British Columbia Geological Survey
Geological Fieldwork 1994

GRADE AND TONNAGE DATA FOR BRITISH COLUMBIA MINERAL
DEPOSIT MODELS

E.C. Grunsky

Contribution to the Mineral F >tential Project, funded in part by the Corporate Resource Inventory Initiative (. ZRIT)

KEYWORDS': mineral deposits, grade, tonnage,
Tesource assessment

INTRODUCTION

The Mineral Potential Project currently being
undertaken in British Columbia requires estimation of
unknown mineral resources. The method of resource
assessment known as the BC Mineral Resource
Assessment Process [1993], is described by Kilby (1995,
this volume) and in Grunsky et al. (1994). The method is
based on the three-part assessment methodology
developed by the United States Geological Survey
(USGS) as documented in Singer (1975), Singer and
Ovenshine (1979), Drew et al. {1986), Root et al. (1992)
and Singer (1993). An essential component of predictive
resource estimation is the creation of mineral deposit
moedels and associated grade and tonnage data. In this
study, resource estimation experts rely on geological and
mineral deposit models to assist in their predictions.
From the evaluation of models, quantitative estimation
can be carried out on the basis of grades and tonnages of
known deposits.

BACKGROUND OF MINERAL DEPOSIT
GRADE AND TONNAGE DATA

It has been well established that resource estimation
can be carried out wsing statistical procedures (cf. Allais,
1957; Harris et al, 1971; Whitney, 1975; Agterberg et
al, 1972). The use of grade and tomnage data was
originally employed by Lasky (1950) who showed an
inverse relationship between average grade and the log
cumulative tonnage of porphyry copper deposits.

Estimation of resources generally involves a
prediction on the size and grade of a mineral deposit.
Such predictions are best based on knowledge of the
frequencies of grades and tonnages that characterize such
deposits. The distributions that comprise the grades and
tonnages represent a stochastic model that can be viewed
as probability density functions. Grade and tonnage
models have the form of frequency distributions of size
and average grades of well explored deposits for each
type of mineral deposit model (Singer, 1993). The use of
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the compiled grade and tonnage data forms the basis for
quantifying the predictive estimates. The BC Mineral
Resource Assessment Process follows the same
estimation technique as in the three-part assessments of
the USGS, employing a Monte Carlo simvlation wsiag
estimates of numbers of deposits and grade and tonnage
distributions.

The compilation of information about mineral
deposits is a crucial feature of resource est mation. The
USGS has compiled exwensive descrptions nd
characteristics for a wide range of mineral leposit tyes
from global sources (Cox and Singer, 1986; Bliss, 1952).
The models contain two main components; the
descriptive features that characterize the deposits in
terms of geology and tectonic setting, anl grade end
tonnage distributions which characterize -he size :nd
grades of known deposits from around the vorld. Siozer
(1993) describes the basic concepts in tle three-part
quantitative assessment methodology for ndiscove-ed
resources used by the USGS. The paper also describes the
requirements for compiling and scrutinizicg grade ind
tonnage data.

BRITISH COLUMBIA GRADE AND
TONNAGE DATA

During the course of mineral deposit mcdel selecton
for the mineral potential project, mineral deposit models
from the USGS (Cox and Singer 1986) were review:d.
The review concluded that many of the ULGS resousce
data sets were not suitable for describing tle grade and
tonnage of deposits that were likely to exist in British
Columbia. In addition, many of the mineral leposit types
in British Columbia were considered to b sufficiently
unique to warrant distinctive descriptions tigether with
grade and tonnage distributions. As 1 result, a
compilation of mineral deposit models together with
descriptions and grade and tonnage data was carried out
(Lefebure et al, 1994; 1995, this volume . Geologists
from the British Columbia Geological Survey' Branch, 'he
mining industry, the Geelogical Survey of Zanada, and
the USGS compiled deposit model des:riptions for
deposit types that are likely to exist in Britith Columtia.
Grade and tonnage data were compiled by Stonehouse
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Group consultants (Stonehouse Group, 1993) for 435
large deposits that were listed as producers, past
producers. and those with proven reserves. Stonehouse
used a classification scheme that was modified from Cox
and Singer (1986). The classified deposits were
subsequently reviewed against an  alternative
classification scheme developed for British Columbia
deposits (Lefebure et af., 1994, this volume). Both
classifications, the modified USGS and the British
Columbia classification scheme, were assigned to the
mineral deposit data. At this time no studies have been
carried out that detail the differences between USGS and
British Columbia mineral deposit models.

