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WIFERARCHTCAL ANALYSIS OF VARIANCE OF STREAM-SEDIMENT SAMPILES
FOR CEOCHEMTCAS. RECONNATSSANCE, TSTER DOMFE,
FATRPANKS MINING DTSTRTCT, ALARKA

Ry
D.B. Hawkins

ABSTRACT

Problems addressed by this study include a) what ave the velalive sizes
of rhe components of variance associated with geochemical stream-sediment
sampling on Fater Dome, Alaska, and b) what concentration differences are
statlisticallv significant for copper, lead, zinc, and arsenic in stream sedi-
ments sampled at a density of one sample per 1/4 mi.

A sampling design using two creeks, three localities per creek, three
sample types per locality, and three samples per tvpe and locality was fol~
lowed. Duplicates of each sample were collected, and 108 samples were
analyzed. The analvsis of variance (ANOVA) of the completely nested and
randomized design for the total variance of copper, lead, zinc, and arsenice,
respectively, showed: a) between~creek variance of 30 percent, 0 percent, 6
percent, and 37 percent; b) amonp-localities variance of 25 percenr, 4 per-
cent, 35 percent, and 4 percent; ¢) amonp~sample variance of 1?2 percent, 2
percent, 8 percent, and 7 percent; and d) replicate variance of 6 percent, 22
percent, 12 percent, and ? percent. Only the underlined values were statisci-
cally significant at the 9S5-percent confidence level. The means and standard
deviations for all samples are: a) copper - 17.2 ppm, 3.56; b) lead - 8.84
ppm, t.54; ¢) zinc -~ 51.4 ppm, 6.73; and d) arsenic - 43.2 ppm, 27.3.

The following consequential differences were detected for eight pairs of
samples (two streams, each 2-mi long with cne sample per 1/4 mi) at a=8~=
0.05: copper — 5 ppm; lead - 2 ppm; zinc - 9 ppm; and arsenic - 38 ppm.

Pecause of the small number of samples collected. this study provides
only a first look at the variance structure of strcam-sediment sampling on
Ester Dome. A lavger study using more ramples and cother areas within the
Fairbanks mining district is neerded to obrain results generally applicable to
the entire district.

INTRODUCTTON

The purpose of this srudy was to investigate sources of variahility among
stream-sediment samples taken 1in geochemical exploration for metallic deposits
on Ester Dome. For a given element, the sources of vartability studied were:
a) analytical variability between veplicate samples ('sampling error'); b)
variability among the same type of sample at different sublocalities within a
given sample locality on a stream ('sample variance'); c¢) variabilitv among
different types of samples at various localities ('type vaviance'); d)
variability among different localities on a stream ('locality variance'); and
e) varlability between samples from two different creeks ('creek variance').



Fstimates of the different components of variance for copper, lead, zinc,
and arsenic for mineralized Nugget Creek and unmirevalized Baldrv Creek
(located on the north flank of Escer Dome, fig. 1), of the number of samples
required to distinguish mipreralized and unmineralized creeks, and of
significant concentration differences hetween creeks for the standard DCCS
sampling density are reported.

SAMPLING

This studv used the balanced, randomized, nested design shown schemati-
cally in figure 7. This design is amenable to ANOVA whose mathematical model
is discussed in a later section of this report.

Stream~sediment samples consisting of grab samples of wet sandy sediment,
wet organic sediment, and dry sandy sediment from three localities on Nugpet
and Baldry Creeks (fig. }) were collected during June [981. To estimate
'sample variance,' a sample of the same type was taken from each of three
locations (sublocalities) along a 30 to S0 Fe length of the creek, for a toral

of three samples of the same type per localitv. Thus, for each locality
(section of creek samples) nine samples were taken, three of each tvpe; a
total of 54 samples was collectecd. The samples were dried and sieved In the

DCGS laboratorv, and the fraction passing 80-mesh was retained for analysis.
Fach sample was split, and the splits were randomized, renumbered, and
submitted for analysis. The values for copper, lead, and zinc were determined
by the DGGS Mineral Laboratory and arsenic was determined by Bondar-Clegg and
Company, Ltd., of Vancouver, B.C. The results of the chemical analyses,
arranged according to sample type, locality, and stream, are shown in
appendix I.

