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1"## tlm Ain— w y  of solA om tkm T H h I i b m — i # 
littl# ■#—  time half a — fcarjr a#a, je— tiaal 
— tkada kmra t —  rapidly and with eeak a a w w
that flamth dfrleaa alaias — «1w —  lama 
faanaa far Uelr ia##malty aad emtetrrl— . rtim ef tfcia 
faat it la rather aatawlnhlag ta flat that mlhada ef 
mdaa valaatlaa am them flolda are still saafilallj the 
aaan today —  they were vtwi it first beeaae erliaat that 
the Witemtereraad w—  haetlasl ta tarelep late a—  af the 
rt— teat eeld-pred— lag are—  la the world.

da eo—  —  eye ta— tie — ar H a g ef the gall heart ag 
reefe w—  started* priaarlly ta — tahllah the leeadl—  
ef payable valu—  la the ere, it a—  real Iasi that a 
signlfi—  \ differ a— a ewlated hatweam the aapaetei gsld 
yield —  ealeulated from ad—  aaapllag reawlta aad that 
aataally ehtalaad la praetl—  from the edll treatsaat ef 
the are, ■haere—  eapirlaal derla— , hseed largely —  
praetleal experlea— , were origl— ted la —  ittaapt to 
raee— lie the geld smiled far free sa— Hag reealte with 
that aataally ahtoiaed from the sill yield, but it wee 
set aatll early la the year 1919 that the first really 
aalaatifia aipr— ih ta the problem was mad# by Pref— ear 
Water— yer, who — ad etatletleal data supplied to him by 
Weeper. After this initial attempt, # period ef ahewt tern 
years elapsed before the ewfcj— t was again brsaihst fr—  
mere or lew the aa—  angle by Pref— aer Uroaeett. Both 
the—  — there had —  their primary object the erelmtl—  of



a.

• MlseAlfle ejstee of Aleoewotlae *f Mm# ooopllmg 
reoelte ie arrtve at a ineo or erase. la eplte of the foot 
that the aethoA of weight lag m  ortgiaally iooiaeA hy 
Profeeeor Vaterweyer, aad owhaegoeatly aoAlfte* hy PrefWeeor 
frwoeett, earn reeeetly prorod to ho aathoaatloaUy oaoewt 
hy I. S. aiehel, oafflolont orido—  was furalehod to 
■hew the* the oeeeorTeeee of gold in the ore of the Wlt- 
watererohd la met hephasard, hat that the ralnoe are 
dletrlhetod throughout a given ere body la eerordeaee 
with ee.ee definite etatletleal lew.

Owe of the went reeeat eoatrlbutlone Inrelvlsg the 
applleatlaw of tLv eelenee of etatletlee to the wdhjeet of 
■Ane valaetlem woe node hy 1 . 8 . aiehel, zSe ladleeted 
an ineowlewe method of eliminating the offeet of the or tow  

enowa to exist la nine eatgilee even waeeo the 
i hee been exerelaed la the eetnal operation 

of eawpllag.
Free the forogeiag renseOe It will he eeea the*# op 

to the preeent# the eeploymeat of etatletleal methoda la 
mftao valuation hee met only beam limited la net end, hot 
confined to erne elagle aepoet of the eOhjeet only. 
Umanarlelng, It nay he stated that both Watereoyer and 
Truaeett evolved nethede of ee^wtaUem of erwrage valmea 
hy the applleatlen of eye tone of weighting. The eye ton 
developed wee In eeeh oaee baaed on the aeewwptiea that 
the valwoe obtained from nine MaspUag reeulte wore a or root.

There Is a dletlnet dlff ued "Gutting".
the

MfflMBllff refers to the rational adjwetmemt of

Is a term hioTrefers to a prosees devleod 
for an e^lAeal rednatlam of apparently anomalous sampling valwoe before the overage value of any eewPlod dletenee la
eovoted. Cutting !• being dlseontlmned on am laereaelmg number of ml nee.



1 *
fllehel, cm the ether h#eA, prered that elm# mmmplee 
eemtalm enerolAahle Inherent errors, sal erlglmted e 
nethed ef ellmdnetlng the effeet of eeeh errors. All tlnee 
lereetlesters therefor bed e oeseen object, eeasly that 
ef eeeselllee the well-kneim MLss Osll Feetert For this 
perpsee e etedy ef the frsqeeney of ooonrroaso of eespll^ 
raleee vithent any record to their reletire poslt&em la 
the ere body bee sufflood. Im etteaptlns, however, to 
detendas the etetlstlesl nature ef the ere 1* mltm. whleh 
is the eh jest ef this treatise, the aetual leeallty ef tie 
Individual values in the ere body has to he eerefuily 
eeueldered, as the relation between adjoining — f"-* 
eeetlene will he shewn te he ef the utaost luportewee.

%t should he etreeeed at the outset that the prehleu 
has been appreaehed without any regard te the errors Inherent 
In nine sampling. The distribution ef — r'*-# values 
eeutalnlng these Inherent errors will be shewn te Obey a 
definite etatlstleal law, and this law will then he weed 
to obtain a reliable estimate ef the i MtiJM ttllE ef a 
particular ere body as dletlnet from its true value.

It Is universally recognised that sue ef the n#et 
lupertaat prebleea eonfrenting the nine valuator la 
undoubtedly the computation and compilation ef the ere 
reserve*? All mining lease agreements are drawn up with 
the definite stlpulatisn, anengst others, that eising 
shall be earrled out la reasonable aeeerdanee with the

ee_

is the ratio, expressed as a of the geld eeeeented for In plus residues (la sands and ell use the geld called for at the sill by the measuring methods employed on the slue
Is an estimate ef the payable tesua# and mineral content adequately exposed sAalng operations up te the date ef 
eepputatleu.



4.
vmlm# «f tlw ore reeeeve, end U »  feet tie* the 

etrlet eheemmee of this eleeee eonetitetee one ef the 
thief eeaeene ef the leepeetor ef Mnleg Leeeee will 
serve te give eoae Idee ef the Uportenoe ctteehed to tide 
aepeet by the Stete. She firet eeeemtlel towerde eetlefy&e# 
the shore requirement ie eetorelly the* the velee ef the 
ere reeerre ef e Mae shell he eeeeeeed with the mtaeet 
sere ead eeeareey. ie both fetcre pelley end 
aetheds aey he appreelshly loflueneed by the ere 
velee, e reliehle eeeeeeaeot ef the ore reeeeve ef e Mae 
is alee of the greatest Upertaaee te the Malag v giaeeri 
who is wnfortunately very freqoentlj alelwferaM  te e 
greater or leeeer degree ia tide reepeet as e reeMt ef 
fealty ore leeeire velvet lea.

Za eapport of tide eenteatiea it aey he etetM that 
loreetlgatleaa serried eat ea e large mndser ef Mae# 
here revealed the preeenee of tee dietiaet end very 
prevelea* types ef error, ahloh here heea broadly elaeifled 
as fsiloes I-

A.
The well-kneea Meek iaeVr*, wldeh shove meet ere 

reserves te be ealy slightly erervaltad whea regarded gg 
A ie geaerally eioepted ee e aeeoare, vaferleaatoly
ealy svbeequoatly erailahle, of the eeeareey with wldeh 
say pertiealar ere reserve has bee* valued. H ost Faetove 
eeleuletod for the differeat elaaelfleatxesa of see, 
hero ehewB that ia the major).ty ef eeeee this feeder ie 
meh lees for the ere ia the upper than for that ia the

Hr«fc Feodor ie the ratio, expressed ad a prreemtage,A# tAtmi Mid aonfcemt Car mveraae iaeh-ef the total geld eentent (or svorage dot. value) of the ere Maed from the ere reeeeve as iadieated bar our rent eey l i y  reealte, and that eentent Ter average imeh» dot. value) ef this ere as eeaputed free 
the erigiasl Block estimates.



l», *r vmlm# growpe. tide is eleerly llleetreted ie the 
teh&e helew, eld eh ehewe the neek Feeterw fer the ere is 
the rerteee value eetegerlee ef four dlffereut mdee# ever 
a peeled ef a jerjri*

Value Week Faetera (per Oeet)
Was 1 Was 8 Wee 6 Was 1

10.0 aed 72 91 79 84
9«0 - 77 84 91 100
1.0 - 8.9 87 91 97 96
7*0 - 7.9 89 toe 100 88
8,0 • 6.9 90 84 108 69
9.0—  9.9 186 196 119 98
4.0 - 4.9 109 119 118 116
F A  ' 9 9 100 122 114 H I

hreraee 99.8 116.2 111,7 j 101.9

It anet he eephaelsed that hath the erlgtaal Week 
valuatlee and the eerreet ea^pllug free whleh the Sleek 
faetera here keen Peterelae* are baaed ee ueeet ee#»1la# 
reeelte, aai the ahwraal Week Faetera, emeaWag theee te
he fully representative, are therefeve the remit ef faulty 
ere teeewre valuatlee only# While edelttleg the liadtatleae 
• dee te eertale preetleal eeeelderatieee - ef eeeh 
eategorleed Bleak Faetera fer the jurpeee ef eheeMag the 
aoeureey with whleh the varleae grades ef ere la the era 
reeerve here heee valued, the figures la the abeve table 
reveal eeeh a definite trend whleh has heee feend te persist 
la the ere reserve valuatlee ef the majority ef Wmea ee 
whleh lareetlgatleee were serried eat that its algnlflvaaee 
eaeeet he ererleeked.

Viewed la tide light, two eutetending featewe emerge



free the table. She flrat le that altheeeh the ererall 
Bloek Faetere are la alaeet all eaaee reaeonablj eatlefaetery 
aeA give m  eaaae far eatae alarm, the ladlTlAaal faetera 
far the ere 1m  tbo different Talma groupa shew >i>— Uerehle 
flmetmatlee. Seeeedly, there exlete la all eaaee a dletlaet 
erer-raluatlea ef the ere la the mpper ae eeaqpared with 
that la the lewer value greupe.

Am extremely laportaat praetleal eenelderatlem arieee 
aa a reeult of this tendeaey. Aaewaiag again that the 
neek Faetera la the varleee value grompe are felly 
representative ef the errors whieh eeald he expeeted te 
exist la the original valuation of the ere la these 
categories, consider what weald happen if the grade ef the 
tonnage willed on the nine le to be stepped up. *e aaee* 11eb 
this, the tonnage of the ore Shorn the lower value groups 
will have to be deereased, and that from the upper value 
groups correspondingly li reused, ly doing this, a eertala 
increase la yield Is expected. Due however to the feet that 
the ore in the upper value greupe has been relatively over­
valued, the expected yield will net fully materialise. Thus 
te achieve the yield originally desired, a disproportionately 
large amount of lew grade ore will here to be replaced bp that 
free the higher grades. Since this ewet Inevitably be 
reflected in the form of everaintag* la the retmme, ell the 
cisepllsatlOMa attendant on the practice of everaAatag will 
be experienced.

*2EiadAlfla u  the term used when the average value, expressed
K U T t  2L2 \ r t 5 Sany epeeifle period, is greater them that ef the

Ore he serve as a whole.  ..QMar^alaa and t# arm aesewra are the eerreopendiag^ ^ ^ ^ ^ ^ ^ e r a e  wSedwfiwitnlsvalue Is leas than or 
equal te that of the Ore Reaerve as • whole, 
respectively.



la orter to Illustrate the shore, the fellewlag teh&e 
he# h e w  eowiled free the reeorAe of eee «f the leeAlae 
geUL'preAaeiac etwee ee the WltweterereeA. The lleek fmeter# 
aee* Is the tehle here h e w  iedeeeA free # eeeperleee of 
the Ore Meeewe rslwetien with the restate ehtsieeA free 
Tr-r^'lT perstleee eaheeqv .atljr eerried out tw the 
iwepeetire Ore heserre Heeke Aurles the enwtwg yeer.
While It will therefore wet he theerwtleelXy pereLeitlhle 
ts ewpley these fasten ter fereesetim# perpeeee, they may 
he weed to explain the grade dlffleoltiee eetually 
expert eweed •» the etwe daring the eenree of the year fer 
vhleh the O n  heeerre warn valid.

(i) The flesnsated Ore heeanm

f sine group In O n Ihseavs Jhrer. 0 . 1 .
i J T f m )

BleakTester
(Out per Tea) Teat *
1 0 .0 * ever 161,000 4 # 19 9 71

9 .0  — 9*9 7 6 ,0 0 0 t.9 9.4 TT

S.O - 6.9 1 9 6 ,0 0 0 4-T 8 U 9f

7 .0  ~ 7.9 314,000 9.4 7.9 89
6 .0  - 6.9 409,000 u a 6 9 9#
9*0 - 9 9 819,000 26.6 1 * 4 186
4*0 - 4*9 879,000 26.1 4-9 109
9*4 ■ 9 9 4 6 1 ,0 0 0 19 8 9.6 110

Total 9,941,000 1 0 0 .0 9 .8 6L 99.8 t



#

(miiVeri)

io«o a  m m  ##$oo 5.o
9«o •» f *f 4*000 } 4
8*0 - 8.9 8 ,9 0 0 6 4
?*• - 13*100 10,1
6 4  * 6.9 16,400 114
5 4  - 5.9 96,700 284
4 4  - 4 9 89,1k. 22.9
9 4  - 9 9 19,800 j 114

190,000 11004 644
— nelA - S44'<0.7 • 449 — — 41)
Aetml ZUL1 " 3.89XO.T • 448 — <t)
Appr*. Ormda&as * 6ettV §48 • 1* W  — — — — <9)

(ill)

Vale, Oreup

0*%y8m)

Heed free tow.0. X.

% R p r EsT^S-saS!:tow 6
104 a m m 7,900 64 134 71 9 4
94 • #4 4*900 3*8 94 77 7 4
9 4  - 84 10400 7 4 8 4 tr 74

7 4  . 74 16,100 114 74 89 6.7
6 4 - 6 4 10400 15.9 6.5 91 6 4
9 4  54 •8,100 81.7 94 106 9 7
44 44 87,700 814 4.9 109 4 4

1 34 • 9 4 14*700 114 3 4 HO 4 4
total j 190,000 1004 640 994 946 1

aqpMUd t u u  
nsii

* 640 *0.7 
« 946X0.7
• *J4/5.66

447 4 H V



9.
IpM j  H i - (Contd.)

(It) IftBta twi Qrf (2M t i J 4 »6fc).

Value Group 
(Dwt ./Ton)

Mined from Ore Reserve
Aver.0. R. Value
,D" & ,

IBlockFactor
%

Actual Aver. Val. [I.e. 0.1. Value corrected by the Block Factor.] (Dwt ./Ton)Tone %

10.0 A over 9,300 7-2 13.3 72 9.6
9 .0  - 9.9 5,900 4.5 9.4 77 7.2
8 .0 - 8.9 1 2 ,200 9.4 8 .4 87 7-3
7.0 - 7.9 19,100 14.7 7.5 89 6.7
6 .0  - 6.9 23,900 18.4 6.5 92 6 .0

5.0 - 5.9 2 3 ,8 0 0 18.3 5.4 106 5.7
4.0 -4.9 2 3 .4 0 0 18.0 4.5 109 4.9
3.4 - 3.9 12 ,4 0 0 9.5 3.6 120 4.3
Total 1 3 0 ,000 1 0 0 .0 6.61 99.8 6 .1 2

Expected Held ■ 661 X 0.7 * 4 .6 3 dwtyton -(1)
Actual Yield ■ 6.12X0.7 ■ 4.28 dwt ./ton (2)
Approx. Orerainlng ■ 6 ,6l/5.86 * 1 1 # -----— — ---(3)
an il:-
(1) This Is the talue which would have been obtained 

had the Ore Reserve been correctly valued.
(2) The value actually obtained, aaewmag that the 

categorised Block Factors are a true reflection of 
the errors existing in the corresponding value groups. 
The ratio 5 " °*7

(3) This is an approximation to the true overmining only, 
since for true overmining purposes, the average 
value mined from ete reserve Is deduced from 
measured fathomages, block widths* and block value#.

Pic Block Width is the average width at which it is estimated
that a block of ore will be atoped. It is that width which la used in conjunction with 
the delineated area of the block to determine 
the tonnage contained in that block.

L
n Fwl



In the above illuetrmtlon the erereee ore reserve 
value mined has been baaed on measured fathemagee, 
em renfc neaeured iHdthe and block values. Since the 
block widths # after an allowance for the tonnage 
discrepancy*, are usually in reasonable agreement 
with the current measured widths, the error 
introduced will in most eases be practically negligible. 
Furthermore, the average value deduced from tonnage* 
based on block widths and block values, as ha# brea 
done in the above Illustration, will be the same as 
the average value deduced from tonnages based on 
current measured widths and block values as long as 
the ratio of the current measured widths to the block 
widths is constant throughout the entire range of 
value groups. This has been found almost Invariably 
to be the case.

It will be seen from Table XI that the expected yield 
based on the average value of the ore reserve is 4.2) dwt» per 
ton# with the perfectly normal rate of overmining of 3 per cent. 
The actual yield obtained from thli mine will however be 
only 4*06 dwt. per ton. The grade of 4.25 dwt. per ten 
having been set as a target, the manager will naturally be 
desirous of realising this yield. In order to do so, he will 
find it necessary to push up the apparent overa&ning to 
15 per cent. This can only be done at the risk of incurring 
the displeasure both of his consulting engineer and the 
Department of dnee.

B. n* QMNXtlty 9r  A m  sm c*
This error is, if anything, of greater importance then

the Tonnage Diserenannv is the difference between the tonnageaati^ted as milled, based on surveyors ' 
measurements, and that measured asmilled by the Reduction Works.The tonnage discrepancy la referred to as an excess when the actual tonnage milled la in excess of the estimated tonnage milled, and as a deficit when it la less than the estimated tonnage



11.
ike teeVtj error, due to the feet that lie proeeaee 1# 
meek mere dlffleult to detect. Briefly, It m y  he stated 
that error* eeear in the valuation of ere reserves a* a 
result of the feet that the average else of tte bleaks la 
the dlfferest value categories shews eonslderahle varlatlem. 
This varlatlem la met Indiscriminate throughout, larestlgatlems 
having proved that there exists a definite tendency la the 
ere reserves of aany mine* towards larger hleeke la the 
upper, and smaller Meeks la the lower value groups.

The table belev, shewing the average else of ore 
reserve hleeke la the various value categories, is tkm 
result of Investigations serried out cm three large 
Wltvatererend geld nines, and will serve te Illustrate the 
point under dlseueelea.

OAatn ttt

V m l t m m  flf o u n
KLoe "S” Mae "I"

(Out / Ten) le. ef lleeke hr. Tone
» K L .

le. ef 
Meeks Av. Tone le. ef lleeke

4 % r
10,0 A ever « 29,200 43 5,200 109 9*509
9.0 - 9.9 17 37,700 19 4,300 40 11,500
i.O - 1.9 21 34,900 24 9,300 47 10,100
7.0 - 7 .9 37 30,400 35 5,400 71 9,000
€.0 - #.9 57 24,,JO 44 7,100 112 9*500
S O  - 5 5 CL 23,300 49 4,700 142 9 500
4*0 - 4 9 * 22,400 100 5,500 194 1*400
3.0 - 3.9 #4 20,400 124 5,500 204 7,000
f/1 - 9.9 101 17,900 as 79 4*900
Tetalr A Averages 512

24,419 453 4,054 995 4*512

Although there le no eeleatlfle Justlfleatlea for this 
Phenenenea, Its preeemee earn he simply explained. All ere 
f***ve eoupwters, by the very nature ef their teak, adept a 
**re or less eemservatlve attitude towards ore .-oeervo valuation. 
When deal lug with an area or some ef the mine la whleh higher



r
12.

Tale*# eeeuPw valuatlen apparently prwiente m  difficulty, 
amd the task et blacking out la pursued with full confidence.
Whom areas in which value# bordering on the pay licit are 
encountered, however, a natural conservatism manifests itself# 
and smaller ore reserve blocks are the result. Indeed, it is 
net an unusual ooeurreno* for border-line blocks to be 
entirely excluded from the reserve. The effect of this 
practice will obviously be to inflate the overall average 
err reserve value when the individual blocks are finally 
sunmatsd# due to the fast that the higher grades of ore hears 
been weighted more heavily than the lower grades. The whole 
eoanemic structure of a nine being built up around the 
average value of its ore reserve, difficulties will Immediately 
he encountered as a result of this artificial inflation of 
the value.