The nature of deposit classification is to some extent
subjective. Not all geologists can agree on classification
designations for some deposit types. Through an iterative
process, the deposits that were compiled by Stonehouse
were classified and reclassified by geologists in the
British Columbia Geological Survey Branch until a
consensus was reached on most deposits. Deposits about
which there was uncertainty or disagreement, were not
classified and thus left out of the grade and tonnage
curves,

In many cases there were too few deposits to
adequately define a grade and tonnage profile or there
were simply no data available. In these cases, we adopted
the grade and tonnage distributions that were kindly
provided by the USGS (Singer et al., 1993). Singer has
emphasized (Singer and Orris, 1994) that there are many
serious pitfalls in the construction of grade and tonnage
curves. In any resource assessment methodology that
requires the use of such data the following requirements
must be met:

s The geology of the tracts of ground being
considered must be permissive for the deposit
type.

*+ Grade and tonnage models must be consistent
with the descriptive deposit models.

* (Grade and tonnage models must be consistent
with known deposits in the area being
considered.

¢ The estimates of unknown deposits must be
consistent with the grade and tonnage model.

GRADE AND TONNAGE DATA
COMPILATION

Grade and tonnage data are compiled with the
following assumptions:
* The deposit is correctly classified (i.e. no mixed
deposit types).
* The grade and tonnage represent the complete in
situ resource (production + reserves).
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e The data represent grade and tonnage from a
single deposit or a group of small deposits
designated as a single deposit.

e The number of deposits that define a
gradeftonnage curve are a reasonably complete
representation of the resource.

® The grade represents the average grade for each
commodlity,

® The tonnage represents the tonnage of production
plus reserves and resources.

o The grade and tonnage data are based on the
lowest possible cutoff grade.

There are several sources of errors that create
difficulty in constructing grade and tonnage curves as
outlined by Singer (1993) and Singer and Orris (1994).
These include:

¢ Mixed geological environments,

Poorly known geology.
Data recording errors.
Mixed deposit/district data.
Mixed mining methods.

¢ Incomplete production and resource estimates.

In addition to these errors Chung ef al. (1992) have
shown that in at least one case the construction of grade
and tonnage curves is influenced by the timing of
discoveries. A study of mercury deposits in California, in
which the dates of discoveries were known, has shown
that the largest deposits were discovered first. It follows
from thig that, for certain deposit types, if an area is
incompletely explored, grade and tonnage curves may
suggest a greater endowment than is actvally present.
However, this conclusion may not be universally accepted
without thorough geological knowledge and a thorough
history of exploration. There is an inherent bias in grade
and tonnage data in that they represent only deposits that
have been discovered and have been economically
evaluated. Another bias in the creation of the data is that
the information is knowledge and technology dependent.

If the knowledge of the geology associated with a
particular class of mineral deposits changes it may result
in an amalgamation or a division of deposits.

Other problems that create difficulty are:

* Grade and tonnage data that are not lognormal.

¢ Grade and tonnage data that have significant
correlations. Most deposit models show little or
no correlation between grade and tonnage (see
Figure 1).

* Grade and tonnage data where groups of deposits
form clusters within a particular mineral deposit
model.

¢ The standard deviation for log-transformed data
exceeds a value of 1.0.
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The above criteria define standards for the creation
of accurate and meaningful grade and tonnage data. The
compilation and evaluation of the data attempt to meet
all or most of these criteria. Once the data bave been
compiled, the evaluation of the actual grade and tonnage
data requires several steps. An example given here is for
calcalkalic porphyry copper deposits that occur in British
Columbia. This deposit model is classified as Model L04
(Lefebure et al., 1994) which incorporates USGS models
17, 20 and 21 (Cox and Singer, 1986). Table la
summarizes the reserves data for the deposits used to
characterize the grade and tonnage. The table is listed in
increasing tonnage. Table 1b containg deposits that have
been classified as calcalkalic porphyry copper deposits
but do not fit well on the grade and tonnage curves.
These deposits were excluded because the data provided
for them were considered not to be a reasonable
representation of the resource.
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Figure 1. Scatterplot matrix of calcalkalic porphyry copper
deposits in British Columbia. Data are transformed to log base
10. This diagram assists in evaluating the relationships of the
data. There are no obvious relationships between tonnage and
metal grades.

GRADE AND TONNAGE CURVES

Grade and tonnage curves graphically describe the
distribution of tonnage and average deposit grades. The
process of grade and tonnage curve construction involves
the following steps:

* Plot the data are plotted as quantile-quantile plots

(g-q plots).

e Plot the data as pairs plots (cf. Figure 1) to

examine any possible associations or correlations.
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e (Calculate basic summary statistics or the data to
check for non-normality (log transfo'm) or high
variances

Figure | shows a scatterplot matrix of th: grade and
tonnage data. These data have been transformed to log
base 10. This plot is a graphically conven ent way of
examining interactions between the variables In resource
assessment procedures, the commodities ard tonnagas
should be uncorrelated. The application of mathods such
as scatterplot matrices and regression methoc s can assist
in testing the degree of correlation. From Figare 1 it can
be seen that there is little or no correlation hetween any
of the variables. This has been verified usin;; regression
methods.

