
s noted by McKinstry (1948), "How to deal with erratic high 
samples is one of the knottiest problems in ore estimation." H e  
described a variety of approaches and methods to alleviate the 
problem through the averaging and weighing of assay data and by 
"cutting" or "clipping" of the erratic assays. 

Bird (1991) elaborated on ways of dealing with the nugget effect (errat- 
ics). He listed several procedures for cutting. Bird's list has been reproduced 
and/or added to by several authors including Vallee (1992) and Stone and 
Dunn (1993). Missing from each of these otherwise excellent reviews is a 
definition, description or  guideline to recognition of an "erratic," or just 
where or when cutting is warranted or justified. 

Decile analysis 
Throughout the years, this author has applied various tests to determine 

whether cutting of higher grade samples was appropriate. Decile analysis is 
the method found to be the most useful. 

Decile analysis is a quick-study of the metal distribution as related to the 
assay frequency distribution within the sample population from any mineral 
deposit. This analysis can be made on the "back of an envelope" or using a 
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sophisticated computer. I t  is most easily applied to metal in the background population will not affect the 
sample populations of uniform length (such as 1.5-m or analysis. The decile analysis is not being used to derive 
5-ft reverse-circulation samples). But it also can be used an average grade of the deposit. Its function is to iden- 
on composites of a set length or with a population where tify situations where a few high-grade samples may un- 
individual sample lengths vary considerably. In the latter duly bias the average grade. 
case, the resulting distribution must be examined to  The remaining population should be divided into 
verify that it is the assay and not the length that is erratic. deciles so that there is an equal number of samples in 

In making a decile analysis, the entire sample popu- each decile. The uppermost decile will almost always 
lation can be used. But to simplify the operation, a lower contain less than a full complement of samples. The 
background, or threshold, can be selected. This will mlnimum and maximum assays of each decile should be 
eliminate those samples below 0.1,0.3,0.5, or even 1 g/t noted, as well as the length-weighted average grade of 
(0.003,0.009,0.015 or 0.029 oz/st) gold. Because we are each decile. This is done as a check on procedural error. 
concerned with the very highest grade samples and their The metal in each decile should then be calculated 
relative metal content, eliminating the minor amount of by summing the assay x length derived for each sample 

in the decile. Where samples are 
of uniform length, this metal con- 

Table 1 tent will be the same as the prod- 
uct of the average assay, multiplied 
by the number of samples within 
the decile. 

The total metal content for the D*-PE~~'*% Yi-m Rloybaum anme % I population is derived by 
?Tfl r~ 270 . .l' . 4 .OD 1.20 216.21 
,1@20 :&D I - .  1.20 q.50 257.72 

summing the metal content of 

.: I;: 210. ' : '$38: * ' ' 7.50, I 323.69 each decile. The percent of total 
1.6 metal content in each decile is de- 
2.2 rived from dividing the decile con- -' tent by the total content and 

&a0 1,165& 
O multiplying by 100. 
9 - &$O ' 114:80 1,6;88AM. . In most cases, the percent of 

-.O 
a 11:tO -. 23.20 3;313,FJ2 

metal content will increase with 
each successively higher decile. In 

.56.1 ' cases where this is not true, it rep- 
2'4 resents inadequate sampling and, 

more significantly, irregular 

ma.22 
':' 1 sample length .  Where sample 
3.6 lengths are uniform, metal content 

3.7 
36 I must increase with each higher 

decile. 
5.1 i The top two or three deciles 
8.4 

10.4 
(quartile) will have the bulk of the 
metal content. The lower deciles 

14.3 contribute little to the total metal 
10a.O content of any deposit. 

1 i If the toidecile has more than 

Table 2 40% of the metal, cutting the high - - I assays may be warranted. If the 
top -decile (9U0/0 to 100%) has 
more than twice the metal content 

Aloi of 
Deoile hmpte8 Average Minimum Maximrun 
0 -10 7 7-11 1 .oo 1.20 
10-20 7 1.53 1.30 1.60 
20-30 7 1-75 1.60 2.00 

' 7 2if)O. 2.00 260 
7 244 2.00 2.70 
7 2.89 270 3.00 
7 3.45 3.20 3.80 
7 4,6i 4.20 5.20 

8.bO 
48.00 
8.50 

. - r1.60 
,! .' . : * *-.ob . - 

. , - -.m : ._-.- 

Grams 
12.17 
6.54 

15.26 
10.00 
17.10 
18.80 
34.50 
37.00 
43.06 
131.10 
11.90 
23.20 
96.00 

,325.m 

of the 80% to 90% decile, cutting 
may also be appropriate. 

