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In this paper I will report the results of a statistiecal study

of data garnered during 2 practical geochemical effort that was
spongored by a meajor mining eompany. With apology to all computer
eriented persons I wish to honestly admit at the outset that no device
more esoteric than a desk caleulator wesz used, 1 therefor sesk to
justify presentatien of this papser only under the hesding "operational
research” .

W, E, Duckworth has defined operational research as ",,. an
attitude of mind, The attitude of mind of an enquiring scientist who
is not content with accepting a system as it is; but who wants bHo
enalyse ity find out what makes it tiek, see how itvresponds to
stimuli and encourage it to evolve in the best dirsction.” It would
sgem that the alm of the operations sclentist, thus stated, is
gyvonymous with the desires of any wmining executive, However, therse
1s the ever present danger in suech high minded intentlions that what
appea%s to be the best dirsction for the large company eperstor may
not be the bhest for the smeller operator, and, Turthermore, that the
smell company cannot ag a rule afford the luxury of experimental

trials that pave the rovad to sucecssgs, Slichter in 1960 made this

latter peint qulte clear in his A.I.M.F. lecture titled "The need
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of & new philosophby of prospecting”, 1In it he pointed out that the

"gambler's ruin® is thru not heving sufficient ecapital to econtinue
layinp at the favorable odds,
One reason uwe are meeulng here iﬁ Golden is, I am gure, %o

E convines the mining industry of the value of greater spplicatlon of
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computer technlques in bthe businsss of mininge And 1t is in this
eres of somputer application that I;ﬁonl& like to suggest operational
caution because the computer and statistical formats sre now avalilable
to the small mining company thru time sharinge Prom the "gpambler?s
ruin® point of view the operationsl statistics that are developed
for large company programs way nob apnly in emall programs where
large number theory may nob be at all apnlicable,

Mineral exploration is the 1life blocod of the mining industry,

and the key to mineral explorstion is stochasties. Vhether gaologists
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reecgnize the faect or noi, most practical exﬁloration programs play
some sort of probgbilistic gém@o The stochsstic exploration gamas
with which this gsologlist is somewhat Tamillar is geochemistry. I am
convinced that the game should not bve playad.the:same by the big and
the small.

In exploration geochemistry it is difficult to tell normsl

random scatter from a significant anomaly, This problem can be resolved

statistically by taking suffieient samples to generate a large volume
of data, A lsrge sampling operation could be’costmprohibitive for a
small explorstion eompany, and, as we shall note, eould be avoided by
pot resorting to computerized massive data or to larpe nunber geoe
 Sbatistiecsa

To illustrate the contention that one suecessful stabistical
operation cannot be applied with equal success at all magnitude levels
lei us model the magniltude after the twp, now elassic, games of coin
tossing and Ruasian roulette§ |

1t is cormon knowlege that in a sufficiently large number of
¢oin tosging trials the peresntage of heads to be expected approaches
ever morae closely the percentapge of tails, Also, the larper the
number of trials the larpger the disparity in the shsolute number of

heads and tails. Large number theory proteets the squality of the



percentages but not the equallity of the»numberso All tpssee have aw
equal and indepsndent opportunity to be a head or a tail, and, becsause
the ehoice is random, there caﬁ be a string cfﬁbad iuckfor“éooﬁ 1uck&
in the sarly triélse If the gambler is small in bank, the first trisls
eéuld ruin his bank,

Russian roulstte, a game played with a six cylinder vevolver and
a single bullet, 1is also a'game model o significance for the minersl
explorer. If we were to a2llow a thousand players to play this game,
each player one time only, and each using a2 single bullet and btumbling
the eylinde?’befgre firing, we could aﬁpect a residue population nsar
833 or 5/6 of the originel, If we had é smeller group, say five, we
would ha%e‘good statistical resson to expeei anything from 311 survivors
to all dead, There is no basis &t all for esﬁimating“the outcome with
a - single playerg beacause psrcentages cannot be meaningful where the
game is only playeﬁ once; win or lose, the game iz over, The operatiomal
morel of this, if we may be permitted, is that meny a small mine
operatoy has shot himseldf out of the szploraticn game becsuse he
mimiced the bilg company method to schieve the #»ig company percentage.
In 2 small game of mineral exploration as in showdown Russian roulette
%he,éritiasi gquestion is not the percentsge probability of large
number gtatistics, but the qﬁestion of whether or not the gun is
loaded, For tﬁe limited exploration eoffort the guestion of the
probability of suecess in a search éffort is not as eritical as the
guestion about the probebility of there being any ore at 81l in the
area under seérehg the basgic stochastlic gueation in the big etploration
effort and the small one is not the sémeg In the thausand‘game
roulette of our model we would have to know only how many guns had

a particular chamber empty bto eslculate the exp@c%ad fatalities,
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whereasiin the ainglé»gama the same information would be uselegs
if presented in the msme way. For the singls player five of the six
chambers ars redundant and the game is,realiy a ¢oin toss: elther the
gun is loaded or 1% is not. |