Rather less obvious but equally serious eo**llcatlome 
also arise an a result of this irregularity. Sines the 
average value of the ore reserve will net be representative 
of the true average value of the mine, mining to the average 
value of the ore reserve as computed free the summation ef 
individual ore reserve block# will lead to overmining without 
this pernicious practice being reflected in the monthly 
mining returns. Overmining deliberately carried out glvee
caase for concern, but overmining unknowingly executed in this

'way can have very serious and far-reaching effects.
from this necessarily brief summary it will be evident 

that the ooupllatlon of ore receives leaves much to be desired# 
and it was In an attest to find a method whereby the accuracy 
of a completed ore rewerve could be tested that the Investigations 
eventually leading to the theories forming the subject of the 
present treatise were originally * Sharked upon. Airing the 
course of detailed ex# ml nations at numerous mines, literally



Utm «f ef tdm MuqplM were etudled with a wl*w
t# met caIj the ■tatleV.wal dlmtrlbvtlen of
the iadlTidoal ommplom themoelreo, bat alee the offset on 
the original dletedbutlon of eobbiaing a4Joining eaeplee 
Into larger and larger greupe, as ir done when bloeke of ore 
are valued. The eeeeeeding ohaptere will bo derrotel mainly 
to shewing how the various theoretical oonolueleee were 
dedneed from eertaln praetloal obeervatlone, and to indleatlag 
briefly the use that earn be made rf the theory for the 
solution of praetloal mine valuation problems.
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CHAPTER II

PROCT &  THE SXI3TKHQE QF A STATISTICAL LAW FOR THE
JjETERHIHED FROM PKCUT

Krerjone who has had to deal with the eubjeet of 
Valuation on the Vltwatererend le probably acquainted with 
the eenerel shape of the frequeney curve representing the 
distribution of gold values. This curve le deduced from 
practical considerations by plotting the frequencies of 
occurrence of observed values in the form of a histogram*, 
and then running a smooth curve through the step-dlagrae 
so obtained. The curve le characteristically nkewed to the 
left, rising rapidly from sere to the node, or the abscissa 
associated with the maxi m m  ordinate, and then dropping 
off more gradually in the direotloi of the higher value 
groups until it finally approaches the "x" - axle asymptotically 

Plate X Illustrates a typical curve of this nature, a 
characteristic feature of which has been found to be the 
exceptionally long drawn out tall at the high value end.
Since the curve le deduced from practical considerations by 
passing a smooth curve through the tope of an observed 
histogram, the percentage frequency of the values falling 
within a given value group will actually be demoted by the 
area enclosed between the curve and the axle. Thee la 
Plate X the percentage of the total values lying between, 
say 7 dwt. per ton and 8 dot. per ton, will be represented 
by the area marked ABCD. This may alao be differently stated

le a frequency diagram in which the frequencies of occurrence cf the values falling within given claee intervals are represented, not by ordinates, but by areas based on the given class
intervals etwei Shei. In this treatise, all histograms, unless otherwise stated, have been plotted on a percentage freouenav basis.



by Mjrin« that, la taking • aaaple at random, the probability 
of striking a Talma lying between, any 7 dwt. per ton and 
6 dwt. per ton will be represented by AEt£ggB£JL, xf the 
elass Intervals are all made equal, then the heights of the 
red tangles based on these elase intervals will be proportlo^l 
to the percentage frequennlee, while If the elase Intervale 
are ehoeen as units, these heights will be ftfiHil to the 
percentage frequencies. In all the ensuing work, class 
Intervals here therefore been regarded as units wherever 
passible.

In order to appreciate fully the theoretical aspects 
to be dealt with later, the following fundamental deflnltleM 
and mathematical considerations will be found useful I*

(1) The Mode Is the abscissa of the maxima ordlAte 
of the curve, and Is In practice that value In a 
given distribution which occurs most frequently. 
Thus in Plate X the modal value will be seen te be 
2.0 dwt. per ton,

(11) The Median is the abscissa of the ordinate which 
bisects the total area between the curve and the 
x - axis. Because of the skewness of the curve, 
the median lies to the right of the node.

(ill) The Mean is the abscissa of the ordinate which 
passes through tte centroid of the distribution.

If the curve in Plate I can be represented mathematically 
by the equation y - g(x) , then the total frequency of 
occurrence of all values will be represented by

Also, the frequency of occurrence of all values above

la situated to the right of the median.
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it fellewe that the ever*#* vela# at all the hheemtlaaa 
eheee the valve limit ef "x” dvt tea will he

f C x»e(x) h*
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It will reaeily he appreeieted that la the eheee 
eafOjeie a eeeplete twewieime ef the e#mtiea jr • g(x) 
repreeentlas the law ef Aletrlhwtiea, ie eeeeatlal.

Siaee the aarifereae iepeelta ef the Mil 
all ewiewly farmed im the aaae aaamer hy the eaae phpeieal 
agemelee, eeaellerei theaght has led he the hellef that 
eeme gemeral atatietieal law ef diatrihatlea eheeld emiet te 
deeerihe the peealiaritlee ef eay pertiealer Witwatai ereml 
ere Aepeelt, or eay pertiea ef eaeh am ere heiy.

Before preieillaj te glee ea eeeemat ef the Imveetlgatlami 
e# eAed upon te teat the validity ef the ehere eemteatlea

It will flret he aeeeeeary te give a hrlef aatheaatleel 
aaalyete of the earve whleh hae heea feoad te give s very 
eatlefeatery fit" te the heeeved diatrihatlea ef #eld 
valmee la the ore of a repreeemtatlve madeer of ntasterwemd

what lam heea termed the railememni Value Dietrlhatlem lea.
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Slaw the frequenolefi are Inrarlsbly expreeeed in the 
fere of peroentngee# the maeeriesl ralw of "A" will 
ueoelly toe 100.

The value "af ham been defined am the atoeoisma of
the oentrold of the frequency dlatrltoutlen, wMeh aegr

itoerefore toe eatbematloally written ae 
x. y. dx

a ■

y dx

X. K* . V d H r f i  - *>*

. V d ^ e x  - b)2 „

3ubetltutlng leg^x - to - u aa before, the above 
expreeelen maybe written anI . Y 

S " f  . - Y / . / . a .ee
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It Is srldsnt from the above tlmt for a given value 

of "m" the eacpreaelon eb * naiat neoeeearllj remain
oonstant. The aetual shape of the frequency curve however 
depends on the numerical values of "a" and "b", and since 
these can vary individually while the mean remains the sane, 
it la Obviously possible for a series of curves to Obey the 
sane fundamental distribution law with the sane mean and yet 
possess vastly different shapes. This theoretical aspect will 
be found to be of the utmost Importance in certain practical 
considerations, and should be carefully noted.

(d) Determination of the Locus of the Peato. of a met uf 
greflUsnoT Quires for a given Mean Value.
From equations [6] and [%] it will be 
peak of the curve

y ■ M ■ -199* A "

that at the

awt a ■—
W  vf

But from equation [5], x * e*
and from equation [6], n * ote * Vda2
The equation of the Peak Leeus Curve will he the
"m" "V"b" eliminant of the above equations. This may 
be determined as follows

y -
W .  e

Via2 But x.e ■ a
e# e

rad
1/4.2

ft!V ’
#

• • • I 1**. <S>
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aietrlbtttlea lew, aaaeldarebla laparlaam atbiabaa 
la the paailim ef the alalam petal m  Ode peak 
learn earn. The exeat leaallm ef Ike alalma petal 
will Owrefere be Aetemleal mlbamAleelly balm:"

She laaem aal  petal m  lha peak learn eerrw 
rapraeealeA by lha etaelim

I •
t /I a C a 3 (leg, | K  I,Vj ;;v,-

eeeure where - 0

Aa -IW . ■ la ■ met art tar aay gtwrn "ef, it 
1  ̂  a^ 8

will be laaalei elapl) by "ef.
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ebOT * * - ^ 7 7  • ■ r A e -----------------e
The eerreapendlng velne of "y" is then given by
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■ a m  the ftremmy earn far the lietrlheUem 
law aa defined by the ematlem

haa lie peek in the leveet peeadlde pealtiam far a 
f&ren mean Talma V  ( the "height" ef the f T e m m y  
m m  them helms » alel— i. and. the "epeead" ef the 
aarraaianflag diatrihntlaa theiefere being a naxlmae ) 
Than the parameter "a" la agmal te wdLty. When this 
mdltlea appliea, the Fwaianawtel Oiatrlbntiem Lae earn 
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In the abora expraaalone 
w - a# - 1

or v - * (log^ X - b) - 1  

•»d v ♦ ̂  - a (log^ x - b) -

•Inoe do la o farm of the well-tawm

"■eraol" Integral whleh la fully tabulate *r all 
11mlto of Integration, the above equation was a,,re 
eonrenlently be expreaeed In the form

f  • ’* « » ---------
w ♦ L.

[16]

The Average value "v," of all the obeerratlena above 
the given value "x" haa been defined In equation LdJ

I

I 7 to

f  - oa (log, x - b )2 J x * e «x
OP Vj ■ ^  1

Substituting log, x - b ■ m as before, 

and again making the further substitution
w - au - 1  ,

the expression above finally reduces to 
Zb + 1*

dm
vv

Substituting for C, the expression deduced is
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SiaM • , the abort equation way
adapted for use with the fora of statistical 
already referred to by writing It as

T* * ■

In the above expression,
w - a (log, x - b) - 1

■»4 w ♦ ̂  • a (leg, x - b) - ̂  t

O *  jfijteJL observations In tbs frequency distribution
defined, by the fundamental lew

- a2 (lee s - b )2 y - K e ^
Is Klven by equation (71 as

. V.

mmm

as before.
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By Mlaltimi the — til le that raloa of "x"
10— at 108 to «o orOlaaU whloh Trl itfll the or—  below
U »  f— o— y — mvo. From equation [71 It will 
rooMly bo appreelated that

Curve im wlnicVi a >i 
Curve «n vvViteh <x~ t 

Curve m w n t v h a . i

| - 5

let tie total eefeer of Obeonrotle—  above any given 
welee of "x"boe boom dotoratnod in eqeatlen [153 —

r . - ’ -
• - - k

For the pooitiam of the notion f, - f
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a
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• J-k
1 .0 . w ♦ - 0

or a (log, * -b) - I j

or log. x - b ♦ Jja

. . X - o 40

■

- V 1

and x » a . e [113
lienee tie poeltlen of tie nodlan U  given by

% - • eaA 18 •*,rlewly

different for all the differently shaped corvee having 
the eane noon value.

A sketch Uluatratlng graphioally neat of the 
above tieeretieal ded— tie—  is shown In Plata XX.
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Za th# eartrsstlen of laforeatloa free m&eo ooepl leg 
reeorie f#r the purpose of ohtslaisg observed histsgrses 
by vhish the feregelag ■stheestteel oenlysls eoeld be 
tested, eertsln preetlesl eouelderetleee bed to be 
ssrefully observed. These aey briefly be rioel as 
fellewe:-

(1 ) a eafflelemt sahber of eesplee to eeehle the eeeetreetl i  
of rellsble frogeeeey hletegress had to he ereilhhle.
This eeaflaed the eheiee te e large sell developed

(U) It earn deelded that only develepeeat eeagpllag reeelte 
eoeld be need, met only beeseee steps ea^>11m» la 
mnlvereally admitted te be lees eeeurete, bet alee 
beeemee the Inteiral betweem sampling aeet&eme U  
usually larger 1m the ease of eV/pe eaapllmg them 
far development eaapllmg.

(Ill) Oevelepaeat headings had te be eeleeted la eeeh a 
way that lem^ eemtlaaoua reef empeeeree were 
available, furtbereore, the aeenraaee that eeeh 
development bed been earrled eat la a eewletely readea 
manor was eeeemtlal. Although the desirability 
of entraetlag sampling data la the farm ef a develepeest 
grid Is eeimeulsdgsd, this Ideal was found te be 
uaattalashle la preetlee, beeenee raises are pet up 
la eeleeted areas am preetleally all the uflnee ea 
the Wltwatersraad. Za order te rendeedse the 
eaapllag, therefore, the grid eomeeptlaa had te he 
dispensed with la fareur ef sampling results 
ebtalned solely free development drives spaaed at 
equal Intervale.
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BMrlas these fasts la eta*, e eoeplete iwestlgatlsa 
was serried eat on a fully developed bAm, wMoh will la all 
future work be referred te me Mine Z*. a large eat approx- 
laately reetaagular area, tnerereed free side to side by 
e series of reef drives with a rsadoa spaelag, wee leesmststt 
on the underground plea, and eaeh development drive — T'Unc 
eeetlea la the area was reeerded. la rewording the values of 
sampling seetlone, vhloh are spaaed at five feet Intei rale, 
oars was exeroleed to ensure a complete suoeeeeloa of 
eeetlone for eaeh drive, starting at ose side of tte 
preselected area end finishing off at the other. The area ee 
delineated la shown on the portion of the underground pin 
reproduced in Plate III.

The required Information was extracted from the 
sampling records of Mine**’’ in the form shown la the table 
below, which represents part of a specimen sheet of the 
data actually collected

TABLE IT.
IdSlllli: 3 South Drive e» Main Tncf j,*.
Seet JVo. Ineh-Dwt. tihannelWidth(Ins.)

tihannel
Value(Dwt/Ton)

fltoping 
width (Zae.) (Dwt/Ton)

1 446 54 8 .6 69 6 .6 5* from X-eut
452 60 7.5 75 6 .0

5oo 71 7.0 86 5.6
336 66 5.1 81 4.1
169 46 3.7 61 2 .8

140 36 3.7 55 2.5
2090 10 209.0 50 4 1 .6 Visible gold
234 28 8.4 52 .4.5
551 46 1 2 .0 61 9.0

10 1035 57 18.2 72 14.4
726 7# 9.6 91 8 .0

593 76 7.1 91 6.5



10.
Stap&Bg widths on M m ' f  are estleeted from ohaz^el 

widths 1* ooemrdmmoo with • ollolag ■•ole whleh r^s orlgleollj 
for ore rooorro porpoeee from the reowlte of 

oetuol ml mime emporlemoo* and whleh ho# eubeequentlj been 
femod to eonform within roooonoble limits to the reewlte 
obtained In prodtlee. The etoping width# eorreepoedlng to 
rerleme ohonmol width# ore shown below!*

XIBUL1*
Oheraeel Width 

(lashes)
Estimated 3toping width (lashes)

20 end under 50
21 to 25 51
26 to 12 52
15 to 36 51
17 54
IB 55
59 56
40 57
41 end 42 58
41 59
44 «ad 45 60

46 end over odd 1 5

the mosner In wMoh the reoordod Informotlom was weed 
to dedttoo eerteln preetleol oepeete 1# shown step by stop 
In the following pages.
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The Ineh-dwV raluee obtained from fji&lTldaal y,»*«c 
••otiose were first eegregatad into value groups. For 
this purpose 50 Inoh-dwt. olase Intervals were eeleeted, 
and the Insh-dwt. values of the various aeotlaas , 0$oef la 
all, wars sorted out accordingly. The results of this 
segregation are shewn la Table A am Piste A, the histogram 
plotted from the table is demoted by the etep-dlagram 
In Plate A, whieh therefore represents the abaeivnd 
distribution of ineh-dwt. values as determined frsm 
unert sampling eevtlome spaaed at 5 ft. intervals.

It was found that a curve represented by tbs 
equation

f ■ 13.279 e 
eould be ran through the tops of the ahesraefc 

histogram, giving a very eatlsfaetery "fit". It will be 
seem that this curve, which is demoted by the full red 
line la Plate A , is ef the type previously referred te,

x - 13.279 
a ■ 0 .6 5 4 8  

and b ■ 0 .4 4a  .
The mean value deduced from the "fitted"

b 1 ?
a ■ e [from equation (6) 3

_  o-uat* (j— glpgg-)
■ 2.7103
• # 93 waits, sr 447 ineh-dwt.*

- 0.4280 (log, a - 0.4402)*

In calculating the value of the constant X and the parameters "a* sad "b", and in the plotting of the curve, 50 ineh-dwt. has been taken as a unit.



The eedsl rtlam of the distribution is
X * • • 1.555 units* or T8 Insh-dwt.

The Tirlous sspoets of tbs distribution of tmeut 
Ineh-dwt. TSlwee, ss deduoed from Indlvldosl —
■fictions spsood st 5 ft. letorrsls, nsy mow be fully 
dosorlbod with the sld of the nstheustleel sxpreeeleu 
shows .

If suooooslTo Individual sampling sections be next 
soablnod Into groups each containing an equal masher 
of sections, a series of averages, sash representing the 
mean of a certain length of development stretch, will 
be obtained. The averages so calculated will themselves 
be distributed in a certain manner. This concept of 
combining Individual values into averages ever certain 
stretch lengths Is by as means new, end Is In fast 
universally adopted la the compilation of ore reserve 
plans, for this purpose, the individual sampling sections, 
which are usually spaced at 5 ft. internals la 
development headings • . all mines, are combined late 
groups of ten, the averages so obtained being noted cm 
the assay plane. The reason for averaging cut the 
results ever 50 ft. stretch lengths Is rather obscure.
Its almost universal adoption for assay plan wet* 
apparently being that this stretch represents the 
shortest length which can be shewn with the requisite 
degree of clarity on a plan drawn to the scale which 
has been found to be eminently suited to the purpose 
of blocking out ore reserves.

Za order to obtain a clear conception of the 
distribution of averages obtained by combining 
Individual sampling eeotlem into groups representing
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The result# ef the eegregatles ef the ewsreie 
Tslaes ehtslmet by eeShlnleg ImHrlAsal ersplUg 
eeetisme late groups ef tern, eeeh greup rerreeeall^ 
the ererege value ef a 90 ft etreteh leagth ef 
Aevelopeest, are stem la tehle 1 em flats 1 . She 
ebeerved histogram plotted from the table te nirieteHl 
by the etep-dlegraa la flats 1 .

It will be meted that the elaee la-enrale here 
been progressively laereased uhea leal lag with the 
higher values, where the froqueaelee ef iseuiTsase 
are relatively small, this proeedure la perfeetly 
legitimate, amt la practised la aaay ether breuebsf 
ef etatlatleal researeh where relatively lev 
frequemelee are aeeeelated with eertalu elaee lateavale 

The eentlauese red lime la Plate S shews the 
"fitted* eurve represeated b/ the distributism law

- G'<#44 (logga - l"0#Sdfy • 10 . M l  e 
This equatlem Is agala a farm ef the fuuismeatal 

law, la whleh
* • 10*951 
a • 0*8151 

amd b - 1*0804

;
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It will be observed that whereas originally 4927 
uapllne Motions wore available for segregation, this 
comparatively large number warn eueeeaalvely nrtimeil 
to 493 for the 50 ft. atretohes, 246 for the 100 ft. 
■tretehea, 125 for the 200 ft. etretolwe, aad 
finally to only 82 for the 300 ft. develepueuA atretohes 
furtl'er combination Into longer stretches > .jld 
obviously result In t o few averages being available 
for segregation, and any results so obtained would 
be V o  unreliable to merit serious consideration from 
the value distribution point of view.

(b) Segregation ef Qbserved Values into ffrltrtfl Til 11 M m  
InUrrala on tbs Basis of Eotlmof A  »tOPina Talmas 
eamreaaofl In Put, per Ten.

ill the mathematleal analysis at the beginning 
of this chapter was developed on general lines, ami 
.0 reference was made to the units In which the values 
are measured. The analysis for Mine Vhas so far been 
based solely c«n the segregation of lnch-4wt, values.
While this Is apparently the only basically ecu vest 
unit to employ, eertaln practical difficulties are 
sometimes experienced when dealing with Inob-dwt. values. 
For the purpose of this treatise It has consequently 
been found far more convenient to base the various 
segregations on estimated ytoping values expreeeed In 
dwt. per ton, primarily because It le- these values which 
govern the estimation of the quantity and the quality 
of the profitable ere which can reasonably be expected 
to exist within a given mining area, is sloping widths 
are usually assessed In moeordanee with a predetermined 
scale, these can be, and Indeed are applied In a 
perfectly unbiased manner whan estimating sloping values.



rteptie velws far *U» •«*, n u n  her* Warn lafMi free « *  
aaamaagamM## t— li m  ralwoe af iaA&vUaal aw»1li aaatla—

tlw a»ai— liar af taw a— la af wltUw akawa la taUa ▼»-

p.o - e.f 464 60.0 0 60
1.0 - 1.0 TTT 6 W  $ 139
1.6 - 10 6t> 61.1 1.49
0.0 - 0 0 506 613 930
4.0 • 4*0 41T 60.7 434
0.0 • 9*0 037 039
6.0 - 0 0 no 60.0 631
TO - TO tot 60.7 731
10 - 0.0 160 60.1 #04
0.0 - 0 0 140 63^ 030
10.0 • 10.0 1*3 50*1 1030
11.0 • 11.0 00 60.7 1130
11.0 - 11.0 IT 60.0 1139
10.0 - 10.0 T! 00.0 1930
14*0 - 14.0 01 01 0 1431
10.0 - 15.0 <0 60.0 10 91
16.0 - 16.0 n 643 1636
1T.0 - IT.* or 00.5 17.00
11.0 - 11 0 37 00.7 1130
10.0 - 10 0 to 65.6 1031
to.o - n  o 90 61.0 *1.64
11.0 - 10.0 47 41.1 M M

14.0 • 10.0 00 90.1 14.10
16 0 - 1T.0 *7 60.0 16.74
11 0 - 10.0 10 00.1 •1*99
00.0 0 Orer 101 "  * 0036
F U B -----0 Orarawa 4007 1 61.60 739



•toplne width, are rea.an.bly oonatsnt throughout the whou 
range of value group., ana he juetlflability of entirely 
Ignoring the variable width factor on the observed frequenole. 
of eeeurrenoe In tide oaw will readily be appreciated.

Should the average .toping width, reveal a tendency 
toward, variation throughout the range of value categories, 
however, an adjustment of the observed frequenele. of usurrem 
will be found necessary. Although comparatively rare, this 
condition has been found to exist on some sdnse. The tabLe 
below Illustrates an actually observed case in which the 
estimated .toping width, show a distinct diminishiag temdsuey 
in going from the lower to the upper value groups f-

TABLE fll.
Value Groups 
(Dwt ./Ton)

Observed Number of Oomarrenoe.