A discussion on the use of the lognormal model is
given by Harris (1984). The correct interpreiation of the
curves is important in applying them .o resource
assessment. They are plotted as the log (base L0} of grade
or tonnage versus the proportion of curve (0-1). Although
the distribution of tonnage and grades for metal depos:ts
is generally log normal, this is not necessarly the case
for industrial minerals (Singer and Orris, 1994).

Figure 2 shows cumulative probability | lots for the
porphyry copper grade and tonnage data. Each plot
shows the ordered tonnage or grade for each Jeposit as a
point. A theoretical log-normal curve is also plotted on
the graph. The curve is derived from the mean and
variance of the sample data. Each curve also shows three
tie lines at 90, 50 and 10 percentile levels of the curves.
The grade or tonnage that is shown at the 5') percentile
level indicates the average or mean grade or tonnage for
that particular deposit type. The figures can bhe
interpreted as 50 % of the deposits will have a grade or
tonnage less than this value. and 50 % of 1he deposits
will have a grade or tonnage greater than this value.

In order to assess data that comprise the grade and
tonnage information, various graphical procec ures can be
applied to test for atypical saraples and e«<amine the
nature of the population distribution, The plo s of Figu=a
3 show the log (base 10) of tonnage or g.ade of the
deposits plotted against the quantiles of a normal
distribution. Such plots can reveal atypical de josits or :n
unexpected trend in the data. Quantitative proedures cen
also be applied to determine which transfornation best
fits the data. Figures 3a and b show quaniile-quantile
plots for both the raw data and the log-ransformed
tonnage data. In Figure 3a the four largest deposits
appear as outliers. Even after applying a log t-ansform 10
the tonnage data these four deposits are stil: noticeahly
large and possibly atypical. Also. in Figure 3h, there is a
change in the slope of the curve where depor it tonnage:s
exceed 100 million tonnes. Such a changz in slope
suggests two distinct tonnage populations. The cause of
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TABLE 1A
CALCALKALIC PORPHYRY COPPER DEPOSITS IN BRITISH COLUMBIA

Deposit Tonnss (%1000} Cu % Mo %] Au gn Ag ght
TASEKG 9,502 0.58 0 Q75 17
IDE - AM 11,481 0.23) 001 NA NA
KRAIN 14,008 0.56 001 NA NA
OX LAKE 17,000 0.33 0.04 NA NA
BIG ONION 18,000 0 36 0 NA NA
NANIKA, 18,144 0 44 0.009 021 0.38
REY 21,488 023 0.02 NA NA
HED DOG 25,000 0.36 0 044 NA
EAGLE 38,000 0.4 0.01 0.2 27
GNAT PASS 30,000 0.39 ] NA NA
SWAN 36.000 42 0 NA NA
WHITING CREEK 40,000 017 0.1 NA NA
DCROTHY 40,800 0.25 0.01 NA NA
ANN 43,381 0.27 Q NA NA
LOUISE LAKE 50,000 0.3 0.02 03 NA
KERR 60,000 0.86 0 0.34 2
GRANISLE 66,434 042 0 013 1.33
HI-MARS 82,000 0.3 0 5.3 NA
MORRISCN 86,000 0.42 0 0.34 34
HUCKLEBERRY 100,000 0.56 0017, NA NA
GAMBIER ISLAND 114,000 0.29 0.01 NA 1
KEMESS NORTH 116,000 0.19 0 0.37 NA
HIGHMONT 125,000 0.22 002 NA NA
BETHLEHEM 134.000 0.44 0 001 0.74
CATFACE 138.000 0.45 4] 005 NA
BELL COPPER 143,000 0.42 0 0.2 048
POPLAR 144,000 0.37 002 NA NA
QK. 155.000 039 0.02 NA NA
POISCON MCUNTAIN 159,000 0.33 0.0% 0.31 NA
HUSHAMU 173,000 0.27 0.01 034 NA
MAGGIE 181,000 0.28 0.03 NA NA
BRENDA 183,000 0.25] 0.04 0.0% 1.06
KEMESS SOUTH 230,000 0.23 0 0.65 NA
BERG 238,000 0238 003 0.05 284
JA 260.000 0.43, 0.02 NA NA
ISLAND COPPER 373,000 0.37 0.017] 011 094
GIBRALTAR 965,000 032 0.01 0.07 0.15
FISH LAKE 976.000 .25 0 0.48 NA
SCHAFT CREEK 1,000,000 03 .02 0.14 1.2
HIGHLAND VALLEY COPFPER 1,200,000 0.372 0.01 0.005 1.73
TABLE 1B