So as not %o spesk sntirely in psrable let us now visualiza 100
mining claims of which 10 contain ore bodies werthy of 1acaﬁingo It
the large company, A, were rich sunough to explore all alalms and 1%8
exploration technicus ﬁer@ 100% affective in all instances, it Would
be certain of locating =21l 10 orebodisas, I its exﬁlaration ware
50% relisble it might find 5 mines, Another company, B, we will
say can only investigate 10 claimes which it elects frbm_the same
group of 100 with no geolegiaal blas. The probability that its ten
claims has sn orebody is 1}165 and if its techmique Iz as good as
A 1t would be half that as\a probability of discovery, The percentagss
iﬁ both cases sre the same but the prebability of discovery of an
Qrebody per unit of clalm cost is at least 50 times as high for Afgs
B, simply because A stands o discover five ore budias for its ,‘4v
expenditure whereas B will probably find enly one, |

In the summer of 1967 I was involved in a geochemica& pragram
of exploﬂaﬁﬁon whieh I am not at libherty to reveal, Thiﬁ,sampling
'resulted in an 1mpre$s;ve amount of analytical data froﬁ)sdil; ,
v;ﬁamplés for a group of 72 {approximétely 1500 x 1500 feet) eontiguGUS‘}].
' miningyslaimsa Although T am not at 1iberty bo give the 1oaaﬁibn I -
musgt in order o meke my polnt stabe that it was. di;xieuit and
axpens%va sampling in the Canadisn bush, The averaga lead va?ua'
in pver 1000 ssmples was 6 ppm. and the averags zine vaiue was

S

111 ppmg\ The values for each claim were alsoc averaged imdependentlg

and the average claim was Ly and 111 Po, ?espautlvely for lead and

zine. The values >bialnad ara very close to the meaﬁ indieated for

typical soils ascording to Hawkes and Webb, and is also elase %o the
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6 and 122 ppm value given or the same mebtals .n aver ge mebaworphic

rock by Dahlberg and Mackenzle at Pennsylvania State Universiby.

) MWW

A zinc-lead ratip was computed for each of 62 claims and the
ratios abtained wefe gtudied for normaliity of disitribution, The
ratio values, with the exeeption of claim number 69, are normally

distributed around a value between 3 and 1/3, and this iz in agreemsent

with the anticipated normal lead-zine ratio for soll and metamworphie

rock, Claim 69 was abnormally high in lead for its zinc content,

When the ¢laim averages for lead and zine were eompered with o

theoretical normel distribution eurve in such & way that the srithmetic
L R

average for the claim wss equated %o the theoretical mean for a mormal

distributicn, a nunber of claims had absolute valueg for lead or zine

which were larger than a normal distribution would allow. Claims 25,

26,‘and 28 were ebsolutely snomalous in both lead and zine, whereas

claims 2, 39, and 41 were absolutely anomalous In zinc. The latter

elaims were downslope from tha former and all were downslope from &

known orebody and are presumed to be related to it. The strietly zinc

anomaly is probably dus Ho the greater mobility of zinc ilons, Claims
S g

1, 15, and 16 are absolutely snomalousg in lesd and besr no topographic

relation to known orebodies but fail in an apparent structursl alignment

with the orebody, It is not yet known, but_is'cerﬁainly indicated -

geoehemieally, thet another orebody may be present in this néw éfeaa'
Now to the point of the argument we introduced sarlisr, It
occurred to me often during the eourse of the tedious sampling effor:
that needless work and expsnse was being amployed by the company o
gain the degree of geochemical knowlaage of the arem that would be
necessary for initial exploration. To test this notlon I randomly

sampled the data we had generated., With mno hora than 25 samples

gselected at random‘frbm the erea and Tive samples selected randomly

from each of the claims I arrived at the zame information any




geochemical prospector would wish to learn as a first step - the

information thet claims 1, 15, 163 2y, 25, 26, and 28, snd possibly
69 bad'chemical conditions that could not be rationalized 3ta€iStiealiy

and would thepefor have 3o be explained geologically,

I am convinbed that grid sempling over lerge explbration tarpgets
is a big company game that will eventually prove teo costly for the
small operator., I am not convineced that grid sampling is requiréé
to gain the{saﬂa exploration ends, I believe the same end can be aceomplishe
by the sm2ll explorer if he avoids the trap of computer blindness and
the equal trap of thinking lerge numbers are necessary for statistical

reasouing.



