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CONTRIBUTIONS TO GENERAL GEOLOGY

THE GOLD PAN AS A QUANTITATIVE GEOLOGIC TOOL

By PAUL K. THEOBALD, JP.

ABSTRACT

The gold pan or a similar device has been mentioned throughout recorded 
history as a valuable instrument for concentrating heavy minerals. The absence 
of quantitative studies of the accuracy of this tool led to the work presented here. 
A series of 26 samples of alluvium from the beds and banks of streams were 
separately panned into a tub and the tailings from each panning were repanned 
until the remaining concentrate was insignificant. The ratio of the weight of a 
mineral in the first concentrate from a sample to the total weight of the mineral in 
the concentrates from all the pannings of that sample, expressed as percent, is 
termed the recovery and is used as a measure of the accuracy of the gold pan.

The recovery of minerals is related to the type of material sampled, the grain 
size of the mineral, the shape of the grains, and the specific gravity of the mineral. 
The highest recoveries are from samples containing only small amounts of silt or 
clay. . Samples with large proportions of silt and clay must be washed to remove 
these 'constituents before panning may be started, and a part of the heavy minerals 
is lost in suspension with the clay and silt. Elongate grains of about 65 mesh are 
most easily saved, and tabular or platy grains are the most difficult to save. 
There appears to be a direct relation between specific gravity and recovery. The 
greatest loss of heavy minerals is in the last part of the process of panning when the 
proportion of these minerals is greatest. Several suggestions are offered to reduce 
the effect of these factors and to improve the recovery.

The gold pan is an extremely satisfactory tool for concentrating heavy minerals, 
and with it much valuable information, of both economic and academic importance, 
can be obtained.  

INTRODUCTION

The gold pan, which has many names and designs, is a handtool for 
concentrating heavy minerals, The pan used in this country is the 
frustrum of a cone, in South America the whole cone is used, and in the 
East Indies a segment of a sphere is used. The names vary from 
miner's pan, California pan, and riffled pan to batea, "Asiatic ladle" 
(Sigov, 1939, p. 3), or simply "vessels of brass" (Hill, 1746). The 
gold pan used in the work described in this paper has the shape of a 
frustrum of a cone with a diameter at the lip of 16 inches, a diameter 
at the base of 9.5 inches, and a depth of 2.5 inches.
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2 CONTRIBUTIONS TO GENERAL GEOLOGY

This type of pan was used during a reconnaissance of monazite 
placer deposits in Virginia, North Carolina, South Carolina, and 
Georgia. Some 4,000 samples of alluvium were concentrated in a pan 
and analysed mineralogically to provide the basis for evaluation of the 
deposits. Of this total, 26 were handled separately to provide an 
indication of the accuracy of the tenors derived from the panned con 
centrates. The results of study of these 26 samples are presented 
here to define the limitations of the gold pan as a quantitative tool and 
to suggest some improvements in the technique of sampling.

This study was made by the U. S. Geological Survey on behalf of 
the Division of Raw Materials of the U. S. Atomic Energy Commission. 
The writer is indebted to the men who panned the samples for the work 
in the field and to the personnel of the laboratories of the U. S. Geo 
logical Survey for mineral identifications and grain counts.

PREVIOUS WORK

In 300 B. C., Theophrastus (Hill, 1746) wrote of a vessel like a gold 
pan used to concentrate heavy minerals from sand and commented 
upon the accuracy of the process: ". . . in this work there is much art 
to be used; for from an equal quantity of the sand some will make a 
large quantity of the Powder (cinnabar), and others very little, or none 
at all." Consistent use of a gold pan or similar device is noted in the 
literature on mining from Theophrastus' tune to the present, but little 
mention is made of the proportion of the heavy minerals saved by 
these topis.

Taggart (1947, section 11, p. 57) made a comparative statement of 
the accuracy of the gold pan: "A pan in the hands of a skilled operator 
will make a lower grade of tailing on any ore amenable to gravity con 
centration than can be made hi the most elaborate gravity mill." 
This statement appears to place considerable faith in a crude imple 
ment but reflects the general opinion of many who have closely ob 
served the use of a pan.

Sigov (1939, p. 3) published the results of an experiment with the 
"Asiatic ladle," essentially a gold pan with a handle, as follows:

  Coefficient of extraction 
Specific gravity (percent)
52_, --------------------------------------------- 90
4.4-5.1_________________________-  ________ 83
3.9-4.2._____._,_______.__.______________ 76
3.6-3.8----------------__-._______-----____-_--_ 60
2.8-3.3_--------------_.__--_     -__      ------ 15
2.8  --   -------   -   --     -   -     -- 1

These results are similar to those described in this paper.
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METHODS

t FIELD TECHNIQUES

The gold pan ; is similar in theoretical operation to a jig. By 
agitation of a heterogeneous sample of mineral grains in water, a 
bedding is developed. Each bed will be comprised of grains with a 
characteristic size and specific gravity: the largest and lightest grains 
concentrate at the surface; and the smallest and heaviest grains, at the 
base of the sample. By washing the superficial layer from the sample, 
the specific gravity of the remainder is raised. During successive 
stages of agitation and washing, the bedding is further perfected, and 
the average specific gravity of the sample is increased.

A wide range in size of the mineral grains hinders concentration. 
If fine-grained quartz is abundant in a sample that contains coarser 
grains of heavy minerals, quartz will accumulate in the bottom of the 
pan and prevent settling of the heavy minerals. Under these condi 
tions there is danger of removing coarse-grained heavy minerals 
during panning.

The movement of the heavy grains to the base of the sample is not 
hindered if a sample of medium to coarse sand contains from 5 to 10 
percent fine sand. The fine sand filters between the coarser grains to 
a layer of much higher specific gravity, and the finished concentrate 
contains a larger proportion of quartz and feldspar than a concentrate 
from a sample without fine sand. To remove this fine sand the con 
centrate in the pan may be briskly agitated in water to lift the fine 
grains into suspension. The water containing the suspended fine 
sand is then poured from the pan. A sized feed to the pan is desirable 
butr impractical in rapid field work.

In the analysis on which this report is based, a single screen or pair 
of nesting screens was used to remove gravel from the 26 samples, 
and clay and silt were removed in suspension by kneading the samples 
in quiet or gently flowing water. The remaining sand, which ranged 
in size from }iinch to 200 mesh, was panned to produce a concentrate 
of heavy minerals. The details of the process of panning have been 
discussed by numerous workers, most recently by Mertie (1954).

In the analysis for this report, two systems were used to check the 
proportion of the heav}7 minerals recovered. The simpler method 
was to place the sample in a pan and place another pan in the stream 
under the first pan. In theory, the tailings from the first panning were 
caught in the second pan. When the first concentrate had been 
removed, the pans were exchanged and the tailings from the first 
panning were repanned. This process was repeated twice. 'The 
defects of this system were that panning the tailings twice did not 
recover enough of the heavy minerals to represent the content of 
heavy minerals in the sample, and that in passing from one pan to
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the other in the stream some of the heavy-mineral grains were lost 
even in a gentle current of water. The first of these defects could 
have been remedied by repeating the process several tunes, but to 
remedy the second required a revision of the method. An improved 
method consists of panning in a large washtub in which the tailings 
are caught and repanned. The process may be repeated as often as 
necessary and the only heavy minerals lost are those that remain in 
suspension hi the water or those that are not recovered in subsequent 
panning.

The 26 samples used in this analysis were panned into a tub, and 
the tailings were repanned until the volume of heavy minerals was too 
small to handle. The localities of these samples by stream, count}r, 
and state, the name of the panner, and the number of pannings for 
each sample are shown on table 1. This system offered a way to 
split the tailings and find where in the panning process the greatest 
loss occurred. To do this the original thickness of the sand in the 
pan was measured and panning was continued until one-quarter or 
one-third of the sand was removed as tailings. These tailings were 
removed from the tub and the next segment of the sample was panned. 
The losses in the separated fractions of the tailings could be estimated 
hi this manner. The differences between panning in a tub and 
panning in a stream are slight, but somewhat fewer heavy minerals 
may be recovered in a tub because the motions of the panner are 
restricted. .

The samples were collected from two principal sources: rifHes in 
streams and banks of streams. Riffle samples are commonly mixtures 
of sand and gravel that contain only a trace of silt and clay. After 
screening, the gravel from these samples it was not necessary to wash 
them to remove the small quantities of silt and clay, and there was no 
possibility of suspending fine-grained heavy minerals in a slurry of 
silt and clay during the process of panning. The samples were 
classified in the field as sand or gravel on the basis of the quantity of 
material in the original volume (0.34 cubic foot) that would pass a 
punch plate with ^-inch openings. If this quantity was half of the 
original volume or less, the material was classified as gravel; if. the 
quantity was greater than half of the original volume, it was classified 
as sand, The volumes of material that passed through the ^-inch 
openings are shown as the volume panned in table 1.

Bank samples are mixtures of.gravel, sand, silt, and clay. All
bank samples contain a sufficient quantity of silt and clay to require 
washing before panning. Many of the bank samples contain less than,
3 percent of gravel. The amount of material remaining m the pan

after screening and washing out the silt and clay is shown in table I 
as. the v.olume panned. This volume with the volume of material,
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TABLE 1. Location and characteristics of multiple panned samples

Sample
Field and
laboratory

nos.
Fanner Location

Volume
panned
(cubic
feet)

Stages of
panning

Riffle gravel

A....... ...

B..........

C....... ...

J)..........

E..........

F..........

0....... ...

H.. .......

J.. ........

J.... ......

K. ........

L..........

M.. .......

N..   ....

52-CS-415 
(109875-109884) 
62-CS-416 

(109885-109890) 
52-CS-656 

(110127-110135) 
52-DC-42 

(82903-82906) 
52-DC-834 

(110984-110988) 
62-OT-42.... 

(82583-82589) 
52-OT-43 

(82590-82602) 
52-OT-64 

(82603-82613) 
52-PK-l 

(81176-81182) 
52-PK-20 

(90564-90573) 
52-PK-12G 

(98834-98846) 
52-WE-160 

(88405-88411) 
52-WE-184 

(90657-90664) 
52-WE-275 

(90711-90717)

J. B. Pollard, Jr.......

  do........ ...... ...

