feet, timbered: $1,017, or $3.725 per running foot, or
407 cubic yards of gravel removed, which costs $2.50 per cubic yard.

While the cost given above may seem high, it is because of the fact that it includes
the cost of the tools and material now on hand, which were necessary to remove
this gravel. Now, if this work is continued on for a number of years, the deprecia-
tion of the tools, ete., could by charged proportionately. These prices may not be a
criterion for future operations in that country but were our first cost of operation,
and any strangers going into that section of country would be apt to run up their

costs to these figures.
PROSPECTING.

Creek claims must be prospected by shafts, open cuts, or drill holes.
- Shaftsare generally used and are most practicable for the Alaska miner.
Open cuts are not practicable, except in very shallow ground. Drill-
ing requires expensive equipment, the machines costing from $3,500
to $4,000 delivered in Alaska. As a means of prospecting auriferous
gravels drilling is very satisfactory, but it is generally employed only
in deep gravel beds, where dredging is contemplated.¢ In such ground
excess of water prohibits the sinking of shafts. The cost of drilling
‘with a 6-inch core churn drill is $2.50 per foot in California, and the .
tests of the deep gravels of the coastal plain have shown it to be
practically the same in the vicinity of Nome, on Seward Peninsula.
The cost of drilling depends on the price of labor and fuel, and will
probably be about $3.50 per foot in the interior of Alaska. Unless
contractors are found already equipped to do the work, drilling is more
expensive than sinking pits, the cost of Wthh varies from $3 to $8 in
Alaska placer fields.

In the solidly frozen ground encountered in northern placers it is
not necessary to sink the casing around the pipe as in ordinary drill-
ing. In partly frozen ground, where the casing is necessary, much
difficulty has been found in pulling it up. A driller of the churn type
is shown in Pl IIL, 4 (p. 40), mounted on a scow for prospecting
the bed of Snake River, Seward Peninsula.? The results obtained by
drilling when compared with actual tenor of the ground are variable.
In testing the bed of Solomon River the results were found to run 7 .

aSee a further description of prospecting by drill holes, by Mr. J. P. Hutchins, in the chapter on
dredging, later in this report. .

b For description of drilling operations in testing placer ground see Knox, N. B., Dredging and
valuing dredging ground at Oroville, California: Trans. Inst. Mining and Metallurgy, June 18, 1903.
Also Smith and Stebbins, Gold drédging at Oroville: Eng. and Min. Jour,, Dec. 8, 1804.
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per cent lower.” In all parts of Alaska drill holes should be not less
than 100 feet apart, on account of the unequal distribution of the gold.
Geologic conditions at Oroville, or in other dredging fields of flood-
plain character, are radically different. There the ratio of holes is 1
to an acre or 1 to 5 acves. ‘ : :

Shallow bench gravels can occasionally be prospected by diverting
a high stream or water from a ditch in a direction transverse to the
gold-bearing channel. The water will ground sluice a trench to bed

“rock, thus crosscutting the ground. Such prospecting is done in the
Fortymile district, and an example of it was seen on Gold Bottom
Creek, in the Council district of Seward Peninsula..

Bench gravels covered by heavy overburden are usually prospected
by drifts. Drifts require timbering and are more expensive than
shafts, but give a more satisfactory test of the ground. In rich pay.

" streaks the running of prospect drifts often more than pays the cost.
Owners of claims sometimes get their ground partly prospected by
letting out the right to drift to two or more men, who pay a royalty
on the gold they take out. In the Nizina district a 20 per cent royalty
is charged on prospect work.

When ground is prospected by shafts the distance between the shafts
varies, although the variation is not so great as when the prospecting
is none by drill holes. The practice in Alaska varies according to the
work, the resources of the owner, and the depth of the ground. Where
the gold has not traveled far and in consequence the values are spotted,
shafts should be sunk 30 to 50 feet apart, but such close work is never
done. Twenty shaftsto a 20-acre claim are common. Shallow ground,
6 to 18 feet deep, can be well and cheaply prospected in the winter
months. Deep ground, as in the Fairbanks field, is expensive to pros-

- pect, and the prospect shafts do not average four to a claim. The
cost of sinking shafts in the various camps is given below.

Twenty shafts, 3% by 6 feet and 12 feet in depth, timbered in thawed
ground, or untimbered in frozen ground, cost from $1,200 to $2,000.
It steam thawing is employed, the outfit, consisting of a 6-horsepower
boiler, three or four steam points, steam hose, and pipe connections,
will cost from $300 to $500. Hot stones, hot water, and wood fires
are more generally employed in prospecting ground in the remote
camps. The hardest ground to prospect is that which is partly frozen.
For example, in the Birch Creek and Fortymile districts shafts 15
to 25 feet in depth penetrate frozen ground and require no timbering
until they are within 5 feet of bed rock, when a rush of water is fre-
quently encountered. The entire labor of sinking the shaft through
the overlying barren material may be lost, as the shaft may be flooded
before pay gravel is reached. ’
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COST OF PROSPECTING IN DIFFERENT LOCALITIES.

In the Juneau district prospect shafts must be square set, and cost
on an average $6 a foot, and in heavy landslide $20 a foot. Inthe Por-
cupine district the cost of a cut 25 by 12 feet and 40 feet deep is $50 per
foot, and that of an 8- by 8-foot shaft is $20 per foot. In the Sunrise
and (,hxsna districts ground is prospected by open cuts. A cut 50 feet
in length is reported. to cost $2,000.

At Atlin ground is-prospected mostly by drifting. On McKee Creek
tunnels, timbered and lagged, cost $3.50 per foot. On Spruce Creek
the cost of posts and caps, 10 inches thick and 6 feet long, is 50 cents
each; lagging, 10 cents each. On Gold Run thirty 6-inch holes are said
to have been drilled to a depth of 32 feet by a churn drill (cost, $3,500,
laid down), at the rate of $1 a foot.

In the Klondike drifts to prospect the bench glavels cost $7 to §8
a foot, timbered, and shafts from $5 to $10 a foot. In timbering, three.
sets of posts, sil], cap, and lagging are put in for $6, and as one-half
cord of wood is used to a set the whole cost is $7 per set. In frozen
creek ground two men, working three shifts, sunk a pit 5 feet square,
28 feet deep, using about 2-horsepower steam during thirty hours.

On Fortymile Creek, thawing ten hours, two men take out on an
average 4 feet a day, the shaft being 5 feet by 34 feet in dimensions.
On American Creek prospecting is very difficult, as running water is
always encountered at bed rock, even in the coldest weather.

In the Fortymile district shafts averaging 3% by 6 feet, untimbered,
cost from $3 to $5 per foot. Seven shafts4 by 8 feet and 23 feet deep
cost $2,000. A shaft 7 by 3% feet and 20 feet deep cost $5 per foot,
the thawing being effected by means of wood fires and steam. )

In the Birch Creek district shafts thawed down by wood. fires to a
depth not exceeding 20 feet cost $5 per foot. On Mastodon Creek, in
this district, 11 pits 8 by 6 feet and 20 feet deep cost $650. Twenty
pits 3 by 6 by 13 feet cost $7 per foot. The differences in cost here
are due to the varying amount of permanent frost in the ground, pros-
pecting always being cheapest in solidly frozen ground. On Mammoth
Creek 100 pits 10 feet deep cost $5 per foot. Wood fires were used,
2 feet being sunk each day. No timbering was required, and labor
was paid $10 a day.

In the Fairbanks district the pr ospect shafts cost from $7 to $10 per
foot. Timbering is generally necessary, but very light poles are used
either as lagging orcribbing. The best system is to put in 6-foot sets
of 3-inch poles, and .outside of these to lag with 2-inch poles vertically,
- filling in solidly between the poles and the muck or gravel with moss.
Shafts cribbed with poles horizontally are morve likely to get out of
plumb. Four shafts sunk on lower Fairbanks Creek cost $5 per foot,
and were 32, 44, 53, and 54 feet deep. On Cleary Creek a shaft 4 by
64 feet and 75 feet deep (hillside claim), cribbed with 3-inch poles, cost
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$560. Wood fires were used in thawing. On Pedro Creek 19 pits
3% by 7 by 12 feet cost $1,140, and on an adjoining claim pits 3 by 6
feet and 18 feet deep cost $6 per foot. The light timbering and moss
filling used in the Fairbanks mines is to prevent the muck walls from
thawing and caving.

