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PREFACE TO THE REVISED EDITION

The present work is an outgrowth and revision of the ‘Handbook for
Small Mining Enterprises in Montana’, which was published jointly by the
Montana Bureau of Mines and Geology and the Federal Small Business
Administration in 1964. In time, the original Handbook achieved broad
circulation in the mining community and elicitéd much favorable comment.
As a result, it was felt that a revised edition, eliminating provincial aspects
of the original that restricted its application to Montana deposits, would be

well received.

The revision of the Handbook has encompassed many areas. Some
errors in the original manuscript came to light after publication. More
importantly, many aspects of the industry have changed in the last decade;
new procedures have evolved, new technology has been developed, and the
cumulative effect of another ten years of continuous inflation has left its
mark on the economics of the mining industry. Other significant events
include the release of gold from more than 40 years of stifling government
control, and the birth and development of environmental awareness with its
myriad, and often complicated, effects upon both the producer and the

consumer of raw materials.

Like its predecessor, the revised Handbook is a cooperative effort.
Principal financing has been provided by the U. S. Bureau of Mines, with
contributions by the Montana College of Mineral Science and Technology
Foundation and by the Montana Bureau of Mines and Geology. Again, the
effort has been to present concepts and procedures in the most simple and
straightforward manner possible. The Handbook is intended to serve those
who have the advantage of considerable technical training and those who
have had little or none.

The Authors

iii
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HANDBOOK FOR
SMALL MINING ENTERPRISES

CHAPTER 1 — GEOLOGY FOR
THE SMALL MINE

By

F. N. EARLL

INTRODUCTION

If one thing can be said to be common to vir-
tually all small mining operations it would be the
almost universal lack of a geologic department to
advise management on matters relating to ex-
ploration, development, and mining. It can only be
concluded that most small-mine operators believe
that the management of all large mining com-
panies the world over suffer from some virulent
form of contagious stupidity. Why else would they
invest so many of their hard-earned dollars in the
maintenance of large and well-integrated geologi-
cal departments. Yet, through some odd quirk of
fate, these same large companies consistently
show profits of millions of dollars every year from
ores that are frequently of such low grade that
most small-mine operators would not consider
mining them. Of course the economies that are
alleged to be ‘inherent’ in large-scale operations
play a part in their success, but it is also true
that these economies are more often earned than
inherited. It is also just possible that the invest-
ment made by these companies in geology has not
been entirely wasted.

Geology, for the operating mine, can be con-
veniently separated into two stages: mapping and
interpretation. The mapping phase is of consid-
able importance in its own right, providing as it
does the base upon which current ore reserves
must be calculated and new ore blocks developed,
and providing information relating to the proper
location of mine workings and allowing anticipa-
tion of some of the various forms of grief that
may confront the operator. The second phase, in-
terpretation, is truly the life blood of a continu-
ing operation. Few of us would dream of attempt-
ing to drive an automobile down a highway while
wearing a blindfold, yet many a mine operator
thinks nothing of conducting his exploration with
an equal handicap. Although the analogy may
seem somewhat gruesome, the two procedures
enjoy roughly the same chance of success.

At this point the reader may be thinking that
he cannot afford to keep one or more geologists
on the payroll. That is the purpose of this manual:
to provide information so that the small-mine
operator can perform many of the duties of the

geologist himself. On the other hand, there are
many operators who really could afford a geolo-
gist-engineer, and those who can would do them-
selves a service if they hired one, if for no other
reason than that it would relieve them of the
burden of acting in his stead. Those who elect to
be their own geologist will find that with reason-
able effort they can do a very creditable job on
the routine work of the mines geologist. It need
not consume an inordinate proportion of their
time. For most small mines one day every two
weeks, or better one afternoon each week should
be sufficient. With practice you will find that
you can either accomplish much more in the allot-
ted time, or devote less time to the work. An equal
amount of time should be allotted for necessary
office work related to geology. In the larger
‘small’ mines it may prove necessary to devote a
part of every day to geological mapping, but
operators of such mines could and should hire a
resident geologist-engineer.

Even those who elect to do their own geology
may find it advantageous to call upon a consultant
at regular intervals to aid in the interpretation
of the broad picture. In order to gain real benefit
from the consultant’s experience, however, you
must provide him with the basic tools, which in-
clude reasonably accurate maps and sections. It
is an old and familiar story to the consultant to
be called upon to advise on exploration only to
find that the evidence needed has long since been
shipped to the mill, if, indeed, the workings are
accessible at all. In these cases the best that he
can offer is the recommendation of a broad drill-
ing or crosscutting program in the hope that evi-
dence will be forthcoming that will allow an intel-
ligent analysis of the situation. Don’t blindfold
vour consultant; after all, he is charging you for
his time.

The discussion to follow has, for convenience,
been presented in two sections: Geology for un-
derground mines, and geology for open-pit opera-
tions. Although these two types of operation have
much in common, the purely mechanical differ-
ences indicate that they can best be considered
separately.
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FIGURE 1-1.—Outcrop map showing interpretation.
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GEOLOGIC MAPPING FOR THE UNDERGROUND MINE

The geologic map requirements of the under-
ground mine are surface maps and underground
maps. Of the two, the underground maps are of
greater immediate benefit to the operator. Surface
mapping should not be forgotten, but the do-it-
yourself geologist would do well to subcontract
this phase of the operation to a professional
geologist, if possible. For one thing, the surface
mapping should be at least semiregional, taking
in at least the entire district as well as such sur-
rounding areas as may be related to local struc-
tures and mineralization. Then, too, it is one thing
to plot geology that is beautifully exposed in
underground workings, and quite another to
decipher it from evidence that is partly covered
by vegetation and soil, particularly as rocks ex-
posed at the surface can be expected to have
undergone varying degrees of weathering and ero-
sion that tend to make them well-nigh unrecog-
nizable to the neophyte.

If you elect to prepare a surface map for
yourself, the methods for plotting the locations of
mine openings, as described in the following para-
graphs, can be used to locate other features of
geological interest as well. The professional geolo-
gist usually maps at surface by the ‘outcrop
method’, plotting only those areas of actual
exposure or ‘outcrop’ of the bedrock on his map.
Then, after all outcrops have beén mapped, he
will attempt to put the accumulated information
together into a complete picture. However, this
final step of filling in the blank spaces where out-
crops are lacking should always be done using
dashed or dotted lines or some other suitable
device to indicate the uncertainty of the interpre-
tation. Figure 1-1 illustrates the sort of map that
might result.

The first requisite for underground mapping is
a set of reasonably accurate plans of existing
workings. The most desirable instrument for this
purpose is a mine transit, but such instruments
are expensive and, unless used by a trained person,
may lead to more confusion than benefit. At this
point it might be worth mentioning that a compe-
tent surveyor with one or two helpers could sur-
vey the workings of the average small mine with
adequate accuracy in two to four days. The small
investment necessary to have this done might well
be worthwhile, and those operators who prefer
to follow the simplified methods described in the
following paragraphs may find it advantageous
to call in a surveyor once a year to locate such
control points as may be necessary to make minor
corrections on existing maps.

The first step in the mapping operation is to
establish a starting point. In a mine developed by
one or more adits or tunnels, the location of a
portal is the starting point. Although it is desirable
that its absolute geographic position be known,
the location can be assumed or approximated
without serious consequence. Where there are two
or more surface openings, their position relative
to each other must be accurately known. A com-
pass and tap measure can be used to locate surface
openings, and they will prove invaluable later for
underground work. A compass of the type known
as a Brunton compass or Brunton pocket transit
is most desirable for this purpose because: (1) it
can be read accurately to one-half degree; (2) it
has an extended sight that allows much more
accurate sighting than the ordinary compass; and
(3) it has an additional attachment (clinometer)
that permits measurement of vertical as well as
horizontal angles. The tape should be 100 feet

ARISNNSS
\\ Adit 2

FIGURE 1-2.—Use of Brunton compass for horizontal bearing. The compass is sighted from a point on the dump of adit
1 to some object on the dump of adit 2. The compass needle points 50° east of north, or as commonly stated, N.50°E.
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horizontal

FIGURE 1-3.—Use of Brunton compass for vertical angles. The compass, used as a clinometer, is sighted at a helper
standing on the dump at adit 2. The clinometer bubble is Ieveled, and the pointer shows that the sight is 20° above

the horizontal.

long, the glass-fiber or wire-backed cloth type
that rolls into a case being excellent. A small all-
brass tripod that holds the compass steady and
allows somewhat more accurate work can be pur-
chased at extra cost. Professionals, however, gen-
erally disdain the tripod, and with practice the
difference in accuracy of the tripod-held instru-
ment and one held by hand becomes less and less.
Many camera tripods contain steel parts that
make them unsuitable for Brunton work because
of the magnetic attraction of steel.

A compass points to magnetic north, which for
most locations is several degrees from true north.
The difference becomes important when you want
to establish the location of mining property with
relation to other known points, for example, when
you are attempting to relocate the boundaries of
old claims or other real property. The amount of
difference between true north and the direction
in which a compass needle will point is called the
magnetic declination, and is zero along a line that
extends roughly from Lake Michigan to the north-
east corner of Florida. East of this line the com-
pass will point west of true north, the amount
increasing with distance from the zero line; it is
as much as 23 degrees in the northeastern corner

of Maine. West of the zero line the compass points
east of true north, the amount again increasing
with distance, so that at Puget Sound the declina-
tion is 23 degrees east. The declination for any
point in the United States can be determined from
charts published by the U.S. Coast and Geo-
detic Survey, from published topographic maps
of the area of interest, or from tables in
any surveying text. The Brunton compass can be
made to correct for magnetic declination by
rotating the compass card by means of a small
tangent screw on the side of the instrument case.

For site mapping, however, only the relative
position of two or more points is of concern.
Therefore, the difference between true north and
magnetic north can be ignored. The procedure
for locating two points on the surface is: (1)
choose one point that is to be located at some
arbitrary point on the map (chosen so that most
of the workings will be located on the map sheet);
(2) sight the compass at the second point, pre-
ferably at a helper holding a rod upright but any
visible object will suffice, being careful to hold the
compass level; (3) read the compass dial to deter-
mine direction to the second point (see Fig. 1-2
for detail).
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FIGURE 1-4.—Sketch illustrating vertical height calculation. The tape is stretched from point 1 (shaft) to a point A at the
bottom of the draw separating the two points, the inclination from point 1 to point A being —25°. The tape is then
stretched from point A to point 2, the inclination from peoint A to peoint 2, in this case, is +30°.

TABLE 1-1.—Natural sires and cosines of angles.

Ancle Sine Cos, Angle Sine Cos. Angle Sine Cos,

0° .000 1.0000 30 4500  .866 60 .866  .500
1 .017  .9998 31 .515  .857 61 .875  .485
2 .035 .0004 32 . 530 . 848 62 . 383 460
3 .052  .999 33 .545  .839 63 891  .454
4 .070 .998 34 <559 .8329 64 .899 .438
g .087 .996 35 574 .819 65 .906 423
7
8
9

.105 .995 36 .588 . 800 66 .014 .407

122 .993 37 . 602 .799 67 .920 . 361

.139 .990 38 .616 .788 68 .927 .375

.156 .988 39 .629 777 69 .934 .358

10 174 .985 40 .643 766 70 .940 . 342
11 .191  .982 41 656  .755 71 .946 326
12 .208 .978 42 . 669 743 72 .951 . 309
13 .225 .974 43 .682 .731 73 .956 .202
14 . 242 .970 44 <395 719 74 .961 .276
15 «259 .066 45 . 707 .707 75 .066 «259
16 .276 .061 46 . 719 .695 76 .970 242
17 2902 .956 47 .731 .682 77 .974 .225
18 . 309 .951 A8 . 743 . 6690 78 078 .208
19 .326 . 946 49 °755 .656 79 .982 .101
20 0342 . 040 50 . 766 . 043 80 .985 . 174
21 «358 .034 51 777 .629 81 .088 .156
22 «375 . 027 52 .788 .616 82 .000 .139
23 .391 .920 53 .799 . 602 83 «993 122
24 407 .014 54 .83090 . 588 84 .995 .105
25 .423 .006 55 .819 . 574 85 .996 .087
26 .438 .399 56 .3829 .559 86 .908 .070
27 .454 .301 57 .839 . 545 87 .999 .052
28 . 469 .383 58 .848 . 530 38 .9994 .035
29 .485  .875 59 .857  .515 89 .9998 .017
00 1.0000 .000
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Next, unless the two points happen to be at
exactly the same elevation, the inclination between
them should be measured. To do this, the compass
is turned on its side, sighted from point 1 to
point 2, and the clinometer bubble adjusted by
turning the small lever on the back of the instru-
ment case until the level bubble is centered. The
inclination is read on the inside dial of the com-
pass (Fig. 1-3). If other than a Brunton compass
is used, a separate clinometer must be acquired.

Next the tape measure is used to determine
the distance between the two points. In most
places where the two points to be located are rea-
sonably close to one another, the slope distance or
actual distance along the ground between them is
the most convenient to measure. Although some
inaccuracy is bound to result from the procedure,
if the tape is stretched directly toward the point
to be located and pulled tight enough to eliminate
most of the sag, the correct distance within a
fraction of a foot should be derived. Where some
obstruction lies between the two points, or where
there is a gully or depression between the two, it
will be necessary to measure the distance in two
or more steps (Fig. 1-4).

Finally, the true horizontal and vertical dis-
tance between the two points must be calculated.
To do this, the reader must refer to a set of trigo-
nometry tables (Table 1-1). To determine the
horizontal distance, first look up the cosine of the
angle of inclination (usually abbreviated cos). The
measured distance multiplied by the cosine of the

angle of inclination will give the true horizontal
distance. Thus, in the example shown in Figure
1-4, from point 1 to point A we have:

100 ft. X cos 25° = 100 X .906 = 90.6 ft.
From point A to point 2 we have:

100 ft. X cos 30° = 100 X .886 = 88.6 ft.
Total horizontal distance from point 1 to point
2 is:

90.6 ft. -+ 88.6 ft. = 179.2 ft.

To calculate the vertical distance between the
two points, look up the sine (sometimes written
sin) of the angle of inclination. The measured dis-
tance multiplied by the sine of the angle of inclina-
tion will give the true vertical distance. Thus, in
the example given in Figure 1-4, from point 1 to
point A we have:

100 ft. X sin 25° = 100 X .423 = 423 ft.
From point A to point 2 we have:

100 ft. X sin 30 °© = 100 X .500 = 50.0 ft.
And because point A is lower than point 1, where-
as point 2 is above point A we must subtract:

50.0 ft. — 42.3 ft. = 7.7 it.

And as the vertical distance between point A
and point 2 is greater than that between point A
and point 1, we know that point 2 is higher than
point 1 by a vertical distance of 7.7 ft.

To plot these two points on the map to be
produced, point 1 is first located at a convenient
place on the map sheet. Next a north-south line is
drawn through point 1 (by convention, north is
always at the top of the page). Then a protractor,

\< Point |

Etev. O

Point 2
Elev. +7.7

25 50f1t
Scale

FIGURE 1-5.—Plan showing plotted positions of survey stations.
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such as can be purchased at any dime store, is
used to mark off the angle between north (or
south) and the direction from point 1 to point 2.
At the correct angle, a line is drawn on the map
from point 1 toward point 2 and the correct hori-
zontal distance marked off on the line (Fig. 1-5).
This establishes the relative positions of point 1
and 2. If their elevations are different, this in-
formation should also be noted on the map. The
scale used is a matter of personal preference.
Most mine maps are drawn to a scale of either 1
in. equals 40 ft. or 1 in. equals 50 ft. Small scales
for measuring map distances can be purchased at
any drafting or school-supply store. The small
6-in. plastic scale with a protractor attached is
fully satisfactory.

At this point I should comment upon another
aspect of the use of the compass as a hand transit
for mine mapping. Having once established the
direction and distance between any two points,
whether the direction is corrected for magnetic
declination or not, the compass should never be
used as a compass again but rather as a transit.
The reason for this is that although the compass
will attempt to point toward magnetic north at
all times, it will be deflected by any nearby iron,
steel, magnetic ore, electrical installation, etc., in-
cluding the hand pick or singlejack that you may
have stuck in your belt. Mines and mine yards are
never free of such items, and thus it can be
expected that the compass needle will always be
variably deflected one way or the other from its
normal direction. Henceforth, then, in establish-
ing the direction to any third or subsequent points
on the map, the angle between the two directions
must be determined rather than the direction. To
do this, using the example of points 1 and 2 to

locate some point 3, first sight back from point 2
to point 1, noting the direction indicated by the
compass. Then turn the compass and sight toward
point 3, being careful not to change vour own
position relative to the compass any more than
necessary. Read the direction recorded by the
compass at the new heading and then count or
calculate the number of degrees between the two
directions. The precaution against changing your
own position relative to the compass is primarily
because of the hammer that may be in your belt.
A change in your position could change the direc-
tion and amount of deflection, thus leading to an
erroneous reading. Although the hammer may be
the worst offender, it is not the only one. A steel-
cased wrist watch, or even some steel belt buckles
will cause a noticeable deflection of the compass
needle.

Mines developed by one or more shafts pose
a dual problem in initial layout of workings.
We must know not only the location of the shaft
collar at surface, but also the location of the bot-
tom of the shaft and that of the different levels
beneath the surface. In a vertical or nearly ver-
tical shaft the projection is easily accomplished.
One need only drop a plumb line from surface to
the bottom of the shaft. In a very deep shaft (an
unlikely possibility in a small mine) it may be
necessary to work down in several stages. The
line can be any strong cord or 20-gauge bare cop-
per wire. The weight at the bottom, ideally, would
be a regular surveyor’s brass plumb bob, but any
weight other than iron or steel can be used. For
example, a large lead fishing weight, or even a
fair sized rock tied to the end of the cord or wire
will serve the purpose.

To establish the direction of a line at the bot-

~~Point 2

(a)

- Point |

FIGURE 1-6.—Plan showing method of outlining horizontal workings.
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FIGURE 1-7.—Plan of workings on a mine level (a) showing construction lines, (b) econstruction lines removed.

tom of the shaft, or at some intermediate level,
relative to a direction established at the surface,
two plumb lines can be used. Place the two lines
as close to opposite corners of the shaft as pos-
sible, but they must both hang free of obstruc-
tions. Then the direction between the two plumb
lines at the surface and at any intermediate level
will be the same. Although the distance between
the two lines, in a narrow shaft, is a short base-
line from which to measure, it will serve the pur-
pose if measurements are taken very carefully.

For mines developed by an inclined shaft the
method is essentially the same as that in estab-
lishing two points at different elevation at sur-
face. Establish the direction, slope distance, and
inclination of the shaft as in establishing the dis-
tance and direction between points 1 and A (Fig.
1-4). The slope distance can then be converted to
true horizontal and vertical components by the
method used for surface points. To do this it is
convenient to have an assistant carry the end of
the tape down the shaft to establish distance,
then direct his cap lamp up to provide a
visible target on which to sight direction
and inclination. Again, for accuracy, be sure to
turn the angle between the direction of the incline
and a previously determined direction. In a curved
or sinuous incline the helper can take any posi-
tion where his cap lamp is visible at surface or
at some established intermediate station in the
shaft. In general, you need not be concerned about
the curves and jogs in the shaft, but only with
the location of level stations. You might, how-
ever, feel inclined to direct some uncharitable
thoughts toward the person who sank the shaft—
unless, of course, that person happens to be you.

LEVEL MAPPING UNDERGROUND

Having accomplished the operations described
above, you are now ready to begin the task of

mapping the underground workings. Although
the preceding may seem somewhat tedious, you
can take comfort from the fact that it need be
done only once. For that matter, mapping all the
workings in an old mine that has never been
mapped can be a considerable undertaking, but
once the map is brought up to date only the cur-
rent advance need be mapped each week. In a
small mine working one shift per day, the weekly
advance may not exceed 50 ft. and can be mapped
in an hour or so.

To begin underground mapping, either from a
level reached from a shaft or in an adit from
surface, stretch the tape out 100 ft. (or as far as
possible, keeping the end visible from the start-
ing point or last intermediate point). Mark the
point to which the tape has been extended in some
permanent manner. A nail driven into a timber cap
or into a crack in the rock of the back (roof) with
a numbered metal tag (tin can lid is fine) is an
ideal means of identification of the point. Then
determine the direction of the tape (actually, the
angle between its course and a previously deter-
mined direction) and draw a line of the proper
direction and scale length on your map (Fig. 1-6a).
Note the distance to the walls of the opening on
each side of the tape at regular intervals and mark
them on the map. Connecting these distances with
lines will outline the workings along the length of
the tape (Fig. 1-6b). In regular openings an inter-
val of 10 ft. will be sufficient. In irregular open-
ings a 5-ft. interval is better. In Figure 1-6b, a 5-
ft. interval is illustrated.

From point 2 (Fig. 1-6b) you can then proceed
to points 3, 4, 5, etc., until all workings on that
particular level are plotted on the map. Remember
to ‘back sight’ or read the direction on a pre-
viously determined line (usually the line between
the last two major points) and then the direction
of the new line. Calculate the angle of change in
direction. Warning: Use the calculated angle be-
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FIGURE 1-8.—Plan of workings showing method of plotting geology along walls of drift or crosscut.

tween the two directions. It is important. A local
source of attraction may deflect the compass
needle as much as 90° from a true reading, but
the angle between two directions from the same
point is constant if measured with care. The
author has mapped thousands of feet of workings
by this method and had an accumulated error, at
the end, of little more than a foot.

Figure 1-7a,b shows the workings of one level
of a small mine as mapped by the above method.
Figure 1-7a has the ccnstruction lines used in
drawing the level outline; Figure 1-7b shows the
map after construction lines and other unneces-
sary notations have been erased. Figure 1-7a,
then, would resemble the working map used un-
derground, and Figure 1-7b, the tracing of the
original kept as a permanent record in the mine
office.

Note that the map thus far is not a geologic
map. It is known as an engineer’s plan, which
can be used as a base for the geologic map. The
next step is to plot the geology of the level on
the plan. Where workings are not extensive, it
may be practical to outline all of the workings of
the level and then plot the geology. In general,
however, it is far better to map that portion within
one span of the tape measure completely before
going on to the next segment.

Before beginning to map geology, give some
consideration to the attitude or type of ore body
involved, and how it can be shown to best advan-
tage. For ore bodies or veins that are vertical or
inclined at a steep angle (a group that includes
most small mines) a scale reproduction of the
back (or roof) of the workings on the map is most
desirable. For some ore bodies that are horizontal,

or nearly so, it may be desirable to map one wall
of the workings instead (Fig. 1-8).

In either case, set some procedure to be fol-
lowed. One that has become almost standard
among professional geologists is to map the struc-
tures first, mineralization second, and lithology
(rock type) last. A means of depicting the different
features should also be determined in advance.
Again, a widely accepted ‘standard’ exists. That
is to show faults (and joints) in blue, ore (and
mineralization) in red, and the outlines of work-
ings, contacts between rock types, and all written
comments, etc., in black. Other light colors or
different symbols can be used to denote different
rock types or formations.

/(so°~d ip

enters at
20 fee

FIGURE 1-9.—Plan showing one methed of determining the
strike of a structure (fault or bedding plane.)
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FIGURE 1-10.—Sketch showing use of Brunton compass as a clinometer (showing 40° dip of bed).

Having determined what color conventions are
to be used on your map, you can now proceed to
the mapping of structures. The most obvious
structure in any mine developed in sedimentary
rocks is the strike and dip of the sedimentary
beds. The strike of a bed, or for that matter of a
fault, joint, or vein, is simply a measure of its
orientation, and dip is the measure of the inclina-
tion. Technically, the strike is the direction of a
horizontal line along the surface of the bed (fault,
vein, etc.), and the dip is the angle between the
bed and a horizontal surface.

To determine the strike of any surface (say
a sedimentary bed) and plot it on the map, either
the compass or the tape measure may be used.
Where the feature (bed) crosses the workings at
a shallow angle it is generally easiest to note the
distance along the tape where the bed enters on
one wall, and the point where it leaves on the
other wall; mark these points on the map and
draw a line connecting the two points, and that
line will parallel the strike (Fig. 1-9). For accu-
racy, both points should be measured at the same
height above the floor, and the outline of the
drift or crosscut must be accurately drawn. Either
waist or shoulder height may be convenient for

the individual. The author, being somewhat taller
than most mine tunnels, has found his waist main-
tains a more nearly constant elevation above the
floor than his shoulders, but be your.own judge
in this matter. The strike having been determined
and plotted, the dip can be determined.

Standing at the point where the bed
intersects either wall, look toward the simi-
lar point where it intersects the other wall. You
are now looking along the strike of the bed. Now
hold the compass in front of you, turned on its
side so that you can see the clinometer bubble, and
line up the edge of the compass parallel to the
trace of the bed on the far wall. Adjust the level
bubble until it is centered, and read the dip on the
inner dial of the compass (Fig. 1-10). This informa-
tion can be indicated on the map by the standard
geological symbol (Fig. 1-9), a short ‘T’ with the
crossbar parallel to the strike, the short line paral-
lel to the dip, and the angle of dip written beside
it.

If the compass is used to determine the strike
as well as the dip of the bed, fault, or vein, you
take the same position as when measuring the
dip. Stand where the feature intersects one wall
and point the compass toward the point where it

TABLE 1-2.—Abbreviations for common minerals and rocks.

Andesite ... . And Cuprite ... cup Monzonite

Acanthite (argentite) ... ac Dolomite di-dol Pyrite

Arsenopyrite Enargite ... ...en Quartz

Azurite ... Fluorite ... ... Vil Quartz Monzonite

Barite ... Galena ... ... ga-gn Rhyolite ...
Basalt . .. . ... Gangue . o G Sandstone ... ... ...
Bornite .. ... . Gold .. Au Shale ... ...

Calcite ... . Granite ... Gr Siderite

Chalcocite Granodiorite ... ... Gd Silver ... s
Chalcopyrite Hematite . ... he Sphalerite ...
Copper . ... Limonite ... ... li-Im Syenite ...

Covellite __........... Magnetite .. mag Tetrahedrite

Conglomerate Malachite ... mal

Note: By convention, mineral abbreviations are lower case whereas rocks and chemical elements are capitalized.
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FIGURE 1-11.—Plan showing completed geologic level map.

intersects the other wall. Read the direction indi-
cated on the compass dial, turn parallel to a known
direction and read the dial again, and compute
the angle. The strike and dip of sedimentary beds
encountered in the workings of a mine should be
plotted wherever there is a change in their atti-
tude, and for that matter, at least every 100 ft.
even where they seem to retain the same attitude.

The same procedure should be followed in plot-
ting all significant faults and joints in the rocks.
Faults, by definition, are planes of separation in
the rocks along which there has been movement.
As such, any fault is worthy of being mapped.
Joints are breaks or separations in the rock where
there has been no movement (or an immeasur-
ably small one) and, in general, need not be
mapped unless affected by mineralization. Spe-
cial studies of the orientation of joints may be
made in an effort to unravel complex structural
problems, but this phase of investigation should
not be attempted by the amateur.

Faults and veins that have a width of gouge,
clay, or mineralized rock of 6 in. or more can
be plotted to scale. Narrower features must be
shown by a thin line. It is also a good idea to make
a brief notation to the side of the feature on the
map, giving its size and content (Fig. 1-11). Nota-
tions should be abbreviated as much as possible,
both for neatness and space conservation. Al-
though there is wide latitude in the abbreviations
used, the same notation should be used in any one
set of maps. Some commonly used abbreviations

for minerals and rock types are given.

In noting the minerals present in a vein or
other mineralized area, it is more or less conven-
tional to list them in order of decreasing abund-
ance. Thus, the notation 6” qt, py, ¢p, Au would
indicate a vein 6 in. wide composed mostily of
quartz with pyrite, somewhat less chalcopyrite,
and some gold,

In mapping features that parallel, or essen-
tially parallel the tunnel or drift being mapped,
they can be viewed on the back (or roof) of the
tunnel and drawn in any detail desired on the
map.

When mapping, particularly in old workings,
the accumulation of muck on the walls and back
can be a considerable deterrent to accuracy. The
ideal solution to this problem is a water hose
with which to wash down the back and walls so
that the geology can be readily seen. Unfortunate-
ly, such is not always available but a satisfactory
substitute can be made from a pump-tank garden
sprayer of the type used to spray insecticide or
liquid fertilizer on gardens. The sprayer will wash
down a considerable area of workings for each
filling. In workings in weak ground where lag-
ging has been placed ‘skin to skin’, there is little
hope of mapping more than the outlines of drifts
and crosscuts and the location of old stopes, etc.
Although far from ideal, even this information
can be of considerable help in determining the
course and offsets of veins and the location of
high-grade areas along the vein. This is particu-
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FIGURE 1-12.—Plan and section of a raise. (a) Plan showing the bottom of a raise and its top at a distance X, the true
horizontal distance to the left of point ‘A’. (b) Section view of the raise showing the location of the tape measure, the
angle of inclination (60°), and the true vertical distance ‘¥’ from point ‘A’

larly true of old workings, as the ‘old timers’ had
a propensity for following the ore ‘even if it went
up a tree’ as the saying goes, and their workings
will generally indicate accurately the wanderings
of the ore.

Figure 1-11 shows the completed map of a
small segment of mine workings. Note carefully
the different features shown and how they are
indicated.

MAPPING IN RAISES, WINZES, AND STOPES

Raises and winzes can be treated as short
shafts. In general, the mapping of such features
follows a procedure similar to that used in
shafts. There are certain differences, however,
that affect the attitude of the mapper toward
these features. A shaft, if its location has been
carefully planned in advance, will avoid ore as
much as possible so as not to tie up valuable ore
in unrecoverable pillars. Incidentally, the writer
has observed that this seemingly obvious rule of
correct procedure is frequently ignored by the
small-mine operator, presumably because he feels
that he cannot afford the luxury of doing develop-
ment work in waste rock. This is a case of being
‘penny wise and pound foolish’, and in the final
analysis usually proves to be a financial blunder
of considerable proportions. Raises and winzes, on
the other hand, are more often than not designed
to develop ore, and as such, are in or adjacent to
ore or rock showing significant mineralization
throughout most of their course. Therefore the
geology and structure in and adjacent to a raise
or winze are significant to the geologist and
should be mapped. Unfortunately, steeply inclined
or vertical raises (and winzes) cannot be satisfac-
torily portrayed on a plan map. The only satis-
factory means of portrayal is in section view. The
mechanics of drawing section views of mine work-
ings are discussed below.

The method of mapping in raises and winzes
is little different from that already discussed in

regard to levels, albeit somewhat less convenient.
The tape measure is stretched up the raise from
a point established at its base. Its direction is
determined by turning the angle from a previously
determined point, and its inclination is measured
by use of the clinometer. The correct position of
the top and bottom of the raise can then be plot-
ted on the map by calculating the true horizontal
and vertical dimensions as was done in Figure 1-4.
(See Fig. 1-12a,b for detail on raise map.)

The outline and geology of the raise can then
be mapped, using essentially the same procedure
as with level mapping. The drawing can be placed
off to the side of the main level workings on the
working map sheet, or properly placed in section
view position (see section on construction of sec-
tions), at the mapper’s discretion. In an irregular
raise, the distance from the tape to the hanging
wall and footwall are measured at regular inter-
vals, and the geology plotted (Fig. 1-13) just as in
level mapping except that a map of one wall is
produced instead of a map of the back.

In a raise that ‘holes through’ into higher ac-
cessible workings, an additional benefit is gained,
as the juncture provides a point where the accu-
racy of the mapping in the two levels can be check-
ed. In general, it will be found that the location of
the top of the raise as determined from the map of
the level below does not quite agree with the loca-
tion determined from the level above. If the differ-
ence in apparent location is large, then a serious
error in mapping procedure is indicated, and the
work should be checked carefully to discover and
correct the error. If the error is only a foot or so it
is usually safe to assume that roughly half of the
error occurred on each level map. Thus, the map
of each level is corrected (fudged, to be com-
pletely honest) so that they agree upon the loca-
tion of the raise at a point halfway between the
two derived locations. The error produced by fol-
lowing this procedure is generally insignificant.

The philosophy of mapping stopes is some-
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what different from that involved in mapping
raises. In some respects, a stope can be consid-
ered as a raise that is extended along the strike
of the vein. Mapping the stope, however, may
or may not be an extension of the procedure used
in a raise, depending somewhat upon the geology
of the ore body involved.

Either of two methods of stope mapping may
be followed. (A third, actually a construction
produced from the maps already made, is de-
scribed in the section on longitudinal sections.)
The first method of stope mapping is to make a
series of section maps of the stope at regular inter-
vals along its length, just as was done for a raise.
The alternative method is to draw a series of
plans, one for each floor of the stope
from the sill upward. In a simple vein either
procedure will suffice. In complex veins some bene-
fit may be derived from choosing one method in
preference to the other. For example, horsetail-
ing or splitting veins that tend to split off to the
right (or left) of the main fissure can usually be
shown to best advantage on a series of horizontal
plans of the stope floors. Conversely, a vein that
tends to split in the vertical dimension can best
be shown on vertical sections. A condition of this

13

FIGURE 1-13.—Vertical section showing geology in inclined
raise,

latter type is illustrated in the raise map (Fig.
1-13).
The procedure for mapping stopes in vertical
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FIGURE 1-14—Methed of offsetting stope floor plans.



14 GEOLOGY FOR THE SMALL MINE — F. N. EARLL

A N
/&9\ \<‘t
= T T TR B
//,C —————— A -y
2 o
S 200
= -
~ 1
e Q@
g [72]
® ®
> >
g 3
o 100’
o 1
o &
- <t
Section view Pign view

FIGURE 1-15.—Construction of a geologic cross section.

section is identical with that described for the
mapping of raises. Sections should be drawn at
regular intervals along the length of the stope.
The interval chosen is somewhat a matter of choice
and may range from 5 ft. in small, complex, high-
grade ore bodies to 100 ft. in large, relatively sim-
ple ore bodies. Completely satisfactory stope maps
can only be made as the stope is developed and
mined, while the evidence is still there to be ob-
served. Carefully drawn outline maps of old stopes
are frequently of great value, however, and always
are worth taking the trouble to map if it can be
done safely.