P. K. Theobald, Jr.... 

D.W. Caldwell..  

B. R. Long __ ....... 

W. 0. Overstreet  

B. F. SpradUn.. ......

P. K. Theobald, Jr.... 

..... do...    ...  

  ..do....... ....    

A. M. White...........

J. W. Wissert, Jr.   .

Big Buck Creek, Spartanburg 
Co., S. C. 

  do......... ........ .........

South Durbin Creek, Laurens 
Co., S. C. 

Devils Fork Creek, Anderson 
Co., S. C. 

Howards Creek, Lincoln Co., 
N. C. 

Pickens Creek, Anderson Co., 
S. C. 

... ..do....    ................

Floyds Creek, Rutherford Co., 
N. C. 

Brushy Creek, Cleveland Co., 
N. C. 

Unnamed creek near Suck 
Creek, Rutherford Co., N. 0. 

Tributary to Thicketty Creek, 
Cherokee Co., S. 0. 

Floyds Creek, Rutherford Co., 
N. C. 

.... .do........ ..................

Sliver Creek, Burke Co., N. G._

0.09 

.09 

.11 

.14 

.09 

.08 

.12 

.15 

.18 

  .08 

.09 

.10 

.06 

.10

«7 

6 

9 

4 

5 

7 
«7 

>6 

7

7 

8

7

Riffle sand

0....... ..,

P.    ...

Q....... ...

R..........

S..... .....

r....... ...

52-CS-282 
(90410-90417) 
52-CS-601 

(110064-110068) 
52-CS-602 

(110069-110073) 
52-DC-413 

(99158-99163) 
52-DC-562 

(109718-109723) 
52-OT-65 

(82614-82620)

J. B. Pollard, Jr.  

B. R. Long...........

 .do......... ........

W. C. Overstreet  ...

Lawson Fork Creek, Spartan- 
burg Co., S. C. 

Rocky Creek, Greenville Co., 
S. C. 

  do... ...... .   -.....-. .

Hurricane Creek, Anderson 
Co., S. C. 

Reedy River, Greenville Co., 
S. C. 

Floyds Creek, Rutherford Co., 
N. C.'

.25 

.29 

.29 

.25 

.19 

.27

«5 

'5 

5 

6 

6 

. 7

Bank gravel

U.. .......

K.    -

52-PK-127... 
(98847-98851)

(90705-90710)

P. K. Theobald, Jr.... 

J. W. Wissert, Jr.   .

Tributary to Thicketty Creek, 
Cherokee Co., S. C. 

Silver Creek, Burke Co., N. 0..

.10

.08

5 

6

Bank silt

W.........

X. ........

Y..........

52-DC-563 
(109724-109728) 
52-WE-359 

(90799-90805) 
52-OT-36 

(81129-81137)

B. R. Long. . ....--.

A. M. W-hite..     

W. C. Overstreet   

Reedy River, Greenville Co., 

Hoyle Creek, Burke Co., N. C._

Brushy Creek, Cleveland Co., 
N. C.

.09 

.11 

.01

5

7

Bank clay

Z....... ... 52-WE-l--.. 
(81207-81210)

A. M. White..... ----- .....do.....  ................ . r . .02 4

1 Tailings from these samples were split during the first panning, and each-split was-panned separately. 
The number shows the panning stages of each split, and.is equivalent to the number of panning stages for 
the samples that were not split.

428384 57  -2
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larger than % inch in diameter and the original volume of the sample 
were used to determine the dominant character of sand and gravel 
samples. . Silt and clay samples are denned on the basis of feel and 
coherence.

Clay and silt are washed from a sample before panning is begun, 
and a cloud of suspended material moves away from the pan. In 
this investigation all but one of the bank samples in table 1 were 
washed in a tub and the slurry of clay and silt was poured off after 
the sample was washed but before it was panned. To determine the 
quantity of heavy minerals lost in suspension, sample Y was washed 
in a tub and the resulting slurry poured into another tub. The 
sand that was left after washing was panned once and then repanned 
5 tunes. Sediment in the slurry was allowed'to settle for about 6 
hours and the water was decanted. The settled slurry was carefully 
rewashed to remove most of the silt and clay. The recovered sand, 
equal in volume to that panned in the first operation, was panned 
3 times.

LABORATORY WORK

The concentrates were analysed in the laboratories of the U. S. 
Geological Survey. The laboratory procedure was to: (1) weigh 
the concentrates, (2) separate and weigh the magnetite, (3) sieve the 
remainder of the concentrate, (4) weigh each sieved fraction, (5) split 
each sieved fraction to about 100 grains, and (6) count the grains to 
establish the frequency percentages of each mineral. U. S. Standard 
sieves of 45, 100, and 170 mesh were used. Only those fractions that 
contained 1 percent or more of the initial concentrate were counted: 
the material retained on the 45-, 100-, and 170-mesh sieves and 
rarely 1 or 2 percent of the material that passed the 170-mesh screen. 
These three size groups are called the 45-, 100-, and 170-mesh frac 
tions. The results of these analyses are given in table 8.

The grain counts were converted from frequency to weight percent 
with a chart based on the specific gravity of the minerals (Berman, 
1953). Calculations in this paper are based on the weight percent 
of the mineral in the total concentrate and are recorded to 1 percent. 
The weight of the total concentrate is recorded to 0,1 gram,

A few grains of heavy minerals escaped the panner regardless of the
number of times tkat ike tailings were panned.. The most important 
factor limiting the number of pannings is the minimum size of con 
centrate that can be cleaned to a reasonably low percentage of quartz 
without losing most of the heavy minerals. The maximum number 
of stages of panning is 9 for sample C. The split samples equal or
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exceed this number of pannings and reach a maximum of 13 for 
samples G and K.

The first problem of analysis was to determine the quantity of 
heavy minerals lost during all the stages of panning. Because each 
panning is a complete operation, the pannings were considered as 
consecutive whole numbers and plotted as the abscissas in a log 
arithmic graph. The weight of a mineral in the concentrate at each 
panning was plotted as the ordinate.

Weights of ilmenite and magnetite in the concentrates of successive 
stages of panning sample F are plotted in figure 1. The total weights 
rather than the weights of sieved fractions were used in the examples, 
although either will produce the same type of curve. Ilmenite and 
magnetite were, respectively, 47 and 41 percent of the first concen 
trate, and the weights of successive stages form straight lines on the 
logarithmic plot. The line for magnetite is particularly well defined, 
as it is for most of the samples, but if the proportion of magnetite in 
the concentrates .drops to 10 percent or less the points begin to 
scatter. The weights of ilmenite fall along a linear zone rather than 
along a single line. This condition applies to ilmenite hi the other 
samples and for the minerals of a specific gravity greater than 4.5 
that were determined by grain, counts. For these minerals the 
amount of scattering increases as the percent of the mineral in the 
concentrates decreases, and the scattering is greater for the minerals 
requiring more subtle methods of identification than for those whose 
identity is obvious. Variations in the accuracy of the grain counts 
and deviations from the actual weights resulting from recalculation of 
the grain counts to rounded percentages^ particularly when the min 
eral is a low proportion of the concentrate, cause a greater variation 
hi the quantity of a mineral reported from a sample than the variation 
inherent in panning. : ,

Minerals with a specific gravity less than 3.5 provide points with 
erratic distribution on logarithmic graphs, although a general trend 
toward decreasing quantities of these minerals hi successive stages 
is shown. The variations in the tenors of these minerals are related 
to changes in the proportion of quartz left hi the concentrate. Con 
centrates were cleaned until they contained from 2 to 40 percent of 
quartz, generally 10 to 30 percent. Small concentrates required 
special handling in the pan and usually contained a larger proportion 
of quartz than large concentrates. Successive concentrates decreased 
in size and the proportion of quartz increased. This increase in 
quartz is erratic rather than uniform, hence the erratic distribution 
of the weights of the minerals of low specific gravity on the log plots. 
The scattering of points on graphs like figure 1 discourages use of 
them to determine the recovery that could be obtained theoretically,
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200

2 3 4 56789 10 
RUNNING STAGES

FIGURE 1. Weights of ilmenite and magnetite recovered in stages of multiple panning.

but they show that the quantity of minerals of high specific gravity 
recovered by panning in- the several stages was1 generally within 5 
percent of the original content of the sample.
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The percentage of weight of the minerals reported from the labora 
tory for each concentrate was recalculated to the actual weight of the 
mineral in the concentrate. These weights are given by sample, stage 
of panning, and sieved fraction in table 8. : It is assumed that the 
sum of the weights of a:mineral in the concentrates from successive 
stages is equal to the original weight of that mineral in the sample. 
Thus, if a sample was panned 7 tunes and the weight of ilmenite in 
each stage of panning is, respectively, 140, 57, 11, 6.3, 4.9, 2.8, and 
1.4 grams, the weight of ilmenite in the original sample is assumed to 
be 223.4 grams. The recovery is the weight of a mineral in the first 
concentrate divided by the total weight of the mineral in the original 
sample: in the example, the recovery of ilmenite is 140/223.4, or 63 
percent. Recovery, as used in this report, has this meaning only.

All heavy minerals are not recovered during multiple panning; but 
for minerals with a specific gravity of 4.5 or more the difference 
between the measured content and the actual content probably would 
not change the apparent recovery 2 percent. The recoveries of 
minerals with a specific gravity less than 3.5 are considerably different, 
as the actual content is probably 2 or 3 times as great as the measured 
content. Only 2 of the minerals used hi these tests have specific 
gravities in the range from 3.5 to 4.5. Recoveries for garnet, with a 
specific gravity of slightly over 3.5, are about 50 percent in error; and 
recoveries for rutile are about 5 percent in error.

RECOVERY OF HEAVY MINERALS IN RIFFLE SAMPLES

The range in recoveries of each mineral is great among the samples 
despite the consistency of recoveries among the stages of panning of 
a single sample (table 2). This is due to the variety of samples arid 
mineral suites. Histograms of the frequency of repetition of the 
recoveries in riffle samples, rounded to the nearest 5 percent, show 
that the distribution of the recoveries of a mineral are well defined 
around one or two optimum values. The histogram of the total 
recovery of monazite (fig. 2) rises to a single peak at 85 percent; the 
average monazite recovery from table 2 is 84 percent,. -The histogram 
of total recovery of ilmenite forms two less well-defined peaks; the 
stronger peak is between 65 and 70 percent and the weaker is at 50. 
percent. Average recovery of ilmenite hi riffle samples is 64 percent 
on the left or low-recovery side of the stronger peak.