STATYSTTICAL ANALYSIS
Descriptive Statistics

Summarv statistics f(or cach clement with respect to stream and sample
type are shown in appendix T. Data used for the summary statistics arc listed
and summarized graphically in histograms and normal probability plots in
appendix TI. A summarv of these data are presented in table I, Calculations
were computed using an HP-0845 computer.

Analysis of Variance

The ANOVA for data in appendix T was computed using the HP-9845 'Nested
[N

ANOVA Program'; results are shown in table 2. Variance-ratio or 'T' tests of
the mean squares are shown in table 3.

DTSCUSSTON

The mathematical model used for the sawpling design is

- : s N (1
Yo =" % P iy Y Tk T St T Gk )
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i=1,2;

Summary statistics for copper, lead, zinc, and arsenic,

Copper
Sample Mean Standard deviation

type (ppm) (ppm) N
ALl 17.8 3.56 108
Al 16.0 1.76 54
All 19.6 3.96 54
Vet L8.0 3.24 36
Dry 16.7 2,14 36
Organic 18.7 4,64 36

l.ead
All 8.84 1.54 10R
All 8.72 .84 54
All 8.96 1.18 54
Wet 9. 11 .40 36
Dry R.58 1.32 36
Organic 8.83 1.78 34
Zinc
ALl 51.4 6.73 108
All 48.9 6.09 S4
ALl 53.8 6.51 54
Wet 52.9 6.65 36
Dry 47.9 4.77 36
Organic 53.3 7.25 36
Arsenic

All 43.2 27.3 108
All 26.2 11,4 54
All 60.2 28.0 54
Vet 47.1 27.5 36
Dry 36.8 73.8 36
Organic 45.6 29.8 36

represents the measured variable, u is the population

14K
ef%%ék in all observations), C, is the variability between

5

I.,.\. is the varjability among locations, 3 = 1,35 T . i
a$é%ﬂ different sample types, k = 1,3; S( 15(%ﬁgk

variability among samples of the same type from different loéﬂggghs in a given

locality, L = 1,3; and e

(1jk1) is the random error in sampling estimated by



Table 2. Nested analysis of variance for copper, lead, zinc, and arsenic.

Copper
Source Sums of Mean
{(name) df squares square

Total 107 1354.102 12,655
A Creek 1 359.343 356,343
B(A) 4 425,481 106.370
C(B{(A)) 12 342.778 28.565
D(C(B(A))) 36 176.000 4,889
Sampling error 54 50.500 0.035

Lead
Total 107 254.324 2.377
A Creek ] [.565 1.565
R(A) 4 167.370 41.843
C(R(A)) 12 19,222 1.602
D(C(R(A))) 36 29.667 0.824
Sampling error 54 36.500 0.676

Zinc

Total 107 4876.324 45,573
A Creek 1 640.454 640,454
B(A) 4 193).704 482.926
C(R(AY) 12 1463,333 121.944
D(C(B(A))) 36 505.333 14.037
Sampling error S4 335.500 6.213

Arsenic
Total 107 81082.9)2 757.784
a Creek l 30509.142 30509.,142
B(A) 4 39100.725 9775.181
C(B(A)) 12 4877 .548 406 .462
D(C(B(A))) 36 5582.385 155.344
Sampling error 54 1003117 18.576
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replications of various samples. Fquation /!) can be rewritten in terms of
the respective means to yield

= + - + - + - + - \
LT P B e i £ FLARRLTET Rl PRI
* Vg™ Yk, (2)
Tr this equation, U, is the mean value of the variable for a particular
creck; thus the term (u. - u) is the differcnce hetween the mean value of the

variable for a2 given créék and rhae orand mean for the variable, and so forth.
According to Hicks (1973, p. 26-42), this model can be used te calculate
expected mean-square values (FMS). The FMS can bhe used in conjunction with
the observed mean squares (ANOVA, table 2) to estimate the different
components of variance. The general layout of the ANOVA rable (Box and
others, 1978) for the separation of the variance components associnted with
creeks, localities, sample types, samples, and replications 1is shown in
table 4. Using the calculated mean squares (table 2) and the EMS (table 4),
the variance components shown in table S were calculated.