In the Rampart district 30 pits 3 by 6 feet and 20 feet deep cost
from $75 to $100 each. The ground was partly thawed, but required
no timbering.

In the Nome district, on account of the entire lack of native timber,
shafts are cribbed with 1 or 2 inch planking, set close together, no sets
being used. On the Snowflake bench claim, on Anvil Creek, the crib-
bing was reenforced by 2 by 4 inch posts in the corners. Five dollars
per foot is the average cost of 4 by 5 shafts, timbered, in unfrozen or
partially frozen ground.

On Bonanza Creek, near Nome, pits in the shallow creek bed, 3 by 7
feet and 7 feet deep,-are said to cost 50 cents per foot.¢ The ground is
only lightly frozen and requires no timbering. On Ophir Creek, in
the Council district, it costs on an average $5 to sink pits 7 feet deep.

In the northern part of Seward Peninsula the ground is solidly
frozen. In the Kougarok district pits 35 feet in depth, with steam
thawing, cost $8 per foot, and require no timbering.

In the Candle or Fairhaven district, adjacent to Kotzebue Sound, 28
pits 12 to 15 feet deep cost $4 a foot. It was necessary to thaw to
bed rock. The equipment cost $500. : ‘

RESULTS OF PROSPECTING.

- Numerous reports from many parts of Alaska indicate that the
amount of gold obtained per cubic yard from prospect shafts does not
“equal that extracted by subsequent actual mining. The reverse is very
ravely true. 1t is difficult to assign a reason for this discrepancy other
than that, owing to the frozen condition of the gravel, some of the
gold escapes when small lots are washed in the winter. Frozen gravel
does not easily disintegrate, even in hot water, and unless the residue
from panning or rocking is saved and rewashed, losses very likely
occur. ,

It is needless to urge the importance of prospecting ground in a
thorough manner before expensive machinery is installed. Themany
failures through the long history of mining which have resulted from
precipitate expenditure to exploit supposed valuable properties present
an open page of admonition to him who cares to read.

The sampling of winter dumps as they are extracted does not appear
to have received the attention which it deserves. A method used by
Mr. Kelley, of Dominion Creek, in the Klondike, is as follows:

The ordinary conical dump of frozen gravel, Pl. III, B (p. 40),

aThis work is probably done in the winter with labor at $2.50 a day and board.
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assumes a somewhat steeper angle than that of loose material. One
measured in the Klondike had a slope of 40°. From experience it has
been found that if the ground is of uniform richness, 80 per cent of
the values are contained in the upper two-thirds of the dump, which
has a content of approximately 8,000 cubic yards. The apex of the
dumps is generally 30 to 40 feet above the base. Four times each day
5 pans are taken in sampling—one from each quadrant of the dump
one-half way down from the top—and one pan from the apex. The
results of the 20 pannings are put together before weighing, and 50
per cent of the result is taken for the average value of what has been
taken out during the day.

Neglect to apply some form of sampling to the dumps has caused
many lamentable failures in the Klondike. Winter operators of the
Fairbanks district should keep themselves assured by constant sam-
pling that the gravel they are getting out at such a cost carries values.

WATER SUPPLY.
CLIMATIC CONDITIONS.

Land areas in high northern latitudes are characterized by distribu-
tion of their natural resources that is unfavorable to economic use.
In Alaska the great forests that characterize the south coast are
replaced by stunted growths of spruce in the gold fields of the interior
and by willow copses in Seward Peninsula. During a normal year the
rainfall at Juneau, as may be seen from table 2 (p. 48) compiled by
Dr. Cleveland Abbe, jr., is over eight times as great as at Eagle,
on Yukon River. The catchment area at Juneau is .only 4 square
miles, and, as the grades of the hillsides are precipitous, the rainfall
quickly runs off. A small amount of the water is used for power in
connection with milling operations and for mining placer gold. The
short, steep creeks and rivers of the south coast have small catchment
basins, and even were there any use for the water for placer-mining
purposes, there would be difficulty in impounding it atter the melting
of the snows in June and July. ' ‘

Large catchment basins exist in the interior of Alaska, but the water
to fill them is unfortunately lacking. At Eagle, where the annual
rainfall is 11.4 inches in a normal year, the drainage area of Mission
Creek and its tributaries which flow into the Yukon is nearly 200 square
miles. Of the amount of water caught in a given area, however, very
little is available for mining purposes. As an illustration take the
case of American Creek, a tributary of Mission Creek. The only
placer mining on it is done at a point about 12 miles distant from its
mouth, atan elevation of 1,600 feet. As the use of water for hydraulic
mining requires a head of 200 feet, and as the height of the divides
which surround American Creek does not exceed 3,000 feet, it is evi-
dent that the only catchment area available is that lying between 1,800
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and 3,000 feet, and between the mine and the head of the creek, or its
short tributaries. Of a total catchment area of nearly 75 square miles
for American Creek, only 15 square miles are available for the opera-
tions at the point referred to. If it were possible to. catch all the
water, say 11.4 inches in depth, which fell on this area during a
season, and use it in hydraulic mining, it would amount to 1,500
miner’s inches available for one hundred and twenty days, and would
move gravel at the rate of 1 cubic yard to the inch of water. Asin
practice it is not possible to utilize at head over one-third of that
theoretically available in the catchment area, the capacity of the water
power available is reduced in proportion. (See fig. 1.)

YUKON DISTRICT

6 miles

F16. 1.—Map showing American Creek drainage, Eagle district.

In certain parts of the Fortymile region it is not impossible that
water conduits from- 10 to 15 miles in length can be constructed to
bring water to the placer diggings. - The Glacier Mountains, lying
west of the upper portion of Mission Creek, rise to heights of 6,000
feet, or 3,000 feet higher than the general level of the interior country,
and should afford a more promising water supply than any other area
adjacent to the interior placer mining districts. The great drainage
system of the South Fork of Fortymile Creek may also be available
to a less extent for obtaining water under pressure. Miners should
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bear in mind, however, that even if the water is at hand and the gravel
deposit extensive, the attempt to work by the hydraulic method where
a grade of 6 inches to 12 feet can not be obtained will probably fail.

In the Fairbanks and Birch Creek districts the rainfall may be as-
sumed to be no greater than that at Eagle. The catchment area that
lies at an elevation sufficient to supply the placer ground with water
at a proper head for hydraulic operations is insignificant.  Even were
the auriferous gravels in that district so situated as to be hydraulicked,
~ water for that pulpose could not be obtained. The small amount of
water which runs in the creek bottoms is available at heads not ex-
ceeding 25 feet, by means of ditches, for sluicing purposes. It is of
variable quantity, however, and must be husbanded with the greatest
care. The promiscuous cutting of timber and stripping of moss,
which (gu‘e the inevitable accompaniments of the exploitation of the

dvertc

F16. 2.—Map of part of Birch Creck district.

placers, will tend to gradually diminish the supply of water. (See figs. 2
and 3.)

_Of the interior districts the Rampart and Fortymile appear to be
most copiously supplied with water, and these are the only districts
in the hitherto developed interior where considerable bench deposits
have been found. It seems not improbable that a survey with refer-
ence to locating the larger catchment areas at sufficient elevation may
result in obtaining water for hydraulicking the bench gravels..