The top decile should then be 
split into its 10 individual percen- 
tiles. The top percentile will likely 
not have a full complement of 
samples. Again, maximum, mini- 
mum and average grades should 
be computed, as well as metal con- 
tent and percent of total metal 
content. If the top percentile (or 
the top two or more percentiles 
each) has greater than 10% of the 
total metal content, then cutting 
(clipping, capping, top-cutting, 
upper-cutting or adjusting) is war- 
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ranted. If the top percentile has less than a full comple- To establish a cutting factor (say for gold) one may 
ment of samples, cutting may be warranted even where use any of Bird's (1991) procedures: 
the percent of metal content is lower than 10%. If there 
is only 50% of a full complement, or roughly a half -per- All assays greater than 34 glt (1 ozlst) gold are re- 
centile present, then a metal content above 5 %  would duced to 34 glt (1 ozlst) gold. 
suggest that cutting is appropriate. In these instances, a All assays above the 95% point on the cumulative 
small group of samples would have 
a significant, and perhaps undue, in- 
fluence on the average grade of a 
deposit. 

Before applying a cut, study the 
distribution and geologic environ- 
ment of the suspected, erratic 
samples. If the erratics are re- 
stricted to an identifiable geologic 
structure that is distinct and sepa- 
rable from the mass of the sample 
population, then cutting may not be 
proper. Similarly, if the suggested 
erratics are confined to a small spa- 
tial position in the deposit, cutting 
may be inappropriate. 

In both cases, the higher grade 
samples should not be cut, but their 
influence on the average of the de- 
posit should be constrained. This 
can be done by severely restricting 
the "area of influence," or distance 
to which such assays are extended. 
Geologically controlled erratics 
should be confined to the structure 
(or horizon) in which they occur. If 
the high-grade samples represent a 
second population, then they are not 
erratics. They are normal within 
their population. Unfortunately, it is 
often difficult to separate the vari- 
ous populations (possibly represent- 
ing different stages of mineral- 
ization, or  more favorable deposi- 
tional environments) that make up 
an ore deposit. 

On the other hand, where the 
suspected erratics are randomly dis- 
tributed through the deposit, they 
probably reflect the nugget effect 
and are candidates for cutting. The 
nugget effect, which most often has 
an impact on deposits of precious 
metals, could be present in any min- 
eral deposit. The many causes of the 
nugget effect could relate to deposit 
morphology. 

Most often, though, they are a 
reflection of poor sampling or poor 
sample preparation. Regardless of 
the cause, the nugget effect pro- 
duces erratic high-grade assays that 
would unduly bias the grade estima- 
tion of a mineral deposit. 

The cutting, or reduction, of 
such assays is warranted and justi- 
fied to predict realistic deposit, or 
millhead grades. 

1 No. of 

Table 4 

Decile Samples Averags Minimum Maximum Grams 
0-1 0 103 1.07 1 .OO 1.20 106.57 
10-20 1 03 1.38- 1.20 1.60 126.04 

I 20-30 103 1.80 1.60 2.00 175.78 
30-40 103 2.34 2.00 2.70 235.22 

4 "  en 103 3.23 2.70 3.80 337.42 
5 103 4.74 3.80 5.50 493.64 
6 103 6.90 5.50 8.70 696.90 

17 103 12.16 8.70 17.40 1,300.68 
80-90 26.96 40 43.20 2,494.54 
90-100 126.54 30 650.00 71,504.37 
90-9 1 45.64 30 47.60 395.37 
91-92 50.78 w.00 52.00 431.60 
92-93 57.43 52.10 61.50 710.26 
93-94 65.14 61.70 67.90 690.47 
94-95 70.35 68.20 74.70 582.13 
95-96 79.61 74.1 0 86.30 535.35 
96-97 97.75 87.10 110.00 838.93 
97-98 126.44 1 15.00 137.50 1,365.57 
98-99 4 n ,233.13 144."" 786.00 2,098.21 
99-1 00 521.15 409. i50.00 3,856.48 