Tahle 3, Tabulation of 'F' tests ol mean squares in table 2.

Source df _Cu Ph 7n _As P .05 T, 01
Creck ) 3.38 0.374 1.33 3.12 7.71 21.2
locality 4 3.72 26.1 31.96 24.0 3.26 5.41
Type 12 5.84 .04 8.6Y .67 2.02 2.70
Samples 36 5.23 1.22 7.6 8.36 1.59 2.00
Sampling 54 R

* Critical 'F' ratios from table A-5, pt~h to T-9 (Natrella, 1863).
Values significant at the 95-percent confidence level,
Values significant at the 99-pcrecent confidence level.

For copper, 30 percent of the total variance is due tn differences be-
tween creeks, 27 percent to differences among localities, 25 percent to dif-
ferences among the three sample sites, 12 percent to variations amous samples
from the different sublocalities, and 6 percent to sampling (replicate) ervor.
Although differences betueen creeks may account for as much as 37 percent of
the total variance, the results of the 'TF' tests (table 3) show chat this
variance component 18 not statiatically significant and that rhe two creeks
cannot be distinguished on the basis of the mean copper, lead, zinc, or
arsenic values of these samples.

Significant (95-percent CL) to highly significant (99-percent CL) differ-
ences exist among the localities on the two crecks for all four elements,
Copper, zinc, and arsenic also show significant differences among the sample
types and among the samples. The among-localities variance ranges from 27
percent to 72 percent of the total variance for an elewment. Variabilicy due
to sample type comprises 25 to 35 percent of the total variance for copper and
zine. Sample variance is relatively small (about 10 percent) For all four
elements. With the exception of lead, the sampling (replicate) error 1is also
small, about 6 percent on the average.



Lead behaves anomalously throughout the ANGVA because the levels of lead
in the samples are low and relatively uniform, apparently reflecting a Jack of
lead mineralization on either stream. Jf there were significant variations in
the lead concentration at different localities or between streams, thev would
contribute the major variance, and the sampling error would become relatively
small.

‘Best' Element for Geochemical Cxploration.

Arsenic is the most suitable of the four elements for use in stream-sedi-
ment geochemical exploration on Ester Dome. Maijor variance components for
arsenic are between creeks and especially among localities. In fact, much of
the variance of arsenic 1ec due to the high values observed at locality 3 on
Mugget Creek. These two sources of variance account for 87 percent of the
variance of arsenic in the samples. [ven though the variance contributed by
sample type and samples is statistically significant, these are relatively
small components of the total variance. The effect of sample tvpe is small.
Wet, dry, ov organic samples car probably all be used interchangeablv without
introducing much error. Also, the error due to variabilitv among sublocal-
ities is small, and thus, & single (noncomposite) sample can be taken at a
given site without markedly affecting the overall variance. Finallv, because
the sampling variance is small, only one analysis per sample is required.

Copper and zinc may be useful in geochemical exploration on Fster Dome
because they show significant variability with respect to sample type. This
variance stems from differences between values for dry samples and for wet
sand or wet organic samples. As shown in table 1, the dry samples yield
values lower than thosge for the wet sand or wer organic samples. [or copper
and zinc, sampling should be restricted to wet samples, either sand or orgaen-
ic; dry samples should be avnided. (However, 1t is better to take a dry
sample than no =zample at all.)

Sampling Density

Results of this analysis can be used to esatimate the number of samples
needed to detect a specified concentration difference between groups of
samples., Tirst, consider the two types of errors {Tvpes T and 1T) that arise
in testing a statistical hypothesis., The origin of the errors is shown schem-
atically, where H 1is the null hypothesis, for example, the hvpothesis that
the mean copper concentration of HNugget Creek equals that of Baldry Creek.