CALCALKALIC POPRHYRY COPPER DEPOSITS
NOT USED IN GRADE AND TONNAGE CURVES

Daposit Tonnes Cu% Mo% Augh Agght

WIZ 294 126 0 NA o0
G.E. 540 0.27 0 NA NA
VIMY 619 035 0 NA NA

Note: NA= Missing Values (Data not available)
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Figure 2: Grade and tonnage curves for British Columbia calcalkalic porphyry deposits.

Individual deposits are shown a dots. The curved line represents a lognormal curve fitted to the mean and variince of the
logtransformed data. The tie lines on each graph represent the values of the tonnage or grade at the 90th, 50th, and 10th peicentile, The
intersection of the data and log-normal curve with the y-axis represents the proportion of data that are greater than zero andfor not
missing data (NA in Table 1a). The pumber of data points for each commodity is shown in the upper right of eact figure. No

distinction is made between production and reserve data,

these two populations is not clearly understood. Figures
3¢ and d show quantile-quantile plots for copper. In this
case the distinction between the untransformed and
transformed data is less obvious. On closer examination
however, it can be seen that the log-transformed data
provide a better fit in the quantile-quantile plot, The
copper data also displays four outliers which represent
copper values greater than 0.5%. These data occur
within the small to medium size deposits although there
is no clear correlation between tonnage and copper
grade as shown in Figure 1. The line of points in Figure
3d appears to be nearly a straight line. However, there is
a slight change of curvature in the line at about logl0
Cuv = -0.4 (0.4%Cu) but it is not as pearly pronounced as
the tonnage data in Figure 3b. Further study is required
to investigate the possible bimodal nature of the
calcalkalic porphyry copper deposits.

Finally, summary statistics can be applied to
provide some numerical description of the data. These
descriptions are best interpreted with the plots as
described in Figures 1, 2 and 3. Table 2 shows summary
statistics for the grades and tonnages of the porphyry
copper data.
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CONCLUDING REMARKS

The mineral potential project requires : ssessmenis

for a wide range of mineral deposit types. “or severil
deposit types, grade and tonnage data have been
constructed to meet the requirements for uantitative
resource assessment. As outlined above, ther: are many
considerations required in the construction o grade and
tonnage tables and curves. With these consicerations in
mind, mineral deposit resource data can be « ompiled 10
meet the requirements of the British Columb a Resource
Assessment Process.
For many mineral deposit models, thee are an
inadequate number of deposits for the contruction of
grade and tonnage curves. In these cases, and whare
appropriate, deposit model descriptions an¢ grade ard
tonnage curves from the USGS have been us:d. In some
cases there are deposit profiles for which there are o
grade and tonnage data available. In these s ecial cases,
mineral deposit experts were asked to provic e examples
of expected grades and tonnages, from wiich curves
could be constructed and used in situat ons where
estimates are required.
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Figure 3: Quantile-quantile plots of British Columbia calcalkalic porphyry copper deposits.. Deposit tonnage and copper grades

are displayed as raw untransformed data and as log-transformed values. The use of quantile-quantile plots graphically displays the
distributional nature of the data. The tonnage data displayed in raw form (a) show a marked positive skewness. The log-transformed
tornage data (b) display characteristics that are more typical of a normally distributed set of data. Note the 4 outliers in (b). The copper
data show a small positive skewness in the raw state {c). This skewness is absent in the Jog-transformed state (d).
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TABLE 2
SUMMARY STATISTICS FOR BRITISH COLUMBIA
CALCALKALIC PORPHYRY COPPER DEPOSITS.

Tonnes Qrfs Mo Aught Agon

Minimum 5.98/ 0.77] 205 23 -0.82
1st Quartfle 754 -3.58 g2l -106] -008
Median 803 -0.47( -1.73 -0.68 0.07
Mean 7.95 -0.47| -1.76 -0.84 011

3rd Quartlle 8.24 -0.38 -1.7 -0.47 0.37
Maximum 9.08 -0.07 -1 -0.12 1.23
Varlance 03 0.02 0.07 0.36 0.22
NA'S 0 0 16 17 25

Note: All data transformed to log (base 10}

NA= Missing Values (Data not available)
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The compilation, description and refinement of
grade and tonnage data is being carried out for all
deposit models for which data are available in British
Columbia, The resulting models will provide a realistic
basis for quantitative resource estimation procedures
that form a core part of the British Columbia Resource
Assessment Process.
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