In mapping stopes in a series of floor (or level)
plans, the vertical (sometimes slope) interval is
usually established by the position of the floors
themselves, and is usually 10 ft. First the true
position of a point at one end of each floor must
be determined. A nail (with numbered tag) in a
stull near either end of the stope will serve. Its
location is determined by taping to the level below
or to the next lower floor of the stope. The
individual floors are mapped just as were the
drifts and crosscuts of the level below. The geo-

logy of the walls is plotted, and that of the back
directly above the mapper is projected to waist
height (provided, of course, that mapping is done
as the stope is mined). In old stopes only the walls
and ends can be mapped, together with the gross
outline of the stope. One additional complication
obtains in the case of vertical and steeply inclined
stopes—the floor plans of the stope, when plotted
on the map, may completely or partly overlie one
another if drawn in their true position. This dif-
ficulty can be overcome by distorting the hori-
zontal scale perpendicular to the strike of the
vein. In other words, each floor plan is offset to-
ward the footwall by some even multiple of its
true offset. This procedure is illustrated in Figure
1-14a, b, c. Note that the map indicates a scale
distortion. This is necessary not only for the con-
venience of others who may have occasion to use
your map, but also because your own memory
may not be as infallible as you choose to think.
The writer has revisited locations (to check on
some feature that should have been noted on an
earlier visit) enough times to have developed
something of a mania for getting all of the infor-
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mation on the map at the time of mapping. The
return visit can be sufficiently exasperating if the
location happens to lie at the top of a mountain.
In underground workings the need for original
completeness is even more pressing, as the work-
ings may no longer be accessible by the time
the need for additional information is recognized.

Mapping of underhand stopes is no different
than mapping in stopes located above the sill.
Their only additional significance lies in the fact
that by their existence they usually provide evi-
dence that ‘somebody goofed’. In the ‘old days’
when miners worked for a dollar a day and
‘found’ there may have been occasional justifi-
cation for the infamous underhand. Today, with
our ever-increasing production costs, justification
is well-nigh impossible.

CONSTRUCTION OF LONGITUDINAL AND
CROSS SECTIONS

The drawing of sectional views of mine work-
ings and their geology is a relatively simple pro-

cess once the fundamentals are understood. The
section view is what you would see if you could
take a huge knife and cut down through the rocks,
separate the two halves, and look at the surface
produced by the cut. Two types of sectional views
are useful in geological interpretation: (1) the
cross section, which is generally drawn on a ver-
tical plane cut at right angles (90°) to the strike
of the ore-bearing structure, and (2) the longitu-
dinal section, which parallels or nearly parallels
the strike of the ore-bearing structure. For very
small mines, the sectional views can be placed
directly on the level map sheet without causing
too much confusion. For moderate-size to large
mines it is best to draw section views on separate
sheets.

Figure 1-15 illustrates the construction of a
cross section of a small mine developed on two
levels. The construction lines that determine the
positions of the two levels on the section view
are shown as light dashed lines. Note particularly
the position of the intersection of the vein and
the fault. The fault intersects the plane of the sec-

{(a) Plan view

//// 010 50 lq.o'

() Section view

FIGURE 1-17.—~Plan and long section of three levels of a mine,
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tion north of the upper (100 level) drift, and at an
angle to the plane of the section. Because of this
angular intersection, the section does not show
the true dip of the fault but rather what is called
an apparent dip. That is, the angle of intersection
of two sloping planes not at right angles to each
other is shown. To determine either the true or
apparent dip when the other is known, the reader
should refer to the chart of apparent dips (Fig.

The vein, which intersects the plane of the
section at right angles, retains its true dip (70°)
in section view. The fault, which intersects the
plane of section at an angle of 46°, has a true dip
of 62°, but the section view shows an apparent
dip of 54°.

Choosing the location for cross section views
of a mine requires some consideration of the exist-
ing conditions, structures, and information avail-
able. As a general rule of thumb, to do a thorough
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FIGURE 1-18.—Chart for determining apparent dip of structures for cross sections. To use chart, first locate the angle
of intersection of the two planes on the scale along the left hand margin of the chart. Follow this line to the right
until it meets the vertical line from the correct (true) dip angle. Read the apparent dip on the nearest curved line.
If the point of intersection falls roughly halfway between curved lines, the intermediate value is indicated, e.g., a
fault that dips 61° intersects the plane of section at an angle of 30°; its dip, in section view, will appear to be 42°,
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job a section should be drawn approximately
every 100 ft. along the strike of the vein structure.
From the engineering standpoint it is desirable
to have sections drawn at even intervals through-
out the mine, but it is also desirable to draw sec-
tions where the greatest possible amount of infor-
mation is available and where the greatest gain in
understanding of the structure will result. A small
mine usually lacks the extensive development that
will allow the construction of satisfactory sections
wherever desired. It is probably best, therefore,
to restrict cross section construction to those
locations where the available information is suf-
ficient to allow construction of an accurate section
regardless of spacing. Note also that the location
of the plane of section is clearly marked on the
level map so that level and section views can be
related to each other easily.

Figure 1-16 illustrates a more complex struc-
tural situation in plan and sectional view. Note
that although two veins are indicated at the 100
level, they are actually splits of the same vein
and no money need be spent in crosscutting on
the 200 level in search of a second vein.

Longitudinal sections are sections drawn paral-
lel or nearly parallel to the vein or ore structure,
and one longitudinal section should be drawn for
each vein in the mine. The long section should be
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drawn along a straight line regardless of minor
variations in strike of the vein. No vein runs per-
fectly straight for any extended distance, hence
a slight distortion will result, but, in general, this
is far better than ‘bending’ the section to parallel
the vein perfectly. Where there is a major change
in the strike of a vein, it is all right to bend or
‘dog-leg’ the section, but this writer would recom-
mend that you resist the temptation to do so
unless absolutely necessary.

Figure 1-17 shows the plan and long section
views of a mine that is developed on three levels.
Note that although the plane of the section ac-
tually parallels the dip of the vein, the levels are
drawn at their true vertical distance from each
other. That is, the 200 level is shown 100 ft. below
the 100 level rather than the true dip distance
between them of 110.3 ft. This is a deliberate
distortion that is made to facilitate the estima-
tion of ore tonnages and will be explained fully
in the section dealing with ore reserves.

An additional benefit derives from distorting
the vertical scale of the long section. Apparent
dips of cross structures, such as the fault shown
crossing the vein in Figure 1-17, can be determined
from the chart of apparent dips (Fig. 1-18). This
is easier than following a far more complicated
system for determining apparent dips on an in-
clined sectional plane.
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FIGURE 1-19.—Plan map of small pit with two benches, showing survey control and tape locations for mapping.
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GEOLOGIC MAPPING FOR OPEN-PIT MINES

The small-mine operator should be cautious
about open-pit operations. Only a few metallic ore
bodies are amenable to open-pit operations.
Certainly there are large economies in-
herent in the open-pit method, but only if the
ore body is amenable to this type of exploitation
and cnly if the operation is carried out properly.
The requirements are simple. The deposit must be
large enough to pay for the heavy machinery used
in mining and still show a profit. That does not
mean that it ‘locks’ large, or that you ‘think’ it
will be large, but that it is known to be large—
at least large enough to break even on the initial
investment. This usually means a drilling program
as a first step in development. It must be wide if
steeply dipping, or shallow if more or less horizon-
tal. The term ‘strip mining’ is commonly applied to
mines that exploit a more-or-less horizontal ore
body. Many iron, coal, and clay deposits are mined
in this way, but few could be considered small
mines. From a mapping standpoint, a strip mine
can be treated as a pit with only one or a few
benches or levels.

In most open-pit operations, the amount of
waste that must be removed to recover one ton
of ore increases with each foot of depth. If the
ore body is narrow, no matter how rich it may be,

the pit must be abandoned at shallow depth and
the ore mined from underground. It is a common
sight to see veins that have been open pitted
(actually trenched) to a depth of 30 or 40 ft. and
then mining has continued from underground. In
most cases, careful study will show that this dual
mode of operation has actually cost more in the
long run than it would have cost to mine the
entire vein ‘to the grassroots’ from underground.

Because, in theory at least, the location and
grade of the ore body should be established
through exploration techniques before open-pit
mining begins, some might question whether geo-
logic mapping of the mine as it develops is really
necessary or desirable. Although it is true that
in some limiting cases such maps prove to be of
only scientific or historical interest, this does
not seem to be the general rule. The reason for
this lies in our inability to foresee the innumer-
able ways in which nature contrives to invalidate
our predictions. Modern techniques of ore body
evaluation have proved effective in establishing
the gross volume and grade of ore but woefully
inadequate at predicting the distribution of values
within the mass on a scale suitable for day-to-day
mining. As a result, most open-pit mines are in a
constant state of redesign. Geologic mapping is
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always an aid in predicting the day-to-day scale
distribution of ore and waste, and may well be
crucial if a major reorientation of pit design
becomes necessary.

The mapping of open-pit mines is both simple
and complex. The actual geologic mapping is
relatively simple, geology being beautifully ex-
posed on the series of slopes of the pit. Unfor-
tunately, the survey control for the map is less
simple. In fact, there is no really satisfactory way
to map an operating open-pit mine with Brunton
compass and tape measure. One consolation lies in
the fact that an operating open pit of any reason-
able size should be able to afford the luxury of a
staff surveyor and helper. If it cannot, there is
just cause to question the feasibility of continued
operation.

For very smali pits, employing possibly two or
three men, compass and tape measure traverses
will suffice for the survey. In general, it can be
assumed that the mining will not proceed so
rapidly as to move the benches before their loca-
tion and geology can be plotted by this somewhat
slow and inefficient method.

First a base point must be located, one that
will not disappear in the course of subsequent
mining operations. An ore-loading bin or dock
is a likely spot, or if ore is loaded directly in the
pit, possibly the field operations shack will serve.
It should be a point with a fair view of the pit,
although, if this proves to be impossible, it is
always possible to start actual mapping from a
secondary point located a known distance and
direction from the primary point. Such a secon-
dary point can be temporary and can be changed
from time to time as mining operations require.

To start mapping from a primary point, or
some more or less temporary secondary point, the
engineer selects a bench (or level) that is to be
mapped. He stretches the tape along the bench,
in a direction determined by the compass. The
distance and direction are recorded on the map
sheet to scale (Fig. 1-19). The tape should follow
along the inner edge of the bench, or where the
bench and adjacent slope meet. This is the proper
location for mapping.

When you survey, you will find that there is
usually an accumulation of ‘talus or debris at the
base of the slope. It may be necessary to stretch
the tape along the top of this deposit several
feet above the bench level. Any error introduced

MAP MATERIALS,

Several satisfactory materials are available for
map sheets and cross and longitudinal section
sheets. The most commonly used material is
drafting linen, a fine-woven starch-impregnated
cloth. Maps drawn on linen, if properly handled
and stored, will last for many years and can be
reproduced on different weight papers at nominal
cost. Good tracing paper can also be used. It is

into the map by this fact can usually be ignored.
The geology of the bench should be mapped as
the survey progresses; first, because the tape
measure is already in place in a known location
so that features can be plotted without relocating
them; and second, because during the original
survey the geology is still there to be mapped. By
the time the entire pit (even a small one) has been
surveyed, some of the rock is likely to have been

loaded and shipped away, so map it while you
have the chance.

After establishing the location of the tape on
your map, sketch in the ground line or face of
the slope as accurately as you can. Following this,
start to plot geological features. This process is
identical to that used underground in a drift or
crosscut, except that you will have only one
wall to refer to. The other wall may be hundreds
of feet away, and direct correlation of features
from one side to the other will generally have to
be deferred until mapping of the entire bench is
completed. Usually, geological features (faults,
veins, beds, etc.) are shown extending for a short
distance on each side of the ground line. Avoid
extending them too far behind the ground line,
not only in the interest of accuracy, but because
they may interfere with later mapping of a new
face. Perhaps obviously, all notes, etc., should be
placed on the pit side of the ground line, for other-
wise they may have to be relocated later as
mining continues (Fig. 1-20).

Pits developed to mine horizontal or nearly
horizontal ore bodies (e.g., coal, bedded uranium
deposits) require only two or three benches, one
in ore and one or two in the overlying waste. The
map of this type of pit can be made on a single
map sheet, the map of the waste benches being
superfluous from the geological viewpoint (not so
from the engineering viewpoint). The weekly (or
monthly) advance is simply mapped as an exten-
sion around the perimeter of the original map. In
mapping multi-level pits in ore bodies that have
considerable depth, it is better to have one map
sheet for each bench or level. The maps are drawn
on semi-transparent material (see chapter on map
materials) and when they are placed one on top
of the other with a strong light below them, the
entire pit can be viewed at once. As mining prog-
resses and the benches are mined back, the ad-
vance on each bench is plotted on the map sheet
for that level.

CARE, AND STORAGE

emphasized that a 100 percent rag paper such as
‘Albanene’ be used, however. Cheap tracing paper
will discolor and become brittle in a relatively
short time. A relatively new map material is Mylar
film, a clear plastic material that is roughened
slightly on one or both sides so that it will take
pencil or ink lines. This plastic film has several
advantages over other map materials. It is trans-
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parent and thus facilitates making copies of the
original map when desired; it resists wrinkles, is
virtually impossible to tear, and is not affected
by spilled water or erasures.

For work sheets, whether for underground or
surface mapping, a heavy water-resistant paper
is probably best. This material can be purchased
at most office supply stores. Mylar film can also
be used, taking advantage of its weatherproof
surface, but bear in mind that the pencil lines on
the map are far less durable than the film. Special
pencils may help to overcome this problem, but
they don’t entirely eliminate it.

Office copies of all maps and sections should
be inked. In time a pencil line will become smudg-
ed and faded no matter how carefully the map is
handled; and this gradual process of attrition of
the pencil lines usually manifests itself as a
smudge on the next higher sheet in the stack. This
is particularly true of colored pencil, but black
pencil lines also smudge. As a result, given suf-
ficient time, you not only lose the original pencil
line, but the map sheet itself becomes so smudged
that it is difficult to make satisfactory tracings
or reproductions of the original. Inking should be
done carefully with high-quality drawing inks,
which are available at all school and art supply
stores.

The original work sheets are drawn in pencil.
Some care should be exercised in selecting pencils
for this purpose. For black pencils 4H or 5H are
best; that is, hard enough to retain a sharp point
for a reasonable length of time, yet soft enocugh
to make a dark, easily seen line. Colored pencils
should definitely not be of the water-soluble
variety, for obvious reasons. The harder the better,
and fine-line rather than thick, heavy-centered
pencils are preferable, as they retain their point
better.

Some sort of notebook or clipboard must be
used to hold map sheets while you work and to
serve as a portable drawing board in the mine. A
covered spring-back aluminum clipboard of the
size designed to hold 814 x 11-inch note paper has

been found satisfactory. A small piece of wet-or-
dry, cloth-backed sandpaper glued to the cover
makes an excellent pencil sharpener. Another use-
ful addition is a large piece of blotter attached to
the inside surface of the cover. This allows the
map sheet to be dried off simply by closing the
cover.

Once having gone to the work and expense of
providing a good set of maps for a mine, the
reader will recognize the importance of proper
care and storage of maps. First, of course, they
must be kept dry, whether at the operations office
at the mine or in an office in town. The storage
place should not be too hot, however. This is par-
ticularly true if tracing paper is used, as excessive
heat will tend to dry the sheets, making them
brittle and subject to tears. Secondly, the time-
honored practice of rolling maps should be avoid-
ed at all cost. Not only does this practice lead to
difficulty in keening the map flat when in use,
but the constant flexing as it is rolled and unrolled
weakens the material, increases the danger of
producing wrinkles and cracks, and over a period
of time, tends to cause drawing inks to flake off.
A wide-drawer cabinet is the best storage place.
A cabinet of several shallow drawers is preferable
to one with a few deep ones, as the fewer map
sheets that must be gone through to select the
map desired, the less wear and tear there will be
on individual sheets. A good indexing system is a
great help if many map sheets are involved, as
the particular drawer where the map is stored can
be easily determined. :

Finally, size is an important factor. Few small
mines will have need for map sheets larger than
24 x 30 inches. If the workings are more extensive
than can be accommodated on a sheet of this size,
two or more sheets can be used. Large map sheets
are always a source of exasperation to the user.
They are hard to handle, easy to wrinkle, and the
location of interest seems always to be as far
from the viewer as possible. It is far better to
have portions of the workings on each of several
sheets than to have to climb on the table top to
find the location that is of interest.

USE OF GEOLOGIC MAPS IN MINE DEVELOPMENT AND OPERATIONS

There would be little point in producing geo-
logic maps and sections of a mine if no benefit
were derived from them. Every major mining
company in the world retains geologists who are
charged with the responsibility of maintaining
accurate, detailed, and up-to-date maps of their
mines. All this attention to mapping and geology
is not simply philanthropic. Large companies
sometimes make charitable donations, but not to
their own operations.

The uses of geology and the geologic maps
and sections of a mine or mining district fall into
three categories: (1) in the calculation of ore
reserves and production control, (2) in mine lay-

out and planning, and (3) in exploration for addi-
tional ore on a local or regional basis.

The calculation of ore reserves is the subject
of the following chapter, where it will be taken
up in detail. One facet of ore-reserve calculation,
however, is more properly considered under the
heading of production control and is discussed in
the present chapter. Production control is itself a
two-phase operation, the first being the main-
tenance of ore reserves for future production.
Obviously, if new ore is not developed as rapidly
as previously developed ore is produced, the mine,
no matter how encouraging the profits may seem
at the moment, is a declining business. Conversely,
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if new ore is being developed at a rate greatly
in excess of current production, the mine is still,
technically, in a decline. This derives from the
fact that the process of overdevelopment, unless
designed to coincide with a planned increase in
production rate, causes production and mainten-
ance costs to increase at a constantly accelerated
rate. Soon, unless overdevelopment is curtailed,
the ore that is being mined is no longer ore in
the technical sense of the word. That is, it is not
being mined at a profit. The ideal that every mine
operator should attempt to achieve is to develop
one ton of new ore for every ton of ore mined. Of
course it is virtually impossible to achieve this
ideal exactly, but every effort should be expended
in the attempt. With careful planning, most opera-
tors will find that they can come within
10 percent of the ideal, and the rewards
for so doing are indeed great. Not only will the
operator enjoy the peace of mind that comes with
the assurance of continued operation in the imme-
diate foreseeable future, but he will be secure in
the knowledge that development expenditures
have been kept at a minimum consistent with con-
tinued operation.

Maintaining reserves on a ‘ton for ton basis’ as
it is called, is not a particularly complicated pro-
cess. In a properly run operation it requires that
ore blocks already found or indicated by the ex-
ploration program be ‘moved’ from the ‘prob-
able’ or ‘possible’ ore category to the ‘proven’ or
‘net mineable’ classification as other blocks are
mined out. This means driving the necessary level
headings, raises, etc., to outline the extent of the
block accurately; to allow close estimate of its ton-
nage and grade; and to prepare it for immediate
production when needed. All this should be done
at a rate as nearly equal as possible to the rate at
which previously prepared blocks are being mined.
The methods of calculating the tonnage and grade
of blocks are covered in the next chapter; those of
developing and mining, in the section on Mining
Methods; those of maintaining adequate ‘prob-
able’ and ‘possible’ blocks in advance of the
development program will be discussed later in
this section.

A second phase of production control involves
long-range planning to maintain at least reason-
ably constant ore grade. It is pretty generally
known that large companies go to considerable
lengths to maintain a constant mill-head grade
of ore going to their mill or smelter. It is not so
commonly recognized that the small-scale operator
might well do the same. There are several reasons
for this, the most immediate and obvious one
being that a ton of high grade shipped will almost
invariable leave behind it one or more tons of
low grade that are unmineable once the high grade
is gone. When mined and shipped together, not
only is the value of the high-grade ore received,
but such valuable minerals as are contained in
the low-grade ore are recovered as well. As a gen-

eral rule of thumb, it usually turns out that the
best grade to mine is that grade that will just
produce a reasonable profit per ton. Of course,
this means that production will have to be greater
to provide a given profit per month. In the final
analysis, however, the mine will operate longer and
show a greater earning over its lifetime than it
will if stripped of its high-grade ore in the race
for quick profits. Then too, one of the most com-
mon complaints heard from the small-mine opera-
tor is that he is getting a rough deal from the
smelter; that he is not getting paid for all ‘values’
contained; that treatment charges are too high;
and that penalties are too severe and credits too
small. The first of these objections usually re-
flects ‘poor sampling on the part of the opera-
tor (see chapter on Calculating Reserves).
The ore shipped is not as rich as he
thinks. For the other, the writer can only sug-
gest that the operator try providing the smelter
with a regular flow of ore of relatively constant
grade. It is just possible that he will find that his
business is welcomed somewhat more enthusias-
tically. Remember, you are now a salesman and
it is up to you to make your product attractive
to the customer.

The matter of using geology in mine layout
and planning is properly a phase of mining engi-
neering and is covered in a later section of the
manual. Basically, the problem is to lay out the
mine as simply as possible, as conveniently as
possible, and at the lowest possible cost both
initially and subsequently. The first two factors
require a knowledge of the ore and its occurrence;
the structural factors that control ore locations
and grade; the geometry of the deposit—that is,
the known or probable positions of ore bodies,
lenses, or shoots. The third, that of initial and
subsequent cost, demands a knowledge of the
geology and structure not only of the ore but of
surrounding areas.

We have all heard the statement that
a straight line is the shortest distance be-
tween two points. In mining, although the state-
ment is still technically true, the straight line
may not be the ‘best’ distance between two points.
Granted that a short, straight crosscut, or a shaft
collared directly above the ore may be the short-
est route to the ore, it is very likely to be an
expensive mistake. Shafts and haulageways are
semi-permanent openings in the mining operation
and it is often far better to go the long way around
in hard, firm ground than a short distance
through faults, brecciated rock, or heavy ground.
Even though the distance is greater and the initial
cost of drilling and blasting may be greater, far
better this than to require constant repairs and
retimbering over a period of years, or worse yet
to lose the heading or shaft entirely because of
caving. The mining engineer uses every scrap of
geological information he can find (from your
maps and sections) to lay out the workings so as
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(plan view)

FIGURE 1-21.—En echelon veins. Note that although blind crosscutting has located the third ore shoot, the second in the

series was missed.

to avoid major structures and bad ground, and
if this should prove impossible he will make every
effort to cross such structures at right angles so
as to minimize the footage that can be expected
to be troublesome in the future. He will also take
a close look at the geologic map in an effort to
foresee heavy influx of water and other poten-
tially dangerous situations. For example, in mines
that have had an earlier period of operations, ade-
quate maps of old workings may prevent a seri-
out accident such as might result from unexpected
breakthrough into an old water- or gob-filled
stope. Contacts, especially those between igneous
and sedimentary rocks, and faults and fault zones
frequently serve as channels for ground water.
Faults with heavy clay on one or both walls may
hold back water under tremendous pressure head
until they are breached by an advancing tunnel,
raise, or other opening. If such a condition is an-
ticipated, long steel can be used to test the ground
well in advance of current work, thus possibly
preventing a fatal accident. Even without the con-
sideration of accident, it is well to anticipate such
major problems so that the necessary pumping
or drainage facilities will be ready, or for that
matter, to allow time to weigh the cost anticipated
against the amount of ore likely to be developed
and make a sound decision as to whether the
heading should be continued or not.

Finally, there is the matter of exploration for
new ore, and here geology comes into its own. On
a gross scale, geology determines what the ore
structure is, whether fault fissure, sedimentary
bed, igneous contact, or what have you, and where
it is located. In general, it does not take much
of a geologist to determine these facts. Veins or
ore bodies that are ore from top to bottom and
from end to end are rare, however, and for
all practical purposes they can be regarded
as nonexistent. The trick, then, is to find out
where the ore shoot is in the ore structure, and
more important, why it is there, so that other ore
shoots can be sought intelligently. If there is more
than one ore-bearing structure, where are the oth-
ers, how many are there, and what relationship do

they have to one another? If the ore is displaced
(faulted), where is the displaced portion? If only
the structure is displaced, where is the extension,
and is there likely to be ore in it when and if it is
found? Finally, what will the ore be like 100, 500,
or 1,000 ft. farther down? Will there be ore at
all, will it be high or low grade, will it be of the
same or a different metal? All of these questions
are asked of the geologist, although the answers
are not always forthcoming from available infor-
mation. Certainly, the more information that is
available, the greater the chance of a satisfactory
answer.

The first step in utilizing geology in planning
exploration is careful study of the vein structure
in present and past workings. This calls for care-
ful mapping of the structure and study of the
resulting plans and sections. Look particularly for
parallel vein segments and false footwalls and
hanging walls. Often the existence of both foot-
wall and hanging-wall veins is known, but though
one is rich the other may be lean. It is well to
check the lean vein from place to place anyway.
As the ore pinches down in one vein it may be im-
proving in the other. The stories are legion of
footwall or hanging-wall veins that parallel the
known vein only a few feet away, but were found
at a later date after the mine had passed from
the hands of the original owners. Not all of these
stories are legends. The writer has had occasion
to see several such situations. Careful study of
vein geology will frequently point out the exist-
ence or possibility of such parallel features. Some
veins are knife sharp and simple, but most are
complex on a detail scale, a maze of pinches,
swells, splits, and breaks. Vein splits are of espe-
cial interest, for although they may just tail out
to nothing, they may, conversely, be feeders in
an en echelon system (Fig. 1-21). It is impossible
to estimate how many such structures have been
missed in small mines, but the number that have
been found in mines employing careful mapping
as an aid to exploration suggests that there have
been many. Even with careful mapping it is a
good rule to drill fairly long holes into the walls at
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FIGURE 1-22.—Block diagrams of fault displacement, vertical movement.

regular intervals along the vein as a standard
procedure. The cost is small and the possible
return can be tremendous.

Next, all known ore shoots should be carefully
studied. It has been said that any ore body is a
miracle of considerable magnitude. By and large,
the elements are more or less evenly distributed
throughout the earth’s crust. That they should
be concentrated at all, locally, is a phenomenon
that bears careful thought. Most mines are devel-
oped on ore structures that are measurable in
terms of miles, yet the ore is usually more conve-
niently measured in terms of feet, or at most hun-
dreds of feet. It hardly seems necessary to state
that there must be a reason why the ore is located
precisely where it is. To state this obvious fact
is easy, but to discover the cause of localization
is far more difficult. As a matter of fact, innumer-
able ore bodies have defied logical explanation
for generations, yet it is still well worth the effort
to try to uncover their secret. A few common ore
localizers are worth looking for: (1) cross frac-
tures, which may be major structures in their own
right or so small that they are detected only by
the most meticulous examination, yet study may
prove that ore occurs only at points along the
vein where they occur; (2) flattening or steepen-
ing of the dip, again the variation may be such
that it is easily recognized or so slight that it is
detected only after careful construction of maps
and sections, or careful measurement in stopes;
(3) variations in strike, which, like variations in
dip, may be of any magnitude; (4) change in wall-
rock lithology. Hardly anyone would fail to recog-
nize the change as a vein passed from igneous
to sedimentary rocks, but the change need not be
so obvious. An apparently monotonous expanse
of limestone may be slightly more dolomitic
locally; there may be a change in type or degree

of cementation of sedimentary grains, or there
may be a minor change in mineralogy of rocks
adjacent to the vein. Note that although it would
be nice (and it is the geologist’s constant endea-
vor) to understand why some such feature
has localized ore, it is not always necessary to
know the why to make use of the observation.
For example, if it is observed that ore shoots are
restricted to points where the vein flattens slight-
ly, a search for new places where this is likely to
occur (use of cross sections) may be rewarding
even though the reason for ore accumulation in
these flats may be (and usually is) a subject for
heated debate.

Where two or more shoots have been devel-
oped or mined out in a mine (and this applies
particularly to mines with extensive old workings)
the location, size, and shape of old ore shoots can
conveniently be plotted on longitudinal sections
and their shape, plunge, and relation to each
other can be studied. In an ideal case it might be
noticed that individual shoots lie en echelon in
position (that is, adjacent and either higher or
lower than the last one). Such an arrangement
provides a better-than-average target for future
exploration. Even without this ideal space rela-
tionship, study of size, shape, and plunge may
provide valuable information on the direction and
extension that new ore will have when it is found,
thus facilitating development and estimation of
reserves. In some cases, there will be no imme-
diately apparent relationship between the several
shoots, but careful study may uncover an unex-
pected relationship. Some examples follow: (1)
study of vein thickness may disclose that most
high-grade shoots lie directly below noticeable
pinches in the vein structure; (2) study of min-
eralogy may show that some mineral (possibly a
minor accessory that has no value of its own)
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either appears or disappears as you approach
ore; (3) study of stope assays may show
that an increase or decrease in some minor ele-
ment is a harbinger of ore; (4) in some places
careful mapping and study has shown that where
two or more shoots were thought to exist, actual-
ly the ore occurs as a rich ‘halo’ surrounding a
large horse of waste. The knowledge that ore is
restricted to the margins of waste blocks of a
certain character can completely alter the philoso-
phy of exploration and development.

Faults provide many of the knottiest problems
that face the geologist. Mines that are unaffected
by fault dislocation are virtually unknown, and
some districts have become world famous for the
complexity of faulting that has been encountered.
The first step in the solution of a faulted vein
or ore body is careful scrutiny of the level maps
and sections. If they have been drawn carefully
and in detail they may offer a clue to the direc-
tion of movement. Even though a large fault of-
fers little in the way of clues, small offsets on
minor parallel faults nearby may show that all
faults of a given set have had similar movement.
It is then a good bet that the large fault, if paral-
lel to the smaller faults, will have moved in the
same direction. It should be noted that just be-
cause the exposed vein is offset in one direction
by a fault it does not necessarily follow that the
fault movement has been horizontal and in the
indicated direction. Vertical movement, when on
a fault that cuts an inclined vein, can cause a dis-
placement that appears to be horizontal on casual
examination (Fig. 1-22). If the problem is only to
crosscut to get back on the vein structure this
subtle difference in manner of displacement is
purely academic, but if the problem is to locate
the displaced segment of an ore shoot, it may be
critical to determine exactly what the true dis-

placement has been. We speak of a fault that has
been displaced horizontally or directly along the
strike of the fault as a strike-slip fault (may also
be called a right or left lateral fault, depending
upon whether the block on the far side of the
fault plane has moved to the right or left of the
observer). A fault that has moved vertically, or
directly up or down the dip can be called a dip-slip
fault (or alternatively, a normal or reverse fault
depending upon whether the hanging wall has
moved down or up relative to the footwall). In
nature few faults are either entirely strike-slip
or dip-slip, but rather the true displacement (net
slip) has both strike-slip and dip-slip components.
Combinations of strike- and dip-slip movement
can create interesting problems in fault solution
(Fig. 1-23). Note that although the vein is thrown
40 ft. to the left, the ore shoot has actually moved
40 ft. to the right and 100 ft. upward. The differ-
ence from an operational standpoint is too clear
to require comment.

Careful examination of plans and sections may
disclose no solution to the fault problem. The
next step, in an old or established mining district,
is to check on known displacements at nearby
mines. Most parallel or near-parallel faults within
the district will have had similar movement. Again
a word of caution is in order. Although the above
rule of thumb will work in most cases, there are
just enough exceptions to the rule to make any
new fault an interesting phenomenon. Perhaps
the best rule in dealing with any fault is to avoid
overconfidence,

Finally, if the fault still resists solution, there
is another simple procedure that has produced
excellent results (McKinstry, 1948, p. 348). This
method involves plotting all known information
concerning the two sides of the fault on separate
sheets of tracing paper. One sheet would have
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all workings, veins, faults, contacts, rock types,
etc., known to exist on the hanging-wall side, and
the other would be similarly constructed for the
footwall side. Obviously, the more information
that is available the better the chance of success.
The two sheets are then superposed in their pres-
ent relative position and then moved until like
features on both sides of the fault plane match as
closely as possible. The amount and direction of
movement needed to provide correlation can then
be determined.

If the fault problem resists all three methods
of solution, it is safe to assume that this fault
is not for you, and professional help is indicated.

The question of whether cross-faulting is post-
mineralization or pre-mineralization is frequently
raised. That is, did fault movement occur after
the ore was emplaced or before? Although this
problem is frequently studied and argued at great
length, from a practical standpoint the only dif-
ference is that if the fault is post-mineralization,
you will search for the displaced segment right
now; if pre-mineralization, you may wait until
next month. The philosophy is this: if ore is cut
off by a post-mineralization fault, you will find
the ore when you find the displaced portion (un-
less, of course, it has been moved up above the
present earth surface or so far down as to be
unmineable). If the ore is cut by a pre-mineraliza-
tion fault, the ore-bearing structure will be
found in the displaced segment but it may
or may not contain ore. Although there is less
certainty of finding ore in the displaced segment,
the structure cut off by the cross fault carried
ore, and any prudent operator is going to want
to locate and test the extension sooner or later,
although such exploration may not be given first
priority.

Changes in ore mineralogy upon passing from
the oxide to the sulfide zone, and with increase
in depth or extension along the strike within
either zone, is an ever-present ogre that stands
between the operator and complete peace of mind.
Such prediction is always a tough problem, even
under the best of conditions, and in general, calls
for the services of a specialist. Even profession-
als display a perversity for sprinkling their opin-
ions with ‘ifs’, ‘ands’, and ‘buts’. This moral weak-

ness is not surprising when you stop to consider
that the literature on the subject, when layed end
to end, would stretch very nearly from here to
eternity, yvet all of it can be summarized by the
statement that we still do not know what causes
many of the mineralogical changes that occur in
ore deposits.

The much-dreaded change when the oxide ores
are depleted and the mine must begin to mine
sulfide ores is by far the most predictable. The
clues are usually to be found through careful ex-
amination of the oxide ore. Bits of relict sulfide
within the oxide grains will indicate what the
original mineral was, or if none such remain, relict
or ‘ghost’ structures or textures may offer suf-
ficient clues. Such study usually requires the use
of a microscope and perhaps chemical tests as
well, and will generally call for professional ser-
vices. Within zones, particularly within the sulfide
zone, there are general rules of thumb that apply
to many districts and which find corroboration
through laboratory studies. Here, it would be
better to seek professional help if the problem
is pressing. In some districts, one or more mines
may be developed sufficiently in advance of the
others that they may provide evidence of what is
to come for their neighbors. It is not safe to as-
sume that one mine will have the same changes in
mineralogy as its neighbor, but it is generally true
that similar changes will take place and at roughly
the same depth.