I Total 17.66 1 .I iO.W 17,471.17 

% Total 
0.6 ~ 
0.7 , 
1.0 
1.3 
1.9 
2.8 1 
4.0 
7.4 
14.3 
65.8 
2.3 
2.5 
4.1 
4.0 ! 
3.3 
3.1 1 
4,8 
7.8 1 

22.1 
100.0 

' w e  nlro m a ~ n  
No. of 

I W t e  h y i i e s  Avtrrege Mihimum Maximum 
' 0-10 83 1.06 1.00 1.20 
I 10-20 83 1.30 I .20 1.50 
I 20-30 S3 1.72 1.50 2-00 
30-40 83 220 2.00 2.50 
40-50 03 3.01 2.50 3.50 
50-60 83 ' 4.28 3.50 5.20 
60-70 83 6.34 5.20 7.70 -- 
70-80 9.19 7.70 11.20 
80-90 13.87 11.20 17.10 
90- 100 34.34 17.60 224.30 
90-91 18.01 17.60 18.60 
97-92 19.20 .OO 19.40 
92-93 20.32 .60 21.00 
93-94 22.21 .I0 23.50 
94-95 24.70 23.60 26.00 
95-96 32.74 27.50 35.10 
196-97 36.33 35.30 37.40 
' 97-98 49.05 38.50 58.70 
98-99 77.12 61.40 131,80 

I 99-1 00 224.30 - 224.30 
' ~otal 7.62 1.00 224.30 

% Total I 
1.4 
1.7 1 
2.3 
2.8 
4.2 1 
5.7 
8.1 
12.0 
18.1 
43.7 
2.4 
2.6 
3.0 
3.3 1 

4.1 
4.0 , 
4.7 
7.6 1 

9.5 1 
2.5 1 

100.0 
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frequency graph are reduced to the assay at the 95% All assays greater than four or five times the mean 
point. value are reduced to four or  five times the mean 
All assays greater than the standard deviation, plus value. 
the mean value, are reduced to the sum of the stan- All assays greater than the value at which a ragged 
dard deviation, plus the mean value. tail begins on the gradelfrequency histogram are re- 

duced to that value. 

Table 5 
Or one can return to the decile 

analysis and reduce all assays from 
percentiles with more than 10% of 
the total metal value to the highest 
value of the next lowest percentile. 

Tables 1-8 illustrate the proce- 
dures discussed. The data for these 
tables come from several gold de- 
posits located in the former Soviet 
Union. A lower threshold of 1 glt 
(0.029 ozlst) has been used to facili- 
tate handling of the data. 

OnTable 1 the upper decile has 
56.1% of the total metal content. 
The upper two percentiles have 
24.7% of the metal content. This is 
a ratio of 1:12.35. It is considered 
indicative of an erratic situation. 

In this case, one could suggest a 
cut to 74 glt (2.15 ozlst) gold, the av- 
erage of the next lowest percentile. 
The next lowest percentile still has a 
significant 8.4% of the metal con- 
tent. This leads us to support a cut 
to 70 git (2.04 ozlst) gold. Cutting 
to anything other than a rounded 
number suggests a precision that is 
not justified by the methodology. 

The top three percentiles con- 
tain 33% of the total metal content. 
This ratio of 1:11 is above the 1:10 
ratio considered as erratic. 

Table 2 is based on a small 
sample population. And, as with 
any small population, conclusions 
must: be drawn with caution. The 
top percentile (one sample) con- 
tains 29.5% of the total metal con- 
tent. A cut to 11.6 glt (0.339 ozlst) 
gold is indicated.This is rounded to 
12 glt (0.35 ozlst) gold. 

Table 3 presents a deposit 
where 65.8% of the total gold is in 
the top decile. In this case, a cut to 
140 glt (4 ozlst) gold seems appro- 
priate. 

Table 4 is interesting because 
the top percentile is represented by 
one very high assay. Nonetheless, it 
will have little influence on the av- 
erage grade. This is because when 
multiplied by its short length, it rep- 
resents only 2.5% of the total metal 
content. 