403
1490
1366
1100
839

537
415
306
216
151
114
110
65
51
37
782

7382

AverageEstimated3toping Width (Inches)
58.7
59.2
59.8
60.2
59.1 
60.0
60.3
58.4 
58.0
56.1
55.1
52.9
53.3
52.3 
50.7
48.2

58.84

Adjusted Number of Oeeurreneee

402
1498
1391
1125
842
547
425
304
213

107
99
59
45
32
149
7382

11.44
12.45

L
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In U w  •bore table the "adjusted number of eeeurrenesa" 
has been arrived at by multiplying the oorreapondlng 
" o b e e r v e d  na^ber of oeourreneea" by the ratio of the 
sreraee estimated sloping width of all the obstrretlons 
falling within the given value croup to the average estimated 
sloping width of all the observations In the distribution. 
Justification for this adjustment method i. to be found in
the following argument:-

In the oaae of values expressed in Inoh-dwt* the
walne of each sampling section in an obeerved distribution
will be representative of a certain area. If the sections
are spaced at equal intervals, as is invariably the ease
then each section value will be representative of the asms
area. Ih# fallacy of assigning different weights to sampling
section values in accordance with their frequencies of
occurrence was pointed out by Slohel . who stated that slnoe
the probability of striking u high value la so much less
than tint of encountering a low velee. the high value# when
struck, should here its effect extended ever the full area of
influence to rake up for all the small high value pa to he*
which were missed. This argument la perfectly logical# and
undoubtedly holds without qualification when dealing with
values expressed in inoh-dwt. When values are expreseed in
dwt per ton. however, it must be borne in mind thc.t the
observed values obtained from the various sampling sections
may occur over different widths. Taking this factor into
account, each sampling value may be considered as occurring
over a certain volume of influence, made up of a MBlSMt

Harrow Gold Reefs".



at HPel luUrrals), ■eltlpllea toy a wiaik.
Otorioaaly. if thaw la ma rartatlen In tha are rage vUth ef 
the aamplln# aeetlene In tha rarleua ralne gwnpf, then tha 
ralnw ef inflnenea ef all aa#lin# aeetlena will toe the 
aana* and It will aanaaqiaantly toe peeeihle to leaaw the 
afreet ef the width 1m arriving at the eem aat weight te he 
aeelgnei te any partlealar eaapllng eeetiem.

If the width# ef the different aaigtllng aeetlena vary, 
hewerer, their off eat will here te toe allewed far. It has 
teen fenad new eonrenient te expwee the velune ef inflnanee 
in terne ef a iinitTTf width (the arera#e width ef all the 
aa^Oiag aeetlene). naltiplied toy d ZAlUMd 1 HB A  U O M M *  
The neeeeaary adjnetnent ean he nede te eeeh f.aapllng eeetian 
toy etitlplying the original area ef inflnanee toy the wtie 
ef the width far the partlealar eeetian under eenoldAntien 
te the nrerage width ef all the eheerratiene.

■awing ezpweaed the weight te toe aaa gned te eeeh 
indiridnal eanpllng eeetian in twne ef a certain gUd ef 
inflnanee at a eonatant width, it la a wlatlwly eUgle 
natter te eehhlne theee aeetlena into grewpe. Thne the area ef 
inflnanee ef the tetal eheerratiene falling within a 
eertain riJLne group will toe repreaeated toy the eon of the areaa 
ef inflnanee ef all the inAiwidnal eanpllng aeetlena falling 
within that ralne group, at the eane arc rage width. It will 
readily tie appwe lated that thla tetal area eon toe expweeed 
in terne ef the '-n'glnal ttTIMtlT̂  Add Irflnenee at a 

width toy anitahly adjnetlng the etoeerred aetototr 
ef Talnea falling within that group. She adjnetnent la nede 
elvly toy naltlplying the etoeerred nuaher ef Talnea falling 
within a giTen ralne group, toy the ratio ef the nrerage width 
ef the — aeetlene enutelwel in that partieular growp
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S ^ c d  5  ft Im crvds  

Titled C u r v e -  ^
y  % 16 ^

•To

tr N

iHH

15 20
I n t e v v o j 3 (T>wTyT«

W Tf-T t

til# fi’ Observed b'*l*ctca,'li rob*r
0.'Served

wt/Tvnj Nvribar % "FYefl̂
O to 1 464 4- a n ■J7 0-42
I • 2 777 tei 4
2 • 3 650 662 n •ZZ1>3 • -4- 506 524- n •aio'27-4- - 5 4L7 415 !% ■ ?5 6 67
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O c c u r r e n c e

Values obtained 
r\6 Sections 

itcrvuls

>wt ‘per* Ion

X-oxts

Av Ob̂ crv#
Val»- (Pwf/fwij

II AO
ASt4"»m

27 50
If 4n

?.a 33

te the m m rme# width »f all U *  hbMmtlam.
Thla has bean deaa lm the table ebora, and tea 

reealted lm am adjmeted freqmenoj of oeew renee ef a toping 
reluee whleh. It eaj be stated lllaatratlam, la
"fitted" very eatlefantorlly by the funlaaratal lav.

geatlmna apaoed at 5 ft 
Sable F an Plate F ahawe the reealta af the aey egatiam 

ef eatlmated ■ toping valmaa expreeaed lm det per tan* 
late value gronpa of 1 dwt per tern. Thla eagre gat lam te 
grephleally represented by the hlatogram la Date F .
The eomtlmioue red lime repreaente the "fitted1 verve 
denoted by the equation

- 0.4374 (la#u * - O SCM)2
y • K  145 •

Thla la enee again a form ef the final— nrtel 
distribution 1— * la whleh 

N • 16.142 
d ■ 0.6614 

and b ■ 0 .2 6 6 4

value of the distribution te given by 
equation [6] as

0*2664 ♦ 4 X o .4374

■ 7*25 dwt par ten
She position of the made —  ealeulated

equation * * ef te
m ■ 2.7163

• 1.305 dwt per ton.

free the

0.2664

L-
.. J



1 ,

£ Occurrence
4, M i s e E  : F r ^ u e n c j
l ~ E » r i m « t e d  5 ^ ' " A  V a , U C a

" I  ‘ o b f o i n e c i  b 3  C o m l .  n . n p .

I n d i v i d u a l  Sa"if>i'"A, 5 e c * ,0" s 
to 5 0  i t  61 re tehee

"Fitted (' ^r„rtosCl^x -o »-vfto)
^ =!54ftZe

Y 2 5  Dvwt J»cr i o n

a = o eiat>

DC-Oxls*
V alue fTrou|3 I n t e r v a l s  ( l ^ t  ^ f o n )

G
Ax. 0t»#wv#4 X/pIv*.

61
| V a W  G»\>obj 6 \>»«rv«cl
XDwl/Tan) | N y m V . c r

Observed
‘v Trea_J-vjjecteclNv,nr bei*
I? 40
It l>0

iul50

13 >0
* l

\  Over

! 1
100-00



ncj ° (̂ cr 
d 5toj^in^ Values 
Lj Co ml n i n v>
Sam|DMri6^ S e e l  ions 

ft. £>t’retches.
Curve ■  ■  ■ t

-o -o %^o)
ftze

nr»*T2b Dv«^ bcr xon
a 3 O

- axii
vais (̂ I3v<t >'»*■»)

G
s«r ved /,v. Obwvd

1240

1034*

100-00

r n
!>- i‘wiEBP*a

431.

**» * w l t e  ef the Msreeeue. «f
•■UmUA etopUe relw e, *qpw*M4 lm * t  p *  t * .
ebtsteed hjr eee#1ml#g IM irlAua — r' r# eeetlew

«r w »e ###& croup repreeeiiiicc the
relae of • 50 ft. etretoh le^th of dewolopwl,

i* *»Wo # ob Mate S. The eheerreC Trtrt^r—  
plotted free the tehle le repreoeeted by the etep- 
dlacraa la Plato #. The oeetleeoeo red lime ahewe 
the "fitted" eerre ealeulated free tie tpelli

, - U i »  .* (1̂  *
fhle eqeatlee la a fore ef the feetaeeatol lav* 

le whleh
* ■ 13-412 
a • 0*8125 

mad b - 0*8440

▼alee of the dlatribattee* aa deflaed 
bp equation CD. la

. . * n e ' * * * r r & a *
* 7*15 dwt per toe* aa before.

’4

The medal ▼alee of the 
eqeatlee CD, la

0*1440m ■ 1*7183 
■ 1*330 dwt per

frequeeejr dletrlbetlae*

L J



ions

PLATK k -
M ine L  i •• '" ' O'  c w r c "  .

, (  E s t im a t e d  S ' .o f i in ^  '/V .u e s  

O btained b j  C o m b in in g  

Ind iv idual Som fdi.)^  S e c t ,  

into 1 0 0  it. S t c e t c b e s  

-Pitted C u r v e : - ^
J  * 12. 51 b c

m  - T  25 £>w1 yion 
Q % O 92.5"+

IO 15
V clu f Ci'roû > Inlf fvolf. .̂Dwtj fon)

■TABLE H
Va! J<? Crrevb 
i

ObservedNumber Ipe.clcd 
iNvm b«r

Observed An. Observed\4*lve(I)wt/T«*)
O 1o i 2. 3 3 o at 070
1 •» T. ZL 20 4 8 54 t 60
a • 3 27 30-1 1008 2 b2
3 - 4- 31 3ot> 12 b I 336
*\ • 5 30 274 1215 4 42
5 ' k. 25 23 0 lOlb 546
4 » 7 17 194 6 91 6 40
*T • a 14 158 560 T-41a « 9 13 12 ft 52ft 8 45
a  « IO 3 IO 4 3 64 d-43: y » II to 8 5 4  0? 1046
it * ia 7 7-o 284 II 40
it - 13 6 5-7 2 44 1239>5 • 14 t£» 4 7 2-44 15 SOH  " 14 7 7 2 2 83 14 57ZO 10 85 4*07 17 9+20 A 'ver IO It 5 •4 Oo 28 S3

Total 2 4 6 246fO toooo 732.

• w tiee 2«,

m  •

s *



ncy o( O c c u r r e n c e

Vqlueb 
Combining

sections 
fj. S l r c lc b e s  

Curve:-
-  O &5*4 ( lu-> X- | |o%

l e  3.6 e

m  = T 2 5  Ovsl /"Ton 
a s O •32.5'4*

Is (Sw t/T on)
x -a x  til

H
%  Trc^

O-Bl
10 3 1
12*1

•*07

-r Oo

An. OUte<r«< 
Valve (j)wA ̂

lOOOO

IU1)

100 ft. 1rt#M

n e  twmlte ef il» ef tke — mffr
#«tieeA#4 utopias ralaea, arprasae* la Oat p»v tarn, 
■ttalwal ty ■taialt laAlrlimal — apllas — ail—  
late graape ef 10, aaeh greap repee— lag tie 
eye—  ralea ef e 100 ft. etreteh ef Oerelep— *, 
ere l awm la takle 1 la Mete 1. H e  — eery# 
Mletegrea plattaO free tide table la ieaetei by the 
etep-Oiegraa la Mete 1# while the ewrtl—  red 
Mae reprveeate the ■flttaOT freq— ay eurye — el 
by tbe egeetlea

- 0*8514 ( l e v  - l i m f
f • u - n i  e 

This egaetiea, ee la ell the f erase lag eeeee, la 
e farm ef th> Fa— aaeatal BletrlWtlem Lew, la bldeh 

E - 18 M #  
a " 0*8254 

aai b - 11058

The aeea walae ef the lletDWtlea, aeeewOlag t#
equetlea [II, le glrea by

1'lO^t ♦
m • 8 7185 

•  7*85 le t  par tea, — befere.

walae e f the ft— t

•  ê 11088
• 8*7188
•  3*080 le t  per tea.

f - : 'i m
L .



___________

M ^ E :  o i  Occorrenct

ot Estimated Vl!"es*
O b ta in e d  b j Comb.nm^ 
individual S a m ^ l i %  bee,,oni 
into 2.00 S t r e t c h . *  

T i U e d  C u r v e -  
V m 121333 e

^ I _ ! |
T2.S Dwt/Ten.

I  ----   -4-
<3 a 10332.

^  % - a -  m -------Ts jo
Value Grouja Intervals ^Drvi.rTon)

- X F - 5 3 T

TABLE J
tive zi it>v Observed %* j>ecAed C -crved Av. Observed

( /Ton) Number HvrriV>er Value Cy-̂ YH.
O 1o l I  ̂ 4

■ll.IMM M - " ' " ■
O *1 0 7»

•1 Z. 4- 4  % 3 25 | 45
2, * 3 l» 12 0 3 76 2 45
3 " . 17 153 15-62 5 41
4- " 5 13 15 4 1057 »>‘4«
5 « fe 12 KO 4 T6 5-50

| 6 •• 7 14- H * ll-3» * 3 3
7  - a e 3 5 bSo 7  eoa - 3 3 77 731 3 45
3 11 IO 7 5*0 3 43
to • 12. to ao 6 13 tloS
12. - «5 7 7 7 570 13 40
IS ” 2o T 5 6 570 ITS!

.'t Over 2 3 7 l-b*

Total 125 I2L&Q 100-00 T2IJ---

L

In dwt

length of

•quat&oa

L tki

n



!<
u c n c j  Occorrcn^ 

^>Vof>in? Valuer (St ) Dimtnwti% of
soDBteseeUdLfiHl

Com bins n
I Sect.om

&1 Strclchas
orve
„ -»ZLO»Z 1-360?,)
e

'7-2.5 D x t/T e n  

l 0932.

.x- oxia

J
Av Obsrr^VtilvCj

15 »2
10 51
II 58

InUTlOunl SMPliPR a»otlone into 209 A, Btntob 
UBMSttt*

fable J am Plate J abowa the reeolta of the 
eegpegatlem of eetlmated ■ toping rallies, expressed 
in ftvt per tom* obtained bj eosfrlnlng Indlrldnal 
asapling aeotlons lute groups of 40* eaeh group 
representing the arerags value of a 200 ft. streteb 
length of development. The table la represented 
grephleally by the hlstograr In Plate J* while the 
‘fitted" eurre denoted by the equation

- 1.2082 (log, x - 1.9*02)*
y ■ 12.939 e

la Indicated by the continuous red line In Plate J. 
The above equation will again be observed te be a 
form of the fundamental law, la which 

N - 12.939 
a - 1.0992 

and b 1.3*02 
The mean value of the distribution, defined by

equation [81 as
" b

m 7 .2 5 dot per tom, aa before.
The position of the mode of the frequency eurre 
la given by equation [53 aa

— *
• 2.7183
■ 3*897 dwt per tom.

loo oo

1

n#
n
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M . Mr £ :'FV»Clu«oc1 Occorrt^j
„{ Estm-ated Stojjin̂ Vq'.uu' 
Obtained bj Comb,mn£ 
Individual Bamjilin^ Sectiem, 
into 300 tt Stretches.
T,,ud

^ t. \3195 e

*7 2.5 Dvt^/n 
a  = i 100%

Value Grouja Lnlervcils ĴD wt^/ fon)

Vo!ii* Gmwb Obsrt-vcd IT< Obxrveci
% ~Fr<4Nurnbcr Number"

lO-̂ d
15 41
3-77
10-97

6.10

IS A Over

too 00 I

L
nm



# # 1

(enc j , °£ Occurrence 
Sto|)in̂ Valuer 

b j  C o r n b m > ^  

sections 
lO (% Stretches.
frve >  ,

-VA4»0(le^eX- V452.1)

- M O O »

n m  result* sf the es#re#et&em ef iritis 
set teste* etepiag rslues, wrprssast 1* Art per tee* 
this I set by s sett slug tbs sr&glusl Isdiviiuel ess# lug 
■sitls—  lets grsepe ef #D, essh grew? regrssentlug 
tbs ursM#t rslue ef s 500 ft. stretsb Isugtb sf 
geselepeset, ere sbsum Is table I sm lists 1, flriLe 
table Is grsybleslly rtpreeeste* by tbs bUtegrss 
la fists K, while tbs eentiaseus re* lies •eaetse 
tbs "fitted" freges— y surse regrsseats* by tbs

20
( j )  w lV T on)

K :

lO-Ott

too OO

-  i*4s n r- 1*4110 (y e 15*105 s 
Shis is e fsrm ef tbs fueSeaeetel 

lar, ia whleb
a e 15*105 
a • 1*1500 

sa* b - 1*45*1

I tsIms sf tbs dietribatioa is gives 
(•3 se

• 7*tf Out per tea, ee before.

the peeltisa Jf the ee*# 
is gives by egastiea [53 ee

1%

ef tbe

a •  1*7105

L



and th# Frwoquoy Dlitrilmtlon of the 
a^rvmvaam^ in D*t D#r Ton.

rros th» various value distributions Illustrated 
for the earn# of Mine":' In Plates A to I, It will bo 
appreciated that a certain similarity exists between 
the various frequency curves representing the 
distributions of the average Inoh-dwt values and the 
corresponding frequency curves representing the 
distributions of the estimated sloping values, sxprssssd 
In dwt per ton, derived from these Ineh-dwt values by 
the- application of an estimated a toping width. This 
chapter will not be eoanlete without a brief mathematical 
treatment of this relationship.

Let the unit cheeen f v  the value group Interval la 
the oaee of a particular frequency distribution of 
Ineh-dwt values be represented by Ineh-dwt, the unit 
chosen for the value group Interval In the case of the 
frequency distribution of the corresponding estimated 
etoping values be represented by "p" dwt per ten, and 
the average estimated storing width of all the 
observations, which has either been found to be oonsiaavt 
throughout the whole range of value groups, or the 
variable offset of which hen been allowed for by 
reducing the observed nuA er of values falling within a 
certain group to a constant width as previously 
Indicated, be represented by t" Inches*.

The unit of "4" Ineh-dwt employed In the case of the

*Zn oil the frequency curves so fyr deduced for the 
distribution of values on Mine S,

4 - 5 0  Ineh-dwt,
p - 1 dwt per tern

and t - 61.65 Inches.



laoh-Awt distribution my be expressed In Art per ten 
so | . He nee the unit employed for the frequency 
eurre representing the distribution of estimated 
etoping rslues expressed In dot per ton *111 he 

tines ss Isruse as that xumki for the curve 
representing the corresponding distribution of lash* 
dot values, dines the total area under the curve 
has to be the sane and equal to 100 In both eases# 
the seals of ordinates will have to be adjusted by 
a faster which Is the reciprocal of . I.e. by ̂  .

%% will thus be seen that say point (x#y) cm the 
frequency curve repreeen&ln* the dlstrlbntlsn of 
Ineh-dwt value* will be aseo lated with a point 
on the corresponding oarvo representing the 
distribution of estimated stoping values expressed 
in dwt per ton In such a way that

O' »

*Bd 7* ' 1

•r T * yl p't

Thus If the fi-eqxwnoy curve representing the 
distribution of Ineh-dwt values la denoted by the

•T’*tlon
y ■ K e

the frequency curve for the distribution of the 
corresponding estimated stoping values can be 
Aavdvmd from this eaustlon by the substitution of



D m  ekore valwe fer x «ad j. as follows:-
- •* [l^.Cxl »47.> - « 2

Tx H * " *
„ g_ - »* tlH. * ! - ( » -  1M, fc H*

-  y l - " v t e
This equation, peprwaentlng the distribution of 

estimated etoping values, may be written In the fens 
of the fundamental lew as

- a| (lo^ x -

In whleh the oonstants (M̂ , â , and h^) ean be 
expressed In terse of those (M, a, and b) for the 
distribution of the Inoh-dwt values from wtlsh the 
eetlwted etoping values were deduced as follows t-

£19]

£20]
£21]

It will be observed that although the values 
ef ■H" and "b" are changed, that of "a" remains 
unaltered.

The extent to which the above theoretical 
conclusions are bona: out In practice Is Illustrated 
by Table Till on the following page. This table has 
been compiled from the fitted curves for the 
various observed Inoh-dwt value distributions and 
the corresponding estimated etoplJX. value distributions



90.
XyMJBXi*

Otreteh Umgthe (la fleet)
9 90 100 800 900

free abeerre* ■ laeh-Art T«l«e tlatrtbmtlea 19 #79 10.991 10.461 10.477 10.791

F rm #haeml 16.142 19 406 12.919 16.999 19.169

he Are# thearet-
' U S L T & i

16 979 19 476 12.999 18.916 19.891

Pram ehaeiŵ et a laab-dwt Talma dlatrlbmtlm 7.6946 0.6191 0.9977 1.0919 1.6009

Proa ahoerred 
a, eatlaatet eteplag ^  ralwe dletrlbutlaa 0.6614 0.9169 0.9294 1.0996 1.1966

he Aw a# thearet- 0.6946 0.9191 0.9977 1.0919 1.6999

Pram the abaarred 
h laehArt Talma dlatrlhmtlom 0.4406 1.0604 1.9969 1.9467 1.6094

Pram the ebaerrm# 
b. eatlaated atapla* Talma tlatrlbmtlem 0.6664

i
0.6460 1.1096 1.9606 14921

Pa A w  at tbeeret- Isally free , amatioa L*l3
0.6909 0.9910 1.1871 1 9999 1*4609

flat egrwwrt b e t e w  praetlee an* theory me shew la 
tlM abere table la rmmeeaebly else#, at leeet te vlthfta the 
limit# tf emrtmla mmmre1H#hU prwtleml erren.

Hew that the relatlemehlp ealetlag betveea the fkaiiMr 
earree ehtalwi free the theeretleally eerreet heel# ef 
tlstrlhmtlaa ef imeh tmt ralmee* mat the prmetlmmlly eerm 
a— rmal#at heal# ef tlatrlbatlea ef eatlaetmt atepUg Telmea 
empreeee* la Ait par tea bee beam teaemmtratet amthaaatlamllf» 
mat UlmatreteA grephleally far the eaee ef Mae "f It ami 
he almlaei that there la eaffleleat erlieaee te Jmetlfy the 
eieptlea ef the latter la prefirm## te the farmer.

■
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o. flBLSEtieaLflteeSihJdBett

tvo mwabl# festurea emarga froa a atodj ef tfca 
foragolng atmplaa of ralw ftoquano, aSstPibwtle* for 
moo S« vhleh hare without exception been obeerred to obey 
the m m  dlatrlbutlen lw. The firet 1. the
•eoeetlal oonatanoy of the mean (8 .9 3 unite or 447 inefc^wt 
for the rarloua Inoh-dwt rr.lue 41atrlbutIona, «x>4 7 .2 5 M t 
par ten In the oaee of the rarloua dlatrlbutlen# mr*mmn$1i% 
eetlMted ntoping raluee expreeaed la dwt per ten), 
the eeeond le the rather leae dbrleue progremalen la the 
pecltlen ef the node of the fwqueney onrro am the etreteh 
lengthe erer whlah ereraglng taki rlaae are aueeaaelrely 
laereaeed.