Relationships among . these histograms are based, primarily - on 
specific gravities of the minerals although factors of ; size and shape 
also effect changes in location and shape of the peaks. As the average 
recoveries for a mineral are generally indicated by the most prominent 
peaks on the histogram, a relation among the minerals may be based
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ILMENITE : MONAZITE

45 MESH 45 MESH

111

r45 +100 MESH

2 8

-4.5 +100 MESH

-100 +170 MESH

00000000000 
- N «. tf m to N co m :O,

OOO-O.OoOOOoO 

. ' -100 +170 MESH

OOOO QOOO'O   ojrosrioi&^-oom

TOTAL CONCENTRATE TOTAL CONCENTRATE

EXPLANATION

P S 
Somple of riffle grovel Somple of riffle sond

FIGURE 2. Histograms showing recoveries of ilmenite and]monazite.

on the average recovery. The trend of the recoveries among the 
minerals is toward increased recovery of minerals with successively 
higher specific gravities, as shown on figure 3.

Some of the scattering of points on figure 3 may result from varia 
tions in the average size of the mineral grains, but the effect of changes 
in gram size is reduced by using the sieved fractions. The scattering 
persists in each sieved fraction but is greatest in the 45-mesh fraction 
and least in the 170-mesh fraction. It is inferred that the scattering
is the result of differences in shape among the minerals. The differ-
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ences in shape are exaggerated in the coarser sizes, but in the finer 
sizes the grains approach cubic or spheroidal shapes.

The line drawn on each of the diagrams of figure 3 is a trend line 
that divides the plotted points into three groups: those above the 
line, those close to the line, and those below the line. These three 
groups each appear to reflect the shape of the grains. The first 
group consists of points related, to minerals with a single direction of

TABLE 2. Recovery (in percent) of heavy minerals in the first panning of samples
from riffles and banks

[Except where figures are given, the total quantity is less than 1 percent of the first concentrate. An as 
terisk (*) indicates recovery not computed.]

Sample Epidote Garnet Hema 
tite

Ilmen- 
ite

Magne 
tite

Mona- 
zite

Rutile Silli- 
manite

Tour 
maline

Zircon

Riffle gravel

A......... .........
B. ....... ..........
C. .................
D. .................
E. .................
F. .................
0. .................
H... ....... ........
I...................
J........ ... ..... ...
K.. ................
L.. ................
M... ...............
N..................

35

44

45

41

46
23
75

35

40
39
60
59
33
36
62

46

85

100

92

80
67
73
75
63
63
70
4Q
52
71
76
53
61
68

66

57

78
69
31
63
69

63
86
62
16
34
87

60

86
90
92
72
88
73
90

79
85
94
78

. 85
93

84

78
100

44

74

68
42

66

27
40
71
22
19
46

45

0
38

39

26

38
100
67
85

65

74
100

79

76

Riffle sand

0. ............... ..
p..................
Q.. ................
R.... ..............
S........... ........
T.. ................

Average riffle

33
47

0
40
30

30

34

79
44
38

0

28

38

44

0

0

62

74
64
56
44
67

. 61

. 60

64

77
51
49
54
62

59

59

91
78
83

83
78

83

84

50

50

68

19
21

27
13

20

37

95
0
0

32

29

71

12

100

61

72

Bank gravel

u..................
V.. ................

(*) 
< ) 23

'8
63
66 8 90 

83
38 

100
30 

0 8 0 
76

Bank silt

W.. ................
X......... .........
Yl... .............. 8  8 48 

33
(*)
(*) 90 

67
23 20 

30 ?! 80 
27

Bank clay

Z.. ................

Average bank

(*)

(*)

9 

16

.(*) 
( )

52 

42

(*) 

(*)

84 

83

53 

64

44 

25

(') 

(*)

72 

61

1 Handled separately; recoveries not comparable with other bank samples.
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FIGUKE 3-Relation of recovery to specific gravity for riffle samples.
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elongation: zircon, rutile, fine-grained sillimanite, and coarse-grained 
epidote. Coarse-grained sillimanite is excluded from this group 
because, in general, it consists of rounded knots of quartz and silli 
manite; and fine-grained epidote is excluded because the mineral 
fractures into nearly equidimensional grains. These elongate min 
erals resist the buoyant effects of water during panning and roll in 
only one direction. They are the easiest to save in the gold pan.

The second group of points is related to approximately equidimen 
sional minerals: monazite, garnet, coarse-grained sillimanite, and 
fine-grained epidote. These minerals expose a smaller area for a 
given volume to the bouyant effects of water, but they roll in any 
direction. Minerals in this group have recoveries intermediate 
between those in the first and third groups.

The third group is defined by platy minerals, of which ilmenite is 
the only one represented by a point on figure 3. Only the platy 
minerals with high specific gravities are recovered in the pan. Biotite 
and muscovite, with mean specific gravities of 3.0 and 2.8, respectively, 
are abundant in the stream sediments, but neither was recovered in 
the concentrates. Kyanite, with a mean specific gravity of 3.6, was 
contained in a few samples but was recovered in only two; in one of 
these it was recovered only in the later stages of panning.

Hematite and magnetite are in the third group on figure 3, but 
their position is deceptive because they occur as porous aggregates 
and pseudomorphs. The specific gravity of these grains is less than 
the specific gravity of solid crystals of the minerals.

The peaks of the histograms become broader and lower with, 
decreasing specific gravity. This is not the result of change in. 
specific gravity but the result of change in recovery. On figure 2 
the peaks broaden among the sieved fractions of both minerals as the 
average recovery decreases, and within a sieved fraction the peaks 
broaden among the minerals as the average recovery decreases. The 
best-defined peaks are those for monazite in the 100-mesh fraction 
and for the combination of the sieved fractions for monazite, where 
the average recoveries are 89 and 84 percent, respectively. The 
spread is greatest in the 45- and 170-mesh fractions of ilmenite where 
the average recoveries are 54 and 61 percent, respectively. The 
distribution of recoveries continues to spread in minerals of low 
specific gravity with average recoveries below 50 percent. For 
garnet and sillimanite, the most abundant of the minerals of low 
specific gravity, the recoveries form a low plateau rather than a peak. 
The spreading of the recoveries with a decrease in average recovery;, 
or, conversely, the localization of the recoveries for minerals with 
higher average recoveries, provides additional evidence to support 
the conclusion from the log plots that the most accurate determina-

428384 57   3
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tions of recovery are those for minerals of high specific gravities with 
high average recoveries.

The relation of recovery to grain size may be predicted from the 
general theory of bedding of heavy minerals during concentration 
presented earlier, and it is substantiated by the recovery figures 
presented in tables 3, 4, and 5 and by the histograms in figure 2. 
The best recovery of almost all minerals is in the 100-mesh fraction; 
the exceptions are minerals that occur hi few fractions of the samples, 
as shown below:

Mineral

Epidote _

Magnetite.. 
Tourmaline. 
Zircon _ __.

Sieve fraction 
(mesh)

45
170
170
170
45

Number of
samples con 

taining mineral

1
3
2
2
2

TABLE 3. Recovery (in percent) of the minerals in the 45-mesh fraction of riffle
samples

[Except for magnetite, where figures are not given the total quantity is less than 1 percent of the first con 
centrate. Magnetite is subdivided by mesh only in samples D, F, O, I, and N]

Sample Epidote Garnet Hema 
tite

Ilmen- 
ite

Magne 
tite

Mona- 
zite

Rutile Silli- 
manite

Tour 
maline

Zircon

Riffle gravel

A......... ........ .
B. .................
C._._..............
D ... ..... ... .. ... .
E ... ...............
F....... ...........
O.. ................
___._...     
I.. ................ .
J.. ................
K..................
L..........  .....
M.. ................
N....... .... . ... ...

44

44

34
23
77

37

28
26
50
52
27
36

41

85

100

92

60
40
72

56
38
36
42
37
71
78
46
58
46

52

56
62

62

81

67

79
81
100

87
48
81
73
75
87
95
79
85
0

74

100

38

69

42

42

66

83

Rifflesand

O.. ................
p..... .............
It ............... _fi.. ........ ....... .
T. ........ . ...... -
Average _   _ _ .._'---
Average riffle sam- 

nlpo . 44

42
35

0

37

0

62

72
65
50
57

38

54 67

95
100
47

fid'

74 69

11
34

29 83
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TABLE 4. Recovery (in percent) of the minerals in the 100-mesh fraction of riffle
samples

[Except for magnetite, where figures are not given the total quantity is less than 1 percent of the first con 
centrate. Magnetite is subdivided by mesh only in samples D, F, 0,1, and N]

Sample Epldote Garnet Hema 
tite

Ilmen- 
ite

Magne 
tite

Mona- 
zite

Rutile Silli- 
manite

Tour 
maline

- Zircon

Riffle gravel

A... ...............
B..... .............
C..................
D... ...... .........
E..................
F..... .............
O. .................
H..................
I...................
J.. ................
K......... .........
L. .................
M........ ..........
N........... .......

0

48

52

33

81
M.
07

70
64
82
69
45

87

65

92
82
76
81
74
75
79
55
58
81
81
69

100
88

78

71
81

74

96

80

94
95
95
81
90
90
100
74
84
79
95
76

100

87

100
100

100

76
26

74

31
30
85
0
18
58

44

0
0

53

18

100
100

82

94

Riffle sand

0.. ................
p...  ............
Q.. ................
R..... .............
S.. ................
T.. ................

Average riffle sam-

40
57
0

47
26

34

34

93
52
48

40

58

63

83
66
63
49
61
55

63

73 80

84
100
100

83
90

91

89

44
100

72

86

26
17

32
15

22

38

95
0
0

32

26

83

0

100

61

78

Recovery in the 170-mesh fraction is generally better than that in 
the 45-mesh fraction, indicating that the optimum grain size of heavy 
minerals for recovery in the gold pan is close to 100 mesh, or about 
0.2 millimeter. Coarser material has a greater surficial area and 
absorbs a greater force from the water that is moving out of the pan. 
Many of the coarser grains are rolled out of the pan. Finer material 
is lifted into suspension when the pan is shaken, and it is poured from 
the pan before all of it has had time to settle.