Finally, ‘geologizing’ a mine calls for a good
deal of philosophy or ‘dreaming’. After all, the
geologists’ eyes cannot penetrate solid rock any
better than anyone elses. The trick is to prevent
those ‘dreams’ from getting out of hand. The pro-
fessional geologist, in spite of his dreaming, is
usually a chronic pessimist (because he is aware
of the problems and pitfalls, the hard facts of his
science). The owner-operator of a mine, converse-
ly, is almost always an indefatigable optimist (be-
cause he must be if he is to retain his sanity).
The two together make an almost unbeatable com-
bination if only they can learn to live with each
other. The operator-geologist or geologist-operator
is a nearly ideal one-man team for the small mine.
It is the writer’s hope that the preceding discus-
sion will help to produce more of this rare breed
of man.
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CHAPTER 2 — ORE RESERVES

By

F. N. EARLL

INTRODUCTION

There are few steps in the mining operation
where more benefit can be gained at nominal cost
in time and money than in the maintenance of
good records of ore-reserve tonnages and grades.
Despite this, there is probably no area of mine
operation that is more consistently ignored by
the small-mine operator. There are several appar-
ent reasons for this. First of all, of course, many
small-mine operators tend to view their business
on a day-to-day basis, a viewpoint that is respon-
sible for more than a few small-mine closures.
Secondly, the process of reserve estimate is inher-
ently inexact, and the philosophy of some opera-
tors seems to be that if the estimate is not per-
fect, why bother with it at all. Finally, there are
those who for one reason or another seem to pre-
fer to remain ignorant of the horrible truth. These
last can be subdivided into those who have a
nefarious reason for wishing to avoid the subject,
and those who cling to the old adage that in ignor-
ance there is bliss.

Any mine operator who has shipped ore at one
time or another and received a bill for its trans-
port in place of the anticipated check for its value
has had adequate demonstration of the value of
proper reserve estimates. If you are one who has
experienced this catastrophe you need not feel
embarrassed, as the list of your fellows who have
received a similar shock is a long one indeed. The
lesson may not be quite as drastic as this, how-
ever. Even if your return is occasionally (or al-
ways) 10 to 25 percent below the anticipated
amount there is good reason to suspect that some-
thing is wrong somewhere along the line. Of
course, this can be (and usually is) blamed on the
smelter; but in the first place, this does not do a

thing for your bank balance: and in the second
place, it usually is not true.

Another case in point involves the operator
who spends a good part of his capital, or possibly
goes into debt, to purchase new equipment or de-
velop a new level or area in his mine only to find
that the anticipated ore is not ore (noncommer-
cial) or is insufficient in quantity to repay the
investment.

The point of all this discussion is this: it is all
very simple to set down the rules and methods
of estimating ore-reserve tonnages and grades,
but it is a waste of time unless operators use the
information. The philosophy can be stated simply.
You cannot set out to operate a business with
any reasonable assurance of success unless you
have sufficient information to allow in advance
a close estimate of revenue as well as capital in-
vestment. You can not hope to know how much
you can and should invest in plant and equipment
unless you have a reasonably accurate knowledge
of the quantity of ore that is available (at least
the minimum quantity). Moreover, how can you
hope to sell your product at a profit without know-
ing what it is worth?

The following discussion is presented in sev-
eral sections. Sampling is given precedence be-
cause proper sampling procedure is the heart of
all ore-reserve calculation. Sampling is both an
art and a science, and all the fancy mathematics
in the world will not provide a reliable reserve
estimate if the samples are not dependable. The
other sections deal with the spacing of samples
and the calculation of reserves for different types
of ore bodies, as no one system will serve for all
deposits.

SAMPLING

First of all, it might be wise to define the
term sample as it is used in mining. There is, or
there should be, a careful distinction made be-
tween the terms sample and specimen. A speci-
men is a piece of mineral or ore, or for that
matter, waste or anything else that is of interest.
It can be put in your pocket, or in a box or a
drawer, it can be placed on a shelf, in a glass dis-
play case, or in a bank vault. The one place it
should never be put is in a sample sack that is
to be sent to the assayer, for no matter what the

assay shows it has been a waste of money. A
sample, on the other hand, is a part of something
(in this case an ore body), which is representative
of the whole. In practice, the sample is intended
to be representative of a predetermined portion
of the whole, and the aggregate of a group of
samples, properly weighted, representative of the
whole.

Different types of samples can be used under
different circumstances. The so-called chip sample
is simply a series of small pieces or ‘chips’
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knocked either systematically or at random from
a face or ledge of rock. The chip sample is a lazy
man’s sample and for small mines should never
be used. Unfortunately, much of the poor sam-
pling that is practiced at small mines results more
or less directly from the practice at large mines
where many of the operators and most of their
miners received their training. The routine sam-
pling at most large mines is a variation on chip
sampling, but: (1) the sample-taking actually is
not as haphazard as it seems to be; (2) the
number of samples taken is so large that minor
errors in individual samples tend to balance out,
and (3) the people charged with evaluating the
sample data have had such a backlog of experi-
ence with the ores of that particular mine that
major errors are recognized as such and factored
out quite satisfactorily. Not so for the small
mine. If the mine is young there is no great
backlog of information, and for old mines such
data are missing or of uncertain reliablity. Then
too, the operator is generally loath (and rightly
so) to shoulder the expense of taking hundreds
or thousands of samples when a relatively few
properly located and cut samples will do the job.
So, for the small-mine operator, rule number one
is ‘never take chip samples’.

Then there is the grab sample which, true to
its name, is simply one or more pieces of ore that
are ‘grabbed’, usually from the muck pile or the
dump. It hardly seems necessary to expound on
the inadequacy of the grab sample. The only ore
body for which a grab sample could be expected
to give satisfactory results would be one that is
completely homogenous throughout. Car sampling
is a variation on grab sampling that can produce
satisfactory results under certain circumstances.
Car samples are samples that are taken from the
ore cars before or while they are being dumped.
The usual implement is a shovel or fair-sized
scoop, and the procedure is to take one or more
shovelfulls from each car as it passes the sampler.
Although one scoop per car may suffice for fairly
homogeneous ores, a better method is to take one
scoop from the center and two more at opposite
corners. In any case, where car samples are taken,
certain precautions should be observed. First,
whatever the size of the sample, the same amount
should be taken from each car. Second, coarse and
fine material should be taken in the same pro-
portions as they occur in the ore. And finally,
crush the whole sample to the same (—14 inch)
size before reducing its volume for assay.

There is a fine body of information available
in regard to the size of sample that must be taken
to provide a representative sample of material of
a given size. The writer has no quarrel with the
mathematics of such derived formulas, but
the size indicated is too large to be prac-
tical. For example, in the average mine the
ore will range in size to blocks as much as a foot
across. In theory, the minimum sample of such

material should weigh 100 tons, or roughly six
times the weight of the entire round being sam-
pled. Car samples if properly taken, however, are
large. For an average 5-foot round the sample
would come to 150 to 300 pounds of rock ranging
from sand size to large blocks. Such a sample
must be reduced to manageable proportions before
being sent for assay, but this cannot be done ac-
curately in its present condition. If you must take
car samples invest in a small (laboratory size)
crusher to crush the sample to —1j inch size
and then split it down to normal sample size (a
pound or two). So rule number two is, ‘never take
grab samples, and take car samples only if you
have the facilities and the ambition to do the job
properly’.

Finally there is the channel sample. Some peo-
ple seem to think there is something mysterious
or tricky about channel sampling. There is not, un-
less the expenditure of a little effort can be con-
sidered mysterious or tricky. A channel is simply
a groove or trench of reasonably even proportions
that goes all the way across the ore, vein zone, or
whatever is being sampled. In the strict sense, the
term is applied to channels cut across veins, but
a trench dug across a mine dump or an outcrop-
ping vein, a pit dug to bedrock in a placer deposit,
or the core or cutting, or both, from a drillhole
are channels too, in a broader definition of the
term. All of these meet the qualifications in that
they are a continuous sample from top to bottom
or side to side of the ore and are roughly of equal
width and depth throughout.

The advantages of channel samples should be
immediately apparent. First, if properly cut, they
virtually eliminate the old question as to whether
proper proportions of rich and lean ore have been
taken. Second, for channels cut underground or
by drill, they are initially of manageable size and
need not be reduced until fine ground for assay.
Pit and trench samples, of course, will be bulky.
So the third rule of sampling is ‘always cut chan-
nel samples unless there is a very good reason for
doing otherwise, and there are few reasons that
good’.

A few rules should be followed in cutting
channel samples. First, always clean the surface
to be sampled before cutting the sample, in order
to eliminate loose pieces that could fall into the
sample while you are cutting it and thereby con-
taminate or ‘salt’ the sample. Many metals tend
to precipitate on the walls, back, and floor of mine
workings, with time, and even freshly broken
faces will be covered with powdered rock and
mineral. This powder is more often than not com-
posed mainly of ore mineral and can effectively
upgrade the sample if not removed. Second, take
pains to catch all of the sample. This can be ac-
complished by spreading a large canvas on the
floor (after barring down loose pieces) beneath
the place where the sample is to be cut. In very
wet mines the canvas can be raised above the
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floor on old powder boxes, a mucking pan, or even
on a folding cot. Third, cut the sample to even
width and depth throughout, say 4 or 6 inches
wide and 1 inch deep. Larger channels make un-
necessarily bulky samples and smaller ones are
difficult to keep even. The tools needed are a 3-
or 4-pound hammer (singlejack) and a well-tem-
pered moil. A chisel bit will work well in soft ore,
but the pointed moil is the best in moderate to
hard rock. Fourth, unless you enjoy mathematics,
always cut channels either vertical or horizontal,
not at some inclination between the two. And
finally, unless ore is to be hand sorted or resued,
always cut the sample to the mining width. In
general, the minimum width that can be mined
is about 3 ft., so if the vein were only 6 in. wide
the sample would still be cut to a minimum of 3 ft.
For veins that are wider than the minimum mine-
able width the general rule is to cut the sample
to the full vein width. Exceptions to this would be
where it is desired to determine whether a part of
the vein is barren and should be (and can be) left
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Use of drillhole samples as channels requires
special consideration. By and large, drillhole sam-
ples will comply with the general rule that chan-
nels should be cut either horizontal or vertical.
Occasionally, however, it will be desirable to
drill inclined holes in order to reach the ‘target’
in the shortest possible distance, or to intersect
the vein at right angles so as to reduce the pos-
sibility that the drill will be deflected and follow
the vein rather than cross it. In inclined drill holes,
provided you take care to direct the hole so that
it will be perpendicular to the vein being tested,
the observed width of mineralized vein can be
converted to a horizontal or vertical component by
a procedure similar to that described for survey-
ing in Chapter 1. For example, if 9 feet of vein
was observed in the core of a drillhole that was
inclined 35°, the horizontal width would be 9
feet + cos 35° = 9§ = .819 = 11 feet. The verti-
cal component would be the observed thickness
divided by the sine of the drillhole inclination or
9 =+ 573 = 15.7 feet. Unfortunately, if the drill-
hole is not perpendicular to the vein the compu-
tation becomes enormously more complicated and
for most people can be resolved most easily by a
construction similar to that used in making longi-
tudinal sections (Chapter 1) in which both vein
and drillhole must be plotted at their apparent
inclinations (Fig. 1-18). Horizontal and vertical
components can then be measured at the scale
used in the section view.

In general, drillhole samples are less reliable
than normal channel samples. A part of the sam-
ple, especially the heavy ore minerals, is likely to
remain in the hole despite the most careful wash-
ing, thus lowering the grade of the sample. Con-
versely, soft material may spall off the perimeter
of the hole and add itself to the sample. Such
addition of material may be either ore mineral or
waste. When a core drill is used there is always
some loss of core, possibly more than half. Finally,
because you cannot see exactly where the drill is
going and what it is doing, there is an area of
doubt regarding the sample.

A considerable body of theory has been devel-
oped to allow proper weighting of drillhole sam-
ples to take account of the various ways in which
the sample may have become salted. Each of the
derived methods will work satisfactorily under
the specific circumstances for which it was de-
vised (usually a specific mine), but none of them
can be followed blindly. For the small-mine opera-
tor, the best procedure is one that will provide
reasonably accurate results most of the time, and
where there is error will weight the odds in favor
of a conservative assay. After all, if you must be
in error it is far better to underestimate the ore
body slightly than to overestimate it.

When drilling with a jackhammer, drifter,
wagon drill, or other equipment that provides a
sample composed entirely of cuttings and sludge,
save all of the cuttings from the ore structure.

Even when drilling through waste, the returning
sludge should be checked every foot or so unless
a considerable distance of ‘known’ waste is to be
penetrated before the ore zone is reached. Even so,
start checking the sludge well before the intersec-
tion with the vein is expected, especially if vein
and wallrock are not easily distinguishable, such
as quartz veins in granite or other quartz-rich
rocks. At the first sign of vein matter in the
cuttings, shut the drill down and wash the hole
out thoroughly. Then proceed with drilling, allow-
ing all cuttings to pass into a launder to settle.
Drill slowly and wash the hole out regularly so as
to be able to recognize the end of the ore or vein.
‘When barren rock is again reached, wash the hole
thoroughly again and then allow the entire sam-
ple to settle in the launder(s). If the resulting
sample is overly bulky it can then be reduced by
passing it through a mechanical splitter (Jones
splitter) one or more times.

By calculating the volume of the drillhole, and
from that, the weight of rock that should have
been recovered, it is possible to determine rough-
ly what percentage of the sludge has been recov-
ered. Unfortunately, this will not tell you whether
the missing or extra material was ore or waste,
and there is no really satisfactory way to deter-
mine this, other than experience with the ore of
the particular mine or district. In general, ore
minerals are heavier than the gangue and if recov-
ery is less than 100 percent most of the loss will
be ore and the sample will assay low. On the
other hand, most ore is softer than waste (there
are exceptions) and if the recovered sample is
obviously too large, it has probably been salted
with ore mineral and will assay too high. If the
sample is approximately the correct size, then
accept the assay at face value (it is probably a
little low). If the sample is clearly too large, assay
it anyway, but do not place much confidence in
the result unless experience in the mine indicates
that you can, or unless it provides a suitable
factor for correction.

When sampling by core drill, save both the
core and the sludge. In the unlikely event that 100
percent of the core is recovered, the core can be
used for the sample and the sludge discarded.
When recovery is less than 100 percent, measure
the length of core recovered and calculate the
percentage of recovery, e.g., 8 ft. of hole drilled
and 6.5 ft. of ore recovered:

6.5 -+ 8 X 100 = 81.29

Weigh both the core and the sludge (after it
dries) and then assay core and sludge separately.
Usually the core is halved in a core splitter, and
one half assayed and the other half retained for
permanent record. If the core and sludge assays
agree, fine. If the core assay is higher, then it can
be assumed that most of the missing core was
waste. Correct the core assay to 100 percent,
assuming the missing fraction to be barren, e.g.,
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from the previous example of 8.12 percent core
recovery and a core assay of 3 percent copper:

39, X .812 = 243% copper

If the sludge assay is higher, then it can be
assumed that the nonrecovered core was in ore.
In this case it is best to balance the core and
sludge assays by weight, e.g., recovered core
weighs 25 1b. and assays 3 percent copper, sludge
weighs 64 Ib. and assays 4.7 percent copper:

Core: 25 1b. X 3.0 = 75.0
Sludge: 64 1b. X 4.7 = 300.8
89 375.8

375.8 + 89 = 4.29, copper

The above procedure will provide an accurate
assay of most drillholes. Where there is error,
it will tend to be on the conservative side.

CALCULATING RESERVES IN PLACER DEPOSITS AND OTHER SHALLOW
HORIZONTAL BODIES

Thin unconsolidated placer deposits are most
easily sampled by a series of pits or auger or
churn-drill holes dug to bedrock. Thick or consoli-
dated (cemented) deposits may require heavier
equipment. In any case, vertical holes dug or
drilled to bedrock are the basis of ore estimate.
In most placer deposits, the gold or other valuable
mineral that is of interest is concentrated at and
just above the bedrock. Some placers have a ‘pay
streak’ between the surface and the bedrock, and
some may have several ‘pay’ zones. As all mate-
rial from the surface down to the bottom ‘pay’
must be moved in order to mine the deposit, the
sample should effectively establish the grade of
ore for the entire thickness. The safest way to
accomplish this is to take the entire content of the
pit or drillhole as a sample, dividing it into parts
of manageable size if need be. This should always
be done for samll thin deposits. For thick deposits,
where the sample becomes uncomfortably large,
clearly barren rock near the surface can be dis-
carded, but the resulting assay must be corrected
to true thickness. This is done, as with incomplete
core samples, by multiplying the value by the
percentage of the total thickness that was sub-

mitted for assay. To give a complete example, sup-
pose that a pit 9 feet deep is required to reach
bedrock. The upper 6 feet (2 yards) is barren.
Panning of the bottom 3 feet recovers free gold
that weights 0.1 oz., and assay shows that the
gold is 800 fine (80 percent gold and 20 percent
silver). Therefore, recovered gold from the bottom
yard is 0.1 X .8 = 0.08 oz. The amount of silver
can be ignored, as it won't affect the value sig-
nificantly. As three yards were excavated to reach
bedrock, the value indicated must be divided by
3: 50 0.08 =~ 3 = 0.0266 oz./yard, and if gold were
selling for $150/0z., the placer material sampled
would be valued at 150 X .026 or $3.99/yard.
Test pits or drillholes should be spaced evenly
over the deposit if possible, as the calculation of
tonnage is easier. It is also a good idea to space
samples at distances that are an even multiple of
a yard, again to simplify calculation of tonnage.
This is because placer reserves are normally cal-
culated in terms of cubic yards rather than tons.
Before deciding upon a sample spacing, a care-
ful look at the geology of the deposit is in order.
Placer minerals will be concentrated at points
where stream velocity is reduced, or where natu-

Normal stream placer

b

Placer below rapids

_——

c

Placer formed in rapids by

bedrock riffies. Section view

FIGURE 2-2.—Sketch showing likely places for gold concentration in streams.
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ral obstacles or riffles entrap the heavier par-
ticles. Thus, the ‘pay streak’ can be expected to
follow a gently curved line following the inner
margin of the present stream course, or at the
foot of rapids, or along the rapids proper if they
form a natural trap. Examples are shown in
Figure 2-2.

The gently curved swings of a stream that
occupies a valley that is several times as wide as
the stream are called meanders. In the course of
time the stream will normally erode away the
obstructions presented by its meanders, and as a
result, its course is constantly changing. Thus,
placer concentrations may underlie an entirely
different part of the valley than that occupied by
the stream at the present time. Therefore, it is
wise to take samples all the way across the valley
at intervals in order to locate older placer accumu-
lations that may be present.

Another feature of most placers that affects
the sample spacing is the greater variation in
value across the stream than along its course.
Thus, samples across the channel should be much
more closely spaced than they need be along the
length of the valley.
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The final pattern of samples should be deter-
mined by results as sampling progresses. First
samples can be widely spaced along the course of
the deposit, say 100 or possibly 200 yd. apart.
Across the channel the spacing would be narrower,
say 50 yd. or 25 yd. in a narrow valley. Figure
2-3a shows the first sample locations in a hypo-
thetical deposit. Holes are spaced 100 yd. apart
along the length of the claim and 50 yd. apart
across the channel. Figure 2-3b shows the location
and relative value of second-stage samples spaced
at 25 yd. across the channel, but still at 100 yd.
along the length of the claim. Figure 2-3c shows
the final spacing. Note that only those holes that
are indicated by previous results are dug and that
a 30 percent saving in total samples has been
gained by this procedure. The presumed outline of
the ‘ore body’ is shown by dotted line.

Beware of using old data on placers. It is
unwise ever to use assay data that are supplied by
someone else, or if you do, do not place much con-
fidence in the values indicated. Occasionally, how-
ever, it may be desirable to use old data for a
preliminary check of values before entering into
a costly sampling program. Although most placer
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assays will be given in cubic yards, some may be
given in so-called ‘bedrock yards’, that is, 1 sq.
yvd. on bedrock and as thick as the deposit may
be at that point. Unfortunately, the difference is
not always clearly indicated. For example: gravel
valued at $1.00 per bedrock yard and 2 ft. thick
would be worth $1.50 per cubic yard. The same
assay on gravel 5 ft. thick would indicate $0.60
per cubic yard.

Finally, we come to the process of estimating
the size and grade of the deposit. Examination of
Figure 2-3c will show that where adjacent sam-
ples have indicated ore and marginal mineral
value, the ore-waste boundary has been drawn half
way between the two samples. Where adjacent
holes show ore and waste, the boundary has been
drawn one-third of the distance from the ore
sample to the waste sample. This is done on the
assumption that values will vary more or less

evenly between samples, and the ore samples
bounded by known waste are viewed somewhat
less optimistically than those bounded by mineral
of marginal value.

Now, if the samples have been taken on a sym-
metrical pattern as suggested, the area can
be broken down into a series of rectangles and
triangles by connecting the sampling points by
straight lines. The thickness of each block is as-
sumed to be the average of the thicknesses at its
corners, and its unit value the average of values
at the corners, each multiplied by the thickness at
that point. Figure 2-4a, b shows two examples, one
a rectangular area between four sample points, and
the other a triangular area between three sample
points. Note that the area of a rectangle is its
length multiplied by its width, and that of a tri-
angle is its length multiplied by its width divided
by two.

The following calculations would be made for

area (a), the rectangle:
25 yd. % 50 vd. = 1,250 sq. yd.

Area:
Thickness: 1.33 yd.

.50 yd.

1.00 yd.

.66 vd.

349 yd. + 4
Volume:
Average value: 1.33 x .18
S0 x .20
1.00 x .21
.66 x .14

3.49

(1T

BT yd.
1,250 sq. vd. x .87 vd. =

1,087.5 cu. yd.

2394
.1600
.2100
.0924

6418 + 3.49 = .184 or 18.4c/yd.

For the triangle, area (b), the following would apply:

Area: 25 yd. x 50 vd = 1,250 sq. yd. ~ 2 = 625 sq. yd.
Thickness: 1.66 vd.
50 yd.
.66 vyd.
282 yd. + 3 = .94 yd.
Volume 625 yd. x .94 yd. = b87.5 cu. yd.
Average value: 1.66 x .16 = .2656
50 x .14 = 0700
66 x .12 = 0792
2.82 4148 + 282 = 147 or 14.7¢c/yd.

Another example can be given for an area
bounded on one side by ore and on the other side
by waste. Such a situation is illustrated in Figure
2-4c¢. In this situation, the value is assumed to re-
main constant to the edge of the deposit (in this

case L4 of the distance between samples); where-
as thickness is assumed to decrease to zero at the
edge of the deposit. For Figure 2-4c the computa-

tion would be:

Area: 83 yd. x 50 yd = 415 sq. yd.
Thickness: 2.00 vyd.
1.00 yd.
3.00 yd. + 4* = 75 yd.
Volume 415 yd. x .75 yd. = 311.2 cu. yd.
Average value: 2.00 x .20 = .400
1.00 x 25 = .250
3.00 650 + 8 = 217 or 21.7¢/yd.

#Note: Total is divided by 4, even though there are only two samples, the other two being assumed to be zero.
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FIGURE 2-4.—Examples of blocks used in placer-deposit ore-reserve calculations.

As a final example, the lower (southern) ore
area from Figure 2-3¢ will be calculated. This block
is shown in expanded view with thicknesses and
values in Figure 2-5. The yardage and grade esti-
mate is summarized in Table 2-1. The reader
would do well to repeat the calculations to make
certain that the method is understood.

Areas e, f, and j are not true rectangles, as
one side is longer than its opposite. For these
areas, the two unequal sides are averaged and
the average value used in calculating the area and
volume. Also, four small triangular areas have
been omitted from the calculation (between f and
j» 1 and n, n and m, and m and i). These areas
could have been added to the calculated reserve,
but they are too small to make much difference
(actually about 90 cu. yd.) so they can be left
out as a small factor of conservatism in the
estimate.

Readers who have had a considerable back-
ground in mathematics will have observed that
there are technical inaccuracies in the method of
estimation given. Again, this is done because this
manual is intended to give the simplest and most
workable procedures without going into unneces-
sary technical areas. The errors inherent in the
method presented are far smaller than the normal
range of error that can be expected in any esti-
mate based upon so few data anyway.

If the sample pattern is not evenly spaced, as
suggested, greater errors will result, and the de-
gree of error will increase as sample spacing be-
comes more irregular. Therefore, unless you are
competent to deal with the geometry of irregular
solids you are strongly urged to sample on a
rectangular grid.

There is one final advantage to be gained by
calculating reserve blocks in tabular form as has
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FIGURE 2-5—Placer ore block from Figure 2-3. Thickness (top number) is shown in yards and value (bottom number) in
cents per yard. Individual small blocks are designated by letters to distinguish them in calculation.
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TABLE 2-1—Yardage and grade estimates for placer problem.

Average Average
Block Area thickness Volume value Vol. x Val.
a 104.1 25 26.02 .340 8.846
b 104.1 .25 26.02 .340 8.846
¢ 416.5 31 129.11 .388 50.094
d 625.0 .86 537.50 374 201.024
e 572.5 46 263.35 354 93.226
f 520.5 b2 270.66 444 120.172
g 1250.0 1.27 1587.50 342 542.724
h 625.0 1.25 781.25 214 206.250
i 458.1 .52 238.21 .316 75.274
] 572.5 .66 377.85 390 147.360
k 625.0 1.44 900.00 316 284,400
1 1250.0 1.10 1375.00 258 354.750
m 416.5 70 291.55 260 78.134
n 208.2 .66 137.44 314 43.156
Total 6941.86 2214.256

Total volume = 6941.8 cubic yards
Average value = 2214.256 —+ 6941.86 = .319 or 31.9 ¢/yd.

been done in Table 2-1. If the overall average of
the block should prove to be below ore grade, it is
a simple matter to eliminate low-grade subblocks
from the table (e.g., blocks h and 1) and bring
the rest up to ore grade. (Elimination of blocks
h and 1 lowers yardage to 4785.61 cu. yd. and
raises grade to 34l4¢ per yd.) These marginal
or submarginal blocks can then be held in re-
serve, unless their location forces you to mine
them anyway at a loss, and they may be mineable
at a later date under more favorable market con-
ditions (calculations are based on a gold price of
$35/0z.).

Many deposits other than placers can be dealt

with by following essentially the same procedure
outlined above. For example, secondary uranium
deposits, sedimentary ircn deposits, coal beds, and
many nonmetallic minerals such as clay, bentonite,
and phosphate, can be sampled and reserves esti-
mated in this way provided only that the deposits
are horizontal or nearly so and near surface (with-
in economically feasible drilling distance). In gen-
eral, sampling must be done by drill hole rather
than test pit, but the principle is the same. Also,
values will usually be reported in percent or value
per ton rather than ounces or cents per cubic yard,
but the conversion is simple.

CALCULATING RESERVES IN VEIN DEPOSITS

The process of estimating reserves of vein
deposits and of other inclined tabular bodies is
essentially the same. The fact that the vein or
ore is at least partly exposed in drifts and raises
offers some advantage over placer deposits, which
rarely enjoy such exposure. Vein deposits are nota-
bly erratic in their behavior, however, a fact that
more than compensates for any advantage of expo-
sure. The process of estimation, then, involves not
only the calculation of volumes and the weighting
of assays, but the application of rules of proba-
bility and a good deal of judgment on the part of
the estimator.

The first requirement is a set of accurate
longitudinal sections. One long section should be
prepared for each known vein. Structure and
lithology need not be shown on these sections, pro-
vided that other sections with the known geology
are available and can be placed under the ore-re-
serve section so that both geology and mineraliza-
tion can be viewed at once when needed. In fact,
it is generally a good idea to maintain separate
geology and ore-reserve long sections, as this pre-
vents either sheet from becoming so cluttered
with data as to become difficult to read. Even on

‘raw’ prospects where the only available informa-
tion is from vein outcrops at the surface, a longi-
tudinal section should be prepared showing the
surface topography in section view and all vein
outcrops. Even this little bit of information will
help in estimating the potential of the prospect.
Actual estimation of ore reserves of a new pros-
pect is a fool’s errand and should not be at-
tempted except to aid in deciding whether the cost
of further exploration is warranted.

The second requirement is an adequate num-
ber of properly spaced and cut samples. The
proper cutting of samples has already been dis-
cussed in a previous section of this chapter. Proper
spacing of samples in vein deposits will vary
widely from one deposit to another. As a rule,
the greater the unit value of the metal in the
deposit, the closer the sample spacing must be.
Thus, gold and silver veins require closer sample
spacing than lead, zinec, or copper. Then too, the
mode of occurrence is important. Native gold that
occurs in a quartz or other valueless gangue re-
quires the most rigorous sampling procedure,
whereas gold that is disseminated within pyrite
grains, although still requiring a close spacing,
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will generally allow a little more ‘projection’ be-
tween samples. The same is generally true of sil-
ver, either in the native state or in discrete grains
of one or more of the high-grade silver minerals
as opposed to silver that occurs intimately asso-
ciated within another less valuable mineral such
as some of the silver-bearing lead or copper
minerals. Of course, these are generalities, and
there are numerous deposits that prove to be
exceptions to the rule, as there are for virtually
any rule that man can devise.

Unless the mineralization of a vein deposit
is remarkably constant, and in addition is such
that its grade can be judged visually with reason-
able accuracy, a 25-ft. sample spacing would be a
maximum for safe estimation of reserve. The
average spotty base-metal vein will require sam-
ples spaced 10 to 15 ft. apart, and many gold
and silver veins require samples spaced as close
as 5 ft. Fortunately, most veins contain consider-
able stretches that are so obviously barren or
submarginal that normal sampling becomes un-
necessary. Even so, occasional samples should be
taken in these barren or nearly barren zones as
a check. They may contain valuable mineral in a
form that has thus far gone unrecognized, or they
may provide important information on the grada-
tion of mineralization intensity. Needless to say,
samples sholild be cut at regular intervals in
stopes and raises, as well as along drifts.

Whatever sample spacing is decided upon,
samples should be taken at precisely the same
interval along the drift all the way across the
mineralized area. There are several reasons for
this precision: (1) the cbvious one that it will
simplify subsequent calculation, (2} it eliminates
the possibility that sample locations that are con-
sistently either richer or leaner than the average
may have been selected, and (3) it provides a
check on the adequacy of sample spacing. If
sample spacing is sufficiently close to provide
reliable results, then a second set of samples taken
halfway between those of the first set should
give the same average value, within reasonable
limits.

The ability to check on sample-spacing ade-
qguacy is particularly important when one or more
samples in a series show an abnormally high
value. Such ‘erratic highs’ are always bothersome.
They unduly raise the estimated grade (when
accepted at face value) if they are really erratic.
On the other hand, if they actually represent true
variations in the ore grade they certainly should
not be discounted. There are mathematical ap-
proaches to the handling of erratic results, and
these formulations can be applied with excellent
results to problems in human behavior, machine
production, engineering "design, and a host of
other applications. All such formulations, however,
are based on the assumption that there is some
logical, recurrent, or normal function involved,
and therefore, deviations from this norm are

measurable. Unfortunately, it has yet to be proved
that there is any such thing as normal behavior
for a vein, and it seems unlikely that such will
ever be proved. The standard deviation method
will work satisfactorily in evaluating results of
samples for most low-grade base metal ores. That
is, erratic highs that exceed the mean plus three
times the standard deviation can be reduced to
the average of other samples. The resulting esti-
mate is usually satisfactory. This method will not
be presented here, however. A more direct ap-
proach to the problem would seem desirable for
the average small mine.

For example, let us suppose that a gold-quartz
vein is being sampled. The strike length of the
mineralized zone is 100 ft., and samples are cut
at 5-ft. intervals, or 21 samples in all. Twenty
samples average 0.15 oz./ton in gold, and assays
range from 0.1 to 0.3 oz./ton. The other sample
assays 6.5 oz./ton. If this sample is included in
the calculation it raises the average for all samples
from 0.15 to 0.45 oz./ton, or at a gold price of
$150/0z., from $22.50 to $67.50/ton. Obviously
the difference is too large to be ignored.

If we assume that the sample channel is 3 ft.
long and 1 by 4 in. in cross section, it is found
that the resulting high assay would result from
the presence of one or more nuggets that together
have roughly the size of a BB. Immediately four
possibilities present themselves. They are: (1)
there has been an error in the assay; (2) the
sample is erratic (abnormal) and should be ig-
nored; (3) such high-grade areas occur more or
less at random throughout the deposit, and the
sample value should be retained; and (4) the sam-
ple in question marks the location of a high-grade
‘shoot’ in the vein. The first possibility is easily
checked, assuming the assayer is competent, and
provided that you have requested that all reject
pulps be kept for possible re-assay (which you
should always do). If it is an assay error, the
re-assay will show normal values. If not, the
re-assay will show a similarly high value, al-
though a perfect check would not always be
expected on ore of such high grade, so the correct
answer is one of the last three listed. Under these
conditions, the first impulse is usually to re-cut
the sample only 1 in. deeper, but this practice
defeats its purpose in two ways: (1) if high values
are randomly distributed the re-cut sample will
almost certainly assay low, thus indicating that
the original sample was abnormal; and (2) if the
high assay is repeated, you are still in doubt as to
whether you are dealing with a chance pocket of
high-grade or an ore shoot.

A better approach is to cut a new series of
samples spaced halfway between the samples of
the original series, or 214, ft. from the sample on
each side. Now, if the new series shows more or
less consistent values averaging say 0.12 to 0.17
oz. then it must be concluded that the one assay
was abnormal and it is reduced to the average
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FIGURE 2-6.—Long section illustrating classes of ore reserves.

of the other samples (now 41 in number) for cal-
culations. If high values are randomly distributed
in the deposit, one or more samples in the new
series should show an abnormally high value,
although not necessarily so spectacularly high as
the first example, say 1 oz. or more. If this hap-
pens, then it is assumed that all samples are
normal and they are accepted at face wvalue.
If high values, again not necessarily as
high as 6 oz.,, occur in samples cut adjacent
to the original high-value sample on one or both
sides, it is concluded that a high-grade shoot is
present. Say for example, the sample on one side
assays 1 oz. per ton, and the one on the other
side 2 oz. per ton. In this case again, all samples
are accepted although it might be prudent to re-
duce the extreme sample by one-third to avoid
overoptimism regarding the values present (after
all, with ore like this, why quibble?). Following
this procedure has provided you with reasonable
assurance that you have the correct relationship
and value, although one can never be absolutely
sure. Furthermore, you now have a larger number
of samples and, presumably, a better average.
Moreover, you have checked upon the adequacy
of your original sample spacing and found it
satisfactory.

You have now taken an adequate number of
samples and checked or corrected any apparently
erratic or abnormal results. The next step is to
carefully plot all sample locations and values on
the longitudinal sections. Then, from the known
or estimated minimum grade that can be mined
profitably, mark off ore areas in some suitable

way. Using a color scheme is best, say using red
for good ore, orange for low-grade to marginal
ore, and green for ore that has already been mined.

