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LETTER OF TRANSMITTAL.

Office of the Bureau of Mines.

State of Colorado.

To His Excellency,

JOHN F. SHAFROTH.

I have the honor to transmit herewith the report of the

Bureau of Mines for the years 1909 and 1910.

Respectfully submitted,

T. J. DALZELL,

Commissioner of Mines.





During the past biennial period the Bureau has had the

full and zealous co-operation of its inspectors in the various

districts into which the State is divided for this purpose. For
the Cripple Creek District, M. J. McCarthy; for the Gilpin

County and Clear Creek section, W. H. Parenteau, and for the

Leadville and Southwest District, John R. Curley, have all

given the Department and the State the most energetic service,

and have fully looked after the interests of the Bureau of Mines
in the field.

The mine managers and mine superintendents generally

have shown this Bureau many courtesies, have promptly
responded to its requests and recommendations; and the thanks
of the Commissioner are hereby extended to them.

In the matter of yearly reports of the various mines, the
Bureau wishes to state that it has received more responses in

1910 than in any previous year, and to add that many of the

reports received are in commendable detail, thus giving the
Burau excellent information regarding the operation and pro-

duction of the mines throughout the State.

The Commissioner has experienced during this period a

great need for increasing the work of the Bureau so that it

could collect and preserve important statistical information. In

no other way has the State provided for the collection and pres-

ervation of such data.

To this date the library of the Bureau contains a complete
list of the Survey Publications, constituting the Monographs,
Professional Papers, Annual Reports, Bulletins, Water Supply
Papers, Mineral Resources, Maps and Geological Atlases.

The Commissioner takes this opportunity to express to

President Alderson and the School of Mines at Golden, and to

Professor R. D. George, of the State University at Boulder, his

thanks for the favors extended the Bureau in the past two
years. He wishes also to express his obligations and thanks
to Mr. John R. Wood, and the Metal Mining Association of

Boulder County, for many courtesies and material assistance.

The Press of the State has extended the Department many
courtesies during the past two years, and the Commissioner
begs to state his appreciation of these favors, which have been
of material assistance.

The accidents and fatalities for the biennial period are

about the same in number as in the previous two years.

No exact record of visitors to the Mineral Collection can be
preserved, but a careful estimate has been made, showing that

upwards of 50,000 people annually inspect the cabinets and go
through the museum.
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In the year 1895, Mr. Harry Allen Lee, thru Commissioner
of Mines, recognizing the value of the Dr. John Eisner Collection,

and realizing the fact that the collection contained many rare

minerals that were discovered early in the history of the State
and might not be duplicated, made an arrangement with Dr.

Eisner for the purchase of the collection for the State, at a

price of $15,000, and had the collection placed in the Bureau o1

Mines, with the hope of raising, by subscription, donations of

monies or legislative appropriation, the necessary amount to com-
plete the purchase. Through the efforts of Mr. Lee, $2,500 oi

this amount was raised and paid to Dr. Eisner. No furthei

payments having been made, in 1907 a very liberal offer wag
made to Dr. Eisner for the collection. He was inclined, much
against his wishes, to accept the offer, and remove the miner
als from the exhibit at the State Capitol. At this time, in or-

der to retain the collection for the State, it was necessary to

raise funds in some way and make a payment to Dr. Eisner.

The Board of Capitol Managers, realizing the necessity of keep-

ing that collection of minerals in the State, advanced $2,500,

with the understanding that an effort would be made to have
the next General Assembly make an appropriation to pay the

balance due. In compliance with this arrangement, a bill was
introduced in the Seventeenth General Assembly for an appro
priation of $10,000. This was cut down by the Finance Com-
mittee to $5,000, and was passed, Dr. Eisner having agreed tc

wait two years for the remainder.

A bill for an appropriation of $5,000, to make final pay-

ment to Dr. Eisner, is now being considered by the Eighteenth
General Assembly, and will undoubtedly pass. Thus the Dr
John Eisner Collection will become the property of the State

of Colorado.

Only the earnest desire of Dr. Eisner that this collection

should always remain in the State of Colorado made it possible

for the collection to remain in the Bureau of Mines for all

these years.
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COLORADO'S MINERAL RESOURCES.

The accompanying tables, giving carefully collected figures

of the mineral output of Colorado for 1910, show the State's

production to be $33,000,623.74, divided as follows: Gold, $20,-

297,535.69; silver, $4,392,735.72; lead, $3,158,380.54; copper,

$1,048,834.60; zinc, $3,366,437.41, and tungsten, $736,700.00.

The mineral output for 1909 was $33,211,527.32, divided as

follows: Gold, $21,946,684.13; silver, $4,587,643.34; lead, $2
765,511.72; copper, $1,220,641.95; zinc, $2,295,045.88, and tungs
ten, $396,000.00. The total metal output for the State in its

entire history therefore reaches the magnificent sum of $1,085,

303,804.10.

Many changes are disclosed in the comparison of the above
figures with those for the years 1907 and 1908. The production
of precious metals has fallen off slightly, that of lead has in

creased a little, and the output of zinc has grown 47 per cent
since 1908. Probably no more marked instance of conserva
tion exists than is illustrated by the State's production of this

metal. In all the years of the smelting industry, we knew oi

zinc in large quantities in the ores, but we knew no good of it

in its form of occurrence and admixture with the metals we
desired to save. Hence we penalized it by a charge for each
per cent, over and above a given figure, and forthwith proceeded
to waste the metal in furnace slags, deploring the fact that it

could not all be so disposed of, and that some of it returned
to curse us in the form of furnace products, necessitating re-

smelting. • Xow, the situation has been changed by the inven-

tion and application of methods of zinc concentration and re-

covery that have resulted in the orderly procedure of saving
all the metals in an ore. These advances are elsewhere de-

scribed in this report.

Thus, while Colorado has lacked advancement in respect

to the production of some of the metals, the State has gone for-

ward in its old-time way as the pioneer in new fields of met-
allurgy. There only needs to be a revival of the business of

prospecting to complete the picture and, with the discovery of

much-needed new fields for mining effort, bring our State to

its former position of leadership in production of all the heavy
metals except copper.

Cripple Creek has still remained our great gold-producer,

and the completion of the Roosevelt Tunnel gives guarantee of

continued prosperity in that section. To this prosperity the
more general application of cyanidation to the treatment of low
as well as medium-grade ores will greatly add. Leadville has
added one-third in 1910 to its 1909 mineral production, entirely
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by reason of the new discoveries of immense bodies of carbonate
of zinc left in the old upper workings of the principal mines,
many of which had been considered as worked out and ready
to be abandoned. Boulder County's tungsten production is very
large, while its gold output remains about the same. The out-

put of vanadium has in the past two years become an impor-
tant factor in the State's metal and mineral production, and
that of uranium gives promise of increasing. On the whole.
Clear Creek and Gilpin County sections have done very well,

and hold out a bright prospect for the present year. In the

Southwest much has been accomplished in advanced milling op-

erations upon low-grade ores, maintaining the gross output un-

der some otherwise unfavorable conditions, and furnishing

the basis for expectation that the business of local ore treat-

ment is certain to grow to large proportions in the coming
biennial period. Gold-dredging should show a doubling in the

same period. New fields for placer operations have been dis-

covered, and the values in the old ones have been shown to be

figures per cubic yard far in excess of those of the long-oper-

ated and well-known California regions.
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STATISTICAL REVIEW.

In the years 1909 and 1910 the value of the precious and
base metal production, exclusive of iron, is shown by the fol-

lowing table, which includes the production for the vears 1907
and 1908:

Year. Value of Mineral Production.

1907 141,399,834.55

1908 . .• 33,283,010.91

1909 33,211,527.32

1910 33,000,623.74

The detailed production by counties will be found else-

where in this report. While the fluctuations in the selling-

price of all the metals except gold would present some facts

which would slightly affect the percentages above given, no at-

tempt will be made to exhibit such differences beyond giving

below the average prices, New York market, for the silver,

lead and copper for the last four years.

AVERAGE METAL PRICES, NEW YORK MARKET.

YEAR. Silver. Lead. Copper. Zinc.

1905 .6035 .047 .1559 .0588

1906 .6679 .05347 .0927 .0619

1907 .6533 .0534 .2014 .0620

1908 .5283 .0421 .1326 .0458

1909 .5150 .04273 .1210 .0550

1910 .5347 .0449 .1263 .0539

In the past two years one main branch of ore-treatment op-

erations has suffered a notable and distinct decline in activity.

The smelting industry has been operated by the American
Smelting and Kefining Company in the four plants at Denver,
Pueblo, Leadville and Durango, at reduced tonnages, reaching
at present to little more than half capacity. A lack of ore

production, occasioned in part by the prevailing low prices of

the metals in 1910, has been one of the causes of this decline.

Other causes have combined to produce this temporary depres-

sion in the mining industries, among which should be mentioned
the lack of prospecting for new finds of mineral, and the rail-

road freight rates prevailing in some sections of the State.

The smaller amount of prospecting is chiefly due to the re-

strictions which the withdrawals of land from the public do-
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main have put around the prospector, rendering him less anx-
ious to prospect, and quite unwilling to be substantially under
the orders of a range rider as to whether or not his discovery
shall be allowed him.

In the southwestern part of the State the prevalence of

uniformly high freight rates has likewise limited mining growth
by embarrassing the small producer of ore, who naturally has
no milling or concentrating facilities at his command, and who
must therefore ship his output to smelters. The large pro-

ducer is not so affected, since he is able to apply concentration
or cyanidation aids either to reduce his tonnage to be shipped
or to effect a complete commercial extraction of value.

These evils, while not perhaps constituting all the diffi-

culties that have hedged progress, comprise two most impor-
tant ones, the definite influences of which have frequently

come under the observation of the Bureau of Mines. Relief

from these drawbacks is being discovered in a partial way by
some of the individual mines in the section most affected, and
it is taking the form of more intense application of methods
of concentration and extraction, to the end that a smaller net

shipment in tons results from the treatment of an equal or in-

creased tonnage of ore.

Smelting in lead shaft furnaces still constitutes the chief

method of treatment for the ores produced by the State. Dur-

ing the past two years, while, as compared with the two pre-

vious years, the lead output of Colorado has fallen, and with
it the silver production also, the American Smelting and Refin-

ing Company has made economic advances in connect ion with

the production of new and useful products out of waste and by-

products of their plants. Among these arc oxide of arsenic, or

the white arsenic of commerce, cadmium metal and oxide, me-

tallic zinc in the form of zinc dust for cyanide use, and cobalt

products. The new zinc ore production of Leadville, being

mined out of the upper and abandoned slopes of the old prop-

erties, means another advance for the State; and, coming as

it does with a decline in lead production, it furnishes a cheer

ful relief to what would otherwise be ;i more serious situation.

We therefore see a practical illustration of conservation, and
have, in :i sense, two blades of grass where but one grew be-

fore.

Among (he other smelling plants in operation in the 1 past,

two years and previously, one, the Argo works of the Boston
and Colorado Smelting Company, closed its career in March,
linn, after a history of nearly forty years. Scarcity of copper

ores in Colorado's production caused the stoppage of the plant,

together, perhaps, with a closer competitive market Cor such

ores as are purchased by smelters using lead as a base instead

Of copper. Dining L909 and 1!)1(), the Salida Smelter, of the

Ohio and Colorado Smelting Company, ran on a somewhat cur-

tailed ore supply, due to the same cause's that affected the out
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put of the American Smelting and Refining Company—a re-

duced production of lead and silver ores. In the pasl year the

North American Smelter and Mines Company began operations

at Golden, drawing its ore supply chiefly from the Clear ('reck

Mining District. An innovation in the smelting business

failed in the early part of 1910, after a desultory operation ex-

tending over the twelve months previous—the Modern Smelt-

ing and Refining Company, at Utah Junction, adjoining Den-

ver.

In zinc-smelting the United States Zinc Company, at Pu-
eblo, has continued full operations during the past two years,

with a plant consisting of six furnaces and 1,440 retorts or

Rhenish furnaces with muffles. The new and important zinc-

ore production of Leadville naturally gives promise of expan-
sion of the business of smelting zinc in Colorado, whether in

Pueblo or elsewhere. The production of zinc ore in the State

is far in advance of the reduction of the same to spelter. In

1907 Colorado produced 142,510 tons of zinc ore, as against
114,000 tons for 1906, with a production of onlv 5,200 tons of

spelter for 1907, and 6,260 tons for 1906. In 1907 the State's

production of zinc ore constituted about 16 per cent, of that of

the United States. The range of prices for zinc the past four

years has been as follows:

1907 0620
1908 0458
1909 055
1910 0539

The milling branch of the ore-treatment industry of the

State has been in fuller operation than the smelting branch
during the years 1909 and 1910. The Cripple Creek production
of ore has been mainly treated by the mills; of these, the

Golden Cycle, the Portland and Standard plants, at Colorado
City, have treated together a monthly tonnage of about 46,000

tons of ore, of an approximate value of |20.00 per ton in gold.

As anticipated in the last report of the Bureau of Mines,
the excellent example of extraction, daily tonnage, and ton-

nage cost, furnished by the Golden Cycle Mill, has been a stim-

ulus to the increased application of cyanidation to the treat-

ment of low-grade ores of the Cripple Creek District. The
Portland Mine has constructed a low-grade-ore treatment mill

at its mines and is crushing low-grade dumps in cyanide solu-

tion, following it with concentration and the shipment of con-

centrates to the roasting plant of the company at Colorado City
for final treament. The low-grade treatment plant of Strat-

ton's Independence, Limited, was built in 1909, and has been
in constant and increasing tonnage operation ever since. The
ore is from dump saving, and contains about $3.60 per ton aver-

age value. Both these mills treat the ore in a raw, or un-

roasted, state. There are some five or six other locallv situ-
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ated mills in the Cripple Creek District, all of which have been
in operation during the past two years on ores of too low a

grade to bear railroad freight shipment charges. The success
of these plants has been constant, and it has been fully dem-
onstrated that the low-grade material available for such treat-

ment is practically unlimited.

The process of chlorination treatment, followed by a cya-

nidation of the tailings, has continued to be the method oi

treatment used in the Portland and Standard plants, at Colo
rado City, both of which have been in continuous operation
during the past two years.

In the Golden Cycle Mill process, the ore is roasted in Ed-
wards furnaces, ground to twenty-five-mesh in cyanide solu-

tion, classified ajid leached as to its sands, with vacuum filtra

tion of the slimes. The plant has treated, in the year, 312.000

tons of ore, making a very high extraction of value at a low
cost per ton.

In other districts in the State milling or concentration
processes have been in constant use, as before. The George-
town District will have, in the year 1911, in addition to the

usual stamp-milling methods, a new method of the application

of dry chlorination, known as the "Malm Process," to the treat-

ment of the base ores which the section produces. The results

of the new process will be awaited with deep interest by ore-

producers all over the State. It is becoming more and more
necessary for the mine-owner to render himself somewhat inde-

pendent in the matter of the local treatment of his ores; and
it h< ' can find relief in this new process, or in the application

of any present practiced methods, the production of all our

camps will see great increases in tonnage and value in the

present year.

In the San Juan District, ore treatment is conducted in the

usual way of stamp crushing, and at several plants in Telluride

and Ouray. At the plant of the Liberty Bell Gold Mining
Company, eighty stamps are in daily use. crushing about LOO

tons of an average value of about $9.50 to fio.oo per ton. The
extinct ion attained is extremely high, being 88 per cent., and
done ;ii a cost of mining and milling of $5.00 per ton, with

excellent prospects of further reducing this figure.