No data are at hand with reference to the rainfall in Seward Penin-
sula. It may be assumed to be larger than that of the interior, and
is probably fairly represented by the figure given for St. Michael,
18.1 inches, which fell during the summer of 1904. This amount,
. however, was much less than that of the year before, and the gold
product of the peninsula was thereby materially reduced. The facili-
ties for making use of the water for mining purposes are better on
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Seward Peninsula than in the interior. The available catchment areas
on the peninsula are larger, and the construction of water conduits,
owing to peculiar conditions which will be described, can be under-
taken more cheaply. The Kigluaik Mountains and the Bendeleben
Range, lying roughly parallel to, and at a distance of 25 miles north
of, the important gold fields of the South Coast, rise to heights ranging
from 2,000 to 4,000 feet, and afford, as has been proved, a fairly con-
tinuous water supply during the open season. The York Mountains,

Scale .
5 1omiles

14 147°20°

. F16. 3.—Map of part of Fairbanks district.

in the western portion of the peninsula, will doubtless furnish a sim-
ilar water supply should occasion require. Already the extensive
ditch systems of Nome River, Ophir Creek, and Solomon River afford
an aggregate of 5,000 miner’s indhes of water in the drier portions of
the open season. (See fig. 4.) The expenditure for this work already
made will probably not fall far short of a million dollars. Projects
for the construction of water conduits are in contemplation which
compare favorably with, and even exceed in magnitude, those already
completed. :
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That the expense attendant on ditch construction in Seward Penin-
sula is justifiable in certain cases is not to be denied. That the most
profitable method of converting the water into power has always
been applied is, however, decidedly open to question. The subject
will be further discussed under the head of ¢ Hydraulic mining.”

The average annual rainfall in California at various points on the
west slope of the Sierras is approximately as follows:

. Inches.
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F1c. 4.—Map of part of Seward Peninsula.

Toward the north the rainfall increases in amount, and. toward the -
south it decreases.

- Table 2, giving the rainfall in Alaska, shows that there is a difference
in 1¢unfall between the coast and the interior gold districts that is too
striking to need comment. Comparison of the interior rainfall may
be made with that at St. Michael’s station, which is the nearest point .
available representing Seward Peninsula conditions, yet the annual
amount of rainfall at St. Michael is still very small compared with
that in California.
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The accompanying tables, compiled by Cleveland Abbe, jr., on the
dates of opening and closing of interior water navigation and of tem-
perature, are here inserted because they have a direct bearing on
mining operations. In general, though the fact is contrary to popu-
lar opinion, it can be stated that climatic conditions, so far as tem-
perature is concerned, form the least of the hardships with which the
miner has to contend. It is safe to say that no more generally healthy
climate can be found in any portion of the known world. Data in
regard to the length of season available for use of running water will
be found in the tabulated list of water conduits. (See table 8, p. 104.)

TaBLE 2.— Rainfall in Alaske.
[Compiled by Cleveland Abbe, jr.]
RAINFALL IN INCHES.

Station. Jan. [Feb.Mar.|Apr. | May. [June.|July. |Aug.| Sept.| Oct.|Nov.| Dec.| Year. f;%gr;h
. Yr. mo.
Juneau ........... 10.6| 4.9 6.6/ 5.3 | 7.4| 5.0 5.6 7.5 12.2/10.1(10.5|8.2| 93.1] 13 1t
Skagway.......... .9 .6 .6] 2.4 .8 .6 1.7} 1.5 3.5/ 3.2|22(88]| 21.8 0 30
Fort Liscum ...... 9.7 1.0| 5.5/ 4.5| 2.8 ) 4.2 12.4] 14.2(14.3 | 6.6 | 6.0 | 81.3| 2 0
Kenai........5.... 8| 7 1.0 .8} 1.0 7 1.7 3.8 2.5/2.1|11 9| 16.6] 5 26
St. Michael........ 90 .2 .5 4| L8] 1.5 2.5 3.3 4.001.7)1.2] .8 18.1 7 6
Camp Davidson...| .6 .9 .2 .6 .6| 22| 17 s.0 24 .2| .7 .3|us.4 o0 13
Eagle ............. .4 .6 .4 .8 81 14 2.2 2.0/ 1.1f .8 6 .5 11.4 0 52
(63800 Y PO P PN S IS 5200 2.7 .. [ PR AU I 0 5
Camp Colonna.... 70021 .8 .1 .6 5 75 PO R PR P 4112|>61 0 8
Fort Adams....... L7 .9 .7 4 L5 e, 2.2 1.5(2.5(23| .8(>15.5/ 0 26
Fort Gibbon ......f.ccooifeeiicfoeen]aii oo oe e ennns 1.6 .1 |1.4]...... 0 3
Nulato eeueennenn.. g9 LE>2 ] e 1.4|12]14|>75 0 10
Anvik............. 1.3 -.4 1.4 .5 P2 O P 2.8 2.0/1.2)144..... >11.70 0 26
Copper Center ... |......]eeoeofoeaaa]oeaeienadoaiai]aeans 1.1 .72.011.56| .2|>5638 0 b
Dawson,Y.T.a.... gl .4 .20 .78 .68 1.7l feeaans 1.25) .456{ .65|...... 0 19
a Authority: Inspector of Fisheries, Yukon Territory.

NUMBER OF RAINY DAYS.

Station. Jan. | Feb. | Mar. Apr. | May. |June. July.| Aug. | Sept.| Oct. | Nov.| Dec. | Year.
Juneau........... 18.1 1 11.2 | 18.7 | 15.0 [ 16.7 | 14.6 | 15.5 | 15.6 | 18.4 19.8 | 18.4 | 19.8 201.8
Skagway ......... 7.5} 25| 3.0|10.6| 47| 5.0 57| 85|13.5]12.0| 80| 11.7 92.6
Fort Liscum...... 17.5| 5.0|14.5| 9.0 9.0| 8.0|14.5|28.5(22.5(22.0|11.5| 13.0 175.0
Kenai............ 5.3 4.4 74| 6.4 6.4| 51| 89[138.411.7|10.0| 7.4| 6.0 92. 4
St.Michael ....... 81| 65| 7.4 7.8 9.1]10.4|13.6|16.7 | 18.5 | 11.4 | 11.4 | 6.9 126.8
Camp Davidson ..| 16.0 | 14.0 | 6.0 | 9.0 | 7.0 {11.0 | 14.0 | 16.0 | 16.0 | 6.0 | 13.0 7.0 [151.0)
Eagle...covaen.... 62| 5.8 4.8| 86| 6.5| 9.5(13.0|18.0( 9.8| 7.8 7.0| 5.7 97.7
Circle ............

Camp Colonna ...
Fort Adams......
Fort Gibbon......
Nulato............
Anvik............
Copper Center....

Numbers in [ ] are totals made up from months in different year
Numbers preceded by > are known to be too small.
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TaBLE 8.—Average dales of last spring and first fall frosts.

49

[Computed by Cleveland Abbe, jr. Dates marked (?) are from a single observation.]

Place. }lr?;tfr]éytl.- Lusftrggtr'ing Fifrrsots{'f.m ?xll?tfr];lsltl
B TS VTR (¢} Apr. 15 (?)| Sept. 20 | Sept. 20
SRAGWAY -« e eene e ietet e e e | Apr.10 (7)| June 1 (?)| Aug. 80 |'Sept. & (?)
Fort Liscum .............ooo ool Lo )] W] [¢))] Sept. 29
Kenai. .o e (¢4 June 15| Aug. 15| Aug. 30
St. Michael...ooouieiiie i, \...i..| June 1(?) @ Sept. 15 | Sept. 30 (?)
POINE HOPE «---eeeeee e et eaneeeeeeie e 6} ) Sept.13 (?)| Oct. . 15
(0710130 3 070) 1o} 11 1T R I (?) Apr. 30 (?7) (¢))] Oct. 15 (?)
Camp Davidson...........oooiiiiiiiiii " June15 (?) 7 () Aug. 15 (7)
Bagle ..o May 10 (?) [©) Sept. 1 (?)| Sept. 2 (?)
(031 201 1 Y (7) ) Aug. 20 (7)| Nov.
DT A 31 )« %) 7 Sept. 30 (?)] Oct. 1(?)

TaBLe 4.—Average dates of opening and closing of Yukon and Kenai rivers.

[Dates marked (?) are from a single observation.]

Place. Tce breaks. g;;el'r I‘;lel ;gf" clI‘oisv:c; i

Yukon River:

" FortReliance..........o..oiviiiiiiiioniioananann. May 10 (¢3) Oct. 20 | Nov. 5
Eagle cooooniiiiniiaii.., e May 11| May 15| Oct. 5| Nov. 10
Cirele ..o e May 13 (4] W] [¢3]
Fort Yukon May 15| May 20| Oct. _ 3| Oct. 26
Fort Gibbon (€3] (¢ Oct. 25 (?)| Nov. 6 (?)
Tanana | May 15 ‘Muy 20 | Oct. 15 ) Nov. 6 (?)
Nulato May 20 ?) ) Oct. 20
ANVIK. e ‘May 15| May 22| Oct. 25| Oct. 31

Kenai River: ’ ’ .

