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Abstract 

This report is Part I of a series in which is described the compari­
son of ore-bEari:::g with ba.!"ren samples of Salt Hash sediments in tErns of 
petrographic cr~acteristicso This part contains a discussion of mineral 
cam~osition and packing characteristics of 50 sarr~les of Salt Wash sand­
stones 25 of ;.rhich are ore-bearing s-~d 25 barren. 

The main differences in composition are the greater amount of matrix 
(which contains the ore) in ore-bearing than barren sediments and the 
greater a.mounts of clay!pebbles ll reflecting slump disturbance of ore­
bearing sediments. The excess matrix and clay l!pebbles inore?"'bearing sedi-
ments is also reflected·· in the excess of quartz and feldspar in the barren sedimentso 

The p~cking characteristics are highly correlated with corresponding 
items of c~nposition such as the grain to matrix contacts with per cent 
of matrix and the grain to cement contacts with per cent of cemento Hence 
packing measured in this way is largely a f~~ction of mineral compositiono 

Grain to void contacts which reflect the porosity of the sediments 
are higher in barren sediments than in ore-bearing and, as far as investi­
gated, this packing characteristic appears to be independent of the compo­
sitional elements. 
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.P o.r t. 1:. : n"!;roduct,1.on 

1'be objective of this fl.n.al part. of the petrograph1.c investigat.ion of 
Se.l t. :.: ~ ~h Sedim.ents is "to a~·I·tempt to establish by s'tatistical analysis which 
pett-ographl.c :prc~e;.t:.~s are '1J.ost impor'"caIl"t in ·~ifferentiat:i.ng ore.., bearl.ng fr.'out. 
barren rocks;, From. our es.x'lier repot"ts the differences a.re of degree, not 
ktnd und need quantita1:i"le acelYEl.S by t.echniques which. are demonstrably in 
cont:rol~ 

The first step is -to choose the most important properties and in general 
this leads to the selection of fiye properties common to all aggregates, 
namely", ccmposi'tion, grain siz.e} shape) orientati.on and. packing (Griffiths j 

1952a). A detailed quantits.:tive petrogra:phic analysis should contain infor ·", 
mation on all five proper'ties and the first :part of the present report contains 
a desoription of the variation in these properties for two sets of samples p 

be .. rren and ore-bearing.. The next step is to find the inter-relationships 
between these five properties and fr'om a statistical point of view to determine 
which of the items studied ,u·; likely t.o be informative in segregating ore­
bearing from barren sedimen~Eo Flr~llYJ these selected items are combined 
into an iniex and this i.ndex i.s te5'ted to determlne if it will discrimina.te 
between ore-bearing and barren sedim.en-ts 0 

The in~ex ifhich ve will call (p) canprises a linear" comoinat:ion of the 
selected items and is designed so that the variation within each group, ore­
bearing and barren, is minimized while 'the variation between the gro~ps is 
ma.:tiL1i~~d (LIoel, 191~9, Fisher, 19tf8); the resulting equatl.on which W'111 'be 0'£ 
the form.: 

P = b1JS. + b2X2 + ... -- - ......... - b2Xn 
is called a discriminant functl.on an.d i.f it d:1.scriminates sat1.sfactorily then 
the range of values of P for t he ore~bearing samples will be different fram 
the range of valu.es of P fo!' t;be 'barren rockso 

D1fierentlationby means of a d.:iscrimi.nant: f 'unction has been used in 
various fields such as ge:aetics J archaeology J soil sciences and the soci.al 
sciences; au e1~8.mI'le of its use in sed:i.m,ent~'y p:Zitrography ·to differentiat,;e 
oil .... bearing from. 'barr'en sedime!lts he.s r ·ocent.ly been desc!'ibed (Emery and 
Griffi.ths J 1954) c 

The advantage of this approa.ch :i.s t.hat it enables -the investigator to 
check t.he :tn1.ex end. to decid.e ·the im;po!'tance of the S€'\re:tal va.ri,abl~1:t fa 
di.fferentiatirJg ore-bea.rl.ng :f"ro,'D. bar-ren sediments., The I'esults axe, of couI'ee; 
reproducfble by anyone capab.le o:f perfo:r~.ng the petrogro8.:phic ar..aJ.ys.is 0 