In connection with the industry of mining zinc ores, nu-

merous plants for the preparation and concentration of the

to about .'io per cent, zinc content, or upward, have been

established in the pasl two years. These plants are based

mainly on crushing, followed by roasting ami magnetic sepa-

ration of the iron from the roasted product, and subsequent

Separation of zinc from lead on concentrating tables of various

design. The Western Chemical Manufacturing Company, of

Denver; the American Zinc Extraction Company, of Leadville;

the Wilson .Mining Company, of Robinson; the Kokomo Metals
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Company, of Kokomo, and the Eagle Mining and Milling Com-
pany, of Red Cliff, are at present operating plants, in addition

to the ore-dressing department of the United States Zinc Com-
pany, of Pueblo.

The Empire Zinc Company, of Canon City, has in the past

two years exhibited unusual activity in the business of zinc-

ore concentration, and has, perhaps, more than any other com-
pany, indulged in much experimental work intended to deter-

mine the most advantageous methods of ore-dressing to be ap-

plied to the various ores.

The problems connected with the mining and metallurgy
of zinc furnish a distinct and broad field, and questions are

already presented which not only affect the phase of percent-

age extraction of zinc, or zinc and lead when two metals are to

be saved, but concern ways and means of cheaply concentrat-

ing the large tonnage which the new finds in Leadville are pro-

viding. Necessarily, most of this gross tonnage will be of a
grade too low to ship to the zinc smelters, and will require

concentration.

As stated, the chief advance in practical metallurgy of con-

centrating has beneficially affected the business of treating the
rebellious sulphide mixtures of lead, zinc and iron. Many of

these are extremely low grade, carrying as low as $1.00 per ton
in gold, 5 ounces of silver, from 3 to 7 per cent, lead, and the
balance consisting of sulphides of iron and zinc. The zinc con-

tent approximates from 18 to 25 per cent. No one or two met-
als are sufficiently valuable in such a mixture to warrant the
material being considered payable ore, and it is necessary to

effect a large saving of each in order to produce a profit. The
method usually pursued is to give the ground ore a quick roast

to effect a coating of magnetic oxide over the sulphide, remove
the iron by a magnetic or an electrostatic separator, pass the
resulting zinc lead sulphide, mixed with gangue, over concen-
trating tables, which effects a separation of zinc sulphide of

about 40 per cent, grade zinc, a lead sulphide concentrate run-

ning close to 70 per cent, lead, and a waste tailing usually con-

taining 1 to 1.5 ounces of silver. The result in percentage sav-

ings means close to 80 per cent, of the lead and precious met-
als, and about 65 per cent, of the zinc. The iron concentrates
command a profitable price also, and the net result is a commer-
cial profit in mining and concentrating such ores, which were,
until the past two or three years, considered absolute waste.
No better example of conservation could be cited, and when it

is remembered that in Colorado new treatment plants are
already treating nearly 1,000 tons daily of such product, its

importance to the welfare of the State is very great. These
plants are the American Zinc Extraction Company, Leadville;
United States Zinn Company. Pueblo; Wilson Mining Company,
Robinson; Kokomo Metals Company, Kokomo; Eagle Mining
and Milling Company, Red Cliff; and the Western Chemical



14 BIENNIAL REPORT

Manufacturing Company, Denver. In the Creede District the
plants long- since established are adapted to treating an ore
carrying much less iron than the above mentioned, and consist

of jigs and concentrating tables. They have no magnetic or

electrostatic equipment, such as is made necessary by the pres-

ence of considerable percentages of iron sulphides in the above
cases.

The growth of the cyanide process has been great in Colo-

rado in the past two years. The tendency has been to grind
very fine, and to nearly or quite slime the ore in the first grind-

ing or in the tube-mill grinding. Unquestionably the extrac-

tion has thereby increased by from 5 to 12 per cent, over the

practice of former years.

The ore-grinding machines which have been applied with
advantage to cyanide practice are principally the Chilean mill

and the tube mill. The former are producing excellent results

on moderately hard ores, and are most economically installed

and operated in comparison with other mechines of equal ton

nage capacity. It is common to grind from 0,000 to 9,000 tons

of ore without re-dressing the rollers. They are extremely
compact machines, and are operated with a comparatively low
consumption of horsepower, due chiefly to the momentum of

rapid revolution. Tube mills are being lengthened, and it is

found that the capacity is increased in greater proportion titan

the consumption of power.

Mechanical aids to subsequent classification, agitation and
tilt ration have kept pace with the necessities introduced by
fine grinding. Various machines have been introduced and
many tried in the practice of this State. Their respective mer-

its, from a cost and tonnage standpoint, are not yet weighed
to the exclusion of any and the exclusive use of one. Natur-

ally, greater interest has attached to the devices to assist slime

filtration. The old method of use of zinc shavings for precipi-

tation of the gold out of the solutions is rapidly being super-

ceded by the use of zinc dust. While no tonnage cost econ«mi\

is attained, Hie latter method permits the constant cleaning up
of the values in the solutions, with only the 4 delay of permit-

ting a filter press to become charged; the older method neces-

sarily entailing the use of a great many zinc boxes, of which
the larger Dumber must always be in use.

The newly published and exploited "Clancy Cyanide and
Cyanamide Process" is said to be about to be Introduced in the

Cripple ('reek District, and a mill constructed to operate it

along the exact lines as published by the inventor.

In Boulder County there is opportunity for the application

of the same economies in the handling of its sulpho-telluride

ores us have already been demonstrated In the Cripple Creek
District. The cyanide process, as already applied to low-

grade ores of Cripple Creek, is particularly adapted to well-
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known large low-grade deposits in Boulder County. One plant
of 100 tons daily for custom business has already been pro-

jected for 1911. In the same way the great success in Mexico
in cyanide treatment of silver ores may be usefully applied in

Boulder County district of Caribou. Later development and
application of the promising Clancy Cyanamide Cyanide Process
to Cripple Creek will, without doubt, make the new process

a success for Boulder County gold ores of the sulpho-tellnride

class, which now require the comparatively expensive method
of roasting to free the gold for cyanide or other treatment.

The Georgetown District has seen, during the past year,

the completion of two new enterprises, which will play an im-

portant part in the added prosperity of the Clear Creek and
Gilpin County sections of the State. Both will mark an ad-

vance in practical conservation, and the result will be, on the

one hand, an increased production of ore of the usual former
average grade, a new production of lower-grade ores, both at

some reduced cost per ton over former figures, and a cheaper
and larger concentration of values on low-grade ores, from
which the concentrates will be shipped to the smelting plants.

The former is the Newhouse Tunnel, completed last year, and
the latter is the new Frontenac Mill.

Commercial clubs and associations in various parts of the

State have been already useful in advancing the interests of

the sections which they serve. In mining matters they have
been useful in originating new interest in their particular

Gelds, and several instances have come to this Bureau of the
resumption of work on old mining properties through their

effort. These, and other similar influences that may result in

mining and new prospecting, will be most welcome to this im-

portant industry of our State. The Bureau has made the ac-

quaintance of the commercial associations of Ouray, Silverton

and Telluride, and of the Metal Mining Association of Boulder
County.

Both the long-established smelting industry, dealing with
shaft, roasting and reverberatory furnaces, and the gold-milling

industry yearly present problems the solution of which vitally

affects the mining industry of the State, since all such improve-
ments result in some division of the good accomplished, by
which the producer of the ore reaps a part of the benefit. In a

like way, the problems connected with the more profitable con-

centration or extraction of value from the ores of the rarer met-
als, tungsten, vanadium and uranium, are of interest to the
producer of such ores, and the successful solution of such ques-

tions has added, and will continue to add, to the mineral pro-

duction of the State.
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ZINC CARBONATES.

The finding of enormous bodies of carbonates of zinc in the
old upper workings of a great number of Leadville mines has
opened a new era for the prosperity of the camp. These bodies

were supposed, when encountered, to be spar, and were con-

sidered valueless. Such old mines as the Iron Silver, Henrietta
and Maid, Wolftone and Louisville, have been proved to contain

great amounts of zinc ore, running from 15 to 30 per cent, zinc,

and at this time—the early part of 1911— it is estimated that

more than a million tons of such ore exist in the old workings
of mines opened on the white-lime contact. The full utiliza-

tion of these deposits will require new metallurgical methods
to aid in either their treatment or their concentration. In the

past, Colorado metallurgists have not failed in solving such
problems, and the State may look for new and commercially
successful methods which will permit the mining of these new
mineral resources of the Leadville District. These new zinc

deposits have increased the production of the Leadville District

already 33 1/3 per cent, in 1910, as compared with 1909.
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TUNNELS AND DREIKJIXd

The largest mining tunnels in the State are the Newhouse,
at Idaho Springs; the Roosevelt, at Cripple Creek; the Yak,

at Leadville; the Revenue, at Ouray, and the Big Five, at upper
Idaho Springs. Their use has given the mining industry the

highest kind of conservation. They have in many cases closely

demonstrated the existence of the veins at considerable depths.

They have drained the surrounding area, and are constantly

increasing the drainage area they affect. They have reduced
the cost of mining ore by largely removing the necessity of

hoisting, and they have practically eliminated the wagon trans-

portation. They have assisted ventilation of mines; and, in

the Clear Creek District particularly, the methods and cost of

ore treatment have been improved and reduced by assembling
the ores of the various mines at centrally operated plants lo-

cated at the mouth of the tunnel, at which points the entire ore

product is treated by the usual methods which have for years

proved serviceable in this district. The yearly output of Clear

Creek and Gilpin counties was in the neighborhood of $4,000,-

000 twenty years ago, but has declined gradually, until that for

1908 was $2,500,000. The improvements and advances which
will now mark the completion of the Newhouse Tunnel will go
a long way toward bringing a return of the old prosperity of

1hese two pioneer mining districts. The drainage tunnel will

also have a present effect on the new mines opened, making the

beginning work easier and of less cost, by reason of relieving

the operator of the necessity of pumping.

In the Cripple Creek District the enormous help of the

Roosevelt Drainage Tunnel lies in this, that practically all the

mines are drained an additional 754 feet, and the use of many
separate and expensive pumping plants is made unnecessary.

The tunnel is 14,000 feet in length, and was finished in Novem-
ber, 1910, to the extent of first drainage connection being made.
Laterals will now be run to tap the various hills or sections of

the district. The Cripple Creek District has produced, in its

life of seventeen years, approximately 210 millions, More than
half of this sum was produced in the first eight or nine years of

its history, from the zones in which little or no drainage was
necessary or effected. In late years, the production of more
than 50,000 tons of ore monthly has shown what has been made
possible by tunnel drainage, and there is every reason to sup-

pose that the present tunnel, and other enterprises of like char-

acter, will maintain the reputation of the district as the great-

est gold-producing section ever known.

The water has begun to fall at a regular rate per day or

week—a rate that is practically the same all over the district.
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Measurements extending over periods of thirty days give a sub-

sidence of three inches per twenty-four hours. While this

seems small now. it must be remembered that it is the drain-

age from but the one water course thus far cut. Very soon an-

other important channel will be intersected and connected
with the drainage course, and the heading of the tunnel will

also be advanced. It is likely that the drainage will settle

itself to a subsidence of six inches daily, at which rate the
754 feet additional mining territory afforded will be drained in

eighteen months. This period will not only suffice to develop
the productiveness of this new territory, but also serve to per-

mit plans and organization for the driving of a still lower tun-

nel, for which the site is already available and the project

shown to be feasible at a length of about 30,000 feet.

Dredging in this State is carried on at Breckenridge, and
in Routt County only. The past two years have been success-

ful ones. There are five dredges in operation in Breckenridge,
most of them working even through the winter, and capable of

handling up to 3,000 yards per day. The Reliance is the larg-

est dredge in the district, and is one of two dredges operating
in French Gulch; the others are working on the Blue River.

The yield is in the neighborhood of 20 cents or 30 cents per
cubic yard, and the field offers extremely promising opportuni-
ties to the investor and placer miner.

A comparison with similar placer-mining operations in Cal-

ifornia shows very clearly what may be accomplished in Colo-

rado and to what extensive proportions the placer industry in

this State may grow. In California, during the past two years

particularly, the Slate has maintained its position as a gold-

producer and reached a figure which enabled it to pass Colo

rado and regain first place among the Slates, solely by reason
of the use of tin 1 great dredges in the placer deposits. It is

safe to say that the lode or vein production of gold in Cali-

fornia lias, in two years, fallen off $3,000,000 per annum, and
that in the same period the State's production from placers

lias increased $5,000,000. At the present time much the larger

portion of the total gold product of California is from placer-

mining operations. In Colorado the placer gold production is

almost insignificant, and our chief district, Breckenridge,
should produce millions, where it now adds only hundreds of

thousands. .Many other known placer deposits of known value

exist in Colorado, and should be worked. At similar tonnages

dredged, tins state can realize California costs per cubic yard.

and these are about cents, with some instances of even lower

figures.
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CONSERVATION.

The industry of mining the country over, whether it be

coal or metal mining, has in the past few years suffered an
unnecessary setback, by reason of the National Governmenl hav-

ing allowed the policy of conservation to be carried to what may
be termed extreme lengths. It has been manifested here in

the enormous withdrawal of lands from the public domain, and
their incorporation in various timber and forest reserves, re-

gardless of the fact that in fully half the cases in this State

there is not an available foot of timber growing. In this way
there is now withdrawn thirty million, out of Colorado's sixty-

five million acres. The result has been that prospecting has
almost ceased as an industry, and the State practically been de-

barred from the chance of any new mining field or district be-

ing located and developed.

It must be understood that, while the Forest Reserve regula-

tions do not prohibit prospecting work or mining locations,

they do, however, make it so difficult and uncertain for the
mineral discoverer to secure and retain his locations that the
miner has been discouraged from attempting such pioneer
work. The prospector is obliged to await the pleasure of the

range rider, and be subjected to such a limited intelligence in

mining matters before he is granted any valued location

claimed. This is only the main difficulty, but it is sufficient to

cripple that necessary branch of the mining industry.
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MECHANICAL ORE-DKESSIXG AND CONCENTRATION

In no biennial period since the establishment of the Bureau
of Mines has so great progress marked the science and practice
of ore-dressing and concentration. It has been not only in Col-

orado, but countrv-wide. Our State has benefited chiefly in

ores and minerals of lead, iron and zinc, while other States

have noted advances in the treatment of copper ores. The ad-

vances have been in larger and bolder operations on low-grade
ores, as well as in improvements in equipment and in the result-

ing saving. In the latter class belong the features of greater
uniformity in grinding and sizing before treatment on tables

and vanners. Slimes are now entirely removed from the fine

sands, and the coarse sands are reground in mills. These fea-

tures are notably illustrated in the practice at the Independ-
ence. Limited, and New Portland Mills, at Cripple Creek, and
in the Golden Cycle and Liberty Bell Mills, at Colorado City

and Telluride, respectively.

For grinding immediately succeeding crushing, Chilean
mills are largely used, both because of their effectiveness in

grinding to the required mesh of the discharge screen and for

their large capacity. In two instances known to the Bureau,
the grinding capacity of these mills is 150 tons per day on 16-

mesh discharge screen.

Tables are numerous in makes, though not in types. In the

latter respect they are in this State practically limited to the

Wilfley, Card and Diester tables, of which the last-named is the

slime table which is replacing the belt vanner and the traveling

canvas table.

Of classifiers, the drag and spiral types are successfully

working in several mills to separate sands from slimes.