The table below baa been ee^Ued to enable the
poaltloa ef the peak# of the rarloua frequeney eunree to 
be atndled In relation to the eerreepondlag etreteh length#?-

etreteh
« K ,

Distribution of laeh- dwt raluee (■-8.93 unite or 4472B)
Dletrlbntlen ef eetla- ated ateplaa raluee
(a • 7^5 iwt per W )

a • e* z ■ * x ■ e* Z - *
5 1.553 1 3 .279 1.3o5 16.142
90 2.887 10.931 2.330 13.482
100 3.805 10.461 3.020 12.918
200 4.705 10.477 3.897 12.939
300 5.309 10.731 4.2T2 13.185

Plate IT ahewe the fire frequeney enure* for the 
laeh-dwt ralue lletrlbwtlene plotted with referew* to the 
■ene eo-ordinate axea. The peahe ef theM ourree, ehena la 
Table XX, will all be aeon to lie on the peak looua eurre
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Floto T ohewe the five eerreepeaAlae f>efa>at| enrree 
for the iletrllatlOB ef the eetlaete* eteplag relwe 
plotted with refereaee te the seae tt erfleet# eaee# Za this 
eeee the peeks, ehewa la fahle IX. ,,)ze lie oa the peek 
loose tsrre deflaed hy efsetlea [10], the esly dlffwwe 
he lag the* the valae of V  la this eeee la T*t$ «vt per tea.

4e stated before, la a fregeeaoy earns "flttlag" am 
obeerred dletrlhstlea reprsseated hy a hlelegrea, the area 
eaeleeed betasem the ex"-eale aad the cwnre la repreeealallre 
of the peroeatege fiegseaey ef eeesrreaee. Olaee the total 
frogaeaey la 100 per seat. It fellewe that the area seder 
the fregseaey esrew saet be eeaeteat aad egsal to 100. Zi 
will therefore be elear that If the peek of the fregs— ey 
surra la high sp ea the peek lease serve, aad te the left ef 
the lewraost pels* ea tide lease, the froqessoy serve will 
he skew to a marked degree, ea* eleagetid el sag eeee eada
ahett ittefc tta eUezlli it IM AeimlJtiBE itil 2«4 Id M  
eisatered. This axle will appraeeh eleeer aad eleeer to the 
sere erdlaato as the peak peeltlea seres higher ea* higher 
sp aleag the left-haM llhh ef the peek lease, 1.0. as the 
etreteh loafthe are progressively ehwteaed. 4 elsllar 

balds far the right-head lUb ef the peek lease 
the stretches late whleh ladlvldaal se>q»llsg 

Beetles* here beam oo#lao* are progressively loagthesed, 
the peek posltlem will aero sp aleag the right head U #

velsee will he olsetored ass 
erdlaato, the posltlem of

of the least, aad thi 
md aero sleeely ehost a oorUla 
whleh will la this eeee toad to appreaoh the* of 
▼alme. Nstheaetloelly stated that ae the etrotel



 C L . .

OMftta are pregreaalTely ImarewW, the aede will approeeh 
the eean, eat the froqwaey eunre will teat to heeeee mere 
mat mere ^wtrleal. The theeretleal limit will eeewr wham 
the emmpllag awe tie# ralmee here heem eeHeimei imte imfimitely 
large etreteh leogthe, la whieh earn* the wie will eewalie 
with the meea, ami a perfeetly symmetrUal, although 
imfimitely eleagate* eurre will result.

The etatietieal luterpretatiea of the shore eewlmslew 
is of the utmest inportaaee. For short stretohwe* a aero or 
loss asifcei degree of elms taring of the raluoo sheet the 
asde is exhibited. Ae the otreteh lengths are laereeeed, the 
extent of this olaeteriag of the ohoerrod ralue* sheet the 
kx * is relatively deoreased, until it resehe/ a aiaiaMa 
when the peek of the froqv asy eunre is at -be lowest 
possible position on the peak loeut. As the .tretoh leagthrr 
are further Inoroased, the peak of the frogaonoy eunre ease 
mere neves upwards, sad the olueterlag of the values shout 
the node will again bosons more and mere narked. It will 
therefore he obvious that if the peak of the frsguoaey eunre 
is at the lowest point on the peak loons eurre, the ralmee 
ef the oorreoponllng distribution will be mO M A  ®Fer the 
vsrioue value groups j# 1 M  M i l  EH* *###&*!# aiBK*

From the point of view ef the aiming engineer, the 
nest suitable le^th to bo employed when grouping iadiviteal 
saapliag seetlens, will be that resulting in a distribution 
in whieh the observed values are spread nest evenly throughout 
the entire range of value groups. It is only wher the values 
here brvn eeUblned U* this way that the eost eeis^tl's 
ohelee of the strikes to be mined will be rendered PoealbD . 
The etreteh length vblah will give rise to this pertieular 
value distribution its eemaeguemtly been termed the Optiem
htreteh Length.

n m  ef M W U i e  • M t U H
U*» .tntak k* kwe furU" <eTelep*4 “  eVula *
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54.

~ “ “ 4 ̂  • -  «- frMnnoT
of tto „ . r̂ .  T1J .

*” r “ '** *tP,tt'- 1- * U -' «■!. rirlou.
0f tto " * U 1 -  f~. th. f ^ _ ,

«rr» roprooontlng th. U.tHbut,* „  the ^
•Mr th. llff.mt .tMUh t, th. w .  *  ̂  ,
IT. bMn P M U d  m  .b .„ ..M  t, flat. „  * l M t  L .

"  «~t.h !«,«.. u  f«t. tM.
M U h  th. inai^btti ...pllng Motion. hM. hM. m M U M .  
th. teU WMbllhg P U W  TI to b. plottM «U1 h. f M M  1» 
M l .  Tin on P W  9C. In thl. oonmotlon It ■o.t b. horn.
la -Ud that th. t.Iu m  ohuiwd fro. i m ItM m i  p'*-,-
Motion. ■P.o.d ,t s ft. lirt.ma. Mimot .Inglj bo r-c.rl.«
”  b*!n« «PT..onUtlTo of th. w m g .  rtl.h troti* b m  bMB 

H M  e ouoter of .oepllag Motion., .p«M »t .Iomt 
int.1..1 a, bo.n ooohln.d to repiMMt tit. ereMM mm* 5 ft. 
•tratoh length.. Th. nlu* of *»• MduoM from . "fitting"
•t the fr.qu.noj hlatogru obtulMd from th. MgrMetlM 
•f Indlrldiul Mnpllng Motion. Into rnlM troupe m m  
therefor, net be regarded a. being reproMntotlT. of • 
point on the Stretch Length Cure, .boon in Plate TI.

Th. stretoh Length Curve plotted fro. aotMl 0be.re.tl0M 
tM bMn fond to b. Meuretely reproMnted In the m m  of 
tthe l hj the Mjuatloo

m3 " 4 ?

' f  !

:K -

—  [223
t o n  "e" la ta# etret -n length In feet, end

"a" 1# the parameter of the eorreepoallag freqweney 
iietrlbutlon ourre.

theoretically, thie ourre starts at the origin and 
■■•ope upward at a rapidly inoreaeing rate as the stretch

a'e11''*! F I Fri :r w
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e e , w  11 -  “ f f «  th. «utir.lr ,-XX 
irloal value of 1 .5 .

It :m. been .horn in «M.tl<m Cljj that it th.
P°lat °n th* P—  =urr.. 1... tb.

Stratoh Leneth. th. oua.rloti .tie. of ■«■ u  
aah.iltutlng thl. vtiu. «  ... u  (22J > .
— rtoti t.t.raln.tloa of th. OptUoe streUh L«gui for 
M a . V o u  b. aad., u  foil--,,,.

•o • >00 . 3/4

«  «0 • 141.7-------  tQj
The practical elgnlfleanoe of the oonoeptlen of 

Optlmm Stretch Length* will ho mere folly appreciated 
*h*n dealing, in the following chapters, with the Or* 
Gradation Graph and the application of the Pay Limit to 
the various frequency distribution*.

Subsequent frequency investigations carried cut an 
three other mines of very widely differing characteristic* 
have revealed that the type of curv denoted by equation [88 
with different numerical values for the constants, la 
representative of the relationship existing between the 
stretch length and the parameter "a" of the eorreependlag 
value frequency distribution in all eaeee In concluding 
this chapter, it m y  be stated that the above particular 
theoretical aepeet of the subject, together with all the 
various practical implication* arising therefrom, provides 
aaualderable scope far further Investigation.



in
n »  ore awAnAji^n unarn

in tn» tor.golng Maly,!, u  ^  Urwa, b*n .hmm 
U»i ton n w n  rtine '*  of all to. or. wmuinwl in . rIt* 
ere-bodj eaj be denoted by

b + 1_  
m e 4 ?  ,

where # and b are peruetere of tin rimUnwital 
rrequenay Distribution Law. Thle value ef ima fur-,her 
beam ehmm to be eonatant for tin partleular ore-body mtier 
eonalde ration.

If,however, only that portion of the total ere body 
tarlae a value equal to or greater than a predetermined value 
Unit, may dwt per ton, la taken Into eonalderatlen, tin 
average value of all thle are, denoted by "v^", will net 
be eonatant. It will depend not only on tin value of "a", but 
alee am the atretoh length Into which tin Individual 
oakling sections have been ooWblned for the purpoee of 
determining the loeallty and extent of theee pertlama of 
the ore-body having a value equal to or In excess ef "x" dwt 
pet ten. fllnee the parameter "a" la a function of the 
stretch length. It follows that "v, will be a funatisn ef 

and "a". The properties of thle function are net 
evident off-hand, and all that can be stated with certainty 
at thle stage la tint v," will always be greater them %" •

To obtain a clearer conception of the relationship 
existing between "x and "vx", reeouree will have to be had 
to the general mthenatleal principles referred to In 
Chapter II. iron equation [17] It will be seen that the 
average value ' of all the ore above a given value x" nay
he denoted by



v W »  w  s ( U ^  % . 1 e

'**• e p w m e  T U * .  ef - w  ^  v , w
ethsnAw fop o PMtKulmr oro-toO, le * U h  '
^ » U «  tee been boeea on the
wiaiee oeetloeB Into aofimu •tr.Uh Uogth, *  
w^ltado, "rx" *U1 bo e fbMUon ^  u
atU Mmrattm b. pootibu to n w *  
m  e ftmetle. o f -«• for ppoO.tor.iw r a l w  ...
i U  the erephe oo obtolned.bj plotUog ̂  M  -v— .—  
o « e W  V  oo epeioow for different onto cf — r f*.
"®" * *  "»'. bore rovoolod euoh definite ebereeteeietlee. 
which here been found to persist without exoeptlcu far til 
the fltid-bosrlhs reefs of the Witostsrersti, thet Urn m m  
sf "(he Oredstion Oreph" hss been eislgned to thee. B »
(he Oiedstien Oreph eej thus he defined ee the s u m  
titsined when the ereree* relee, sej > x", of ell tie see 
In • certain ore body herine • veins equal to or grcctcr 
then e predetermined veins limit, soy "at". Is plotted ss 
elecisse egelnet the corresponding value of "at" ae crdlmete. 
The renelsder of this chapter will he devoted to the 
pmetleel llluetretlon of rerious sepeote of the (he 
flrsdstlon oreph, end to the evolution of ssrtats — thoostloal 
fermine which will serve to give useful sppnwrl mat lens to 
the true eurvwo.

i. mtrnmm+rn̂  Tff fflrtilltW de^Med fBti
flOPSldermtlon of the a1HPlt M  1it f̂ *

(1) The Ore orsdetlon QrdPh tfffrtm
Of Estimated atOPlnr Yflu“ - *XT7r>fa*4 g!tlLjar Jaa>
Oht^in^. from 5.,mllnK 8toM9W Tiagfl >1

l.n. W M T A l m .
The theoretical Ore Gradation Oroph ded*»c£ from

L
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• epe*e4 at 1 n * k M  We* ~*n1rtet
•Wile* [173) la t w  Wtte wiew.

U B 1 1

i m t • B e Wav.
(Set

F f

wwileses-*)
• V s " k

• / W (k V S m !
JO 0 964 0*4273 1*9179 0*06144 49*619
*5 0*440# 0*5991 1*1967 0*09097 46=674
to 0«tf» 0*6769 1*0496 0*1979 99 6#
19 0*1090 0*8641 0*6969 0*6X44 66*964
10 0 1 6 * 1*1647 0*9907 0*4099 XI *667
• • 0*91X6 1*9416 0*4496 0 4909 16*9X4
9 m 0*9091 1*9X96 0*6966 0*7X06 19*9>1
9 0 6X9# 1*6X61 0*1969 0*6914 19*610
4 0*7711 1*7649 - 0*0191 1*0169 IX*699
I 0*9619 1*6X61 - 0*6099 1*86X6 10*779
t 1XX97 1*9179 • 0*4797 1*4970 9*X69
1 m 1 6661 1*9691 - 0*9986 1*61X9 7*998
0 - ee 6*0000 -  * 6*0000 7*690

m e i  S • 0««14 I » ■ 0 SM4 f m • T'tfO.

Zleia r a  W e  W e *  eeeeUwie* f w  m e  Wkli, 
m  lime lllmetreiUs gwpWeelly I W  eWfe w m * U .

WML* XX ea t W  feUevtoe PM» m e #  W e  
• • m e f W l w  Ore SreWile* Orel* W  W
meal eWerretieme. 1 W  eleeemeee vlik W M k  
m  *▼»*# i#I*e#<l free preeileel eeeelieretleee



free * s W j of Piste Til.
______________ a w n .

50.46 
W-4J 
26*48  

27.35 
26.38
25.37 
24«46 
23.34 
22*42 
21.55 
20*52 
19*48 
16*40 
17*50
16.46
15.38 
U*48 
13.49 
12.43 
11.40 
10.45
9*40
8.54
7*42
6.42 
5*43 
4*44 
3*45
2.43 
1*45 
0.60

30
29
26
27
26
25
24
23
22
21
20
19
16
17
16
15
U
13
12
11
10

_L

mttab.
151 
162
174 
184 
201 
217 
236 
256 
283 
313 
342 
371 
408 
445 
496 
556 
614 
692 
779 
•78 

101*1 
1146 
13U 
1513 
1766 
2103 
2530 
3036
3686 
4463 
£ 2 .

50.46
49.03 
47.61 
46.51 
45.01
43.56
42.03
40.57 
38.89 
37*18 
35*77 
34*49 
33 09 
31*74 
30.17
28.58 
27*24 
25.69 
24.21 
22.77 
21.25
19.75
18.34 
16.88 
1539 
13 79 
12.21
10.75 
9*26 
7.92_za—
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iU*
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>
1a
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1
41X
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W #  y  ^  M m #  w * % w
n .  ttem U M l am om teum  ,

the eqwetlee
y . 13.482 .* (1Ni, * - O.Ufiif

mpmsmttog ttaa dUtrtmtlm at tie . m m *   __
•m r  JO ft. e t m t *  UagVi.tm kma mlmlmtw* U  u. 
table belew.

TAMJ TTT

%
a

wns(lo#y%-»)
- v .

r  1

* * k

4sar.

^  J(Set/lea
0.8469 0.2311 1.4620 0,03869 49.305

19 0.6986 0.3230 1.3137 0.06320 37.053
to 0.5173 0.4646 1.1324 0.1094 30.719

19 0.2835 0.6886 0.8986 0.2038 *4*496
10 -0.0461 1.0519 0.5690 0.46M 18.115
1 -0.5276 1.2524 0.5875 c 5637 15.996

8 -O.46I4 1.4859 0.1537 0.8276 13.027
9 -0.6096 1.6115 0.0055 0.9939 11.797
4 -0.7909 1.7366 -0.1758 1.1996 10.929
9 -1.0249 1.8531 -0.4098 1.4377 9.345

t •1.3545 1.9445 -0.7394 1.7042 6X72

1 •1.9179 1.9933 -1.3028 1.9346 7XT0

0 2.0000 - * 2.0000 7.290

fete)

i

a ■ 0.8129 % b - 0.6460 ; ■ - •
—  red earn in Piste T in  repreeente the theeretl^l 
Ore Oredstlen Oreph which bee >̂*en plotted fro 
results of the shore table.

Table XIII on the following p*®* **• been e<ep11 
le enable the oorreepondlng Ore Oredstl* i ®rs»h

L J
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61.
free the preetlesl ebeerreUeee 
Plate TUX for the pwpoe# of 
theeretleel flreph.

OAMr TTTT

the

" ? a w Thiahni *reres» !
(SSt
K ,

Pr— reeelei»
•f Oboer TBtleee

TeheeLleV,
(JhrVfcB)

HuLjr ef Obrer- retieee
arorece
TeleeX"

30.6 & ever 9 44.26 30 9 44.26 1
23 - 79 T 2T.32 25 16 36.84
O' 23 6 23 36

2o.9o ;
22 22 33.16

- 22 T 20 29 3041
19-20 5 19.40 19 34 28.62
IS - 19 6 18.42 16 40 27.09
IT - 16 5 IT *31 IT 45 26.00
16 - IT 4 16.41 16 49 *5.22
15 - 16 8 15.39 15 57 23 84
14-15 5 14.46 14 62 23.08
13-14 T 13.50 13 69 22.11
12-13 I'i 12.42 12 81 20.68
11-12 14 11.43 11 95 19.31
10-11 11 10.44 10 106 18.39
9 - 1 0 13 9.43 9 119 17.41

22 8*51 6 141 16.02
28 T.48 T IS* 14.44
32 6.42 6 a 13.30
45 5 45 5 246 11.87
51 4.43 4 29T 10.59

3 • A 5T 3 45 3 354 9.4
85 *.46 2

1
419 8.36

\ m 2 a 1.44 4#0 7.4#
o • x 12 0.66 °. 492 7.31
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tha
  ■■ i >W i  W o n

tfrtiiM a vx,
tote 1QQ A  atfmtaK

B »  tleor.u.ai Or. OrMatu. ompk -Mil 
•qustlon

7 ® 12.918 •' 0**5̂  (1%  * " 1.10#)*
reprwntlne" »  TOlw TO  
100 f t . .treuu  l« g w .,ta . bw. U1M1.M U MU. XXV 
tele#:-

M T * IfTT

f

S l

wasde^x-b)
- v . v J ; " * " b s ?

*+V2a (M/tee)
90 1.0441 0 .1 3 9 9 1.5844 0.0250# 40.490
« l 0.8759 0.2138 1.4156 0.04590 34.598
to 0.6689 0.3442 1.2092 0.08726 88.998
IS 0.4027 0.5690 0.9430 0.1823 28.629
to •.0275 0.9691 0.5678 0.4220 16 649
8 -0.1791 1.1991 0.3612 0.6995 14.848
I -0.4453 1.4709 0.0950 0.8931 11.941 .
I -0.6139 1.6147 -0.0736 1.0828 10.811
4 -0.8204 1.7540 -0.2801 1.3080 9.788
9 -1.0867 1.8756 -O.5464 1.5603 8.715
8 -1.4620 1.9613 -0.9217 1.8075 7.867
X -2.1034 1.9970 -1.5632 1.9729 7.338
0 - 00 2.0000 - 09 2.0000 7^50

ft* a • 0 .9 2 5 4 5 b • 3L.1052 ; ■ •7.250 •
the theoretical Ore Oradatlen Oraph repreeeetiae graphically 
reeulte shown in tte atere table la deccteA by the red

"I* la Plate XX.
Sabi* XT below has been cctelleA free the asteal

I'

L
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ValueGroup
(Dwt
K >

Soberof Obeer- ratlena

AverageValue Vregrecslwe
(Dwt
t£ )

Value Limit x" (Dwt/Ton)
bwdniof Obeer- vatlona. J 3 3 V

(DwVtoa)
20 A ever 10 26.63 20 1C 28.63
16- 2 0 10 17.94 16 20 23.39
14-16 7 14.97 14 27 21.20
13-14 6 13.50 13 33 19.60
12-13 6 12.39 12 39 18.66
11-12 7 11.40 11 46 17.56
io - n 10 10.46 10 56 16.29
9 - 1 0 9 9.43 9 65 15.34
6 - 9 13 8.45 78 14.19
7 - 6 14 7.41 7 92 13 16
6 - 7 17 6*40 6 109 12.U
5 - 6 25 5.46 5 134 10.87
4 -  5 30 442 4 164 9.69
3 - 4 31 3.38 3 195 8.68

2 - 3 27 2.62 222 7.95
1 - 2 22 1.60 244 737
0 - 1 2 0.70 0 246 7.38

This table eeotalas data free which t.he ore Oradailee
Graph for 100 ft. atreteh length#, ae deduced froa 
pr»tl.al ob»mtloaa> mf6. Pl*»V-. It U  
enphleslly In Plete »  fer ot w v r l " ™  *lth “*
theoretical curve.
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the equation

r  .  12.939 1-*°* (1x  « -  I  W f*
representing the dUtrlhBtloe of erwrefli raluee oeer 
200 ft. etreteh lengths, hen been — t-tW H !  In the 
table belcrr>

ftfet* a • 1.0992 1 * 1

The red eurre In Plate X

1.3602 ;

L

f
&

psadogjX-b)
" Va 1 • ♦ k

brer.
Preg.

( W t * )
90 1.3337 0.09928 1.7886 0.01143 37.601
29 1.1332 0.1090 1.9881 C.02471 31.981
SO 0.8879 0.2092 1.3428 0.09757 26.949
19 0.9718 0.4187 1.2287 00466 20.707
10 0.1261 0.8586 0.9810 0.4113 19.134
I -0.1193 1.1339 0.3396 0.6391 12.944
< -0.4355 1.4620 0.0194 0.9782 10.839

9 -0.6358 1.6314 -0.1309 1.2019 9.841

4 -0.8810 1.7872 -0.4261 1.4531 8.9X7

9 -1.1974 1.9096 -0.7429 1.7065 8.113

I -1.6431 1.9800 -1.1888 1.9071 7.927

1 -2.4049 1.9993 -1.9900 1.9942 7.20

0 - ee 2.0000 - # 2.0000
— — «V 4

7.290
MBA .

1

J
• ; I
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■ igTTcrltTa «r t&» « m « »  v m W e  fer u *  *00 n. etrwiA 
leegtte.

m i  m i .