11) Pro~!:.~_ 

Sett~ i.n.g u;p the runct:i.or: as ba.s:i.s for the d1.scrimj.na.n:t, is an 1m.po.t"tant 
step., tn the prEsent eace w'e :may forw.ul.at€: the basi.c eqllatl.on as follows ~ 

P = f (m, s~ ~bj 0, p) U 0 0 0 0 0 0 0 0 • 0 ( I) 

,,;h €!F. .in~e s~ .. ·a t e the i .ndEx { PJ :!.s ~ame f ·IL'1.ct::i.on of t ohe m.1ne:r·a:l cotIij?osi t:ion 
(ILl) J g:r.-a ~ ~'.L st :l .t: (' 6) ard. sbap~ -( sb.).<l ana the :fa:bric. of the sediment reflected 
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in grain orientation (0) and paCK~n€ (p). ~row it is necessary to select 
techniques for the rneasure~ent of the five properties m, s, sh, 0, p; and 
suitable techniques are mentioned in our various reports and publications 
(Emer; and Griffiths, 195h; Kahn, 1954; Griffiths, 1952a, b; Griffiths and 
Rosenfeld, 1950, etco)~ 

It is also necessa~ to select a suitable s~~pling program; in the 
present C2.!::p ~ 5 samples of ore, mostl:/" oxidized types, and 25 samples of 
barren scdim:e!'lts were :hosen from the collection at the Pennsylvania State 
Ur~ver~ity ga~~e~~c ~y the senior author during visits to the Colorado 
Plateau. Ine detailed lithology, locality and catalogue numbers are given 
in Appendix table 1; the samples come from three main areas · whiCh have 
been 4escribed and discussed in our earlier reports namely the Bull Canyon 
ar~a, Monogram Mesa, Colorado; the Montezuma Canyon area, Monticello, Utah; 
and the Lukachukai Mountains, ' Cove School, Arizona. 

These 50 salIlpl~s vtere analyzed petrographically and the detailed des­
cription of the data is included in part iii below 0 It. should be obvious 
that without our preparator.y work (R1m 3032, 3054, 3070, 3097, 3106 it 
would not have been possible to decide vmat mineral constituents to use in 
describing the composition, and secondly without prior knowledge of the 
techniques for measurement of the other properties and some familiarity 
with the range of variation to be expected it would not have been possible 
to set up the analysis leading to the discriminant fmction. It is most 
important to understand the inter-relationships a~ong the various properties 
so that some reduction in the number of variates can be aChieved, and this 
aspect is disc~~cd in Fart (e) of the report. In sinple terms, if the 
variation in any two items is hi&~ly correlated then there is little point 
in including both in the discriminant since the additional infor.mation from 
the second variate is small. This principle is utilized in selecting which 
variates are most important in differentiating ore-bearing from barren 
sediments. 

iii) the Petro~aDhic Prooerties of 25 sam les of ore-
sarr±les of barren Salt Wash Sediments o 

The petrographic properties of ~~e fifty samples of Salt Wash Sedi­
ments are described in order co~r.encing with mineral composition, then 
size, shape, orientation and packing, and the various conclusions estab­
lished on the basis of each property are summarized after each section. 

A(.a) Mineral Composition 

Thin sections of each of the fifty samples of Salt Wash sediments 
were analyzed for mineral composition by point count fnriffiths, et alj 
p~~ 3097, P~rt I). The constituents chosen as a baslS for the q~antitative 
estir~ates are: 

i) ~ua..~z and feldspar (not separately identifi-..J) 0 
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:. 1. Rock fragrrLE'nt·s (in to't.o) c 

:i.l ) Quartz:;' te fragments.} composed of fragments of p:re··exl.stlng 
quartzitesc 

1 v) Chert fragments scmposed of fine gra.ined sil.iceous a.ggregates Q 

v) Volca.nic fragments com.posed of fragments of pre-existing volcanic 
materialsc 

vi) Cla.y "pebbles "., aggr·egates cctlpr:i.sed of clay particleso 

These six items include the bulk of the detrital fragments which were 
carried into the basin of deposition~ 

Genetically they are not all from the same source nor did they all have 
identical histories and their associations are best evaluated by describing 
their i.nter-r-elationships (pp" 32 et seq) > 

vii) In addition to these d.iscrete detrital fragments there are fine 
grained constituents not r~~dily identified beyond the descriptive title 
of clay minerals, and th!s ·.nat~erl.e.l cased on its irregular morphological 
characteristics and d..i5t:rl.Out:J.on in thln section is called matrixo It is 
presumably detrital in or~gin but rr~y also be, at least in part, clastic 
and perhaps also formed in s i t ·u. 