Some problems of both mechanical and commercial nature

are vol to be solved. This Bureau staled in iis lasi Biennial

Report thai the treatment of much less than $8.00 per ton ore

from tin' Cripple Creels I>islricl was a coining commercial pos-

sibility, and its prediction has been fully justified in the pros

cnl profil being derived from the treatment of ore of slightly

less than $4.00 per ton in gross value. Most of this advance
has come from the reduced cosl and economies effected in me-

chanical handling, and unquestionably much will yei arise from

further simplification of treatment, or by reason or increased

tonnage operations; and it is perfectly clear that even $2.50

to $:{.()() pei- ton gross value refractory ore can yd be made to

yield a profit. All these advances are helps to counterbalance
and atone for some lost ground in the mining field.
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TUNGSTEN.

This Bureau referred, in its preceding Biennial Report, to

the coming prosperity which tungsten mining in Boulder
county was to experience. At present 80 per cent, of the

product of the United States is mined and concentrated in

Boulder county. It has become the chief mining industry of

the county. The problems of effecting a high percentage con-

centration of the tungsten mineral, ferberite, from its accom-
panying gangue, has been a difficult one. The tendency of such
brittle minerals to slime in crushing has added to the problem.
The Monell slimer seems to have solved the question best. It

is a long traveling belt of canvas with a feed at one side, dis-

charging at the other, and an end motion.

To the end of 1910 Boulder county has produced $2,465,-

567.00 in tungsten value, all as a concentrate of about 60 per

cent. The tungsten minerals were discovered in 1900 to exist

in and about the town of Nederland, but four years elapsed be-

fore progress brought the yield in 1904 to 740 tons of concen-
trates, worth 1184,000.00. In the following two years it rose

to 928 tons of concentrates, to the value of |348,867.00.

In 1907 the price per unit rose to $14.00, and, with an in-

creased production of concentrates, the output reached about
$552,000.00. In the next year the value and production dropped
off to about one-half of the last-named figure, and in 1909 it

advanced again. The figures for the past two years are:

Tons Concentrates. Value.

1909 1,100 $396,000.00
1910 1,535 736,700.00

The price per unit, or 20 pounds, rose in 1910 from $6.50

to $8.50.

The Pioneer Mill, the Wolf Tongue, at Nederland, has had
much to do with the development of the tungsten fields- Re-

cently the Primos Chemical people have constructed a plant

at Lakewood, below Cardinal, at a cost of $150,000.00, and the
district is now well supplied with custom plants. The Wolf
Tongue Mill, belonging to the Firth Sterling Steel Corporation,
of Pittsburg, Pa., has been the practical dictator of the price

of tungsten oxide per unit of concentrates. The 1910 product
constituted 80 per cent, of the entire production of the United
States.

Much has been learned in regard to the tungsten deposits

during these years of work in the field: First, that, while the
ore upon the surface is phenomenally high-grade, instead of the

ore lying in kidneys or lenses, its occurrence in this county is
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always in veins; second, that the deeper these veins were
opened, the more consistent they became in size and regularity

of the ore bodies, while the values maintained their grade;
third, that the area of the occurrence of tungsten had stead-

ily extended, until it was found in paying quantity over a sec-

tion eleven by thirteen miles, with fair assurance that it would
outreach these limits very speedily. The average ore of the
county is 10 per cent. This returns the miner $45.00 per ton.

A fair prophecy for 1911 is that the output will reach one mil-

lion dollars. Eight concentrating mills will be in operation
this year, with a probability that one or two more will go into

commission before the year is out.

Active calls from France and Germany are being made for

the metal, and steps are being taken to supply the demand di-

rectly from the field.

This year will also see a reduction mill erected in the

county in which the ore will be reduced to ferro-tungsten, and
the profits accruing to the eastern middlemen be retained at

home, besides affording the great saving in freight rates over
shipping the concentrates.

The Conger Shaft of the Primos Chemical Company is 500

feet in depth, and the company is now putting a new working
shaft down to 1,000 feet. A tunnel has been started on an
adjoining tract that will open a system of veins to the same
depth. Thus, tungsten production is being placed upon a par

with the large mining developments of the State.

The Monell slime-concentrating table has produced such
excellent results in both gold and tungsten ore use that it de

serves especial mention as one of the agencies contributing to

the prosperity of the county. It is an endless four-ply rubber
and canvas belt, 53 feet long and 5 feet wide, with corrugated

rubber edges. The belt sets on a redwood floor suspended on

rods, so that the belt may travel and at the same time be given

;m end motion of ISO vibrations per minute; thus perfectly sim-

ulating a gold pan in concentration and in shaking the line

concentrates to the bottom of tin 4 bed. The feed occupies one-

half tin' length of the table on top surface of the belt and a

width of 3 feet. The reamining 2 feet of width of the table

belt slopes so ;is to afford a discharge. Tims the wash water
carries oil* the sands while shaking the heavier mineral safely

under the bed. It is said thai this slimer 1ms raised the saving
in gold and tungsten ores from under 70 per cent, to 85 per

(•('III.

Tic increasing demand for tungsten metal, ferro-tungsten

and concentrates from the ores, will furnish employment for

hundreds of men in addition to those now employed. Now dis-

coveries will undoubtedly be numerous, whether stimulated

by lower mining costs, greater prevailing information, or higher

prices for the concentrates, and a prosperous year may be
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looked for in this particular one of Colorado's mineral indus-

tries.

TungsteD in the form of ferro-tungsten, and used as such
an alloy, has become a most important factor in the manufac-
ture of what is known as high-speed tool steel. Such tools can

be run at a cutting speed up to 100 feet per minute, and endure
a consequent dull-red heat without loss of temper. For this

purpose tungsten enters into the composition of the steel to

the extent of 5 per cent, and upward. One of several other
metals assists and is usually employed with tungsten, but the
latter is the chief factor in the result attained. Another most
important use for tungsten is in incandescent lamp filaments.

It is stated on excellent authority that an electric-power saving
of 50 to 65 per cent, has already been effected by the tungsten
lamp.
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VANADIUM.

The development in vanadium ore mining and reduction has
not in the past two years been as considerable as was expected.
This result is not confined to the scarcity of ore, since the de-

velopments of the past six months seem to have shown large

deposits of the vanadium mica, roscoelite, in the sandstones
exposed along the San Miguel river and the diverging cam-ons.
The industry has been retarded by reason of some difficulties

encountered in effecting a salt roast, to produce vanadate of

soda without considerable losses by volatilization. The Primos
Chemical Company, with the parent organization at Primos,
Delaware County, Pa., is operating the reduction works at New-
mire, Colorado, formerly owned by the Vanadium Alloys Com-
pany. There they employ about thirty-five men and are said to

treat daily about 30 tons of vanadium-bearing sandstone carry-

ing 1.25 to 3 per cent, vanadium. The sodium vanadate pro-

duced by the ore roasted with salt, is leached out, and subse-
quently precipitated by iron sulphate or copperas, in the form
of vanadate of iron. This product runs 25 to 40 per cent, vanad-
ium, is worth $2.00 per pound, and is then shipped to Pennsyl-
vania, where it is converted into the alloy known as ferro-

vanadium, and in this form sold to steel and tool-makers. The
Primos Chemical Company, at Newmire, is indisposed to give

the Bureau of Mines much information relative to its operations,

and no data was obtainable on the commercial extraction ob-

tained in this plant. It is said a two-thirds extraction is being
made by the Newmire plant.

Several shipments, probably 200 to 300 tons, were made dur-

ing 1900 and 1010 from East Paradox Valley, where the American
Vanadium Company opened a deposit of vanadium ore high up
on the sandstone cliffs or walls bounding the south side of tin 1

valley. The deposit w;is a mixture of roscoeite and carnotite,

and contained 3 per ceni. vanadium and L.5 to 2 per cent, uran-

ium. The ore was shipped to the International Vanadium Com-
pany, a1 Liverpool, England.

Many discoveries have been made of vanadium and uranium
throughout the canyon valleys of the San Miguel and Dolores

rivers. The localities which have already produced in these

sections are Bnydera and Mclntyres, near the Dolores River;

Hydraulic and Vixen, at the month of and along the Ban Miguel

River; East Paradox Valley, La Sal Creek, and several points

along the upper parts of the San Miguel River and Leopold
deck.

Uranium oxides are used in the arts chiefly for coloring

purposes in the manufacture <>f glass and porcelains. Vanad-
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ium, when alloyed with iron, as ferro-vanadinm has a great value
in steel-making. Its hardening and toughening qualities arc

remarkable. Addition of from one-tenth of 1 per cent, up to

one-half of 1 per cent, gives an enormous strength to steel

products, and the increase of elastic limit with this use has been
found to be 100 per cent. For high-speed tools, and for the high
est grade of tools, this metal will be in increasing demand.
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CYANIDE MILLING OX CRIPPLE CREEK ORE.

For some years past the cyanide process for the treatment
of Cripple Creek ores has been gaining in favor over the for-

merly generally used chlorination process. The signal success
of fine grinding, and the increased extraction produced, marked
the decisive victory, and, were it not for the amounts invested,

the users of chlorine for the extraction of the gold from the

Cripple Creek ores would abandon present practice and adopt
the cyanide method.

The large plant of the Golden Cycle Mining Company, lo-

cated al Colorado City, is, par excellence, tthe best of its kind.

Its mode of treatment procedure is gyratory crushing, roll grind-

ing, nearly sweet roasting, Chilean mill grinding of roasted ore
to 25 mesh in cyanide solution, passing over blankets, and
classifying in Dorr tanks. The sand is leached, and the slime
agitated and filtered in vacuum presses. The roasters are six

Edwards furnaces of 125 to 150 tons' daily capacity, and consti-

tute the best mechanical roasting plant in the entire western
country. Mechanical and rearrangement improvements are still

being made, and the cost of operation reduced. At no time
in the history of cyanidation has so high an extraction been
realized in an ore-treatment plant as is being made at the Golden
Cycle Mill. It is fully 95 per cent., and the daily tonnage
treated is 900. During 1010 this plant produced five millions

in gold from ores averaging between $17.00 and $18.00 a ton

in value. This was almost 50 per cent, of the entire production
of the Cripple Creek District for that year.

The chlorination process of treating roasted Cripple Creek
ores lias been for years in successful operation at the plants of

tin- United States Reduction and Refining Company and the

Portland Gold Mining Company, both located at Colorado City.

The roasted ore is treated in large, lead-lined, revolving barrels.

wit 1 i either chlorine manufactured from salt or by the action

of sulphuric acid on the bleaching powder of commerce. The
gold is dissolved, filtered from out the barrel, and the gold pre-

cipitated from the solutions by hydrogen sulphide gas. The tail

ings. or waste ore, still contain some value to be recovered, and
are further crushed in weak cyanide solution, with the usual

treatment of such solution to save the gold.

The two chlorination plants above named have a daily ca-

pacity of 750 to SIM) tons per twenty-four hours. The Cripple

Creek District is thus supplied with excellent reduction works
facilities, which lias undoubtedly had much to do with the pros

perity of this great gold producing section.

The commercial use of the cyanide process of extraction

of gold V&lue from the average and low-grade ores of the Crip
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pie Creek District has gone by Leaps and bounds. In the pasl

two years new mills have been constructed in the district and
put into operation on ores of $4.00 per ton and even less in value.

The first to be built and operated was the Independence Mill,

on the Stratton's Independence, Limited. Mine. It was at first

intended that the mill should operate exclusively on a former
waste-ore dump which had been carefully sampled by test shafts

sunk in it and estimated to contain slightly more than a million

tons of |3.60 average value. In its first year of operation it

handled over 200 tons per day of this material, and as a result

of such practical test the plant was increased to 350 tons' daily

capacity in early 1010. It is running at this rate and treating

monthly from 8,500 to 9,500 tons of material. Of this, about
three-quarters is from the low-grade ore dumps above referred

to, and the balance is the mill grade out of the mine, carrying
perhaps an average of $7.00 to $8.00 per ton in value. These
products are delivered to separate crushing plants, from which
they go to the Chilean mills; and after this grinding and class

ification succeeding it, the sands are tube-mill ground. The table

concentration is carried on by Wilfley and Deister tables and
vanners. The pulp is then pumped to the cyanide tanks for

final treatment. Drag spiral classifiers are most successfully

used to separate the sands from the slimes. The concentrates
carry between $85.00 and $110.00 per ton in value, and consti-

tute about 40 per cent, of the product of the plant. Considering
the low grade of the dump material handled, a very high ex-

traction is made and at an extremely low cost. Throughout,
the plant is automatic. Its results must be extremely gratify-

ing to the management of the mine, and constitute also material
dividends to the shareholders. There is full ten years' supply
of dump material for treatment.

The low-grade-ore mill of the Portland Gold Mining Com-
pany to treat ore dump material, and the mine output not here-

tofore shipped to the company's chlorination plant ai Colorado
City, was erected in the first half of 1910 and started in the fall

of the same year. The low-grade mine or dump ore is delivered
to the mill in five-ton side-dumping cars operated by the third-

rail system. It is broken in a very large Dodge crusher, and
from there goes to two crushing-rolls, size 18"x48". The product
is about iy2 inches maximum size, and is conveyed by a long
traveling rubber belt into the main mill building, where it is

distributed into four steel tank storage bins set above the same
number of Chilean mills. These have each a capacity of 100 to

125 tons per day. The ore is ground in cyanide solution of

strength of one-fortieth of 1 per cent., and is discharged through
25-mesh screens from these mills to Wilfley concentrators,
which give the first table concentration. From this it goes to

Card concentrating tables, which are operated to recover the
finer portion of the concentrates. The plant has the Deister
treatment. The ore pulp from the tables is then handled by
table on trial on this material, intended to supplement the Card
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tables. The concentrates, which are about 20 to 25 tons daily

from 350 to 400 tons of low-grade or dump ores, carry approxi-
mately |30.00 per ton in value, and are shipped to the company's
chlorination works at Colorado City for roasting and further
Akins classifiers (large spiral conveyors set at a flat angle),

which separate the sand from the slime. After two washings
these sands are discharged to the waste dump, since it has been
found that their value is negligible when the plant is running
on the hard, low-grade ore from the present mine operation.

The slimes and solution material are conveyed to agitators

designed by Rothwell and Akins, and the solution is filtered off

bv the large Portland revolving slime filter, which operates very
well.

The clear solution is then precipitated by zinc dust, and the
gold slime filtered in Merrill filter presses. This product is

packed in sealed tin cans, holding each about 300 to 400 pounds
of the wet gold slime, and expressed to the plant at Colorado
City, where it is refined for sale to the United States Mint. In

connection with the agitation treatment the company uses a
secret method devised by some of the working staff and known
as the Crow-Tippett process. The plant is handling nearly 400
tons daily of low-grade material, and at a cost per ton of $1.50

or under. The recovery on the material referred to is probably
around 75 to 80 per cent., and is highly creditable to the com-
pany.

Power is all electrical, purchased of the Colorado Electric

Power Company at Canon City, and the average load is approx-
imately 350 horsepower.

I"ii questionably these two mills operating on low-grade ore

have already successfully demonstrated that there is a slight

-margin of profit in handling ore as low as $2.50 per ton at a

rate of 350 tons per day or upward. Thus we see the cyanide
method applied successfully to grades that we heretofore con-

sidered could only be profitably worked by methods such as

used at the Homestake and Tread well plants, and at tonnages
of upwards of several thousand per day.
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THE SAN JUAN SECTION.