Kenai..ooou oo Mar. 18 (?)| Mar. 29 (?)| Dec. 5 (?)| Dec. 156 (?)
TaBLE 5.—Table of temperatures, Fahrenheit. -

Station. Jan. | Feb. | Mar. | Apr. | May. |June.|July.| Aug.|Sept.| Oct. | Nov.| Dec. %::Ogrldh

) Yrs. Mos.

Juneau......... 34.2| 33.0{ 37.2 41.9; 46.9 51.6| 54.4] 56.6/ 52.3| 45.7| 39.8 86.0f 5 «18

Valdez ......... 23.8] 15.5( 30.8 31.6] 39.4[ 49.6{ 50.5| 46.6/......|...... 22.4| 21.6| O 10

St. Michael ..... 7.4) —2.3 8.9 19.9) 33.1 46.3 63.6 51.00 43.9| 30.5| 15.6] 4.8 11 «12

Eagle........... —24,8 —6.0( 13.0 29.8| 42.2| 52.6] 56.9( 49.1) 40.4] 20.1{-10.0( —-7.4] 1 0

aNonconsecutive months.
STREAM VOLUMES.

THE MINER’S INCH.

Before discussing the matter of stream volumes it will be necessdry
to consider the unit of measurement, the ‘“miner’s inch,” which has
received so many varying definitions in‘different mining districts.

 Bull. 263—05——4



50 GRAVEL AND PLACER MINING IN ALASKA. [BULL. 263,

On this subject® Mr. Hamllbon Smith makes the following state-
ments:

~ Soon after the discovery of gold in California in 1848 associations or incorporated
companies were formed for the purpose of building ditches and storage reservoirs for
the supply of water to the placer mines. The amount of capital invested in these
hydraulic works aggregated many millions of dollars, and a single company often sold
water to hundreds of mining claims. The cost of water was by far the most impor-
tant item in the miner's bill of costs, and hence it became necessary to have a stand-
ard measure, not only accurate but also so simple that the amount of discharge could
" be readily computed by the common miner.

This was accomplished by the discharge of the stream of water sold to each cus-
tomer through a rectangular, square-edged, vertical orifice, with free discharge into the
air and having a constant head. In different parts of the State the standard open-
ing varied, the width varying from 2 to 4 inches and the head above the top of the
op'ening from 4 to 7 inches. Each square inch of the opening was called ‘‘a miner’s
inch;’’ hence in a locality where the standard opening was 2 inches wide, if the
miner wished a flow of 50 miner’s inches, the orifice was 25 inches long, and if only
10 inches was needed the length was reduced to 5 inches.

This method is analogous to the pouce d’eau used in gouthern France, and was
probably first introduced or suggested in California by some French or Mexican
miner; the simplicity of this mode of measurement, combined with a sufficient degree
of accuracy, soon brought it into general use on the Pacific coast wherever water was
sold for mining, irrigation, etc. '

The standard ‘which had been in use since 1852 or 1853 in the mining districts
supplied by the Eureka-Lake, Bloomfield, and Milton water companies in Nevada
County, Cal., was an opening 50 inches long, 2 inches wide, with constant head above
opening of 6 inches; the flow from this was called 100 miner’s inches. * * *
Generally the miners bought water for ten hourg per diem at an agreed price per
inch; for example, a miner using 350 miner*s inches, for ten hours each day, at the
rate of 15 cents per inch, paid the water company $52.50 per diem, and received the
amount of water which would flow through an orifice having an aggregate length of
175 1nches, a width of 2 inches, with a head of 6 inches above the top of the open-
ing, during a period of ten hours.

When water was used for the whole twenty~four hours of the day the flow was
termed “‘a miner’s 24-hour inch,” and, of course, meant 2.4 times the amount of dis-

charge of ‘‘a miner’s 10-hour inch.”

In California, as larger amounts of water came into use, wider open-
ings were adopted, one being 12 inches high, 124 inches long, with a
constant head of 6 inches above the top of the opening.

Experiments made in California by A. J. Bowie, esq.,° to determine
the value of the miner’s inch, defined as the one two-hundredth part
of the quantity of water which would flow through the last-named
aperture in a 14-inch board under head of 6 inches above the top of
the discharge, showed that 1 miner’s inch discharged in—

. . Cubic feet.
B 1Y Ve R .. 0. 02499
1 minUbe . . e 1.4994
1 hour....... s e e e e et e ettt emeeaieaaeaaaaan 89. 9640
24 hOUIS -« oo e e e i 2,159. 1460

aHydraulics, 1886, p. 277.
bBowie, A. J., jr., A Practical Treatise on Hydraulic Mmmg, 1885, p. 126
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Experiments on a single aperture of this form, used in determining
the North Bloomfield standard made by Hamilton Smith, jr.,* gave a
discharge (a mean of two different openings) of 302.7 cubic feet per
minute, or 2,179.4 cubic feet per miner’s inch in twenty-four hours.

The miner’s inch used in this report is one two-hundredth part of
the amount of water which will low through an opening 12 inches
high by 12% inches wide in a 14-inch plank, under a constant head of
6 inches above the top of the discharge. This may be taken for
all practical purpeses as equivalent to 1.5 cubic feet of water per
minute, or, in other words, 1 cubic foot per second equals 40 miner’s
inches.

A simple means of ascertaining the approximate number of miner’s
inches in an open conduit is to select a straight portion of the ditch or
flume where the water runs quietly and where no accelerated velocity
has been imparted to it. One hundred and ten feet measured along
the bank should be called 100 feet. Floats made by- weighting empty
cartridge shells with shot or small stones and fitting into them cylin-
drical wooden plugs 4 or 6 inches long are then placed in the canal as
quietly as possible. Note the average time which it takes several of
them to traverse the distance, divide the distance in feet by the aver-
age time in minutes, and the result will be the velocity in feet per
minute; this multiplied by the area in square feet will give the num-
ber of cubic feet of water flowing per minute. / To get the number of
miner’s. inches, multiply the cublc feet per minute by 2 and divide
by 3.

. California,® (Jolomdo, and Montana have, by State law, made the
definitions shown below:

Value of second-foot (=cubic foot per second) in miner’s inches.

Miner’s

. inches,

California. .. oot 40.0
1075 3 Vs [« 38.4
L1003 41 3 .. 40.0

The measure is of great value and should be defined by Federal law,
since at present it is used in an indefinite sense. The placer miner
generally assumes, when he is buying water, that he is getting 1.5
cubic feet per minute for each inch, or the inch measured under 6-inch
head above the top of the discharge, whereas, in reality, the inch sold
him is equal-only to 1.2 cabic feet per minute, being measured under
a head of 4 inches above the center of an orifice 2 inches wide.¢

a Hydraulics, p. 282.

bStover, A. P., California Journal of Technology, quoted in Eng. and Min. J our., May 26, 1904.

¢ The legal definition of the miner’s inch in use in the Yukon Territory, as given to the writer by
Mr. A. J. Beaudette, the Government mining engineer, isone-twelfth the amount of water that will
go through an orifice 2 inches high by 6 inches wide under a constant head of 63 inches avove the
center of the orifice.
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TABLE OF STREAM VOLUMES.

Table 6, below, showing stream volumes in miner’s inches, repre-
sents an attempt to combine at least approximate data relating to the
amount of water which flows in northern auriferous streams during
the open season. The few gagings that were made during the course
of the trip were by Price current meter. It was found that variations
from day to day in all parts of the country were exceedingly frequent,
the volume on one day being sometimes from one-third-to one-half
that of the succeeding day after rain. Where a range between two
amounts is given, the smaller figure may be taken as representing the
most frequent condition.

TABLE 6.—dpprovimate stream volumes, in miner’s inches.

Gag-| Volumes in Time. Authority. Remarks.

District and stream, ings. [miner's inches.

