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erage ore delivered to the concentrator carries 40 ounces of silver
per ton, whereas the narrow ore seams, averaging 1.7 feet in width,
usually carry 73 ounces per ton.

The mine and methods of sampling and estimating have been de-
scribed in detail by Mishler and Budrow.”

The following notes on sampling are excerpts from this article:
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varieties of ore and waste, and the exact width of each is noted. Where the
ore is rich and easily recognized underground, it is believed that this method
gives a more dependable average assay than is possible when a single sample
is cut across both ore and waste.

All drifts, raises, and winzes are sampled at 5-foot intervals. The samples
are cut from the backs of the drifts and from alternate sides of the raises and
winzes. The backs of stopes are sampled in the same manner wherever the
chute samples show that the ore is lower than milling grade.

In shrinkage stopes weekly samples are taken across the broken ore at 10-foot
intervals. The width and distance from the end of the stope are recorded for
each sample. The samples corresponding to the same distances are combined
for the entire month and assayed. Grab samples, consisting of two double hand-
fuls, are taken from each car of ore as it is loaded at the chute. Composites
from important chutes are assayed daily. From chutes producing small ton-
nages and from development faces the samples are combined for periods of
two or three days. The assays of chute samples are closely watched in order

to maintain the grade of ore sent to the concentrator.
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CRIPPLE CREEK DISTRICT, COLORADO

Jones™ states that samples are taken by shift bosses. Streaks
ore are usually sampled together with a couple of grabs from the §
muck pile. - Ore drawn from chutes is sampled by taking a handfu
from each car trammed. These grab samples will run 20 per ce
higher in value than-the settlement value of the ore.

“Park, John Furness, Minj
L e o 1925,’ pﬁ?lglgs—l\g%tslfws of Jarbidge District: Trans. Am. Inst. Min. and

2 Kidder, 8. J.,’ Minin,
; Met. Tis g Methods in M s
in. and Met. Eng., vol. 72, 1925,spg" 5285%23.11 District, New Mexico: Trans. Am. Inst

10 Mishler, R. T., and Budrow, L. R., Methods of Mining and Ore Bstimation at Lu
Tiger Mine: Trans. Am. Inst. Min. and Met. Eng., vol. 72, 1925, pp. 468—-483.

T Jones, Fred, Mining Methods of the Cripple Creek District: Trans. Am. Inst. M
and Met. Bng., vol. 72, 1925, pp. 512-517.
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and value of the ore mined. These figures, obtained from stoped areas above
and below an unstoped block of ore, are averaged, and the resulting factors
are applied to the unstoped block.

LUCKY TIGER MINE, SONORA, MEXICO

Mishler and Budrow ” have described the methods of calculating
ore reserves, and the following is abstracted from their paper.

The assays, figured to stoping width are plotted on longitudina} sections
and plans drawn to a scale of 1 inch == 40 feet. Ore reserves are estimated as
of January 1 and July 1 each year. Backs of old stopes are surveyed and
plotted on the assay maps as of those dates. If the back has ngt been .sampled,
the average assays along the levels above and below are wglghtqd inversely
to their distance from the back, and the average thus 'obtamed is taken as
the assay value of the back. If all the assays surrounding a block represent
stoping width, their arithmetical average is taken as the assay of the blopk.
The tonnage is figured by multiplying the area of the block by the stoping
width and dividing by a cubic-feet-per-ton factor of 11'.5. When any of'the
assays around the block represent more than stoping width, the excess width
must be considered in figuring the average assay and tonnage.

If blocks are developed on less than four sides, it is customary to figure that
ore extends 30 feet from the drifts and raises, or below the lowesg level. )

The full assay value of each sample is employed. The modification of high
assays is warranted when the estimates are based upon only a few samples,
but when several thousand samples are available, abnormally high assays will
be offset by abnormally low ones.

Over a period of 14 years the estimated ore reserves have averaged 34.0
ounces of silver per ton; the ore mined during the period averaged 37.1 ounces,
an error of 3.1 ounces or 8.4 per cent.

JARBIDGE DISTRICT, NEVADA

According to Park,}® raises are put up in ore, usually about 100
feet apart. The blocks between these raises are estimated from the
average assay value and cubical contents. The tonnage figure for
the ore is 18 cubic feet per ton in place and 23 cubic feet broken.
The estimated tonnage in a block is generally within 10 per cent of
the actual amount and is always low because of dilution in mining.
The estimated grade runs about 17 per cent higher than the true
grade, and this factor is taken into account when reports are pre-
pared on newly blocked-out territory.