Our responsc:

Conditions Accept ”o Reiect HO
H True Correct Type T Frror
Hi False Type 1T Frror Correct
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Table 5. Variance components

Copper Lead Zinc Arsenic
Component Componeut Component Component
Source % A % 7.
Creek 4,68 30 0 0 2.92? 6 384, 37
l.ocalities 4 .32 27 2,24 72 20,2 39 520. 50
Type 3.95 25 0.13 4 18.0 35 41.9 4
Samples ).97 12 0.07 2 3.92 8 68 .4 7
Replicates 0% 6 0.68 72 6.2] 12 18.6 2
Totals 15.01 100 3.12 100 S1.25 10N 1033, 100

If we accept the hypothesis that the mean copper concentrations of Nugget and
Baldry Creeks are statistically the same wher in fact they are different, we
have made a Type II error, the probability of which is designated by g . Tf
we reject the null hypothesis, and decide the mean copper conceutrations of
the two creeks are different-when in fact theyv are the same, we have made a
Type I error, the probability of which is designated by & . We arc alwavs
able to estimate @ from our data, but we must have a specific alternate
hypothesis 1f we arc to estimate 8 . Tn orher words, we must apecify some
value for the mean copper content of a mineralized creek relative to a
nonmineralized creek before we can estimate § . 1 stress that this 1s a
geologic decision and not a statistical question, and it rests on the actions
a geologist will take if certain values are encountared.

Tn this cxample, we commit a Tyvpe JI erxror if we call a creek
'hackground’ when it isn't; we commit a Type 1 error if we call the creek
"anomalous' when it isn't. Clearly there are costs associated with making

both kinds of errors, and thc errors are complimentarv. If we decrcase the
risk of making a Type 1 error, wc automatically increasc the risk of making a
Type IT error. Balancing the two errors depends on the context cf the

problem. For example, a Type T error may be very costlv relative to a Type 1I
error; therefore we would attempt to reduce the visk of a Type T error while
increasing the probability of a Type LT error. Again, T stress that balancing
the two errors js a geologic, not statistical decision.

In the following example, 1 am attempting to reduce the fwo errors to a
small, approximately equal value by the method of 'consequertial differences,’'
which is summarized in the operating characteristics of a statistical test.
Suppose we take as the difference to be detected (consequential difference)
the difference between the mean copper values for Nugget Creek and Baldry
Creek. This difference is 3.65 ppm. The standard deviation of copper is 3.56
ppm (table 1). Suppose that at o= 0.05, we wish to be 95 percent certain
(i.e.. | -B= 0.95) of detecting this difference of 3.65 ppm when s = 3.56
ppm. Ilow many samples must we take? We first calculate 'd,' the standard
difference, where

d=206/s =3.65/3.56 = 1.03

- 10 -



Table 6. Sample sizes required to detect prescribed differences between
averages when the sign of the difference is not importanc (Natrella, 1963).

The table entry is the sample size (n) required to detect, with probability 1 — g, that the average m
of a new product differs from the standard mo (or that two product averages m, and ms differ). The
standardized difference is.d, where

d = Lm‘d_m‘)l (ord = ima — Mol it we are comparing two produets).

2 2
g4 + 935

The standard deviations are assumed to be known, and » is determined by the formula:

_ (Zias2 + 21-8)°

d?
a = 01
1-8
d .50 .60 70 .80 .90 95 .99
A 664 801 962 1168 1488 1782 2404
.2 166 201 241 292 372 446 60]
4 42 51 61 73 93 112 131
6 19 23 27 33 42 50 67
8 11 13 ° 16 19 24 28 38
1.0 T 9 10 12 15 18 25
1.2 5 6 7 9 11 13 17
1.4 4 5 5 6 8 10 13
1.6 3 4 4 ) 6 7 10
1.8 3 3 3 4 5 6 8
2.0 2 3 3 3 4 5 7
3.0 1 1 2 2 2 2 3

I{ we musc estimate ¢ from our sample and use Sludent_’s {, then we should add 4 to the tabulated values to obtajn
the approximate required sample size. (If we are comparing two praduct averages, add 2 to the tabulated values, to

obtain the required size of each sample. For this case, we must have ¢, = o).

o = .05
1-8 ' jv

d .50 .60 .70 .BO .90 .95 , .99

N 385 490 618 785 1051 1300 1838

2 97 123 155 197 263 325 460

4 25 31 39 50 66 g2 i 115

6 I 14 18 - 22 30 37 ! 32

8 7 ~ 8 10 13 17 21 | 29

1.0 4 ) 7 8 11 B 19

1.2 3 4 6] 6 8 10 . 13

14 2 3 4 5 6 7 10

1.6 2 2 3 4 5 6 8

1.8 2 | 2 2 3 4 5 6

2.0 1 2 2 2 3 4 3

3.0 1 1 1 P 2 2 3
If we snust extimaie # from our sample and use Student's , then we choutd add 2 to the tabulated alues to ohiain
the approximate required sample size. (If we are comparing two product averages, add 1 to the tabulated values o

obtain the required size of vach sample. For thiv case, we must have o, = o).