The ruggedness of the mountains of the San Juan country,

and the difficulties of mining operations in that particular por-

tion lying between Ouray on the north and Silverton on the

south, afford excellent illustrations of that enterprise of the

Colorado miner in overcoming material difficulties which has
made him a leader in the business of mining in entire western
America. Perhaps nowhere in the extent of the Rocky Moun-
tains are the mountain peaks more precipitous or more closely

adjacent to each other.

Treatment of low grades, demonstrated first as commer-
cially possible by Stoiber and Terry on the Silver Lake and
Sunnyside properties respectively, followed by the Gold King
and others, has been, and will continue to be, the secret of suc-

cess in the Silverton District. With universal delivery of elec-

trical power to any point, no mining operation need be inter-

fered with or stopped by winter weather, provided only that a
winter's equipment of provisions and supplies is first laid in.

Even the formerly much-feared snowslides need not longer be
considered a bar to the prosecution of winter mining operations
in the southwest sections of the State.

The coming year promises to see great improvement in the

operation of several old properties, due to more efficient metal-

lurgical methods. This is particularly true with respect to lead-

zinc ores of this portion of the San Juan, and the same success

will here attend magnetic concentration and ore-dressing as has
so greatlv increased the zinc output in the central part of the
State.

The Telluride Power Company, with its plants at Ilium,

Telluride, Ames, Ouray and Silver Lake, is playing a part of

increasing importance in developing the San Juan section. Coal
for power is a thing of the past; and while heretofore mining
operations could not be conducted in many places in winter,

the season makes no difference with the transfer of the electric

current. In this way many of the smaller mines are growing.

The Liberty Bell, Smuggler Union, Tomboy and Japan Mines
all have their large mills, and employ 1,000 men daily between
them. Other properties, such as the Black Bear, Lewis and
Alta, operate their own plants in smaller ore productions, and
are doing very well.

Special mention may be made of the Liberty Bell Mine and
Mill, since it has taken such a prominent place as a profit-

earner. In age, it is one of the youngest of the mines. It is

connected with the mill by an effective tramway, delivering 400
tons at the rate of two buckets per minute, each bucket holding
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one-third of a ton. The tramway operates ten hours per day.

Eighty stamps crash the ore through a 16-mesh discharge
screen, and, after passing over amalgamation plates, the pulp
is concentrated on Wilflev tables for a rough saving only. The
sand and pulp is then ground in tube mills, after which it is

passed over DeistQr tables for a second concentration. All this

crushing and concentration is conducted in very weak cyanide
solutions. From the Deister tables the pulp goes to slime set-

tlers and classifiers, and thence to four Moore filters. The
cyanide solutions carrying the gold are precipitated in zinc

boxes. Gold exceeds the silver in value in dollars, and the mill

treatment is saving 94 per cent, of the gold and 67 per cent, of

the silver, making an average extraction in dollars of 88 per
cent. The net product is about $100,000.00 per month, on a

gross value of $11.00 ore. It is expected that their total cost

of mining and milling will be reduced to $4:00 per ton the com-
ing year. The Liberty Bell is by far the banner mine for San
Miguel County.

At the Smuggler .Mine 30 stamps are dropping in one mill

most of the year and 80 in the other plant of the company. A
number of lessees have been at work on part of the mine the

past two years, and a large force of men has been on the prop-

erty most of the time.

The Tomboy Mine and Mill has continued its regular pro-

duction with 200 men, and the Japan Flora Mines are preparing

to largely increase their output.

The Rico section of the San Juan presents very great possi-

bilities to the prospector and miner, and may be termed prac-

tically virgin territory. Outside of the fairly well-developed

properties of the United Rico Company, the section may be

termed a new field. Several well-known properties to the west,

not extensively operated in the past twenty years, are now being

opened. These lie in the region of Anchor Mountain. New
production has been made in 1910.

In the older developed mines of Rico much interest at-

taches to the recovery of zinc, which exists in considerable per-

centages, and was heretofore not only wasted, but was a detri-

ment to the value of the ore. It now increases tin 4 value of

SUCb ores to a greater extent than it formerly reduced it. The

newly adapted successful methods of wet dressing and magnetic

concentration arc highly applicable to these ores.

The largest operating company in the Rico district is pre-

paring to reopen the mines of Newman Hill through the Syndi-

cate Tunnel ami explore the Lower shale and lime contacts for

Other and new deposits of ore, and to determine the present

unsolved question of whether or not the veins and ore channels

below present workings are enriched as were the upper ones;

or, if the primary ore carries sufficient value to pay on modern

cheapened methods of treatment, which have given higher recov-

eries in everv direct ion.
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In the Ouray division of the San Juan seel ion the mining
industry had a great improvement in 1910. Tart of this was
due to new activity in prospecting in Ouray County and to the
production of some small properties. There is a smelter of

small capacity being built at Ironton, and successful operation

of it will mean a great deal for the district. The two largest

properties, Revenue and Camp Bird, have been in full opera-

tion the entire year of 1910. The close of the year marks a suc-

cessful producing life of thirty-live years for the Revenue Mine
and Tunnel. The Camp Bird is the banner mine of the San
Juan section. In 1910 it paid dividends of nearly 20 per cent,

on its capital stock of a little over $5,000,000.00, and made a
production of two million dollars in silver and gold, together
with two and one-quarter million pounds of lead. The company
has thus far opened but a small portion of its acreage, and while
some of the present productive area has not shown satisfactory

development in the last portion of 1910, the immense territory

owned by the company gives the mine a long life yet.
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WATER POWER IN MINING.

The Colorado Rocky Mountain Range, while higher than the
Sierra Nevada and Coast or Cascade Ranges of mountains, does
not present such spectacular opportunities as the two last

named for the utilization of water power from harnessing the
streams that have their origin in the great inter-mountain or

Continental Divide watershed. In the Pacific Coast mountains
the fall is usually much and steep within a few miles of flow of

the streams, and it has been comparatively easy to take eco-

nomic advantage of the existence of the natural great storage
lakes, or to lead considerable flows of water by ditches to a

point of precipitous drop or fall. Thus, in California several

water-power plants between 50,000 and 90,000 H. P. have been
established, and the power conducted to San Francisco and
other California cities where manufacturing thrives. In Oregon,
Portland has several similar large installations, which entirely

provide for lighting and traction company power, as well as to

operate mills and factories. Only recently a new installation

has been begun on the John Day River, at a point where it runs
in canyons before reaching the Columbia. Farther north there

is a 30,000 H. P. plant at Electron, with the power produced
by some of the streams which rise around Mount Tacoma, a

peak 14,400 feet high and towering that great height from prac-

tically sea-level datum. Above Seattle is the Snoqualmie in-

stallation, where the full volume of the river of the same name
is made to fall in a vertical shaft upraised from the bottom of

a 308-foot falls. In this way 25,000 to 30,000 H. P. is produced,

and the Electron and Snoqualmie plants furnish light and
power for the cities of Tacoma, Seattle and Everett, besides

operating the street railways, interurban lines and many factory

plants.

Colorado was, by reason of the absence of these marked
strategic advantages, somewhat tardy in working out similar

commercial plans. Many small isolated and individual plants

have been known in mining sections for operation of mills, but

it remained for two large companies to come later and furnish

commercial power from water equipment, with the auxiliary of

large coal steaming plants to operate in eases of emergency or

accident. Great commercial development has been always ass<»

Hated with cheap power, and it follows, therefore, that the

present availability in Colorado of power at moderate cost is

to he succeeded i>.\ manufacturing growth and expansion. This

has been the history of the cotton-mill industry of New England

years ago. It was succeeded by similar growth in the South,

when the rivers weir controlled and their fall and How utilized
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for the development of power. Thus a large portion of the busi-

ness of cotton goods manufacture has been transferred from
New England to the sections where cotton grows. Not alone,

however, must the powrer exist and the commercial industry be

possible, but the two need the aid of electrical transfer to make
them properly available for mankind.

It is in joining these two elements that the two largest com-
panies of the State have marked an advance, and the plants of

the Northern and Central Colorado Power Companies have come
to serve the mining and metallurgical industries, as wT

ell as the

manufacturing. The Central Colorado Power Company has
established its Shoshone plant on the Grand River, and has devel-

oped 25.000 H. P., which it brings through Denver at high pres-

sure, and connects the lines with those of a similar plant at

Boulder, which is to operate on reservoired water in distinction

to the power developed on the western slope from flowing
water. Each plant will be of 25,000 H. P. capacity. Dis-

tributing lines operate throughout the mining sections covered
by this long transmission line, and Eed Cliff, Leadville, Brecken-
ridge and Boulder are already supplied with their magnificent
power. At Idaho Springs the Central Colorado Power Company
has an auxiliary hydro-electrical plant, which gives that section

continuous service and supplies mines and mills with power,
manufactured there from the local streams. The Northern
Colorado Power Company develops its power directly from coal

at its Lafayette plant, and, while not serving the mining sec-

tions to so great an extent, is still an important factor in the
State's newer industrial development.

Of rates charged by these companies for the operation of

mine hoists and equipment, mills, reduction works and
dredges, nothing can be said but praise. The charges are ad-

justed to figures wilich range around from one-half to three-

fifths the former costs for coal. Besides this, service is afforded

at places that were heretofore out of the reach of coal, and the
business of mining and lessened costs in mining have been ma-
terially advanced.

The Colorado Electric Power Company, at Canon City, has
been in operation for thirteen years. It was established pri-

marily to furnish power for the Cripple Creek Mining District,

and proved immediately to be a great boon to mining operations
in that district. Previously, the mines wrere subject to a charge
of fo.00 per ton for coal to generate steam power, and the com-
ing of electrical power not only materially reduced this feature
of mining costs, but gave the camp an unfailing powTer supply.
It further aided the smaller operators and lessees who would
not otherwise have been able to conduct mining operations.
Later, its power has been used also by the cities adjacent and
by the Colorado Fuel and Iron Company in its coal mines
throughout Fremont County.
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The power is generated from cheap coal, and the maximum
load is 6,600 H. P.

This great business and aid to mining has sure fields of

development in the southerly and southwesterly mining sections

of the State. The Trout Lake Plant and the Telluride Power
Company have already done a great deal, but still cheapened
power for mine and mill operation is certain to yet come to the
San Juan country from further harnessing of the mountain
streams everywhere falling out of the high sections. The high
mountains are here; reservoir sites abound; the great streams
that constitute tributaries to some of our country's largest and
most majestic streams have their origins in the Continental
Divide; and it is certain that hydro-electric power is sure to play

a very large part in the mining industry of this, the foremost
mining State of the Union.
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IRON AND IRON ORES.

The production of pig iron in Colorado for the biennial

period closed December 31, 1910, was:

1909 310,779 gross tons
1910 373,407 gross tons

As Wyoming and New Mexico produced the bulk of the
iron ores from which this tonnage of pig iron was manufactured,
the figures below, representing the production of Colorado,
bear but a small proportion to the total. The Wyoming produc-
tion is from Sunrise, and the New Mexico output from several

separately located mines.

The Colorado production of iron ore was entirely from the

Orient mines in Saguache county, and for the past two years
was as follows:

Iron Ore. Manganese Ore.

1909 10,413 tons
1910 11,975 tons 947 tons

No Spiegel iron was produced by the Colorado Fuel and
Iron Company during the biennial period.

In addition to these figures, Colorado mines produced,
mainly from Lake County, 52,194 tons manganiferous iron ore,

of a value of $234,873.00, which was used as flux in the lead-

silver smelting industry.
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GRANITE AND BUILDING STONE.

Gunnison granite is a term of almost as wide a use and
meaning as Vermont granite. Indeed, the two are as similar in

strength and value, from the building standpoint, as two stones
could be. The only difference is one of color, due to the feldspar
in the Vermont granite being white or whitish in color, while
the feldspar of the Gunnison variety is pink and red. The
numerous quarries producing building stones, such as sand-
stone, lava stone, slate and granite, have not furnished_ the
Bureau with data of production from which tabulated results

could be prepared.

The industry is important enough for the State to secure
and preserve a record of the past and present product of its

stone quarries, and the Bureau should be enabled by proper
appropriation to include in its biennial reports information of

great interest to the whole State, covering the State's resources
in respect to mineral products, which are, like granite, sand-
stone, etc., of a non-metallic character.

The Salida granite area, owing perhaps to its nearness to

broad-gauge transportation, is the most important section in the
Slate. The product is known by the term Salida, and the quar-
ries are located eleven miles from Salida and at an elevation of

J),000 feet. The company has the largest finishing plant west of

Vermont, and can put out twelve tons daily of cut stone.

The stone is dark in color, and possesses qualities in composition
thai give a light line to the lettering or hammering. The product
of these quarries has been very large for each of the past two
years, and will be even larger in 1911.

At Silver Plume, in Clear Creek, some granite has been pro-

duced for monumental purposes particularly.

In close competition with granites, for both beauty and
utility, conies Colorado sandstone. Quarries are numerous in

the Lyons and St. Yrain sections, as well as in the southern part
of the State. This comprises the range of territory from which
production may be economically marketed in the State, and for

supplying nearby demands; but it has no reference to the ex

tent of workable deposits of magnificent sandstone which exists

over on the Western Slope from the northern to the southern
Colorado line. The area included probably measures one fifth

the area of the entire Slate, and il needs but I he illustration

of I he greal sandstone cliffs along the Grand River to emphasize
the extent and value of (he Stale's resources in this respect.

As before staled, (he chief drawback is I he difficulty of

seeking an interstate business, due to the unwillingness of the

trans-continental railroads to establish such a commoditv rate
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as the business warrants, and such as exists elsewhere on the

same railroads between other points of the same mileage, but
farther east.

In a measure, the use of concrete has affected the growth
of granite and stone quarry business, since concrete has taken
more than 50 per cent, of all the business of new construction.

The best data of production of granite and sandstone for

the past biennial period are as follows:

For all purposes—rough, building, mon-
umental and curbing: 1909. 1910.

Granite , $125,250.00 $127,200.00

Sandstone 160,000.00 155,250.00
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MARBLE.

The past biennial period has witnessed the remarkable
growth of the Yule Marble Quarries in Gunnison County. The
extent of the deposit is only hinted at in the accompanying
figures of production. Naturally, the quarries are but partially

opened, and the superiority of the product to any known pro-

duction in the entire United States gives assurance that this

industry will occupy a very important place in the list of the
State's mineral wealth. The new Federal Building in Denver
is being constructed of marble from these Yule Quarries, and
the beauty and texture of the stone have already enabled it to

compete successfully in other parts of the United States with
the renowned Italian marbles.

The production was as follows:

1909 50,000 cubic feet

1910 70,000 cubic feet

The average value of this output is $2.00 per cubic foot at

the mines. At the quarries and the manufacturing plant 500

men are employed. The additional ground opened in 1910 was
an increase of 33 1/3 per cent, over 1909.
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CEMENT.

The Portland cement industry of the State is located in

Fremont County, where the plants of two companies produce
4,500 barrels per day. The shale and lime used outcrop on the
bluffs along the Arkansas River and furnish the raw material

to the two plants; the Ideal Company, located at Portland,
and the United States Company, located at Concrete. Fine
grinding in ball mills precedes clinkering in revolving cylindrical

furnaces, after which latter the cement is ground for the market.

The product of these two plants for the year 1910 was 4,500

barrels daily of Portland cement, and 60 tons daily of lime

plaster for fertilizer use. In the year 1911 the Ideal Company
intends to increase its production of lime plaster to 100 tons

per day, since the demand for this material as a fertilizer is

so great.
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BOULDER COUNTY OIL FIELD.

The year 1910 was an auspicious one for this portion of the
oil-bearing fields of Colorado. A gain over 1900 of three wells,

producing 250 gallons of oil per diem, is recorded.