The next step is to project probable ore limits
between levels and raises on the basis of the best
information at hand. Three classes of ore must
be considered. First there is ore known variously
as ‘proved ore’, ‘blocked out ore’, or ‘measured
ore’. This is ore that has been outlined top
and bottom by levels and at both ends by either
raises or shafts. Ore is known to be present on
all sides, and the only uncertainty involves
possible pinches or horses of waste in the
center of the block. The second grade can be called
‘probable ore’ or ‘indicated ore’. Such ore has been
observed on two or three sides but its extent and
continuity are still somewhat in doubt. Finally,
there is ‘possible’ or ‘inferred ore’, which is ore
that has been exposed on one or possibly two sides,
depending on circumstances, but whose extent,
continuity, and grade are most uncertain. Figure
2-6 illustrates several possible situations and the
grade and extent that would be assigned to each.
The limits of block 1, proved ore, are selfexplana-
tory. Block 2, probable ore, has been limited by
known waste on two levels and the block margin
simply connects the two known points. Obviously,
the true margin may fall on either side of the line
so drawn. Block 3, probable ore, is exposed on
only two sides but is ranked as probable because
mineralization is known to extend to its full depth
and beyond, and extends well beyond its right-
hand margin. Block 4, possible ore, is exposed on
one side only. In establishing the limits of this
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FIGURE 2-7.—Sketch illustrating area of influence of samples.

block, the apparent plunge of the ore has been
projected downward and to the right as deep as
mineralization is known to continue (at the shaft)
but no farther. The block directly below block 4
may well be ore, but it is too speculative to war-
rant consideration until further development gives
a more certain indication of its presence. This is
not to say that this area is not a perfectly legiti-
mate ‘prospect’, but only that it should not be
considered in terms of reserves. Block 5, also pos-
sible ore, is extended laterally for the width of
the overlying block 3 because continued min-
eralization to at least that width seems likely,
provided it continues at depth. The vertical extent
of block 5 is arbitrarily placed at one-half the dis-
tance between levels. The same limitation would be
placed on a block where known waste occurred on
the next level, unless other indications (in raises,
winzes, etc.) indicated a more precise location.
After the ore blocks are outlined as accurately
as possible on the basis of available information,
each sample bordering each block is assigned an

‘area of influence’. When multiplied by its mea-
sured width, this area of influence will establish
the estimated volume and grade of a subblock.
The area of influence of a sample extends both
ways from the sample location halfway to the
next sample location or to the end of the block in
the case of the last sample in the series. Between
lIevels or raises, the area of influence also extends
halfway. Figure 2-7 illustrates the area of influ-
ence of samples in several blocks. The number
of sample locations has been kept small so as not
to clutter the illustration unnecessarily. Although
the samples are spaced evenly, their areas of in-
fluence are far from even. There are numerous
alternative methods for establishing areas of in-
fluence, but there is little evidence that they pro-
vide a more reliable estimate. All other meth-
ods share the common disadvantage that they are
more difficult to calculate. Note also that a single
sample can have more than one area of influence,
e.g., samples 6, 7, 8, 9, and 11.

The next step is to set up a block-estimation

l ]—‘*"—m Ore limits
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FIGURE 2-8.—0Ore block estimating diagram. Sample spacing is 15 ft., net distance between levels is 93 ft., drifts are 7 ft.

high.
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TABLE 2-2.—QOre block estimating data.

Subblock Assay val. Volume, Proba- Net cu. Ton Net Ton-val. Prod.

no. Au Ag Length Depth  Width cu. ft. bility ft. factor tons Au Ag

1 105 1.35 18.75 46.5 3.0 4794.4 90 4314.9 10.6 407.1 42.74 549.58
31.25/2

2 210 2.73 48.75 46.5 3.5 10476.2 70 7333.3 10.6 691.8 145.28 1888.61
31.25/2

3 140 2.01 6.2 58.6 3.0 1089.9 80 871.9 10.6 82.2 11.51 165.22

4 181 2.40 12.3 58.6 4.1 2955.2 90 2659.7 10.6 250.9 45.41 602.16

5 258 3.50 12.3 58.6 32 2306.5 90 2075.8 10.6 195.8 50.52 685.30

6 .306 3.29 12.3 58.6 35 2522.7 90 22704 10.6 2142 65.54 704.72

7 218 422 12.3 58.6 3.3 2378.6 90 2140.7 10.6 201.9 44.01 852.02

8 235 2.92 12.3 58.6 3.1 22344 90 2010.9 10.6 189.7 44.58 553.92

9 .158 2.08 14.3 58.6 32 2681.5 80 21452 10.6 202.4 31.98 420.99

10 nil tr —

Total 2436.0 481.57 6422.52

Total tons =— 2436

Average Au — 481.57 = .197 oz. Average Ag — 6422.52 = 2.63 oz.

2436

table. One table should be prepared for each block.
Figure 2-8 shows a hypothetical ore block and
sample locations. Sample values are shown in Table
2-2, which is a block-estimation table for the ore
block illustrated. This block would be classified as
in part ‘probable’ and in part ‘possible’. Irregular
areas such as 1 and 2 (Fig. 2-8) can be calculated
as a rectangle plus a triangle (see dotted line). All
dimensions can be measured from the longitudinal
section with sufficient accuracy. Calculation of
the total block indicates the presence of 2,436 tons
of ore averaging .197 oz. gold and 2.63 oz. silver
per ton. Most small-mine operators could mine
such ore profitably if they would, but if this
proved too marginal, subblocks 1, 3, and 9 could
be eliminated leaving 1,744 tons of ore averaging
.226 oz. gold and 3.03 oz. silver.

Two factors in the table require special com-
ment. The ‘ton factor’ is similar to the yard factor
of placer computations. It is necessary to estimate
the number of cubic feet in one ton of ore in place
in the mine. The factor used in the table would
apply for a vein composed mainly of quartz con-
taining a small amount of pyrite with gold and
silver. Heavy sulfide veins will require a much
lower factor. Although the ton factor can be cal-
culated from estimated mineral percentages and
the known specific gravities of the various min-
erals, a more practical approach is to weigh the
material taken from an excavation of known di-
mensions. Small excavations of a cubic foot or so
can be made, but they may not prove to be of
average ore.

A better way is to weigh the entire product
of several rounds to establish an average. Then
measure the length of advance and the cross sec-
tional area of the drift to establish volume (e.g.,
5 x 7 ft. drift, 10 ft. advance = 350 cu. {t.; allow
3 ft. per foot of advance for arching of the back
and you have 320 cu. ft.). Remember to weigh the

2436

material after it has dried, as smelter returns are
paid for dry tons, not water-soaked tons.

The second new factor in Table 2-2 is the prob-
ability factor. Here the estimator is called upon
to exercise his best judgment. Proved ore should
logically enjoy a better ‘probability’ of actually
being present as predicted than probable or pos-
sible ore. Experience may show that the ore of a
given mine tends to be spotty, numerous waste
areas being scattered throughout. Or the ore may
tend to pinch out rapidly and unpredictably. In
such cases, a lower probability would be assigned
to the ore. The probability factor is simply a mea-
sure of the percentage of the measured block that
you, in your best judgment, feel is likely to be
present. Some estimators also apply a factor
of recoverability at this point, because many min-
ing situations will require that some of the ore
must be left unmined. The writer prefers to omit
recoverability from ore-reserve calculations, as it
is more an operational problem than a geological
one.
In the example (Table 2-2), subblocks 1, 4,
5, 6, 7, and 8 have been assigned a 90 percent
probability, as they are probable ore and least
subject to error. Subblocks 3 and 9 have been as-
signed an 80 percent probability on the assump-
tion that the blocks on the margin of a body are
more subject to pinches and changes in mineraliza-
tion and value. Subblock 2 is estimated to have
a 70 percent probability, because it is possible ore
and because it is the most speculative of the sub-
blocks within this block. Again, the reader would
do well to go through the calculations of Table
2-2 to make certain that the method is thoroughly
understood. The factor of probability was not con-
sidered in calculating placer reserves, because
once the probable limits of ore are established, all
gravel within the outline must be mined. Only the
grade is uncertain, and this has already been estab-
lished to the best of our ability.
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Level

Est. Limit

Level

FIGURE 2-9.—Sketch illustrating hypothetical ore block.

Some estimators prefer to handle the problem
of probability at an earlier stage by drawing the
margins of ore blocks less optimistically in the
first place. This writer prefers the probability
factor method because: (1) there is no logical
reason to believe that irregularly drawn ore limits
will prove more accurate in the final analysis, and
(2) it is almost certain to be more difficult and
time consuming to estimate the area of such
irregular blocks. Remember that only by the
wildest coincidence would ore limits fall pre-
cisely where they were estimated to be. Most
ore hodies are extremely irregular in outline and
the idea is only to estimate the probable overall
gross size. Figure 2-9 illustrates another hypo-
thetical ore block based upon the one illustrated
in Figure 2-8, which by design has the same size
as the estimated block after reduction for prob-
ability. .

Some of the recommended steps have actually
saved time and effort. First, is the taking of chan-

10 X I17.4"= 174 Sq. Ft.
FIGURE 2-10.-~Sketch showing relationship of horizontal distance and vertical height to true width and slope distance,

nel samples, either horizontal or vertical and draw-
ing longitudinal sections to true vertical depth in-
tervals rather than inclined depth intervals. Figure
2-10a illustrates a vein dipping 50° showing true
width and depth. Figure 2-10b shows the same vein
projected with horizontal width and vertical depth.
In both views the area is the width multiplied by
the depth. Hence, the same cross sectional area is
derived without the necessity for the time-con-
suming and often difficult measurement of chan-
nel widths at right angles to the dip and the
need to convert vertical measurements to true dip
extension.

The second simplifying step was to cut all sam-
ples to at least the minimum mining width. The
saving here can be illustrated by taking an exam-
ple from Table 2-2, the previously calculated block.
Let us suppose that sample 3, which was cut to a
minimum mining width of 3 ft., actually con-
tained 1.5 ft. of vein, which if assayed separately
would have contained 0.251 oz. gold and 3.60 oz.

] «— 13.05"

L e O

13.05 X 907=1174.5 Sq.Ft.
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TABLE 2-3.—Ore-block estimating data for split sample No. 3a and 3b.

Sample Assay val. Volume, Prob. Net cu. Ton Net Ton-val. Prod.
no. Au Ag Length Depth  Width cu. ft.  Factor ft. factor tons Au Ag
1 Same as table 2-2.
2 Same as table 2-2.
3a 251 3.60 6.2 58.6 1.5 544.9 80 435.9 9.5 45.9 11.52 165.24
3b nil nil 6.2 58.6 1.5 544.9 80 435.9 12.0 36.3 .00 00

Table indicates 82.2 tons averaging .140 oz. Au and 2.01 oz. Ag.

silver. In order to mine this ore, however, an addi-
tional 1.5 ft. of barren rock would have to be
taken, which contains neither gold nor silver in
appreciable quantities. If sampled separately, or if
only the vein were sampled, this portion of the
block estimation table would appear as shown in
Table 2-3. A similar procedure would have to
be followed for every place where the vein was
less than the minimum mining width throughout
the mine. In a mine, particularly one where the
vein is narrow in many places, this could add up
to many wearisome hours of unnecessary labor.
Examination of Table 2-3 will disclose several
differences. The choice of a probability factor for
waste dilution can be approached in either of two
ways. If the estimated missing 20 percent of ore
is missing in terms of extension, then the prob-
ability of waste is the same as that of ore (the
choice made in the example given). If, on the

other hand, the 20 percent reduction occurs as
a thinning of the vein, then inclusion of 120 per-
cent of estimated waste would be necessary. Ex-
perience with the particular vein may offer a
clue as to the proper calculation. The tonnage
factor probably will require adjustment too, par-
ticularly if densities of ore and waste are very
different. This possibility has been shown in Table
2-3 by calculating waste as nearly pure quartz
and placing all of the ‘values’ in the 1.5 ft. of vein
material. Note also that the assay is somewhat
less than double that of a 3-ft. channel, because
the material assayed is heavier although contain-
ing the same amount of valuable metal.

Finally, all reserve blocks in various parts of
the mine are estimated in the same manner and
the reserve estimate is complete. Final disposition
of the estimates so obtained will be covered in the
next section of this chapter.

ORE-RESERVES RECORDS

Ore-reserves records can most easily be kept
in tabular form in a ledger book, preferably loose-
leaf so that additions and subtractions can be
made with ease. The reserve record serves several
purposes: (1) it is a readily available record of
the current reserves that can be used to project
estimated profits and allowable capital expendi-
tures for the future, (2) it will allow an easy
check on whether development work is actually
keeping pace with production (ton for ton) and
offer a clue as to where development work can
most profitably be done to maintain or achieve
a balance, and (3) when completed by addition of
actual production figures, it will provide informa-
tion on the adequacy of sampling and reserves
calculations. It can also be used, together with
cost data, for more accurate appraisal of minimum
ore grades and for tax computations.

An infinite variety of tabulation forms can
be used, some good and some bad, but a few
simple rules should suffice for setting up records.
The table should be as simple as possible without
omitting necessary information. It should pro-
vide sufficient data for positive identification of
individual ore blocks; there should be ample pro-
vision for additions and changes in block esti-
mates; and it should provide for carrying totals
on significant items.

In a very small mine, the block estimation
tables will provide adequate records, possibly with
some addition of information about produc-
tion. In larger mines, it is better to maintain re-
serve ledgers that are a summary of the informa-
tion on block estimation tables.

Table 2-4 is a suggested form. Reserve blocks
are simply designated by number, although in
larger mines it might be necessary to designate
vein or area and level as well as block number
to completely specify a given block.

Books may be brought up to date monthly,
bimonthly, quarterly, semi-annually, or annually,
depending upon business necessity or personal
preference. In any case, they should be summar-
ized at the end of each business year.

In the normal course of events, reserves
listed as ‘net mineable’ (Table 2-4) will
move into the ‘tons mined’ column; those from
‘long-term reserves’ will move into ‘net mineable’;
and prospective or ‘possible ore’ into the ‘long-
term reserve’, Ideally, development work should
be geared to keep the balance between tons mined
per yvear and reserves of net mineable ore even.
That is, the tons mineable column should never
contain less than one year’s production. This, in
turn, requires that sufficient reserves (proved and
probable ore) be maintained in the long-term
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TABLE 2-4—0Ore reserves balance sheet.

Annual summary

Period Date

Block Tons net Tons long Tons pos- Est. assay Smelt. assay
no. mineable term res. sible res. Au Ag Cu Tons mined Au  Ag Cu
1

2

3

4

5

6

Total

reserve to allow development of sufficient net
mineable blocks as production progresses. This
requires at least one year’s normal production
tonnage in long-term reserves at all times, and
a good all-around figure would be two year’s pro-
duction in the long-term reserve column. If long-
term reserves are maintained too far in advance
of current production, however, it will lead to
costly and inefficient operation, as the under-
ground workings driven to ‘prove up’ these re-
serves must be maintained at least until the ore
is mined.

The prospective or possible reserve column
lists principally ore that has not actually been
seen, that is, ore that is presumed or hoped for
at greater depth or farther along the strike of the
ore-bearing structure. Prospect drifting, shafts,
winzes, or drilling should be undertaken at such a
rate that new ore blocks can be developed as
needed to replenish the long-term reserves. When

no new ore is to be found, this prospect work can
provide adequate advance warning of the even-
tual closing of the mine. If this procedure is fol-
lowed, the mine operator should always have as-
surance of continued profitable operation for 3
to 7 years ahead. When the mine plays out, as all
mines must, he will be forewarned in time to pre-
vent unnecessary capital expenditures for develop-
ment and for equipment that will not be amortized
by production.

The estimated and smelter assay columns are
provided for two reasons. First, of course, they
provide an immediate check on the adequacy of
sampling and reserve estimate methods in use. If
smelter assays are consistently higher or lower
than the estimate, steps can be taken to provide
closer correlation. Then too, the smelter assay
data in tabular form provide a handy source of
information to be used together with cost data
in evaluating the profits and efficiency of the
operation.
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CHAPTER 3 — MINERAL AND
ROCK IDENTIFICATION

By

F. N. EARLL

INTRODUCTION

It has been estimated (Kerr, 1959) that
there are approximately 1,700 recognized min-
eral species. Obviously, no attempt can be made
in this small handbook to provide a method
of identification of all or even a large part of
this great number of minerals. Instead, the tables
presented here provide a method of identification
for 100 selected mineral species that include the
most commonly occurring ore and gangue min-
erals. Those readers who want to pursue the sub-
ject of mineralogy and mineral identification
further will find a list of the most widely used
references on the subject below.

Following the mineral-identification tables are
rock-identification charts. Again the total num-
ber of rock species that are recognized by petro-
graphers is far too large to be encompassed here.
Moreover, meticulously correct identification of
rock species is rarely a necessity in the mining
industry. What is essential is that the rocks pres-
ent be recognized as to the general group to which

they belong, and in some cases, to distinguish
between two or more similar appearing or closely
related species. The tables provided, then, give the
simplest breakdown possible, allowing a rough
identification of most of the commonly occurring
rock types.

Most small-mine operators will find that de-
spite their best efforts, plus the information con-
tained herein, there will be one or more minerals
or rocks present in their deposit that they cannot
identify satisfactorily. This is to be expected be-
cause many minerals and rocks require special
chemical and optical study for proper identifica-
tion.

To aid in such cases, many state geological
surveys can be called upon to provide identifica-
tion service to state residents. Geology depart-
ment staff members at most colleges and univer-
sities would be willing to help if the volume of
work is not too great. If many identifications are
involved, a consultant may be required.

INSTRUCTIONS FOR USING MINERAL IDENTIFICATION TABLES

The tables have been arranged for the pro-
gressive isolation of mineral species through a
series of four easily recognizable physical proper-
ties. Proper recognition of these four properties
will indicate that the mineral in question is one
of a relatively few species in a subgroup. The
minerals within the subgroups are further de-
scribed as to specific properties, and one or more
likely diagnostic features are listed for each
mineral.

The first major subdivision is to separate min-
erals having a metallic appearance (or luster)
from those that appear nonmetallic. Thus, a min-
eral that looks more or less like iron, steel, copper,
brass, or silver would have metallic luster, where-
as one having an earthy, dull, transparent, or
brightly colored appearance would be termed non-
metallic. Some minerals of doubtful luster are
listed in both groups.

Next, minerals within metallic or nonmetallic
groups are separated into broad color groupings.
Then, within color groupings they are separated
on the basis of whether they are soft (can be
scratched by fingernail or a copper coin), of me-
dium hardness (not scratched by a copper coin
but can be scratched by a knife blade), or hard
(cannot be scratched by a knife blade). Finally,
specific criteria are given for individual minerals.

Among the important specific criteria is a
property known to geologists as streak. A min-
eral’s streak is the color of the mark it makes
when rubbed on a piece of white unglazed porce-
lain, and for many minerals this streak color is
different from the color of the mineral itself. This
is a very useful property in identification, and
the streak of all minerals listed has been given
as an aid in identification. White unglazed porce-
lain can be obtained from mineral and laboratory
supply companies, or if more convenient, the back
(unglazed) side of an ordinary bathroom or
kitchen ceramic tile can be used. In an emergency,
the broken edge of a coffee cup or dinner plate
will also provide a satisfactory unglazed surface.

In some instances, the tables suggest simple
chemical or blowpipe tests for confirmation of
mineral identity. Such tests may indicate a reac-
tion that will occur if the mineral is placed
in one or another of the common (easily obtain-
able) acids, or what will happen if a small frag-
ment of the mineral is heated in the flame from
a blowpipe. The blowpipe is a small metal tube
(usually brass) with a drilled tip at one end. When
held by a small flame (candle, alcohol burner, or
bunsen burner) and blown through steadily, it
will produce a concentrated, extremely hot flame.
Minerals may be described as being fusible (eas-
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ily melted) or infusible B.B. (before the blow-
pipe), or it may be noted that they expand or
pop when heated, or give off recognizable fumes.
In addition, simple chemical tests that are defini-
tive of certain minerals are given in the tables,
or the reader is referred to a specific chemical
test for an element to identify the mineral. In
the chemical tests described in the following para-
graphs, care has been taken to include only the
most simple and necessary tests using reagents,
most of which are obtainable at your neighbor-
hood drugstore or grocery store.

LIST OF REGEANTS AND EQUIPMENT

Equipment

Flame: The ideal flame for these tests is that
produced by a bunsen burner using ordi-
nary household gas. A satisfactory flame
can be produced, however, by a kerosene
or alcohol lamp, or an ordinary wax candle.

Blowpipe: The blowpipe is a simple instru-
ment for producing a concentrated flame.
It can be purchased from chemical or
mineral supply houses and is available
in some drug and hardware stores in min-
ing communities. The tip of the blowpipe is
held in the burner or candle flame while
the operator blows gently and steadily
into the other end. This produces a hot,
concentrated flame that can be directed at
the specimen.

Charcoal block: Ideally, a small rectangular
block of charcoal measuring approximately
14 x 1 x 4 inches. Such blocks can be pur-
chased from mineral and chemical supply
houses. A satisfactory substitute can be
fashioned from the debris of almost any
campfire, although such blocks are short
lived and must be replaced regularly. In use,
a small depression is made near one end of
the block to hold the mineral charge, and
the long end of the block is held away from
the blowpipe flame, It is well to have long
tweezers or pliers to hold the block, as it
gets very hot in use.

Reagents

Ammonia (Ammonium hydroxide, NH,OH):
A dilute solution of ammonium hydroxide
is used, made by adding one volume of
concentrated ammonium hydroxide to two
volumes of water.

Baking soda (Sodium bicarbonate, NaHCO,;):
Although pure sodium carbonate (Na,COj)
is usually used in laboratories for this
purpose, common household baking soda
will serve.

Benzidine base: A solution of benzidine base
and water can be used to identify bentonite.
Unlike most reagents listed here, benzidine
base is not readily obtainable and must be
ordered from a chemical supply house if
desired.

Cobalt nitrate, Co(NO3),: The crystalline re-
agent is dissolved in ten parts of water
for use. May not be available locally. Used
only in tests for aluminum and zinc.

Dimethylglyoxime, (CH,).C,(NOH),: A fairly
common organic reagent. A 2 percent
solution in alcohol is used in the nickel
test.

Hydrochloric acid (Muriatic acid, HCI): For
use the concentrated acid may be diluted
with an equal amount of water. ,

Nitric acid, HNO;: Use the concentrated acid
for silver test no. 2. For dilute acid, add
one part of acid to two parts of water.

Sulfuric acid, H,S0,: Use the concentrated
acid for the tellurium test. Concentrated
sulfuric acid is a thick, somewhat oily
liquid, and must be handled with care. If
you desire to dilute the acid, for any rea-
son, add acid to water very slowly, stirring
the mixture constantly. The container will
get hot, therefore it is best to use a pyrex
container for this purpose. Never add water
to acid as a violent and dangerous reaction
will occur.

Von Kobell flux (KI plus S): Prepared by
mixing equal parts of potassium iodide and
sulfur.

CHEMICAL TESTS FOR ELEMENTS

Aluminum (Al).—Some of the infusible alum-
inum-bearing minerals (see bauxite and kaolinite)
will turn blue if a small fragment is moistened
with cobalt nitrate solution and then heated in
the blowpipe flame. Bentonite will turn blue if a
drop of benzidine base solution is placed on it. The
intensity of the blue color is roughly proportional
to the purity of the bentonite,

Bismuth (Bi).—A small quantity of the min-
eral suspected of containing bismuth is ground
to a powder and mixed with three times it volume
of baking soda. The mixture placed on the char-
coal block and heated with the blowpipe flame
will volatilize, producing on the charcoal a coat-
ing that is orange yellow near the sample and
white farther away. Another test, if reagents
are available, is to mix the sample with three
times its volume of von Kobell’s flux. This mix-
ture, when heated by the tip of the blowpipe
flame, will produce on the charcoal a yellow coat-
ing that is bright red along its outer margin.

Copper (Cu). Test 1—Most copper minerals
when powdered and heated in dilute hydrochloric
or nitric acid will turn the solution green. To con-
firm, add ammonia (ammonium hydroxide) in
excess of the amount of acid; the solution will
turn blue if copper is present (see also test for
nickel, which reacts in a similar manner).

Test 2.—Hold a small fragment of the mineral
in tweezers, moisten it with hydrochloric acid, and
hold in the burner flame. Flame turns azure blue
for copper. Works best on green copper minerals.
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Nickel (Ni).~—A powdered mineral containing
nickel, when heated in dilute nitric acid,
will turn the solution green (similar to copper
but lighter in color). When ammonia is added in
slight excess of the amount of acid used, the
solution will turn blue (also lighter than in the
similar copper reaction). To confirm the presence
of nickel add a few drops of dimethylglyoxime so-
lution, which will produce a bright red precipitate
or band where the two solutions meet.

Silver (AG). Test 1.—Mix a small quantity of
the powdered mineral with three times its volume
of baking soda and fuse the mixture on charcoal
with the blowpipe flame. A bright metallic bead
of silver will be formed. If only a small amount of
silver is present, it may be necessary to break up
the resulting fusion to liberate the bead. The me-
tallic bead will be bright and shiny even after
cooling (see tin test). .

Test 2.—Dissolve the powdered mineral (or
the bead from test 1) in concentrated nitric acid.
Then add a few drops of dilute hydrochloric acid
or a few grains of table salt and a white precipi-
tate will form. This precipitate, unlike other simi-
lar precipitates, will turn purple after a few min-
utes exposure to sunlight.

Tellurium (Te). Drop a few small grains of
mineral into hot concentrated sulfuric acid. If they
contain tellurium a reddish-violet plume will be
observed coming from the mineral grains (see
precautions in use of sulfuric acid under List of
Reagents and Equipment).

Tin (Sn). The powdered mineral is mixed with
an equal amount of powdered charcoal and two
times its volume of baking soda. Moisten the mix-

ture with water to make a paste, and heat on
charcoal well back within the blowpipe flame. The
reduction will produce one or more tiny beads of
silvery metal. The bead(s) of tin, unlike those of
silver (test 1) will become coated with a white
powdery (oxide) coating upon cooling.

Zine (Zn). Mix a small amount of the pow-
dered mineral with one half its volume of baking
soda. Make a paste of the mixture with water
and take up the paste on a loop of fine iron wire
(not galvanized). Make the loop about 14 inch in
diameter. Moisten the charcoal block with cobalt
nitrate .and then hold the wire loop about one-half
inch away from it. Heat the mineral mixture
strongly well back within the blowpipe flame, di-
recting the flame toward the moistened charcoal.
If zinc is present, a green coating will form on
the charcoal. Note: This test is sometimes diffi-
cult to perform. If the green coating forms, zinc
has been proved, but failure to produce the coat-
ing cannot always be taken as proof of the absence
of zinc.

To aid the reader in using the following tables
a list of chemical elements and their symbols fol-
lows. This is an abbreviated list containing only
the more common elements and those less common
ones encountered in the mineral tables.

Finally, an outline of the mineral tables fol-
lows. To identify a mineral, the reader should first
determine its luster, color, and hardness. Next, by
consulting the outline, determine which table will
contain the mineral to be identified. Then, after
the correct table is selected, tests such as streak,
physical properties, appearance, and simple chem-
ical tests will allow precise identification of the
mineral.

ELEMENTS AND SYMBOLS

Aluminam N Al Gold Potassium K
Antimony _____ Sh Hydrogen Selenium _. Se
Arsenic - . As Iodine ... Silicom .. Si
Barium ... Ba Iron oo Silver Ag
Beryllium . Be Lanthanum . Sodium Na
Bismuth ... Bi Lead Strontium Sr
Cadmium Cd Lithium Sulfur o )
Calcium Ca Magnesium Tantalum .. Ta
Carbon C Manganese Tellurivm . Te
Cerium ... Ce Mercury ... Thorium . Th
Chlorine . Cl Molybdenum . Mo Tin . Sn
Chromium Cr Nickel Ni Titaninom Ti
Cobalt Co  Nitrogen ... N Tungsten . .. W
Columbium (Niebium) . Ch OXYEON o (o] Uranium . . U
Copper ... Cu Phosphorus . P Vanadium . A\
Fluorine . _F Platinum ... Pt Zine o . . Zn
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OUTLINE OF MINERAL IDENTIFICATION TABLES

Luster Color Hardness Table number

Soft 1
Black or dark gray ... Medium 2
Hard 3
28
B n
o= Soft 4
& é Silver or light gray ... Medium . None listed
é aé Hard 5

or other metallic._________ Medium 7
Hard 8

Soft -9
Medium _ 10
Hard 11

White or light gray .

Soft 12
Medium 13
Hard 14

Other colors_............_____

Minerals with
nonmetallic luster

e, S S e N —

Brass, bronze, copper, % Soft 6
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TABLE 3-1—MINERALS WITH METALLIC LUSTER

Color: Black or dark gray—soft

Mineral Streak Description and tests
Argentite Dark gray Color dark lead gray. Occurs as small grains (crystals) or filmlike vein-
Ag,S lets. A common primary silver mineral. Sectile. Test 1 for silver.
Chalcocite Dark gray Color shiny dark gray or dull black. Occurs massive or as granular aggre-
Cu,S black gates, occasionally in distinet crystals. Soft, somewhat sectile. Reduce
to copper globule on charcoal B.B.
Graphite Black Color black to dark gray. Occurs as flaky or scaly masses, sometimes
C massive. Very soft, will soil fingers (black). Brownish between flakes
(see molybdenite). Streak and softness are distinctive, also has a
oreasy feel.
Jamesonite Grayish black Color steel gray to dark gray. Occurs as long, thin radiating or fibrous
2PbS.8b,S; crystals, sometimes matted or felty. Usually small. Thin wirelike or
needlelike crystals distinctive. Fusible.
Polybasite Black Color metallic black. Occurs as small tabular crystals. Test 2 for silver.
9Ag,5.8b,S, B.B. fuses with spurting to globule.
Pyrargyrite Purple-red Color black to gray black, shiny. Occurs as bands or veins, less commonly

(Ruby silver)
3Ag,5.5b.3,

as distinet crystals. Gives a deep-red powder when scratched. May
look dark red on rough surfaces. Streak and color of powder are
distinctive. Test 2 for silver.

Pyrolusite Black Color black to steel gray. Occurs as thin needlelike and columnar crystal
MnO, aggregates, sometimes massive. Very soft, will soil fingers. Softness,
streak, and form are distinctive. Gives off chlorine gas when dis-
solved in hydrochlorie acid.
TABLE 3-2—MINERALS WITH METALLIC LUSTER
Color: Black or dark gray—medium hard
Mineral Streak Description and tests
Enargite Gray black Color black to gray black. Occurs as small striated prismatic crystals with
CuyAsS, lens-shaped cross section; sometimes massive or granular. Easily
seratched with knife. Cleavable (breaks along smooth flat surfaces).
Tennantite Dark gray Color dark gray to black. Occurs as massive or granular aggregates, when
3Cu,S.As,S, crystallized, as small 4-sided crystals. Crystal faces and fracture sur-
faces very shiny. Easily scratched with knife but not cleavable.
Tenorite Black Black copper oxide. Occurs as black scales on the surfaces of other copper
CuO minerals. Also, occasionally massive or earthy. Frequently contains iron
and sometimes known as “copper pitch”. Gives metallic copper globule
on charcoal when heated B.B., or Test 2 for copper.
Tetrahedrite Black Color dark gray to black, shiny, similar to tennantite. Occurs commonly in
3Cu,S.8b,8; crystals with triangular faces, also massive. Silver-bearing variety is
called freibergite and has reddish streak. Easily fusible. Crystal form
is distinctive.
Wolframite Black Black to dark gray or brown. Occurs as tabular or bladed crystals. Hard,
(FeMn)WO, scratched with difficulty by pocket knife. Manganese variety is called

huebnerite. Easily fusible. Hardness somewhat distinctive. Chemical
test for W.
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TABLE 3-3—MINERALS WITH METALLIC LUSTER

Color: Black or dark gray—hard.

Mineral Streak Description and tests

Chromite Brown Color black to slightly brownish black. Oceurs as granular aggregates,

FeCr,0, sometimes as distinct 8-sided erystals. Like magnetite, but nonmagnetic.
- Hardness and streak are fairly distinctive. Essentially infusible.

Columbite- Dark red to Color black to gray black. Occurs as short tabular crystals. Columbite
tantalite black and tantalite are related minerals containing columbium (niobium) and
(FeMn) (NbTa),0,, tantalum respectively. Infusible. Streak fairly distinctive. X-ray test

B for Cb and Ta.

Ilmenite Black to Color black to iron gray. Usually occurs massive or in granular aggregates,

FeTiO, brown red occasionally in crystals. Usually associated with magnetite, but not
attracted to the magnet itself. Infusible, hard, nonmagnetic. Chemical
test for Ti.

Magnetite Black Color black, commonly occurs as massive or granular aggregates. Crystals
Fe,0, small, 8 or 12 sided. Heavy. Attracted to a magnet. Difficult to fuse.
lodestone Magnetie.