Tel*

c , veil e* % F
e ,

T O *
UeAt V  
(D#VWm)

vZjZTL # 
lawi/wr

so A m m s ' h .ts SO 8 84.7#
1$ -so 7 1 7.9s 19 f> 19.9#
IS - IS T U.4» IS 14 14.84
10 - IS 10 11.09 10 84 14.48
t - 10 7 9-JO 9 59 13.99
0 «B # » ••4$ • # ISwU

• 7.49 7 9# U.44
U 4.59 4 44 10.91
IS 9 90 74 9.18
13 4^6 19 #99
17 S.41 104 % M

IS S 49 8 U S 7.49
4 14# 1 188 74»
1 0.7# 0 185 TUU

. «k» m a lt s  Warn la  «■  «wm tiM e W # Wm 
T in i i iH i  g psgldAl l y la  n ato  % ** ^  * • * *  *
Un i m — t, M tw w  tMwy  ea* ym tlM *
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" B *  torn m X M » *  m

u.irn • l' * *  < > %  « -  w * f
tta lUtrUrti* «f Ua MM# nlwa

•  >00 n .  etreWh Uwlfc.

1 Be

oP4

0

$
<6
’t

V3

0w
V>
<

S 5 5
w (U ^ x ^ )

-  V . • ♦ f e * £ •
mm*

(rn/fmi! B
10 1.4#10 0.05440 1.9011 0.007177 96.9##
«s 1.4440 0.073## 1.4H* 0.017*5 91.044
#0 0.9*41 0.1500 1.41## 0.044#* 25 51#
II 0 #55# 0.359# l.CT*f 0.12*4 40.04#
to 0.1750 o.#o#r 0.5*4* 0w#ft# 1495#
1 *0*4# 1.1044 0.9*71 0.6497 124ft*
1 -0.4954 1.4#1* -0.0195 1.0175 10*a7
9 -0.#9*4 1.449# -0.2945 1^577 9.47#
4 -o.n#o 1.905# -0.49ft 1.51## #4*0
9 -1.24/Vi* 1.947# -0.1*0# 1.7499 79##
• "&»14#4 1.9049 -1.9497 1.95## 7U*#
X < #5#*0 1.9*97 -4.1491 1.9*7# 7^9#
0 - # 1.0000 - # 2.0000 7 4 #

«o

W&: •  •  %.i#o#
* »  tlMfllMl 

%y the la na#»

a - r n *

J
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S.30 
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11 4-3S
3*44 
a .to

1.40

n o  oo# twiolMilwotot e m l o M m W O M w  w  
i f  m l .  m t l o o l veto## f W  t#o >oo ft. olwtA
IratiSo ## ehnm U  tor o b m  W M # ,  too f #  flMtoi
la fl#to XX for tto porpew of eeapovieoB oito too 
ttoorotlosl o o m .
M  #ntor t. f t o m t o t o  o - t o -

OOtOi foot# HSU Insesdi**®1^ ^ w  40a poftto otooo too
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fwi wrtmsmlj vtwi+A to.
<») * rtittUwl7 * 0X tot vmryto, tottUl MrrataN

si tto lew W . s u  to. wrm. t o t o ^ ,
to«w«s prsstissllj pwfect .trUght He*.

(3) Tbs Initial serrate* *f tto a *  QraAaU* toapto
t o e s w  aars and — ra  ....  *  tto stmtoh lm*tto
into whleh tto laAlrltoal **.11*$ •setU* tors to* 
sstoiasA, a w  laereawA, W .  *  tto -rmnrnT rator ei 
tto pametor "a" In tto #%eatl* rrrstoM% tto 
aa w — rwaling fwteamy dlstrttotton to afrttirtf.

U) Ihs gradtont ef tto saws to pgsgretatosfty Intomil *  
tto etreteh Isngtto {or tto eeiifrl rales ef tto 
paranster "a") are Insreaaet, toaettoal s*«iia*tt—  
ease t# ladleeta that tto llaltlag alaps ef tto fiea 
Oradatlen Graph to abort 45* •

(5) Although tto m e n  rales "xf, rsprs.u ntot by tto paint 
rtora tto Ors Oradatl* Graph Itorreeata tto "v,*- atom# 
to etoleeely tto sans to all saw*. It to aenslly atoer 
free a study ef tto surras platted «n Plato H X  that, 
toe bath te tto rarlable Initial eeaahee end tto 
variable slope of tto different ore Gradatl* drspha. thi 
arnrats rains ef all the ere share any fined rains «U1 
net be esnatsnt, tot will depend *  the etreteh length 
rrmr wtlah sraraglng toe tston plaee. tmi 
etreteh length, er la ether wards the #*ai
■ W U t i  T t i W  ^  tl. u ,  V .
W  tie ei^p. ef U *  orU*,1"n

the raise ef *▼*" •



■ <»v

fttU *1» m w w  «f « »  c b M m i t M a  
* W . W . « a , b .  a p p m U M  fra . . w ,  K  ̂  __  ^

represenUd by the eteetlea

, ■ l i j
f e tv

* Va*
OBfarteeeUly the «c*et wrmlwtlvm ef tide eriireeeli 

16 evtowly tpouhleeo*, as it levelree the rati* ef bee 
Isflalti eerie#. A good eetbeeetieal eprrearteetiê  be the 
Ore flwdetlen Graph as deteradad free the shave %  atiee, fee 
ell Taleee of the aeea mwT sad the pereeebee a" likely be 
he seeeunberad 1m preetiee. Is glrae by the eeeerel eeeetlse

la vhieh
* 1 * r '

1,1/e
^ * - b r »  1 *"— 0 6 . * 1 3# ' e» >o e

W )

■1*51

l . W
i ■ ■ V  1 -(tea ♦?"

- M 8-3 _______
eat e • (■ • i) •
Za ell the shave expressieas the fellawlas 

has been ateptedl-
"v^ is the average velae ef ell the 

the given velae "a* • 
ef la the parameter ef tia efeetlea 

eorreepoaAlag freeaeaey dietrlbetiea.
. <  (. /  * V V ,  u

SbMrTKtlOM W » .  f T  t M  pwturisr 
lAeratlea.

<asi

a WJT ie

L
: - Ira
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PI ATP XIII-
Curve of the i« ^uat t on

l a n - c ) -  3 -- T - i  \  S : ~ o  6T  * - 1
e  I 3o c

showing the }\elution between 
f bram ctcr ’u  o t the Baa,ic Vatu 
[ vc^uenc  ̂ 7 ''i^tribu tion and ftie  
A|>|jmTM‘muk Cfrad tent tan fh) o f
Corresponding On Qradat ui (
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•treleht 11*  M A k e

‘# •"* t*to “ *•• (—  net. XII).
**" u  ** “ *itlr* ^ x w u *  t m t — m »  lie

Tal“ * •* "*" • A m  lie
•1U  be (tne l e w .

1* etr be M « M d  Del th, i h M M I e m  on eMMlea 
•n*b mm m eb eere eeeUjr be etieelelee f m  
Mblee. la tie e a a *  el»ee«, latteelee, Mee fNe Me 
wnareUrelj eeaplleetee ealbneUed m e l l n  ebne. M e  
•ill «efl»ubs#dly he tlx# #### wbei deellag wltk a WldJBlK 
am tntotim oreph la wnleh the — r f i  waiwe «  mT s* 
V  m m  town# ta% equatlaa [14! above pveriati # 
ttmflS 6tTi»6 a eeed approarteallaa to all Ove 
arephe derived free the rxneHaHal autrlbtotoe lee. It 
■HI ttorefera enable e earn detailed Imaetlaatlaa to to 
■da lade the true nature ef ttoee eamve.

n— alder fleetly the aepraaalaa far the g e ilant ef 
tha are (hfeiatlaw oraph aa given In eqeatlea [*U» via

^ • V e
tln e  " - p - t 1 * 1 1

A etedy ef thle fmnatlaa, a gmphleal msreeaadetiaa 
H  ahtoh wui he feetol la ilato XXU. mveala the IMlwlai
Waatant faetoi*

(1) The paiiawt ef the o m  amdatlea am* !• * ftoatlea
enly ef the pamaatar "d" «f toe
ftotwiy dletrltotlaa# and la entimiy
ef %)» neaamlto "af af tha are-todf «
dame all ore omdatlan orapto



va*w  ^  «in  ̂  ̂ UUr.1, f U f c . w u . u m .  
iw r w - U w  fc# — nUally r * m *  w u  W  
reUUrwly .fcwpw. 8 U m  tU e m »  r m „ n . |  ^  
•fWtfctMi (15) ■ppneeUe the n —  #  * fc 
• W U t U U l j ,  It fellewe thet tie elepe «f tto 
■fcM&^lfc lUe pertlem ef the Ore ttrefcatlee # # W  «U1 
eeipp eaceee* i5*. Altheegh tide elepe mil, ihewe h rtlj 
oUj be •i.seUed vhee ■»" i» UfiUtely fcee#, the 
elepe ef the graph will eeteelly appradmte teey 
eleeely te the 45* limit far eU vaUee ef V  whieh 
are la eweeee ef l.

(Ill) It bee already been pelated eat that a U  the Talare ef 
"a* likely te be eaamnrtagei la praetlee will rrehahly 
lie between 0.5 eat 1.5 • fer meeerieel walate ef mtP 
falling with&a tide ranee, the faster a0,01 apprwrtaeln 
very eleeely te unity, aai ite effeet aa the ai#afc#l 
value ef tea* may tberefere, far all praetleal 
perpeeee, be negleeteA.

Oeaelder next the expreeeiea

& • a V 1 - (W#
far the latereept mete on the "v," - wde by the etralgM
line petllea ef the Ore Proto Ilea flroph* *he felleeSag feete
ere netewaurthy: -
(1) Slaee tern# bee been ehewn te be e fMtiea ef • 

only, that fester ef the W #ealea aaPer the ms**s«
. 1 ,  b. W  W  ftr W  0 ~

tertn* frwi mil fiwiewy ll»trll*UW W U *  **•
.   m - ~ -



73.

-  u .  ^
« u m  Ot til ««,& or. erti.tun a * , *  tiu « »  w  
ItanUwl. bti ^  M t t U m  «U1 u  t i w i w ,  w
n r r u e  « . « n u  « . p « u ^  *  U .  m l . t o m t o . t o W .  
of th» PsopeoUve ore-bo4j.es.

(U) For so oro-M, twrtig » $1̂  ̂  vallie ^  
lonsth of the inieroopt 1" « U 1 A w n * *  *  * .  ̂  
of ton ♦ ,  or In other eerie tte naorleoi wmlw #  tw 
FOMMtor "e (or the itreUh loegih), is Snarooeoi. 
Slnoo ton &  1# always loos than 1 , *1" * m  alwoyo 
e gzMater than 0 # the length of the leteroopt sstwlly 
bo&ng equal to sore only when ton # >• 1 (1^, sh* V #  
ond ooBooquently the stmtoh le^th, 1# w w t o l y  
Iotbo). The straight portion of the graph wUt Worn 
resolve itself into a line ttevugh tin origin, Inrttnii 
ot on angle of 45* to the "v," axis.

The eosplete equation for the Ore Oraiotlen flrsph 
taolnios yet another additive expression, its.

width, for any given "sf end "of. Is a Aaotlon of V .  It Is 
this torn in the eesplete fonsda foKv," (see oqeatlon [fgl ) 
whdoh is reeponelhle for the eteopeedng sf the m a m  Ihr the 
ttwir values of

The following foots emerge trm a oloser study of this
•entire expression:- 
Cl) For any given ore Oradotlen oroyh (l.s. (hr s given "if 

sad ), the nunerlssl value of the expression for "f 
dotroanos as "x" Is lasreasod wMlt (hr ouffltloeSly 
large values of "v" Its sffest «m the (hnotlon "v^ 
will he negligible * For eeitahly large "fi



7J.
tt. V  .O.PUWV t. ^ „ W U 4  „
the equation

T* ■ » ♦ 1 ----— -----tin
fhU 1* • slvllflMU* rtUk m r  *— t 11. M  
•PPlled la prmtl*. n* m m %  Ur

■aUh th> •apranlai U r  K    ti w
be determined from wquatlan C2TJ far epeslfle 
■murlesl ralnea ef "nf #*& »**

(11) rwr » given value ef *wPt the —  rlirt valma ef U »  
ah ere expreeslon far nt0> la maara* M  %^e ruranalar * 
1* ifltm iai* Namee the enaller the ralne ef the 
peMMter "a”, the eera raplily v&ll tte Ora eteiaUan 
Orapb apprexlnaU te the atrelght lima rejiraaaetal by 
egaatloa [2SJ • Thla feet has repeatedly beam ebmerred 
la praeUee, end la veil UleetrateA la Plate XZZ.

V b m  Individual eanpllng aeetlena are aaablaad late 
preepe to repreeent the average valeea ever eertaLs equal 
itreteh lengtha, the theeretleally ideal grouping te be 
lapleyed will be tint revolting In a eerlee ef valmee, eeah 
if whleh rwpreee.jte the average ever the Optimal Itreteh 
eugth. Although tĥ -j aetual length will vary ftrea «lae te 
Aae depending on the nature and eharaeterlatiee ef the reef 
edy (1% baa been ahown te be arproilaately 1 #  feet la the 
aee ef KLau "g"), the nuaerieal value ef "a* will la all 
aaee be unity when dealing with that pertieular dletrlbutlen 
btalned free valmee repreeeatlag weragea ever the OptlMn 
itreteh Tangth. The following ■leplifleatieue In the 
Vpreadaatien fereula for the Ore Oradatlam Qraph haa#t ®a 
he Optima, streteh Length will therefore be effeeted:-
(1) Mbetltutlng unity In equatlm £2f)» lpw4le™* ̂

!!• atralgbt line portion f  - f  Ore O^datli «4eph,
- ^ - a  o w  the Optl— »toeteh imngth,



■Ey be ealeulatea m
■ 0.8(49 ,

» »  to. .1W  of th. itrtigkt U »  P W U *  *  U.
graph rtH thM be 40* H ‘ („ y., U  ̂  T

(U) lb. .f i *  • herlee W w  t e U n M  tix*. M
o.S6«9 , tie H-iwwpi "I", +j („),
•a* therefore be eraluated. m e  zedwee te

1 • m /7$"356
•r 1 ^ 0 ^ 4 2 .  .

(Ul) 1 *  u u u n i m m by W U *  [*n r w l « .
1 tee If into the ee^amtlrely eUple *vrt**nm

• |£ y 1.0839
r ■ 0 .4038. m. e

fle^hlnlng the abore three eeapeeeete, the eeeplete 
eqeatlen for any Ort Gradation Oraph, ierlre* fren the mearage 
raleee obtained when the indlrldnal ne^llng Mrtl—  are 
ee>-t>1ned into Optleea Btreteh Leagthe.wlll be • fenetlen 
of mwf and only, end nay be written aa

w ■ — ♦ 0.994* • * ♦ 0^098^.0
* 0•8649

- 4  th 1.0*33
M m

Table XX an the naatt page baa been compiled te 
extent of the agreement between tee Ore oredatlen *****
far n&ma "g" (naan ralwe » 7»*9 *»* per ten)# derived 
*feetlvely free tty exaet theeretleal feimle ef eteatlen [171 

end the apprexlnatlen fornala ef egenti* [*4l 
widely differing valeee ef the wb .
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(wY*em) • » 1.0000
# ■ 0.4114

39.057 49.615 38.994 90.055
42.674 33.213 42.711*7.495 35.665 35.369

21.689 28.564 21.653 *8.08415.916 21.287 19.869
13.667 18.324 13592 17.746
11*405 15.321 11.358 14.804
10.340 13.810

11.697
10.775

X% will rMdllj be eeem free fable XX, am# V  
gngpideel repreeeeiatlee la Plate XXf, that whueaa the 
■sriiMat between the theoretleellj eerreet Owe ireaatlaa 
Oiwph eaA tie apprexlaetlea la peeaabably eleee la the
far wklek ■ 1, It deWrleettee appntelehly wbaa the
ieel value of the pareeeter "a" la deereaeed to 0.6614.
Xt abeald he painted eat, however, that the a#moama, la the 
Utter, altheash met aearly aa seed ae la the tmsm* eaee, 
•till falle well within the dletatea of pr*atteal 

dlffereaee being only abe^t 3^ & 
t will usually be piaetloally aeeeptable, eaeept 

taealbly for largo valaee ef mwf and eaeeptleaally aaall
ni«M tM*h u  Mgr te t maam t m l

l_
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*  u w U a t  e n t l w  akUk k m  k m
• I w V  tegrtkw. A* ana n  t m .  __

t”** e»wee. raaaluai U  . „
w l w e  «Mak ken k m  m m i l  w t  
M g U a .  keeenr, tke n aiil m  m a t  ef tkt r»naitu
« m  k» l a v m e * .  «at tie e l e m w  af tka ,------ _ »
k* U g r m * .

e »  fesUune U  prlwily «m  u  u w  feet %w%
tie Ore — elet H e Otepk «eee met eppmiwte ee eleeely t#
• etrel«*t lime ifer — ir U el valew ef af v M m  * #  leee 
tie*, ear 0*S. me will be the ease few velwee peeler them 
fhe Ueerelleal Ore Ore*etlee orpb i# the fereer esee (Iwelpe 
a iletleet eteepemlmg teeleeey far tdgber raleee af V *
thereby reeel tie# im a earee efcUfc ie very altpily 
aaaaave am the eyper alia, the attest ef tide fhaaamamam 
■ay* hawwrer, be eegleete* far all yraetiaal fe n ....
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aeiBHLtt.

uutitia.

■wrlas p i w h  and Ulustraw tha hxU U w  af . 
fttiaMUl atatlatlaal law for th. dlatrttauaa af 
T^uaa la tha are of a parileular Vliwaioreraad ■!», haalag 
wplalaad the aoaeaptloa af etrotoh leagth ^
Optlm Stpeteh Longtha, aad harlag demutrate* the aothod 
af dadnolag the Ore Oradatlaa Graph from this rundaaeatal 
HetrlhwUea Lew, the eoaplUatleae arlalag free tha 
iatrodnatloa af the pay Halt will aav Have to he oaaalaed.

Befere dealing with the aeaaaptloa of pay Halt la 
Ita relation to tha Fuadaaeatal Olatrlhntlaa Law, It wlH 
first be aeeeeeary to define the tera, and to dweU briefly 
an eertala aapeota of pay Halts.

aofimltlea A Pay Halt Is a sedated staadsrd ef walae 
which enables differ* atlatlea to be soda between • 
payable and unpayable ere. are Is ere ef
which the value Is at least equal to that eeapated as 
the relevant pay Halt.

The basis faster governing tha do termination ef a 
pay Halt Is the total east larelved la the extrastlen and 
trsatnaat ef the ore. For any parileular alna, treatwnt 
tests are essentlaUy the sane ease the ere baa been delivered 
to the redusHoa workt. The e at# iwelvsd la the iroaklag 
tf the ore and its transport to the olll are,howwor, subject 
to considerable variation. Theoretically therefore» pay 
limits will be different far the ore emanating free different 
Idealities la the sens nine, and were cpeelfleally. fron
different individual working pi##*# ln thet * * * ' m # U ^  
t# eertala variations In the working costs, resulting
"*Wy from
(1) Oiff*r«ne.. In ih. ."Pin, - a  -  «- •-*

wmnrmnpiipiF'mwnnni
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(11) Relative erne# of brwekUg, and 
( m )  B i f f i n * ,  u t k .  W 1  w  _  toutu.,

teVMUX* *  th. X W U V  Of 6 PVilMlW M A U ,
PIM* U  nlatl* M  t>1 tlpplM ̂
iwletias fatlllllee.