(viii, :Ix) Finally J "the cement 1 t .10U.S element.s which are chemically pre­
cipitated comprise princ1pally silica and carbonatee Thi.s classification 
is very much simplified because various sulphates and much hydrated iron 
oxide also belong i.n this class; Yo.lumetrically however, carbonate and 
silica are the c:br.tinant ce!ll.ents ~ 

In po1.nt, cou.nt.i.ng +he variou.s thin sections there were always more or 
less other constituents not included in ~he abcve list and these were 
classifi.ed in a spec lal group called r·11sceLlaneous This group included 
rare rock fragments of sandstone, grantte, and limestone, and accessory 
minerals such as opa~ue5, .~ i !'con ~ :-ut i le, garne-+:·; etc" The frequency of 
this class was generally small and ~€ver ex~eeded 2 per cent in the samples 
examined. The amounts of each constl·tUent ln each sample are s\.UlllD.arized 
in tabl~s 2a and b tpp, 331 34}) 

A(b) P~:ocedur-e 

The techniaue of poi.nt cO\.Jnt.: 1.~.g has beeon descr'i'bed l.n earlier reports 
(RNE 3054, po 34 e~ seqo, n1E 3097.1 ~art 1) c The Il'lost~ important aspect 
is the choice of sampllng :r:r-ogram. and SCdD.e ini t !.al information of the 
va:r-iability to be expected iE necessar'Y in. or'der to set up a suitable 
sampling intervalo The obj€-ctiV'e is to be able t,o detec"C a difference of 
say ~-4 per ~~ent in the q~3J:' t 2. - fe lispa:: groi,;tp oe':ween the cr&-bearing and 
'be.rrl?!l saop"l~s" S:i.liC~ ee;!h set o.f :-&!!Iplcs c.on:r:-al.~ 25 th.l.n sect.ions th1.b 
nUlI1bex' i~ large ~~ough cc det€'c-f~ t~e d:&ffer'ence, b\tt ·t·o ! 'educe "the vaLl.ar.i.0!J. 
between i.r·aver.·ses '"11 t!l.l,n thln se~;- 1.t)!1~ f.l.ve traverses per thj.n sect.ion 
pl'o'ved bar·~J..y ~nou.gh (:J.IE .3091, pp, 13-25) ;- h~n0€ . ., 6 "t ra.ver.-5e~ :per t !1~!~ 
s€'ctlon ""~e~· rJ er.alyz-2·: ::b·:- SU·;:,=··e:-:.= of' ·t.bls .pre:gram. :in achlev1.ng i·!.s "l:Ui.·· 
l .to:"·i cbJ€'c.tl' .. ··e ~:p. "':7'. ::,p,-d.!.(:a~. '?::r· t'1e valu.e of st?tr.::i.ng up a sU.1table SS-'I,·p· 
1 ir"g Pi . .)gr WIt te r'..:;:- ~ com1I".":.n·: l.n;;! .: r~e a!J!:Ll y!~.l. ~ L 
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The prcpcrtio!'l cf. !"cck f["agmcn~.s: appears to be :nore varj.able than th~ 
quart::-feldapar (F.ME 3097, opo cit" ') so that more information is neces&ary 
to bring. this item into control~; t.o use more traver'ses would have been 1m.­
pracitcable within the ~vime at our disposal 60 it was decided to increo.se 
the length of traverse, ~~d in an attempt to allow for ~oradic variation 
it was decided not to use a fiXed number of pOints per traverse but to 
count the n~Cer ~= ~~C~ :ra~en~s per lee g=air~ of ~ua=tz and feldspar 
in ea.ch of the 6 tra.verses. Thus ·the rock-fragment proportions are variable 
in precision from traverse t.o t·ravcr~c depending on the proportion of' quartz 
and feldsp~r. The proportions were reduced to percent in Appendix tables 
2a ~'"ld b but vTere used without e.d.jus ment in some of' the graphs (e .. g oJ figs oJ 

3, 4, 5, and 6). 

