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GOLD CONTENT OF ROCKS OF THE FAIRBANKS MINING DISTRICT, ALASKA 

BY 
D.B. Hawkins 

ABSTRACT 

Mean (tl standard deviation) gold contents of the Cleary Standard vein 
quartz, vein quartz (district wide), schist, and quartz diorite are: 0.34?. t 
0.20 ppm, 5.65 t 1.54 ppm, 0.361 t 0.119 ppm, and 3.73 t 0.682 ppm respective- 
ly. These values were obtained from 2,441 gold analyses of rocks in the 
Fairbanks mining district as part of the joint University of Alaska - U.S. 
Geological Survey Heavy Metals Project. The geochemical sampling constant of 
Ingamells and Switzer (1973), coupled with computer sampling experiments, were 
used to derive these values. This approach was necessitated by the Poisson 
distribution followed by gold in these rocks. Mean gold values for other rock 
types are also reported, but the number of samples was insufficient to provide 
a useful measure of the standard error of the mean. 

The commonly used atomic absorption (AA) analytical method, with aqua- 
regia digestion gives results for gold in good agreement with the fire assay 
method. Both methods gave values that were higher than those returned by the 
AA method with HBr-Br2 digestion. 

Possible trace element associations among the trayition metals (B, Ba, 
Zr; Sr, Y; Au, Sb; Hg, Pb) are suggested by principal components analysis. 
These associations are tentative because of the serious sampling problems 
inherent in this study. 

INTRODUCTION 

This work is an outgrowth of the joint Department of Geological Sciences, 
University of Alaska - U.S. Geological Survey Heavy Metals Project conducted 
in the Fairbanks mining district from 1967 to 1970. The results of this 
project were published in Forbes and others (1968), Pilkington and others 
(1969), Stevens and others (1969), and Hawkins and Forbes (1971). The data 
used in this study are from these reports and from Chapman and Foster (1969). 

The purpose of this study is to present---in a more condensed and refined 
form---information on the gold content of various rocks in the district 
sampled during the Heavy Metals Project. This study is particularly concerried 
with the statistical reliability of the estimated gold content of the differ- 
ent rocks. Therefore, the geochemical sampling constant of Ingamells and 
Switzer (1973) has been used. Predictions based on this constant have been 
tested with a few computer sampling experiments. The data are for gold 
determined on 10-g samples using aqua-regia digestion, MIBK extraction, and 
determination by atomic absorption spectrometry (AA). Results are also 
reported for the fire-assay method and for HBt-Br digestion followed by MIBK 

2 extraction and atomic absorption analysis. Details of these methods are 
described in the aforementioned references. The conclusions of comparison (by 
regression analysis) of the results of the analytical methods employed are 
included here. 



Rock-type categories used in this study are based on field identification 
by various geologists. Because different rock types may be placed in the same 
category by different geologists, blurring of the classification may occur. 
For example, some samples of segregation quartz may be called vein quartz (and 
vice versa) and be erroneously included in the vein-quartz category. This 
classification problem is mentioned to emphasize the broad and imprecise 
classifications used. Table 1 classifies samples according to category. 
Segregation quartz refers to quartz veinlets and pods formed as a result of 
regional metamorphic recrystallization, and is distinct from the vein quartz 
commonly associated with gold mineralization in the district. Although the 
lack of distinction between schist and quartz-mica schist probably reflects 
the preference of the geologist in naming the rock and does not imply the 
existence of any mineralogical distinction, I have chosen to keep the groups 
separate. 

Table 1. Sample classification, number, and mean gold content. 

Gold content 
Classification Numb e r (ppm) * 

Vein quartz 
Segregation quartz 
Quartz-mica schist 
Micaceous quartzite 
Shear 
Gouge 
Quartzite 
Stibnite 
Quartz monzonite 
Quartz diorite 
Sulfide 
Calc-schist 
Breccia 
Quartz porphyry 
Quartz stibnite 
Schist 
Quartz stringer 
Gneiss 
Gabbro 
Marble 
Amphibolite 
Argillite 
Galena 
Granite 
Miscellaneous 
Unidentified 

Total 244 1 Grand mean 1.95 

* Atomic absorption spectrometry, aqua-regia digestion. 