Mthmigh the il loo at Ion of different pay Halts 
to individual working plneoa i# UpraetiaahU, it tea
M v e r t h e l e s a  been feumd peeelMLe to dietrilnrte eoiki^ eeeta
in ewh a aanaer a# to enable separate T»eiaji pay Unite 
te he ealeulated for different reef terlsena, end fer the 
Tarleua mining eperatieae, eueh as etepi^, derelepeent, 
w elanetlem, eta. It in net intended terr *a ge late detail 
regarding the netheda of determining these varleue pay Unite, 
they are all essentially the sane and eeefem te the 
general nrlaelplee governing the determiaatlsn of pay Unite, 
the only difflenity apparently being the rather pvnetleal 
m b  of eerreetly distributing the eeeta.

m e  very distinct and basically different pay Unite 
de exist, however, depending an the epeeifla purpose far 
shleh the pay Unit la te he used. These nay he oiaaslfled ae 
(a) The Of Reserre Far TAeit. nhlah semes as a standard 

hy nhlah the develeped ere In the nine any he segregated 
into payable er unpayable for Inslualen 1m, or 
exeluslen free, the %e Rseerve,

(h) A e  Qmrrent Par Lil
he ne& ef the payability er othenrise of a
steps faee.
Singe the essential differonee heineen these tee pay 

Ualta involves eueh oenaideratloms as the Pleak 
the TTnnagi Oiaeropaasy, eaah will be dealt wiU eepa»ate
•ad in nor# detail below.

nhlah enables an assessment te

L
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rlek wll #f pewtieal experlim*, e * u * U e  tie 
th* 6°^^ sontent likely w  be #itaiae& free eeeb leilTidaal 
ere reeewre bloek* the  ̂■ cent of wh&eh to 4eltMMt«eA ee the 
ore reeerre plan. All these inHlridual ere meows bleeke 
tire them eeeeele# am# the vmleee emm#eA te ehUlm e flesl 
estimate of the total tsama#e eoA name mi the Tolly 
developed ere la the mime. tOhae^emt eperaUeme
sarrled eat la these ore meows bleeke afford a semes of 
eheeklaf the aseureey ef the ere meow s eetlaateo la the 
light of eurreat eaapllag of etepe faees ee edadag preaeete 
la emsb block. By thia arthed, block faetem a m  Obtalae# 
whleh show the* the cremge ore meews ▼almes a m  larorlahly 
lee# them them deduced free ear rent ashling reealte. vhlle 
the elgalfleaaee of tide pheneaeaem has beam m m  fally 
tieemmd In the latroduotlem te thde theole. It le ebriema 
that the Hook factor, if ladleetlm ef the omtemt to vbloh 
the e m  m eew s eeepmter eomaletoatly oader- «r efereatlaatee 
the Talm ef the e m  meews# meet be tJcin Into ecueldmatlea 
la atteogit 1 ag te arrive at a tree eetlmte ef the Ore Beeews 
fay Limit baaed em ML.'leeewsted eaapllag reealte.

fl* ISamji Dieerepemy, aaaally am oxoeee bat rarely 
aim a deficit# has formed the etibjeit of meh diaomeaiem 
and detailed iametigatiem by aeay reepmwiMe minlae 
official# em the tfltmatorereai. fb» tomege of MllrfUrt* 
mtbrskea la aay W i ig r w i owratiw i# — ^  bJ 
esitobl, eemhlalag am S O B  ■aeamreeeat sadertekea by 
aawsysm# • liB— X V M *  aeeesremmt ********* ̂  ^
md a IfWBini gnrlil detent!action of the reef « 
mmrlmauily In the U h « ^ .  f h e s t m e t m m l #  — imd
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“  “ ■ " " "  ** «*«■. 
r*'7 "  *•“  W O T W » •» » .  s o u - w u .  M W .  M .
*» wltk r w o w u  m w m ,. lMrt]«  ta W .  W *
07  errere la the meeeareeeat ef either ei 
will W  »tUB la ehereeter, it my  be
the aweat  ef eeld-heerlaB reef 
to the alii will he reeeeeebly rellahle if t)» ̂ itrrelu j 
deterelaetlea ef the epeelfle grertty sf the reef l»
MMptod* H w e  If to. total tana. o t n U f  t oum rto  to

ta. toU la laat i m  toto m m m  M  toton n t  Mto to
the will, it eeeee reeeeweble U  eeewae ttwt the flfferean 

he write* te the feet that eewe ef t w  ere tritu 
bee been left wniergreae* to etepee eat ether exeeretleee 
due te eerteto preetleel m etog dlfflewlUee. Za tide eeee 
the Tireegi Dieerwpewey aegr reeeeaehlj be eeeee* te eerey 
e ▼nine equal te the erereoe ef all the ere brehea la 
eteptog eperetiewe.

Denali/, hewrer, the total teenage ef in* aetaally 
delivered at tto *11 la h m I *  them that aemeur *  as hetog 
seat te the *11 free all nwieigren* eenreee. It hue alaeedy 
been eeggeeted that the weaanr* tenaaga ef geld bearing 
reef la probably reaaewbly aeearate, a *  It aay tharefere 
be eenaliered that tide teenage dlffereaee has erlgtoatod 
entirely from earn anrtferena 
here been given te aeeenat far tide 
*11 neaenrewe*  am* the ewrreyore1 eetiaale ef the 
*11*, the meet i*erta* ef Wldeh probably are.-
(1) Ohder-eetleatlen ef eteptog wUthe, * e  te the 

praewleal *lffleultlee eneenmtw* 1m the 
ef thia quantity. The eaeet e * e *  of thl.
Witoilto  ̂  t. tototoMU, itotototo.

, aa tin eettleneat ef the haaglag 1m
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u  -  » « *  a a .  ^  u.
« « » » •  «*t.h i— U M ,  t ^ . u u .

•M *1,,,d - m M
" *  n w f M y  iror» w  ». r »   ____ _______
!■ 1(1 Mil/ ebeenr#*, la via# of this faeS, it la ea

•f aMmrtae eiepUs sMtte taa (M» kMk U w  tk*
* * t * «  few, la aa ttteaai to i— eeto _*to ae 
■ i  *• ‘ a«r«itoa.l by .wlbla aaaU# (Ma tto — , , 
aaU.vlU aatoally reealt la a awe relltole aaUwaa 
#f tte tneo etoplag width.

(11) XeUBtleeal or M dntomtloMi tlppi^ of waste late 
nwf etero## blue. w* t# eeetrel oethodo h-e» Istelj 
boon developed te eeeh ma art mot that the ilot— oo 
of eeeh mlpreetleee boo boom proved bejeed oil obolnr 
of doofbt* A reliable qaomtltetlve deteredaatlem of the 
waste letredmeed lete the or# etreoa la this way 1» 
bouover praetleally lapeeelhle, mad the oetaol mat mod 
of sash edalterotlom of the ore lo mAjoot to 
ee*idereh„\e opeoalotloa. It le the vrltor'o eeoolderod 
oplalem ttet this woo to reek will eoooomt for m*j • 
eooll pereentoge of tbt eeeolly olorelagly loro# 
leomoeo dleoropomey

(Ul) A feature ahUb baa eajeyeA laareaae* attoatiaa larlas 
latter years u  tbat ef tb» apeema (rarity af 
Wltoatoreraa* gold ere. *be jaarlaaaly lelwWaal 
Aeaalty af 11 eable feat tatba tea ylalAa* tbe reay 
aatlafaatary w>* alapla faatar af etepiai elAtb ♦ 4
tb. toU,“
 n-  beeeet dateralaeUeae bare abam.
tbat 11.1 ruble feet ef are to tto tee 1» a
epproKlMtlon to tba tree Aaaalty <  tbe ra* «■ alta.



m .  ™ i w w .  • r « w  «  ̂ ^  ̂  
tte t«mr»r»lon referred to above, «at the 
•rithaetloal ee^Uo.tie* Lrtzettw %wWhly eeoomt 
fop the foot that XI,| ehb&e foot to tte Xtm tea not 
boon enlrereeUy adopted for uao la mu-re/ere'
oooooombU of tomeee brahem. m i -------- u  m

the other hoM, ere tarerlablj beooA m  the letter 
eerroetly elleeod for* this rtlffeieeee 

la the heeu of eeoooeeemt la the tee oeeee will hero 
the reeaxt #& laereeolag the eomyon* oetleeto of 

jgr l.fr per oeat. It H U  W  dhriows ttet 
mlee H U  here to ho oooftgoot to ttet perils 

of the 1 manege tleerepeeey whUfc la dae to this 
eonelAoretloa. la H ew of the eeell prepertloa that 
thie toanrgo aoreoUy ferae of the total Aloorep— y. 
It la doubtful whether eweh oifoA reflaeeaae ie 
jaotlflod.

Free the shore reeoihe It w&U he eeei 
ir the karoe relatively aegU gthlo errors wh&oh H U  ho 
iltoiaeol* It H U  he rooeoeahle to ooeeee for e U  praetleH 
rpoeoe that the entire teeeoge dlaorepoaoy orlgleetoo 
oa etep&ag eeerooe. Fwrtheeeere, there le etroag theoretleel 
tdoeeo to oopport the ooetoetloe that if thie HeoroFooejr 
\ m  oeoeee* It win oerry me rolae* ohereae tf it la a
«ett. It - 7  be erediwt «it* « •  enw*, W l U *  in'* 
r a U  the ere broken la steplag eperatteme*

la AeterHalag aa O n  leeeeoe Pay LlHt, the toMeoge 
eorepauoy la of o^lderohl. ,*artemeo, eel meet be t—  
«to seme: deration. The *here eeouaptioa. Jaotifi

r ̂ e  w  U ^ t  tbu U  - U
-w Ate
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VarkiBg Ixpeaditure

(laaladlas owu) u /« m  u >
fhU wet. eeprwee* U  pewjrwlgkt. ef gel*. « m  
*• ' er ,‘**1 *»t »er t w  aUlet.
• e U  lest U  seek tern ef RwUet U  o-toa tot.

ffaae ite required UlMl «f tl»
ielirereA f#r trestwti to to* rtitotHn 
win eerer the total aoata m l  ale# allew far the ceU 
Aleearded la the fere ef reaiieea, will he * #41 ♦ O'***, 
er 2*443 dwt per tea.

la paasiae free the Mae to Ika mill, hewever, the 
dlffereaee between the tfUuHtli relae ef the ere 
delivered to the mill, dedaeed free Mae ee^Ua* 
vceelto, mad the metaml valae ef the* ere ee eeleMetod 
free the geld yield, the teenage allied and the 
y#gidae value, met he aliened far. This la leae b| the 
eerreat epplleatlm ef the Mae toll Fee tor.

Beaee the required gfliUM Till* ef the ere 
■Hied la erder to eerer eeeV mad allew far the gtid 
lent la the reeidae, the Mae toll Faetor beiag
90 per meat, vlll **

*"443X100 f „  2*737 dwt per tea.

toe U  p w w e  W W W *  -  l“
ewpta, eeewe. • +  A W M  * » « • “ " 
free u w  eerlwe ettec tB^enrsw*

z : z t z t s : :

that three M U  Wiemtl 
praetiee, ee fellewe

la their

i!-
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Ore m i l e* et • 
felee whleh will rMult

riee Veuiie eerie* ee
1,800,000 1.7)7 4. le t,<00

Teiel Ore heleie* for

■ U

Ore eeefc U  lerlli 
neat free purely 
fteplas leereee
Plee Waste eerie* in

T M L  Ore eeteelLr 
derive* free Steplng 
leereee Oefere ike 
etreei ef oe*sr»r<eei

161,000 OS 24,000

1 161,000 $,CM,6ee
92,000 sm 190,200

115,000 t a 241.900

1,201,000 2.6 4.612.960

120,000 im 190,000

1,121,000 2**66 4.796,900

ike kieses kjr ee

A d a  vales ef 2.*66 tei >sr tea repreeeele 
i f I M A I K  Utot ef a kleek ef ere 
reeoli in ike retnire* ata&em eillla# veins 
per ten. *a It kaa keen Aekwe* *ireeilj 
leweace mile*, it Ifliaw 8ke ieaaaee 

ire re ewe ee#aiere eeaelly el 
ilaeOe the #el* eeeWae* la 
aaoueel repreeeeie* kp iki 

ekeve llallla# value mil ikerefere 
ka aijnelr" W  ikla faaier la erier te 
par Ueii fer Ore keeeeee kleeka. In ike ear 
ike KLeek Faaier kaa peeeet te ke reeeeeekly 
ever a earner ef yeare at really U *  S 
ike Ore ass ar m  kkek Falne mink m il

m n
ef «»*e 
ike

at a 
ef mas

* *0# 
la a



r
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Vtaas* If *®v»lwpw*t eeeie 
mifeias wtpeMitwre, tte ore 
'«■ »ill W  * •2/4(1 «wt per i*.

IS ttft
ley Limit

As ststed Wfsrs, tide is tlsi st*Aa«d ty «kUh tie
peyeSiUty #f s m m m t  wertdms feew i s  m .  ssi it
meet thepefere be AsAssel free nnrel Wss#es. Is etbee 
wris, it is am empreeelem ef the pay limt is teem ef 
m m u A  etsplSB widths, mirnee the sessmred vSitM M M d  
the ssMidmties ef temmee# dleerepemey, the Utter to 
Ijnerei is the eslewleties ef the Osrawt lay Halt, the 
Bleak faster alee falls away, eisee isdieidaal steps fases, 
ad set blocks, are dealt with.

thee, paresis# the preeiese eaa#@e te its Uftoal 
eeselssies for aeaaarad etepto# teame#ee the fellsato# 
reealts are ebtaiaed!-

Vetol Ore aetaelly derived free atopiss. .
?  e S L S I S  1. W . O W  « 'i“
Less fiasif Oleerepasey. 
vhieh is tSis ease to 

to te
•any se false in.ooo m

is Btepee before the
s*aa^ef Msrpeasd 1|no,ooe S1 $» 

the Osrrest fay Lilt fer tepia#, te be
with ■eassrad e t e p t o #  wUths, to

**TJf tat per tea. This raise f w  the pay 
Weed as the inelsstos ef der#im*e^ ^  **
**Ma# espeaditare.



* »  * • » * .  fro. so<irwe

whleh
^  w u i  ^  w  m i o o  "

^  w  ̂  ,..0 ̂
^  « "  ^   _____

eieped •boold here been

rtl.li . o w .  irtrtrtbl, with th. W t l m w  htort ,14th 
•t *»•*» * " h r t  for th. portU. of X U .  .,. w l w t e 4  ror
thrt. lara.tlg.tlm. m u  th. fratram, of mmrrara. rf 
nlara. It will b* .brim, that th. mla. of 2.24* fat p w  
ton *s eti.rax.tra .bow. fra the Ora farara. fay LUgt till 
fa rapHrabl. otij on .eraltlon tint . rati, fa fafah. rtlrt 
trtra th* t m m g .  tirarapmey in*, raralfaratlm 1. raplojra 
la ttaa ••ileatlea of block widths.

0* f t t o  Bnrnmiur# oaa Ptroiop— it cooto.
The pay limit# deduced above for Kim# T  are mther 

below the cnrersn# for the Indue try. m o  le primarily dm# 
to the exeeptlenally lew wertdLne expenditure per tern Billed 
far HLk; reeultlne mainly from the following:*
(1) The comparatively high milling rate of appre-lmetely

150,000 tone per month. It le e weU-kne* foot that, 
awing to the high pereenteg# of ee-called "etenila^ 
or "averhaod" exponooo, the coot per tee milled earn 
ho appreciably redwood by laoreooing the mewthly milling 
rota to the — ■ pecelbl** capacity of the idll. In 
thie connect ion it may he abated that cm the arerag# 
the minea of tl» Wltwateroremd are et prw «eet Billing 
at loco then 85 per cent of their pcsalble aapaeity- 

<U) Th. I m  dra.lup— nt .rat. *Ura * » ' * * •  " * * *  
ipin.rahlfa th. fully faralfa** .fag.» th. faraX^fah 
bra drawra to th. rathra ira fatti Aral *.»® **•



u  ‘ •W W .U.UI, V« w t #  #1jU4
. 0 ^ 4  rttk u .  f„  *, ^  ,
Mn4#r l/- per ten atue*. -

the eewptlen of I w l . ^ n t  m u  y .
Aioennaed toeoUe. - tteeli U r e l n * *  .Mi. „

U.1M  »  T  o » l ^ d  flee tke tetel o ^ ^ t t * ,
la the ealeulatlea ef p#j luitaT

•taoo the o o U U n  to thU w . t t *  u  u^ej, ,
■rttor of laaiolAiol ejdnleo. It u  not koto «->— -i to 
fomloto 0*7 fixod poller to to etepte*. fke f.Ueole,, 
kMOTOT, 0*0 00*0 of U w  orltor'e reaoon for eeeeUerUs 
u*t A m l o p M B t  eoste should ho mliftli from ths total 
•xpoadlturo for the purpose of deUrmlal^ pay 11mlto:- 
(1) I* the opening up ef a mew mine, both shaft el*l^ 

and ooreiopwnt eperatlone are etergod to o&pltal 
aomount. Ones the mlao has ohbaahsd upon lie 
production programme, however, the expendlturo am 
development la switched to working eoste, While shaft 
alaklag, should this still be la progress or ouboognwrtljr 
hoeome rjceeeary for the further osploltatlom of the 
roof, remains a capital charge. The lagle of % 0h 
dleorlmlmatory treatment of the ooet: Is vseeUceahlo. 
the expenditure can— Hal with shaft alaklag ms 
prodmelmg mlmoe, although a charge agalast capital 
aeeoumt, is oventmally appropriated from profits, fho 
■a*, proeetir. 1* respeet ef U w l n — * Mrt* »1U 1* 
■oet esse, here » eeterlel •» W  TBl'ee •* ***
pay limit.

(U) In the eurller . t M »  tk. Uf» -  • — •
k w  i. proeee. .» t M  -xl—  ret. In ei4er
net ealy to eelatein, W t  *!«• *• ******* W  *** 
reeerre. The <■»« «U1 **
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W " leP**’ h°V*T*1‘’ tlW rtu m w m u ,
4e«reaee, «ad Mit eeste eeimntei with this
til therefore tieo * * * * .  If ^

" *  ln”1 U M  ^  th- ^  erpeedlture, the
will be eubjeei to « * ,  nhewtl.., A U h

win Inerltebl/ be refl.oUl 1» the n o w  ^  w
ps, 11 sit.In this ws, . eertsln pmpsrti* „  !*,„
grede ore, which wm* eoneldered uaprefliable la thi
early ■tagee of the life of the alae, m y  mdweqwnUy
be rendered payable. Ihle would net be >erlou» were
it not for the feet that, during the later stage*
la the life of the sine, a considerable preportion of
the ere that ha# been rendered payable by the deereaae
In the total expenditure resulting free the reduction
In development ooeta, will either here besoms altogether
unavailable, or will here beeeee entirely imeeonenleel
to extraet owing to eertaln praotleal aiming reasons.

It appears justifiable, therefore, to exclude 
development ooete free the total working expenditure In the 
salsulatlon of pay limits, and to list the jsr as a 
capital charge, subsequently to be reeerered from profits.

She soaplloatlona introduced late the defendant lea 
#f the pay limit If development costs are charged to capital 
cccount may be Illustrated by suitably modifying the previous 
examples for Mine "S" as follows*"

Price of gold ■ 172/6 per ounce, or #'*#/- * *  awt'
Total Working expenditure " *** ̂  e4Ue*
Total Cost attributable > 2/d per ten milled,
to Development

OMt.) • » / -
This Isttsr ...if ^ P reeeed ln P*nn,vtlfr 
— T  will be 1-971 dwt per ton.



0 . M  iwt U

L  —  U e e r w u , e w e , ” ^ - ^ u .

w ill W 1*71 ♦ 0.208 • 2.173 tri par %m,
» .  m »  otii r m w  w u «  »  w  ̂  ^
w i l l  t.1m  .t tt.
*  w m ,  w * .  , *  * .  _  i _  ,.

•m *« aa ^ T M ft. •  a . a 4 ^ W w .
%2SS M m

Or* Hilled at the thererequired 8a#llmq Tel** 1,000,000 9*414 4.945.200
H e* Waste darted enSurfaee 100.000 o.| 04,fdo
fetal Or* Hoisted fordelivery to the Bert lag neat, free allIfdergrnim* Souroee 1.900.000 1.291 4.489.200
Lose Or* free Derelepeeet 92.000 0.202* 10.500
Lee* Ore free all ether .
IhWergreeed Bourses 115,000 2.1 841.900
Ore seat to Sorting
Fleet free purely 1,001.000 2*919 4.177.200Staple# Bourses
Flee Waste darted 1.0 120,0001* Stapes 180,000
fetal actually derived 
free Staples Seureee 
before the adreut *f msdergreue# Sorties 1,981,000 2Jt97 4,297.200

% r < 2 = z  s r s S 5 ) m M U

Ore iMflBSA M  brsheebefsrs thsadveat ef 
UMergreumd Sorties 1,790,000 2.404 4,897.200

» .  c  h , u ^ t  - •  -  « • «  " V * -

u t  tte O m m k  f«y L1M *  * 1-4M •'* » •  **“ ■
**» tte tern, .titelstlte# •ffe,<’ *“  
pnrfM tlj lo e le il .«utteU « t*et ** **• Met *t
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“ ~JT~ - -irrj
ae,11e* ft1e “• W M % « r  ---11,.) ̂u ”,~~U4 ̂  ̂  1., ^  

1*  * .  n « M .  * * . «  Oja, * *
« U 1 ttervf o n  r«pr»MBt tto partlfa af tte total 
M m m - M t  « i »  «kuh m i  w . w w  e m u ,  u
« •  « e r m  W * u ,  e w r n .  e  r n  W e  m ,  to # .
A M *  P*y limit totontomttoa. ? tto ,,,,,,,,
• e e l e .  «&- —  ' -    -TMin ,„ a 1 u
KMtrtos m w r n t e e ,  tto toll tontopeM ret m e  
^  9 «*t far tamwmg edited te the eerm*ef a

Zt uagr here be eteted tbet eeee ef tie elmU% 
speype, la ea attempt at atrmas a middle eearme, tape 
ImmldiA u  treat a eertala *repertlea ef tie tetal 
lefelepewrt expeadlture a# a ebearps egalmt metlm# semta, 
tie rmemlader betas rmctardie am a eapltal mbmfpi. VIthem* 
eterlag late a dlmw m mlaa ea tie legltlmmmy ef tide meet 
tietnbatlea, it will readily be apfreeleted tbet the 
meememry amdifleatlen ef tie pay Halt eelemlattea te meet 
lataireeeete latm dmeed by tie adyptlea ef thle aetbed is
t relatively alsqple matter.

While It lea beam famed tie* eelaalea ef davaliieert 
*ete free tie tetal vorklag eapedltee reeolte la a 
radaetlee ef tie pay Halt free t.24* # t  par tea te
*•0554 dwt per tea la tie aaae ef «ue "f • ^
•tied eapleyed la tie eemgetatlea will raraal tbet a 
•aereaee la tie pay Halt meed met aeeeeeerlly reetit i 
•■t a aaaraa ef y esitara la all aaaea. tbe m p i  
^ H i e a u l  eeete, aa waU e  tbe aaaet aad valae ef



m i

m i  A U h  m i  m m r t t ,
w  xuit b. u ^  .  ^  ̂  ̂
"  ^  ^  "  t b m  « , l m u . ̂  _
•orkleg expenditure.

ImthUbrtrt *U«,.1«  «  u .  * * _ _ _ . n ,  vf 
m  llalto tt b M  k m  .bwa tbet, Mtb uc ^

e w u  tN.th.toui m m i m * .  u.
on Mtown f v  u r n  tor -to. - r  r tu  to t.Qj *rt tor »«.
M n  M U n t t o e  tto total O n  towrr. «  tto tan hr to. 
•MTMl&MBl mthea of bloeklast thU p#y u m %  of eoy
2.0 let per ton ohoulf be need In oonjonetlon with the —  
of wUtbe Wbleb takes the % m e #  Oisoropenej Into eeoowt.