The order of 8rAlysis of the fifty thin sections was randomized, and 
the G traverses per section were chcsen by randomly selecting the first 
traverse and spacir~ the remainder an equal number of traverses away tr~ 
each other. The traverses were arranged so that they yielded a represent­
ative s~ple of the entire sectiono 

A(c) Expression of the Results 

Each traverse of each thin sec~ion j~elds an est~ate of the amount 
of constituents; for all 50 tr~n seC~lcns co~~alninG six traverses each 
there are 300 estimates, and these are sucdlvided into two sets of 150 
estimates for the 25 ore-bearing and 25 barren samples respectively. In 
the frequency distributions that follow the entire set of 300 and the 
two subsets ~f 150 are somet:1m.es graphed or alternately only the subsets 
of 150. 

The frequency distributions are also summarized bymea.ns. of des~ 
criptive statistics (table 3); the first column explaiIis ~ whether ·the 
statistics apply to all 300 estimates · or only to .the 150. ore-bear:i.ng .. and 
barren estimates. Column 2 contains the mean or average· value . which may 
be in per cent or in proportions based on counts of 100 quartz and feld­
spar grains. This latter scale is confined to the rock fragmentso . Column 
3 of table 3 conta1ns the standard deviation in the same scale units. as . 
the mean, and column 4 contains the coefficient · of variation ' (Cv) in' per 
cent. This statistic ~resses the variation · (standard deviation). as .. a 
proportion of the mean (X) and is useful as an indicator for ' comparing . 
the variability among different i tem.s ; it is independent cf scale and is 
usually expressed in per cento A coefficient of variation of less than 
10 per cent generally ~lies a unifor.m material, of 10-30. per cent 
moderately variable materialo Many properties of sediments fall ·in this 
range. A coefficient of variation of over 30 per cent indicates highly 
variable material and when over 50 per cent the variation among the items 
is too large for the canparison of sets of itemso The coefficient of 
variation may also be used to estimate the number of samples necessary to 
reduce the variability to same desired low value -in general the higher 
the Cv. the larger the number of samples necessary to reduce:: the varia­
bility to any given valueo 
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Table 3 - statistical summaries of frequency distributions of mineral cc~position of 50 thin section~ 
of Salt Wash 6ed~entso 

Column 1 2 3 4 5 6 7 8 9 10 

3e.mples ira s% Cv. % Sk K ;gl g N Item _2 

All 50 60092 ·9.[37 .16.20 -0~269 , ( 0~624~ -0. 54l**. 0.6550-:i- 300 Qtz. and feldspar 
2p ore-bearing 56047 9061 17 .. 02 -0 .. 244 00816 ... 0.492** 0.884-;t 150 !I " " 
25 'barren 65,,37 7093 12.13 -0 .. 208 0,,073 -00419** 0 .. 117 150 " " II 

t\.11. 50 11089 70 JI-0 62 .. 2 1,,391 13097 20798*'* 14.25-:<-~" 300 , TIoc!~ fr.ae;ru.en t~ 
25 ore-'bear-i.ng 1301!~ 8097 68.25 10312 10062 2065*'~' Ilft02~H:- 150 II " 
25 'bar:r'en 10" 61~ 5008 47074 0 .. 588 2059 1019*"*' 20 72-~H:- 150 " " 
All 50 7027 34151 48034 0 .. 315 00587 00~340*~' o. 6173"~~ 300 Quartzite 
25 oree.·bearlng 7oh2 .30~6 46065 00363 1 .. 14 007327Jf'* 10220~H'~- 150 " 
25 ba.rren. 7012 3,,56 50001 0 .. 277 0 .. 072 0.5593** 001156 150 Ii 

All 50 1,,,30 4'081., 11206 1,,660 13,,33 30302*'*' 13 .. 57*'* 300 Chert. 
25 ox'e·,,;bearing 4055 5·79 12703 .1 .. 586 100471 30205'*"* 10087** 150 1I 

25 bat'ren 4005 306~, 8909 1,,277 10 .. 12 20 579*~' 10 0 50;:<-t~ 150 II 

All. 50 3u675 2 .. 757 75·02 0,,7831 4 .. 0240 10574** h,,11J¥.-i;- 300 Volca.nic f\) 

'"" 25 o:r-e··bea.ring 3<>78 2066 70.37 0,,5007 0 .. 8844 100116** o. 9558-~;. 150 " 