RESULTS 

Statistical analyses were computed using an HP-9845 computer. Summary 
statistics of gold content of 2441 samples (by rock type) are shown in table 1 
and appendix I. In appendix I, gold values are separated on the basis of 
analytical method. To compare the results of analyses by different analytical 
methods, regression equations (appendix 11) can be used. 

DISCUSSION 

Sampling Constant 

Geochemical-sampling constants (Ingamells and Switzer, 1973) were calc- 
ulated from results of the aqua-regia digestion methods for several different 
rock types. These calculated constants (table 2) were used as a guide in 
subsequent computer sampling experiments, the results of which are shown in 
the tables accompanying figures 1-8. An important component of this study is 
the detailed analysis of the vein-quartz sample labeled the 'Cleary Standard,' 
which I collected from a small quartz vein exposed in a road cut of the Steese 
Highway at Cleary Summit. The 35-kg sample from this vein was reduced to pass 
a 200-mesh sieve, and 10-g subsamples were used as working standards and 

. control samples for gold analysis during the project. A split of this sample 
has also been used for similar purposes by the Mineral Laboratory of the 
Alaska Division of Geological and Geophysical Surveys (DGGS)(D.R. Stein, 
personal cornmun.). 

Common features of the results (fig. 9; appendix I) are the large 
variance and extreme skewness of the gold distribution in different rock 
types that are a consequence of the particulate nature of gold in these 
samples. Unlike many elements, gold does not substitute for the major ele- 
ments in the crystal structure of the common minerals. Rather, gold forms 
discrete microscopic and macroscopic particles that are included at 
mineral-grain boundaries or engulfed in major minerals such as quartz. 
Because these particles are not uniformly distributed throughout the sample, 
it is possible to obtain samples with only a few, if any, discrete gold 
particles. Conversely, from one to six or more -200-mesh gold particles in a 
10-g rock sample can profoundly affect the reported analytical gold values. 
The effect becomes more pronounced in smaller samples. This extreme 
inhomogeneity on the analyzed scale causes the large observed variance and 
skewness, and is also a problem that must be overcome to give reliable 
estimates of the mean gold content of rocks in the Fairbanks district. 

In the histograms in appendix I, the gold is neither normally nor 
log-normally distributed; rather it follows a Poisson distribution as 
emphasized by Ingamells and Switzer (1973). A log transformation was used to 
obtain a better graphical display of the gold content, because the gold 
content of a given sample class can range through at least four orders of 
magnitude (e.g., 0.02 to 200 ppm). 

According to Ingamells and Switzer (1973), the most probable result for 
determination of an element in a rock or mineral is not independent of the 
weight of the analyzed sample. The relative standard deviation ( R ,  percent) 



of the results, when the laboratory sample has been prepared in a particular 
way to pass a specific mesb size, can be expressed in terms of a sampling 
constant (Ks) by R = (K~)W', where w is the weight of the subsample. The 
sampling constant for a particular constituent can be estimated from a series 
of subsample determinations by 

where Z is the arithmetic mean of M determinations. The relative standard 
deviation for the same constituent in a subsample of weight w is estimated by f 

Table 2. Results of geochemical-sampling-constant calculations 

Number of Subsamples* 
Required required sufficient to 

Sample Sampling sample subsamples estimate standard 
type constant weight (g) (10 g) error ( ? )  

Cleary 
Standard 1.27 x 10 4 30 

Vein 
quartz 1.66 x lo6 1000 100 

Segregation 
quartz 4.02 x 10 2600 260 

6 

Quartz-mica 
schist 2 10' 12840 1284 

Schist 1.74 x 10 1170 117 Yes 
6 

Quartz 
monzonite 4.47 x 10 2190 2 19 

6 

Quartz 
diorite 5.75 x 10 350 3 5 

5 

Marble 9.45 x 10 800 80 5 

Amphibolite 3.90 x 10 5 650 6 5 no 

Remaining --- -- -- no 

*Compare required number with number available (table 1 ) .  
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Figure 2. Summary statistics and histograms for set of 100 samples of size 150 
from the quartz diorite group, Fairbanks mining district, Alaska. 
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Figure 5. Summary statistics and histogram for set of 100 samples of size 3 
for Cleary Standard, Fairbanks mining district, Alaska. 
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Figure 8. Summary statistics and histogram for set of 100 samples of size 20 
for Cleary Standard, Fairbanks mining district, Alaska. 
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Figure 9. Summary statistics and histogram for set of 100 samples of size 40 
for Cleary Standard, Fairbanks mining district, Alaska. 