Another gain of prime importance is recorded in the first

practical, definite determination of the trend of the oil sands,
and the breadth of the field east and west. Commercial wells,

to the number of 30, are now producing regularly over an area
of nine miles long by two miles wide, the city of Boulder lying
on the southern border.

The northern and southern trend of the field is now well
defined, but its reach in either direction is not determined. The
oil sand is encountered at from 1,800 feet to 2,600 feet in depth,
and, though about 100 wells have been started since the first

discovery, and there are only 30 commercial wells now pro-

ducing, still no well has been put down without showing some
oil. The last well to produce was struck the first of February,
1911, giving a production of 50 barrels.

The best oil-drilling experience in the State has, for the

past two years, been devoted to exploitation of the Boulder
County oil fields. Finds of a valuable character have been made
during 1910 to the north and east of Boulder, and several new
wells have been recently located. The high character of the oil

makes these comparatively new oil fields especially valuable.

From developments to the present time there is reason to expect
that the near future will see this field extended somewhat to-

ward the north, but more particularly in a southerly direction.

It may be the southern and Florence fields will prove to be con-

nected with the recent Boulder County development. There are

two refineries being operated.

Four sets of tools are now at work constantly in the field.

Probably no field in the State has a more promising future. The
production of the field is now 400 barrels daily.

Boulder County oil has uniformly commanded the highest

market price paid. In the past two years the figure has been

from $1.30 to $1.50 per barrel, while in the same period the

heavier Florence field oil ranged from 68 cents to 72 cents per

barrel. The field is being most carefully studied by men trained

in the oil business, w'ith the result already that favorable points

have been determined as to best locations between anticlinal

and synclinal folds in the formation, with respect to thickness

Of the wash or overburden, and the depth of the oil-bearing

formation.

Gas How has been discovered, and the present flow is

already considered enough to become a feature of economical
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importance, with the assured ultimate result that gas wells will

become more numerous, and Boulder will see new business of

a manufacturing character started. Nearly, or quite, 2,000,000

cubic feet of gas is now flowing from the present wells. Three
wells were opened in 1910, giving, among the three, a yield of

1,000,000 cubic feet of gas.

The record of production for the years 1907-1910, inclusive,

in barrels and value, is as follows for both the Boulder and
the Florence oil fields:

BOULDER FLORENCE TOTAL

Year Quantity Value Quantity Value Quantity Value

1907 68,353 $ 75,188.00 263,498 $ 197,625.00 331,851 $272,813.00

1908 84.174 124,794.00 295,479 221,609.00 379,653 346,403.00

1909....'. 85,709 129,812.00 225,062 187,900.00 310,771 317,712 00

1910 39,647 59,471.00 201,337 201,337.00 240,984 260 808 00
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MINERAL WATERS.

The State's production of these is covered mainly by the

output of the various springs at Manitou and those at Pueblo,
known as Magnetic Springs. Health-seekers have yearly come
in large numbers to both these places, and been benefited by
their use of the springs, as well as adding to the material pros-

perity of the State. Other well-known springs, such as those
at Pagosa, Deckers, Placerville, Wagonwheel Gap, Steamboat,
Hot Sulphur and Idaho, merit mention when the subject is con-

sidered.

Naturally, records can cover only shipments of mineral

waters from the various springs, and not the amount or value
of the waters used at their points of production. For 1909, the

value of shipments was $90,000.00, and for 1910, $95,000.00. As
these figures cover only the springs at the two first-named

places, Manitou and Pueblo, it is fair to consider that the value
of the mineral water output is not entirely included in these

totals.
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RECOMMENDATIONS.

Since the establishment of the Bureau of Mines by legisla-

tion, act of April 1, 1889, afterwards added to by legislation, act

of March 30, 1895, there has been a constantly growing need for

its services all over the State. Not only is it important, as first

thought, that the Bureau should direct the carrying out at each
mine of the measures of safety in mining and milling operations

that are directed by statute for the protection of the lives of the

labor employed, as well as to collect and report the result and
scope of operations which produce yearly the mineral wealth
of the State, but it has developed that there is both a field

and a demand for Bureau work which will actually assist in

developing the resources of the State. In this field of work I

refer to such portions of the State as may be said to be geo-

graphically somewhat remote from supply and smelting cen-

ters, and therefore not in a position to enjoy an average low
transportation rate. The mining industry in such places could
be fostered, if the Bureau had facilities for promoting such co-

operation among the smaller producers as would result in a
reduction of the fixed charges against the ore product. Such
work would require a special deputy, qualified to successfully

consider, deal with and pass on matters of ore treatment, as
well as the business methods necessary to putting such co-

operation into effect.

In an enlarged field of work, the Bureau should foster the
growth of what are at present the smaller branches of mineral
production, such as the mining of the rarer metals—tungsten,
vanadium and uranium. By the collection of information rela-

tive to the localities and modes and occurrence of the ores of

these metals, and by the securing of data looking to affording

the miner the best market for his ores, growth in their mining
fields could be fostered. At present the Bureau has no appro-
priation, authority or help to enable it to do these things.

The Bureau needs also the services of a special statistician

to examine into and collect information on the subjects of the
non-metallic mineral products of the State, such as cement,
clays, marble, stone, limestone, asphalt, gilsonite, oil, etc. When
the large value of these products, and their importance to the
mineral wealth of the State, is considered, it seems that the
subject has been much neglected in being omitted from the
work of the State Bureau of Mines.

I therefore recommend that the working force of the Bureau
be increased by the following:

First—A Deputy Commissioner, with especial reference to

metallurgical qualifications.
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Second—A Statistician.

Third—An additional inspector, making four in all, and a

division of the State into as many districts.

The Mineral Exhibit of the State, under charge of the Bu-
reau of Mines, is perhaps the most extensive in the country, and
still there are many additions which should be made to It. It

is a matter of present great need that this large and important
collection should be properly classified and catalogued. I there-

fore strongly recommend that a special deputy, or Deputy Com-
missioner, be appointed to review and catalogue the State's

valuable Mineral Museum.
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THE NEW ORE DRESSING AND METALLURGICAL
EXPERIMENTAL PLANT OF THE COLORADO

SCHOOL OF MINES.

BY F. W. TRAPHAGEN,

Professor of Metallurgy, Colorado School of Mines.

The need of working laboratories in metallurgy and ore-

dressing for schools of mines is generally conceded. As to just

what the scope of such laboratories shall be, however, the agree-

ment is not unanimous.

At some schools it is held that the small laboratory, where
the gram, ounce or pound is the unit of weight to be operated
upon, serves the entire purpose of school instruction, and that

principles can be as fully appreciated by well-conducted small-

scale operations as by those conducted upon a working scale.

At other institutions the tendency is in the extremely oppo-

site direction, and commercial scale machines are believed to be
the only ones that will serve the purpose.

It may, perhaps, be well to add here that location has much
to do with these views, the former opinions generally being held

where the laboratory is distant from the ore supply, while the

latter is held by the instructors who are able easily to obtain

desirable ore in carload lots.

At one well-known school the scale for working operations

is a matter of departmental opinion only; one department oper-

ating on a small laboratory scale, while the other operates on
a much larger scale, using many commercial-size machines, and
adopting that size even though remote from a source of ore

supply.

In general, it may be said that ore-dressing operations are
far more flexible than metallurgical, and make possible a com-
mercial-scale treatment under conditions approachable in min-
ing schools. This is largely because of the fact that in ore-

dressing it is possible to work on short shifts, because the vari-

ous machines soon reach conditions of normal running and
quickly respond to variations of adjustment, and, further, the
material undergoing concentration does not lose its identity,

and, except for reduction in size, may be restored to its initial

condition by careful mixing, when it is ready for another cycle.

On the other hand, the commercial unit of most metal-
lurgical devices is so large, their capacity so great, that the time
required to reach a normal condition of operation so long, that,

aside from other objections, a commercial-size machine is almost
prohibited. These objections apply especially to furnace opera-
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tions, but in many other metallurgical operations they are im-

portant factors. At the same time, as shown by successful oper-

ation in several schools, much valuable experience can be gained
by the running of relatively small furnace units. At the Colo-

rado School of Mines, a few years ago, in connection with their

thesis work, a small group of seniors made a number of success-

ful matte runs in an eight-inch blast furnace, gaining experi-

ence and confidence of great value to them.

Small-scale laboratory operations are invaluable and cannot
be dispensed with, but wherever possible it seems highly desir-

able also to operate on the larger scale.

When the present administration of the Colorado School
of Mines took hold of affairs seven years ago, the equipment
for ore-dressing and metallurgical work was -extremely meager,
and it became necessary to take steps to improve this condition.

Carefully organized inspection trips were instituted, and the
especially favorable location of the school with reference to suc-

cessful operating plants was made use of to the fullest extent
possible. The small-scale apparatus was added to, and a course
of ore-dressing and metallurgical experimentation mapped out.

This was good as far as it went, but still there was some-
thing lacking. This want was partially supplied by the use of

a commercial ore-testing plant which was leased for a certain

period during the spring of two different years. Ore was treated

in carload lots, with the senior class in charge of the plant.

In later years mills and mines in mining sections were leased,

and all operations called for, including repairs, were conducted
by the students.

These experiences served to impress us with the absolute
necessity of a plant of our own, for no commercial plant can fully

meet the needs of a class of students.

In designing our school plant we had several purposes in

mind which it must serve*. It was to permit:

1. A study of the principles on which ore-dressing and
metallurgical operations are based. This will be accomplished
mainly by small-scale apparatus.

2. A sludy of machines; the construction of machines of

various types, with the important parts, and methods of ad-

justment.
.'*>. A study of iln* operation of individual machines; the

conditions of proper feed, water ratio, capacity, effects of ad-

juslmonl and horsepower required.

4. A study of operations, especially with reference to vari-

ation of conditions and arrangement. This involves preliminary

testing with small scale apparatus.

5. Por a study of the problems involved in the various

theses required of senior students before graduation, and to
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afford a means for the study of proposed lines of ore treatment
on both small and large scales.

6. A thorough investigation of methods for the treatment
of ores by skilled engineers, who are to be allowed the us< of

the plant under conditions to be determined later, and who
would thus have provided them the very best equipment avail-

able, and at the same time be able to carry out their own ideas

in experimentation without interferences of any sort. It is ex-

pected that our students will profit by observation of the meth-
ods employed by these men.

7. Finally, and most important of all, is the opportunity
for research work that will be possible with an equipment as

complete as that here provided.

As earlier stated, the necessity for a suitable plant was
recognized long ago, and during a considerable period the vari-

ous essentials which such a plant should possess had been
receiving careful attention. When it was decided to ask the

Colorado Legislature for an appropriation to build and equip
our plant, it was thought best to outline in a few words the

scope of work required and the general plan of operation. After
the appropriation had been made the metallurgical department,
embracing the subjects of assaying, ore-dressing and metallurgy,

got out a series of what might be called "general specifications,"

in which the particular points necessary in such a plant were
mentioned and most of the more important operations and ma-
chines were specified. These specifications were generally dis-

tributed with requests for suggestions, and several very impor-
tant ideas were gleaned as a result.

Matters were then in excellent shape to begin actual plan-

ning, and the Board of Trustees appointed Frank E. Shepard,
of the Denver Engineering Works Company, as consulting en-

gineer. The preliminary plans were the result of the work of

Mr. Shepard, assisted by P. D. Grommon, of the class of 1007
of the Colorado School of Mines, together with frequent confer-

ences with the metallurgical department of the school. These
plans are not final, for before the equipment is placed it is ex-

pected that criticisms called for in the general distribution of

the reduced plans will cause alterations in many particulars.

What we want is a building and equipment that will, as com-
pletely as possible, meet the needs of a school such as ours, and
also permit investigations that shall be of the greatest value to

-our commonwealth and to the mining fraternity at large.

DETAILED DESCRIPTION OF PLANT.

Reference to the floor plan will show that the mill is com-
posed of several sections or units, each completely equipped for
its own type of work, and all housed in one common building,
where any unit can readilv be reached from any other unit.
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With the exception of the dry concentrating, smelting and
cyanide units, the mill is designed to have an approximate
capacity of 50 tons per 24-hour day. The three units mentioned
are of such a nature that small lots, say 5 tons maximum, are
as large as it will be desirable to run in them.

The ore will be brought to the mill either oyer a spur to

be run from the railroad tracks, as indicated in the plans, or

by an aerial tramway from an unloading station on the main
line of the Colorado & Southern Railway. In either case it will

be handled so that it can be dumped into any one of the twelve
storage bins. These bins are of steel, 25 tons' capacity, with
hopper bottoms and swinging draw-off gates. They will be used
variously for receiving ore, storage of lots after preliminary
crushing and sampling, and for the storage of lime and fuel for

the smelting unit.

CRUSHING UNIT.

The ore is drawn from the bin into a 16 or 20 cubic foot

ore car, trammed oyer the scales, where it can be weighed if de-

sired, to the platform elevator, elevated and dumped oyer either

the grizzlies into the crusher below. The undersize from the
grizzly and the crushed product can be delivered into separate

cars in order to determine the percentage of raw7 or run-of-mine

ore that needs no crushing. There is room at this point for four

cars, so that if both crushers are running all products can be
kept separate; or, if desired, all can be laundered to one or two
cars. The crushed ore is trammed out, weighed as above indi-

cated, and elevated, either back to another bin, or farther up
into the traveling bin of the sampling unit.

The machines of this unit are two 3' by 8' taper bar griz-

zlies, one standard 7" by 10" Blake crusher and a No. 2 Gates
gyratory crusher or its equivalent. Space has been left for the

addition of a third grizzly and crusher, as well as ample floor

space for working and making adjustments.

SAMPLING UNIT.

In this unit there is a wide range of possibilities as to flow

of ore, so that each machine can be tried ou1 against the others

under identical conditions. The ore is received in a hopper-bot-

tom traveling steel bin of 5 tons' capacity, moved by a motor,
so that it may be discharged by a plunger feeder into any one
of the three sampling machines, viz., a Vezin, Brunton or Sny-

der.

The reject from the samplers passes to an ore car and the

sample is ground in a set of VI" by 20" rigid rolls with feeder

attached, if this sample is small enough, the subsequent cutting

down and grinding can then be done by hand; but if too large,

the Sample can be elevated in a 6" by 1" belt ;ind bucket elevator

directly into the hopper of one of the other samplers, and the
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sample there obtained further reground in a Sampson crasher,

laboratory crusher or sampler grinder, and finally cut down by
Jones riffles or similar devices. In this way a sample of any
desired size can be obtained, regardless of whether the lot be

so large as to require two or more cuttings, or so small that one
cutting will suffice. The traveling bin can deliver to any
sampler; any sampler to the rolls; the rolls to the elevator, and
the elevator to any sampler again, so that, with the exception of

the final splitting and grinding of the sample, the entire opera-

tion may be made automatic. When the sample is small and it

is desirable to omit the use of the belt and bucket elevator, the
rolls are high enough to discharge into an ore car, which can
then be elevated and dumped into the hopper of a sampler. The
total reject, or the entire lot minus the sample, can now be
returned to the original bin, thence to be drawn off as desired,

or it can be sent direct to one of the four bins below.

STAMP MILL UNIT.

This unit contains a standard 850-pound 5-stamp battery,

and a battery of two Nissen single stamps. Each battery has
its own steel bin and feeder, and in front of both runs a track
on which the plates are mounted so that they may be used
interchangeably with either battery. A Pierce amalgamator
and a mercury or amalgam trap form the rest of the equipment
of this unit.