On the other hand, considering 
the top two percentiles, 12% of the 
total metal content is in 1.2% of the 
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samples. This is just at the 1:10 ratio considered erratic. half of a full complement of samples. It is then a "half 
A cut to 100 glt (2.92 ozlst) gold would not be out of line. percentile" of the population, which contains 7.8% of the 

Table 5 shows that, although the top percentile has total metal content. This is a ratio of 0.5:7.8, or 1:15.6. 
only 7.8% of the total metal content, it contains less than Cutting is appropriate. The highest grade in the next 

lowest decile is 55.1 glt (1.606 ozlst) 
gold. This should be rounded so that 
all assays above 55 glt (1.606 ozlst) 
gold were reduced to 55 g/t (1.606 

Table 7 
.P.n .--- XL*wnMw . A**. 

ozlst). 
I Tables 6 ,7  and 8 present decile 

Q m m  galdfionrwt amw -1 analyses of populations that do not 
M. of -- ,. warrant cutting. In Table 7, there 

h lmum mom # 7- are some very high assays. Cutting, 
1.30 134.45 1.5 though, is not recommended be- 

IO-aO 137 1.52 1.30 1 190.99 cause these will not materially affect 
acD-30 '137 9.04 1.M 2.30 259.88 3.0 the deposit average. Once the er- 
30-40 137 2.73 230 3.28 342.43 3.9 ratic assays are cut as suggested for 
40-50 133 3.m 3.20 4.20 447.261 6.2 the deposits in Tables 1-8, no per- 
!Xl80 137 4.85 A20 5.50 582.68 6.7 centile has more than 10% of the 
60-70 137 8.48 6.50 7.70 $00.83 metal content. Figure 1 presents a 
7680 137 9.58 7.70 11.80 7,207.57 139 graphical representation of Tables 
80-90 137 14.37 1 1.80 18.20 4,788.73 20.4 1-8. 
99.laQ 927 30.04 10.44 I&s.f#l 2W.24 32.8 
9 ~ 9  I 13 9890 1t3.80 49.m 165.74 CooncOunsion 
8 1-92 13 f Et.89 19.60 20.30 P024ii.24 2s Decile analysis is a convenient 
82-93 13 2!0.9? 20AC 27.90 216.37 2.6 tool for determining whether or not 
93-94 13 22.10 21.80 22.50 183.53 7.9 higher grade, possibly erratic 
slag5 93 24.19 23.043 26.30 244.07 28 samples introduce a significant bias 
96-98 13 23.18 26.813 28.30 274.31 3.2 , to the average of a sample popula- 
9897 13 30.158 a9.M) 33.00 294.M 3.4 tion. The cases cited are all gold de- 
9-7-98 13 36.73 33.80 37.80 382.27 a posits but the methodology is 
988.9 '13 43.28 39.40 48.80 346.22 4.0 applicable to any type of deposit. 

10 70.W 52.03) 108.60 5113.97 5.9 Decile analysis also provides 
l,SM 7.40 9.08 )m.m e , m m  300.0 one more way of determining the 

level to which erratic samples 
should be reduced. As with any 

Table 8 evaluation technique, the applica- 
I . ., I tion of decile analysis is somewhat 

subjective. Yet, it is less arbitrary 
than most of the more common pro- 
cedures used in the industry or given 
in the literature. 

Decile analysis speaks not only 
to the questions of how and to what 
level assays should be adjusted (cut) 

2.90 7,220.81 but it speaks to where and when 
3-m 3m.11 they should be cut. i3 
4.W 2,018.99 
RBO 2g04.73 
7.40 33B4.42 McKinstry, H.E., 1948, Mining Geology, 
10.30 4,580.42 
63.60 7m.w Blrd, H.H., 1991, "Dealing with coarse 

38 10.64 10.90 55'7.41 
38 11-33 11.60 583.23 
38 49.07 12.10 w.a 

12.70 539.43 
13.40 575.?6 

38 13B3 14-68 W.38 
45.70 835.68 

38 19.83 17.90 79t.70 
Stone, J.G. and Dunn, PG., 1993, "Ore 
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