14 ohonld be pointed out, hewwrer, tWt la tbs 
detendant&en of averegs volnoo by tbs frof l y  Hotted 
wUlaed In the proooodlnd ehoptere, no baooMn, out of ony 
deoerlptljn hen been reeorted to, and the isnosptlte of 
Hook Pouters la therefore entirely eliminated, teeee the 
pop l&n&t to be applied to the Froonenoy DlstrlhutSai Leo 
la order te arrive at an eaflnate of payability «1U be 
the Ore te serve ?sy LUdt as determined la the foro#siac 
eaauple, prior te It# adjnetneut by the Hook teeter, ltd# 
will be seen te be 2.2)7 dut per ten. The fellevln* eeotlon 
of Obapter XT will be derated te shewing her this mine 
of any 2.2 dot per ton for tba Pay Limit aay be laeorperetod 
la the Basie Tains Distribution Theory la the oaae of
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M in e  tZ : I Vie. U m i t  iu-^«ivn1 y  ton
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C u r v e5 lo r  l ; s t im a te iA  St:>|>in^ V o lu e b
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and bj Combining [nrltvidu'I

| i l i r i^T'orn tb e c t io n s  i%.to 5 0  A t 0 0 s
2.v>0 cinrl 3 0 0  f t .  V>tretcW  l ^ e n y t h a
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DC- O X i
(^Dwt/Can)

3f-
2  £  U w t  / t o n  

Frr ^u<?nc j

in^ V u  l u c s

tn1crv<iU>.
1 nrlt v • viuc

5 0  , lOO, 
L c n p  1 h;>

2«* Art per taa U  relstHe U« w  Pejf LUdt ef 
thU periieeler >j DUtrlheti*, ^
rn*rw*ted by tie evetiei

J• M  W  .* 0''OT4 * o M t * f
Ss H l  etrmtW 1* Piste Xf.

» •  pew w rt— i pmymhllity ef m m  f  ie*ee4 |Me 
tie rslwe ef tie IMirieel ewjrtlf eeeUee epeee# 
et 5 f% IsUrrele, will te repemelii ty tie wee 
eefter ties pert lee ef tie Aeqeeee? eeree lying te 
tie *aigM ef tie Use repteBeetles tie Pegr Limit.
Vide eeee, eel tieee else tie peeeeelege peyekUlty* 
eey te eelenlete* fpee eqeetlee [1*3, ee feL’iemei-

'* f y j j

« • 0.6*14 (leg, 1.1 - 0.1**4) “ ns^Jm 

m - 1.1*6*
ee* v ♦ V i e  * “ 0.410*.
Shew, free etetletleel teblee,

Vg g ■ 7196 P*** ee#.

H e  w w e .  M l "  M  « . « •  W "  W
w u m % ^ ^ w . w w . w f w . w ^ w - w
tt. U »  W  PV 1W .  W  or.
•MtetM. Omfh f "  * M  wetl”  **
n w m ) .  w  uw-tiMir »  w  >• ft-

1  I

I

- L. j

■
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r n

Hwxtiee Cl73 m  ehmm beiwl-

r.-
rt.s • 7 "@50

where, ae before, w - - l.liii
» «  v ♦ Va» » - 0.41M

Thee, from steiietleal UMee,

V *  • T-ne
• t»S> twt per tom.

■ m m ,  for the dletrlbetioe of eeU*te4 
velwe ohtalaed free leHrUeel 
71.95 per eeet ef the ore le the Mleete* 
Klae "I* will be pejable at m  erere#e waive 
9 5# Art per tee.

iniUfBtVi *f iftr m  uwt f  ^

-

itttti i«#»»  ft*

The Pay Limit la reletlee to the eheee Preeaoeei
Dletrlbetioe, repreeeated by the efaetlee

- 0.550# (lOfJC - 9»U0of
y • 15»4## • 

la HiMstxeteA la Plate XT •
The pereeeteee peyehlllty U  la thU — m  leieooealei

by the a m  wader the fwyeeaey ee*ee for 90ft* 
lyi^ u  the right ef the llae repreeeetlag the pay 
Halt, fhle area, eel therefore alee the pereeatese
payability, eay bt ealeelaSed free eeeatloe Cl53, m

follemS*

1

i e,



w - o.n*» .1 - o.atfo) -. g& ,.
«r e • - 1.27T3 

* 1  w ♦ 1/s^ ■ - 0.66$ .
■m m o  the peraraUet payAllltjr ##m he 

f w  etstietleel teKlee aa
^  ■ » . »  M .

Tftw w m m  vtiee ef all the eve ehme the * V % W *  
U  >epw — let gmphteally la PleSe XfZ hy the petal

relearnt ore Oratattea- treph, SMe aalae may alee he 
ee&ealetet free eqaatlem 1173 aa aheem haHeel-

Ta.a ’ 7-no

Where, aa aheae, w ■ - 1*770 
eat w ♦

Thee#, free etatletleal tahlea,

a a 1
er ve e • i-if

■Mae, If valaee ere eeprewet 
ehftalaed hp aiahlelt
w »  ;* *». 1* * W .  "  *  * *  *"*.
w u i U  m



Skis dletrl**tt«B 1# tie eqeet

,  -  U .M  .*  " ^  (1* V  -  l-W D 1
1*# reletle* te the Pey L W t  WI m  grepMLeaUj 
UleetreUA la Piste XT.

ftae pereeatace PeyelUlty Is rep^eeeaUt* as Were, 
ky tike ares W a r  that parUea ef the f r e w j  eerve
f«r 100 ft. etretehei lyleg te the right ef the lime
repreeentlag the pey limit. This are#, eat eemeegmeetly 
alee the pereeatege payability, way be eelemletef as 
fellows!-

where w - 0.9154 (!%*•* - 1*1091) - -f&fo
er w * - 1.3738

sad w ♦ I/a* • - 0.1335 
Free statistical tables, tberefere.

^ # W  O# per set.
n ,  aran*. ^  til tie « .  * * .  t* m r  Utit 

1. lm nst. W 1  tti p-lM
ti— tie w  U t t  1U .  —  « •  «».
t w  TalnM *«**.* t. " W — 1 — *” •** ” ”  100 n " 
M n t * h  l«6th.. m .  ptist w  —  — • “•t.W
«uti.w4 me. n - « -  » «  -  —



» • - 1 373# 
m ♦ I/m. * - 0.8335 ,

we r e ® e v s l w  Will %# f e w !  to to
T*.» - T-aso H f f i  

*■ Ta-a - * 0» «rt w m .

n *Sv “  ^  Tal«M m m  mm gmtoto me to
rmprmmrat torn «r#m#mm ever 100 n .  eteetoh le^tto, 
##•0# per mmeffc ef toe total ere la tom eeleete* erne 
■toe Hr  will to rmtoeved pmymMe e* me 
ef 8*Ctt tot per toe.

m n

The equetlo* ef tide pmrtlealer Aletrltotlme &e
7 - u n» ."l,see

met lie reletlee to toe pej limit la llleelrmtoi 
la Plato XP.

The perm eat a t  pmpaldUtf • (toPMamlly w iw m t m i 
to tom area enter that pert fee ef tom imrtmep— Ito 
freqeeaej merre lyla# to toe H 0 *  ef toe lime teetolBB
tto pep limit, map to melealato# me fellammi-

atom v • f o n t  (le^i t - le3#ot) - n ^ f T  
- - 1*53#3 

mat v ♦ 1/is * -1*0834 •
Imame, free atotlatlaal toUee.

«»-»• ” • *  g
tto ever— m ▼alee af toe « 

le lepreeeatet trephieallp to

rrrrrr.-̂ -
to ealealeto* f wm eqwti®® C173 •»

toe lime



** a " T’<i — % n r  fn,
v  trlciaki *re

istogmpa, ###h of whUk r»prM«w tka wwm#. 
m r  a tOO ft. streUh le^tk, f5*fT per eeet ef tto 
Wtel ere U  the eeleete* pertim ef « *  f  vtn 
he xetmrmet me pejehle at mm erere#" vmlee ef 
7" #  tut per tern.

(▼) IwaiiaU— tf tt» Tmt UMi tf 1*1 M  IT  f i t

100 ft atrtHh
the Aletrlhmtiem ef erere# ralmee ever 900 ft. 

etreteh le^the is Oeeete* hy the eqamtlem
- 1*4110 ( u v  - I’isn)*

r « i) i #  *
the reletlem hetrwem the per U** tMe •*rr* 
le Ulmetreted Is Plate JOT. the tree aeier that 
pert lea ef the fregeeaer were far 300 ft. etretehee 
te the right ef the lime repreeet l t  the per U#t. 
le laAleetlve ef the pereemtege P^ehiUtr. fhle arm 
_  W .  ^ r w u ,
ealealmted me eheem heler!- ^



m a  » ♦ Vsa • - i n o e
'• eUSletUal UMLee,

* % » » «  *11 a .
W  U  snvMMUjr U M n t o A  u  rui* m  w
tte x*UA u i w  tt» U w  Awitie u e  p#y Ueii m u  
Ato Ore l e— til OmvH ftr k o  f%. etrvUh 
S M e  were## rale# m j  w  w e e w #  free r # u t W  C W »  
ee feUleeei-

Where, ee W ere, w ■ • l * t W  
mA w ♦ 1/ju * * l*tl0i •

■wee# free tettee,
v. . « T»iO Art per lee*

nee* JeleeA l» «■ 1UW ef eelew WUIeeA W  
eeWlelw leAirAee#! ee#llee eeelleee W e  300 f%» 
M n M k  i r n t m .M W  wrt «, « •  W U 1 m  U
tie MtMta, pwtUB« am, v  « m »
m  mntm rtam <* r *  * »  * *  '

WWIIMI, *  tt» « u * w  M > ' *

l_

n



r

XlttJBtiL.

Vim) PayaMU

tut 5 (Zatlw. 
teete.) 71.93

tot 90 •*.59
1 1 100 *1.09
a.t 20J ft.fr
2.2 300 99 #3

••4?
I.oa
r.e
T.JO

It te tlwefere
ftoriM <Hfe the abere tabu, aa w ’l a# far* Flat## XT m A  xfK, 
Mat ## tha etretah Uegthe late vkUh rnif11^
taK&«w her# Warn ee*lwd far tfc» pwrjaaac #f 
m m  imarmmA, th# pereentage payability will alee be 
ImvmmA, * 1 U  the erwraea ralaa «f tha ere abeea the 
yer Uelt will he leeraaeat. Owe ef tha ehjeete «f 
#a#1e1aR eewpllm eeet&ame late etretah lewglhe ehewll he 
te ehteln me high a pereeatege payability aa peaelhle. ie 
W e  nee eedy he eehlewed at the aeyaeea ef the awwewge 
tel*, the 4eeiretUlty ef etrlkleg the eerraet halemee 
Wtweem e high pereewtega payability * A  a high eel* win at 
«eee heae* arlhawtt. the tweetlew thee arleee *  te ehet 
eteeteh lea%th ehewM he e*leyei far the p*gihi ef 

haal — T^*"f eaetlme la arier te ahteim W e  
M * t  halemee. The awewer le ef eeee* te he fe*A la the 
tytla* ttreteh Le*th, the mthemetleel elgalfleaeee of 
W e h  haa already h e m  dleeweeed. It will reellly he 
WeweleteA that the Optlmea etretah leagth efferie a 
hwettrai etaxa&ard V  whleh tha pereaatege P ^ W U t y  am*
*e eeneejimflleg areraga wal* • >^J®

w ite m a l mheptlm will ge * ItW W T  _
^e wmlferwlty wtdLeh le ee deelrahU wham ne*arie* l i f f w W

'i



*fcMaBU«» «  ito 
!— «*■»  rvakUiV «* w w m #  tal* *
•itiwr f w  yvMtlMl wiirlin »  few m

ImtU b mtle ar r» — —  ni »— -*
M I U m b  « u u a g  m  a m  1

W  — m tta tmt mmlaA l» «ato XXX to m% 
mftvanaUj •pplleaM* to tto ttaillmi mtotta to eu 
Mto#. %m wtor to mptoto tide etotomto, rrtiurat will

Imp* to  to  to* to mm af tto fwatomtol -a irm lU i 
Utoatlwi af ttoftw XX.

faaa a#mt i m (1*3 tto total dtaamwttaaa tortm  
faltoa In amaaa af a given valne Itofct "k", to aenotefl by

atom w • a (leĝ t - b) - J-
Xf tto pay Unit to new tomta* by V >  torn tto 

;awan*a#a paymbiuty mt f  will to

s
atom « ■ a (lay - *) - *
to* * v i / ^  - a ( l a y  - ») - k

F m n  tto atom aaqpm aalan far "f," l% 1,111 M  
tto* If tto laww litot af InUgretlen (w ♦ J^)
M  !*1 |ft If----- * (!••• ^a tiie rtaw16*11 lea,tiie “ **

># t m  mrrneUto i ^ a u v  ̂ U  mtoally

M e#  U _  
w ♦ • a (lay * (a
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•  » ^  - 1 ^ ,  

in. Y U .  i. » .  w t U e

w * h  ‘ *<UH »  - I H j , * £ )  -fc

•  " &    (Ml

Zi h M  prwrleeelj W#m pel*U4 ewi tiwi all tie vahea 
«f « »  p o m t U r  a" likely te be eaaewUreC im praatiae 
wUX H e  between 0*9 and !•$. far tide mm#e ef raleee, it 
kae keen aaeertalaed, free a graphleal aaalyeie ef etaatiaa [SOl, 
tkat if ihe ratle J eeeeede f , then the mmerleal valae ef 
the lower limit ef imtegratim (w ♦ jL) will HMEMMl M  
"f it iHCfeftlft* Thee, if the ratio ef the pay I W t  te the 
M e  Talma ef am era body la greater than £ , the pereeeta# 
payability will Aeereaee aa the etrwteh lemgthe late wMeh 
the Individual aa^lla# eeetleae here beam eeM m ad, am 
Imereaeet. Oeerereely* if the ratio ef the pay limit te the 
m b  Talma ie leae them J ,  t\e pareeelage payability will 
he iaareaeal ae the etrwteh lengths are laareeeed.

Hurt the arerage pay limit far the Qeld mining laimatry 
ea the Vltwatereraad ie appreadmately 3 dwt per tern* the 
retie B  will he etmal t e j i f * ^ * 1 ^ ^  Um' lt 
may he stated that, ee the acraraga, eely im the eaee ef theee
"imee hmri* a mean Talmeef lose them* d *  per tarn, win
the per went age payahUity he idSgrdM •» the etret^h l*ae% 
•ee iaaAlti* ho dm ere body with a maam ralma ef ^  
Hr  tern eeetalna eueh a lew prepertiem af ere la the wpper 
talma groups ae te render its eesmemls <»pleiutiene* 
acttoealy doubtful matter, it may he stated, as a greeral
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ITATH^nflAli ▼Aim DiaTHiBPT^^

Zte ■amwr In vhUfc the theory ierelopH la the 
fereeelas eheptere nay he applied la praetlee eaa heat he 
mwtnr*ed hy eultably eheeea exeaples. Due tela* of 
•piMe* howrer. It will he peaalhle to deal with a 'l-mif# 
■after ef lUustreUeae only, and the two eaaaplea halew 
hope therefore heen earefully eeleeted. They hath 
praetlaal prehleaa whleh are ef vital Interest to the 
Aaiat Industry aS the present tine. The selutlea of these 
yrehleae hy methods ether them these m k l m  nee ef tW 
»— demntal Value Distribution Theory would, If at a.:
— pnhle ef a satisfactory selentlfle solution, at the very 
least Involve a considerable amount of Micas work.

The Effect ef a
ttt art m m m

The average value ef all the are eewtelasl la the 
felly developed portion ef Mime "*" (shewn la node III), 
has hear Aetemlaed free the results ef a completely raaiea 
System ef aamplU%, as 7 " W  dwt per tom ever an arerees 
'Mtlnated eterlM width ef 61 *<5 lashes. The area eeopeiass 
74# 6 elalae, and the reef dips ad 20 degrees. Ter the 
purposes ef <hle eeaaple. It nay he assumed that eteplng
•pcratlens here met yet eenmeneed.

Xt is required to elaeelfy the total ern la this 
•sleeted area ef the mime late suitable value groups, ■ease, 
seeernl* that 5 per sent ef the area Is net uadadala hy 
W ,  M U c  t. tk. p n M M .  t  tmlU m ,  M l w U * *
(•) tk. total PVtol. « »  U  tk. Mto to*.

U  n.to III, M W U ,  tkrt tk. P W  X'iklt to. Wto



teteretied as 2 -a dwt per u»,
(») to. .ff«t <m UU.» O n  towm. w  to.*, H a t  1. 

d— rsassd te 2-0 dwt per ton. a m
(•) dffsst on the Ore Ateerre If the pej limt is 

i— reassd te 2*5 dwt per ten.

The total ere in the area is first — ■«relatedj as 
fellows>

fetal Olain Area * 7 41* f
Less ef Reef-Waring Areadee te Pewits and Dykes (%) ■ 3 7 .4e
• . Beef-Waring Area » 711*1 slaiae
fetal Teenage ■ s 4

■ 20,744.000 lane.
In order te obtain the Blllttft tonnage, this Idal 
will here te W  distributed threnghnst the earless 

▼alee grasps in aeeerdsnee with the Pwadanental Talas 
Distribution Lew based on the Optima Streteh Length, mines 
the naan Talas "n la 7*250 dwt per ten, and the psreaeter •ef 
is salty far the Value Distributism baaed am the Optima 
Streteh Length, t W  nunerieal raise ef f  samba determined
frsn equation [83, as follows

b ♦ J/4
7*250 • e *

or b - 1*2510 • 
m e  tou tolto rf ■V. to. .M TMKtoHto wlto •# 

to. Mwtoat * <  for to. DUlHtotl* m b  to Mlnltoto 
ftoa tototow [71 ' itoim tol..:-

ai»0li8 (gee ales oqmatlem [123 )
■ 7*250

er ■ - 12*150



£ 3 - * > S 6 T « 3 » 0  X- <rxTi
Vci I u<i .  Ctrou I  Dvs«h T o r t)

P L A T ? ]  X V E
fvliNE Ll : FrequfnCN̂  Curve. re|>resciitmj) 
the Distribution o £ Estimated 
Stojoin̂  Values which vNouid have 
been obtained had the Lndividual 
Sam|3hn^ Section Values been 
Lombined into Optimum Stretch 
Len^t hs . Oe. Lengths o£ ft )
Ĥ uation of Curve 15

—  ( W e * - ~  | u i o ) 2
y  - i£ » 3 o .  e
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IQS.
R «  1 ^ 1  Oltrtb^u. f *  u

P ^ u .  *  « u . - r .  * tolwMs u  w  lelfcrlAia 

iMCttp (1 .». •t~t*w  «  u e  n . ) . m i  t k m t a .  w
VOVTMMUd by tbe •fcatioa

x  - u - e o  lu*f -
A w & w m y  eurte eerreepeediAt te oqmXS** i»

pepldeslly lUeetemW la Pisle m i .
m x  belaw baa beam maap lal ie abar tba %#%al

■bare eertaln valaa Halle "x" t-
T U i l»TI,

fata*
LUdt
V  * 

CivV**)

fatal Ora barlac a ?i 
tbaatha

T
faraantaga "f, 
(fra «pa. [153)

0.91 
1.77 
5 #9 
1.54 

20.95 
51.12 
44.92 
94.11 
42.49 
21.44 
27.48 
90.27 
92.90 
99.22 
100.00

—
129.000
54T.000
744,000

1.754.000
4.544.000
4,454 000
9.425.000
11.724.000
14.250.000
14.294.000
12.149.000
12.292.000
19.275.000
20.997.000
20.744.000

tS t ^ -
•fa* 1171)

JBSfliB_
59.097
51.279 
17U99 
21.429 
15.914 
15 427 
11.409 
10,540 
9.929 
9 414 
9.025 
7.214 
7.424 
7.297
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Th» wrw i  ralwe la tie Uat «
g f k lw lly 1a n » U  m u ,  widsh a u *  tu

Qmtb whleh well hsre been bbUlwA bed tU 
ladiriuel wuulUe eeetleee been tiuinei leu < W o w  
StreUb leeglbe en m w  "I". •

Free Tsble XXII, la wbleb the tetel eve la the eeleeted 
vertlee ef ml* •** bee been elaeelfled laU eeiUbly ebeeen 
relae srenpe, t U  eelmtlew U  the w e e U I #  thme perU 
ef the pretolee will leeedleUly U  ebeleee. Iteel- 

(e) The Ove U e eree ef that pertlee ef ML* *1* dhem la 
PleU III, prler U  the eeeeeeeneet ef •U»Imb 
eperetleee, eoeeleted ef 1#,@9 2 ,0 0 0 tene a* m  ■eereji 
eeUllt velee ef 7  #l dwt per tea umr an eet natad 
eUplng width ef @1*69 inabea, the pay Halt 
being 2 2 dwt per ten.

(h) If t U  pay Unit en ML* T  la redaeed U  2*0 dwt per 
ten, thla U U 1  Ore Maeewe will U  inereaeel U
1 9.2 7 3 .0 0 0 tene at an nrerage aa#Uag ▼alee ef 
7 .6# dwt per ten ever the eetleated ateptag width ef 
Cl*69 Inabea.

(e) If the pay llMt an ML* 2" U  Lwreaaed U  2 3 dwt 
per ten, the total Ore U aervw will U  detwaned U
1 2.7.4 9 .0 0 0 tana at an uwrage aa#Uwg ▼alne ef 
2*09 dwt per tan ever the eatlm.ua etepUg width ef
&  C9 Lwbea.