The slight decrease in recovery in riffle sand samples compared with 
riffle gravel samples (see table 2) results from two factors: fatigue 
from panning large volumes of sand, and the increase in quantity Of 
fine-grained material in sand samples. The latter is apparently the 
mbre important factor and will be discussed in detail later. Because 
the 16-inch gold pans will hold about 0.15 cubic foot, the samples that 
were classified as riffle sand (more than 0.18 cubic foot of material



16
TABLE 5. Recovery (in percent) of the minerals in the 170-mesh fraction of riffle

samples
[.Except for magnetite,.where figures are not given the total quantity is less than 1 percent of the first con 

centrate. Magnetite is subdivided by mesh only in samples D, F, O, I, and N]

, :     Sample Epidote Garnet Hema 
tite

Ilmen- 
ite

Magne 
tite

Mona- 
zite

Rutilo Silli- 
manite

Tour 
maline

Zircon

Riffle gravel

A..... .............
B. .................
C......±......-.-
D. .................
E..... .............
P..................
o.. ...- -.....:...
H-. ....:.  -...,-i
J......1...- ......
K. . .............
L......I...........
M.._. :.; .........
N......I...........

39

39

100

100 ;

48
89
61
46
65
67
84
GO
69
56
71
70
0

93

63

84
80

82

0
87

90
85

44
70
81
85
75
81
100

68

61

61

0
77

73

47
56
48
20
42

45

0
82

41

60

83

70

100
100

83

Riffle sand

0.. .. ... . ..
p... ........ -  _^.«.....-*.-.........,
fl..-..-i..   ...
«.. -.-;_._-.....-.
T......1...........

Average ............
Average riffle sam-

23
48

36

37

0

0

50

68
61
50
39
77
48

57

61 82

inn

88

83
no

83

75

56

66

58

0

0

0

36 41

68

22

45

72

with diameters less than % inch) could not be panned in a single opera 
tion. The usual procedure was to fill the pan with as much sand as 
it,-would hold, pan this until the remainder would fit in the pan, pour 
in the remainder, and repeat the panning process. In addition to the
psychological disadvantage of having to start the panning process

twice, this system has the mechanical disadvantage of crowding the 
pan. Agitating a pan full of sand without allowing any to escape is 
difficult and slow, and the tendency of the panner is to begin washing
off the tailings before the heavy minerals have had tlm& to Sfittlfi.

Clay and silt, generally absent from riffle samples, are common in all 
bank samples. With the increase in these fine-grained sediments there
1S< an increase in the quantity of fine-grained heavy minerals and a 
 consequent decrease hi the average recovery. Because most 01 the 
fine-grained heavy minerals were lost when the clay and silt were

removed, the decrease in recoveries between riffle samples and bank 
samples is not as marked on table 2 as wpuid be expected. The
results of an attempt to recover heavy minerals from the material
usually washed off in suspension are given in table e as: (i) the recovery
that would have been assigned to each mineral if the sample had been 
handled in the same manner as the other bank samples, (2) the per-
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centage of total weight of the mineral that was in the suspended 
material, and (3) the recovery of each mineral computed in the same 
manner as the other samples but including the concentrates obtained 
from the suspended material. Only one silt sample was handled in 
this manner, and the results from this sample may be unusual, but 
the quantities of the various minerals that were carried into suspension 
are too consistent to be overlooked. None of the 45-mesh fraction 
went into suspension, 0 to 100 percent of the 100-mesh fraction went 
into suspension, and 69 to 100 percent of the 170-mesh fraction went 
into suspension. If similar quantities of the heavy minerals were lost 
from the other bank samples, their recoveries would decrease to about 
one-half of that given in table 2.

TABLE 6. Recoveries of heavy minerals in sample Y 

[Where figures are not given the total quantity is less than 1 percent of the first concentrate]

Mineral

Magnetite __ - _   '. ...
Monazite _________
Rutile  .       .... ...
Slllimanite..:.-'  ....:. _.

Eecovery (in percent) of 
heavy minerals, less 
those in suspension

Sieved fractions

45

0
67 

100 
100

0

..

100

92 
100 
95 
0  o

6

170

100
"ioo"

100

100

Total

0 
87 

100 
98 
0

35

97

Percent of heavy min 
erals in suspended 
material

Sieved fractions

45

0 
0 
0 
0

0

------

100

100

75 
50 
23 
86 
24

0

170

76 
100 
75 

100 
69 

100 
69

Total

100
0 

69 
50 
64 
98 
54 

100 
68

Actual recovery (hi per 
cent) of heavy minerals 
In the first panning

Sieved fractions

45

0 
67 

100 
100 

......

-.". 

100

0

23 
50 
28 

0 
0

0

170

24 
0 

25 
0 

31 
0 

31

Total

0 
0 

27 
50 
35 
0 

18 
0 

31

RELATION OF RECOVERY TO SORTING OP THE CONCENTRATE

The sorting of the bed in the concentrate that contains a mineral 
affects the recovery of that mineral during panning. The bed is not 
monomineralic nor are all the grains of the mineral in a single bed. 
The sorting of the bed that contains the majority of the grains of the 
mineral may be approximated by using the sorting of the mineral. 
The distribution of monazite and ilmenite among the sieved fractions 
for the riffle samples is given on figure 4. The lowest recoveries in a 
given sieved fraction for these two minerals are generally in samples 
that contain the least of the sieved fraction and nearly equal propor 
tions of the other two fractions. . >

\ ,,. 
OTHER FACTORS AFFECTING RECOVERY

Many psychological, climatic, and physical factors may affect the 
accuracy of panning, but none can be related to systematic changes 
of recovery in these samples. In the project described in this report,
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45

Monotitt abstnt from 
sample R

EXPLANATION
O 

Sample of riffle gravel
o 

Sample of riffle sand

FIGTJKE 4. Size distribution of ilmenite and monazite in riffle samples.
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none of the panners, with the exception of two men, was experienced 
in the use of a gold pan, and two had no knowledge of minerals. The 
men were shown the panning procedure and given a few days to 
practice before multiple panning their first sample. The remainder 
of the samples were distributed through the 8-month field i season. 
It had been anticipated that the recoveries would vary with the 
ability of the panner and that as he gained experience the recovery 
would improve. As it turned out, however, only one man had an 
unusually low recovery in the first attempt, and he was deliberately 
given no time to practice. Otherwise the samples show no systematic 
increase in recovery with experience, and no specific difference among 
the panners is evident.

An increase in the recovery of heavy minerals might be expected to 
accompany an unusually high retention of quartz in the first con 
centrate because none of the heavy minerals are lost if none of the light 
minerals are washed from the pan. However, no relation between 
percentage of quartz in the first concentrate and recovery of minerals 
of greater specific gravity than 3.5 could be determined, although the 
range in quartz content of the concentrates from riffle samples is 
from 2 to 40 percent. Increases in the proportion of quartz left in 
concentrates during successive pannings, especially where high pro 
portions of quartz were left in small concentrates to facilitate han 
dling, resulted in a concomitant increase in minerals whose specific 
gravity was less than 3.5.

More heavy minerals presumably will be lost if there is a; larger 
percentage of heavy minerals in a sample, but this will not lower the 
percentage recovered. As no change in recovery could be related to 
change in the total weight of the concentrate,, it is inferred that the 
weight of heavy minerals lost during panning is directly proportionate 
to the total weight of heavy minerals. The same relationship appears 
to hold as the total weight of one mineral changes from sample to 
sample or as the proportion of the mineral in the concentrate changes.

Slight changes in the recovery of a mineral occur as the minera- 
logical suite changes. For example, the recovery of rutile will be 
higher if the concentrates are chiefly garnet and sillimanite than if 
they are chiefly monazite and magnetite. The data available from 
these samples are insufficient to evaluate the effects of such as 
semblages on the recovery of a mineral because changes in the min- 
eralogical suites tend to cancel one another. In the area considered, 
samples that contain large proportions of epidote also contain large 
proportions of magnetite, and samples that contain large proportions of 
sillimanite also contain large proportions of ilmenite. With arti-r 
ficially prepared samples it may be possible to relate the recovery
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of a mineral to the average specific gravity of the concentrate and 
hence-to the mineral suite.

DISTRIBUTION OF LOSS THROUGH THE PANNING PROCESS

.The losses during panning show a general increase from the first 
part of the process to the last stages of cleaning (see table 7) because 
the proportion of heavy minerals in the sample increases through 
the process of panning; each successive washing of light minerals 
from the surface of the sample exposes a larger quantity of heavy 
minerals. In the first part of the process the heavy minerals are 
protected by a thick mantle of light minerals, but during the last 
part of the process the light minerals must be removed from the 
interstices among the heavy minerals.

TABLE 7; Distribution of the losses of garnet, ilmenite, monazite, and sillimanite
during panning

[Where figures are not given the total quantity is less than 1 percent of the first concentrate]

Sample

,A....._

Q...... 

M ~ 

J......

K..... 

P .....

.Split

FlrstM... 
Last M-1-- 
First %..- 
Last M- 
First %... 
Last Ji . 
First M...
Middle M- 
Last M-  
First^-.. 
Middle J£. 
Last J6.._. 
FirstH-- 
Last %. ...