MOGOLLON DISTRICT, NEW MEXICO

According to Kidder,” stope maps on a scale of 1 inch equals 10
feet show the width and value of ore where each sample was cut
as well as the tonnage and value of ore broken in the stope during
each month. The average grade of ore is calculated from the foot-
ounces of gold and foot-ounces of silver, allowing 13 cubic feet per
ton of ore in place.

The sampling of the smaller blocks of ore generally checks closely
with the tonnage and grade of ore produced, but the larger blocks are
rarely sufficiently developed ahead of mining to permit more than
rough estimates of their probable production. As stoping proceeds

7 Mishler, R. T., and Budrow, L. R., work cited.
8 Park, John, work cited.
® Kidder, 8. J., work cited.
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and the width and grade are more clearly established it has been
found that the monthly estimates of ore broken, when finally checked
against the ore drawn, agree closely as to tonnage and grade. The
ore drawn, however, commonly exceeds the estimates of tonnage,
while the grade of ore drawn will be correspondingly less.

CONSOLIDATED CORTEZ MINE, CORTEZ, NEV.

At Cortez, Nev., silver ore occurs principally in fissure veins and the
ore bodies are irregular in dimensions and in grade. Hezzelwood 1°
states that these conditions have been responsible for evolution of the
following practice:

The usual methods of blocking out the ore by measuring and sampling in
making estimates of ore reserves has been found unreliable at the Cortez mine.
The tendency of the ore to narrow or widen and the grade to change without
apparent reason makes such methods inaccurate, A ratio between the number
of feet of development work and the number of tons mined has been worked
out for the operations on the lower levels which were started in 1926. This
ratio furnishes a basis for estimating probable ore, particularly when develop-
ment work is confined to the three known zones. This method of estimating,
although not accurate, is probably as safe as any method for this form of ore
deposit.

COPPER MINES

HUMBOLDT MINE, MORENCI, ARIZ.

Mosier and Sherman * write briefly regarding estimating practice
as follows: '

For the estimation of ore reserves a full knowledge of the ore deposits must
be obtained. Caving stopes have reasonably regular outlines, and selective min-
ing is therefore not practicable by this method.

Some material of a grade that will not pay to reduce must be mined, and
some good ore on the boundaries must be left because its inclusion would bring
in too much waste. The side boundaries, which are vertical or nearly vertical,
are drawn as compromise planes to inclose as much ore as possible without too
much waste.

Except for preliminary estimates, the volume of material within the stope
outlines constitutes the ore reserves which are bounded by (1) the under-
cutting level, (2) the shrinkage side outlines, and (3) the leached gossan or a
stope above as the case may be. Within these boundaries the grade of ore in
place is calculated by combining assays in a rational manner,

RAY MINES, RAY, ARIZ.

The following is quoted from Thomas : 2

In churn drilling, samples were obtained by the use of a split divider. A
careful record was kept of the type of material being drilled through, the
color of the sludge and the character of its various mineral constituents, the
weight of material cut for each 5 feet of drilling, the size of bit, and the length
and size of the casing in the hole. From the weight of the sample and the size
of the bit it was possible to determine whether there was caving in the hole
and to thus arrive at some conclusion as to the accuracy of each 5-foot sample.
The samples were assayed locally by the iodide method, and the remainder of
the pulp was sent away for determination of the copper by the electrolytie
method.

1 Hezzelwood, George W., Mining Methods and Costs at the Consolidated Cortez Silver
Mine, Cortez, Nev.: Inf. Cire. 6327, Bureau of Mines, 1930, p. 4.