It almilfl again be atreaaed, aa baa repeatedly bean 
Sana in thU theaia, that the valwea aa detaniaad above are 
baaed an wneet and wedieeewnUd aa*pUng reealU. dinae
w  XUlt M ,  w w  4 H W ,  1th • »
, « » • ( « •  M l k  , » t «  U  - V - t t l U ,
fnytmmj H I M ,  tt Ore fceewe th. are !w**rr*

^  1 U  - t  h. - * ^ t  f  ^
‘W l ” ‘ ̂



r m m a u  kaawn to w U l a  the m o l  e r m  U h o m  u  the 
eperetlOB of ommpli*#. Sheee errere aoj he ee#e=eete& for 
hr the eppUeatlen of s glehelmr dleeewt to the Ore heeeite 
reive I* M m eeeeeee with the MUe Cell Footer, atenaiial
i t  m  I f t r n A i i l l w  i t  m  l i m  t m m >  to  eh to m  t i e  

prehehle tree ere reeerve Telne.

JSLon-.lf

With the folflleeht ef the orgemt neet for leereoelm# 
the pretaetlOB of geld to omelet the eetotir through Ite 
preeemt eeoneele oriole reaiered preetleelXy 1 # eeeih1e hy 
the eeate ehertoge ef heth letlre eat lorepeea lohwr, the 
tweetlee hoe erleen o# to the proetleohlUty, ee e te^peeeiy 
expedient, ef eeeeentretlag ell the erellehle leheer either 
in the higher grade nlnee, er In the hSgi grede oreee ef
the IwdlTidnol el nee.

fhie exenple U  homed on eetuol lafei motion ehtoined 
free twenty-three prednelng leeee etnee en the Wltweterorend, 
end tee heen drown up te iUuetrete exeetly whet etepo 
would here te he tehee hy the Industry te eehlere e epeelfled 
inereeee in yield while nolnteteleg the teanege silled et 
ite preeent level.

XXIII «t W  M U e w U ,  PM* ■*""
O m  M W M M  t  t M w  p m M m m .

i m . tU »  grow uurmls. « •  — M *  P M  « ■ “  
W t M  ••• Mi p.r mb. »  1» mrtm* M  «•
P M O I M U M  f  M M l B l M  OB 1BMB—  *» *** *  "*
•  M  bI I U b b  f r * .  M A. 6TM P M  ■»—  »» « "

jB t ia lB u  m * U tp ttB iU B  *»• u b ~ r -
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lot.

S M U J B B B ’
TatoeGrewp

(Bwt/fan)
to* toei*r

> 3 . )

Tal*
Halt
•af

(Bwt/ton)
to* . s r t u -

(BwVton)
~
r e » 1 6,361,000 14.04 10.0 6,^62,000 14^4

9.0 - 9 9 2.999.000 9.96 9.0 9,4*1.000 12.32
1.0 - 3.9 9.964.000 # 44 3.0 1* 939,000 11.61
T O - T.9 9.490,000 7.40 7.0 18,499,000 10.97
6.0 - 6.9 9,096,000 6.4* 6.0 *7.471.000 9.07
9 0 - 9 9 1* >31,000 9*4* 9.0 99,792,000 7.94
4.0 - 4 9 13,969,000 4.40 4.0 93.7*1.000 6.32
9 6 - 9 9 *7,290,000 913 * 3 39.971.000 9.a6

Tm m w m  I* the yri— p vmlw 
re grephleally repreee»>et toy the toirtegr—  1» Pluto XXX# 
to ee#ree» velmee eeleeletoi la ttoe last riTh—  #f the 
tore WtoOLe will emmtol# the totoZOA Aretotlem toe* to
e pletted. This graph la repree— te* toy the tottoA 11* to 
tide XX. to tolecklag • *  ef the Owe toeamw  toe 
laee atoera the pwy Ito&t only* toeth the 
to the Owe Qrtoetl* Graph platted free fetto m i l  
» ee#leted far ralaae toelew the *e*#e pay U ^ t
f *•• tot per ten.

It nay toe painted ent tore that the aware to toietotoB 
efarred to to the Introdaetlem to th&a theele a *  dtitlaa-ily 
leeernltola to the o *  Oradetl* Graph far the aatotoed 
*  t o e a m e  ef the twenty-three wtoae. The flattentoB af 
he earn far the higher vatoe lltoto denetee relative 
tor-ralwatlea ef tto are to the «PPer eategartoe. while the 
heepentog ef the ewwe j*t atoeee tto pay Unit apparently 
toieetee exalaalaa ef lew-grade ere to tto rietolty ef the 
ay Unite wtoiah reealto to *  toftoti* af the arerage 
to heeerra Tel*. Tto affeat af the* arrar. to the or.
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U  — 4

!• prnWlilj * w  te th# lateeeattlte eC 
n w w  ee ether mime.
•Wp U  te grU mmte the ehemwe#

1» flat# ̂ DL by a ameth emrve. The eiupfe eh&eh
f M *  W  « m *  u .  M k a l  •kMrr.UM. w u w u ,  , * * * ,
U  *M»ted by Ue

r • #•«. x i»*x.“ ̂  * " « " L o u  
Ale efuatiem le nepreeeated graph&eally hy  ---   frnyMe^
eorme la Mate xzx. It will he aetleed that the VtaJhaaafeel 
Uetrihvtlea Lee le ugela ebeetmed, the eeeWede hedtie

* * 49.032,000
e ■ i*oooo 

am h ■ o*$688 
Za th&a ease, heeerer, the mmeerHal Talma ef 49.09t.000 
iedmaal far the eeaetaat er  will met reemlt la a tetal 
ieetmeaey ef eeeiurreaee ef 100, elaee the haarrad hiefpaa 

platted ea a aad met am a

The fellewlas table hae heem aamdlaO te maw the 
aa#arleam ef the Ore Reeerre mmme#ae whtelaed free the 
l— at law ef the Ore Reeerre H a m a  la the Terleae Talma 
aeta#arlaa with the earreeramfllao Tame ee w meed 
thaaratlaeny from the freaaeaay earre eefiaed hy 

[)U ahere:-

I.

tvj
I

,1

J



r
no.

9Amm m

fslae 

(Sot per *#m) Oro a m e m  Sloan

10.0 8,868,000 8,788,000
5 0 5,411,000 8,585,000
8.0 11,585.000 15,084,000
7.0 18,455,000 18,415(000
8.0 27,4/1,000 88,588.000
5.0 55,792,000 56,548,000
4.0 58,721,000 58 115,000
1.8 85,571.000 54.955.000
1.0 Set neetee* 115,144,000
1.0 w 175,565,000
0.0 • 185.958,000

•*hls twwei hmm w#m — Iwartat fine
the f o w l *

la oh&oh • » 1 • a*d tknwforo
w ■ (logy* - 0*5288) - 1 *

or w ♦ 1/^ ■ (logyx - 0*5888) - 0*5 .

Tte thoorotloo* tiwgjM oaloolrtoi la tho loot e e l w  
of T»Mj» ZXZT akooo ere i^epreewlo* srephleolly 'ey the 
ooiroopoadlBg orooo eater the frequeooy earre l» Plot* XU.
The exset extent to whieh ere boo been exolot ! !■ the 8*8
to 5 *f 8vt per ton rolw «reep win ho oeem froo ttUlm JX11 
to ho 8,flTi8,000 tea#, or ohoat 10 per eeat of th* total
Ore m#oow o Tenwege.

the th#or»tloo1 Oro OroiBtloa Oroph for the aietrlhotlea
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*  ISUmrueu w u u e  tn.

* f-"1-
T_ ■

*  k l 'fin
• * 1 • — t i— MiwuUy 

W * 1«#0% - 1*9288 
* ♦ Via • - 1*0888 .

A *  Tmhl# Wlew hma W # m  la aaga a
a Alvaat M ^ artna W t w w a  the thxretfal 

9ndmi\m  Qtaph iwtaee* fkaa the ehee# female, mat 
aelealetW  ffree the ee#m#etlea ef the eetael Ore 
Bleak *aem#ee.

X8UJBBL-

eagr ae te

false Malt *x” 
(Oat par Tea)

iirevaaie‘Talae 'Vj* ef Hie Ore 3 8 5 ----
the false Lla&t "X"

Ohaerred falsee(Oat per tea) Theeratlaal falsee (eat per Tea)
10.0 14«04 19.79
9.0 12.88 11.98
8.0 11.88 11.58
7.0 10.97 10.14
8.0 9.07 9.08
9.0 7.94 7.*
4.0 c mo 8.7#
1.8 9.J9 948
1.0 Pet naahei 484
1.0 ■ 9.78
0.0 n

The lhaeretlemi Ore Oraietfea eraph dedaeed frea the 
" fitted" f w  aeaey earee la rapreaeate* ty the red U »  la



***** **• ** will be obeerrea free Table X3UV,ael lie 
gravhleal swpreeeeteti* la Plate Xtt.that ewe .* there
is ewKUaee ef a reesrttSble aereeeeat between the-- , „ Bl,i
Talas Oistribotiea Lea represented by equation [Jlj, 
tbs sstaal reeulta obtained from praetlea] Ora Rererre 
eenalderatlena. table XXf and its grapbleal repreeentatlee 
la Plate XX also eerre to illustrate tbe extent of the 
scroeannt between the Ore Orodatloa Graph detesod if arotleallj, 
and that obtained free praetleal obsereatinw. tboso fasts 
prorlde added and oeneluolve erldonoo of t f  pieerel 
applloablllty of this portloular Talus Olstribution Theory 
to tbe ere deposits of t f  Vitwatei-road. T f  fust tft It 
has furtfr boon found possible f  "fit" t f  Ofeewod 
frofusnoles of oeeurrenee of Cre Reeerre tomnafso with a 
Puf ausstal Talus Distribution surra la wbisb t f  psrowotST "of 
is unity, Indleatee tft bloeklas out of t f  Ore f  eerre» 
has. on t f  areraee, taken plaoe by eeffaiuR ooflls# 
results late Optlsun Stretoh Lenftf. T f  ororsee else of 
ere reserve bleebe nay therefore f  stated te f  approaiaataly 
la aoeordanee with t f  Optinua stretoh Length. Free t f  
seevsrotlvely Halted oferratloas whioh have boon asf 
rogardlug t f  else of ere reserve bloef, it appears probable 
that this tbeeretleal eeneluslen will f  substantiated by 
ears detailed preetleal Inrootl got leas.

Due f  t f  snaanllaa whioh enlet la t f  ssfsl pruotlasl 
Ore Be serve Tnwnsga Distribution* snail lhaugh those apperendly 
are la this ease, t f  theoretisaUy defeed toneoge 
distribution will f  weed la t f  furtfr ti ait need of this 
preblen.

T f  following additional lafernatlen regarding 
reralf of operatioan on t f  twenty-three predueero as 
oomslf ration during t f  year 1941 will f  required*-



119.

5*4* «wt pek* %m.

• 27,114,600.
f m m a v  ***m *vm Ore M esm  ■ 16,<e$,ooo.
4**ra@e Ore Heeenre Talee
tetel Hel4 - « $0 ,033,000

**• 7^*16 lo therefore $6*98/- per ten eille*.
4t the preeent prlee ef gold ef IJVI per flee — ,T
thU repreeeeU n yield ef 4*21 dvt per tee.

the retie ef the yield te the relee ef tie ore heeerwe, 
vhieh hee heen freed te he reeeeeehly eeeeteet erer e 
ef yeere, ie er T#'3 per rest.

Ze erder te eehiere the epeelfied Inmeei ef 
• 10,000,000 la the tetel yield ef tide creep of liriirtj 
three elaee, e ee*leed yield ef ft 60,033,000 edl) he 
reewlred free the A A M  tieeepi (ee eddltieeel laheer hei^ 
ersllehie). the required yield will therefere he 3*14 dwt 
per tea. Meking the perfeetly legieel eeewptiea the* the 
ewe# retie ef yield te Ore heeerwe Value will held 1m the eee 
ef the iaereeeed yield, the required ererepc* Ore Iheew e 
Value whieh will reewlt ie the epeelfied leereeee la the 
tetel yield will he , er 6 36 dwt per tee.

Pvea the theeretleel Ore Oradatlee Oreph la Plate XX 
it will he eeen the*, te ehtela am erarapa value ef 6*ft *ft 
per tee free t*# Ore heeerve, ere will here te he dram 
ealy free eeureee hariag e value egpel te, er ie eeeeee 
ef v io  dvt per tea. Setlefylae this required leereeee la 
yield will therefere here the eaae effeet ee relelag 
Ore Iheetve Pay Limit hy eaaetly 1*00 dvt per tea,free 
t*6 dwt per tea te 9*8 dvt per tea.

The relieving tahle, la ddeh It hue heea auaueel 
that ere ie drawn free the varlewe value greupe la the eaae 
prepertloa la whieh the ere reeervw tonnage#

L
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U4.
llffWe"* SeU6erise' k** ee^Uea U  ehmr lew tie 
U m m m  *t preseat W U g  4rmm fro* U e  41ffeie*t **#..
•f ore will here te be w U S U i  u  sehUre H e  #Mlm& 
I w w e  la yieia: -

•AM ■ T»YT .

Vela#
4-|t

Za toe Reeerwee
• y j s r - v r
(fteeretleal) ■ s S s F t o m * ?

(tot/fee) lew H rOeut. (tmm) (teee)

10.0 <,792,000 7.17 1,194,000 1,797,000
9.0 9,323,000 9.94 1,449,000 9,472,000
l.o 13.084,000 1377 2,299,000 3,492,060
7.0 19,419,000 19.47 3,249,000 4,991,000
1.0 2<,9to,000 29.09 4,499.000 7.039,000
9.0 39,949 000 4117 4,949,000 10,320,000

4.0 99,123,000 41.44 10,291,000 19,422,000
3 # <t,9<9,000 44.94 11,104,000 14,429,000
3.0 97.242,000 

94 999,000
92.22 19,397,000

1.1 100.00 14,429,000
t.O
1.0
0.0

129.244.000
179.943.000
199.349.000

134.42 
199 99 
200.19

'

It will te eeee free the tahle that all Ih# ere telew
M e  Tala* *f 3 # Art per i w  w iU Iwre U  W  Uf% W a # %
%a eelsp t# keep tie tetel tame## M e  mm, tfeatefwe* that 
taaoeca ef ere terias • vekee keteeem *•• let per tee e t  
)*• tot per tee will here te te eempaeeato* fer tf laereeeles 
the rate ef elmM# free the ere ehere J % tot per tee. VMe 
leereeee la the rete ef elalfft will eetaelly eeewt te 
eppreeleeSely 90 per eeat.

■erlat pelete* eat eeeetly whet will, ee the were#,



U4.
tiff a m i  esleeepiw, ham h##m segued U  aim* 
% m m *  ■* *»••«* ̂ lee drewn from the 4tff 
•f •*• will hacrw Xo be — # m e t  ie aehUve tte 
Imew eee In yiel*:-

i m  i m .

deeired

Velma In Ore naeeiree
* T L S r - ' f r(Tbaeratleel) free Ora

I f
(Art/Ten) feme H rOent. (fine) (feme)

10.0 6,711,000 7.17 1,196,000 1,797,000
f.O 9,923,000 9.06 1,649 000 2,471,000
1.0 13,024,000 1377 1,190,000 3,490,000
7.0 11,419*000 19.4? 3 149,000 4,011,000
1.0 16,960,000 21.00 4*609,000 7.039,000
f.O 3# 941 000 41.17 6,069,000 10,310,000
4.0 90,123*000 A  44 10,191.000 13,400,000
M 60,969,000 66.96 U , 106,000 16,609,000
9.0 17,242,000 

94 999,000
90.21 19,307,000

1.1 100.00 16,609.000
1.0 119,144*000 136.60 <nr
1.0 179.969*000 109.99
0.0 109.964,000 100.10

ti will be eeem free tbe table that ell the ere belev 
tbe relne ef ) # Art per tee will bare te be left 
In erAer te keep the tetel teene# tbe sere, 
tenee#e ef ere haring e relne between Art per '
) # Art per ten will bare te be eerpeneetei fer by 
the rete ef nining free tbe ere abere 3 # Art per 
inereeee in tbe rate ef elning will eeteal Ip 
eppreninetely SO per eent*

■arlng peinteA eet eneetly whet will, en
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*• r m u « d  fra this crap ef tratp-thra =u»i u  ths 
sralflH lasrssss of ns.000 ,0 0 0 ta th. n s u  u  to t. 

it u  w  e» ts tho pratlssl ___
to IssUs vtasthsr It will be possible to redistribute the 
ereUSUe lebeer feres eel to slept the erseslsstlee set 
the lejreet ef the eleee 1m eueh e eeener ee to . ts. 
■here requirement,.

™  * *  abev* tie, exMple, the reUUvt ^Uetty 
•f Mlemlatlag the effeet of , retoetien or om ImerMoo Is 
the pay limit os the total ere reserve of a else,will 
roaAUjr he appreelate*. The erttedos method, ef ezm rmeerve 
valuatlen set esly neeeesltate the preparatlss ef as 
•*^reS7 Bew **t of plana, but proetleally the whole Irftlroo 
proeeoo ef bleeklmg out will ale# have to he repeated.

0 . -----------
Zs this theele as attempt has been amfto to 

the orrero to whleh the are reserve ef a mdse, eespmted Is 
all good f11th by the erthedos methedo, la sshjeot. ie tea 
teas painted out, rather tee amah latitude la aliened for 
the aoslpalatlea ef both the extent and the valme of ore 
reserve bloeke by ladl „.al oempmtero. Zs otrlrlag te 
latredsee a sere eslentlflo method ef evalmatl** a felly 
developed reef-bearing area, a single mdse only has tees 
eteeea and an aoeewst gives ef the verleao theoretical 
aepeste whleh were dadaeed from eertals praetloal shoervatloma 
made es this mime. Similar larestlgatlosa were aabaoqmemtly 
married out on three ether mines ef widely differing 
oharmsterlotloa both ae regards the payability and the made 
ef eeeurrenee ef the ere-bedlss. The original latent Ism was 
te Intlndf these examples Is the present dlaoortatlea, bet 
late ef apaee formed the abandonment ef farther presslsal 
lllsetratlese Is fevear ef the sore detailed development ef



US.
tt. «-rr. »=m , .  1» to ujr ttet U M  u « . u , U e .
r"*"*4 t o “ *» « »  Ttib. Kl.vrltati.

'“ l r i W  ta *b* m t t t i a t  s. * u  m  t*. 
rsrlows tbeopetleal eenslderatione 1mr#ri#^ vw^
rl«oroeel7 ■ubwtsatleted In all eases.

mah a44itl— 1 Infonmtlea, sush as ter example u* 
e e l M  of edaptlag the Pendamemtal DlstrlWtlm Tbeerj te 

the seadltlsns peeullsr te the ee-ealle* "sheet" sines 
of the last Head, has also been esquired. Although falling 
ontslds the seepe of this treatise, the priory eh^eU of 
ohish has been firstly te establish a fundamental rains 
distribution theory for the ore deposits of the HltvatereraM, 
end seeondly to iadleate its applleatlen to the erglnatiem ef 
a g i m  ore-body based on sailing results, this imtereatli* 
derelspasnt has ansrens applisatisms, seme ef wldeh a y
possibly for* the basis of a further treatise te expssdl the 
onbjeet.

** ■athsnatisal treatment ef the theory it las 
W n w  i* *!■* that these primarily interested in the 

subject of Nine Valuation on the WltwaSererand are neither 
"*thematlslans nor nathenatieal etatistisla*, but Intelligent 
prasUsal mining mem. If the development of the statlstisal 
ibeary, and the Illustrations ef its praetlsal elgmlfleoaao, 
are therefore rather detailed and perhaps a little laherlems# 
this is, in the writer's opinion. Justified on the gromnls 
nentlvued above. An exhaustive ami complete exposition of 
the Male principles underlying the theories developed has 
be«#a sonsl V red preferable to the severing of a wide field, 
oil ee eonerienee gained in the subsequent valuation ef a 
number of mines, based on the frequensy distribution method 
outlined in these shaptors, has shewn tmt In all eases the 
fundamental theory eeuld be adapted to evereeme problems 
peeuliar to the individual mimes.



UT.

vlt* ibe «l^a* MtlritlM la the amtty
dlseererH geMfielde of the Oreaee Free State, wiwe «%
lewt e W  e Wh larger them meat ef the prepertles
ea the Vlteatereread* will be gelmg late proteetlea vlthla 
the meat far years, the lapertaaee ef 
■ atari leg Is a preieteralae* plea feraalatei ea 
SeleeA *  the Wltaatereraat has beta felly enieeeWei awl 
eeteA epea ty aia&ag eaglet ere. Oare eheali 1 hen flu he 

te ameers that the pltfalle la M m  ralaatlea 
ee eftea eaeeaatared la the past are erelie* ehemer 
peeelble la the fetare. It le la these aew fleUs that 
etatletleal ralaatlea aetheie, ef whlah so#, nhfits le at 
axamle, aey he emleyei te fell e#reata#e M t  ealy te 
ebtala ea laltlally eorreet ralaatlea ef a gtvea area# bat 
else to edjaet this laltlally ietenrteei ralae free ttae te 
tlae la the light ef the grate ef ere reaerel by etepiag# 
aad the addltleaal eaapllag Inferaatlea aeAe armllehl* ee 
the resell ef torrent development eperatleae

It most be pointed eat that this dlseortatlea see 
net Inspired by a spirit of erltlelea ef the yreeead 
orthedea system of ere reserve ralaatlea. bat by the 
realisation ef the ehertooalage ef this system, da earnest 
aad elneere endeereer has therefore beta made te emggeet 
sows alternative, baaed ea the epplleatlem of e eolontlfle 
ralae dlmtrlbetlea lew, the erleteeee ef eh&eh bee lea# bees 
realised, bet the possibilities ef whleh bare been ealy 
superflelally explored.
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