Psilomelane Brown black Color iron black with dull metallic luster. Usually massive. Evolves chlorine

MnO,+ other

fumes in hydrochloric acid. (See pyrolusite, table 1). Noncrystalline.

oxides Infusible.
TABLE 3-4—MINERALS WITH METALLIC LUSTER
Color: Silver or light gray—Soft
Mineral Streak Description and tests
Bismuthinite Gray Color lead gray. Usually massive, sometimes in fibrous crystals. Very soft.
Bi,S, Sectile. Chemical test for Bi. Fusible.
Calaverite Gray Color silver white. Occurs as small needlelike erystals, occasionally massive
AuTe, to granular. A grain of a telluride dropped into fuming sulfuric acid
- will give a distinctive red-purple plume (see test for tellurium). Fusible.
When heated strongly on charcoal with sodium carbonate will give gold
bead.
Galena Lead gray Color silver gray, shiny. Usually well crystallized, less commonly fine
PbS granular, almost massive. Cleavage is very distinctive. Perfect cleavage,
breaks to form cubic or square fragments. Fusible.
Mercury None Color silver. The only element that occurs as a liquid at normal tempera-
Hg tures. Easily recognized. Liquid. Completely volatile when heated, forms
poisonous fumes.
Molybdenite Greenish Color silver to light gray. Occurs in thin flexible plates, occasionally fine
MoS, gray granular to massive. Very soft, will mark fingers silver gray. (Bluish
between flakes.) Sectile. Streak and softness are distinctive.
Silver Silver gray Color silver gray, tends to tarnish darker on exposure. Very soft and
Ag sectile. Occurs as wirelike filaments, occasionally massive, Test 2 for
silver.
Stibnite Lead gray Color shiny lead gray, sometimes tarnished black. Occurs as elongate
ShyS, radiating crystals. Easily fusible in flame of match. Slightly sectile.
Turns flame blue green.
Sylvanite Gray Color silver white. Usually occurs as small bladed crystals or branching
(AuAg)Te, filaments, Usually very small. Test for tellurium (see calaverite), also

test 2 for silver.
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TABLE 3-5—MINERALS WITH METALLIC LUSTER
Color: Silver or light gray—hard.
Mineral Streak Description and tests
Arsenopyrite Black Color silver white. Commonly occurs as elongate and triangular crystals.
FeAsS Streak and hardness are distinctive. Evolves arsenic fumes when heated
(smell like garlic).
Specularite Brick red Color silver, sometimes with reddish cast. Also called specular hematite,
Fe,04 Occurs as granular, laminated, or foliated masses. Streak is diagnostic.
TABLE 3-6—MINERALS WITH METALLIC LUSTER
Color: Brass, bronze, copper, or other metallic—soft.
Mineral Streak Description and tests
Bornite Gray black Color reddish to purplish bronze on fresh surfaces and scratches, tarnished
CuyFeS, to bright blue on older surfaces. Usually massive but occasionally occurs
as cubic crystals. Fusible. Bronze color on fresh breaks is diagnostic.
Copper Copper red Copper colored, sometimes tarnished nearly black on weathered surfaces.
Cu Usually massive or wirelike, occasionally in small cubic or 8-sided
crystals. Recognized by color, softness, malleability. Copper wetted
with acid and held in a flame will turn flame blue.
Covellite Gray black Color indigo blue like bornite, but does not change color on fresh breaks
CuS and scratches. Commonly occurs as massive or fine-granular aggre-
gates, occasionally as tabular crystals. Very soft, associated with other
copper sulfides. Blue covellite turns bright purple when wetted. Fusible.
When dipped in hydrochloric acid and held in flame turns flame blue.
Gold Gold vellow Color gold yellow. Occurs as irregularly shaped masses and specks. In
Au placer deposits sometimes flat flakes. Very soft, malleable, and sectile.
Hardness, color, and streak are diagnostie.
TABLE 3-7—MINERALS WITH METALLIC LUSTER
Color: Brass, bronze, copper, or other metallic—medium hard.
Mineral Streak Description and tests
Chalcopyrite Green black Color brass yellow, sometimes tarnished darker. Usually occurs as irregular
CuFeS, masses, less commonly granular and crystalline. Scratched with a knife,
but gives powder-like streak. Distinguished from gold and pyrite by
streak-color and hardness.
Niceolite Brown black Color silver with a pinkish cast. Generally massive. Scratched only with
NiAs difficulty. Color distinctive. Chemical test for nickel.
Pentlandite Brown Color light bronze. Occurs as compact, granular masses. Easily scratched
(FeNi)S with knife. Nonmagnetic (see pyrrhotite). Streak, color, and nonmag-
netic character is diagnostic. Chemical test for Ni.
Pyrrhotite Gray black Color light bronze. Qccurs as compact granular masses. Easily scratched
FeS approx. with knife. Magnetic (attracted to magnet). Often associated with

pentlandite (test for Ni). Streak and magnetic property are diagnostic.
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TABLE 3-8—MINERALS WITH METALLIC LUSTER
Color: Brass, bronze, copper, or other metallic—hard.

Mineral Streak Description and tests
Marcasite Gray black Color very pale yellow., Usually a secondary mineral, occurs as tabular
FeS, crystals or masses. Not scratched by knife. Also called white iron
pyrite. Distinguished from pyrite by lighter color.

Pyrite Black Color pale brass yellow. Commonly oceurs as cube crystals. Also as 8- and

FeS, 12-sided crystals, sometimes massive. Hardness, color, and streak serve

to distinguish from similar minerals,

TABLE 3-8—MINERALS WITH NONMETALLIC LUSTER

Color: White or light gray—soft.
Mineral Streak Description and tests
Anglesite ‘White Color usually white to light gray, occasionally pale green or vellow. Com-
PbSO, monly occurs as fine granular masses, rarely as tabular or pyramidal
crystals. A secondary mineral from alteration of lead sulfide. Very
heavy and soft. Heated on charcoal with baking soda B.B. will reduce
to metallic lead.

Asbestos White Color occasionally pale gray, more commonly green to gray green. Occurs
as fiberous or felty masses. Very soft, with a soapy feel. Easily
scratched with finger nail.

Bauxite Variable Color occasionally white to gray, more commonly reddish to yellowish

AlL,04.2H,0 white, yellow, brown, dependent upon impurities. Occurs as rounded (pisolitic and
brown oolitic) grains, also as fine-grained earthy masses. Heated with cobalt

nitrate, turns. blue without fusion.

Bentonite
(Montmorillonite)

Color white to gray, pink, green, blue or brown; more commonly buff to
vellow. Ocecurs as fine-grained masses. A clay mineral with a clayey
feel and odor when moist. Surface exposures, when dry, resemble pop
corn; when wet, slick soft soap. Most varieties swell in water. When
moistened with water solution of benzidine base, turns blue.

Cerargyrite
AgCl

White to gray

Color white, gray, greenish or brownish gray, waxy, also called “horn
silver”, Ocecurs as an encrusting to massive alteration of silver minerals.
Very soft and sectile. Resembles dirty candle grease. Use test 1 for
silver.

Gypsum
CaS0,

White

Colorless to white, sometimes gray to greenish gray. Tabular colorless
crystals break (cleave) along smooth planes. Very soft, scratched
easily with fingernail. Also occurs as fine-grained masses. Form and
softness usual criteria. Also chemical and optical tests. Can be chewed
without grittiness if pure.

Kaolinite
Al,Si,0..2H,0

White

Color white when pure, more commonly buff to yellow. Occurs as fine-
grained earthy masses. Has a clayvey feel and odor when moist. A clay
mineral. Heated with cobalt nitrate turns blue.

Muscovite
(white mica)

White

Color gray to greenish gray, less commonly white. Occurs as flat elastic
plates that are easily separated. A mica mineral. Soft, easily scratched.
Form and color usually distinetive.

Talc
H.Mg,(Si03)4

White

Color pale greenish gray, less commonly dark green, gray white, and
white. Occurs as fine-grained foliated masses, less commonly massive.
Very soft, sectile, has a scapy feel. Softness, soapy feel, and form
usually distinetive.
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TABLE 3-10—MINERALS WITH NONMETALLIC LUSTER
Color: White or light gray—medium hard.
Mineral Streak Deseription and tests
Aragonite White Color usually white to light yellow, occasionally gray, green, or violet.
CaCO, Occurs as encrusting erystals around hot springs and as stalactites in
caves. Sometimes massive. Easily scratched with knife. Effervesces
(bubbles) in dilute hydrochloric acid.
Barite White Color usually white to buff, less commonly yellow, brown, and reddish.
BaSO, Occurs both in beds (sedimentary) and in veins. May be massive or
encrusting. Heavy, has prominent cleavage (breaks along smooth
planes). Expands and ‘pops’ when small fragment is heated B.B. Turns
flame yellow green when moistened with HCI1.
Calcite ‘White Usually white to gray white or colorless, occasionalily yellow, blue, or
CaCo, green. Occurs fine grained (limestone), coarse grained (marble), or
very coarse in veins, etc. Very prominent cleavage (breaks along smooth
planes) to form rhombic fragments. Easily scratched by knife. Effer-
vesces (bubbles) in dilute hydrochloric acid.
Cerussite White to Color white to gray. Usually massive, granular, earthy, sometimes as
PbCO, light gray incrusting tabular crystals. Very heavy. Often has a greasy appearance.
Recognize by weight, does not expand B.B. (see barite). Reduces to
metallic lead on charcoal B.B.
Dolomite White to Usually white to gray, sometimes flesh color, buff, or black (impure).
{CaMg)CO, light gray Occurs massive and granular in sedimentary beds, and as well-formed
) crystals in vein deposits. Has rhombic cleavage like caleite. Similar to
calcite but slightly harder. Usually will not effervesce in hydrochloric
acid unless powdered or heated.
Fluorite White Color usually apple green to blue green, also violet, and sometimes color-
CaF., less, white, or gray. Occurs as cubic crystals, also massive. Very prom-
i inent cleavage, breaks along smooth planes in four directions (perfect
octahedral). Does not effervesce in hydrochloric acid (see calcite and
dolomite). When dissolved in sulfuric acid the solution will etch glass.
Hemimorphite White Color usually white, also gray, pale green, or pale klue. Usually occurs as
(Calamine) fibrous crystals, also massive and granular. Infusible. Test for zinec.
H.Zn,8i04 Gels in hot hydrochlorie acid.
Scheelite White Color white to yellow brown. Occurs as pyramidal crystals, as small dis-
CaWo, seminated grains in veins, and as fine granular masses. Very heavy.

Fluoresces under short-wave ultra-violet light (blue white if pure, apple
green to yellow if Mo present). Where molybdenum predominates over
tungsten, the mineral is called powellite.
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TABLE 3-11-—MINERALS WITH NONMETALLIC LUSTER

Color: White or light gray—hard.

Mineral Streak Description and tests
Amphibole Gray green, Amphibole is actually a name that identifies a group of minerals, the most
gray brown, common of which is hornblende. Color black to greenish black, occasion-
or yellow ally brown. Occurs as elongate crystals with well-developed crystal

faces. Common in igneous and metamorphic rocks. Some metamorphic
varieties white to light gray. Crystal faces make angles of 60° and 120°
with each other. Form is distinctive.

Beryl
Be; AL (8i0,),

White

Colors: colorless, white (common), green (emerald), rose (morganite),
blue (aquamarine). In elongate 6-sided crystals, also granular aggre-
gates. Often resembles quartz but is harder. Will serateh glass.

Cassiterite
Sn0,

Yellow brown

Color usually brown to red brown, occasionally white to gray white. Very
hard and heavy, usually found in placer deposits as small rounded
brown pebbles. When crystalline usually as radiating. Weight, color,
and streak usually sufficient. Confirm by chemical test for tin.

Chalcedony
Si0,

White

Colors white to light gray, also red, brown, yellow. Chalcedony is actually
a very fine grained form of quartz. Hard, light, and breaks with a
smooth curved surface like glass. Waxy luster or appearance. Hardness,
luster, and fracture are distinctive.

Corundum
AlLO,

White

Color usually gray to gray green, sometimes white, red (ruby), or blue
(sapphire). Usually occurs as clongate 6-sided crystals, in placers as
rounded pebbles. Very hard, will scratch all natural substances except
diamond. Hardness is diagnostic.

Orthoclase
KAISi,0,

White

As used here includes microcline and orthoclase, or potash feldspar. Color
commonly white, also pale gray, buff, pink, and occasionally green.
Usually occurs as well-developed blocky crystals. Luster shiny, pearly,
earthy when weathered, breaks along smooth plane surfaces (cleaves).
Form, luster, and cleavage usually are sufficient. Lacks multiple twin-
ning, see plagioclase.

Plagioclase
(NaCa)AL,Si,0,

White

Includes the various sodium-calcium feldspars. Color usually white to gray,
occasionally brown or blue. Usually occurs as well-developed blocky
crystals. Luster and cleavage like orthoclase. Distinguished from ortho-
clase by presence of multiple twinning, which produces finely striated
surfaces on crystals. Striations due to twinning are distinctive.

Quartz
Si0,

White

Colorless, white, gray, less commonly brown, violet (amethyst), green,
pink, red. Commonly oceurs as well developed 6-sided crystals, also
massive, granular and microcrystalline (chalcedony). Breaks with
smooth curved surfaces. Hard. Form and character of broken surfaces
are good criteria.

Smithsonite
ZnCO,

White to
gray

Color green, gray green, sometimes gray to gray white. Usually granular
to massive, encrusting, sometimes as stalactites. Powdered mineral will
effervesce (bubble) in dilute hydrochlorie acid. Infusible. Test for zinc.
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TABLE 3-12—MINERALS WITH NONMETALLIC LUSTER
Colors: Other than white or light gray—soft.

Mineral Streak Description and tests
Anglesite White Color usually white to light gray, occasionally pale green or yellow. Com-
PhSO, monly occurs as fine granular masses, rarely as tabular or pyramidal
crystals. A secondary mineral from alteration of lead sulfides. Very
heavy and soft. Heated on charcoal with baking soda B.B. will reduce
to metallic lead.

Asbestos White Color oceasionally light gray, more commonly green to gray green. Occurs
as fibrous or felty masses. Very soft with a soapy feel. Easily scratched
by a fingernail.

Autunite Yellow Color sulfur yellow. Occurs as thin rectangular flakes, occasionally in

Ca(T0,),.P,0,8H0 tabular crystals. Usually encrusting or in minute veins in fractures. An
alteration product of primary uranium minerals. Radioactive. Fluor-
esces apple green under ultra-violet light.

Bauxite Variable Color occasionally white to gray, more commonly reddish to yellowish

Al,0,2H,0 white, yellow, brown, dependent upon impurities. Occurs as rounded (pisolitic or
B brown oolitic) grains, also as fine-grained earthy masses. Heated with cobalt
nitrate, it turns blue without fusion.

Bentonite Variable Color oceasionally white to gray, pink, green, blue, or brown; more com-

{Montmorillonite) monly buff or yellow. Occurs as fine-grained masses. A clay mineral
with a clayey feel and odor when moist. Most varieties swell in water.
When moistened with water solution of benzidine base, turns blue.

Biotite Grayish white Color black to dark brown, occasionally deep green. Occurs as flat elastic
plates that are easily separated. A mica mineral. Soft, easily scratched.
Form and color are distinctive.

Bornite Gray black Color reddish to purplish bronze on fresh surfaces and scratches, tarnished

Cu.FeS, to bright blue on older surfaces. Usually massive, but occasionally
! occurs as cubic crystals. Fusible. Bronze color on fresh surfaces is
diagnostic.

Carnotite Yellow Color canary yellow. Occurs as powdery or earthy films or masses, often

K,0.2U,0.V,0;.3H20

as cementing material between sand grains, occasionally as larger folia
or plates. The most commen secondary uranium mineral. Radioactive.
Color distinctive. Does not fluoresce under ultra-violet light.

Chaleanthite ‘White to Color bright blue on fresh surfaces, powdery blue to pale blue green on
CuS0,5H,0 blue white weathered surfaces. Occurs as an encrusting precipitate, usually from
T copper-rich mine waters. Color and very bitter taste are diagnostic.
Chlorite White to Color dark green to greenish black. Occurs as a rock constituent mineral
greenish or in platy masses. Characterized by a mica-like platy cleavage. Soft.
Color and softness distinctive.
Chrysocolla White, Color green to blue green. Occurs as fine-grained crusts or seam fillings.
C{ISiOgEH,,O greenish Soft, with a shiny to earthy luster. Swells and pops in blowpipe flame.
white, Test 2 for copper.
blue white

Cinnabar Scarlzt Color red to brownish red, occasionally almost black. Sometimes occurs as
HeS tabular crystals, more commonly as fine-grained masses or dissemi-

nated. Luster shiny when crystalline, dull when earthy. Somewhat sec-
tile. Streak and color distinctive. Completely volatile in flame B.B.
(gives off poisonous fumes).
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TABLE 3-12—(continued)

Mineral Streak Description and tests
Coal Brown to Color black, some low-grade varieties (lignite) brown. Occurs in beds and
black seams. Very light. Luster may be shiny or dull. Recognized by its light

weight. Test by combustion.

Covellite Gray black Color indigo blue, like bornite, but does not change color on fresh breaks
CuS and scratches. Commonly occurs as massive or fine granular aggregates,
occasionally as tabular crystals. Very soft, associated with other copper
sulfides. Blue covellite turns bright purple when wetted. Fusible. When

dipped in hydrochloric acid and held in flame, will turn flame blue.

Kanlinite White Color white when pure, more commonly buff to yellow. Occurs as fine-
Al,8i,0,.2H,0 grained earthy masses. Has a clayey feel and odor when moist, A clay
mineral. Heated with cobalt nitrate, it turns blue.

Lepidolite White Color lavender to pale violet. Occurs in plates and flakes essentially re-
stricted to pegmatite deposits. A mica mineral, distinguished from
other micas by color. Mica cleavage and lavender color are distinctive,

Muscovite White Color gray to greenish gray, less commonly white. Occurs as flat elastic
{White mica) plates that are easily separated. A mica mineral. Soft, easily scratched.
Form and color are usually distinctive.

Orpiment Yellow Color lemon yellow. Sectile. Occurs as foliated masses associated with
As,S, other arsenic minerals or metal arsenides. Usually with realgar (see
below). Color and streak are distinctive. B.B. burns with blue flame and

gives off garlic odor.

Proustite Red Color vermillion red. Occurs as small erystals or fine-grained masses in

(Ruby silver) veinlets. Soft and brittle, Test 2 for silver. Distinguished from cinnabar
3Ag,S.As.5, by somewhat different color and streak.

Realgar Orange red Color red to orange red, like streak. Occurs massive or fine granular,
AsS usually with orpiment (see above). Associated with other arsenic min-

erals or metal arsenides. Sectile. Color and softness are distinctive.

Serpentine ‘White Color gray green to green. Occurs massive, A form of asbestos. Soft,

H,Mg,8Si,04 easily scratched. Has a soapy feel. Form, softness, soapy feel are
distinctive.

Tale White Color pale greenish gray, less commonly dark green, gray white, and white.

H,Mg,(Si0;), Occurs as fine-grained and foliated masses, less commonly massive.

Very soft, sectile, has a soapy feel. Softness, soapy feel, and form
usually distinctive.

Torbornite Pale apple Color apple green to emerald green. Occurs as foliated crusts. Occasionally
Cu(UO0,),.P20,12H,0 green as well-developed square tabular crystals. Soft. Radioactive. Color is
distinetive. Not fluorescent under ultra-violet light.

‘Wulfenite White Color waxy orange to yellow, rarely green to white. Usually occurs as
PbMoO, square tabular crystals associated with primary lead or molybdenum
minerals. Swells and pops B.B. Fused with baking soda on charcoal

yields metallic lead.
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TABLE 3-13—MINERALS WITH NONMETALLIC LUSTER
Colors: Other than white or light gray-—medium hard.

Mineral Streak Description and tests
Avagonite White Color usually white to light yellow, occasionally gray, green, or violet.
CaCOgy Ocecurs as encrusting erystals around hot springs and as stalactites in
caves. Sometimes massive. Easily scratched with a knife. Effervesces
(bubbles) in dilute hydrochloric acid.
Azurite Blue Color deep blue when crystalline, pale blue to blue white when weathered
2CuC0;.Cu(OH) . or earthy. Usually as earthy masses, less commonly as bright-blue
encrusting crystals. Usually associated with (green) malachite. Effer-
vesces (bubbles) in dilute nitric acid. Test 2 for copper.
Barite White Color usually white to buff, less commonly yellow, brown, and reddish.
BaSO, Occurs both in beds (sedimentary) and in veins. May be massive or
encrusting. Heavy, has prominent cleavage (breaks along smooth
planes). Expands and “pops” when small fragment is heated B.B. Turns
flame yellow green when moistened with hydrochloric acid.
Bismutite White Color may be white, yellow, green, or gray. Occurs as an encrusting or
Bi,0,.C0,.H,0 earthy mass. A secondary mineral usually associated with primary
bismuth ores. Fusible. Effervesces (bubbles) in dilute hydrochloric acid.
Test for Bi.
Calcite ‘White Usually white to gray white or colorless, occasionally yellow, blue, or green.
CaCOg4 Occurs fine grained (limestone), coarse grained (marble), or very
coarse in veins, etec. Very prominent cleavage (breaks along smooth
planes) to form rhombic fragments. Easily scratched by knife. Effer-
vesces (bubbles) in dilute hydrochloric acid.
Cuprite Brown red Color bright red to dark red. Occasionally in bright colored crystals, more
CuO commonly as earthy masses. An oxidation product of primary copper
minerals. Color and streak are distinctive. Moistened with hydrochloric
acid and placed B.B. will turn flame blue..
Dolomite White to Usually white to light gray, sometimes flesh color, buff, or black (impure).
(CaMg)CO, light gray Occurs massive or granular in sedimentary beds, and as well-formed
erystals in vein deposits. Has rhombic cleavage like calcite. Similar
to caleite, but slightly harder. Usually will not effervesce in hydro-
chloric acid unless powdered or heated.
Fluorite White Color usually apple green to blue green, also violet and sometimes color-
CaF, less, white, or gray. Occurs as cubic crystals, also massive. Very prom-
inent cleavage, breaks along smooth planes, in four directions (perfect
octahedral). Does not effervesce in hydrochloric acid (see calcite and
dolomite). When dissolved in sulfuric acid the solution will etch glass.
Goethite Yellow brown Color reddish to blackish brown. Usually in long thin radiating or fibrous
Fe,0,.H,0 crystals forming rounded masses. An oxidation product of iron sulfides.
Distinguished from other red oxides by yellow-brown streak. Heavier
than limonite (Sp. gr. 44).
Hemimorphite White Color usually white, also gray, pale green, or pale blue. Usually occurs
(Calamine) as fibrous crystals, also massive and granular. Infusible. Test for zinc.
H,7Zn,Si0, Gels in hot hydrochloric acid.
Limonite Yellow brown Color yellow brown to yellow ocher. Usually occurs as granular earthy
Fe,0,nH,0 masses. Sometimes occurs as pseudomorphs after pyrite. Yellow-brown
streak. Difficult to distinguish from goethite, but is lighter (Sp. gr.
3.6-4.0).
Malachite Pale green Color bright green. Occurs as earthy masses or as bright green, elongate,

CuCO,.Cu(0H),

radiating crystals. When crystalline has a silky luster. Often with
azurite. Effervesces in dilute hydrochloric acid. Test 2 for copper.
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TABLE 3-13—(continued)

Mineral Streak Description and tests
Monazite White Color brown to red brown, occasionally yellow brown. Occurs as tabular
(CeLa)PO,+ThSiO, crystals when found in primary deposits. Usually in placer accumula-
tions. Very heavy. Radioactive (contains thorium).
Rhodochrosite White Color rose, yellow gray, buff. Occurs as granular or encrusting masses.
MnCOy4 More rarely as crystals. Frequently with black manganese oxide stain
on surface. Will effervesce in warm hydrochloric acid (bubbles).
Scheelite White Color white to yellow brown. Occurs as pyramidal crystals, as small dis-
CaWo, seminated grains in veins, and as fine granular masses. Very heavy.
Fluoresces under ultra-viclet light (blue white if pure, apple green to
vellow if Mo is present). Where molybdenum predominates over tung-
sten, the mineral is called powellite.
Siderite White Color yellow brown to red brown, also yellow gray. Occurs as rhombohedral
FeCO, crystals, also massive and granular. A common gangue mineral asso-
ciated with iron oxides. Effervesces in dilute hydrochloric acid.
Sphalerite White Color yellow, yellow brown, dark brown, and dark greenish gray. Occurs
7ZnS as fine- to coarse-grained aggregates in veins and lodes with other
sulfides. Has prominent cleavage (breaks along smooth planes). Gives
off sulfurous fumes in hydrochloric acid.
Titanite White Color brown, yellow gray, occasionally green, red, black. Occurs as wedge-
CaTiSiO; shaped crystals. Hard, scratched only with difficulty. Also known as
sphene. Shape and hardness distinctive.
Uraninite Gray black Color gray black, greenish black, brownish black, black. Usually massive,
U0,.U0, to brown sometimes in small 8-sided crystals. Hard. Secratched only with diffi-
black culty. Radioactive. Not fluorescent in ultra-violet light.
Wolframite Black Black to dark gray or brown. Qccurs as tabular or bladed erystals. Hard,
(Fe, Mn)WO, scratched with difficulty by pocket knife. Manganese variety is called
huebnerite. Easily fusible. Hardness somewhat distinctive. Chemical
test for W.
TABLE 3-14—MINERALS WITH NONMETALLIC LUSTER
Colors: Other than white or light gray—hard.
Mineral Streak Description and tests
Amethyst White Color purple. Commonly occurs as well-developed 6-sided crystals, pointed
Si0,, on one end lining the walls of vugs or openings in the rocks. Amethyst
is a variety of quartz. Hard. Breaks along smooth curved surfaces.
Amphibole Gray green, Amphibole is actually a name that identifies a group of minerals, the most
gray brown, common of which is hornblende. Color black to greenish black, occa-
or yellow sionally brown. Occurs as well-developed crystals with elongate form.
Common in igneous and metamorphic rocks. Some metamorphic varie-
ties white to light gray. Crystal faces make angles of 60° to 120° with
each other. Form is fairly distinctive.
Beryl White Colorless, white (common), green (emerald), rose (morganite), blue (aqua-
BegAl, (8i0;5) marine). In elongate 6-sided crystals, also granular aggregates. Often
resembles quartz, but is harder. Will scratch glass.
Cassiterite Yellow brown Color usually brown to red brown, occasionally white to gray white. Very
Sn0, hard and heavy, usually found in placer deposits as small rounded

brown pebbles. When crystalline, usually as radiating, fibrous crystals.
Weight, color, and streak usually sufficient. Confirm by chemical test
for tin.

5
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TABLE 3-14—(continued

Mineral

Streak

Description and tests

Chalcedony
Sio,

White

Colors white to light gray, also red, brown, yellow. Chalcedony is actually
a very fine-grained form of quartz. Hard, light, and breaks with a
smooth curved surface like glass. Waxy luster or appearance. Hard-
ness, luster, and fracture ave distinctive.

Corundum

Aiy03

White

Color usually gray to gray green, sometimes white, red (ruby), and blue
(sapphire). Usually occurs as elongate 6-sided crystals; in placers as
rounded pebbles. Very hard, will scratch all natural substances except
diamond. Hardness is diagnostie.

Epidote

White to
gray white

Color yellow green, green, or yellow (more commonly green). Occurs as
elongate, radiating striated crystals. Usually a metamorphic mineral
found in contact zones. Fuses and swells to form a black slag when a
small fragment is heated B.B.

Garnet

White

Color red, red brown, brown, occasionally almost black, green. Occurs as
small equidimensional crystals appearing much like glass beads. Also
massive. Garnet is a term that identifies several similar (garnet group)
minerals. Distinguished by color, shape, and hardness.

Hematite
Fe,0,

Brick red

Color brick red to red brown. Occurs as earthy masses, as oolitic masses,
occasionally as foliated crystals (see specularite). When earthy, appears
softer. Streak is distinctive.

Jadeite

White

Color apple green, dark green, greenish white. Occurs as massive or fine
granular aggregates. A form of jade. Fuses to a bubbly glass B.B.
Turns flame yellow.

Olivine
(MgFe).Si0,

White to
yellow white

Color green, olive green, forest green. Occurs as small well-formed crystals
in basic igneous rocks. Color and association distinctive.

Orthoclase
KAISi 04

White

As used here includes microcline and orthoclase, or potash feldspar. Color
commonly white, also pale gray, buff, pink, and oceasionally green.
Usually occurs as well-developed, blocky crystals. Luster shiny, pearly,
earthy when weathered. Breaks along smooth planes (cleavage). Form,
luster, and cleavage usually are sufficient. Lacks multiple twinning, see
plagioclase.

Plagioclase

(NaCa) Al,8i,04

White

Includes the various sodium-caleium feldspars, Color usually white to gray,
occasionally brown or blue. Usually occurs as well-developed blocky
crystals. Luster and cleavage like orthoclase. Distinguished from ortho-
clase by multiple twinning, which produces finely striated surfaces on
crystals. Striations due to twinning are distinctive.

Pyroxene

White to
gray green

Color black to greenish black, some varieties grayish to brownish. Occurs
as stubby well-formed crystals in igneous and metamorphic rocks.
Shiny luster, somewhat dulled by weathering. A name that applies to a
group of similar minerals. Tends to break (cleave) to make angles of
90° between faces. Fuses to black or green-black glass B.B.

Quartz
Si0,

White

Colors: colorless, white, gray, less commonly brown, violet (amethyst),
green, pink, red. Commonly occurs as well-formed 6-sided crystals,
also massive, granular, and microcrystalline (chalcedony). Breaks with
smooth curved surfaces. Hard. Form and character of broken surfaces
are good criteria.

Rhodonite
MnSiO,

White

Color pink, flesh colored, buff. Commonly occurs as massive or granular
aggregates, occasionally as tabular crystals. Associated with black
manganese oxides. Color and hardness are distinctive.

Smithsonite
ZnCO,

White to
gray

Color green to gray green, sometimes gray to gray white. Usually granular
to massive, encrusting, sometimes as stalactites. Powdered mineral will
effervesce (bubble) in dilute hydrochloric acid. Infusible. Test for zine.

e
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TABLE 3-14—(continued)

Mineral Streak Description and tests
Staurolite White to Color red brown, dark brown, or vellow brown. Occurs as well-developed
HFeAl,81,0,; gray 6-sided crystals, frequently penetrating each other to form crosses. A
metamorphic mineral. Infusible B.B, Hard, will scratch glass,
Topaz White Color pale yellow, rarely gray, blue, green, or red. Occurs as small well-
(AlF),8i0, formed 8- and 10-sided crystals. Shiny luster. Has one perfect cleavage,
breaks on a smooth plane surface at right angles to crystal length. Very
hard, will scratch glass.
Tourmaline White Color black, less commonly pink, green, blue, lavender (gem varieties).

Gem varieties often bicolored. Occurs as well-developed elongate crys-
tals with triangulary 6-sided, or rounded cross section, commonly in
radiating groups. Common in veins and in pegmatites. Crystals are
striated longitudinally. Color, shape, and striations are distinctive,

INSTRUCTIONS FOR USING ROCK IDENTIFICATION TABLES

The rock identification tables, like those for
mineral identification, have been designed to allow
rough rock identification by a process of progres-
sive reduction into groups. As there are far fewer
rock types to be considered, each of the major
rock groups is presented in a separate table.

The first breakdown separates rocks into
igneous, sedimentary, and metamorphic groups.
Although this first separation is usually easy,
there are rocks that make it difficult.

Igneous rocks are those that are believed to
have formed from the solidification of once-molten
rock (magma). These include such common intru-
sive rocks as granite and granodiorite, found in
and near many mining districts, and also the fine-
grained extrusive rocks formed in lava flows and
as dikes and sills.

Sedimentary rocks can be subdivided into two
subgroups: clastic sediments and chemical precipi-
tates. The clastic sedimentary rocks include such
common examples as sandstone and shale. They
represent the accumulation of mineral and rock
fragments derived from the erosion of older rocks
and cemented together (lithified) to form solid
rock. Chemical sediments include rocks formed as
a precipitate from solutions (especially sea
water).

Metamorphic rocks may have been either
igneous or sedimentary originally, but they have
undergone important changes since formation.
These changes may result from high temperature,
high pressure, or a combination of both. Slight
metamorphism usually causes only slight harden-

ing and compaction of the rocks. With more stren-
uous metamorphism, the rocks may develop line-
ation (all elongate crystals turned parallel to each
other), foliation (platy or planar structure), or
new metamorphic minerals in the rock (e.g.,
garnet, corundum, staurolite).

After a given rock is classified as igneous,
sedimentary, or metamorphic, individual species
can be recognized (by use of the tables) on the
basis of the minerals present in the rock, grain
size, and other physical characteristics.
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CHAPTER 4 — ORE ANALYSIS

By

RALPH 1. SMITH

INTRODUCTION

The small-mine operator is concerned with
simple and complex ore analyses. Relatively un-
complicated methods can be used at the mine site
by the owner. Those that require expensive and
complicated instrumentation are better left to
established laboratories. The first group includes
fire assaying, chemical analysis, panning, micro-
scopic examination, use of ultraviolet or ‘black
light’, colorimetric analysis, and use of radiation
meters. The second group includes atomic absorp-
tion, x-ray analysis (both diffraction and fluores-
cence), spectrography or spectro-chemical analy-
sis, polarography, flame spectrometric analysis,
and several newer methods such as chromotog-
raphy, ion exchange, chelation, neutron diffraction,
and infrared spectrophotometry.

The word ‘assaying’ normally brings to mind
the method known as fire assaying, the method
universally used in the past for the determination
of gold and silver. Recently a new method of
analysis — Atomic Absorption, commonly called
‘AA’ — has come into use. The new method has
virtually taken over routine analytical work. An
ore containing gold or silver or both can be
evaluated rapidly, accurately, and easily by either
method.

Gold and silver are sold on the basis of troy
ounces, and assays of these metals are reported
in troy ounces per short ton of dry ore. A troy
ounce is 480 grains, whereas an ordinary avoirdu-
pois ounce is 43714 grains. The grain was origi-
nally based upon the weight of a ‘plump grain of
wheat” but is now established as 1/7,000 of an
avoirdupois pound. A short ton is 2,000 avoir-
dupois pounds. There are 29,167 troy ounces in
a short ton. These units are in use today, but as
the United States changes over to the metric
system, new units must be established.

Fire assaying, especially for gold, is extremely
sensitive. One hundredth of an ounce (0.01 oz.)
of gold per ton in regular ores is easily determined.
This means that we can accurately determine 0.01
of 29,167 parts of the ore, or 1 part in 2,916,700 or
1 part in 2.9 million. In money value, if gold were
selling for $150/0z. (the price may vary over a
wide range), the assay is accurate to $1.50/ton.
The standard weight of sample used is called the
assay ton (AT) and is 29.167 grams. The sensi-
tivity of the assay can be increased by using
larger samples, a method often used on mill tail-
ings for close evaluation. As an example, suppose
that 1 AT of a tailing sample is assayed, and the
resulting gold is found to be less than 0.01/oz.
per ton. From this, we know that the tailings
contain less than $1.50 of gold per ton but we

do not know the exact value. The assayer will
then test 5 AT. If the resulting gold weighs the
equivalent of 0.02 oz., we divide by 5 to arrive
at 0.004 oz./ton. Thus, the gold in the tailings
is worth 60¢/ton (again assuming a gold price of
$150/0z). This method of assaying more than one
AT is used on ores only when precision is needed
and the extra cost is justified. It is used regularly
in assaying gold cyanide solutions, however, as
no extra cost is entailed.

Atomic absorption is also extremely sensitive.
The results are usually reported in parts per mil-
lion (ppm) or parts per billion (ppb). The results
are then recalculated to troy ounces per ton.