25 ba.r.ren 3057 2081,· 79074, 1~0223 6 .. 583.1 2.0645'*'* 6. 84 9 3~'i ,~:- 150 " 
All 50 6087 15080 219093 .3.,029 41 .. 181 60089~H(- 41 .. 900~H(.' 300 Clay Pebbles 
25 o:r-e..,'beaI'ing 10.6:33 2006 193,,4, 20120 19·322 4.284** 2Oo024-r.~;. 150 " rr 

25 bex:r'en 20300 20454 10607 10613 11.908 3.259 12 .. 356 150 II 11 

All 50 10065 10026 9603 0 .. 893 20467 1080** 2053** 300 f:Iatrj,x 
25 ore~bearing 14050 12017 83093 0 .. 515 0.438 1.04** Ool!'S4 150 11 

25 barren 608 5075 8406 0 .. 73.1 1.71"3 1.476** 1. ElI.1.1-~r::· 150 11 

All 50 11 .. 94 7019 60022 04220 -00352 0.441~~ -0.337 300 Silica 
25 ore ... bear::i.ng 11093 8013 68.15 0.254 -0.578 00 513~~ -00557 150 11 

25 barren 11093 6010 51013 0 .. 026 -0.439 00052 , -0.413 150 fI 

All 50 8~05 7.51 93029 0.8052 206613 1.619** 20727~'' 300 Carbonate 
?5 ore· .. bearing 7064 8010 106 .. 02 00993 1.889 2.006** 10994~:' -i-;' 150 11 

25 bs.rren 8u47 6085 80 .. 87 0 .. 517 00365 10044~ 0.418 150 11 
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Columns 5 and 6 list the moment statistics which exhibit the assymetry 
or skewness (Sk) of the distribution and the peakedness or kurtosis (K) 
respectivelJro They are calculated as described by Krumbein and Pettijohn 
(1938, pe 251)0 

The Fisher "g" statistics of columns 7 and 8 are also reflections of 
the characteristics of frequency distributions; gl is anesttmate of 
skewness and is approx~tely twice Sk in numerical value. Kurtosis is 
expressed by the value of g2 which is usually equal to or numerically a 
little larger than K. The advantage of the u g" statistics arises from the 
simple test of significance which may be used with them. In future petro­
graphic analysis Sk, and K can be usefully replaced by gl and g2 res­
pectively (Griffiths, 1955). 

Column 9 contains the number of items used in computing the statistics 
and this information is necessary for the test of significance of the ugn 

statistics and to esttmate the reliability of mean and standard deviation. 
Finally in the last column (column 10) the mineral constituent described 
by the statistics is indicated. 

A(d) Frequency Distributions of Different Mineral Constituents 

(1) Variation in proportion of quartz and feldspar. 

The variation in proportion of quartz and feldspar is illustrated in 
figure 1 and the relevant statistics are tabulated in the first three 
rows of table 3. The entire 300 traverses yield a mean value of 60.92 per 
cent with a standard deviation of 9087 per cent. The coefficient of 
variation of 16.20 per cent is a typical value for properties of sed~ents. 
The frequency distribution is negatively skewed as shown by the value of 
Sk, and gl is significant beyond the 1 per cent probability level. The 
kurtosis expressed as g2 reflects a significant peakedness but this statistic 
is more affected by var~ation in the tails in the present example than 
peakedness in the . center. 

It is reasonably obvious fram the graphs that the frequency distri­
butions of the subsets are not identical. The difference in means is 
approximately 9 per cent, about the same order of magnitude as the standard 
deviation of the 300 items. The skewness (gl) is negative, and similar in 
both, implying that there are more low percentages than would be expected~ 
The peakedness is very different, g2 is significant for ore-bearing but not 
for barren sed~entso 

The entire data may be tested by means of analysis of variance to 
establish if the mean difference i .s significantly greater tll..a.n accidental 
variation. For this purpose '","e may compare the variation among thin section 
means with the variation among traverses, and sim.ilarly ue may compare 
variation among subsets with variation among thin section meansc The 
analysis of variance follows a ccmpletely randomized design and is SUIn­

marized in table 40 
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. Table · .4" Ar:a.lysl.2 of \!ar1.ance of Proportions .ofQuartz and Feldspar 
.!n. ()re ·-b€aring ~nj ':Ba.rren S~?di.ments, 

Source of Degrees of Sum of Mean F 2 Variation Freedom. Squares Square Value 

Between groups 1 1 ., 5,994 ,3 5,99443 24.24** 

Between sam.pies 48 11,868.7 247.3 6.09** 
within 'g!'oups 

Between traverses 250 10,145.2 . 40.58 
lY'ithin samples 

Total: 299 28,808,2 96·35 
= 

Grand Mean X ,. ~ 6?4% cv<f, 10.06 ::: 60,,24£0 S ::: = G e 

~e term "groups" refer~ to or-e-bearlng and barren sample subsets res­
pectively. 