It is intended to have the two Nissen stamps of widely dif-

ferent types, and to have the 5-stamp battery of modern conr
struction, and so built that various conditions can be tried, such
as height of drop, discharge, etc.

The tailings from the plates or amalgamator will be laund-
ered to a small sump in the floor which feeds a centrifugal
pump delivering to the classifier system. The latter will be
described under the concentrating unit.

ROLL CRUSHING UNIT.

There are so many possibilities for changing the flow of

ore through this unit that only a description of the general

scheme and a few possible arrangements will be described. The
previously crushed and sampled ore is delivered into the 15-ton

ore bin, whence it is fed automatically by a plunger feeder to a
10" belt and bucket elevator and delivered to the first of a train

of three 36" by 6' revolving screens. Oversize from No. 1 screen

or trommel is sent back to a set of 14" by 27" spring rolls,

which discharge into the same elevator. Undersize goes to No.
2 trommel, and its undersize to No. 3 trommel. Oversize from
No. 2 trommel can be sent to either a 3" 6-compartment Rich-

ards pulsator jig, or a single 4-compartment all-iron Harz jig;

or it may be reground in any one of the various regrinding
devices to be mentioned later. Oversize from No. 3 trommel will
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go to the jig not fed by No. 2, while the undersize from No. 3

will go to the classifier system.

Two Impact screens in tandem will be installed as shown,
and used interchangeably, or in parallel with No. 2 and No. 3

trommels. The former will be equipped for either wet or dry
work, and both they and the three trommels will be provided
w ith extra screens on frames, so that the mesh of any screen
can be changed with very little trouble.

Jig middlings or tailings, or both, from either or both jigs

can be reground in any one of the following devices:

1. A set of 14" by 27" rigid rolls so located as to discharge
into either the 10" elevator or the centrifugal pump sump.

2. A 3V2' Huntington mill discharging as above.

:\. A 3%' Chilean mill discharging as above.

4. A set of 5" x 8" Triplex rolls.

5. A small ball mill.

The last two will probably discharge to the sum]).

From the general arrangement of this unit it will be seen

that:

1. Trommels and Impact screens can be used interchange-

ably.

2. Either jig may be used as the fine, and the other as the

coarse jig.

3. Coarse jig middlings or tailings, or both, can be re-

ground in any one of three machines, and sent back through the

screen system to be caught on the fine jig.

4. Fine jig products to be retreated can be reground in

any one of five machines, and the product pumped directly to

(he classifier system.

In short, any two machines of similar character can bo used

in parallel under exactly the same conditions, or in series, thus
giving ample opportunity to compare the advantages of tin 1

various machines on different classes of work.

CLASSIFIER SYSTEM AND CONCENTRATING UNIT.

At the head of the classifier system is a cone thickening

lank, 48" in diameter, of the bol torn draw off, riin-overllow

type. As stated before, this tank is fed either directly with the

undersize from the last screen, or by a centrifugal pump from
the small sump. An exception to this procedure may be made
by omitting the thickening, and sending the feed from the

screen to a .'! comparl nienl spitzkasten whose products go di-

rectly to the tables. When the thickening tank is used, the

thickened pulp is fed to a :»" 6 compart inenf Richards pulsator

classifier, a train of two Callow traveling bell screens or two
King revolving screens. In any case either of the products
can be laundered to anv table desired. The overflow from the
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thickening tank will go to an 8' tank, the overflow from which
will probably be clear enough to discard, and the thickened

pulp can be sent to the slime tables.

Nine concentrating tables and slimers are shown in the

plan, with room provided for several others. The proposed
equipment consists of two Wilfley tables, two Card tables, one

each of the Overstrom, Deister No. 2 and Deister No. 3 tables,

a Johnston or Frue vanner, and an Akins & Evans slimer or

some other canvas table.

A 10" by 54" Frenier spiral sand pump will handle any table

product for regrinding, pumping it back to any one of the re-

grinding devices mentioned before, so that it may be prepared
for treatment on the slime tables. The table tailings may be
sent either to the dump or to the cyanide unit for further treat-

ment. The table concentrates are shoveled from the boxes
directly into cars and trammed to a steam drying plate from
which they can be transferred to another car and taken to any
point desired.

DRY CONCENTRATION UNIT.

In this unit will be installed various machines for dry con-

centration. It is arranged so that the bin can discharge di-

rectly into the feed hopper of a cylinder which can be used
either for drying or for giving a magnetizing roast. This is fol-

lowed by a cooling cylinder. A fine grinding'device of some sort

will be installed here, as wT
ell as a set of Columbian vibrating

screens for dry work. The screened products can then be treated

in any one of the machines, being fed by hand if the lot is small,

or handled by the overhead track, if large.

The equipment as shown in the plan includes magnetic
separators of the Wetherill and Dings type, a Blake-Morscher
electrostatic separator, a Sutton, Steele & Steele dry concen-
trator and a Behrend dry concentrator. All of these machines
are of the small, or laboratory, size.

The room containing the dry concentration unit probably
will be separated from the rest of the mill by a partition con-

structed for the most part of glass.

CYANIDE UNIT.

Since commercial cyanide tests can be made satisfactorily

on a scale smaller than would be suitable for other tests, the
equipment of this unit is designed to handle a charge of about
5 tons. It will be apparent that a 50-ton capacity cyanide unit
would occupy needless space.

The grinding equipment of this unit will be a 4' Hardinge
conical tube mill, and a 4' by 10' cylindrical, belt-driven tube
mill, both for grinding the sand to slime if such treatment is

desired. A centrifugal pump is provided to take the original

feed or the tube-mill discharge, according to the plan of treat-

i i^aK\
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raent, delivering the same to either a Dorr classifier or a Rich-

ards sand-slime classifier. Both of the latter machines are of

laboratory size.

Slime may be treated in a 6' by 5' conical-bottom agitating
and thickening tank with a rim overflow, or in a 3%' by 10' Pa-
chuca tank. The thickened product can then be treated in

either a Moore or Butters vacuum filter, or in a Burt pressure
filter. The three latter machines are small sizes.

The sand may be returned to one of the tube mills if a

straight slime treatment is desired, or may be treated in a filter-

bottom, sand-leaching tank.

Two solution tanks, 6' by 6', one for barren or dilute solu-

tion and the other for gold solution, are set at such a height as

to discharge by gravity.

For precipitation of the gold from pregnant solution, zinc

shavings may be used in a 6-compartment zinc box mounted di-

rectly over the sump tank, or zinc dust precipitation may be
used followed by filter pressing. It is further planned to pro-

vide means for electrolytic precipitation.

All tailings from this unit will be sluiced out through a

large cement-lined launder to be located under the floor.

A small barrel for chlorination work also will be installed

in this unit, and space has been provided for additional leaching
devices.

SMELTING UNIT.

As previously stated, a number of bins at the head of the

mill will be reserved for the storage of fuel and fluxes. The unit

is divided into two sub-units or sections, viz., the roasting sec-

tion and the smelting section proper.

In the roasting section are a hand reverberatory furnace

and an English cupellation furnace. The hand reverberatory
will have a hearth area of about 4' by 9', with rabbling doors

at each side. The cupellation furnace will be of the type used

in the Massachusetts Institute of Technology. It can be adapted
to many uses by changing the nature of the hearth, and will be

used for high roasts, cupelling and making blister copper. Both
of these furnaces can be charged from cars on an upper level

mid discharged into others on the ground floor.

The equipmenl of (lie smelling section proper has nol been
decided upon definitely, bu1 it will COnsisI of small furnaces and

roasters of various types. The blast furnace will be rectangular,

of 18" by 36" cross-section, and water-jacketed in sections to

permit of easy dismantling. A hack will be placed underneath
the furnace, and il will be so arranged thai the crucible used in

lead-smelting can be changed for the hearth used in copper-

smelting by running the one oul and the oilier into place. This

idea will be carried out, ;is far as possible, with a view to mak-
ing the one furnace sene for either lead or copper work.
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A blower for compressed air, and the necessary fore-

hearth, matte and slag pots, and other accessories, will be in-

cluded in the equipment of this unit.

LABORATORY UNIT.

This unit, located in the corner of the building- nearest the
present school buildings and adjoining the sampling unit, will

be equipped with desks for chemical work, assay furnaces, bal-

ances, etc. The clean-up room for the batteries and cyanide
unit also will be in this section and will include amalgamating
pan, clean-up pan and a retort and bullion-melting furnace.

The room marked "Rare Metals Laboratory" in the floor

plans will be used, as implied by its name, for experimental
work on miscellaneous and rare metals.

EXPERIMENTAL MACHINES.

The small-size, or experimental, machines will be located

in either the present ore-dressing laboratories in Stratton Hall
of Metallurgy, or moved into the room, adjoining the cyanide
unit, marked in the plan "Experimental Machines/' These ma-
chines may be used for preliminary tests prior to the regular
mill tests.

GENERAL CONSIDERATIONS.

Ample space has been provided in the mill to include newly
installed machines in any flow-sheet. Besides the water piping
necessary for the operation of individual machines, valves and
nipples will be provided at convenient places for flushing and
cleaning, and all floors are designed with drains and sufficient

slope to take care of the water. Air will be on tap for cleaning

up machines operating on dry ore. A heating plant of ample
size will be installed as shown in the plan. The mill will have
ample natural light and ventilation, but electric lights will be
distributed at convenient places so that there will be perfect
light at all times. Inasmuch as in a mill of this kind a con-

siderable portion of the plant will be idle at various times, all

launders, tanks and frames supporting machinery doing wet
work will be constructed of steel, as wood would either rot or

warp badly. The water supply will be from wells sunk near the

bed of Clear Creek, whence it can be elevated to tanks com-
manding the entire plant. Settling ponds and sump tanks can
be provided below the mill, for the settling of tailings and recov-

ery of water.

Electrical power is supplied from the central power plant

of the school. Special care has been exercised to make sampling
accurate and absolutely free from the possibility of self-salting.

Independent motors will be used freely and weighing and meas-
uring apparatus provided generously in order to determine
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power and water consumption and actual capacities of the vari-

ous machines in use. Comparison of machines will be possible

under identical conditions, and all possible variations of prac-

tice, logical and illogical, will be made possible by the scheme
of installation, the keynote of which is "flexibility."

When we finally have adopted our plans and have erected

and equipped our buildings, we feel that the Colorado School
of Mines will be in a position to render to the mining industry
such services as shall place her name high on the roll of honor.

After considerable delay, machinery and structural steel

are rapidly being delivered at the site, where foundations and
sumps are already completed, but without doubt the building-

will be enclosed and under roof before winter and much of the
installation will be in place by early spring.



TABLES

Men Employed in Mining, Milling and

Smelting During Years

1909-1910
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ACCIDENTS.
CAUSE OF ACCIDENT.

ABOVE GROUND

Machinery accidents.

Mill accidents.

Smelter accidents.

Overwinding cage or bucket.

Falling from gallows frame or staging.

Gravity tram.

Tramming or dumping cars.

Handling loose rock or ore.

Falls while carrying tools or material.

Falling down shaft from surface

.

Getting on or off cage or bucket at surface.

Falls in chute or bin or caught with running ore.

Falling into uncovered prospect hole

.

Operating hydraulic machine.

Came in contact with live wires.

Miscellaneous.

Total.

1909 1910

Fatal Non-Fatal Fatal Non-Fatal

3 20 6 14

3 9 37

10 2

1 7 4

10 9

4

1

1 2

1 2

1 20 9

11 80 6 79

SHAFT ACCIDENTS
1909 1910

Fatal Non-Fatal Fatal Non-Fatal

1 5

1 1

1 1

Falls of rock or earth in shaft

Cable becoming detached, letting cage down shaft 1 8 2 3

Miscellaneous 4 2

Total 1 13 5 12
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ACCIDENTS—Concluded.

UNDERGROUND ACCIDENTS
1909 1910

Fatal Non-Fatal Fatal Non-Fatal

12 122 14 78

6 8

2 1

5 18 13

3 7 8
-

3 3

28 1 19

4 3

5 8

7 9

4

3

7 2 5

Miscellaneous 4 15 1 10

Total 27 228 26 164

ENPLOSIVES
1909 1910

Fatal Non-Fatal Fatal Non-Fatal

Thawing powder over candle, in stove, hot water or

Drilled into hole that missed fire 5 7 3 8

2 5 4

Remaining too long after lighting fuse 1 1

2

Struck uncxploded powder or caps with pick or shovel
' while cleaning away muck 1 -1 1 3

Hit with flying rock from blast, not being in place of

1 1 1

Explosion, Cause unknown 2 3 3 2

Electricity 1 2 2

TOTAl 12 26 11 19

Grand Total 51 347 51 271
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DURING THE FISCAL YEAES OF 1909 AND 1910 THE FOL
LOWING ORDERS WERE ISSUED BY THE DEPART-
MENT.

1909 1910

24 13

60 16

Regulating amount of powder kept in storage 12 2

6 3

Removing old timbers from mine 4 7

Regarding employment of hoisting engineer 7 4

31 6

24
»

1
-

8

1 2

14 6

6 2

Provide tunnel or adit with connection to surface with suitable ladders, as pro-

8

Provide chain ladders in shaft or incline when sinking 1 2

2

6 1

1 2

11 11

Oner uinz-s or mill holes, or surround with guard rails 4 6

2 1

Cover or fence abandoned mine shafts <>r pits 3 1

Notice of number of men permitted to ride upon cage, skip or bucket 1

7 3

3

Place fire doors near mouth of tunnel and in shafts 14 9

2 1

1 1

8 7

1 l'-'ti i ire. etr 3 2
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APPOINTMENTS.

M. J. McCarthy was reappointed mine inspector for a term

of two years, beginning June 1, 1909.

John R. Curley was appointed mine inspector for a term
of two years, beginning June 1, 1909.

W. H. Parenteau was appointed mine inspector for a term

of two years, beginning June 1, 1909.

Fenno Wakeman was appointed clerk and assistant curator

for a term of four years, beginning June 1, 1907.

Mrs. A. M. Nickerson was reappointed stenographer and
clerk for a term of four years, beginning June 1, 1907.

STATEMENT OF DISBURSEMENTS OF THE BUREAU OF
MINES.

APPROPRIATION FOR THE FISCAL YEARS OF 1909-1910.

% 5,000.00
1,444.35
3,000.00

1.995.70
3.000.00
1,908.85
3.000.00
1.356.60

3.000.00
2,000.00
1.294.50

$ 27,000 00
Commissioner of Mines T. J. Dalzell. salary

Commissioner of Mines T. J. Dalzell, expense account.

Inspector Iff. J. McCarthy, salary. . *-.

Inspector W. H. Parenteau, salary

Clerk and Asst. Curator Fenno Wakeman, salary

Stenographer A. M. Nickerson, salary

S 27.000 00 S27.000.00





ANNUAL PRODUCTION
BY COUNTIES

Of Gold, Silver, Lead, Copper and Zinc

1900-1910 Inclusive
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BIENNIAL REPORT

THE BUREAU OF MIXES OF THE STATE OF COLORADO.
AVERAGE MARKET VALUE OF METALS PER ANNUM.