For ores, four classifications of samples are
used. These are: (1) mine samples, used in selec-
tion of ore for mining and setting the grade of the
ore, and for exploration and evaluation of ore
reserves, (2) ore going into a mill, or mill heads,
(3) control samples for settlement between seller
and buyer, and (4) umpire samples to settle dis-
agreements between seller and buyer.

In mine sampling, the operator wants to know
the value of large blocks of ore. One sample per
set or several cubic yards of rock will evaluate
the unit well enough to show whether it is worth
mining. It is usual to run one assay of half an AT.
If the sampling is accurate, the one sample is
sufficient for preliminary evaluation.

In milling, the operator needs more accuracy
to determine input and outgo, or to keep a metal
balance. The general practice is to assay duplicate
samples of 14 or 1 AT each, depending on the
amount of gold in the ore and the sensitivity
required. One AT is used for low-grade ores and
14 AT is used for medium-grade ores. Running
duplicate samples provides a check of the sample
and the assay; the duplicates should check within
0.02 oz./ton for ores of milling grade. The aver-
age of the two samples is the value used for the
ore.

Control samples are those made up by the
smelter from a shipment by an independent owner
(or small-mine owner). The whole shipment of ore
is sampled by an automatic sampler, which crushes
the ore and cuts a preliminary sample of 50 to
100 Ib. This portion is then ground and cut to
about 10 Ib. The 10-Ib. sample is put through a
100-mesh screen and mixed thoroughly. From it
are cut four ‘pulp’ samples. The smelter assays one
of the pulp samples. The result is sent to the mine
owner, along with a second pulp. The third pulp
goes to an umpire assayer, if necessary, and the
fourth is kept in reserve for three years, as re-
quired by law. The smelter and the mine owner
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may run as many assays as they deem necessary
to properly evaluate the ore. Control assays must
be accurate, so special precautions and checks
are used. These procedures raise the cost of con-
trol assays.

If the assays of the buyer and the seller do not
agree, to the satisfaction of the seller, he may
call for an umpire assay. He designates a custom
assayer for the job, and the smelter sends the pulp
samples saved for this purpose to the designated
assayer. The umpire assayer then runs as many
samples as he deems necessary for accurate re-
sults. This is an important assay and must be the
best quality, hence the umpire assay is likely to be
the most expensive. Settlement is made on the um-
pire assay, and the party whose assay is farthest
from the results of the umpire must pay for the
umpire assay.

One type of check assay that the small-mine
owner can use cheaply and conveniently is called
a composite-sample assay. For example the mine
sampler takes ten mine samples, each about the
same weight. After they are crushed and mixed,
an equal amount of each sample is extracted and
the ten equal parts are put together to make one
‘composite’ sample. The eleven samples are
assayed separately. The average value of the ten
original samples should very nearly equal the
value of the composite sample. The limits of check
can be established after the procedure has been
used for a short period of time. If the results of
future assays do not check within the established
limits, an error has been made.

Another type of composite sample is often
used with a screen analysis. The sample is pre-
pared and assayed normally. A weighed portion
of the sample is then put through a series of
screens of different sizes. The amount of material
retained by each screen is weighed and assayed.
The value of each screen fraction multiplied by
its weight is calculated. The results of the frac-
tions are added, and this value should approxi-
mate the value of the original sample within rea-
sonable limits. Again, if the values are not close,
an error is indicated.

One precaution is necessary when dealing with
gold ores that contain relatively large particles of
free or metallic gold. Free gold will not grind in
sample-grinding machines; rather it will flatten
out and remain in large flakes, which will not go
through a fine screen. All ores should be tested
for such gold, called ‘metallics’. The material
remaining on the screen is removed, put in dilute
nitric acid, and the acid boiled for a short period
of time. If gold is present it will not be dissolved
but will be cleaned so that it can be recognized.
This gold is then weighed, and a prorated value—
based on the total weight of the pulp sample—is
added to the amount of gold determined in the
assay of the pulp.

The methods and procedures outlined above
apply equally well to the assay of silver ores

except in one important detail. Silver is not as
stable as gold when heated for assaying. There-
fore, the losses of silver are greater than those of
gold. These losses can be evaluated by what is
called a ‘correction assay’. Corrected assays are
applied to assays of metallic silver (bullion), but
not to the assays of ore, because the smelter loses
more in smelting than the assayer does in assay-
ing. Thus, the smelter will not base its payment
on a corrected assay. Because silver is not as
stable as gold, the margin of error allowed in
assaying is larger. Duplicate samples of low-grade
ores should check within 0.20 oz.; for ores con-
taining as much as 100 oz./ton, the check should
be within 0.5 oz.; the difference should be no
greater than 1.0 oz. for higher grade ores.

Both fire assay and atomic absorption are
rapid, economical, sensitive, and accurate. Atomic
absorption is more sensitive than fire assay, but
fire assay has the advantage that it simulates the
conditions in the smelter furnace and thus gives
an indication of how the ore will react in the
smelting. Other methods can be used, but they are
more expensive and complicated.

Fire assaying also discloses the presence of
metals of the platinum group, platinum, palladium,
ruthenium, rhodium, osmium, and iridium. Al-
though these metals cannot be determined quan-
titatively by this method, the experienced assayer
will recognize their presence as soon as the assay
sample is taken from the furnace.

Determining which of the platinum group
metals are present, and how much of each, re-
quires a long and involved chemical procedure.
The analysis can be run either chemically or by
atomic absorption, but it is best left to an expert.
Send such samples to a commercial laboratory
that is equipped to do the job. If any metals of
the platinum group are present in appreciable
amounts, an analysis to determine their value may
well be worthwhlle

Fire assaying has one other posmble usé, that
is getting a rapid estimate of a few of the base
metals in the ore. These metals dre lead, copper,
tin, antimony, mercury, and bismuth. Notice that
thlS is an approximation; the error in the fire
method is between 5 and 10 percent. It is a rapid
method, however, and if no other i$ available,
it can be used in prospecting. Because of the inac-
curacies involved, smelters will not settle on a fire
assay of the base metals.

For an accurate determination of all the com-
mon metals and impurities in an ore, chémical or
wet methods of analysis are used. “Wet methods
employ water, acids, and various. chemicals, A
small sample of material is dissolved in acid, and
the different constituents of the ore are separated
chemically and evaluated. Generally, the amount
of each metal or compound is reported in percent.

All metals and compounds of importance in
smelting can be determined by the wet methods,
especially if we regard atomic absorption as a wet
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procedure. A few of the common metals are cop-
per, lead, zinc, iron, arsenic, antimony, and tung-
sten. A few of the compounds are silica or quartz,
iron oxides, calcium carbonate (limestone), and
aluminum oxide or alumina. Some methods of wet
analysis are described later in this chapter.

Many of the ores evaluated by these methods
contain more than one valuable metal. After the
metals in such ores are identified, the mine owner
may send a sample of his ore to a laboratory for
tests to determine how the maximum value of the
ore can be obtained. These tests are known as
mineral-dressing and metallurgical tests. Commer-
cial laboratories can run such tests at a nominal
cost and can determine the costs and recoveries,
thus giving the mine owner an idea how to market
his ore to the best advantage.

The methods of analysis described above
are the standard methods used by almost all
smelters to evaluate ore. They are established
procedures that can be relied upon. The cost of
these determinations is small, and when done by
competent workers the results are accurate and
can be obtained rapidly.

The remaining methods of analysis are used
in prospecting, in determining the characteristics
of an ore so that processing can be improved, or
are special methods of analysis used by commer-
cial laboratories to determine something that can-
not be obtained by the usual methods.

The first of these methods useful in prospect-
ing is ordinary panning. Panning can be used in
estimating the value of gold, silver, copper sul-
phide minerals, lead ores, zinc ores, and any
other mineral aggregate, the specific gravity or
density of which differs appreciably from that of
the gangue. Put in water, the lighter minerals
can be washed away from the heavier minerals.
With careful sampling and weighing, the residue
from panning permits a good estimate of the
amount of valuable minerals present. Thus, a gold
placer deposit can be evaluated by drilling and
then panning the drill cuttings. Experience en-
ables one to use panning as an accurate and
economical method of evaluating placer gold de-
posits. Panning can be applied in the same man-
ner to many other kinds of mineral deposits. An-
other use of panning is mill control. The tailings
may be panned rapidly and often to determine the
efficiency of the mill. With a little imagination
and ingenuity one can use this method in many
applications.

Microscopic examination involves identification
of minerals by sight under a microscope, and
can only be done by a person experienced in such
work — a good mineralogist. After the various
minerals are identified, the amount of each can be
estimated. The method is rapid and positive for
both ore and gangue minerals. An ordinary stereo-
binocular microscope (there are many types on
the market) can be used. A small sample of the
material is crushed to —250 and 325 mesh and

examined. After identification, a particle count is
made, from which the amounts of the various
minerals present can be estimated.

Microscopic examination has several other ad-
vantages. The physical condition of minerals in
the ore can be determined; for instance, a sul-
phide mineral such as pyrite or chalcopyrite may
be weathered (oxidized) and, if so, coated with an
oxide product, and so may complicate the milling
process. The effectiveness of the grinding opera-
tion in freeing the ore and gangue minerals is
easily ascertained by the microscope. Or, if losses
of ore minerals are high, the reason can often be
determined by microscopic examination. Perhaps
the ore mineral is so fine and evenly distributed
throughout the gangue material that the grinding
required to free it would cost more than the value
of the mineral recovered. A chemical or fire assay
either dissolves or melts the material of the ore;
consequently, particles, atomic or molecular in
size, are separated, but this does not reveal the
physical condition of the minerals. The physical
condition can be evaluated only by visual exam-
ination with a microscope, but as stated above,
this work can be effectively done only by an ex-
perienced mineralogist.

The polarizing microscope is another useful
instrument. The light entering this microscope
is polarized or made to vibrate in only one direc-
tion. Under this condition, the light coming from
the mineral sample, either transmitted through
the sample or reflected from it, gives various opti-
cal effects that are characteristic of each individ-
ual mineral being examined.

Two kinds of samples are used for this type
of examination. For most sulfide ores, a polished
section is made by cutting a specimen and then
polishing the cut face to an absolutely smooth
even surface, enabling the opaque minerals to
reflect light directed on them. For the study of
transparent minerals, a ‘thin section’ is made by
cutting a very thin slice from a specimen. This
slice is mounted on a glass slide. The polarized
light is transmitted through the specimen. The
optical effects of each mineral are characteristic of
that mineral alone, hence a trained operator can
positively identify a host of minerals, and can get
much useful information concerning the physical
condition of the minerals present in the sample.
A semiquantitative estimate of the amounts of
each mineral present can be made. As optical
equipment is expensive and requires a trained
operator, it may not be available at many mines.
Samples can be sent to a commercial laboratory
for examination at a reasonable fee.

Mineral fluorescence can be used as an aid in
analyzing ores, as some minerals have the prop-
erty of fluorescing under ultraviolet light. Ultra-
violet, or ‘black light’ as it is sometimes called,
is invisible to the human eye, but when directed
onto a fluorescent mineral in a dark room or in
subdued light, the ‘black light’ is reflected back
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as visible light, which appears to glow from with-
in the mineral. Fluorescence of most fluorescent
minerals is erratic, but some minerals have a
fluorescence characteristic enough to be used for
identification. Some of these are: autunite and
a few other uranium minerals, greenish yellow;
willemite, zinc silicate, green; scheelite, calcium
tungstate, bluish white; zircon, zirconium silicate,
orange; fluorite (not all specimens), calcium fluo-
ride, purple (or other color); powellite, calcium
molybdate, cream color; some diamonds, fluores-
cence variable; hydrozincite, hydrous zinc carbon-
ate, blue. There are many minerals that have a
characteristic fluorescence only in certain locali-
ties, thus fluorite from Clay Center, Ohio, fluores-
ces cream color, and that from Cumberland, Eng-
land, fluoresces purple. Fluorescence can be used
for estimating grades of ore, but commercially, it
is used chiefly in hand-sorting ore from waste,
and in this respect is a rough analytical method.

In connection with the black light, the geiger
counter or the scintillation counter may be used.
This instrument is useful for the detection of
radioactive minerals., These include minerals of
uranium and therium. A few of the common ele-
ments, such as potassium, that have slight radio-
activity, may register on such an instrument,
especially in areas of hydrothermal alteration.

The geiger counter must be brought into close
proximity to the material to be tested before it
will work. It is generally carried by the person
using it. Radioactivity is indicated by audible
clicking of an earphone attachment or by a needle
on a dial. Either of these indicators can be used at
the discretion of the operator. As there is a small
amount of radioactivity everywhere, called back-
ground, and the amount of this radioactivity
varies from place to place, the background count
for any locality must be established before an
accurate estimate can be made of any abnormal
radioactivity. Any indication above this back-
ground means radioactive minerals are present.
If the count is very high, the clicking becomes a
steady hum or the needle may go off the dial; a
very active material is indicated.

There is no way of telling from the geiger
counter which mineral is present. Quantity pres-
ent can be estimated from the intensity. Radio-
metric analyses can be made by comparing given
quantities of unknown samples with known stand-
ards; however, this does not give the absolute
quantity of uranium or thorium present, but mere-
ly gives the uranium equivalent. If the ore is geo-
logically ‘voung’ and not in ‘equilibrium’ a radio-
mefric assay is valueless.

A chemical analysis for uranium is usually
reported in percent of uranium oxide (U,Oy).
Thorium is reported as thoria or thorium dioxide
(ThO,). These are units selected by the Atomic
Energy Commission as a base for reporting and
settlement.

The scintillation counter is used in the same

manner as the geiger counter, but it is a much
more sensitive instrument. It may be used in an
automobile or an airplane. It can detect radioac-
tivity from a considerable distance. Again, how-
ever, the scintillation counter must be supple-
mented by chemical or other kind of analysis to
identify the metal and measure the amount pres-
ent.

A reliable geiger counter costs about $100
or more, a scintillation counter $250 or more. Both
are delicate instruments. They must be handled
carefully and, to function properly, they must
be serviced regularly by a trained technician.
Handled properly, they are valuable tools for
the prospector interested in radioactive minerals.

In the last few years the x-ray machine has
been developed into a valuable tool or instrument
for analysis. This is a costly and extremely com-
plicated instrument. Also, a skilled and exper-
ienced operator is needed to obtain reliable results.
Samples for x-ray analysis should be sent to a
commercial laboratory.

For the small-mine operator either of two
types of x-ray analysis could be useful—diffrac-
tion and fluorescent analysis. Let us look at dif-
fraction first. The sample of material is ground
to fine powder and then irradiated by or sub-
jected to x-rays. Each substance or component
present will then give off a characteristic pattern
of radiation, which can be recorded on a film or
picked up by a geiger or scintillation counter and
recorded on a strip chart. From this record the
operator can usually identify the materials pres-
ent in the sample. If the material is complex—
many substances are present—it may have to be
treated chemically or mechanically to separate the
substances for positive identification. Many meth-
ods of sample preparation and separation have
been developed, so that all of the common min-
erals can be identified positively. Quantitative
analyses can be made by x-ray diffraction, but
the procedures are so complex and involved that
the cost is high. Generally, the use of x-ray is
restricted by cost and complexity to analyses that
cannot be made by other, more economical
methods.

Some examples of the profitable use of x-ray

diffractions are:

1. The determination of the type of clay
present in a given clay. The determination
is rapid and economical. From this and
experience based on a correlation of other
physical tests, the behavior of the clay can
be forecast with accuracy.

2. The identification of troublesome com-
pounds and impurities in an ore.

3. The identification of the principal valuable
minerals in an ore, which could be of help
in the processing of the ore.

4. The detection of small amounts of some
valuable mineral that otherwise might not
be found.
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Before a sample is submitted for x-ray analy-
sis, however, an expert should be consulted to
ascertain whether the necessary expenditure
would be worthwhile. The cost of the analysis is
high, there is a chance of misinterpretation by
the inexperienced layman, and the information
obtained might be of no direct value to the mine
owner,

X-ray diffraction analyses are usually report-
ed as the mineral or minerals present, if only
identification is requested. If a quantitative analy-
sis is made, the result is reported in percent of
each mineral present, which is comparable to the
report from a chemical analysis. X-ray machines
are used to good advantage by many large com-
panies but at present are too costly to be consid-
ered as a regular assay tool by most small-mine
owners.

The second type of x-ray analysis of value to
small-mine owners is called an x-ray fluorescent
analysis. The instrument is called an x-ray spec-
troscope. The newer spectroscopes can detect so-
dium and the metals heavier than sodium. Older
models can detect only titantium and heavier
metals. For example the metallic element beryl-
lium will not show. To detect beryllium a diffrac-
tion analysis would be used, which would indicate
the presence of a beryllium mineral. With the
spectroscope, the state of the metal beryllium is
of no consequence. If an element that can be
detected is present in any free form, combined in
liquid solution, or even in the gaseous state, its
presence can be detected. The only limitation is
the amount present. The critical amount varies
with the element, the other elements present, and
the sensitivity of the instrument.

The first use of fluorescent analysis is the
identification of the elements present in a ma-
terial. It can be used for most of the common ore
minerals, such as those containing copper, zinc,
iron, lead, and tungsten. If the material is a solid,
it is ground to a fine powder, as for other anal-
yses, and irradiated by the x-rays. If the material
is a liquid or a gas it is put in a special container
and irradiated by x-rays. Each element gives its
own characteristic pattern from which it can be
identified. ‘

The second use of fluorescent analysis is the
determination of the amount of a particular ele-
ment present. Normally, complex procedures are
necessary to first calibrate the instrument for
quantitative determinations. It is therefore a
time-consuming method until the standards are
established. It is also a costly method. Its main
advantages are the detection and semiquantitative
or guantitative determination of those metals that
are difficult to assay by the more common meth-
ods. In certain cases, much smaller amounts of
some of the heavier metals can be determined
more quickly and more accurately than by con-
ventional methods.

Some examples of cases in which the x-ray
fluorescent analysis is advantageous are:

1. In the semiquantitative determination of
the rare-earth metals. This family of
metals consists of lanthanum, cerium,
praseodymium, neocdymium, illinium, sa-
marium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium,
ytterbium, and lutecium. These metals
have properties so much alike that chem-
ical analysis is extremely long and diffi-
cult. A pattern of a sample containing sev-
eral of these elements can be made with
an x-ray spectroscope, and interpreted in
a few hours. The same applies to other
metals that are uncommon but in use to-
day. These metals include hafnium, colum-
bium (niobium), zirconium, indium, gal-
lium, thorium, tantalum, and yttrium.

2. If the presence of a platinum group metal
is found by fire assay, the metal (or
metals) could be identified by x-ray fluor-
escent analysis and its amount estimated
in about a day, whereas a chemical analy-
sis would take at least a week.

Generally, this x-ray fluorescent procedure is
used for the identification and quantitative deter-
mination of the more uncommon metals. If you
have a problem that you think could be solved by
this method of analysis, consult a commercial lab-
oratory or a state or federal agancy about the
advisability and cost of such analyses.

The report of an x-ray fluorescent analysis
often poses a problem. The report will show prac-
tically all of the elements present in the sample.
One or more of these will be an element or metal
in which the operator is interested, and the rest
will be what we will call impurity or auxiliary ele-
ments. The two important factors are the percent-
age of the wanted metal present and the value of
the ORE of the metal. The value of the ore can
be obtained from a trade journal or magazine,
such as the Engineering and Mining Journal, a
monthly publication of McGraw-Hill Co. The quo-
tation for the ore may be given as percentage or
‘units’, and as so many dollars per unit. A unit
is 1 percent and it may be of either the metal
or the oxide of the metal. If the quotation is
given as percentage or unit of the metal, the
value of the ore is easily calculated (units times
price). The same applies if units and price of the
oxide are given. If, however, the price is given for
units of oxide and the assay report is in units of
metal, an estimation of the percentage of the
oxide present can be obtained by multiplying the
percentage of the metal by a factor of about 1.25.
This will average out well for the heavier metals.
The approximate value of the ore can then be
calculated as explained above.

An example of the use of a metal oxide as a
unit is that of tungsten; the unit here is tungsten
trioxide, WO;, which contains about 79 percent
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tungsten. Another is uranium oxide, U3Qs, about
84 percent uranium.

In most ores, the impurities or auxiliary metals
are present in fairly large amounts and generally
they are of no value to such an ore. These ele-
ments include aluminum, iron, magnesium, bar-
ium, calcium, and silicon. If iron is present in
quantity, preferably 50 percent or more, the de-
posit of ore still must be large (several million
tons) to be of value. Much the same can be said
for the other common elements such as alumi-
num, magnesium, and barium. The retail price of
reagent-grade elemental or metallic calcium cur-
rently is approximately $22/Ib. The ore of calcium,
however, would be limestone (main mineral, cal-
cite, CaCO3) or gypsum (CaSO,2H,0). The value
of these as ore is at best only a few dollars a ton;
the materials are abundant and present the world
over. The reason that calcium metal is costly is
that it is extremely hard to produce, and the
demand for it is exceedingly small. It is used in
small quantities in laboratories for experimental
purposes and in research. The yearly demand
would not exceed a few tons. The same applies to
silicon, whose ore is silica or quartz. Elemental
silicon is expensive; it is hard to produce and the
demand for it is small; whereas quartz is prevalent
the world over and can be obtained for a dollar or
two a ton.

Generally, the metal or metals for which the
assay has been made are the only ones to consider
when calculating the value of a special ore. If
other of the rarer metals are present, the quan-
titites must be fairly large before they can
be considered of value. If the mine operator has a
question as to the value of any of the metals pres-
ent, he should consult a state or federal bureau
or college connected with the mining industry, or
a smelter official.

Another special method of analysis available
through a commercial laboratory is known as
spectroscopic or spectrochemical analysis. This
type of analysis uses that property of an element
that causes it to give off light of a certain wave
length when burned. The light from each element
has its own distinct wave lengths. These wave
lengths and the intensity of each wave length are
recorded by the instrument. By reference to a
standard, the elements present and the amount of
each can be determined. The instrument is expen-
sive, and a highly trained operator is needed to run
and maintain the equipment.

Spectrochemical analysis can be used to the
best advantage in determining accurately small or
trace amounts of elements in minerals or metals.
It is a method to be used for special cases in
which chemical or other common means of analy-
sis are not adequate. An example of an advanta-
geous use is in finding a trace amount of an ele-
ment that is causing trouble in the processing of
an ore. The cost of such an analysis is relatively
high, usually warranted only in special cases
when other methods are inadequate.

If the mine operator has a laboratory or assay
office, the colorimetric analysis is a rapid and
accurate method. This method can be used for
determining almost all of the common metals.
Only regular chemical glassware and a few chem-
icals are needed, except for a few cases. Special
chemicals needed for these are readily available
from chemical supply companies.

The method is based on the color that a metal
in a specific condition will give to a solution. The
presence of the metal is determined by this charac-
teristic color, and the amount present is deter-
mined from the intensity of the color. First a set
of standard solutions is made up, each containing
a known amount of the metal, the amounts vary-
ing over the range of concentrations normal to
the process or ore. The unknown sample is then
made up in the same manner as were the standard
solutions, and when prepared, it is matched with
its counterpart in the set of standards. The
amount in the unknown is then the same as that
of the matched standard. The analysis is normally
rapid, and it is sensitive and accurate.

The colorimetric method can be used to good
advantage in many kinds of mill control. It is
rapid, can be performed by the mill operator, and
is inexpensive. It can be used to judge the per-
formance of a mill, to detect irregularities, and
as a control. A good example of this is checking
solutions in a gold cyanide mill. It is necessary if
unwarranted losses are to be avoided in precipitat-
ing or taking out all the gold in the gold-bearing
solution before it is returned to the leaching or
dissolving circuit. The colorimetric test for gold
can be performed in 10 minutes by the mill oper-
ator. The test is sensitive to less than 1 cent/ton
of solution. Thus, malfunctions of the mill can
be detected at any time there is a question, and
serious losses can be prevented. A procedure for
this test can be found in most assaying and cyani-
dation text books. Like procedures can be used for
many of the common metals. References for the
methods will also be found at the end of this chap-
ter.

Besides the test-tube method of colorimetric
analysis, many instruments are available. The in-
struments are relatively inexpensive and are help-
ful in that they take the human element of eye
sensitivity out of the analysis. Before purchasing
such an instrument, however, check its charac-
teristics and make sure it will do the work you
require. Such information can be obtained from
the manufacturer or salesman, or from the chem-
istry department at a college. Many manufactur-
ers will run preliminary tests to prove the instru-
ment.

Two other special methods of analysis may
be of interest to small-mine operators who have
their own laboratory. These are polarography and
flame analysis.

Polarographic determinations are based on the
electrical properties of a metal when it is in a
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specific solution. Standard solutions are prepared
and run. The test is recorded on a photographic
film. A test run is then made on the unknown
sample and the results matched with the stand-
ard. Once the instrument is set up and calibrated,
rapid and extremely accurate determinations can
be made. Solutions of any strength can be used.
The method is used for almost all of the elements
and many organic compounds. The instruments
cost about $400 or more. They are well built and
dependable. The main limitation of this instru-
ment is that the operator must be well trained to
get good results.

The other special method, flame analysis, is

METHODS

To set up an assay office, the logical sequence
is to begin with incoming samples. The first neces-
sity is a place to dry samples—an oven, an iron
plate on top of a stove, an electrical heater, or
other provisions. Next the sample must be crushed
and cut. A small sample jaw-crusher is the most
convenient to use; it does a good job and can be
easily cleaned. Cleaning after each sample is im-
perative to prevent salting of samples. The crush-
er should be brushed and blown out with air. If
no compressed air is available, brushing must be
meticulous. If the ore is not sticky, samples may
be crushed first, then cut and dried; but if too
sticky, they must be dried first, then crushed
and cut.

Cutting the sample is one of the most impor-
tant steps; it determines whether or not the final
sample will be representative of the whole. After
crushing the sample, mix it thoroughly before
cutting. The cutting may be done with a Jones
Riffler, which is a sampler equipped with alter-
nate slots running in opposite directions. There
are usually at least twelve slots, which cut the
sample into as many parts, half the parts going
to one side and half to the opposite side. With
careful performance this device gives a good aver-
age sample. The sample is cut in half each time
it is run through the sampler, and one half is dis-
carded. The procedure is repeated until the sam-
ple is reduced to desired size. If a riffle sampler
is not available, coning and quartering can be
used. This procedure consists of making a conical
pile of the sample. The cone is then cut vertically
into quarters. Opposite quarters, or quarters 2
and 4, are discarded. Quarters 1 and 3 are then
remixed, and the procedure repeated until the
sample is reduced to the desired size. If the sam-
ple is very large the alternate-shovel method may
be used at the start. This consists of mixing the
ore, then shoveling the material into a new pile,
saving every third, fifth, or tenth shovelfull for
the sample, the final cutting then being finished
by one of the two methods outlined above. The
usual size of sample used for assaying is one-half
to one pound. Dry if necessary and grind to the
desired fineness. Remember that the assay is

performed with an instrument named the flame
photometer. The method would be of interest to
the producers of nonmetallic products such as
limestone (for cement), clays, barite, and similar
products. The flame photometer is an instrument
used to determine small amounts of the impurity
metals in the above-mentioned materials. These
impurity metals are sodium, potassium, lithium,
strontium, and others. If numerous determina-
tions of any of the above-mentioned metals are
needed, the flame photometer has the advantage
of rapidity, and effects a saving because of the
time element. Chemical analysis of these metals
is time consuming and expensive.

OF ANALYSIS

only as good as the sample; if the sample is not
representative, the assay will not be representa-
tive.

Grinding is usually done in a disc grinder,
which is fast, efficient, and easy to clean. At the
start of each day, the grinder should be brushed
out, blown with air, and the plates cleaned by
grinding a few pieces of barren quartz, old assay
crucibles, or anything hard, which will scrub the
plates. Reblow and brush, then grind the samples,
cleaning after each sample. Generally the ore
should be ground to pass an 80- or 100-mesh
screen. If the presence of free gold is known or
suspected, screen the sample to pick up this mate-
rial, known as metallics. Large pieces of gold will
flatten out in the grinder and will not go through
a screen. If present, this gold should be cleaned
in acid, weighed, and the weight prorated to the
total pulp sample. If no free gold is present, the
samples may or may not be screened at the discre-
tion of the operator. An experienced assayer using
a good machine can tell when his sample is ground
well enough not to need screening. If the ore is
spotty, duplicates will not check; finer grinding
may be necessary, but the amount must be de-
termined by experiment on each individual ore.

If a disc grinder is not available, a bucking
board, a flat and smooth piece of iron or steel,
about 1 inch thick and 2 by 3 feet in area, and
a bucking hammer can be used. A strong back is
also essential with this equipment.

If samples are coming from a mill or mine,
and it is known that they vary in value, a sequence
of preparing samples should be established. Using
mill samples as an example, it is known that the
tailings will be the lowest grade sample. Also,
tailings are easily salted or are amenable to salt-
ing, therefore tailings or low-grade samples should
always be prepared first in a clean machine. Other
samples should follow in the order of their value.
Another good method with tailings is to cut two
samples. Process one to clean the machine. Dis-
card this sample; it will have picked up any ex-
traneous material, but its processing will protect
the second sample from salting. If feasible, two
sets of machines can be used for sample prepara-
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tion, one exclusively for tailings, and one for
other, high-grade samples. After the sample is
ground, mix it thoroughly on a mixing cloth, or
otherwise, and it is ready for assay.

FIRE ASSAYING

If the assay is for gold and silver, the follow-
ing equipment and materials are needed: A pulp
balance that will weigh accurately to 0.05 gram:;
a set of assay ton (AT) weights (these are spe-
cial weights so made that 1 milligram is to 1 AT
as 1 oz. troy is to 1 ton avoirdupois, thus, 1 mg
of gold from an assay ton of sample indicates 1
oz. of gold per ton of ore); fireclay crucibles, 20-
gram size for 14-AT charges, 30-g size for 1-AT
charges, and 10-g size for smaller portions; 2- and
3-in scorifying dishes for special work. Chemical
reagents or fluxes needed are: lead oxide, PbO;
soda ash or sodium carbonate, Na,CQOj;;, borax,
Na,B,0;10H,0, or borax glass, Na,B,O; (borax
glass is recommended for better fusion and econ-
omy); niter or sodium nitrate, NaNQO;, or potas-
sium nitrate, KNQj;, which is preferred, because
it does not pick up water as does NaNOQOj;; plain
white wheat flour obtainable at any grocery store;
and silica or quartz, SiO, (clear glass may be
broken up and ground as a substitute). Whiskey
bottles, usually prevalent around a mining camp,
are a good source of clear glass.

For the sake of economy 14-AT samples are
run (used) when possible. If the ore is an oxide
ore, use a 20-g crucible. Put into the crucible 15 g
of soda ash, 50 to 60 g of litharge, 5 g of borax
glass, 1 g of silica, and 214 g of flour. Weigh 14
AT of ore, place on top of reagents, and mix
the contents by stirring with a spatula. When well
mixed, tap sides of crucible to dislodge particles
adhering to walls of the crucible, level the charge,
and add a slight layer of borax glass. The borax
glass is called a cover; it prevents dust loss and
cleans the wall of the crucible. Enough crucibles
are prepared to fill the furnace. For other types of
ore, different proportions of the above reagents,
called fluxes, are needed. This information is con-
tained in a book entitled Fire Assaying, by Shep-
ard and Dietrich, published by the McGraw-Hill
Publishing Company.

Next a muffle furnace is needed. A muifle
furnace is one that contains a refractory oven.
The flames burn around the outside of the muf-
fle; its contents thus are isolated from the flame.
Such a furnace may be built or purchased pre-
fabricated. To build such a furnace, a muffle and
firebrick are necessary. Designs can be gotten
from assay texts or manufacturers’ catalogs. A
muffle furnace can be built for $100 or more.
Prefabricated furnaces cost $300 or more, but in
the long run are more satisfactory. Whether the
furnace be built or bought, a carborundum (silicon
carbide) muffle is recommended. It has a long
life, conducts heat better than any other muffle
material, and gives better service. Although the

initial cost is greater, it is more economical than
muffles made of other materials.

The size of furnace is the next problem. First,
determine the number of assays needed each day.
Furnaces range in capacity from 12 to 90 cruci-
bles. One assayer can process 20 to 50 assays per
day depending on the circumstances. The furnace
should be of such capacity that the assays can
be handled in two furnace loads, or the furnace
should handle one-half of the day’s assays per
loading.

Choice of the fuel for the furnace is important
and depends first on availability. Natural gas, bot-
tled gas, gasoline, fuel oil, diesel oil, coal, or elec-
tricity can be wused. Electricity is good but
expensive, both in the initial cost of the furnace
and the cost of electricity as fuel. Natural gas is
the most satisfactory and most economical if
available. In isolated places, fuel oil, gasoline, or
bottled gas are usually available. Of these three,
fuel oil is generally cheapest, more easily handled,
and less dangerous than the other two, although
the original equipment to burn fuel oil is more
costly.

To continue the assay process, while prepar-
ing the samples for fusion have the furnace heat-
ing up. The muffle should be at least cherry red
(temperature is judged by color) before the cru-
cibles are put into the furnace. The crucibles are
loaded with crucible tongs, several varieties of
which are available; the choice of variety is left to
the operator. Asbestos gloves are needed when
working around the furnace. The crucibles are
heated for about half an hour, then the contents
are poured into an iron mold. The number of
molds available should be somewhat greater than
furnace capacity to allow for occasional errors.
After cooling, the slag is broken away from the
lead button, and the lead pounded into cubes. But-
ton tongs and a slagging hammer are needed for
this operation, also an anvil consisting of a flat
smooth piece of iron or steel 1 inch thick and 6
inches square or larger. The bucking board may
be used, if one is available. Herman inquarts (lead
containing a known amount of silver) are attached
to the lead button at this time, if it is necessary
to add silver to the assay.

Immediately after the crucibles are taken out
of the furnace, the cupels should be put in for
preheating. Then turn the heat down so that the
furnace will be at the required temperature when
the lead buttons are added. This temperature is
about 950°C, which is indicated by a cherry-red
color. Learn to judge these temperatures by
studying color-temperature charts, which can be
found in assay texts. Good temperature judging
comes with experience.

Cupels are cylinders with a depression in the
top to hold the lead while it is burned off. This
operation separates the gold and silver from the
lead, leaving them on the cupel in a round bead.
The bead is removed and weighed, and the ore
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evaluated from the weight of the bead. Special
cupel tongs are needed for loading and unloading
the cupels.