2Asterisks in the statisr;ir::al tables are used. conventionallY .to represent 
levels of signiri,:ance,;~' sfgn,!.ficant at the 5 per cent level; ** signifi­
cant at the 1 :per cent .l,=vel~ .~ sig.n:i,ficant at the 001 percent level~ . 

It seems clear tba't vartatl,nn among thin sections exceeds Variation ; 
among traverses ~ 1.thL'1 th1.n sect ions, and differences between subsets · 
(groups in ts'bl.e 4) is sJgnl.ficantly greater than differencesamorig thin 
section meanso The ore~b~erlng oet con~sins significantly less quart~ 'and 
feldspar than t,he 'ba.r r en set. . 

SeveIJal oth€:r f;::.8 ~ : tlres e.m,erge from this ana.lys1s;the successfUl 
esta.blishment of' a elgn :tlca.t!t d ifff:rence indicates that the sampling, pro-. 
gram based on 6 t.raver'::::eE p~r thlU sec ":i '~nand 25 sections per subset is 
adequa:te ~ The error' vaT1.atlo~ ,. s_ :: 6.4 per cent, indicates the amount . 
of reduct1.on achi,e~rcd Grd U1 6 c :,cJf1ci':lnt of variation of 10.06 !ler cent,. 
based on error stand~rd 1~i!!~t1on, $ hO~IS good experimental control. 

The fa.c't t.oo t th~ frEquency dlstr1bllt1ons are different in form. ·: and 
that both skewness {g,) and. kur:Of2iS (g2) ~re different suggests,. however, 
that the mean d.1ffen:,nc.;::~ ~U"e not:he lInpcrtantfeature in this casej there 

.1s a syst€!l!at.1r.: d.1ff'p.r'2n,:e betw~ f:'n the ore-bearing and barren sets of sedi­
ments wh:i.ch is no: only a difference ~,n average quartz and feldspar con­
tent, but the.re ax-e m'')r~ :raver.se~ w:f:th lower proportions of quartz and 
feldspar In ';':.he ere-bearing chaIloarren s,=,diments 0 

2) Var::"at:ton in, Proportion of Rock-fragments 

The frE'luE'fJ.cy di::-':r fb1..t.ti':>ns for' all rock-fragments taken together ~e 
illu.stra.ted 1.n f:ig;yr~ .2 an,i the relevant statistics are included in rows 
4 to 6 of tu'bl ~3 ' the curve': ~ f 'OL" 300 trave:r-ses and for the ore-be~ing 
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and bar~:n sed:imen~s . tak~~ separa·te:ly are ~ked~~ skewed ~ :pe~ked . (~ 
and g2 !'J..l.ghly sign~ricant:) 4) The skewness JoS positive . in contras·t to ' the 
quartz and feldspar frequency dis-r.:C'ib'J.t:.ion.s which are negat.ive.; th.i.s 
indicates that there are many more high values tharl e~ected in a symmetri­
cal distributiono These frequency distribut!.ons are also highly peaked 
(g2 large) and they a.pproximate J-she.:ped distributions~ This implies tha:t 
there are many traverses with a low proportion of :rock-fragments, vervf~~T 
with none, and some with very high proportionso The frequency distrlbut.i.on 
for ore-bearing sediments r.as a larger stan.d.ard devl.a·tion, skew'lless and 
kurtosis than the barren sed~ents showing that there are more traverses 
with high proportions of rock fragments in the former t~'1 the latte:ro . ·It 
is also noteworthy that the variability e1q>ressed as coeffic:i.ent of' variat:1_on 
is greater in ore-bearing than barren sed:1mentso The mean differen.ce ·is 
small and unlikely to 'be important. In this caseo 