If, as is usually the case, the analytical error is less than one-third of the 
sampling error, the probability is about 0.95 that a future subsample will 
yield a different value from the mean value by less than 2Rf percent. 
Restated, the value +2R percent establishes a 95-percent confidence 

f interval for the value of the subsample. 

This interpretation is correct except when a constituent is concentrated 
in a few mineral grains. This condition, which applies to the gold concen- 
trations in the rocks studied here, leads to a Poisson distribution. When the 
number of discrete gold grains (special grains) is less than about five or six 
per sample, the Poisson distribution has a marked asymmetry; low values occur 
more frequently than high values. An average of results from too few 
subsamples will probably be erroneously low. According to this model, a 
single analytical result will have the value 

where H is the concentration of the element in the gangue or matrix, cz is 
i the contribution of z 'special' grains to the results, and c is the concen- 

tration of the elemen& in the z 'special' grains. An estimate of the 
contribution of a single grain to an analytical result is 

A 
c =  s 

2 

E - H  

where s2 is the variance of the results of M determinations (M large). Thus, 
the series avGrage Z is an estimate of H + cz, and the series variance is an 
estimate of c'z. When z is small and M sufficiently large, it is likely that 
the smallest determined value in a series ̂ min will have z = 0 ,  thus providing 
an estimate of H. Under these conditions, the probability of obtaining a 
subsample free of 'special' grains is 

where 

A 2 2 
z =  ( 5 - x  ) Is. 

min 

From these relations, histograms can be calculated and compared with the 
observed histograms. For the Cleary Standard (fig, l o ) ,  the calculated 
distribution of particles reasonably approximates the observed gold values. 

A very important result of these considerations is that Gaussian statis- 
tics (normal distribution) and the previously discussed confidence interval 
provide an appropriate approximation only if z is greater than six. Hence, i for use of Gaussian statistics, the subsample weight must be increased by the 
appropriate factor to yield a z ,  greater than six, or the determinations must 
be grouped in multiples to giveLthe required weight for which z, is greater 
than six. In this case, the grouping must be done according toAthe 
central-limit theorem. 



This information tells us how large our sample must be if we are to 
reliably estimate the mean value of gold in a particular sample. If we have 
not analyzed a large enough sample, or if we haven't enough subsamples when 
grouped together to yield the requisite sample size, we are unable to estimate 
the standard error of the mean from our data. Restated, the inhomogeneity 
exists on a scale larger than our total combined subsamples and results in a 
skewed distribution. A symmetrical distribution can result from application 
of the central limit theorem only by increasing the number of subsamples or by 
increasing the sample weight. For the data in the present study, the 
requisite sample size or groups of samples for the different rock types are 
shown in table 2. From this table, we see that only the Cleary Standard, vein 
quartz, schist, and quartz diorite were adequately sampled to permit a 
reliable estimate of the standard error of the mean gold content. 

Using the results of table 2 as a guide, 100 samples of the size dictated 
by the values reported in table 2 (column 3) were randomly selected and 
summary statistics were calculated and histograms prepared. The results of 
these computer-sampling experiments are shown in the tables accompanying 
figures 1-8. The results for the Cleary Standard (figs. 1-5) are particularly 
instructive. In this simulation, 100 sets of samples of size 3 (i.e., three 
analytical results pooled) were randomly selected from the 59 available 
subsample results. The means of these samples were calculated and the summary 
statistics for these results were calculated and graphed. Results are shown 
in figure 1. Note that based on a subset of three samples, the skewness in 
the original data is still evident. Although we might expect to remove this 
skewness by taking more samples (e.g., 1000) of size 3, this is - not required 
by the central limit theorem, as emphasized by the results of figure 2. I 
include these results to stress that if the inhomogeneity exists on a scale 
greater than the total mass of the subsamples available, it is not possible to 
generate a symmetrical distribution from the data. In the case of the Cleary 
Standard, sufficient subsamples existed so that the sample size could be 
increased. One hundred samples of size 10, 20, and 40 were taken, and the 
results are shown in figures 3-5. Based on these results, samples of at least 
size 20 (200 g) are needed to obtain a reasonably symmetrical sampling dis- 
tribution. These results suggest that the sampling size calculated from the 
sampling constant will probably be too small. 