Juneau district:

Gold Creek ... fieeann 600-20,000 | Open sea- Low to flood.
Atlin Qistrict: ) : son-
Pine Creek .............|...... 4,000-8,000 |..... do....
Spruce Creek............|...... 1,000 i..... do....
McKee Creek............|...... 500-2,000 |..... do....
BoulderCreek...... ....J...... 1,000 |.....do....
Birch Creek .............[...... 500-15, 000 |..... do....
Klondike district: ]
Klondike River .........|...... 55, 000-300, 000 |..... do....| Canadian govern-
ment engineer.
Bonanza Creek..........|...... 68-17,641 |..... Ao ... |o.csdoiiiiiiil.
EldoradoCreek..........]...... 820 4..... do....|..... [o 1 M Above mean.
Hunker Creek...... . 156 |..... do....|..... Ao ......... .| Low.
Bear Creek ......... 65 |-.... do....l..... do....oo... .
Dominion Creek e 400 |..... do....|..... do......... .| Mean.
Sulphur Creek........... .. 300 |..... do ....| This report Do.
GoldRun................ 120 |..... do....| Canadian govern- | Below mean.
. ment engineer.
Eagle district:
American Creek Below forks.
Discovery Fork.... .....
Circle district:
Birch Creek .............

Deadwood Creek ........
Mastodon Creek.........
Mammoth Creek ........

Junction of Eagle Creek
and Mastodon Fork.

Rampart district:

Minook Creek ...........]...... 1,000-10,000 | Open sea- | Members of Geolog-
son. ical Survey. -
Little Minook Creek.....|...... 50-1, 000
Little Minook Jr.Creek.]...... 0-200
Hunter Creek ...........j...... 600-4, 000
Hoosier Creek ...........[...... 500-3, 000
Ruby Creek .........o.]oeaet. 200-2, 000
Slate Creek 200-2, 000

Eureka Creek ...........|...... 100-1, 000
. Pioneer Creek...........l...... 200-1, 000
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TaBLr 6.—Approzimate stream volumes, in miner’s inches—Continued.
- ’

District and stream.

Gag-
ings.

Volumes in
miner’s inches.

Time.

Remarks.

Rampart district—Cont’d.
Glen Guleh.............

Gold Run...............
Rhode Island Creek....
Seattle Creek ......_....
Omega Creek...........
Thanksgiving Creck ....

Fairbanks district:

Fairbanks Creek .......
Cleary Creek ...........
Wolf Creek .............
Chatham Creek ........
Pedro Creek............

Gold Stream............

Nome district:

Anvil Creek ............

Glacier Creek...........
Dexter Creek...........
Nome River.......... .
. Snake River............
Bourbon Creek .........
Dry Creek ..............
. Osborn Creek....... _—
BusterCreek............
Basift Creek ............
Rock Creek.............

Council district:

Ophir Creek (mouth)....
Melsing Creek..........
Crooked Creek .........
Warm Creek............
Gold Bottom Creek.....
l\-[ystéry Creek..........

Solomon district:

Solomon River .........
Big Hurrah Creck......
Shovel Creek ...........

100-400

300-1, 000
2-200

12, 000-20, 000
8,000-18, 000
10-100

25-500

500-2, 000
100-1, 000
250-2, 000
10-50

3, 000-20, 000
200-1, 000
50-200
100-500
8004, 000
100-500

6, 000-50, 000
500-2, 000
1,000-5, 000

Open sea-
son.

sor.

Members of Geolog-

Members of Geolog-

Low water.
After rain.

Below  Twin
Creek.
Junction  of

Gilmore and
Pedro. |

GRADES OF STREAMS.

No subjects are of greater importance for the consideration of the
placer miner than the grade available for moving his gravel and the
vertical space which he can obtain for a tailings dump. Neglect to
caréfully consider the natural grade of the ground on which the pro-
posed operation is to be undertaken will generally result in financial

failure.

Alaska is not characterized by steep grades in the

rich in aluvial gold. In fact, with the exception of the relatively

parts which are

small placer districts of the South Coast province, the long-continued
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conditions of erosion have produced surprisingly low gradients in the
streams. Table 7, below, gives the grades of streams in the gold-
producing districts of the north. For the sake of showing the defects
of Alaska in the important requirements of grade, the lowest figure in
_the table gives what is frequently referred to by gravel miners as
“sluice-box grade.” If the sluice boxes are carried on a grade lower
than 6 inches to the 12-foot box, the gravel can not be economically
moved through it except by employing an excessive quantity of water.
By comparing the sluice-box grade with those of the various Alaska
creeks, it becomes evident.that in nearly every case the material, either
before entering or after leaving the tail sluice, must be artificially.
elevated in order that the sluice may bave sufficient grade. The
various devices in use for accomplishing this elevation will be" dis-
cussed under proper headings. -

TABLE 7.—Stream grades along important sections of their courses.

Average fall -

JUNEAU DISTRICT: _ in feet per mile.
Gold Creek ............. e eeeaecaceaea. BUB e enaeeanan 292
NIZINA DISTRICT: ' ‘ ,
Dan Creek - .o e el 200
ATLIN DISTRICT: i '
PineCreek. .. ... oo i i e et 50
MecKee Creek . ..o i e 430
KLONDIKE DISTRICT: :
Eldorado Creek ...... P e © 50
Bonanza Creek.._.._.._....._. e R e ... 45
Gold Run......... , ....... 50
FORTYMILE DISTRICT:
Wade Creek . ...t e 75
Chicken Creek . ... . ... ...ttt i 80
Walker Fork.......... i . 100
EAGLE DISTRICT: ‘ T
American Creek....... ... . ... .l eseae 90
CIRCLE DISTRICT:
Deadwood Creek .. ... .. oiiii il e e eaaas .70
Mastodon Creek.............. e ieieeeanan et eeecaans 75
Mammoth Creek ... ... ... ... ... ... ...l e PN 60
Fagle Creek . ooooooooioiiii it e e, 100
FAIRBANKS DISTRICT:
Fairbanks Creek .. ... ... e eeaieeaaaan 7
Chatham Creek ... .. .. . ... .. ......... e e eeeeimemeeee—eeaaa e 250
Cleary Creek........... e e et et e 60
Pedro Creek .......... e et i ieaaae 65
RAMPART DISTRICT:
Little Minook Creek. ... ... ............. B 90
Hunter Creek . . ... .o o e 75
NOME DISTRICT: : ' .
Anvil Creek .. .. ... e s 100
Glacier Creek . ... ... ... ..... Neereeetemenceeceeencesecaaannsanns 50

Dexter Creek .. ..o ot e, 120
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- Average fall
GOUNCIL DISTRICT: in feet per mile,
Ophir Oreek ..ot e 25
Melsing Creek. . ... ... ..o ool e 50
SOLOMON DISTRICT: .
Solomon RiVer. . .. ... 20
Shovel Creek . .. ..o e 90
AVERAGE SLUICE-BOX GRADE...... el 220 (or 6 inches to 12 feet)

. OPEN-CUT MINING.
JINTRODUCTION.

Under this heading will be discussed the various methods of mining
by which gravel is taken out of open cuts—either simple pick-and-
shovel methods or methods involving the use of mechanical contriv-
ances. Hydraulic methods will be considered in a later section. The
simplest of the open-cut methods dominated throughout the province
up to within a few years, to the practical exclusion of all others except
winter drifting, which will be considered below. To-day probably 60
per cent of: the placer-mining operations in Alaska are confined to

TF16. 5.—~Klondike rocker.

open-cut methods, and this investigation has brought the proof that,
when combined with proper mechanical devices, these form often the
most economical mode of exploitation. :

Open-cut methods can be conveniently grouped under various head-
ings, but the underlying principle of excavating and transporting the
material to the washing apparatus, either by hand labor or by some

" mechanical means, remains the same. It therein differs from hydraulic
mining, where the gmvel is moved by water under pressure. There
are, of course, various mtelmedlate processes, which will not 1equue
separate consideration.

ROCKER AND LONG TOM.