It is somewhat more. informative to consider the different kinds .of 
rock-fragments separately because ·the pec~liar features of the frequency 
distributions of the total :rock-fragmente are la,rgp.ly due to a. Single type 
of rock-fragment ., the clay Itpebbles ll 

0 

3) Variation in Proportion of Q';,;;artzi te Rock-fragments Q 

The variation in propc·rtion or rock .. f:raga.l.ents of qua:rtzite are illUs­
trated by the frequency distributions o.f f:1.go 3 and the descriptive ·st.atis",? 
tics are listed in rows 7 through 9 of ·tablt;:" 3.. Th~ fOIm of the c.urves· and 
the statistics are very 51milar al t.hough 'the ore· .. bear'1.ng samples are: more' 
skewed and peakedo The averages .~ standard devi.ations and coefficients·' of 
variation are similar for both ore-bearing and. barren sedim.entso On · the 
whole therefore, it appear s tha"t the quact,ztte ro::k,,:fragmen+-s do not differ' 
in proportion among ore ... bear·:il"..g and barren s~d.1xr.en~·s" 

4) Variati.on in Proporti.on of Chl?1,·t Ro~~k""fragm.entso 

The frequ.ency d.lst:r ibutions exhibi tir~ t.he va...['iation in p:r-opo:rtion 
of finegrained siliceous r,:'ck. fr~ent5 is given in figt:tI"e 4 and the. 
accompanying stat.istical E·'..w'.l.!Ja.!"Y l .n ro'l.,·s 10 through 12 of table 30 

The distributions ar-e mor~ :rna:rked.ly f~ -sh~ped than "the rock-fragments ' 
"' .... 1 c ~.:: ... r- .... ~~,... 1-1 ....... ~i b; 'b .~,::-j t ·1',. ··· -;:ike ~~Q {g ", and kurt" os" a as a lTl.;.~._ .... as .-- .:; ..... _" ....... y ... .1.,;.- r ........ g 'P ..... ,.;,oL • •• : E . •. ' vn._,.> o_. " 1-' . . ......... 

(g2) \I In this cas~ ther'e at';::> Ji!.a.ny tra".'~r'ses !.n the thin 'sections with Ilo 
chert fragments and there are a few W~ t-h lac-ge ~'t!!c ,Jrrtso Conglomerates In 

the Salt l-lash member gene.ca:.i...ly c()(j~ta.i!J. abundant "('~tJe!:"t.1f f·r.agcnents cOInprising 
most of' the larger grai.ns and. p€bb.1€s~ fh:-'w'e~,r~r:l t .. b~ep. pebble$ are not true 
cherts but si.licifted r·i)C . .K f!'"·asr.i.en+,s of 1 .~f.eE-!. c·n€' '3~j volC'a..ni(! materialc; 

The differences 10 "chl?rt" ":l"ln-re:-n·'.: ·;f C"r.~ ·beari..ng a.n~i ba.c.r~.n 6edi.lJients 
are not lar·ge 'but there appEa:nsr'l) be gr'eater vaJ'.":i.abi.li ty in the ore·",bearing 
than bar.cen ~ed.:i.:nen:=; r.;:hi~ 1~ largely a Tefl.=:-C't.i'(·:l ,,)f the fact tl'..a.t· .tht:·re . . 
are more traverses Vl:l~~h tiGrl pr0p·)rt.jo·~! :)f <:nert. Int-ne 0:rE>bt;,aring than 
barren sed l1T1€nc.s ... 
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5) Variation in proportion of Volcanic Rock-fragments • . 

Variation in proportion of volcanic rock fragments is shown in the 
frequency distributions of fig. 5 and the relevant statistics are summarized 
in rows 13 to 15 of table 30 

It was expected that there would be more volcanic rock-fragments in 
ore-bearing than barren sed:iln.ents but this expectation is not borne out .i.n the 
graphs or statistics. Indeed the barren samples show a distribution with 
higher positive skewness (61) and kurtosis (g2) suggesting more traverses 
with high values of volcanic detritus in the oarren than ore-bearing 
sed~ents. The difference in averages is however small and the variabilities 
(both s and Cv 'fo) are very similar. 

6) Variation in proportion of clay "pebbles". 