Percent of loss by sieved fractions

Garnet

45

34 
66 

Trace

49 
61 
19 
30 
51 
20 
26 
64 
14 
86

100

10 
90

29 
71 
17 
33 
50 
20 
38 
42 
53 
47

170

  -

"6"
100 
 0 

100 
0

Total

32 
68 

Trace

46 
54 
19 
30 
51 
19 
31 
50 
34 
66

Ilmenite

45

21 
79 
45 
55 
47 
53 
22 
35 
43 
18 
27 
55 
16 
84

100

16 
85 
53 
47 
39 
61 
22 
42 
36 
21 
32 
47 

.14 
86

170

24 
76 
29 
71 
33 
67 
12 
80 
8 

41 
27 
32 
9 

91

Total

20 
80 
46 
54 
43 
57 

  21 
43 
36 
26 
29 
45 
11 
89

Monazite

45

55 
45 
70 
30 
64 
46 
51 
24 
25 
0 

100 
0 

100 
0

100

11 
89

36 
64 
65 
13 
22 
40 
60 
0 
2 

98

170

0 
100

27 
73 

100 
0 
0 
0 

100 
0 
0 

100

Total

43 
57 
70
30
46 
54 
56 
20 
24 
IS 
82 
0 

10 
90

Sillimanite

45

38 
62

0 
100

"6" 

0 
100

100

23
77

38 
62 
59 
17 
24 
13 
23 
64

170

20 
80

76 
24 
45 
11 
44 
32 
28 
40

Total

23
77

45 
55 
50 
13 
37 
21 
23 
56

The 45-mesh monazite, which is consistently lost in the first half 
of panning, is the exception. Monazite was the primary objective of 
the. placer reconnaissance and was easily recognized in the pan, even 
by panners who had no training in mineralogy. During the early 
part of panning it is difficult to recognize any of the heavy minerals 
in the pan, and a larger quantity of material is fefilOVed Ul Cadi CJClC
of shaking arid washing than in the later cycles, it is also during the
early part of the process that the sorting action of the pan may be

USed tO best advantage to remove coarse grains that are a problem in
the later part of the process. It is inferred that duTing the earfj

part of panning coarse grains of monazite were removed without
being reCOgnized, but during the later part of the process, when the
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heavy minerals could be seen, special care was taken to save coarse 
grained monazite.

Other deviations from the general distribution of the losses through 
the process of panning cannot be explained by the characteristics of 
the samples or their minerals, as the exceptions are scattered among 
the minerals and among the samples. Most of the garnet in the 100- 
mesh fraction of sample 0 was lost in the first half of the panning, but 
in the other samples and other fractions of this sample 65 to 85 percent 
of the garnet was lost in the last half of the panning. In the 100-mesh 
fraction of sample 0, 86 percent of the ilmenite and 98 percent of the 
monazite were lost in the last half of the panning. The small quantity 
of minerals in the 170-mesh fractions of the concentrates may explain 
the deviations in this size group. If these small quantities are 
calculated to the nearest whole percent of the total concentrate and 
the percent recalculated to weight, the change in the calculated weight 
from the actual weight may be sufficient to reverse the distribution of 
the loss.

THE GOLD PAN AS A GEOLOGIC TOOL

The gold pan is a valuable tool for placer reconnaissance or geologic 
reconnaissance of broad areas. When sampling streams at a density 
of 1 sample per square mile, a team of 2 men can cover 10 square miles 
per day. Each sample weighs about 50 pounds and the recovered 
concentrates weigh from 10 to 1,000 grams. Such concentrates give 
not only the tenors of placers but also the general distribution of 
heavy minerals in the drainage basin of the stream. They provide 
means of limiting the area to be covered when prospecting for lode 
deposits and may be used to acquire knowledge of the broader geologic 
features.

Calculations should be restricted to minerals with a specific gravity 
greater than 4.0 when using the gold pan as a quantitative tool, 
although recoveries of minerals with specific gravities as low as 3.2 
would probably equal the recoveries of these minerals in commercial 
operations using gravity separation. The average recoveries of 
minerals of high specific gravity in the first panning of riffle samples 
are:

Recovery 
Mineral (percent)
Hematite. ___________________________________ 62
Ilmenite..__________________________________ 64
Magnetite.....__-___-._--___-_--___-__-.__ 59 '
Monazite.__________________________________ 84
Rutile._._________-._.______ 68
Zircon______.._________________ 72

428384 57-
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Special care must be taken with clay and silt. Insufficient data 
are available to give recovery figures for these sediments, but re 
coveries in clay and silt samples are about half of those in riffle sam 
ples. Similarly, the recoveries given on table 2 for epidote, garnet, 
sillimanite, and tourmaline are probably about twice the actual re 
coveries of these minerals because the quantities of these minerals 
remaining in the tailings after the last panning may be equal to the 
total quantity recovered.

SUGGESTIONS FOR IMPROVED PANNING TECHNIQUE

The features of a sample that have the greatest effect on recoveries 
of the heavy minerals are: the specific gravity of the minerals, the 
grain size of the minerals, and the proportions of the various grain 
sizes. The greatest loss occurs during the last part of the process, 
although the greatest loss of monazite in the 45-mesh sieve fraction 
is in the first half of the process.

The specific gravity of a mineral is constant, and it is virtually 
impossible to improve the recoveries of a mineral of low specific 
gravity and still produce a clean concentrate. To improve the re 
coveries of these minerals it is necessary to leave 80 percent or more of 
quartz in the concentrate. For quantitative study of these minerals, 
the gold pan may be used to remove about three-quarters of the bulk 
of the sample, but the remainder of the concentration should be done 
by laboratory methods.

The loss of coarse monazite in the early part of panning may be 
lessened if a long period of agitation is employed before any of the 
light minerals are washed out. By imparting a circular motion to the 
pan the classification activity is increased, allowing undesirable 
coarse particles to be removed. If horizontal shaking is employed 
before the circular motion, the coarse grains will separate by specific 
gravity, and the loss during removal of the coarse grains will be 
lessened.

Most of the loss of fine-grained material occurs during the last 
stages of cleaning the concentrate. The fine-grained quartz settles 
through the heavy-mineral concentrate but may be removed by lifting 
it into temporary suspension in the water and pouring the water from 
the pan before the quartz has settled. Fine-grained heavy minerals 
can be lifted into suspension nearly as readily as the quartz. To avoid 
this loss, the concentrate can be passed through a 65-mesh screen and
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the quartz panned from the undersize. Much of the loss owing to the 
interference of grains of various sizes may be overcome by separating 
the original sample into two fractions with a 65-mesh screen. The 
quartz is then panned from both.

Several stages of panning may be used if higher recovery is desired. 
Tte concentrate from each stage may be plotted on logarithmic 
paper, and the theoretical heavy-mineral content of the original 
'sample may be determined by extrapolation. ;
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Sample J (52-PK-20 series)

[This sample was split during panning. Stages 2 through 4 are repanning of the last one-third of tailing, stages 5 through 7 are repanning of the middle one-third of tailing, and 
stages 8 through 10 are repanning of the first one-third of tailing. Mineralogical analysts: Jerome Stone and M. N. Girhard. Except where figures are given for fractions, 

the total quantity is less than 1 percent of concentrate. Magnetite fractions marked by an asterisk (*) are not subdivided by mesh]
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TA.BLE 8.   Weights (in grams) of minerals in concentrates from stages of panning   Continued 

Sample K (52-PK-126 series)   Continued
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Sample L (52-WE-160 series) ...... 

(Mineralogical analysts: Jerome Stone, M. N. Girhard, and E. J. Young. Except where figures are given for fractions, the total quantity is less than 1 percent of concentrate]
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40 CONTRIBUTIONS TO GENERAL GEOLOGY

TABLE 8.   Weights (in grams') of minerals in concentrates from stages of panning   Continued

Sample M (52-WE-184 series)

[Mineralogical analysts: Jerome Stone and M. N. Qlrhard. Except where figures are given for fractions, the total quantity is less than 1 percent of concentrate. Magnetite 

fractions marked by an asterisk (*) are not subdivided by mesh]
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î

1

CO 3
1

1 i!

i

§ S-

o 
EH

<
^

_ 

t

 '

§

CO

1
 

^

S

3o

S 5 I 5 3 S i ..5;

~1 1 1 i 1 11'f



THE GOLD PAN AS A QUANTITATIVE TOOL 41

a .
CD Olio
1-4 t^- C3i

COOCO

S3o-

^f-oo wr^co
5SS H§S

00 COIN

ca t-Ort
IO I-<T)i '

S? L.
O> i-HCO

S5S
CJ rtN

s §1
w  

IO OO
N O>
IO TK

iCtOTfHO 00 CO
CO U3 i-t O CO 1^
IOOOO i-lO

t^cjcogi eo»-i

OOi-H «3 I
IQIQ PI
£g| eg
 ^ ci

cstd
S %
CN r-i

O IO 
IO t*» (O Cb

eo rn

CO tO t** Is-
C4^f<Or*

 § 
1^5-ass

§5 S§ S
IO t^CO O

3SS . !8;



TA
BL

E 
8
. 

W
ei

gh
ts

 (
in

 g
ra

m
s')

 o
f 

m
in

er
al

s 
in

 c
on

ce
nt

ra
te

s 
fr

om
 s

ta
ge

s 
of

 p
a

n
n

in
g

 C
on

ti
nu

ed
Sa

m
pl

e 
O

 (
52

-C
S-

28
2 

se
ri

es
)

[T
hi

s 
sa

m
pl

e 
w

as
 s

pl
it

 d
ur

in
g 

pa
nn

in
g.

 
S

ta
ge

s 
2 

th
ro

ug
h 

5 
ar

e 
re

pa
nn

in
g 

of
 th

e 
la

st
 o

ne
-h

al
f o

f t
he

 t
ai

li
ng

 a
nd

 s
ta

ge
s 

6 
th

ro
ug

h 
8 

ar
e 

re
pa

nn
in

g 
of

 th
e 

fi
rs

t 
on

e-
ha

lf
 o

f t
he

 ta
ili

ng
. 

M
in

er
 al

og
ic

al
 a

na
ly

st
s:

 J
er

om
e 

St
on

e"
, 

M
'. 

N
. 

Q
ir

ha
rd

, a
nd

 E
. J

. 
Y

ou
ng

. 
E

xc
ep

t w
he

re
 f

ig
ur

es
 a

re
 g

iv
en

 f
or

 fr
ac

tio
ns

, t
he

 t
ot

al
 q

ua
nt

it
y 

is
 le

ss
 t

ha
n 

1 
pe

rc
en

t 
of

 c
on

ce
nt

ra
te

. 
M

ag
ne

ti
te

 f
ra

ct
io

ns
 m

ar
ke

d 
by

 a
n 

as
te

ri
sk

 (
*)

 a
re

 n
ot

 s
ub

di
vi

de
d 

by
 m

es
h]

 
  

. 
.

S
ta

ge
 o

f 
pa

nn
in

g 
an

d 
la

bo
ra

 
to

ry
 D

OS
.