- 11 ~



From table & (from Natrella, 1963), we find thac for the selected levels ofa
and 8 , about 17 samples are needed. Detailed caleculation shows that these
two errors are balanced at !5 samples., Yor the observed differences in the
mean values of lead, zinc, and arsenic between the two creeks, correaponding
values are: lead ~ 900 samples, zinc - 30 samples, and arsenic ~ 14 samples,
Notice that we must specify 'a priori,' the consequential difference, bur that
we obtain 's' from our data. Notice also that the greater the consequential
differerce for a fixed 's,' the fewer the szmples required to detect this
difference. Thus, if d = 3 (a consequential difference equal to 3s), only two
samples are required to dectect this difference.

Table 6 and the standard deviations of the variance estimates derived in
this study can be used to estimate the contrast or consequential difference
based on the standard DGGS sampling density of one sample per 1/4 mi of
stream. Tor two streams (each 2 mi long) or a total of eight pairs of samples
and for the standard deviations estimated here, consequential differences of
38 ppm arsenic, ¢ ppm zinc, 2.2 ppm lead, a#nd 5 ppm copper could be detected
at o= g3 = 0.05.

CONCLUSTONS

The reeults of this studv are applicable only to the elements ard the two
creeks studied. The number ofF samples scudied here was verv small, and the
relative magnitude of the variance romponents could chanpe greatlv with
inclusion of just one or two more localities. This study has provided a first
look at the variance structure of geochemical stream-sediment sampling on
Ester Dome. The work is a necessary preliminary of other larger studlies that
should be done if the vartance components for geocliemical exploratioun of
different areas within the Fairbanks mining district are to be known.
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Appendix ITI. Summary statistlcs, histograms, and normal protability plots of
data in appendix L.
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LEAD: ERLDEY LREEY.

VARTIRELE # 1

1 DES. T« QEICI+1 0 OES<I+2x QBRICI+2) OEZCT+4 0

1 11089360 12, 40000 2. @pHan 19, BR035 33, B0
[ 1A, B8 d L9, SOa6g 8. QBN 11383003 11, dogied
11 18860848 1o, aDogo 18, B3 12, 03006 11,8000
& Q, @ange 19, Gaang 14, apeag . gRRAag (1. 8aand
21 G.Benna 19, DEEGH 13, BRGAY {2, 303a0 2, aE0ng
g g.Aaang 3, 600E0R EIRreYals] 2, gpaaa S, Ha000
21 {a.gea33a 16, 00000 S.vBeHay 3L GABERa S opoas
26 16,.96004a 7.agoen e CInl~ Ity T Roaag S.apnal
41 &.0GARG vVL.asagn Y. e0aG 7.Eenan 7L Ra30ee
46 &, Q00040 T.osRan GBI £, DBEAa 6.3
51 S.08009 v anngid &L, OREIY S, BEOEG

AR R T X R P LN R L F LN P L L R R T T T E R F RN R F R L e v L X R hE P ST T rd FE SR F I LI L LT Ry R~r

EUMMARY STRTISTICD -
* DW DRTA SET: #
* LEAD: EBALDRY CREEK =

R S R L L L L L g R R R T X e e Rt T T R E LT R g

or

STATIETIC:

YHETAELE # ORSERYWRTIOHMS # mMlss. YALUES SuUM MEHN

LERD o9 9 471, Buoa8 g.vaeazz

COEF OF COEF OF

YARIABLE YARTANCE STRHDARL DEV, SKEWNESS FURTOSTS

LERLD Z.374210 1.5269¢9 - 11927 -f.0819z2
STAHDRRT ERROR QS % CONFIDEWCE INTERWAL OM ME&M

YHRIARBLE COEF YARIATIOM OF THE MERHN LOWER LINMIT UFPFER LIMIT

LEAD 21.92934 24997 L2272 D237
ORDER STATISTICS

“HRIABLE MAX T MUM MIMNIMUM FANGE MIDRANGE

LERD 12.806000 S.A94a00 T.008a6 2, 560u89
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LEAD: MUGLET CRECH