The simplest method of work which the miner adopts after he has
passed the stage of panning is that of shoveling from the bank and
washing the-gravel in a rocker. The use of the rocker is too well
known to need description. The form employed in the Klondike,
where its use has been nearly discontinued in mining, is shown in
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fig. 5. Two men are necessary to use the rocker properly, while
only 3 to 5 cubic yards of gravel can be washed in ten hours.

At no place was the long tom seen in use in the north, although it
was formerly employed to some extent in washing the Nome beach
placers. ‘ : . '
SHOVELING INTO SLUICE BOXES.

CONDITIONS FOR SHOVELING.

Condltlons throughout many of the northern placer districts favor
this well-known, simple, and cheaply installed method of placer min-
ing, for in many localities the pay streaks are thin, ranging from 2 to
4 feet in thickness, rarely exceeding 5 feet. It is often applicable
where conditions of transportation prohibit the installation of more
elaborate plants. :

When the total depth to the bottom of the pay streak does not
exceed 12 feet, the overlying barren material can generally be
“ground sluiced ” off, even where the grade does not exceed 1 per
cent, at an expense varying from 7 to 20 cents per cubic yard. The
frozen muck which composes this overburden is from 50 to 75 per
cent water, and the solid residue of silt o' fine clay is easily carried
away at any time of slight rise in the stream. The method of ground-
sluicing the muck is described under the heading ¢‘Hydraulic min-
ing,” on page 141. Pl IV, A, shows the ordinary method of setting
up a string of sluice boxes on a creek placer. This method is used
in an elaborate form on Anvil Creek, where 5 strings of boxes and
120 shovelers give a twenty-hour capacity of 1,080 cubic yards.

The handling of the water is important. Even when the gravel has
been solidly frozen previous to stripping and sun thawing, there are
generally from 15 to 25 miners’ inches of seepage water, which work
into the pit floor. This must he dlsposed of either by dlamlng or by
pumping. If suflicient water (50 miners’ inches) is available, a ¢‘ China
pump” can be rigged up, as shown in Pl IV, B. This device is
not economical in its use of water, for the water is generally of more
value for other purposes in Alaska mining.

DAMS.

As in all other forms of creek mining, great care must be taken to
keep the creek water out of the working pits by means of dams.
Dams counstructed of sod walls lined with sacks have been found
cheaper in the Klondike than those built of sod and brush. Pile
“driving is not advisable in the north, but in case timber is abundant
. cribbing is-desirable, as illustrated in Pl. V, B, showing a dam built
across Discovery Fork of American Creek to impound water for
“booming.” The ends of the logs were set in frozen ground on both
sides and the muck was allowed to refreeze around them. The dam,
40 feet long, consists of 12-inch timbers, from 9 to 18 feet long, laid
up in two rows, 5 feet apart, earth and rock filled, and braced with
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cross timbers as indicated. The dam, self-dumping gate, and accessory
- flumes were built by two men, and are said to have cost, in-labor and
time, only $300.

The self-dumping gate shown in Pl. V, B, was not in use when
the visit to Discovery Fork was made. It had been used during the
month of June, 1904, in ‘ booming ” the overburden from the area of
pay ground which it was desired to uncover. The action of the gate
is apparent from the illustration. Swinging on its horizontal axle,
set two-thirds the distance from the top to the bottom of the gate, it
releases the water when the reservoir becomes full and regains its
closed position when the reservoir is nearly empty. During a period
.of three weeks a block of overburden consisting of muck and barren
gravel, 5 feet thick by 25 feet wide by 900 feet in length, had been
removed by the booming process before the shoveling operations com-
menced, the total cost, including the construction of t,he dam and gate,
not exceedlng 7 cents per cubic yard.

The process of boommg by means of automatic water gates was for-
merly generally in use in California, and is employed even to-day in
southern Oregon. Pliny mentions the process as having been in
extensive use in Spain before the Christian era. As a rule it is inap-
plicable to mining or stripping in Alaska, because the stream grades
are gentle and because the débris carried down by the torrential stream
will damage property situated farther down the creek.

On Hunker Creek, in the Klondike, a dam of moss, brush, and
gravel, 90 feet long and 18 feet high, built for the purpose of keeping
the water from an open cut, cost $500. Dams in Seward Peninsula
are successfully built of sod, the material which overlies the frozen
muck to the depth of 2 feet. Sacks of sand are also successfully used.

DRAINS.

Below the proposed pit a backwater dam, generally 4 feet in height,
is built across the creek, and the end of the sluice is extended beyond
this dam a few feet. Pl IV, 4 (p. 56), shows the system of damming
to keep the water out of a small shoveling pit, and P1. V, 4 (p. 58),
shows backwater dam and the standpipe erected to receive water
for the bed-rock drain. Assuming that the ground is to be worked
upstream, the method of laying off the drain, commonly called the
‘“bed-rock drain,” is as follows: In 12-foot ground take a level and
- sight downstream from the prospect pit to a point where 12 feet ver-
tical distance above the water in the stream is obtained. The sight
should be taken at a point 2 feet abhove the surface of the ground, to
allow for the height of the backwater dam. The point where the
drain is to be started is the distance downstream obtained by the sight
plus 12 feet, allowed as a safety factor. On a 2 per cent grade this
would necessitate a drain 612 feet long. The drain is dug and left
open until after the first cut is made. Its dimensions are generally
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2 by 2 feet and it is lagged inside with poles horizontally, these being
held by posts with 4-foot centers, into which shoulders are cut for
caps. After the first cut the drain must be covered by logs and moss
laid -on top of the caps. For small operations a box drain made of
sawed 1-inch lumber, the inside dimensions being 12 by 10 inches, is
used. There should be a standpipe bored with auger holes in the
drain at the lower end of every cut. The drain should have a very
slight grade, as low as 1% inches to 100 feet being used. At first the
drain will handle only seepage water, but if one cut of 100 feet in
Jength after another i3 successively worked upstream, sluice water
may have to be run through-it to prevent backing up. Some opera-
tors recommend keeping the main drain large and giving it the bed-
rock grade, while a smaller drain, 8 by 8 inches, is kept parallel to it
on a less grade. This will handle the seepage water and will gain
depth upstream, thus allowing for inequalities in the bed rock, which
are very frequent

Drains are expenswe to make but are generally prefer able to pumps.
On Mastodon Creek, in the Birch Creek district, a bed-rock drain,
500 feet long, dug 4 feet wide, lagged inside with 4-foot cord wood,
making it 2 feet in the clear, and covered with poles and moss, was
dug through cemented and frozen gravel and bed rock, and cost 7,000,
its construction consuming all of one season. In the Fairbanks dis-
trict an open drain, not lagged, 3 feet deep and 3 feet 6 inches wide, .
took the labor of 2 men six weeks, costing nearly $900.

In excavating for drains the ground should be cut in terraces, so
that when it commences to thaw it will not run and clog the canal.
Pumping seepage water from the pit is to be condemned in general as .
strongly as pumping water for sluicing. In Bonanza Creek, Klondike,
an operation involving the handling of several thousand yards was
said to be more expensive by 40 cents per cubic yard when pumping
of the seepage was done than when the water was handled by drain.
The pumping of seepage water by any form of pump may be estimated
to add at least 25 cents per cubic yard to the expenses of handling the
gravel. The use of overshot wheels operating China pumps is cheap
where water is plenty. The small one illustrated by Pl IV, B,
was using 20 inches of water to lift about one-third this amount a
height of 10 feet. Such a pump in the Klondike, with 5-foot wheel,
costs $100 to build. '

COST OF SHOVELING.

The cost of a plant, including that of constructing a seepage-water
drain, sod dams, and a string of 10 sluice boxes, with a ditch to lead
the water to the sluice, varies from $500 to $2,000, according to the
conditions. As stated in the cost sheet (table 1, p. 38), the expense
of handling gravel by this method is from $1.25 to $2.50 per cubic
yard, reaching $5 to-$7 in remote districts.
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The duty of a man shoveling is variously: estimated in different dis-
tricts of the North. This form of mining having been nearly discon-
tinued in the Klondike region, very little information concerning it
was obtainable. The extensive shoveling operations on upper Bonanza
Creek were not visited. In one case, where a platform was used, 2
men shoveling, in two stages, a total of 9 feet lift, 2 feet of pay were
shoveled into the boxes at the rate of 3} cubic yards per ten-hour man.