I suggest estimating the number of samples from sampling-constant 
considerations and computer-sampling simulations to refine the estimate of the 
requisite sample size. Using this procedure, I obtained the estimates for the 
mean gold content and associated standard error (shown in the tables 
accompanying figs. 6-8) ,  which provide the best estimate of the mean and 
standard error of the mean gold content for the Cleary Standard, vein quartz, 
schist, and quartz diorite. 

Regression Equations 

A comparison of the results obtained by the different analytical methods 
used in this study shows that the variance due to analytical method is much 
less than the sampling variance discussed above. In general, the aqua-regia- 
digestion method and the fire-assay method give comparable results. Both 
yield higher values than the HBr-Br method. Summary statistics, regression 2 
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equations, scatter plots, and residual plots for the various methods are shown 
in appendix 11. Regression equations are derived with the fire-assay values 
as the dependent variable, that is, these equations permit an estimate of the 
fire-assay value from the aqua-regia or HBr-Br value. Also included is a 
regression of HBr-Br on the aqua-regia values: which shows that the HBr-Br 2 
method tends to return lower values than the aqua-regia method, especially ?or 
samples with high gold concentrations. This leads to the nonlinear relation 
of the results of the two methods. 

Principal Components Analysis 

A principal-components analysis (Joreskog and others, 1976) of the trace- 
element data for 81 samples from the Fox-Olnes traverse (Hawkins and Forbes, 
1971) was completed using the elements for which the results were above the 
detection limit in the standard U.S. Geological Survey 30-element emission 
spectrographic procedure. Mercury was determined by the cold-vapor-detection 
method using an atomic absorption spectrometer, antimony was determined by 
atomic absorption spectroscopy and flame excitation, and gold values were 
determined by aqua-regia digestion. The correlation matrix for the 81 samples 
and 17 elements is shown in table 3. Six principal components that account 
for 78 percent of the variance of the data set were derived. The varimax 
factor matrix for these principal components is shown in table 4, where we see 
that manganese, cobalt, chromium, copper, nickel, scandium, and vanadium are 
loaded on the first factor, which implies a similarity of behavior among these 
elements. These are all transition-metal ions and can occur in octahedral 
coordination in layer silicates. This group may reflect the mica-chlorite 
mineralization in the schist. Because factor 2 consists of boron, barium, 
lead, vanadium, and zirconium, a common behavior is suggested among these ele- 
ments. These are large or exotic ions and this factor may map the 'misfit' 
ions. Factor 3 consists only of strontium and yttrium, which suggests a com- 
mon relation between the two. These are large ions whose distribution may be 
controlled by the availability of 12-fold coordinator sites found in the 
micas, chlorites, and amphiboles. Factor 4 consists of a gold-antimony 
affiliation and may suggest a possible relation between these elements. 
Factor 5 maps the common variability of mercury and lead and may be a 
'sulfide' factor. Factor 6 consists only of molybdenum and suggests that it 
behaves independently from the other determined elements. The major result of 
this analysis is that the dimension of the data set can be reduced from 17 to 
six condensed variables, thus achieving an economy of description. 

With the possible exception of the Factor 1 group of elements, I have 
considerable reservation about these correlations because of the sampling 
problems (previously discussed) that result in severe violations of the condi- 
tions under which a principal-components analysis is valid. I think, however, 
that these results may be used a guide for the interpretation of the trace- 
element data collected in the present Fairbanks mining district study. I sug- 
gest that sampling constants be calculated and sampling simulations performed 
on the analytical results of the current study. Subsequently, techniques such 
as principal-components analysis can be used to investigate relations among 
the elements determined. In this way, anomalous values can be reliably identi- 
fied and exploration targets can be defined with confidence. 
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Table 4. Simplified varimax factors that account for 78 percent of total 
variance. 

Element Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
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APPENDIX I 

Summary statistics and histograms for gold 
in the different sample classifications 

Summary statistics for a given classification are given first, followed 
by histograms for that classification. Histogram titles are abbreviated to 
coincide with a 10-character constraint imposed by the computer program. 
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Appendix I1 

Regression analysis of aqua-regia, HBr-Br2, 
and fire-assay methods of gold analysis. 
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