YEAR
Gold

per Ounce
Silver

per Ounce
Lead

per Pound
Copper

per Pound
Zinc

per Pound

Previous to 1870 120.67 SI . 32 SO 20

1870 20.67 1.32 .206

1871 20.67 1.32 .33

1872 20.67 1.322 SO. 0625 .29

1873 20.67 1.298 .0632 .232

1874 20.67 1.278 .0601 . 225

1875 20.67 1.246 ,0585 .21

1876 20.67 1.156 .0613 .186

1877 20.67 1.201 .0549 .186

1878 20.67 1.152 .0361 .165

1879 20.67 1.123 .0414 .171

1880 20.67 1.145 .0504 .201

1881 20.67 1.138 .0481 .181

1882 20.67 1.136 .0491 .185

20.67 1.11 .0432 .1585

1884 20.67 1.13 .0374 .1385

1885 20.67 1.065 0395 .1112

1886 20.67 .995 .0463 .11

1887 20.67 . 978 .0450 .1125

1888 20.67 .94 .0442 .1666

20.67 .936 .0393 .1375

1890 20.67 1.046 .0448 .1575

1891 20.67 .988 .0435 .1262

1892 20.67 .876 .0409 .1155

20.67 .782 .0373 .1075

1804 20 67 .63 .0329 .0956

1 895 20.07 .653 (1323 .1076

20.67 .671 .0283 loss

1897 20 67 .5965 .0338 .105

20.67 .5825 0363 .12

20.67 .5958 .0447 .1761.

1900 20.67 .6141 .0473 ,1652

1901 20.67 5895 01331 16555

1902. 20 87 5216 01069 llssT otsl

1903 20.67 .5345 01237 .13235 .054

1904 20 67 .5722 .043 I2S23 .051

190.1 20 67 .0035 .047 1559 .0588

1906 20 07 05347 0927 s 06198
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THE BUREAU OF MIM.S OF THE STATE OF COLORADO.
AVERAGE MARKET VALUE OF METALS PER ANNUM CONCLUDED.

YEAR
Gold

per Ounce
Silver

per Ounce
Lead

per Pound
Copper

per Pound
Zinc

per Pound

1907 20.67 .654 .0534 .20 06205

1908 20. G7 .5284 .0421 .13 .0458

1909 20.67 .515 .04273 .121 .055

1910 20.67 5347 .0449 .1263 .0539

MIXING LAWS AND REGULATIONS RELATING TO LODE
AND PLACER CLAIMS.

RULES AND REGULATIONS OF THE UNITED STATES SURVEYOR
GENERAL'S OFFICE AND UNITED STATES LAND OFFICE.

FEES AND PAYMENTS FOR PATENTING.

For lode claim

For placer claim

For millsite

For millsite included in one survey with a lode claim

For each lode claim within and included in the survey of a placer claim

For several lode locations included in one survey, the first location named.

.

All other locations named, each
For several placer locations included in one survey, the first location named
All other locations included, each
For affidavit of 8500 expenditure of improvements after approval of survey.

$30.00
35.00
30.00
20.00
20.00
30.00
25.00
35.00
30.00
5 00

PUBLIC LANDS OPEN TO PROSPECTORS.

All valuable mineral deposits in lands belonging to the
United States, both surveyed and unsurveyed, are hereby de-

clared to be free and open to exploration and purchase, and
the lands in which they are found, to occupation and purchase
by citizens of the United States, and those who have declared
their intention to become such, under regulations prescribed by
law, and according to the local customs or rules of miners in

the several mining districts, so far as the same are applicable

and not inconsistent with the laws of the United States. (Rev.

Stat. U. S., Sec. 2319.)

LODE CLAIMS.

No location of a mining claim shall be made until the

discovery of the vein or lode within the limits of the claim lo-

cated

The length of any lode claim may. be equal to, but not ex-

ceed. 1,500 feet along the vein. The width of lode claims shall
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be 150 feet on each side of the center of the vein or crevice.

There are a few exceptions, however, wherein local laws have
reduced this to 75 feet on each side of the center of the vein.

The discoverer of a lode shall, within three months from
the date of discovery, record his claim in the office of the re-

corder of the county in which such lode is situated, by a loca-

tion certificate.

Before filing- such location certificate the discoverer shall

locate his claim: (1) By sinking a discovery shaft upon the lode

to the depth of at least ten feet from the lowest part of the

rim of such shaft at the surface, or deeper if necessary to show
a well-defined crevice. (2) By posting at the point of discovery
on the surface a plain sign or notice, containing the name of

the lode, the name of the locator and the date of discovery.

(3) The discoverer shall have sixty days from the time of un-

covering or disclosing a lode to sink a discovery shaft thereon.

On each claim located, and until a patent has been issued

therefor, no1 less than f100.00 worth of labor shall be performed
or improvements made daring each year. The period within

which the work required to be done annually on all unpatented
mineral claims shall commence on the first day of January suc-

ceeding the date of location of such claim.

Marking boundaries—Posts, Piles of stones.—Such surface
boundaries shall be marked by six substantial posts hewed or

marked on the side or sides which are in toward the claim, and
sunk in the ground, to wit: one at each corner and one at (he

center of each side line. Where it is practically impossible on
account of bed-rock to sink such posts, they may be placed in

a pile of slones. and where in marking the surface boundaries
of a claim any one or more of such posts shall fall by right

upon precipitous ground, where the proper placing of it is im-
practicable or dangerous to life or limb, it shall be legal and
valid to place any such post at the nearest practicable point,

suitably marked, to designate the proper place.

Open cut, cross-cut, tunnel, adit, to hold lode. Any open
cut, cross-cut oi' tunnel which shall cut a lode at a depth of (en

feel below the surface, shall hold such lode, the same as if a

discovery shaft were sunk thereon, or an adit of at least ten feet

in along (he lode from the point where the lode may be in any
manner discovered, shall be equivalent to a discovery shaft.

Sixty days to sink discovery shaft. The discoverer shall

have sixty days from the time of uncovering oi' disclosing n lode
to sink a discovery shafi thereon.

w luii location includes; extra-lateral rights.—The loca-

tion or location certificate of any lode claim shall be construed
to include nil surface ground within the surface lines thereof,

nnd all lodes and ledges throughoul their entire depth, the top

or apex of which lies inside of such lines extended downward,
vertically, With such partB of all lodes or ledges as continue by



BTATB BUREAU OF MINI'S. 95

dip beyond the side lines of the claim, but shall not include

any portion of such lodes or ledges beyond the end lines of the

claim, or the end lines continued, whether by dip or otherwise,

or beyond 1he side lines in any other manner than by the dip

of the lode.

PLACERS.

All placer mining claims shall conform as near as practica-

ble with the United States system of public land surveys, and
no such location shall include more than twenty acres for each
individual claimant.

Claims usually called "placers," including all forms of de-

posits, excepting veins of quartz or other rock in j)lace, shall be
subject to entry and patent under like circumstances and condi-

tions, and upon similar proceedings as provided for vein or lode

claims.

Location certificate; recording; manner of locating.—The
discoverer of a placer claim shall, within thirty days from the

date of discovery, record his claim in the office of the recorder

of the county in which said claim is situated, by a location cer-

tificate, which shall contain: first, the name of the claim, desig)-

nating it as a placer claim; second, the name of the locator;

third, the date of location; fourth, the number of acres or feet

claimed; and, fifth, a description of the claim, by such reference

to natural objects or permanent monuments as shall identify

the claim. Before filing such location certificate the discoverer
shall locate his claim, first, by posting upon such claim a plain

sign or notice, containing the name of the claim, the name of

the locator, the date of discovery and the number of acres or feet

claimed; second, by marking the surface boundaries with sub-
stantial posts, and sunk into the ground, to wit, one at each
angle of the claim.

Size of claims.—Legal subdivisions of forty acres may be
subdivided into ten-acre tracts; and two or more persons or

associations of persons, having contiguous claims of any size,

although such claims may be less than ten acres each, may
make joint entry thereof; but no location of a placer claim made
after the ninth day of July, eighteen hundred and seventy, shall

exceed one hundred and sixty acres for any one person or asso-

ciation of persons, which location shall conform to the United
States surveys; and nothing in this section contained shall defeat
or impair any bona fide pre-emption or homestead claim upon
agricultural lands, or authorize the sale of the improvements of

any bona fide settler to any purchaser.

TwTenty acres to one locator.—Where placer claims are upon
surveyed lands, and conform to legal subdivisions, no further
survey or plat shall be required, and all placer mining claims
located after the tenth day of May, eighteen hundred and sev-

enty-two, shall conform as near as practicable with the United
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States system of public land surveys and rectangular subdivi-

sions of such surveys, and no such location shall include more
than twenty acres for each individual claimant; but where
placer claims cannot be conformed to legal subdivisions, survey
and plat shall be made as on unsurveyed lands; and where, by
the segregation of mineral land in any legal subdivision, a quan-
tity of agricultural land less than forty acres remains, said

fractional portion of agricultural land may be entered by any
party qualified by law for homestead or pre-emption purposes.

Claim intersected by lode.—Where the same person, associa-

tion or corporation is in possession of a placer claim, and also

a vein or lode included within the boundaries thereof, applica-

tion shall be made for a patent for the placer claim, with the

statement that it includes such vein or lode, and in such case

a patent shall issue for the placer claim, subject to the pro-

visions of this chapter, including such vein or lode, upon the

payment of five dollars per acre for such vein or lode claim,

and twenty-five feet of surface on each side thereof. The re-

mainder of the placer claim, or any placer claim not embracing
any vein or lode claim, shall be paid for at the rate of two
dollars and fifty cents per acre, together with all costs of pro-

ceedings; and where a vein or lode, such as is described in

section 2320, is known to exist within the boundaries of a placer

claim, an application for a patent for such placer claim which
does not include an application for the vein or lode claim shall

be construed as a conclusive declaration that the claimant of

the placer claim has no right of possession of the vein or lode

claim; but where the existence of a vein or lode in a placer

i laini is riol known, a patent for the placer claim shall convey

all valuable mineral and other deposits within the boundaries

thereof.

Location and location certificate.—The discoverer of a placer

claim shall, within thirty days from the date of discovery, record

his claim in the office of the recorder of the county in which
said claim is situated, by a Location Certificate which shall con

lain: first, 11k- uame of the claim, designating it as a placer

claim; second, the name of (he locator; third, the date of loca-

tion; fourth, the number of acres or fed claimed; and. fifth, a

description of the claim by such reference to natural objects

01 permanent monuments as shall identify the claim.

Before tiling such location certificate, the discoverer shall

locate his claim: first, by posting upon such claim a plain sign

or notice, containing the name of the claim, the name of the

locator, the date of discovery, and the number of acres or feet

claimed; second, by marking the surface boundaries with sub

siantiul posts, and sunk in the ground, to wit. one at each angle

of the claim. (1879.)

Annual labor. On each placer claim of one hundred and

sixty acres or more, heretofore or hereafter located, and until

;i patent has been issued therefor, not less than one hundred
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dollars' worth of labor shall bo performed or improvements
made by the first day of August, 1879, and by the first day of

August of each year thereafter. On all placer claims containing

less than one hundred and sixty acres the expenditure during
each year shall be such proportion of one hundred dollars as the

number of acres bears to one hundred and sixty. On all placer

claims containing less than twenty acres the expenditures dur-

ing each year shall not be less than twelve dollars; but when
two or more claims lie contiguous, and are owned by the same
person, the expenditure hereby required for each claim may be
made on any one claim, and upon a failure to comply with these

conditions, the claim or claims upon which such failure occurred
shall be open to relocation, in the same manner as if no location

of the same had ever been made; provided, that the original

locators, their heirs, assigns or legal representatives, have not

resumed work upon the claim after failure and before such
location; provided the aforesaid expenditures may be made in

building or repairing ditches to conduct water upon such
ground, or in making other mining improvements necessary for

the working of such claim.

Upon the failure of any one of several co-owners to con-

tribute his proportion of the expenditures required hereby, the

co-owners who have performed the labor, or made the improve-
ments, may at the expiration of the year, to wit, the first of Au-
gust, 1879, for the locations heretofore made, and one year from
the date of locations hereafter made, give such delinquent co-

owner personal notice in writing, or, if he be a non-resident of

the State, a notice by publication in the newspaper published
nearest the claim for^t least once a week for ninety days, and
mailing him a copy of such newspaper if his address be known,
and if at the expiration of ninety days after such notice in

writing, or after the first publication of such notice, such de-

linquent should fail or refuse to contribute his proportion of

the expenditure required by this section, his interest in the
claim shall become the property of his co-owners who have
made the required expenditures. (1879.)

TUNNELS.

Any person or persons engaged in working a tunnel, within
the provisions of this chapter, shall be entitled to 250 feet

each way from said tunnel, on each lode so discovered; pro-

vided, they do not interfere with any vested rights. If it shall

appear that claims have been staked off and recorded prior to

the record of said tunnel, on the line thereof, so that the re-

quired number of feet cannot be taken near said tunnel, they
may be taken upon any part thereof where the same may be
found vacant; and persons working said tunnel shall have the
right of way through all lodes which may lie in its course.
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Where a tunnel is run for the development of a vein or

lode, or for the discovery of mines, the owners of such tunnel
shall have the right of possession of all veins or lodes within
3,000 feet from the face of such tunnel on the line thereof not
previously known to exist, discovered in such tunnel, to the

same extent as if discovered from the surface; and locations on
the line of such tunnel of veins or lodes not appearing on the
surface made by other parties after the commencement of the
tunnel, and while the same is being prosecuted with reasonable
diligence, shall be invalid; but failure to prosecute the work on
the tunnel for six months shall be considered as an abandon-
ment of the right to all undiscovered veins on the line of such
tunnel.

Where a person or company has or may run a tunnel for

the purpose of developing a lode or lodes owned by said persons
or company, the money so expended on said tunnel shall be
taken and considered as expended on said lode or lodes, and
such person or company shall not be required to perform work
on the surface of said lode or lodes in order to hold the same.

AFFIDAVIT OF ANNUAL LABOR EFFFCT OF FILING.

Within six months after any time set or annual period al-

lowed for the performance of labor or making improvements
upon any lode claim or placer claim, the person on whose be

half such outlay was made, or some person for him, may make
and record in the office of the recorder of the county wherein
such claim is situate, an affidavit in substance as follows:

State of Colorado, County, ss.

Before me, the subscriber, personally appeared

who, being duly sworn, saith that at least dol-

lars' worth of work or improvements were performed or made
upon (here describe claim or part of claim), situate in

mining district, Counly of State of Colo-

rado, bet ween the day of

A. I) , and the day of

A. I) Such expenditure was made by or at the ex-

pense of , owners of said claim,

f<»r the purpose of complying with the law, and holding said

claim.

Jural

:

(Signature)

And such affidavit, when so recorded, shall he prima facie

evidence of the performance of SUCh labor or the making of

such improvements; Provided, That all affidavits of labor or im-

provements upon placer claims heretofore tiled and recorded

within the period prescribed in this section, or within the period

prescribe] in section twenty-four hundred and ten of the General

Statutes, which shall contain in substance the requirements <>f

the affidavit prescribed by this section or said section twenty
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four hundred and ten, shall be prima facie evidence of the per-

formance of such labor or the making of such improvements;
and the original thereof, or a certified copy of the record of the

same, shall be received as evidence accordingly by the cow its

of this State, and this class of evidence shall be receivable,

where relevant or material, in all causes, whether now pending
or hereafter brought.

RE-LOCATION BY OWNER CONDITIONS.

If at any time the locator of any mining claim heretofore or

hereafter located, or his assigns, shall apprehend that his orig-

inal certificate was defective, erroneous, or that the require-

ments of the law had not been complied with before filing, or

shall be desirous of changing his surface boundaries, or of tak-

ing in any part of an overlapping claim which has been aban-
doned, or in case the original certificate was made prior to the
passage of this law, and he shall be desirous of securing the

benefits of this act, such locator, or his assigns, may file an ad-

ditional certificate, subject to the provisions of this act; Pro-

vided, That such re-location does not interfere with the exist-

ing rights of others at the time of such re-location, and no such
re-location or other record thereof shall preclude the claimant
or claimants from proving any such title or titles as he or they
may have held^under previous location.