1
(9

04
10

)

2
(9

04
11

)

3
(9

04
12

)

4 
(9

04
13

)

5 
(9

04
14

)

6 
(9

04
16

)

T
ot

al
 

w
ei

gh
t 

of
 

co
nc

en
tr

at
e 

(g
ra

m
s)

12
2.

5 

23
.4

 

10
.0

 

6.
9 

2
.0 4.
9

Si
ev

ed
 f

ra
ct

io
n

45
. _

  
  
 ..

. 
. _

_
_
_
 .

1
0
0
-
. 
. 
-
 _

_
 ..

..
_
.

1
7
0
  
  
..
 _

_
_

-
1
7
0
  

  
  
 
 

T
o
ta

l-
 _

_
_
 . 
_
 .

4
5

 
 
 
 
 
 
 
 _

 . 
_
 .

10
0 

""
 

" 
' 

'
1

7
0

 -
  
  
 
 _

_
 .-

 _
 .

-
1

7
0

..
. 

 .
 _

 .
..
..
..

T
o

ta
l.

. _
_
  
 
 .
.

*
_
- 

- 
.
.
.
 

.
.
.
.

1
0

0
   
  
 
 
 _

1
7
0
-
  
  
_

_
-
1

7
0

 -
  

 _
_

 . 
_
_
_
 .

T
o
ta

l 
 -
 
-
 
.
-

A
K

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-

1I
¥T

~ 
-
-
-
-
-

1
7

0
  .

..
..

..
 _

_
 ..

 _
_
 .
.

-
 1

7
0
  .

..
..
. 

_ _
 _

  
 .-

..-
.

4
5
  
 -
  
 .
_
-
. 
_

_
 ..

1
0
0
  
 ..

..
..

. 
__

__
__

_ 
..

"
1

7
0

  
 .
.-

 _
  
 
 .
..

-
1
7
0
..
. 
  
_
_
_
_
 .
..
.

T
o

ta
l.

..
. 
  
  

.

4
5
  
 _

 ..
 _

_
_
 .
..

..
..

10
0.

.. 
..
..
..
 _

_
 .
..
..
..
.

17
0.

.. 
..
..
..
 _

_
 ..

-1
7
0
  
  .

..
..

..
; 

 .
T

ot
al

. _
_

_
_

_
 ..

A
m

ph
ib

ol
e 

an
d 

bi
ot

ite

1.
22

5

1.
22

5

.7
02

.7
02

' 
 ' 

.6
00

- 
.1

00

- 
.6

00

.2
96

.2
95

.0
40

.0
40

E
p
id

o
te

1.
22

5

1.
22

5

.7
02

 
.2

34

.9
36

.6
00

 
.2

00

.8
00

;.
.2

9
5
 

.0
59

.3
54

.0
20

 
.0

40

.0
60

.1
47

 
.0

98

.2
45

G
ar

ne
t

_. 
. .

3.
67

5

3.
67

6 

.2
34

.2
34

 

~:
20

0

..2
00

.0
59

 
.1

18

.1
77

.0
49

 
.0

98
 

.0
98

.2
45

H
m

en
it

e

2.
45

0 
29

. 4
00

 
29

.4
00

' 
1.

22
5 

62
. 4

75
 "

 
' 

.4
68

- 
  

' '
 3

. 7
44

 
 7

.2
54

- 
.',

.4
68

 
11

. 9
34

..
. 

_2
00

.
.7

00
 

2.
40

0 
.3

00
 

3.
60

0

.1
18

 
, .

 5
90

 
1.

82
9 

r.2
95

 
2.

 8
32

.1
20

 
1.

06
0 

.2
80

 
1.

46
0

.0
98

 
.6

86
 

.8
82

 
;1

47
 

1.
 8

13

M
ag

ne
tit

e

(*

:: 
<: (*

 
20 (*

..
..

..
(. f, (*

 
(*

 
(*

 
(* S* * /*

 
/* (* (*

 
(*

 
(* P 

  
?

) ) .8
25 ' 

  

.0
42

 

.   .1
00

.4
13

 

.1
00

 

.8
82

M
on

az
it

e

1.
22

5 
3.

67
5 

3.
67

5

8.
57

5

.7
02

.7
02

.0
20

.0
20

 

.0
49

::.
 

. 
.0

49

Q
ua

rt
z 

an
d 

fe
ld

sp
ar

14
. 7

00
 

3.
67

5

18
. 3

75

4.
44

6 
.4

68

4.
91

4

2.
30

0 
1.

00
0

3.
30

0

1.
35

7 
.2

36

1.
59

3

.0
60

 
.2

20

.2
80

1.
37

2 
.2

94

1.
66

6

S
pi

ne
l

1.
22

5

1.
22

5

' "- 
 .0
59

.0
59

T
ou

rm
al

in
e

1.
22

5

1.
22

5

.0
59

.0
59

Z
ir

co
n

1.
22

5 
2.

45
0

3.
67

5

.2
34

 
.7

02

.9
36

.3
00

 
.1

00
 

.4
00

.1
18

.1
18

.0
40

 
.0

40

§ o



THE GOLD PAN AS A QUANTITATIVE *OOL 43

COCN 

SS

§§§7 8S 1"1

..
'C S-d. 
53 .2x3

JJ "S« 
S g 
us « o

"" $>14 
& C3-2J

** ni

saw

1
Tourma 

line

S
1

3

Quartz and feldspar

Monazite

Magnetite

Dmenite

O

  "o 

a

Amphibole and biotite

Sieved fraction

; Total weight of concentrate 
(grams)

CU'3^1 fl

j.j

t~  iH

O

t-t-ss
OIN

co cxi
O

*) 
CN

1 I
< o

00 U5 -^J

I"§s
oi

§.13

S 2S

0) COIN 
CA OO O3

5 II

ioo 
!o '

CN T«00 CN CO 
h" CN * 1^ t-1
CV| OO O IN

CN CN CO 00 CO ^* 00

S S2 S cop
t^ O CO CO rH I1*

iH r-l

COCO

S3

 *f CN O

CO

CM 

&

i

1
s

O5 CN CO t*» CN O CN *d* OOOOOO CO O  gj O COCOOOCN

*H

:V -.| 5 1 IS

§ S 1
C3

i.i gg
i I °

"3 
 8

d QCr- us o ̂

O COCN

o> oo oo co o o.

CO CN CO

1

2 »8^

CO CO CO ^J CD 

00 C^O CS CN

S C

1 is s 1

3 3o oe< EH
5 OO O

CO 

CN

S

i

"3 

o

=>
h.

co co co CN id

-! -I >! i i



TA
BL

E 
8

. 
W

ei
gh

ts
 (

in
 g

ra
m

s)
 o

f 
m

in
er

al
s 

in
 c

on
ce

nt
ra

te
s 

fr
om

 s
ta

ge
s 

of
 p

a
n
n
in

g
 C

on
ti

nu
ed

Sa
m

pl
e 

Q
 (

52
-C

S-
60

2 
se

ri
es

)

[M
in

er
al

og
ic

al
 a

na
ly

st
s:

 J
er

om
e 

S
to

ne
 a

n
d

 M
: 

N
. 

G
ir

ha
rd

. 
E

xc
ep

t 
w

he
re

 f
ig

ur
es

 a
re

 g
iv

en
 f

or
 f

ra
ct

io
ns

, 
th

e 
to

ta
l 

q
u
an

ti
ty

 i
s 

le
ss

 t
h
an

 1
 p

er
ce

nt
 o

f 
co

nc
en

tr
at

e.
 

M
ag

ne
ti

te
 

: 
 . 

.
.
.
.
 

fr
ac

ti
on

s 
m

ar
k
ed

-b
y
 a

n
 a

st
er

is
k 

(*
) 

ar
e 

n
o
t 

su
bd

iv
id

ed
 b

y
 m

es
h]

 
  

  
  

 

S
ta

ge
 o

f 
p

an
n

in
g

 
an

d
 l

ab
 

o
ra

to
ry

 
no

s.

.1
(1

10
06

9)

2
(1

10
07

0)

3
(1

10
07

1)

4
(1

10
07

2)

5
(1

10
07

3)

T
o
ta

l 
w

ei
gh

t 
of

 
co

nc
en

 
tr

at
e 

(g
ra

m
s) 8

9 i.O 4/
2

  
9 

4

1
.5

Si
ev

ed
 f

ra
ct

io
n

4
5
  v

;:
- 

-  
 -
 
 
-
 

10
0

1
7
0
  :

 -
-_

--
  
 -

 .
--

1
7

0
-V

-  
-_

  
..

..
_

--
  

T
ot

al
 
--

-.
..

 _
4
5
.-

  
 

-_
  
 
 
 _ 
 
 
 

1
0
0
   

.-
_
..
._

-_
 .
.

1
7

0
 .
  
 _

 ..
..

..
..

..
.

T
o

ta
l.

..
..

..
..

..
.

4
5

. 
  
.
.
.
_
 
 ..

..
..
..

in
n

1
7
0
  .

..
..
..
..
..
..
..
..
.

T
o
ta

l 
..

..
. 

..
..

.

4<
5

1
0

0
  
 .
..
 _

_
 .
.
.
.
.
.
.
.
.
.
.

17
0.

.. 
..

..
..

..
..

 _
_
 ..

..
T

o
ta

l.
. .

. 
..
..
..
..

4
5
..

..
..

 _
_
 .
..

..
..

..
..

.
1
0
0
. 
 .
..
. 
_
..
..
._

  
 
 . 

.
1
7
0
..

..
..

. 
..
..
..
..
..
..

T
o
ta

l.
..

 _
 .
..
..
.

A
m

ph
ib

ol
e 

an
d 

bi
ot

it
e

0.
10

0

.1
00

.0
42

.2
10

.2
52

.1
20

.1
20

E
p
id

o
te

0.
10

0

.1
00

.0
42

.0
84

.1
26

.0
24

.0
72

.0
96

.0
15

.0
15

.0
30

G
ar

ne
t

0.
 5

34
.2

67

.8
01

.4
50

.1
00

.5
50

.2
94

.1
68

.4
62

.1
92

.1
92

.0
45

.0
15

.0
60

Il
m

en
ite

1.
24

6
3.

29
3

1.
 6

91
.0

89
6.