11 Mosier, McHenry, and Sherman, Gerald, work cited.

12 Thomas, Robert W., work cited.



TABLE 6.— Typical tesi-hole drilling data

Cost per foot
Mine or district and State Kind of rock T%‘ﬁ‘l* ff Dep tl}e:ft holes, d}’;ieﬁfsﬁ’ﬁ}; Purpose of drilling Results reported e
Labor | Total
Burra-Burra, Tennessee._._ Schists, graywacke, massive A Outlining ore body_.___.._____ Satisfactory; best on inclina- |________ $0. 80
sulphide. tion+-15° or over. "
Acme, Tri-State____..______ Cherty limestone.__.________ A Prospecting walls_____________ Cuttings useful indicator, as- ._______ .64
says unreliable.
0 TR o oI NI dotecgniuaio o B Testing bottoms______________ Reliable samples._.__________ | ______ .57
Ray, Ar Sehist_._.____________T_77T A Pﬁspsctiug instead of raising Satisfactory__.________ T[Tt
45°,
No. 1, Menominee range, Hematite and iron forma- A Testing walls______.___________ Good in soft ore; poorinhard |.__.____|._______
Michigan. : ion. chert.
Morning, Idaho Quartzite__________________. A Testing vein walls_____________ Satisfactory
Mascot, Tenn______________ Dolomitic limestone.___ owecna] D) Sampling stope backs. £ s [ R
Cananea, Mexico_ {P g’t'gggr v and hard lime- } A Flat holes to delimit ore bodies. | _ . _ do
Engels, California___.______ Diorite._..____.____________ D Cuttings from 2 or 3 stope |-..._ 8. ciesmsedisinsn
holes daily for samples. 1 -
Park-Utah, Utah___________ Quartzite._.___________ A Prospecting 2 holes only.___ Unsatisfactory; steel failed.___
Pilares, Mexico_____ --| Brecciated volcanics_________ E Samphng__. _______________ --| Satisfactory_______________ 7"
Teck-Hughes, Ontario_____ Silicified syenite and por- D Testing vein walls every 10 Satisfactory; assays not used |
phyry, hard. feet. 1n resérve estimates.
Fierro, N. Mex____________ Hard magnetite and lime- F . | [DRRSRTE | | N Prospecting ahead. - Assays Very satisfactory..._.________ | |
stone. used in grade estimates.
b [+ O s {2 15 VR B W R N TN A st t 8.84 | Prospecting.__________________ More costly, less accurate | 1 217 2.821
than diamond drilling.
Pecos, N. Mex_____________ Schist and diorite.____._____ A 50t0100._._______|._________ Plg)specting for parallel ore Satisfactory_..________________ 1.26 1.98
odies.
Black Rock, Butte, Mont._ Granite.__._________________ A et e [ L Prospecting. N otnowused.._| Holes salted by soft-orestreaks.| _____|
Not reliable for grade of ore.
Page, Idaho________________ Quartzite___________________ E | S S Prospecting walls. Not now Limited range. Slowandecost-|._______|
used. 1y in hard rock.
Spring Hill, Mont__________ Hardkcontact met. ore and A Max. 35 _|._________ Exploring to contaect Unsatisfactory in hard rock_. |.______[
rocks.
Eagle - Picher lead, Okla- | Chert and limestone A Max. 148___________|__________ Exploration.__________ Good ore found. Valuable | _______ 1.69
homa.3 K for negative information.
Evans-Wallower lead, | ____ (o (N A Eliminated ‘much ground |._______ 1.00
Oklahoma. 8 thought ore bearing.
FederalM. & S. Co.,Kansasi|_____ doi U e e P A Located many new ore bodies__| _______ 1.90
Canam Metals, Oklahoma 3 | . do A Several ore bodies found. | .. . .. 1.70
Cheaper than other methods.

Missouri-Kansas Zine Cor- Chert and limestone

poration, o> 4Ine Cor- | Chert and limestone._______ E:glg«}g:tion often at steep plus Very satisfactory_.___________ 60-. 70
New Idria, California______ Shale, sandstone, serpentine. Explora’;ion__ - do
s Chief Consolidated, Utah ¢_ e SRR IR | vy il e oo S DU
& Southeast Missouri's_ Limestone
3 Dozl o R 2
I e e S
, Tonopah Belmont, Ne-( _____._______
g0 vadalb =~ T T et
T—J arbidge, Nevada10________ Voleanies__.______________ | Exploration___________________ As good as diamond drillsand |_______| _______
N " ry cheaper.
, Edwards, N.Y____________ Zinc ore in dolomite._____.. I Testing walls_________________ 25 per cent deducted from as- I ........
N says.

1A o . : so7 s . e s s s , i s .
. fI avy drifter with special independent rotation; B, piston machine on tripod; C, jack hammer with pneumatic feed; D, standard medium weight drifter; E, stopers; F, jack

.

: 11«\‘70; htl))les (lilp Vt\;7o l}go f%et deep. B

etzeband, W. F,, rospecting, with the Long-Hole Drill in the Tri-State Zine-Lead District: i g
b T ] ] t 7 strict: Min. and Met., June, 1930, pp. 295-296. :

:P}f::rbfé’z 4(:J‘has. A.., Deep-Hole Prospecting at the Chief Consolidated Mines: Trans. Am, Inst. Min. and Met, Eng., vol. 72, 1925, pp. 677-689, :

;%gsl;t?&i%?g% H., Leyner Drill in Underground Prospecting: Eng. and Min. Jour., vol. 118, Nov. 29, 1924, pp. 856-857. ' o

rown, R. K., Exploratory Dee -Hole Drilling: i i

;OTime s’tudies e 31 Y 9¥)tnot g)s‘ - rilling: Comp, Air Mag., April, 1926, pp. 1593-1594, (o

Park, John Furness, Mining Methods in Jarbidge District; Traus, Am. Inst, Min, and Met. Eng., vol. 72, .925, pp. 518-528, E
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