In the Birch Creek district the duty of a man shoveling from an
average of 12 operations is 5 cubic yards in ten hours, the depth of
pay averaging 4.41 feet, and the lift never exceeding 6 feet.

In American Creek, where the bowlders were large and men had to
stop work to get them out of the way, the duty was 24 cubic yards.
Oun Discovery Fork of this creek the duty was 4 cubic yards, the
depth being 5 feet.

In the Fairbanks district, where shoveling-in operations are few,
owing to the depth of ground, the average of three seen was 7§ cubic
yards duty, the depth shoveled being 8 feet of pay, part gravel and
part bed rock. In no case was there a lift of over 5 feet.

In the Nome region 5.76 cubic yards duty is probably very near
the average on a bank from 5 to 7 feet in height. In the case of the
large operations of the Pioneer Mining Company, on Anvil Creek,
the work has been so systematized that on the 3-foot bank handled the
duty is 9 cubic yards per ten-hour man.

One operation on Solomon River, where the lift was high, and the
bed rock irregular, 3.75 cubic yards was the duty on a 3-foot bank.

In the Council district of Seward Peninsula, including operations
on Ophir, Crooked, Warm, Gold Bottom, Camp, and Penelope creeks,
the duty of a man-averages 6.63 cubic yards on an average height of
bank of 3.5 feet. This average is affected by one case where on a
limestone bed rock, with double lift, the duty was 3.5 yards; also by
another where with eight-hour shifts, working on 3-foot bank with
5-foot lift, the extraordinary duty of 12 cubic yards per man was
vouched f01

The method of working shallow placers by shovehng into boxes has '
much to commend it, especially when the water is drained from the
cut, either with or Without a covered drain. In Alaskan gravels
exceeding $3 in gold tenor to the cubic yard of material handled by
shoveling, frequently from one-half to two-thirds of the gold lies in
the crevices of the upper 18 inches or 2 feet of the bed rock. Men
directly shoveling this material can thoroughly clean the bed rock by
the shoveling-in method. On the other hand, if horse scrapers, steam
scrapers, or steam shovels are used, the bed rock is frequently not
cleaned, and a gang of men must go over the ground a second time to
pick up the auriferous material which has been left. This point is
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of the first importance. No operator should contemplate the installa- -
tion of mechanical excavators for workmg gravel without taking full
account of it. A

In considering methods of mining by water or mechanical power,
the cleaning of bed rock by men may be permissible from an economic
standpoint in exceptional instances, as, for example, where a thick
overburden is cheaply removed by hydraulicking and a very thin-azich
pay streak remains. When, however, a mechanical method of remov-
ing overburden and low-grade gravels costs from 50 cents to $1 a
yard, and the whole area has to be gone over again by men to wheel
the rich pay to the sluice, the gravel must be extraordinarily rich to
pay a proﬁt The lowest cost of handling gravel by the method of
shoveling in was found to be $1 per cubic yard on one of the.creeks
of Seward Peninsula, while the cost may reach $5 on some of the
isolated interior creeks of Alaska. From 10 cents-to $1 per square
yard of area worked must be generally added to the shoveling cost to -
cover the cost of stripping muck or overburden. Ground which
exceeds 12 feet in depth of combined stripping and pay will rarely
pay if handled by the method of shoveling into the sluice.

HORSE SCRAPING INTO SLUICE BOXES.

Ground which can be worked by men shoveling into sluices can,
under certain conditions, be worked satisfactorily by horse scraping,
and at an expense of one-third of that necessary to shovel in. The
most important governing condition is the degree of looseness in the
gravel and in the underlying auriferous bed rock. Two horses, or,
better, mules, hauling a scraper, with driver, will cost from $17 to
$23 a day, and in the ordinary small gravel of the Alaska placers,
with soft schist bed rock, the team will scrape into the boxes from
30 to 40 cubic yards of gravel a day over a distance of 75 feet. On
Penelope Creek, in Seward Peninsula, it was said that the team would
handle as much as 10 men cou]d shovel, the cost per cubic yard being
30 cents.

One common breaking plow w1t;h a team of horses suffices to break
up enough ground for four scrapers. The method requires an inclined
platform built up to a height of 10 to 15 feet above the bed rock, over
the head box of the sluice. A rectangular opening in this platform
serves as a chute to the dump box. Generally the horses travel in
an elliptical track, passing the end of the tail box and scraping the
tailings from it, then entering the pit, scraping up the pay, and after-
wards delivering it to the sluice. In Seward Peninsula the cost
of this method can be brought as low as 25 cents per cubic yard, and
in no part of the interior will it exceed 50 cents, exclusive of top

stripping.

aSee cost sheet, table No. 1.
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Many deposits were seen now worked by shoveling into sluices
where at least an experimental trial of this method is to he recom-
mended. One of the strongest points in its favor is the cheapness of
installation and the mobility of the apparatus used.

STEAM SCRAPERS.

In view of the economical showing which the steam scraper has made
in handling tailings from the creek-mining operations of the Klondike
it is remarkable that so few at-
tempts have been made with it
to scrape the alluvium from its
original position.” The ordinary
scrapers used in steam-scraping
operations on tailings in the
Klondike have a capacity of from
one-third to one-half cubic yard,
operated by double drum, 2-cylin-
der hoist; 16-inch drums, 25 to
80 horsepower capacity, handling
on an average 250 cubic yards
of loose material in twenty-four
hours, at an average expense of
49 cents per cubic yard. The
manipulations of the scraper, con-
sidered as a unit of the plant, take
3 to 4 men on shift—a fireman, a
hoistman, and either 1 or 2 men to
fill, guide, and dump the scrap-
er. The form and rigging up of
the scraper, with the system of
sheaves, pulling, and drawback
cables, is shown in figs. 6 and 7.
In the practice seen the scrapers
drag the material from the pit to
the dump, a distance measured
horizontally from 100 to 300 feet
and vertically from 20 to 50 feet.
The scrapers are not always provided with teeth like the one shown
in the figure, but this is advisable. A rigid bale should never be
used, as flat stones catch between it and the body of the scraper.
The plants average $3,500 in cost.

The rig shownin PL. VI, 4 (p. 62), is situated on Walker Fork, Forty-
mile district, Alaska, where a body of gravel 60 feet in width and 5
feet in depth, with little ov no stripping, was being mined. Accord-
ing to information obtained by Mr. L. M. Prindle the gravel was only

Fn‘, 6.—Small steam scraper, Klondike.
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partially free, and little or no stripping was required. As a rule the
scraper was found to clean the schist bed rock satisfactorily. The
scraper used had a capacity of one-fifth cubic yard, being an ordinary

horse scraper rigged for steam with pulling and drawback cables. A .

8-horsepower hoist operated the scraper, giving a capacity of 100 cubic
yards in twenty-four hours. The 10-horsepower boiler also furnished
steam to operate the bucket elevator which lifted the gravel to the
sluice from the hopper, to which it was dumped by the scraper. A
conservative estimate places the cost of handling gravel with rig, 3

| Overburden

. & Posn‘/on of scraper can be

Y Jj l altered by lengthening or
- ¥ shortening line to anchor

‘25 H.P.ho. st g . . . .

¥ double dn//m * ~ Anchor

F16. 7.—Set-up of scraper, Klondike.

men being employed and one-half cord of wood burned in ten houyrs,
at 40 cents per cubic yard. The operations were meeting with finan-
cial success.