Cupels are made of refractory materials. They
can be purchased prefabricated or can be made by
the assayer; the assayer commonly makes his own.
Most purchased cupels are made of magnesium
oxide and are relatively expensive. Home-made
cupels are made of bone ash or bone ash to which
has been added as much as 20 percent common
cement. The choice here is left to the assayer.
Bone ash can be purchased in four grades, X to
XXXX; XXX grade is generally the most satis-
factory for normal assaying. Bone ash cupels
should be aged a few days before use to ensure
complete drying.

Cupel-making machines can be purchased from
an assay supply house. Three types are available,
foot operated, hand operated, and compressed-air
operated. Choice of type depends on economics
and the assayer’s preference.

After processing in the furnace, the cupels
are cooled, and the gold and silver bead is re-
moved with a pair of bead pliers. The bead pliers
should be good; the beads are small and may be
lost if not handled effectively. The beads are
flattened with a metal mortar and pestle and
placed in individual porcelain parting cups. Coors
glazed parting cups or crucibles are most used
for this purpose. Parting cup trays are needed
to hold the cups. The combined gold and silver
beads are then weighed to determine the metal
content and replaced in the cups.

To separate the silver from the gold, called
parting, the cups are now filled with dilute nitric
acid and heated just under boiling, to dissolve the
silver. To accomplish parting, a hot plate, asbestos
pad, wash bottle, nitric acid, distilled or pure
mountain water, stirring rod, tongs, a few beak-
ers, and a blow torch or electric heating coil or
similar device are needed. After the silver is dis-
solved, the solution of acid is poured off and the
gold washed at least twice with distilled water.
The cup is dried on the hot plate and then heated
to red heat with the blow torch to ‘anneal’ the
gold—bring the gold back to its natural color.

After cooling, the gold is weighed and the
assay is complete. To weigh the gold and silver,
a bead or gold balance is needed. This balance
must be sensitive to at least .01 mg; many are
sensitive to .002 mg. Other than sensitivity the
choice is up to the operator. Many makes and
several types are available, all of good quality
and accuracy. New balances cost about $300 or
more. Used balances may be purchased for less.
If a used balance is considered, get a guarantee
or pretest the balance. It is a precision instrument
and must be in good working order to give accur-
ate results.

A gold balance is a delicate instrument and
must be handled with extreme care and must be
kept clean. It should be located in a room isolated

from the rest of the assay office. The tempera-
ture of the room should be maintained as evenly
as possible. Keep the balance out of direct sun-
light and covered when not in use. Also it must
be mounted on a solid base to avoid vibration. The
maximum capacity of a gold balance is 1 g; never
exceed this weight, as it will ruin the instrument.

In addition to the balance, a set of milligram
weights consisting of weights from 1 mg to 0.5
g, a small camel-hair brush, and tweezers, pre-
ferably ivory tipped, are needed.

To summarize, the minimum equipment needed
for an assay office: a separate building of at
least four rooms; crushing, grinding, and sam-
pling machinery; a muffle furnace; furnace tongs,
slag molds, cupel trays, slagging hammer and
tongs, asbestos gloves, and anvil; pulp and gold
balances, and weights; hot plate, blow torch, part-
ing cups, cup trays, bead pliers, and metal mortar
and pestle; laboratory pyrex glassware, fireclay
crucibles, scorifying dishes, and cupels; and acids,
chemicals, pure or distilled water, and fluxes.

ATOMIC ABSORPTION

Atomic absorption is based on putting the
element being evaluated or determined into solu-
tion and into an atomic vapor, which is a ground,
un-ionized, or unexcited state. The atomic vapor
is then irradiated, the radiation being supplied by
a hollow-cathode lamp with a cathode made of
the element being assayed. With the lamp current
on, the atoms of the metal within the lamp are
excited and emit characteristic radiation. The
atoms in the sample, in vapor and ground state,
then absorb the radiation. This absorption can be
measured and evaluated with standard solutions,
and reported in ppb, ppm, or percentage of the
element in the sample.

The apparatus or instrumentation needed for
atomic absorption is usually put together in one
main unit and several auxiliary parts. The main
unit is composed of a burner designed to give a
long thin flame and a system to spray the solution
into the burner flame; a container to house a
hollow-cathode lamp, which provides the light
emission; and a container to house a monochro-
mator, the detection instruments, and the dials
and other apparatus necessary to give a read-out
of the results.

The auxiliary equipment consists of several
extra lamps, as generally a separate lamp is
needed for each element, although some lamps
may be used for as many as three elements; pres-
sure tanks for fuel gases and oxygen, with the
needed control gauges; a vent to carry out the
combustion gases; and the general apparatus and
chemicals needed for all analytical work. A
chemist and trained operator are necessary for
accurate and acceptable work.

The fuels most commonly used are: air-acety-
lene, nitrous oxide-acetylene, and nitric oxide-
acetylene. Other fuels that have been used are:
air-gas (gas includes several kinds of hydrocarbon
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gases), air-hydrogen, oxyhydrogen, oxyacetylene,
and oxycyanogen.

The procedure consists of getting the wanted
element into solution chemically, usually com-
plexed or combined with an organic compound.
The solution is then sprayed into the flame and
burned. The burning puts the atoms of the element
into the ground or unexcited state. During the
burning, the atoms are subjected to or irradiated
with light-emission lines from the hollow-cathode
lamp. These are the lines of the spectrum peculiar
to that element. The absorption of the emission
lines by the atoms of the element being assayed
is measured by the light detector, and the results
are converted to ppm or the percentage of the
element present.

Chemical procedures for the dissolution and
complexing of the various ores before burning
are usually supplied by the company that made
the instrument, or they may be found in textbooks
or in analytical literature. The general apparatus
and chemicals needed for normal analytical work
can be found in the section on Quantitative Chemi-
cal Analysis, which follows.

The procedures for the preparation and sam-
pling of the ore are the same as those outlined
above. These procedures are used for all sampling
and are mandatory to make sure that a represen-
tative sample of the whole body is obtained.

QUANTITATIVE CHEMICAL ANALYSIS

Gold and silver may be associated with com-
mercial amounts of base metals, such as copper,
lead, and zinc, or a mine may produce a base-
metal ore devoid of commercial amounts of gold
and silver. Additional analytical equipment is
needed to measure base metals.

Samples are prepared in the manner already
described, with one possible exception. If steel
from the disc grinder would contaminate the
sample during the primary grinding, this steel
would be removed with a magnet, and the final
grinding accomplished with an automatic mortar
and pestle or similar grinding machinery made of
agate or mullite. Such cases would be rare and are
not usually encountered in ordinary analyses.

Although procedures of quantitative or chem-
ical analysis vary, three general methods are
commonly used. The first of these is called the
gravimetric method. The first steps of almost
all ore analyses consist of a gravimetric deter-
mination of insoluble matter. Assuming the sam-
ple is dry, a small portion is cut and put into a
weighing bottle, and the bottle is stored in a
desiccator. A desiccator is an air-tight glass vessel
that contains a moisture absorbent. The sample
will not absorb moisture from the air under these
conditions.

Two methods of weighing the sample for
analysis may be used. If the ore is hydroscopic
(takes up moisture from the atmosphere), weigh-
ing should be by difference. The filled weighing
bottle, which is capped, is weighed. A portion of

sample, usually about 0.5 g, is removed from the
weighing bottle and put into a beaker. The weigh-
ing bottle is immediately recapped and reweighed;
the difference in the two weighings is the sample
weight. If the ore is not hydroscopic, a portion
of the sample is placed directly on the balance
pan and the weight adjusted to 0.5 g by addition
or subtraction of material as necessary. A 0.5 g
sample is commonly used, but larger samples can
be used when necessary.

For such weighing, an analytical balance is
needed. This balance must be sensitive to 0.1 mg
at full load. It is a delicate and precise instrument,
so it ,must be kept clean and handled much in the
same manner as a gold balance. Analytical
balances, however, will weigh much heavier
loads than the gold balance; the maximum capa-
city will be specified by the manufacturer. Many
types are available. Some of the newer types, put
on the market in the last few years, can be oper-
ated more rapidly than the older types, which is
advantageous if large numbers of analyses must
be made in a day. The newer types have an in-
tegral weight system, whereas the older types
have separate weights. Prices of new balances
start at about $300.

The sample having been weighed and placed
in a pyrex beaker, a solution of acid is usually
added. Some ores are practically insoluble and
must be fused before dissolution in acid. Such
insoluble ore is mixed with a sodium or
potassium salt, and the mixture is placed in
a porcelain crucible and heated to a red heat in a
fusion furnace. This furnace may be heated by
gas, oil, or electricity. After fusion and cooling,
the sample, still in the crucible, is put into a
beaker and the acid added. The beaker is heated
until all of the ore is in solution. A hot plate is
needed here, and the solution is gently boiled until
solution is complete. Usually the beaker is covered
with a watch glass to prevent loss of the boiling
solution.

After dissolution, the solution is evaporated
to dryness, either on an asbestos-covered hot plate
or in a steam bath. After cooling, another dissolv-
ing agent, usually acid of some kind, is added, and
the sample gently boiled. At this point the so-
called insol or insoluble solid matter is left. This
consists of silica and alumina (SiO, and AlLQO;).
The solution is then run through a filter to remove
the solid matter.

After all of the solution is washed out of the
filter paper, the paper and solids are ignited. Igni-
tion consists of folding the paper and putting it
into a prefired constant-weight porcelain cru-
cible and heating and crucible (supported by a
ring, ring stand, and wire triangle), over an open
flame, which chars and burns the paper without
its flaming. This is continued until only white
ash is left. The crucible is then fired for several
minutes in the fusion furnace to a temperature
between 700°C and 1,000°C. After cooling to about
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100°C, the crucible is placed in a desiccator and
cooled to room temperature. It is weighed and re-
fired until a constant weight is obtained. The dif-
ference between the weight of the crucible empty
and the weight with the charge is the wanted
weight of insoluble matter. A pair of crucible
tongs is necessary to handle the hot crucibles.
Asbestos gloves are optional; usually a laboratory
towel or piece of cloth is sufficient protection for
the hands.

The foregoing procedure, with a few variations,
is used for all gravimetric determinations. It is
used in the determination of such solid materials
as lead sulphate, barium sulphate, tungstic acid,
molybdenum as lead molybdate, magnesium as
magnesium pyrophosphate, and many other
compounds.

The solution from which the insoluble matter
was filtered is called the filtrate. Determination
of the metals remaining in the filtrate may be made
by one of three methods. If a pure insoluble com-
pound of a metal can be formed, this will be done,
and the insoluble compound treated as outlined
above. If not, the metal will be put into a soluble
chemical form such that it can be oxidized or
reduced by the addition of an appropriate solution.
The addition of this solution is known as titration,
and the method is given the name volumetric
determination.

The solution to be added is known as a stan-
dard solution, so-called because the amcunt of
reagent in the solution has been accurately deter-
mined. The main piece of laboratory glassware
needed for making such solutions is a calibrated
volumetric flask.

To make a volumetric determination, the un-
known solution is prepared. When ready, the
standard solution is added drop by drop until the
reaction between the two solutions is complete.
This is usually indicated by a change in the color
of the unknown solution. The color change is
brought about by the addition of a chemical called
an indicator. The indicator may be used internally
or externally. The standard solution is added from
a burette, which is a calibrated tube equipped
with a stopcock. From the strength of the stan-
dard solution and its chemical relationship to the
unknown solution, the amount of the metal can
be calculated and determined accurately. Common
laboratory glassware, the burette, volumetric flask,
and a spot plate for external indicators are the
equipment needed for such determinations. This
method is used for the quantitative determination
of such metals as copper, lead, zinc, manganese,
iron, and many of the other common metals.

The third method commonly used in quantita-
tive analysis is the electrolytic method. Special
equipment, such as a source of direct electric cur-
rent, automatic stirring devices, electrodes, and
electrical wiring is needed. The equipment may be
purchased as a unit called a titrimeter or electro-
analyzer, or it may be made by the operator or
analyst.

The electrolysis is carried out on a previously
prepared solution of the metal to be quantitatively
determined. After preparation, this solution is sub-
jected to the electric current. This causes the
wanted metal to deposit on an electrode known
as the cathode. After a prescribed time, and after
an appropriate test shows that all of the metal is
deposited, the cathode is removed, dried and
weighed. The difference in the weight of the clean
cathode and the weight of the cathode and deposit
gives a direct determination of the amount of
metal present in the solution. This method can
be used for copper, nickel, lead, gold, silver, man-
ganese, and many other metals. It is a very ac-
curate and rapid method of analysis where appli-
cable. It is also economical if a large number of
samples must be analyzed daily.

Besides these standard methods of analysis,
colorimetric tests can be made for many metals,
and no supplemental equipment is needed. Such
tests can be used to check mill operations rapidly
and economically and do not require a highly
trained technician. Procedures for most of the
common metals have been worked out and are
readily available.

The methods recommended for rapid, accurate,
and easily performed analyses with a minimum of
instrumentation are listed below.

1. For iron—the dichromate or permanganate
methods, the choice depending upon what other
metals are to be determined and upon
economics.

2. For copper—the short iodide-fluoride method
and the permanganate method. The first is good
for all percentages of copper. Also, the electro-
lytic method is fast and accurate, if feasible.

3. For lead—the molydbate method and the chro-
mate method. The first is most used in the
western states.

4. For zinc—the ferrocyanide method.

5. For manganese—the Volhard or permanganate
method.

6. Colorimetric methods can also be used to good
advantage in mill control for gold, silver, cop-
per, and tungsten.
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CHAPTER 5 — MINE METHODS
AND EQUIPMENT

By

KOEHLER S. STOUT

INTRODUCTION

The main objective of mining is to make a
profit from the mineral that is excavated from
the earth. In mining, as in any other business,
either a profit results or the business ceases. In
times of national emergency the government may
aid essential business and often does subsidize cer-
tain industries. Some mining enterprises have
benefited by a guaranteed price paid for a min-
eral, ore, or finished product. Nevertheless, the
mine operator must still conduct his operations
so that a profit results, even though he is helped
by the government.

Mining is affected by fluctuating prices for
its products, by fluctuating prices for necessary
supplies, and by adversities common to all indus-
trial enterprises. Mining is also affected by con-
ditions peculiar to it alone. The first condition is
that the potential source of income is restricted by
the location, size, and value of the ore body. The
second condition is time; not only does it take
considerable time to prepare a mineral deposit for
exploitation, but many deposits must be worked
rapidly once they are prepared, lest the develop-
ment openings be destroyed by natural forces.
Thus, the time element must be carefully adjusted
after the initial nonproductive development period
is passed, so that further development will keep
pace with production.

The basic economic equation in any business
operation is profit equals receipts minus disburse-
ments. In mining, we may express the equation in
this form: profit equals value per unit times
amount of ore, minus cost of producing and selling
the product. Profit is the factor in which we are
interested. It determines whether the mine is a
success or a failure. Methods of determining the
value and amount of ore in any deposit have been
discussed under Ore Reserves. Unfortunately,
however, we can not determine exactly the total
amount or value of recoverable ore before mining
operations begin. Therefore, we must decide
whether there is a sufficient quantity to begin
mining. If mining seems justified, then we must
concentrate on the last part of the equation—cost
of producing and selling the product. The factors
that affect the cost can be grouped as follows:

1. Acquiring and prospecting the ore body.
2. Studying the possibilities of the venture.

3. Determining environmental and rehabilita-
tion costs during and at the conclusion of
mining.

4, Developing and preparing the ore body for
production.

Plant and equipment.

Mining ore and bringing it to the surface.
Taxes, insurance, and other business ex-
penses.

Milling, smelting, or otherwise preparing
the mineral product for sale (including
transportation from mine to mill or
smelter).

9. Selling the mineral product (includes trans-

portation to market).

All these items must be considered, as all af-
fect the profit picture.

The basic equation is set up for a total evalua-
tion. That is, total profit equals total receipts
minus total disbursements. In evaluating a min-
eral deposit, we must consider this equation be-
cause the total expected profit determines whether
or not the venture is a good risk. For the actual
day-to-day mining operation, however, the for-
mula covers too long a period of time. The only
way that one could determine the profit by the
formula would be to wait until the mine is ex-
hausted. This is not enough; we must know the
state of business ds we go.

To make this formula more useful, it is applied
to certain periods or units of time — weekly,
monthly, or yearly. If a profit does not accrue
during one unit of time, the manager is in a posi-
tion to determine why and to take immediate
remedial steps. All of the previously listed con-
tributing factors apply in the unit equation, as
they did in the total equation. If one of the items
is high during any one unit of time, this item can
be studied and remedial steps taken to keep it in
line. Some costs, such as equipment costs, con-
struction costs, and certain other capital items
must be divided by their useful life and distri-
buted over several time units in the unit equation.
This is known as amortization.

There are many different ways to open and
prepare an ore body for production. The method
selected should cost the least for development that
will put the mine into efficient production. The
proper choice of a development system is often a
big factor in efficiency. In addition, the capital
expenditures for mining equipment and develop-
ment must be carefully considered, in order to
avoid waste. ’

Much money can be lost by improper mining
techniques or carelessness in mining. Recording

® No o
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FIGURE 5-1.~Plan and sections of a small mine,

the costs of an operation is a good check on effi-
ciency. Usually, low costs go with high efficiency.
Of course, recovery of as much ore as possible
must also be considered. Just how far do you go
with cost control in any operation? It can be over-
done as well as underdone. A happy medium must
be found that is applicable to small mines.

Taxes and insurance are a burden all busi-
nesses must bear., What taxes apply to mining?
How does insurance affect mining costs? Can
they possibly be reduced or controlled? These im-
portant considerations will be discussed from the
point of view of the small-mine operator.

Our society has become very conscious of our
environment in recent years. Many recent laws,
both state and national, pertain to air and water
pollution or to rehabilitation of the land during
mining and after mining ceases. In many cases,
several different state and national agencies have
certain controls over mining operations, and all of
these agencies must be satisfied or the operator
may incur a fine and forced suspension of opera-
tions. Meeting these requirements is an added
expense of mining and must be considered in the
total cost analysis.

The cost of developing and mining ore is nor-
mally the largest proportion of the total produc-
tion expense. Time spent in studying the factors
affecting development and production costs should
result in more profit to the operation. The selec-
tion of the mining method to suit the ore body,
and the spacing of the development headings to
fit the mining method are challenging problems.
There are many possible ways to mine an ore
body, but, for any given set of conditions, there
is usually one best method.

One of the most important factors that affects
any mining operation is time. Let us suppose that

an ore body is found that must be developed
through a shaft. Before any real development can
start, the shaft must be sunk to the first working
level. Shaft sinking is time consuming, and so is
driving development headings necessary before
actual mining can begin. Hence, to put a mine in
production, months or even years may be spent in
development work.

Scheduling is an important \phase in mining,
because of the time required for the different
tasks. Ground has a tendency to weaken and cave,
or supporting timbers may rot away. Experience
has shown that in many places it is wise to mine
out and abandon sections of the mine as fast as
possible in order to cut down on maintenance
costs.

Too often, the method used for ore recovery
is found by the expensive trial and error process.
A method is tried. If it does not work, another is
tried, and so on until a workable one evolves. Al-
though this may be quite unscientific, it is often
done. Why? A partial answer is that the charac-
teristics of the ore body that dictate the mining
method are not known until actual mining starts.
Examination of cores recovered from drilling may
aid in anticipating the conditions to be encoun-
tered. Science is progressing in the field of rock
mechanics so that we may be further helped in
selecting the mining method by testing the rocks.
Information so obtained may aid us in selecting
the mining method, but the final test comes when
operations commence and we can see how the ore
and wall rock respond to our method. In some
places ‘trial and error’ is the only answer, but if
we can use other ways, we should.

Figure 5-1 shows a series of plans of a mine
with the usual mine terminology.

Shaft.—A shaft is a vertical or inclined exca-
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vation from the surface, of small cross-section
area compared to its depth. It provides access to
the underground workings of a mine.

Winze.—A ‘shaft’ driven downward from an
underground working.

Level.—Collectively the horizontal, or nearly
horizontal, passageways or headings at the same
approximate elevation; commonly interconnected.
Levels are usually 100 to 200 feet apart and are
designated either by their distance from the col-
lar of the shaft, by their actual elevation above
sea level, or by some other mode of reference
(Fig. 5-1). A crosscut is a horizontal heading
driven either at right angles or at a large angle
to the strike of a vein. A drift is a horizontal
heading driven in or along the course of a vein.
A drift is most generally thought of as driven in
the vein, and a lateral is a horizontal heading

driven along a course parallel to the vein, usually
in the footwall, and chosen because ground
conditions are better. Crosscuts are driven from
the lateral to intersect the vein at specified
intervals.

Raise—An excavation of small cross section
driven upward, either vertically or at an angle.
The primary purpose of a raise is to provide
access to and from stopes, but some are driven
for ventilation, or as ore, waste, or supply passes.
Some are maintained (often serving some other
purpose) as secondary (escape) passageways.

Stope.—Any underground excavation the pri-
mary purpose of which is to remove ore, the pre-
vious mentioned development workings excepted.
The outline of a stope is commonly determined
either by the limits of the ore body or by drifts
and raises. There are many varieties of stopes.

MINING METHODS

Because this handbook is intended primarily
for operators of mines producing less than 250
tons per day, large-scale mining methods will not
be described; only the methods most commonly
used in small mines will be discussed.

SURFACE METHODS

In open-pit or strip-mining operation, the ore
is removed by surface excavation. Although there
are no overhead ground conditions with which to
contend, there may be side or slope pressures
that cause concern.

Open-pit mining is usually cheaper than under-
ground mining, provided the ratio of waste to
ore does not become too great. Larger and heavier
equipment can be used, which tends to reduce
unit costs. Bad ground conditions seldom hamper
operations in an open pit; where there is side pres-
sure, trouble can be eliminated by keeping the
side slopes flat. The safety record tends to be
much better than in underground operations.
Open-pit mining is applicable to most large ore
deposits, but under favorable conditions, open-pit
methods may be used to obtain enough money to
start underground operations, even though the
deposit is small. If the outcrop is properly situated
so that it is mineable by open-pit methods, the
first ore from the mine may be produced by this
means. Equipment used in a pit may be rented,
thus saving the large initial cost.

A typical cross-section of an open-pit opera-
tion using power shovels and trucks is shown in
Figure 5-2. The length and height of the benches
will vary according to the size of the units in-
volved and the characteristics of the ore body. If
mining is started without regard to the layout
and design of benches, soon the ore body is being
mined in a deep pit with steep rock walls on two
or three sides; then it becomes necessary to
bench, go to underground methods, or abandon
the pit. Starting benches at this time is slow,
dangerous, and expensive. It would be much bet-

FIGURE 5-2.—Cross section of an open pit.

ter to start the waste benches soon after the pit
is started; such procedure saves time and money.
Of course, the extent of an ore body may not be
known, but if the valuable constituents in the ore
seem likely to hold up at depth, benches should be
started at an early date.

The waste-to-ore ratio means the ratio of the
amount of waste stripped for each ton of ore
mined; for example, a 2:1 waste-to-ore ratio means
2 tons of waste are removed for every ton of ore
mined. The following example will show the im-
portance of this relationship.

Let us assume that a continuous vein averages
20 feet wide and $10.00/ton in valuable minerals.
The following costs, though by no means standard,
are assumed:

Milling cost ... $3.00/ton |

Marketing cost ... $ .50/ton; Fixed cost

Overhead costs ... $1.00/ton

Mining costs ... $1.00/ton (whether ore

or waste)

The fixed cost against a ton of ore is $4.50
before it is mined. The mining cost, which in-
cludes drilling, blasting, loading, and transporta-
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FIGURE 5-3.—Cross section of underhand glory hole stope.

tion, is $1.00/ton. The waste must be broken and
hauled out of the way just as expensively as the
ore. If the waste-to-ore ratio is 3:1, the mining
cost is $4.00/ton of ore produced. That is, 4 tons
of material is mined, 3 of waste and 1 of ore.
4 X $1.00 = $4.00. If the waste-to-ore ratio gets
much greater than 4:1, mining cannot be con-
tinued profitably at this pit. The question then
arises, how high and wide can the benches be?
The answer depends on the ground conditions. If
the wall rock is hard and firm, benches can be
narrow, but if the ground is fairly soft and
weathers easily, benches must be wide or slough-
ing material will endanger the men below. Even
in hard ground, the overall slope should not exceed
60° if the pit is to be more than 100 feet deep,
except in unusual circumstances.

UNDERGROUND METHODS

Open Stopes.—Authorities divide open stopes
into four categories: Gophering, glory hole, stull,
and pillar.

In gophering, the ore is closely followed re-
gardless of its course. It is not a planned mining

method, because it has no system. It is used in
small irregular high-grade ore deposits. Being ir-
regular, the workings in gophering are incon-
venient for ore disposal and supply intake. For
small, narrow, high-grade stringers, this may well
be the best method. In comparison with other
mining methods, gophering is likely to produce
the least ore per man shift.

The glory-hole method is somewhat similar to
open-pit except that the ore is extracted from
underground. It may be mined from the surface
or underground. To develop a glory-hole system,
a raise (or series of raises) is run through an
ore body. From the raise, enlarging takes place at
the top of the ore body and continues progressive-
ly downward. Benches or walkways are left at
the side of the excavation for travel and access
to the working area as the ore is mined out. See
Figure 5-3 for an underground glory hole. This is
called an underhand stoping system, that is, all
work progresses in a downward or ‘underhand’
direction.

The physical requirements for this system are
strong, firm, self-supporting walls and overlying



76 MINE METHODS AND EQUIPMENT — K. S. STOUT

<
«

W//////////////%

q °

ry

P

Hoaulage Level

N AN \

N CROSS~SECTION A-A’
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cap rock. Once the ore is worked out, there is no
way to reach the walls or back unless prepara-
tions are made to do so as the ore is mined. This
could be done by installing catwalks along the
back. With modern safety rules it is doubtful that
this system could be used today, unless the deposit
had a small diameter. If this method can be used,
however, it produces much greater tonnage per
man shift than gophering and results in lower
production cost.

A stull stope is an open stope in which timber
stulls are used to support bad parts of the hanging
wall or to provide a platform for mining opera-
tions. Generally a systematic placement of stulls
is better than an irregular method, because more
of the wall will be supported. Little development

is required for this method, other than a chute or
chutes at the bottom of the stope, and it is used
especially where the ore shoots are short. The
sketch (Fig. 5-4) shows one typical example of
this method, but there are many variations that
are practical. The ground should be firm for this
method of stoping. Rock bolts, or a combination
of stulls and rock bolts, are sometimes used in
place of stulls for support in some sections. Stull
stoping is a cheap method of mining by com-
parison to regular timber systems but is more
expensive than the open-stope methods because of
the cost of stulls and the time required to install
them.

The pillar stope is similar to the stull stope
except that part of the ore is left unmined to give
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FIGURE 5-5—Plan and section of the pillar-type system of stoping.
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support to the hanging wall. As in the stull
method, a regular pattern of pillars is more effi-
cient than an irregular one. The exact spacing of
the pillars will vary widely and is dependent on
ground conditions, but the ground should be firm
and hard. The preparations for starting this
method are similar to those for a stull stope, and
a stope can be started on short notice. This sys-
tem may be worked in conjunction with stulls;
low-grade portions of the vein are left as pillars,
and stulls or rock bolts are used in higher-grade
portions for support (Fig. 5-5).

In both of these methods, it is good practice
to mine out a stope as rapidly as possible and
abandon the area. In time, most openings will
close up or cave; the time element is important.
The room-and-pillar system is used for most flat-
lying or nearly flatlying ore deposits and in coal
mining and in other bedded deposits where artifi-
cial means of support would be too costly.

Shrinkage Stope.—The shrinkage-stoping sys-
tem (Fig. 5-6) can be used in a vein where the ore
is hard and does not pack readily. The walls must
be hard and firm so they will stand over large
spans without support. In shrinkage stoping, the
broken ore provides a platform from which to
work. Owing to the fact that ore increases in vol-
ume about 40 percent when broken, some of the
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age stope.

ore must be drawn from the stope from time to
time to provide working room. The remaining
broken ore is left in the stope until the drilling
and blasting is finished, after which all the re-
maining ore is drawn.

This system works well where ground condi-
tions will permit its use, and it is good in steeply
dipping veins. It is a fast cheap system of under-
ground mining and, if done properly, will give good
results.

Some disadvantages to this system are:

1. It is relatively dangerous because the ore

may slip from underneath the working
place.

2. "The ore may oxidize when left in the
stope; this may cause trouble in milling.

3. 60 percent of the broken ore is tied up in
the stope.

4. Dilution by waste rock from a bad hanging
wall may reduce the value per ton of the
ore.

5. It is a difficult system to change once it

has been started. Where the vein is not too
wide, shrinkage stopes have been changed
to stull stopes.

The shrinkage system normally does not re-
quire much development before mining can be
started. As compared to other methods, it is
regarded as a low-cost, high-production method.
It is a popular system where conditions permit its
use.

Resuing or Stripping.—The system known as
resuing or stripping (Fig. 5-7) is generally used
in narrow high-grade veins. The ore and waste
are mined separately. The sequence of operations
is as follows: The ore is first blasted or picked
down on a clean floor and transported to the ore
pass in a wheelbarrow or by a slusher, the floor
is then pulled up, the waste blasted, the top of
the wastepile leveled, the floor laid again, and the
process repeated. This is a slow method, but it is
an efficient system of keeping high-grade ore and
waste separated. The waste being thrown down in
the ‘gob’ supports the walls, therefore few stulls
or rock bolts are needed, except in places where
the valuable portion of the vein is wide. There a
short raise may be driven in the hanging wall
to supply waste. It may become necessary to re-
move some of the waste from the stope if the vein
or paystreak is very narrow.

This system is popular with operators work-
ing in narrow high-grade veins where there is no
mill on or near the property. Although costly, the
ore produced from this system is usually free
from waste, hence may be marketable as a direct
shipping ore. The waste may contain sufficient
minerals that it can be milled later at a profit, but
it cannot be shipped at a profit, even though it
is mixed with the higher-grade ore.

Cut-and-Fill Stopes.—In the cut-and-fill meth-
od, the space left by the removal of ore is filled
with waste material, much of it from develop-
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Manway B
LONGITUDINAL SECTION

CROSS -SECTION B-B

FIGURE 5-7.—Longitudinal and cross-sections illustrating
the resuing or stripping system of mining.

ment work elsewhere in the mine. Not only does
this waste material support the walls in the stope
but also the top of the waste makes a convenient
place from which to continue mining.

A typical cut-and-fill operation consists of
driving raises at the ends of the block or driving
one raise in the center of the block (Fig. 5-8). In
one variation of this method, a pillar is left over
the level for level protection, as shown in Figure
5-8. To start the stope, a sublevel or intermediate
level is driven (right side of Fig. 5-8). Upon com-
pletion of the intermediate level from the raise
to the extremity of the stope, another cut of ore
the length of the stope is taken out directly above
the sublevel. This cut is commonly 7 or 8 feet
high. During this cutting (drilling and blasting),
the ore is not removed except for necessary room.
After the entire cut is completed, all of the ore
is slushed out of the stope and down the raise.
Fill material is introduced, usually from the level
above, and the space is filled as shown in the
upper left corner of Figure 5-8. The cycle is then
repeated. If the ground is strong enough, it may
be possible to take more than one cut across the
stope before the broken ore is slushed out and
waste fill introduced.

With the innovation of rock bolts and the
hydraulic methods of transporting waste, the cut-
and-fill method has become very popular. This

FIGURE 5-8.—Model of cut-and-fill stope.

method can be used in many places where pre-
viously only timber methods could have been used.
The rock bolts give support to the walls and are
substituted for stulls or other timber. The sand
fill provides permanent support when it is em-
placed in the mined-out stope. Slushers and mod-
ern rock drills speed the mining cycle greatly,
therefore the ground is not left open for long
before it can be supported; this reduces danger
of caves.

Early-day cut-and-fill stopes were almost all
filled with mine waste. If not enough fill was
available, raises would be driven into the hanging
wall for additional fill material. Ordinary mine
waste for fill material has one bad feature when
emplaced underground; there are many voids or
open spaces in the fill because of the irregular
packing of the different sizes of material. Air can
filter through this fill, not only reducing the ven-
tilation efficiency of the mine but also providing
a potential fire hazard if there is timber or other
combustible waste in the fill. These materials tend
to oxidize and heat up in the air stream and may
eventually burn, thereby causing an underground
fire.

In recent years, mill tailings or other fine-size
material has found widespread use as a stope fill.
The advantages of this material are that the fine
material packs tightly, reduces ventilation losses,
and gives more efficient support; also the fine
material can be transported through pipelines
as a slurry, which simplifies the waste-handling
problem. Fine fill and coarse mine waste can be
dumped together into stopes because the fine ma-
terial fills the voids of the coarse material, there-
by giving a tight compact fill.



METHODS OF MINING — RILL STOPES

v v Ml
] :E 1 . L
i
© 8" log—l,
A yuj ol
T_ 15 « 1T
Le
" plank 1' =
[l 1T
- L T
s - -
-A‘J ] |L F T T ——
L II!I T
1L
L LU
PLAN

79
Sl g s e e o.'.°-'}
Jo:12 L Cemented fill © o o -
- B N A - A
‘...a.l_o'_,o,_...‘.o. 5
Joint plate
5" flatied
5" flatted keyblock timber
| 1 Clip angle
=160 > Bolited fo
wal
SECTION A-A

FIGURE 5-9.—Scissor set under cut and fill.

FIGURE 5-10.—Model of inclined cut-and-fill stope (rill
stope).

Cut-and-fill stoping is normally regarded as
a medium-rate production method, in comparison
to all other methods. The cost per ton of ore pro-
duced is likewise in the medium range, that is,
lower than for the timber method but higher than
for the shrinkage or open-stope methods.

Recent developments in cemented sand fill and
timber supports have been used by the Interna-
tional Nickel Co. of Canada (INCO) in developing
an underhand method of mining in bad ground,
especially in pillar recovery. In this process, the
stope is started from the top, and as the ore is
mined out, the space above is filled with cemented
sand fill material. A scissor set, developed by
INCO, is shown in Figure 5-9. In this method,
hardened fill instead of a loose ore zone is overhead
and safety in these stopes has been good. When
underhand mining is resumed under a scissors
mat, posts are not required for support. The
absence of posts increases the efficiency of muck-
ing equipment.

Rill Stope.—A variation of the cut-and-fill
method is the rill method, often called the inclined
cut-and-fill method (Fig. 5-10). The inclined work-
ings are designed so that the broken ore will flow
by gravity into a center raise, while the waste
fill will flow into place by gravity from the end
raises. The idea behind the development of this
system was to eliminate the horizontal movement
of ore from the stope and of waste into the stope
by slushers or ore cars. The main objection to
this method is that the men have very insecure
footing, because of rocks sliding from underfoot,
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FIGURE 5-11.—Model of timbered stope.

and there is always a danger of being hit by roll-
ing or sliding rocks from above. This method has
only slight use in present-day mining operations.