31
9

.7
00

.9
00

.8
50

2.
45

0

.4
20

.5
88

.4
20

1.
42

8

.0
96

.2
64

.2
64

.6
24

.0
15

.2
10

.1
80

.4
05

M
ag

ne
tit

e

(*
)

(*
)

(*
)

(*
) 0.
17

8
(*

)
(*

)
(*

) .1
00

(*
)

(*
)

(*
) .0

84

M
on

az
it

e

0.
 0

89
.3

56
.1

78

.6
23

.1
00

.1
00

.0
24

.0
24

Q
u
ar

tz
 a

nd
 

fe
ld

sp
ar

0.
26

7

.2
67

.1
00

.6
00

.7
00

.1
26

.8
82

1.
00

8

.0
48

.7
92

.8
40

.3
60

.0
30

.3
90

S
il

li
m

an
it

e

0.
35

6
.3

56

.7
12

.1
50

.6
00

.7
50

.2
52

.4
20

.0
84

.7
56

.2
16

.3
60

.0
24

.6
00

.0
45

.3
45

.0
60

.4
50

T
ou

rm
al

in
e

0.
10

0

.1
00 fl
S

d

.0
84

.0
24

.0
24

.0
30

.0
15

.0
45

Z
ir

co
n 0.
05

0
.0

50

o O e



THE GOLD PATST AS A QUANTITATIVE TOOL 45

Sample R (52-DCM13 series)

[Mineraloglcal analysts: Jerome Stone and M. N. Qirhard. Except where figures are given for fractions, tho total quantity is less than 1 percent of concentrate. Magnetite 

fractions marked by an asterisk (*) are not subdivided by mesb]

I
09

3

CO

 3

1
09

 a 
§1if :

S

i
3 a
i
3
33

I ,

"8

o

1o. 
w

a> a>

ll 
 Sg

Sieved fraction

Iffll

S p,S o -

p
o

§ 1
o>

COCN

g§
CO

O N 00 O
*» t*» (O CQ 
00 CO ,O O

* * *~s-^ ^ H

5

C4 CO<N co *-t

^ 00 OS

 i

|S

13

i'iili 211

*. :

 

i
U3

SiM

i§

<NQ 
COCO 
COCO

CO .00 CO TP

5.

i
ei

o

00
1-Cf-l

oS N^§
iO CO CO 'H

'

i

^

|§§| 2Sgg§§ |Bg| gSfSS S|§§8 S|88f
i  4 O 00 VH COCO OO to i-H CO ** 

rH CM

>c

CO
S
0

l^C5 b- '

tN 'C»

o

o>

^J
o

g

*..,

i

i

S

to S
o

CO

g
CO  
o>

"§ 

gf-«
1

S 1

S

1

oEH

u-

u:
5
r-

E g

i

o

 3
 ^d
o

EH

IT

CO

a

MI

CO ui CO US rHi-irt

1

8

o

f~*

"l

cqS

g r-

8

3

1

S

S

»

c
1 0 f-^ 
^ 1

»

 

«

Scr

I

Bcc

g g
rH1

g

to -^ 
co us

C? M 
UjCO ^CS

§ g



46
mcoc 10 u5

COTh

r4i-l O C

5 Is- 1*«- o *o >o o

>ocooo 8'

CN« a rncSrfiC

co   'rt<
SIS1 s

CN OO CO 00 *H 00 O O 
W3 O CN CO CO t^CO

S.2 °

5 
g£ot^ i

JO 
C"*

W Q,£ O



Sa
m

pl
e 

T
 (

52
-O

T
-6

5 
se

ri
es

) 

[M
in

er
al

og
ic

al
 a

na
ly

st
s:

 J
er

om
e 

St
on

e 
an

d 
M

. 
N

. 
G

h-
ha

rd
. 

E
xc

ep
t w

he
re

 f
ig

ur
es

 a
re

 g
iv

en
 f

or
 f

ra
ct

io
ns

, 
th

e 
to

ta
l 

qu
an

ti
ty

 i
s 

le
ss

 t
ha

n 
1 

pe
rc

en
t o

f c
on

ce
nt

ra
te

]

St
ag

e 
of

p
a
n

n
in

g
an

d 
la

bo
ra

to
ry

 
no

s. 1
(8

26
14

)

2
(8

26
15

)

3
(8

26
16

)

4
(8

26
17

)

5
(8

26
18

)

6
(8

26
19

)

7
(8

26
20

)

T
ot

al
 

w
ei

gh
t 

of
 

co
nc

en
 

tr
at

e 
(g

ra
m

s) 3.
0

1.
3 .6 .4 1.
0 .7 .5

Si
ev

ed
 f

ra
ct

io
n

4
5
..

. 
 .
..
..
..
..
..
..
..
..
..
..
..
..
..
..

in
n

1
7
0
 
 
 
 
 
 
 
 
-
-
 _

  
 

-
1
7
0
. 

  
 
 
  
 
  
  
 
 
 
 .
 
 
 

T
o

t
a
l
..

..
. 

 -
  

  
 .

.'

4
5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10
0.

 _
 - _

  
  
 
  
 
  
  
  
 _

 ..
1

7
0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
o
ta

l.
..
.  
 
 
 
 
  
  
 
 
 
 

4
5

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
7

0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
o
ta

l.
..
..
..
..
. 
  
 
 
 
  

4
5
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

1
0

0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
7
0
 
 
 
 
 
 
 
 _

  
 
  
 
 
 
 

T
ot

al
.  
 
 
 
  
 
 
 
  
 
 

4
5

  
  

  
 
 
 
 
 
  
 
 
 
  
 
  
 ..

.
10

0.
 _

  
 
  
 
  
 
 
 
  
 _

 ..
..
..
.

1
7

0
  

  
  

  
. 
 
 
 
 .
.
.
 
 
 
.

T
o

ta
l.

..
..

..
..

..
..

..
..

..
..

..
..

4
5

..
. 

  
 
 
 
 
 
 
 
 
 
 
 
 

10
0 _

_
  
 ..

. _
_
  
 
 
  
 
 
 
  
 
 

1
7

0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
o
ta

l.
..
..
..
  
  
  
 .
..
..
.

4
5

  
  
  
 
  
 
 
  
 
 
 .
 
 
 
 
 

1
0
0
  _

 ..
 _

  
 ..

 _
  
 
 _

 .
..
..
..

1
7
0
  

  
 
 
  
  
 
  
 
 
 
 
  
 
 

T
o
ta

l 
  
  
.
.
 
 
 
.
.
 
 
 

A
m

ph
ib

ol
e 

an
d 

bi
ot

it
e

0.
03

0

.0
30

.0
78

.0
26

.1
04 .6
i§

.0
18

.0
15

.0
15

G
ar

ne
t

0.
06

0

nf
in

.0
26

.0
39

.0
65

.0
24

.0
24

.0
12

.0
12

.0
14

.0
07

.0
21

.0
25

.0
25

H
m

en
it

e

0.
06

0
Q

fi
f\

.7
50

1.
77

0

.0
39

;
.2

86
.2

34
.5

59 03
0

.1
80

.1
14

.3
24

.0
84

.1
68

.2
52

.0
30

.1
10

.1
30

.2
70

.0
56

.1
26

.1
82

.0
70

.0
45

.1
15

M
on

az
ite

0.
03

0
A

K
t\

.2
10

.0
60

.7
50

.0
13

.0
39

.0
52 If
V

l

.0
06

.0
18

.0
24

.0
08

.0
20

.0
28

.0
10

.0
20

.0
30

.0
28

.0
28

Q
ua

rt
z 

an
d

 
fe

ld
sp

ar

0.
03

0

.0
30

.0
78

.0
78

.0
12

.0
24

.0
36

.0
04

.0
08

.0
12

.0
40

.2
10

.2
50

.1
05

.0
07

.1
12

.1
05

.0
05

.1
10

R
u

ti
le

0.
03

0

.0
30

S
il

li
m

an
it

e

0.
27

0

.2
70

.0
13

.3
12

.0
65

.3
90

.1
56

.0
18

.1
74

.0
52

.0
44

.0
96

.0
10

.4
10

.0
30

.4
50

.3
22

.0
35

.3
57

.1
85

.0
35

.2
20

T
ou

rm
al

in
e

0.
01

5

.0
15

Z
ir

co
n 0.
03

0

.0
30

.0
60

O



TA
BL

E 
8
. 

W
ei

gh
ts

 (
in

 g
ra

m
s')

 o
f m

in
er

al
s 

in
 c

on
ce

nt
ra

te
s 

fr
om

 s
ta

ge
s 

of
 p

a
n
n
in

g
 C

on
ti

nu
ed

Sa
m

pl
e 

V
 (

52
-P

K
-1

27
 s

er
ie

s)
 

[M
in

er
al

og
ic

al
 a

na
ly

st
s:

 J
er

om
e 

St
on

e 
an

d 
M

. N
. 

Q
ir

ha
rd

. 
Ex

ce
pt

 w
he

re
 f

ig
ur

es
 a

re
 g

iv
en

 f
or

 f
ra

ct
io

ns
, t

he
 to

ta
l q

ua
nt

ity
 i

s 
le

ss
 th

an
 1

 p
er

ce
nt

 o
f c

on
ce

nt
ra

te
]

0
0

St
ag

e 
of

 
pa

nn
in

g 
an

d 
la

bo
ra

to
ry

 
no

s. 1 
 

/Q
Q

C
4

7
N

2
(9

88
48

)

3
(9

88
49

)

4
(9

88
50

)

5
(9

88
51

)

T
ot

al
 

  w
ei

gh
t o

f 
co

nc
en

 
tr

at
e 

(g
ra

m
s) 36

.0

21
.2

M
o

13
.7 6.
8

Si
ev

ed
 f

ra
ct

io
n

4
5

._
. .

..
..
..
..
..
..
..
..
..

1
0

0
..

. .
..

..
..

..
 -
-
-
-
-
-
-

1
7

0
-
  

..
  

  
-
-
  

T
o
ta

l.
..
  
 
 .
.
 

4
5

._
..

. .
..

..
..

..
..

 .
..
..
.

10
0_

. .
..

..
  
..

.-
..

-
 

1
7

0
  

 .
.
.
.
 
 
  
 
 
  

-
1

7
0

 
 
 
 
 
 
 
 
 
-

T
ot

al
.. 