The plant contains the elements of a device which, it is not unlikely,
may be applied to the working of the wide, shallow creek deposits of
Seward Peninsula, or of such creeks of the interior as Mammoth, in

the Birch Creek district, or<lower Pedro, in the Fairbanks district. °

If circumstances Wananted the sheave anchor (a rock-filled crib)
shown in P1. VI, 4, could be made more easily movable by mounting
it on a truck running on track, it being made fast by cable and dead-
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o

man when occasion might require. The bucket elevator employed is
not recommended, as the use of such contrivances for handling gravel,
unless they are specially and expensively constructed—as on large
dredges—is condemned by experience. In place of this, the scraper
should be dragged entirely to the point of final discharge to the sluice
on an inclined platform. The operation will necessitate the building
"~ of a more elevated sluice or washing plant, surmounted by a hopper,
the gravel being fed from this in order that the feed may be as nearly
continuous as possible. Assuming that the elevation of the head box.
of the sluice shown in the illustration is 12 feet above the surface of
the ground, the scraper could be dragged to double this elevation at a
cost not exceeding 10 per cent above that necessary to haul it up to
the 12-foot elevation. One of the types of washing plants described
on pages 193 et seq. would be applicable with modifications to a steam
scraping plant,

. It may be well to consider here the reasons why, in wide, shallow
creek deposits, steam scraping appears to be preferable to other
mechanical methods. * In general, it may be said that this method is
applicable to operations on schist bed rock, but is entirely impracti-
cable on limestone or other hard bed rock. This is also true of the
steam-shovel and dredging methods. Grant that bed-rock conditions
are suitable, and consider a solidly frozen deposit of characteristic
small gravel with. muck and moss overburden, 150 feet width of pay
and 7 feet in total depth from grass roots to bottom of pay. After
the moss is plowed up, the 3 feet depth of muck can be ground sluiced
off in the ordinary manner at an expense of, say, 15 cents per cubic
yard. The ground sluicing should be done at the earliest possible
moment in the open season or, preferably, late in the fall. The
operator now has to deal with a stripped block of frozen gravel and
auriferous bed rock 4 feet in depth, carrying pay, or the material
which it is desired to sluice. A vertical bank of this material can not
be attacked by any mechanical appliance yet devised, but if' left
uncovered for six weeks it will thaw to bed rock. The operator,
however, wishes to take advantage of the continual thawing of the
surface by the sun, and to do this he must attack not a vertical but
a horizontal surface. The rate of natural thawing varies from 6
inches to 1 foot a week. The scraper armed with teeth rigged so as
to make a series of transverse cuts, say for 300 feet lengthwise of the
channel, will attack the ground, scraping off the thawed material
better than any other mechanical wpph(mce ,

The sluice boxes or washing plant built to a helgbt of 25 feet above
the surface of the ground can now be approached by a broad incline
platform, or, if desired, the scraper may dump to cars which convey
the material by gravity to an isolated and conveniently situated wash-
ing plant. The system adopted will depend on the magnitude of the
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operations. In only very exceptional cases should the expense of
handling, after the material is once dumped from the scraper, be
allowed to exceed 5 cents to the cubic yard.

The plant above suggested implies the use of a scraper of large
capacity and should handle the gravel at a total cost, including depre-
ciation charge and added cost of stripping, not to exceed 40 cents per
cubic yard in Alaska, provided that 700 cubic yards of gravel a day
are sent to the sluice. In order to accomplish this a scraper, prefera-

. bly of the bottomless, self-dumping type, of 6 yards theoretical capac-
ity, should be used. It will be found that actually 3% yards will be
delivered each time by such a scraper. The operations will require a
60-horsepower boiler and double-drum hoist, and the services of seven
men on a shift. The total running expense of the plant should rot
exceed $150 a day of 24 hours.

The double-drum hoist operating the smapel will have a position on
the side of the sluice opposite that of the cut, and can be mounted
on skids so that it can be easily moved by means of a sheave and dead-
man if necessary. The sheavethrough which the drawback cable runs
may be anchored to a weighted car running on 200 feet of track laid
parallel with the cut on the side opposite that occupied by the sluice
and hoist. If it is desired to keep the drawback cable out of the way
it may pass through two sheaves, one anchored to traveling anchorand
one to deadman, the cables thus forming a triangular armngement
two of whose angles will vary as the car is moved to cover various
-parts of the glound The car may be moved as often as desired, and
thus one furrow after another may be made by the scraper over a tri-
angular area as the ground thaws. By means of a rearrangement of
the sheaves it is found that nearly all of the ground can be covered.
A plant erected for the Klamath River Gold Mining Company * is pro-
vided with two 14-yard scrapers, which travel back and forth alter-
nately, both cables acting as pulley and drawback cables. Two sheaves
are used on the side of the excavation opposite to the washing plant.
““These sheaves are attached to a spreader which keeps them spaced a
given distance apart, and to each end of the spreader is attached a
tackle which runs back at an angle to deadmen to which they are
securely anchored.”

The type of bottomless scraper shown in fig. 8 (p. 65) was seen in
successful operation stripping loam at a reservoir excavation near
Portland, Oreg. It has a theoretical capacity of 6 yards, and actually
handles a little over half this amount. Measurements of a spoil bank
showed that in seven ten-hour days, stripping to 4 feet in depth, 400
cubic yards per shift had been handled. The scraper was making
furrows over 300 feet in length. A 60-horsepower boiler was used,

¢ Yeatman, J. A., Automatic excavator for p‘lacer mining: Min. and Sci. Press, Dec. 17,1904,



U. 8. GEOLOGICAL SURVEY BULLETIN NO. 263 PL. VIl

A. DERRICKING AT FAIRBANKS, DUMPING.

B. DERRICKING AT FAIRBANKS, LOADING.



PURINGTON. ] _ OPEN-CUT MINING. 65

but only one cord of wood at $2 per cord was burned. The double-
drum hoist was provided with 10 by 12 inch cylinders and was geared
6 to 1. Four men, a winchmian, a fireman, and two scraper men were
employed, at $2.50 a day. It was said that under these conditions
the operations cost 5 cents per cubic yard. It was estimated that in a
haul of from 150 to 200 feet the scraper would deliver loam to the
spoil heap at the rate of 2 cubic yards per minute.

The above suggestions regarding the use of self-dumping scrapers
in northern placer mining will doubtless be looked on with consid-
erable skepticism. No direct. application of the method has, so far
as known, been made in Alaska. The form of plant outlined is inex-
pensive as compared with many already installed in Alaska, having a
capacity not exceeding 700 cubic yards. The sum of $10,000 should
be-ample to install an entire scraper and washing ‘plant in Seward
Peninsula. Even should some form of steam scraping be found appli-

Qulling cosre y»

F1e, 8. —Bottomless steam scraper.

cable to the wider shallow depoéits, the installation of elaborate cable-
ways, traveling towers, and the like, is not advisable, as in most cases
their cost would be prohibitory.

" SELF-DUMPING CARRIERS.

The conditions in the Klondike district appear to have necessitated
the adoption of this expensive method of placer mining. Outside the
Klondike field the method was not seen except at one place on Masto-
don Creek, in the Birch Creek district. The method is adopted to
work rich gravels where conditions do not permit working by ordinary
shallow open-cut methods, and where drifting is impossible or
inadvisable. _ .

In considering the economic success of this method, a study of the
cost sheet given in this report (table 1, p. 88), is most instructive. In
the first place the average depth from eight Klondike operations con-
sidered, namely 17.5 feet, is greater than that economically advisable

Bull. 263—05——5
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(namely, 15 feet) for open-cut operations in general. The operator
adopts this method because there are thawed streaks and channels

in his deposit. If such ground is drifted, the chances are that he will

increase his expense to a prohibitive amount through excessive tim-

bering and through pumping of seepage water, whereas by the open-

cut method the water is handled by drain. The cost sheet shows that

whereas $2.14 is the average cost of the above-mentioned 8 operations

in the Klondike, 7 drifting operations in similar deposits, with an
average depth of 25.3 feet, gave an average cost of $1.95 per cubic
yard, the depth of the pay or thickness of gravel actually sent to the
sluice being almost exactly the same in both cases, and the capacity in’
the drifting being only 17.5 cubic yards less in twenty-four hours.

Granting, however, that in a given deposit carrying $3 to the cubic
yard of pay, the depth being 16 feet, drifting is impossible, and the

rich pay, 75 feet in width, must be worked by open cut. Whatever
method be adopted the moss  must first be plowed up and about 6 feet
of muck ground sluiced off at a cost of 17 cents per cubic yard. Next
6 feet of barren gravel or sand must be removed, either by horse
scrapers at 60 cents per cubic yard, or, if the plant warrants the opera-

tion, by steam scraper at 49 cents per cubic yard: The 4 feet of pa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>