Square-Set Timber Stope.—In the square-set
method, stope faces or workings are advanced by
successive stages. The excavation in one stage is
only large enough for one or two sets of timber
to be installed at a time. Timbers in each succes-
sive stage are joined together, usually by the
framing on the ends, thus the timbers tend to
support one another, and altogether this timber
framework forms a continuous series of floors and
compartments or sets. Figures 5-11 and 5-12 show
this arrangement in models of actual stopes. By
this method, all of the ground removed is replaced
with a timber framework to temporarily support
the back, face, and side of the excavations until
they can be further supported by filling with waste
rock. There are many variations of this method,
but all use square-set timbers.

The square-set method is very flexible and
can be used in wide or narrow veins, but it
is expensive, so the ore must be relatively high
grade. Where all other methods fail in ground
control, the square-set method will usually give
satisfactory results.

SUBLEVEL CAVING

The use of diesel-powered equipment under-
ground and rubber-tired load-haul-dump vehicles
instead of track-bound has led to a resurgence in
sublevel caving in recent years. This method is
applicable to ore bodies more than 10 feet wide,
and because it is a high-production method, it is
applicable in lower-grade ore bodies. It is most
suitable to steeply dipping ore bodies where the
capping waste rock and hanging wall cave readily
but preferably do not break too finely, which may
excessively dilute the ore. Although this method
was originally developed for weak ore, use of
long-hole drills permits its adaptation to ore that
is strong enough to stand unsupported or with
minimal support. If this system is used in wide
veins, competent planning should be done by
knowledgeable people so that ore recovery and
efficiency are maximized. In vertical or nearly
vertical veins 8 to 15 feet wide, it may be pos-
sible to develop a sublevel caving system if ore
and waste conditions are amenable. The method
can be used in wide veins of shallow dip, but the
sublevel caving layout will differ from the one
shown in Figure 5-13.

FIGURE 5-12,—Model of timbered stope.
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FIGURE 5-13.~Sketch of a sublevel caving operation in a vertical vein 10 to 15 feet wide.

Figure 5-13 is a sketch of a sublevel caving
system used in a vertical vein 10 to 15 feet wide.
As can be seen in this sketch, long holes are drilled
in the ore and blasted against the waste. The
broken ore lies between the waste and unbroken
ore where it can be loaded and hauled away by a
load-haul-dump unit. The ore runs down this fun-
nel, and when waste appears, another round is
blasted.

The level spacing depends on the way the
broken ore flows and may range from 30 to 50
feet from bottom to bottom of development head-
ings. The drill holes may be vertical or may tilt
as much as 70° to the long section. This angle is
governed by the way the ore draws down over
the waste. There is always some waste dilution
by this method, so it is used in lower-grade ores
only if the mine is close to a mill where waste
rock can be handled without excessive cost.

Because this method can be highly mechanized,

much thought should be given to equipment selec-
tion. Load-haul-dump equipment has been used
economically over tram distances as great as 1,000
feet. When diesel equipment is used underground,
however, ventilation becomes very important.
Diesel fumes can be poisonous unless adequately
diluted with fresh air. Ventilation can no longer
be neglected until conditions become bad, as it
was with other methods. Plans must be made at
the start of the operation to provide adequate
and effective means of ventilating the mine.

The advantages of this system are that it can
be used in a wide variety of ore bodies; it can be
highly mechanized; and it is a flexible method,
because it can be modified for unusual conditions
or changed to some other method. On the other
hand, there is always some dilution with this
method, and ore can be lost. In most operations
forced ventilation is necessary with this system.
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SUMMARY

Table 5-1 has been prepared to summarize the
features of the wvarious mining methods. One
should check to see whether perhaps a lower-cost
method might be suitable for his mine.

This chart is not complete; it leaves out most
of the underground caving systems. One of the
requirements for most of these systems is that
the ore body must be of considerable size. To plan
and institute a caving system efficiently, compe-
tent technical help must be sought.

TABLE 5-1.—Comparison Chart of Mining Methods
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- Gophering High Low Low High Yes Low No Any way Medium Good
[+
é“ Glory hole Low Large High Low No Low No Any way Poor Poor
: Stull Medium Low Medium Medium Yes Low Medium Steep Medium Good
3]
8‘ Pillar Low Medium Medium Low No? Low No Flat Good Medium
large high
Resuing High Low Low High No Low No Steep Medium Good
= Horizontal Medium Medium Medium Medium Yes Medium No Medium Medium Good
; cut and fill steep
g Inclined cut and Medium Medium Medium Medium Yes Medium No Steep Poor Poor
B fill (rill) low
© Underhand cut Medium Medium Medium Medium Yes Medium No Steep Good Good
and fill
Shrinkage Medium Medium Medium Low No Medium No Steep Poor Medium
low large high medium high
Timber (square set) High Low Low High Yes Medium Yes Any way Medium Good
medium
Sublevel caving Low Medium High Low Medium High No Steep Good Poor
Open pit Low Large High Low No Low No Any way Good Good

MINE LAYOUT

FACTORS THAT INFLUENCE MINE LAYOUT

The proper layout of a mine is necessary for
the maximum recovery of ore at the lowest cost
per unit. Stating this in another way, layout
influences the profit that can be derived from ore.
What do we mean by the term Mine Layout?
Mine layout deals with the arrangement of the
physical parts of the mine — the shafts, drifts,
raises, stopes, surface plant, pumping plant, and
other structures and equipment necessary to
produce the mineral product. Planning the mine
layout consists not only of selecting the type and
arrangement of the various mine openings but also
the scheduling of the sequence of operations so
that the mineral product can be produced effi-
ciently under the physical conditions dictated by
the ore body. In all of this planning, the problem
of providing manpower for all of the operations
must be considered.

Mine layout is an important responsibility of
mine management. There are mines that could

have been developed more cheaply by adits rather
than shafts; proper planning would have saved
the expense of a costly shaft. Level spacing in-
fluences mining costs. In some mines, levels are
spaced at certain intervals, such as 100 feet, be-
cause it has been that way in the past or because
many mines use this 100-foot spacing. True, in
some mines, 100-foot level spacing may be opti-
mum, but in others perhaps smaller or greater
level intervals may permit more efficient opera-
tion. Levels cost money, yet they are needed for
ore recovery. One responsibility of the mine plan-
ner is to determine the proper level spacing for
efficient operation.

Several points to be kept in mind when plan-

ning the mine layout are:

1. Do everything possible to speed up the
mining process. (More production per man
shift means less cost per ton.)

2. Keep material and ore handling to a mini-
mumn.
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3. Keep plans flexible so that they can be
readily changed if adverse conditions are
encountered.

4. Plan the flow of ore and supplies so they
move to their destination in the shortest
time with the minimum number of trans-
fers and stops.

5. Keep the investment in equipment to a
minimum,

6. Promote effective use of labor by eliminat-
ing unnecessary steps. Also do not overlook
the comfort and health of the employees.
Morale is an important factor in any min-
ing operation.

7. From the inception of any underground or
surface mining plans, give proper consider-
ation to the rehabilitation and ecological
problems in all surface planning. In most
states, mining plans must be approved by
a state agency before mining actually be-
gins. Potential air and water pollution
problems must be resolved before a mining
permit will be granted.

Unfortunately, the person responsible for mine
layout can seldom choose the best location for
the mine. Nature not only chooses the location of
the mineral deposit, but dictates the physical
environment as well. After the deposit has been
found and prospected, the planner must try to
obtain sufficient information to help him with his
task of mine design.

TOPOGRAPHIC FEATURES OF THE AREA

Topographic maps of most areas in the United
States have been prepared by the U. S. Geological
Survey. In the western United States, much of
the mountainous area is administered by the U. S.
Forest Service, and other areas are serviced by
the U. S. Bureau of Land Management. Each of
these agencies has accurate maps for sale at
nominal cost, and the air photos from which the
maps were constructed are also available at rea-
sonable cost. A good place to seek information on
the availability of maps is the State Geological
Survey or equivalent agency. If it is not the
distributor of the needed maps, the agency will
know where they can be obtained.

The surface features and location of the deposit
most commonly dictate the type of development
openings required for the prospect or small mine.
If the deposit is in a steep mountainous country,
adits may be most economical and convenient for
development. If the deposit is in an area that is
relatively flat, a shaft must be sunk. The location
of the surface plant, buildings, roads, and mill
must be considered in relation to the main develop-
ment opening into the mine. If an adit can be
started in any one of several locations without
affecting the underground mining, then the most
favorable location for the surface plant should be
a governing factor. Cutting away dirt or rock or
filling low places to make room for a surface

plant should be avoided, if possible, or reduced to
a minimum.

Other points pertaining to topography that one
should consider:

(1) Will spring runoff water or cloudburst
water run into or interfere with the opera-
tion of the mine through the main de-
velopment opening?

(2) Are the exposed development openings
reasonably protected from snowslides,
landslides, or rolling rocks?

(3) Does the surface area have protection
from strong winds?

(4) Is there sufficient dump room?

(5) Is the area accessible?

(6) Can the development work, dumps, road,
tailings piles, and other surface disturb-
ances be hidden from the view of the
general public? Many persons feel that
mine endeavors impair the landscape,
and they are unsympathetic to mining
problems. Therefore, the possibility of
selecting canyons or hillsides away from
towns or main highways for the surface
facilities should be given considerable
thought.

Although an ideal location cannot be found for
every deposit, it may be possible to minimize some
of these problems. The author recalls one mine
developed by an adit that started on the windy
crest of a hill. The strong wind would occasion-
ally destroy some of the surface equipment, and
during the winter it was frequently very cold. If
the mouth of the adit had been placed around the
hillside a few hundred feet, much of this wind
damage could have been avoided. Another exam-
ple was a shaft that was sunk in a dry gully.
One summer a cloudburst flooded the mine. Locat-
ing the shaft a few feet either way would have
avoided this trouble, yet would not have inter-
fered much with the rest of the surface plant.

Shape, Size, and Grade of the Deposit.—The
exact shape, size, and grade of the deposit cannot
be determined until the mine is completely worked
out, yet planning must be done for maximum re-
covery. To determine the exact shape, size, and
grade of the ore body in advance is exorbitantly
expensive, but some well-directed prospecting or
drill holes may give the geologist enough informa-
tion to predict the approximate shape, size, and
grade of the ore body. The educated guess is bet-
ter than blind planning.

If the extent of the deposit is small, but the
ore is high grade, then a complete ore recovery
system must be devised. On the other hand, if
the deposit is large but low grade, a high-produc-
tion low-cost method must be employed. A large
deposit of ore will repay a large capital expendi-
ture for development and mining equipment; a
small deposit normally dictates minimum equip-
ment, development, and expense for ore produc-
tion.



84 MINE METHODS AND EQUIPMENT — K. S. STOUT

Position of the Deposit.—The position of the
deposit in relation to the surface of the earth
dictates whether an open-pit method is feasible.
If the size is sufficient and the deposit is near
the surface, open-pit methods should be consid-
ered. The position or attitude of the ore body may
dictate the types of development openings. A flat-
dipping ore body, say 25° dip, may be much more
conveniently developed by an inclined shaft than
by a vertical shaft. The dip of the vein affects
level spacing. A flat dip usually requires closer
spacing of levels in elevation than does a steep
dip, because the distance along the vein is greater
for a given difference in elevation.

Geological Environment—The geological en-
vironment is extremely important in mine layout.
In some ore deposits, the ore and wall rock are
soft and will not stand unsupported, but 20 to 50
feet from the vein the wall rock is firm and may
stand either untimbered or supported with rock
bolts. In a situation such as this, development
openings in the vein zones require constant repair-
ing whereas the openings in the wall rock away
from the vein require little maintenance. As a
rule, however, in most prospects and mines of
small production, it is a better policy to stay with
the ore with development headings even though
the maintenance cost is greater.

If the deposit is in sedimentary rocks, the
layered sequence may be an advantage. For exam-
ple, shale, limestone, and quartzite beds may lie
in close proximity to one another. Therefore, it
may be advantageous to drive the development
headings in one of these beds, then crosscut over
to the ore. The author recalls one prospector who
drove an inclined shaft in very hard quartzite to
prospect for a lead showing reported in an old
abandoned mine at the 200-foot level. If he had
moved his shaft up the hill about 50 feet, he
could have driven it in softer shale. True, he may
have had heavier ground, but he could have driven
it must faster and more easily, and he would
have reached his destination much sooner.

Faults are complicating factors in mine lay-
out. They may not be found until the develop-
ment openings intersect them, but if known, they
must be considered in mine layout or in future
development.

Rock Types in Ore and Wall Rocks.—Rock
types and ore minerals are a part of the
geological environment, but because they influence
the choice of the mining method so much, they
will be discussed separately. The following
strength classification is used here:

Strong or self supporting: That is, rock or ore

that will stand over 50-foot spans in any direc-

tion without support.

Fairly strong: That is, rock or ore that will

stand over a span of 20 to 50 feet without

support.

Weak: Rock or ore that will stand without

support over a span of only a few feet.

The strength of the wall rocks and ore
dictate the mining method, which in turn
affects the value of the ore body. Shrinkage, room-
and-pillar, and most open stoping methods can be
used only in ore bodies where the walls and ore
are strong or at least fairly strong. As these are
the low-cost methods, the ore does not have to be
high in value. Cut-and-fill ore resuing may be used
in fairly strong to weak ore bodies and walls, pro-
vided the span does not become so great as to re-
sult in failure, and provided further that tem-
porary support can be obtained by use of rock
bolts, stulls, or other timber. As this method is
more costly, the ore must be higher grade than
for the methods previously mentioned. Timber
methods are commonly the most expensive, s0
the ore must be high grade, but timber methods
can be used where the ore and walls are weak. If
the ore body is large enough, but both the walls
and ore are weak, and the ore is not high grade,
caving should be considered for deeply buried
bodies; if near the surface, open-pit mining may
be the best method.

Where the ore is fairly strong and the walls
are weak, the cut-and-fill method may be em-
ployed, provided the walls can be temporarily sup-
ported until fill is introduced for permanent sup-
port. In this type of ore, sublevel caving could be
an efficient method of mining. If the walls are
strong and the ore is weak, a system of caving
may be employed, or a combination of other
methods can take advantage of this unusual
situation.

Conclusion.—All of the natural factors men-
tioned should be considered when planning the
mine layout, because they govern the conditions.
Only by accepting these conditions and planning
to either bypass, compensate for, or take advan-
tage of these conditions can we efficiently and
effectively mine the ore body. As we shall see,
many man-made factors also enter into and in-
fluence the problems in mine layout.

LOCATION OF DEVELOPMENT HEADINGS

The fundamental purposes of development
openings are to determine the size, shape, limits,
value, and mineralogy of the ore and the physical
characteristics of the wall rock and to prepare
the deposit for mining. Knowing the complete
physical and economic features of an ore body is
most desirable, but obtaining this knowledge at
any one time is impracticable, because the entire
mineral deposit cannot be prepared for mining
before actual mining begins. Moreover, economic
necessity usually dictates obtaining returns from
the operation before it is fully developed.

METHODS OF OPENING A DEPOSIT
There is one cardinal rule that the small-mine
operator should follow: Stay with the ore or vein
structure until its continuity is proved. In the
selection of an opening to the mineral deposit,
this rule should be one of the determining factors.
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An ore body can do some erratic things in a
very short distance, and the sooner an operator
can learn its behavior and peculiarities the better
off he will be. Disregarding this rule has caused
much needless work. Many hillsides in mining
areas have large dumps that show that a long
crosscut adit was driven to intersect an ore vein
at depth. The vein was exposed on the surface in a
few scattered outcrops, but was not found at
depth, or it was too low grade to mine, or funds ran
out before the project was completed. If the work
was not completed, then the answer to the ques-
tion whether a valuable prospect exists is still
unknown.

Elsewhere in the west, mill foundations and
rotting mill buildings at small prospects where
very little, if any, ore was milled bear mute evi-
dence of the lack of development in ore. The feel-
ing of an over-enthusiastic promoter is that if he
had a mill to handle the low-grade ore a large
profit could be made. Money is raised and a mill
is built to mill ore exposed only by a few surface
showings of a vein. If the ore body does not persist
at depth, the whole project is a failure. Much
money, effort, and time can be wasted by the
lack of a proper development program.

If money is wisely spent in a development pro-
gram, and ore is exposed, more money can usually
be raised to further develop the property, or, be-
cause of a good ore showing, the property may
become salable to a larger mining company.
Profit is more assured from a well-planned devel-
opment program than it would be from haphazard
work.

Following the ore has several advantages: (1)
The ore body is being outlined and prepared for
mining; (2) removing and saving the ore will
defray some of the cost of development; (3) much
ore is softer and easier to remove than the coun-
try rock; and (4) any irregularities in the ore
body such as faults, pinches, swells, change of en-
richment, and other unusual features are noted
immediately. The main disadvantages of follow-
ing the ore are: (1) Supporting the excavation

TABLE 5-2.—Comparison

may be a problem because the ore may be heavier,
softer, or more fractured than the country rock;
and (2) the strike of the vein may be irregular
or curved. These factors are disadvantages be-
cause they hamper efficient service and ore haul-
ing in the mining areas. In some large mines,
service and ore handling are so important that
most of the development openings, such as levels
and transfers, are driven in the country rock. It
must be remembered, however, that the limits of
the ore bodies in these mines are usually already
well defined by geologic inference or by drilling,
whereas the limit of the ore body in a prospect is
unknown.

Another rule of thumb of prospecting is to
drift wherever possible, The advantages of drift-
ing are that it is cheaper than shaft sinking, and
it provides a natural drain for water. Less equip-
ment is required for drifts than for shafts.

Usually the choice of opening for a deposit
must be made by the operator; no established
rules will fulfill all conditions. As an example, a
vein can be traced for a long distance but surface
work exposes only one shoot of rich ore. There
are two choices, sinking on the ore or moving
down the hill and drifting along the vein. Other
considerations are: (1) Accessibility of the open-
ing by roads; (2) water conditions; (3) amount
of cover or depth obtained on the vein by a drift;
and (4) length of the drift. A drift, in a situation
like this, would prospect the vein and perhaps en-
counter some unknown ore shoots; on the other
hand, shipping ore could be mined while sinking a
shaft on the rich ore.

A long crosscut should be discouraged in the
initial stages of opening a mine, because of the
expense involved. It is true a crosscut does pros-
pect the walls for parallel veins but in many
places a trench cut on the surface by a bulldozer
or a backhoe will give the same information at a
much lower cost.

In regions where the topography does not per-
mit a drift or crosscut, a shaft must be sunk. As
many veins dip other than vertical, the question
arises whether to sink an inclined shaft in the ore

of vertical and inclined shafts.

Vertical

Inclined

Safety dogs on cages give good protection against acci-
dental uncontrolled fall.

Requires less time and distance to reach a given elevation.
Rope wear due to abrasion is moderate to low.

No rope rollers needed.

Skip and cage maintenance low.

Requires large hoist and high horsepower to lift heavy
loads rapidly.

If vein is vertical, crosscuts to vein no problems. If vein
dips away from shaft, length of crosscuts to vein increases
with depth.

In sinking, vertical mechanical shaft muckers have been
developed to give good efficiency. Other recent shaft-sink-
ing techniques have resulted in increased rates for sinking.

Dogs cannot be used without guides. Safety devices un-
satisfactory or complicated and expensive.

Requires more distance to reach a given elevation.

Rope wear is high and rope requires much maintenance.
Rope roller maintenance high.

Skip and cage maintenance high.

Higher horsepower to equal hoisting rate of vertical shaft.
Needs more rope.

If a dip of shaft parallels the vein, crosscuts to vein no
problem.

In sinking, mucking still presents a problem in shafts
steeper than 20° in dip. Some recent machines have given
good results in steeply dipping inclined shafts, however.
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FIGURE 5-14.—Sketch showing vertical and inclined shaft layouts.

or a vertical shaft in one of the walls. Considera-
tion ofi the first rule of prospecting (stay with the
ore) will decide in favor of the inclined shaft. A
few arguments against inclined shafts in the ore
are: (1) they are slow to construct and ineffi-
cient; (2) they may be irregular because of an
irregular ore body; and (3) ore in pillars must be
left alongside the shaft for support. If a large
ore body is found at depth, however, a vertical
shaft or a straight inclined shaft in the footwall
can be sunk or can be raised from the level below.
The original prospect shaft can be used as a
raise in mining operation, as a ventilation circuit,
or as a secondary escapeway.

SHAFTS

If a mine proves valuable, in all likelihood a
shaft must be sunk. When a mine is in its in-
fancy, plans must be made to sink a shaft to han-
dle a large production of ore. The location, size,
and arrangement of a shaft for large-scale pro-
duction must be given considerable thought be-
cause production of the mine depends on the ca-
pacity of the shaft. Unfortunately there is no
standard rule for the proper location of the shaft
with respect to the ore body. The ore body should
dictate the type and location of the shaft, except
that it be in the footwall preferably. Below are
discussed some of the different shaft layouts.

Inclined vs. Vertical Shaft.—Figure 5-14 il-
lustrates a vertical shaft and an inclined shaft
servicing two differently dipping veins. Table 5-2
compares the advantages and disadvantages of
these two shafts. The decision as to whether to
use a vertical or an inclined shaft usually depends
upon the dip of the ore body. For dips less than
about 60°, the inclined shaft is used because at
depth the length of crosscuts from a vertical shaft
to the ore body becomes excessive.

POSITION OF SHAFT WITH RESPECT TO
WALLS OF ORE BODY

Inclined Shafts. — An inclined shaft may be
positioned in the footwall, the hanging wall, or the
ore. In a prospect, the vein should be followed,
principally for the purpose of prospecting the
vein. After the ore has been proved, however,
locating the shaft in one of the walls may be
more desirable. The hanging wall is least desir-
able, because possible movement of the hanging
wall after the ore body is mined may cause dam-
age to any mine opening within it. Consequently,
maintenance costs in a hanging-wall shaft may
become excessive. Too, the mechanics of ore
dumping from the level development openings
favor a footwall location. Because of these factors,
and unless other unusual factors enter in, the
most desirable location of an inclined shaft is in
the footwall.

Vertical Shafts.—There are several possible
locations of a vertical shaft with respect to a dip-
ping ore body. Figure 5-15 shows three possible
layouts for the same ore body. The one entirely in
the hanging wall requires long crosscuts to reach
the ore zones at the start of mining when pressure
is on for production to help defray operating
expenses, thus consuming both money and time.
Furthermore, if the hanging wall moves during
or after mining, the shaft may be damaged or
lost.

The layout in which the shaft is started in the
hanging wall and passes through the vein into
the footwall is favored by some mine operators.
The big advantage of this layout is that the cross-
cuts to the vein are not excessively long. Not only
are the disadvantages similar to those of the
shaft in the hanging wall, however, but usually a
pillar of ore must be left to protect the shaft
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SHAFT INTERSECTING VEIN

SHAFT IN FOOTWALL

FIGURE 5-15.—Sketch showing three positions of a vertical shaft in relation to vein.

where it crosses the vein. Also, if the vein is
composed of weak ore, ground support of the
shaft in this area may be difficult.

The layout in which the shaft is entirely in the
footwall does not have the problems of ground
support and ground movement that may affect
the other layouts. The disadvantage of this layout
is that as the shaft gets deeper, the crosscuts
from the shaft to the ore become progressively
longer, thus increasing development and haulage
costs.

Surface topography must be considered
also when selecting a shaft site, but it should not
be the controlling factor. Leveling or preparing
a shaft site better situated with respect to the ore
body may save considerable money over the life
of the operation, even though the site preparation
is more expensive initially. This applies to a mine
with known ore reserves, not necessarily to
prospects.

Recent developments in the science of rock
mechanics show that the location of a shaft with
regard to the ore body must be given detailed
study. Stresses build up around openings and can
extend over a large distance. These stresses can
affect the stability of a shaft. For example, even
though a shaft is located in the footwall of a
steeply dipping deposit, a caving method of mining
the ore may cause ground movement that can
destroy the shaft. Therefore, if the shaft is too
close to the deposit, a method of mining must be
chosen that will minimize wall movement and wall
stress build-up. In such a situation, the more
expensive cut-and-fill method of mining may be
necessary to protect the shaft although the ore
body may be amenable to the low-cost high-pro-
duction method of sublevel caving.

LOCATION OF LEVELS
Level spacing in a mine affects the ultimate
cost of mining an ore body. Levels in a mine cost
money to drive, equip, and maintain; therefore,
the minimum number of levels necessary to mine

the ore efficiently should give lowest cost per ton
of ore mined. Improper level spacing may be one
of the contributory factors to high production
costs.

The level spacing frequently chosen is some
multiple of 50 feet but usually less than 200 feet.
The only reason given for this choice is because
it has always been this way, or other mines use
this interval. Although these level spacings may
be the most economical in some mines, it does
not necessarily follow that they are economical
under all conditions. In some mines, level spacings
have been increased to as much as’ 1,000 feet,
but for most mines this is too great. What
then should control level spacing? Probably the
most important controlling factors are ore pre-
dictability at depth, the characteristics of the ore
and wall rock, and the economic factors, which
may be further subdivided into:

Time required to open a level.

Repair and maintenance costs of a level.
Production requirements of the mine.
Development costs.

Mining costs.

Recovery of ore.

Safety of operation.

. Human element involved.

Geologic Factors. — To choose proper level
spacing we must be able to predict with reason-
able certainty the continuity of ore at depth.
Therefore, before making too many plans, it is
wise to prospect by long-hole drilling, as well as
to gather and study all geological data that have
a bearing on the behavior of the veins at depth.

The structure of the vein and strength of the
ore and wall rock usually determine the choice of
the mining method, which in turn affects the
choice of level spacing. If the ore and wall rocks
are hard, firm, and will stand unsupported over
large spans, the levels can be spaced at greater
distances. If the ore is abrasive and causes the
ore passes to wear out before the stope is mined
out, however, the cost of repair and maintenance

SR 0 R0 T
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of the passes may offset the money saved by
greater level spacing. In ore deposits with flat
dips, the length of slusher haul affects the cost
of moving ore and would be an important factor
in level spacing.

Other Factors.—The time required to complete
development work is important in small mines
because the operator is usually working with small
capital, and there is a need for getting into pro-
duction quickly. Thus, economic pressure may
demand the opening of another producing level
at a fairly shallow depth. In large mines, more
time and money is commonly available for deeper
level development, hence the economic pressure
to put a level into production is not as great.

The length of time that a level is to be main-
tained may be a factor. In heavy ground, a level
may stay open for only a year or less, after which
the maintenance costs to keep it open increase
greatly. Therefore, level spacing such that the
ore above any one level can be mined before
maintenance costs become burdensome is justified.

If a level is to produce 5,000 tons of ore per
day, large haulage equipment and a good track
or roadway system must be used. If a level is to
produce only 50 tons of ore per day, then much
smaller, cheaper, and fewer units of equipment
can be used. Therefore, cost of capital equipment
on levels is an influencing factor on level
development.

Development costs affecting level spacing are

Level spacing estimations:

ASSUMPTIONS
Width of ore body

Length of ore shoot
Depth of ore shoot

Dip of ore body
Density of ore in place
Production rate
Drift length per level
Raises required

System of mining ...
Mineralization ... s

the costs of drifting, crosscutting, and raising.
Direct stope-mining costs may alsc be influenced
by level spacing. As a rule, the greater the level
spacing, the less efficient are the miners in the
stopes, unless their access and supply ways are
convenient.

The recovery of ore may also be dependent
on level spacing. For example, the levels may be
so far apart that caving starts in the stopes be-
fore they are mined out. Some of the ore may be
lost. If it is decided to get all of the ore, the cave
must be ‘caught up’, thereby adding to the min-
ing cost. If pillars are left, and it is desired to re-
cover pillars, ease of recovery may be affected by
the spacing of the levels.

Of paramount importance in all mining is
safety of operations, and the reactions of the
men involved in mining. Safety may not be con-
nected directly to level spacing, but people
charged with safe practices have found that tired
men are more accident prone than fresh men.
Climbing long raises to a working place is tiring
and demoralizing to most men. Except in unusual
cases, work is less efficient in isolated places that
must be reached by a long climb. Supervision, also,
is likely to be less effective in these out of the
way places, thereby resulting in lower production.

How can all of these factors be considered
when studying the proper level spacing for any
set of conditions? To illustrate, a hypothetical
problem is worked out.

,,,,,,,,,,,,,,,,,,,, Average 6 feet
.................... Cut and fill

_Fairly constant

,,,,,,,,,,,,,,,,,,, 800 feet
................... Unknown, but drilling

indicates that it extends
at least 600 feet below
present level.

.................... Vertical
____________________ 10 cu. ft./ton
____________________ 200 tons/day
____________________ 1,200 feet

Development is far enough ahead to
allow proper spacing; same type
and kind of equipment on every level.

KNOWN OR ESTIMATED COSTS (1975)

Cost of shaft sinking ...

Cost of level driving
Cost of raising
to 100 feet
100 to 200 feet

Cost of shaft station and pockets

Equipment cost per level ...

200 to 300 feet ... ...

................... $400/1t.
____________________ Average $100/ft.

____________________ $80/ft. includes ore pass
____________________ $90/1t.
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Variable costs dependent on different factors.
Repair cost to levels

to 1 year ... $80/working day
1to3years . $120/working day
3tobdyears ... . $250/working day
(One year consists of 260 working days.)
Ore pass maintenance costs ... See Fig. 5-16.%
or

Increased cost of safety and loss
in efficiency, $/ton ___ ... See Fig. 5-17.%

Quantity of ore per foot vertical depth
6 ft. wide X 1 ft. depth X 800 ft. long = 480 tons of

10 10 cu. ft/ton in place ore/vertical ft.

Trial and error method of calculation:

Assumptions: (1) Assume only 85 percent of ore is recovered because

of level and raise pillars.

(2) This analysis does not include direct mining costs,
only the costs shown in Figures 5-16 and 5-17,
which are affected by level spacing.

(3) Life of level is calculated on rate of 200 tons/day
and if all ore is recovered between levels, but full
200 ton/day production on any level will probably
not be realized when starting or stopping.

LEVEL SPACING OF 100 FEET:

Cost Ore recovered
Shaft station . ... $120,000 480 100X0.85=
Level development 1,200X100 .. $120,000 40,800 tons

Raises 9> (880100 ft.) ... $ 72,000
Repair cost: est. life
480 tons X 100 ft. spacing — 240

200 tons/day prod.

240 days X $80/day ... . $ 19,200
Ore pass maintenance cost ... ... 0
Efficiency loss . ... 0
Equipment cost/level .. ... $100,000
Shaft cost $400 X 100 ft. .. . $ 40,000

Total . . ... $471,200

Total development cost/100 ft. level $471,200 = $11.55/ton

40,800

* The three assumptions made in this problem, level-repair cost, ore-pass maintenance
cost, and the efficiency of work for different level spacing are most difficult to
estimate or calculate. Many operators do not keep enough records to determine these
figures. The author has kept sketch records from time spent in operations, and from
this meager evidence Figures 5-16, 5-17, and 5-18 were prepared. These curves will
differ for each mine, but they have been checked for a few operations, and the
resultant curves seem to have slopes as shown in these figures.

LEVEL SPACINGS OF 150, 200, 250, and 300 FEET

A similar calculation for 150-foot spacing
would have the added costs of 50 feet of raise
at $90/ft; repair cost of $80/day for an additional
120 days; ore-pass maintenance cost of $3,672
(from Fig. 5-16); a decreased-efficiency charge of
$18,360 (from Fig. 5-17); and an additional 50 ft.
of shaft at $400/ft. for a total of about $563,692
against 61,200 tons of ore, or $9.20/ton. Continu-

ing similar calculations for level spacings of 200,
t2)50, and 300 ft. would give results as tabulated
elow.

100 ft. 150 ft. 200 ft. 250 ft. 300 ft.
Cost: $/ton  $11.55 $9.20 $8.22 $8.16 $8.45

From the above, it can be seen that the most
economical spacing should be about 250 feet,
because the cost per ton begins to rise if this
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FIGURE 5-16—Ore pass maintenance cost as affected
by level spacing.

spacing is exceeded, but any spacing between 200
and 300 ft. would probably be satisfactory under
these assumed conditions. Of course, the total
cost of mining a ton of ore would be greater,
because the overall mining and overhead costs
were not included in this figure. Such costs should,
however, be constant for any level spacing.

Most calculations are more involved than this
simple example, because more information is avail-
able for a mine that is actually operating. To help
with ore predictions at depth, it is customary to
take past ore calculations and past operating
figures and project these to lower levels. With this
help, the level-spacing calculations should be more
reliable and accurate.
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FIGURE 5-17.—Increased cost of safety and loss in effi-
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FIGURE 5-18.—Level spacing and its effects on the pro-
duction cost per ton of ore.

POSITION OF DRIFTS WITH RESPECT TO VEIN

The position of the drift with respect to the
vein is important because proper positioning can
eliminate much later work and trouble when the
ore is mined. If the vein dips steeply and is wide,
better practice dictates that the drift should be
carried on the footwall side of the ore body (Fig.
5-19¢). This is true because the ore when broken
in stoping operations tends to run down the foot-
wall; hence, it can be more easily accumulated for
loading into cars in the drift below.

Figure 5-19 shows three positions of a drift on
a narrow vein; figure 5-19c¢ illustrates the best
position for the drift relative to the vein for the
following advantages:

1. Hanging wall of vein is unbroken. Trouble
can be avoided in stoping if hanging wall
is not broken.

2. A chute to gather ore can be readily con-
structed in the drift with little or no widen-
ing.

3. The ore and waste can be blasted sepa-
rately in two blasts for clean mining of
the ore.

The vein structure, however, may be several
feet wide, the ore lying on the footwall and waste
vein material extending to the true hanging wall
(Fig. 5-7). The soft vein matter will not stand by
itself. The drift should be positioned as shown in
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a. POOR POSITION

b. BETTER POSITION

c. BEST POSITION

FIGURE 5-19.—Sketch showing position of drift in relation to vein.

Figure 5-19b, one side of the drift being on the
true hanging wall. It is still a good plan not to
break the hanging wall if it can be avoided.

The previous discussion applies mainly to

small mines where the attitude of the ore body is
unknown. The old rule of ‘staying with the ore’
is a good one to follow in new mines or narrow
veins. Drifting in