.  
 
 .  
 .

45
- 

..
..

 ..
..
.  
 
 
  
 ..

10
0 
 
 
.
 
 
 
 
 
 
-

1
7
0
 .
   
  
 
 ..

-.
.-

-1
7

0
  .
.
 
 
 
 
 
 
 

T
o
ta

l.
..
..
..
..
..
.

45
. 

..
..
..
..
..
..
. .

..
..
..

10
0 
.
 
 
 
 
 
  
 
 -

17
0_

  
 ..

..
..

  
 
 -
 -

--
-1

7
0
..
.  
 .
 
 
 
  
 .-

T
o
ta

l.
..

..
..

..
..

.

45
. 
 
 
.
.
 
 
  
 
 .-

__
.

10
0-

  
 
 
 
 
 
 
 
 
 

1
7
0
  

  
 
 
 
 
 
  
 

-
1
7
0
  

  
  

  
 
 
 -

T
o

ta
l.

..
. 
  
 

A
m

ph
ib

ol
e 

an
d 

bi
ot

ite

0.
72

0
.7

20

1.
06

0

1.
06

0

.8
88

.5
92

1.
48

0

.8
22

.8
22

1.
64

4

.0
68

.7
48

.1
36 0
1
9

E
pi

do
te

0.
36

0
.7

20
1.

08
0

1.
06

0
.2

12

1.
27

2

.5
92

.2
96

.8
88

.2
74

.2
74

G
ar

ne
t

0.
72

0
1.

44
0

2.
16

0

1.
06

0
.8

48
.2

12

2.
12

0

.8
88

.8
88

1.
77

6

1.
50

7
.6

85

2.
19

2

.4
76

.3
40

.8
16

Il
m

cn
it

e

7.
20

0
6.

48
0

4.
32

0
18

.0
00

2.
75

6
2.

96
8

.4
24

.4
24

6.
57

2

1.
62

8
.8

88

.1
48

2.
66

4

1.
09

6
.1

37

.1
37

1.
37

0

.0
68

.0
68

K
ya

ni
te

0.
36

0

.3
60

.1
48

.1
48

.1
37

.1
37

.0
68

.0
68

M
on

az
ite

1.
80

0
2.

16
0

3.
96

0

.4
24

.4
24

Q
ua

rt
z 

an
d 

fe
ld

sp
ar

0.
72

0
2.

88
0

3.
60

0

1.
 4

84
2.

33
2

3.
81

6

2.
07

2
2.

36
8

4.
44

0

2.
74

0
2.

60
3

5.
34

3

.2
72

2.
 1

76
.8

84

3.
33

2

R
u
ti

le 1.
08

0
.3

60
1.

44
0

.6
36

.4
24

i.0
60

.1
48

.5
92

.7
40

.4
11

,

.4
11

.1
36

.i
§6

Si
lll

m
an

ite

0.
72

0
3.

96
0

4.
68

0

.4
24

3.
60

4
.2

12
4.

24
0

.8
88

1.
62

8
.1

48
2.

66
4

.4
11

1.
78

1
.1

37
2.

32
9

.6
80

.6
80

.0
68

1.
42

8

Zi
rc

on 0.
63

6

- 
--

 
.6

36



Sa
m

pl
e 

V
 (

52
-W

E-
27

4 
se

ri
es

) 

[M
in

er
al

og
ic

al
 a

na
ly

st
s:

 J
er

om
e 

St
on

e 
an

d 
M

. 
N

. 
O

ir
ha

rd
. 

E
xc

ep
t w

he
re

 f
ig

ur
es

 a
re

 g
iv

en
 fo

r f
ra

ct
io

ns
, t

he
 t

ot
al

 q
ua

nt
it

y 
is

 le
ss

 t
ha

n 
1 

pe
rc

en
t o

f c
on

ce
nt

ra
te

]

St
ag

e 
of

 
pa

nn
in

g 
an

d 
la

bo
ra

to
ry

 
no

s. 1
(9

07
05

)

2
(9

07
06

)

3
(9

07
07

)

4
(9

07
08

)

5
(9

07
09

)

6
(9

07
10

)

T
o
ta

l 
w

ei
gh

t 
of

 
co

nc
en

 
tr

at
e 

(g
ra

m
s) 29

.6 7.
3

14
.2

17
.5

17
.6

24
.4

S
ie

ve
d 

fr
ac

ti
on

4
5

..
..

..
..

..
 .
..
..
..
..
..
..
..
..
..
..
..
..

1
0
0
   
.
_
-
.
.
.
-
.
.
-
_
 
.
 
-
 
.
 
.

1
7

0
..

..
-.

..
..

..
. 

 .
..

..
..

..
. .

..
. -

..
-1

7
0
..
  
.
 
.
.
 
.
.
.
 
 ..

..
..
 -
.-

-.
.

T
o
t
a
l
.
 
 
 
 
 
 
 
  
 
 
 
 

4
5
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 

1
0

0
..

. 
  

  .
..
..
..
..
..
..
 .
..
..
..
..
..

1
7

0
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

-
1
7
0
 
 
 
 
 
 
 
 
.
 
.
 
 
 
.

T
o
t
a
l
 
 
 
 
 
 
 
 
 
 
 

4
5
-
 
.
-
.
 
 
 
 ..

..
..
..
..
..
..
..
..
. 

.
1
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
7
0
  .
.
.
 
 
 
.
.
.
.
 
 
.
 .
..
..
..
..
..

-1
7
0
   
 
 
 
 
 
  
 
  
 

T
o
t
a
l
.
 
 
 
 
 
 
 
 
 
 
 

4
5

.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
0
0
. 
  .

..
..
..
 .
..

..
..

. 
..
..
..
 .
..
..
..

1
7
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
o

t
a
l
 
 
 
 
 
 
 
 
 
 
 
 
 

4
5

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
0

0
  
  
  
 
  
 
 
 
 
 
 
 
 
 

1
7
0
  
  
  
 
  
 
 
 
 
 
 
 
 
 
.

T
o

ta
l.

..
 ..

..
..

. .
..

..
..

 ..
..
..
..

4
5

 
 
 
 
 
.
 
 
 
 
.
 
 
 
 
 
 
 
 

10
0.

.. 
_

  
 
 
 
 
 
 
 
 
 
 
 
 

1
7
0
  

  
..
..
..
..
..
..
. 
..
..
..
..
..
..
..

T
o
ta

l.
..

..
..

..
. .

..
..
..
..
 ..

..
..

A
m

ph
ib

ol
e 

an
d 

bi
ot

ite

0.
29

6

.2
96

.4
38

.0
73

.5
11

.1
42

.5
68

.7
10

.3
50

1.
92

5
.5

25
2.

80
0

.1
76

3.
16

8
1.

05
6

4 
4<

in

.4
88

3.
90

4
.7

32
5.

12
4

E
p
id

o
te

1.
77

6

1.
77

6

.2
19

.2
19

1.
56

2
.8

52

2.
41

4

.3
50

2.
45

0
.3

50
3.

15
0

.1
76

2.
64

0
1.

05
6

3.
87

2

.4
88

1.
95

2
1.

46
4

3.
90

4

G
ar

ne
t

0.
21

9
.0

73

.2
92

Il
m

en
ite

0.
59

2
4.

14
4

10
.3

60
.2

96
15

. 3
92

.0
73

3.
72

3
.5

84
.0

73
4.

45
3

.4
26

5.
82

2
.4

26

6.
67

4

.1
75

.7
00

.1
75

1.
05

0

M
on

az
ite

0.
29

6
3.

84
8

.8
88

.2
96

5.
32

8

1.
09

5

1.
09

5

Q
ua

rt
z 

an
d
 

fe
ld

sp
ar

1.
77

6
1.

77
6

3.
55

2

.5
11

.1
46

.6
57

1.
56

2
1.

84
6

3.
40

8

.8
75

9.
10

0
.5

25
10

.5
00

.1
76

7.
04

0
2.

11
2

9.
32

8

.4
88

12
.2

00
2.

44
0

15
.1

28

R
u
ti

le

0.
29

6

.2
96

Si
lli

m
an

ite

0.
14

2

.1
42

.2
44

.2
44

Z
ir

co
n 0.
29

6
1.

18
4

1.
18

4
.2

96
2.

96
0

.0
73

.0
73

.7
10

.1
42

.8
52

C
O



50 CONTRIBUTIONS -TO GENERAL GEOLOGY

S3 
O
O

I 
1

S 3
fi U

-22 
<3

S 
I^t

I

!

i
EH

'O

*3^

£*

Q  -
A il

§2O"

 

112a  *>

OtDO 
^ O t^*
ooco

OS -^cs i-i - :

'i-ioi ' *

"OOOO



THE GOLD PAN AS A QUANTITATIVE TOOL 51

ss

O"

r-IU3 

O ' -«   oirt

COCO

So

<N<N<NCO

 ^H 'pi

OP- i  oSt-'T1 "OOP- I8 O-H 
*~ I

O G ^ ooS
Ot~ I s§7 id!

 



52 CONTRIBUTIONS TO GENERAL GEOLOGY

3
g

o>
_(-;
Mffl

ft
ilH"3

3 
"O -08
3 g a 

' £ a 9
I-H frH °*

O S+3 
r} « to 

i -eSCD~

.L r5 CQ 
535 S2.g *s5 pa

P. £ o-

* II
S. -02
f &

g H

* SI
03 *n "*

C3 h o rt 
 fe i 2 ® 
S* *^ § T*
(^ CO p^ Qfl 

^ rV S3 ®

8 d a g
8 12- t3p
'* ^ >i$
a o |«8 s- I s 

I ^
'i if  & %*
* -§w'i' "°^

 *>&
& 'n^

-§ S-4^ Sj
OS *>«J -s^
| ^s
S dnj 

^ S | 
1 0^'. Ss

66 fl*5!
rq 9 .
HI a^
<j CB§

E-1 ^a
si
£|
IH M

si 
il

, H 2
5 o>

rH

SI
21

S

| 

a

5 
1
| 
a

i
E

In"C| 

d"2

|

1

S

1

c

1
w

' ' t
,s
03

1 ca

if!
if

4

II

ratory nos.

O

o

1
c

^
 ^
^

F-

.

1

CN
r-

1

C 
f

1

î
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