RE-LOCATION OF ABANDONED LODES.

The re-location of abandoned lode claims shall be by sink-

ing a new discovery shaft and fixing new boundaries in the

same manner as if it were the location of a new claim; or the
re-locator may sink the original discovery shaft ten feet deeper
than it was at the time of the abandonment, and erect new or

adopt the old boundaries, renewing the posts if removed or de-

stroyed. In either case a new location stake shall be erected.

In any case, whether the whole or part of an abandoned claim
is taken, location certificate may state that the whole or any
part of the new location is located as abandoned property.

PATENT.

A patent for any land claimed and located for valuable de-.

posits may be obtained in the following manner: Any person,
association or corporation having claimed and located a piece
of land for such purposes, may file in the proper land office an
application for a patent, together with a plat and field notes
of the claim or claims in common, made by or under the direc-

tion of the United States Surveyor-General, and shall there-
upon be entitled to a patent for the land in the manner follow-
ing: The register of the land office, upon the filing of such a p-
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plication, shall publish a notice that such application has been
made, for the period of sixty days, in a newspaper to be by him
designated as published nearest to such claim; and he shall

also post such notice in his office for the same period. The
claimant shall file with the register a certificate of the United
States Surveyor-General that $500.00 worth of labor has been
expended or improvements made upon the claim. At the ex-

piration of the sixty days of publication, the applicant is enti-

tled to a patent, upon the payment to the proper officer of $5.00

per acre.

ALTITUDE OF CITTES

NAME FEET

Alamos. 7,536

Alma 10.238

Anaconda 9,453

Antonitn 7,876

Aspen 7,943

Berthoud 4,962

Black Hawk 8,045

Boulder 5,350

Breckenridg< 9,534

Bucna Vista 7,958

Canon City 5,332

Central City 8,516

Colorado City 6,077

Colorado Spring 5,878

Coruo 9,785

Creed.- 8,850

Cripple Creek 9,591

Del Norte 7,868

Delta 4,970

5,184

Dillon 8,849

Dolore 0,945

Dnrango 6,508

Kaii ,,1.v ... 9.896

Florence 5,l<s7

Port Collin 4,984

8,607

Glenwood Boring . . 6,747

Golden. . 5,608

[unction ...
I 4,573

AND TOWNS IN COLORADO.
NAME FEET

Greeley 4,652

Gunnison 7,673

Idaho Springs 7,556

Lafayette 5,094

La Junta 4,052

Lamar 3,610

Lake City 8,675

Las Animas 3,884

LeadvihY 10,190

Littleton 5,358

Longmoni 4,941

Loveland 4.9S6

Lyons 5,349

Mancos 6.996

Manitou Springs 6 307

Manaanola 4,249

Sleeker 6,182

Monte Vista 7,653

Montrose 5,801

New Cast lr

Ouray 7,710

Pagosa Spring 7,095

Palmer Lake 7,224

Pitkin 9.100

Pueblo 1.675

RedOifl 8,608

Rico

Ridgwaj 5,008

Robinson , , • 10,867

Rooky Ford U76
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ALTITUDE OF CITIES AND TOWNS IN COLORADO.—Con-

tinued.

NAME

Saguache

Salida

San Luis

Silver Plume

Silverton

Starkville

Steamboat Springs.

FEET

7,745

7,038

7,946

9.189

9.288

6,337

6.781

Sterling. .

.

Telluride. .

.

Trinidad....

Victor

Walsenburg.

Wray

Yuma

NAME FELT

3.932

8,744

5,985

9,728

6,187

3.531

4 147

ELEVATION OF MOUNTAIN PEAKS AND PASSES IN
' COLORADO.

NAME FEET

Agency Knob. 12,274

Alpine Tunnel 11,606

Anchor Mountain 12,092

Antelope Pass 8,050

Antero Mount 14,245

Arapahoe Peak 13,520

Argentine Pass , 13,286

Arkansas. Mount , 13 807

Augusta Mountain 12.615

Avery Peak 12,659

Axtell Mountain 12,012

Bald Mountain, Boulder Co 11,493

Bald Mountain, Larimer Co 11,270

Bald Mountain, Summit Co 13,974

Bald Mountain, San Miguel Co 11,700

Baldy, Mount 12,809

Banded Peak 12,860

Battlement Mesa, Mean 12,000

Basalt Peak 11,906

Bear Mountain 12,950

Beckwith Mountain 12,371

Belle View 12,673

Bellven 12,350

Berthoud Pass ....

Beson Peak 12,426

Blackhawk 12,677

Blackhead 12,514

Blaine Mount 14,249

Blanca Peak 14,390

NAME

Boreas

Boulder Pass

Boulder Peak

Breckenridge Pass.

FEET

11,480

11,670

12,417

11,503

Buckeye Peak 12,873

Buckskin Mountain 14,296

Buffalo Peak 13,541

Calico Peak 12 056

Cameron Cone 10,685

Canby, Mount 13,466

Capitol Mountain 13,997

Carbon Mountain 12,000

Cascade 11,707

Castle Peak 14,259

Cement Mountain 12,212

ChamaPeak 12,248

Cheyenne 9,407

Chicago Lake 11,500

Chief Mountain 11,710

Clark's Peak 13,167

Cochetopa Dome 10,000

Conejos Mountain 13,183

Corral Peak 11,533

Crested Butte 12,172

Crestone Peak 14,233

CulebraPeak 14.069

Cunningham Pass 12,090

Daly, Mount 13,193

Del Norte 13,084
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ELEVATION OF MOUNTAIN PEAKS AND PASSES IN
COLORADO.—Continued.

NAME FEET

Double Top Mountain 12,192

Eagle Peak 12,105

East Cement Mountain 12,047

East Spanish Peak 12,708

Elbert 14,421

Elk Mountain 12,718

Engineer Mountain 13,190

Elliott Mountain 12,337

Emmons, Mou n- 12,414

Eolus, Mourn 14,079

Ethel Peak 11,976

Evans, Mount

Farnum Peak

Flora, Mount

Freeman Pea k

Fremont Pas<

Frustum Mountain . .

Galena Mountain ....

Garfield, Mou

Georgia Pass

Gibson Peak

Gilpin Peal

Glacier Peak

Golden Peal-

Gothic Mountain. .

Grand Mesa

Qrayback Peak ,

[( ad Burnmil , ,

... .

in Mountain

fire ii M

Griffith V

Grizzh I

Gristly 1

•I. Mounl

14,321

11,400

12,878

11,627

11,320

13,893

13,290

13,065

11,476

13.729

13,682

12,654

9,650

12,646

10,000

12,887

10,!t<.) i

14,341

i.',:;:u

10,580

11,427

18,741

18,960

18,565

11,406

18.832

NAME

Hamilton, Mount

Hancock Pass

Handle's Peak.. .

.

FEET

13,800

12,263

14.00S

HanbyPeak 10.906

Harvard, Mom.; 14,375

Hayden Divide 9,182

Harden Pa- 10,780

Helmet Peak 11,976

Hermosa, Mount 12.564

Hesperus Peak 13,225

Holy Cross, Mount of 14,r70

Homestake Peak 13.227

Hoosier Pass 10,309

Horsefly Peak 10.504

Horseshoe Mountain 13,912

Humboldt Peak 14,044

Hunchback Mountain 13,133

Hunt's Peak 12,446

Hurricane Peak 13,565

Iron Mountain 10,405

JacquePeak 13.215

James Peak 18,288

Johnny Hull Mountain 12,018

Jones Mountain 13,851

Jupiter Peak 13,830

Kendall, Mount 18.480

12,850

12,840

18,750

14,100

12,226

11,387

14,842

11,000

10,890

18,828

. . 10,954

11,433

Kenosha CoQ6, W I
'

Keyes, Mounl

Kit Cat

Lake Greek Pa

Lamborn, Mounl

l.a Plata Peal

I,a Vet a Peal

Mountain

Leviathan Peal

Leon Peal

I iin Mountni i
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ELEVATION OF MOUNTAIN
rOLORADO.-

NAME FEET

Lincoln, Mount 14,297

Little Lone Cone 12,001

Lizard Head 13,156

Lone Cone 12,761

Long's Peak 14,271

Lookout Peak 13,674

Lost Park Mountain 11,800

LovelandPass 11,876

McClellan, Mount 13,423

McMillan Peak 12,800

Macomb Peak 13,154

Marcellina, Mount 11,349

Marmot Peak 11,841

Maroon Peak 14,126

Marshall Pass 10,846

Marvine, Mount 12,045

Massive, Mount 14,424

Matterhorn Peak 13,589

Mears Peak. 13,008

Mesa Peak 12,581

Mesquite Pass '.

13 308

Mineral Creek Pas? 11,098

Mineral Point 12,541

Monitor Peak 13,703

Mosca Pass 9,713

Mosquito Peak 13,794

Muddy Creek Pass 8,772

Nebo, Mount 13,192

North Italian Mountain 13,225

North Main 10,973

North Sheep Mountain 12,439

Ohio Peak 12,251

Ohio Pass 10,033

OldBaldy 14176

Ormus Mountain 12,185

Oso, Mount 13,640

Ouray, Mount 13,956

Owen, Mount 13,102

Pagoda Peak 11257

PEAKS AND IWSSKS IN
Continued.

NAME 1EE1

Pagosa Peak 12,674

Park Cone 12 021

Parrott Peak 11,876

Parry Peak 13.133

Pass Mountain 11,200

Pearl Mountain 13.484

Pearl Pass 12,715 ]

Peeler Peak 12,219

Pigeon Peak 13,961

Pike's Peak 14,107

Pike's Peak Timberline 1 1.720

Pilot Knob 13,750

Pisgah, Mount 10,322

Plateau Peak 12,030

Pole Creek Mountain 13,400

Poncha Pass 9,049

Pope's Nose 12,274

Potosi Peak 13,763

Powell, Mount 13,398

Princeton, Mount
'

14,196

Prospect Mountain 12,618

Ptarmigan Hill 12,174

Ptarmigan Peak 13,746

Purgatory Peak 13,749

Pyramid Peak 13,885

Quandary Peak 14,266 j

Rabbit's Ears Mountains 10,719

Ragged Mountain 1&481

Ralston Butte 10,593

Raspberry Mountain 10,500

Raton Pass 7 893

Red Cloud Peak 14,050

Red Mountain 13,333

Republican Mountain 13,393

Rhyolite Mountain 10,775

Richmond Mountain 12,543

Rio Grande Pyramid 13,773

Rito Alto 12,989

Rolling Mountain 13.694
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ELEVATION OF MOUNTAIN
COLORADO.-

FAME FEET

Rosa. Mount 11,427

Rosalie. Mount 13,575

Round Mountain, Elk 10,881

Round Mountain, San Juan . . 13,422

13,750

Rubv Peak 12,749

Saddle Mountain 10.815

11.845

San Francisco Pass 8,560

Sangre de Crista Pas? 9,459

14,100

12,188

11,333

Sliarano Peak 14,239

12 447

13,180

Sheep Mountain, Huerfano'Co 10,000

Sheep Mountain, Summit Co 12,380

Sheridan Mountain Park Co 14,038

Sheridan Mountain, San Juan Co., 12,785

14 048

Signal Butte 9 300

13.687

Silver Hill 13,880

13,835

Simpson, Mount 14,055

Slate Peak 12,080

SnefTcls, Mount 14.15S

Bnowmfiflfl Mountain. . . 13,970

12,315

12,823

South River Peak 13.100

Spanish Peaks 13,620. 12,708

Squaw Mountain, Teller Co 10,876

Squaw Mountain, Front Range 18,008

Star Peak 13,502

Stewart Peak 514,082

Stofl Mountain 10,015

Stony Mountain 12.677
|

Storm Kbg 18.742

Storms Peal 11.748

PEAKS AND PASSES IN
—Continued.

NAME FEE r

Storm Ridge 1 1,859

Sultan Mountain 13.336

Summit Peak 13,323

Sunlight Mountain.
.

.

14,053

Sunshine Mountain \2 945

Tarryall Pass j2 456

Tarryall Peak
1 1,300

Taylor Peak 13 419

Telescope Mountain 12,231

Ten Mile Peak 12,800

Teocalli Mountain 13 220

Tennessee Pass

Tetons Mountain 14,198

Tilton Mountain 12,633

Tomichi Dome 11,384

Torrey Peak 14,336

Tower Mountain 13,444

Trachyle Mountain 10,876

Treasury Mountain 13,200

Trinchera Mountain 13,546

/ I&752

Trinity Peaks
I

13,804

* 13.745

Troublesome Peak 11500

Trout Creek Pass 9340

Turret Peak 13,819

Twilight Peak 13,153

Twin Cones 12.400

Twin Sisters 13,438

Uneompahgre Peak 14.2S9

Union Mountain 12,836

Tte Peak 11 868

Vaaquei Peak 12

Vrlie Peak [8,456

Venado Peak 12,800

Vermillion Peak 18,870

Veatal Peak 18,846

Vela Pass 9,378

Virginia Peak 10 600

vulean Crest 13,971

Wasatch Mountain 13,551
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ELEVATION OF MOl'XTAlX PEAKS AND PASSES IX

COLORA DO.—Concluded.
NAM I. FEET

Weminuche Pass 10,622

West Elk Peak 12,920

Weston Pass 12,109

West Spanish Peak 13,623

Watterhorn 14,092

Wheatstone Mountain 12.548

White Dome 13,607

White Face Peak

Whitehead Peak

Whitehouse Mountain.

White Rock Mountain.

Wild Horse Peak

11,494

10,817

13,496

13,532

13,271

NAME
Wilkinson, Mount.. ,

Williams Peak

Willow Creek Pass..

Wilson, Mount

Windom Mountain.

.

Wood Mountain

Yale, Mount

Yampa Peak

Yellow Jacket Pass.

Yellow Peak

Zenobia Peak

Zirkel Mount

FEET

11,687

11.413

9.683

14,250

14,084

13.640

14,187

8,022

7,493

13,618

9.297

12.126

ELEVATION OF PARKS AND LAKES.

NAME

Allen Park

Bergen Park

Big Lake (San Luis Valley).

.

Brennan Lake

Buffalo Springs (South Park)

.

Chicago Lake

Columbine Lake

Crater Lake

Crane Park

Crystal Park

Eagle Park

Elk Park

Grand Lake

Hughes Lake

forome Park

Lake Moraine

FEET

8,513

7.543

7 478

10,325

8,901

11.500

8,788

8,877

10,102

9,317

9,212

8,868

8,153

7,453

8,290

10 268

NAME FEET

8 464

Middle Park (Mean) 7,500

8,500

San Cristoval Lake 9,000

San Luis Valley (Mean) 7500

7,592

9,720

Sheridan Lake 4,065

South Park 8 000 to 10 000

Trout Lake 9,700

Twin Lakes 9,012

Twin Sister Lake 13,438

9,655

Weiserhorn Lake 5,238

White River Plateau 11,000 to 12,000

POPULATION OF COLORADO
FROM 1860 TO 1910, BY DECADES.

CENSUS YEARS POPULATION
INCREASE

Number Per Cent.

I860.... 34,277

1870.... 39,864 5,587 16.2

1880.... 194,327 154.463 387.4

1890.... 412,198 217,871 112 1

1900.... 539,700 127,502 30.9

1910.... 799,300 259.600 48.1
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