VARIAREBLE # |

I DESC]™ DBz I+t OB cI+20 OBS e I+30

1 19, 3gGun HLEA300 2, 03009 13, 90800

2 g c RefE g o 19, aoaora QL. BGaE0 9. BEBRY

11 V.B908a0 Z.00009 S E0EBE 9. BEHhGa

ig oy Y.aagag 9. QaBang S, Hg0aiR 2, B33l
1 7. Gngan 3, 000139 S.0anby S, 30005 G, ousuy
s 18, 0996a 9. e0aBa 7. Honga 2. 0aavg S.aadaln
31 2.0009a S IUBHG ., FEGHA 9. a830YB R Tsicic
™ 5.RRBA0N 11.84048%0 {1.39081a Q. BRgRa GBI D
41 19, Dga39 1R, aaasy o, 0308 2, 00R03 ERREIs Iule R
45 g.06980 3. g 19.983034a 19, BERHA 11, 89aas
S1 11.0080206 LA, Brads 12.890343 LA, Asgoe

Fr R LR FE I T E XL LT T AL TR IT LA L3 A R F P I PR R T I T N PR FFAEILLRIXEF LR PRSI L LR L LS

SOMMARY S3TATISTICS *
* OH LATA SET: -
x LERI: HUSGEY CREEK ®

TR R R R RN ERFFEFEF I LI AR R T XA R, EF P R A X AP N LRI RS E R XTI F RN T e X G F RS L FF L Al

EASIC STATISTIC:

YARIARLE # IRZERVATIUOME # Mlzs., VYRLUES S MEHRH
LERD 4 Q 384.4906000 3, %8292
ZOEF OF CDEF OF
VARIRELE YAPTAKCE STAMDARD LEY. SKEWMESS FPURTOSTS
LEAD 1.3%423 1.1818% .ariav lasvz
STANDRRD ERFOFE % X COHFTILRENCE IHTERYHL OK MERH
YARIRBLE COEF YRRIATION OF THE MEAHM LOWER LIMIT UFFER LIMIT
LLEAD 13.17877 NEay2 S.e4G53 I, 285494

ORDER ZTRTIZTICE

YHRIABLE MR= T mUr MIHIMUNM RANGE MIDEHHSE
LERD 12.80400 oL QBaag ., 0uaaa FLanansg
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CEMT FELHATIYE FREGUERNCY

PEFR

UESERYED
LL MINIMOM MEETHDH FREMUEMCY
1 &, 080 5,557 1
Z 6.357 c.rid 4
Z C.714 2.971 13
4 3.571 @, 429 25
S 9,429 19.2818 11
5 19,226 11.143 3
T 11,142 {2,684 i
LERD: HNUGGET CREEK
L T R L LT T T L L L LR TP R R Dy P N R
0 I L L L LR R T T PR
D | s [
=T IS T e LT T T
G beere el 0 O
r_____— 1
t . I 1 1 1 L3
m — T w oy —
Lr; rm: o3 [op] [N \

LERD
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LEAD] WET ZEDIMENTZ

VAR THRELE #

I OES Ty OESCI+1 ABS{1+27 DESCI+20
1 R 3EE I.ondgad T.8804a% 19, o
e SLERAGS S, assaG S EHREAG L ROaBg
11 2.06380 oA 11.892090 1Y, BR9ns
b~ 2. 60003 £, i 19, 36066 11, BEaad
=1 (2, 808a00G 10, @zunn 12, DOB0D 18, Gond
e 11.080065 TLANBE0 16, QG0 149, Aoans
1 VL Eanus Z.Bmand T Raong 3, 604904
Y C.o8a640

R D L T R e o R R L Ll L L L T T p ey i)

SUMMARY STATISTICE *
- oW DATHR SET: -
- LERD: HEY <“EDIMEHTS x
R L L E ke E T R e R Dt E Rt TR R T -SSR VAP RIS R e

ERSIC STARTISTICS

VAR THELE # GURSERVATIONS # MIZZ, WALWES S ME A1
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