The proportion of clay "pebbles" in the Salt \-lash sandstones are dis­
played in frequency distributions in fig. 6 and the associated statistical 
surmnary is gf ven in rows 16 through 18 of table 3. There are obviously 
more clay "pebbles" in the ore-bearing sediments than the barren sed:iments 
and this difference is exhibited in all the statistics. The average clay 
"pebble" content (10.64 per cent) of the ore-bearing sediments greatly 
exceeds the average content (2030 per cent) of the barren sediments. 
Accompanying this difference the variabilities are also different, the ·ore-

. . bearing sediments being much more variable (compare s and Cv per cent) than 
. the barren sed:iments. In addition the ore-bearing sediments possess a · much 
more positively skewed and peaked frequency distribution than the barren 
sed:iments. These features of the frequency distributions show that not 
only are there more cla.y "pebbles" on average in ore-bearing samples but · 
that there are more traverses with higher contents. 

This feature is almost certai~y a refiect.ion of the prevalence of 
slumping in the ore-bearing seaunentso 

7) Variations in Proportion of the different kinds of Detritus 

The variations in the principal detrital and clastic elements of the 
Salt Wash sediments may now be investigated so that the overall varia.tion, 
and particularly any differences between ore-bearing and barren sediments, 
may be emphasized. 

Firstly the three components, quart.zite, volcanic and chert fragments 
and the clay "pebbles" are plot~ed :1.n a triangular dia.gram in fig .. 7; the 
ore-bearing samples are represented as crosses and the barren sediments 
as circleso The points a.re spread across the center of the triangle, 
but there is a strong tendency for. the sa:m.ples with more clay "pe·bbles II to 
be ore-bearingo In other words, the bulk of the variation which may ·be 
used to different-i.ate ore~ bear.ing from baT ren sediments is cont-a).ned in the 
content of clay "pebbles"" Th.is is, of course, indicative of the prevalerlcc 
of slumping in the ore-bearing samples. 
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The content of volcanics plus chert versus the content of q1..l8.rtzlte 
rock fragt:lents show no systea'l.atic subd.ivision into ore .. ·bearing and barren 
sediments so that we may deduce that variation in these components is 
similar in both typeso 

One s~~ple (Cato Noo 6335) vas subdivided into a barren carbonate­
cemented 5ubsample and a tri.able ore-bear:1.ng sub6Bl11Ple 0 In this case 
'the ore-bearirlg 5ubsample shows h:i.gher content of volcanic detri tus and 
chert than the barren subsample. This feature is not necessarily a function 
of difference in source material but reflects the replacement of most 
non-silica components in the carbonate-cemented barren subsampleo 

A second diagram, fig. 8 summar'izes this information in a different 
way. In the top part the rock fragment proportions per sample are plotted 
against sample number and the tremendous variation in clay "pebbles" con­
tent in ore-bearing sediments is very obviouso There are, however, some 
samples of ore-bearing sediment ~lit.;h very few clay "pebbles" and, on the 
other hand, there are practically no samples of barren sed~ents completely 
free of clay "pebbles"o The difference is, therefore, one of degree not 
Jr~nd between the two sets of samples. 

The bottom part of figure 8 shows the variation in quartz and feld­
spar content of the ore-bearing and barren sedim.ent·so It is aga.in clear 
that there is an overlap among ore-"oearing and barren sediments and while 
there is a clea.r difference in average values, som.e samples of ore-bearing 
sed:f.ments contain the same quantity of quartz and feldspar as same of' the 
barren sediments. 

The differences in detrita.l constit.uent.s between ore-bearing and 
barren sediments are therefore very sma.ll and the only major differences 
in the constituents so far descr1.bed 1.s the greater am.aunt of clastic . 
material i. eo clay "pe:bbles" form.ed in place by slumping, in the ore­
bearing samples. 

8) VarIation jn proport.ion of Matrixo 

The frequency distribut1.ons of pro'port.ion of' matrix. (i'ig. 9) are j .n 

general J-shaped, b1.l.t there '1 s a large difference In .form of the distri .... 
butions for ore-bearing a.:ldbarren sedi..rnent~·. Th.1.S is reflect.ed. in the 
summary statistics (rcws 19-21., table 3) .; firstly t.here is a larger 
average in t .he o.r '= - tear:ne .3t?\ii!:lents and a larger' var.iabi.lity (-:: an~ 
Cv %) 0 The posi.tive ~kewnec:: and thE lcurtosl.s j s also larger. Here 
again there 1.s more t'Jatrix and. metre traverses vlith larger amounts of 
matrix in the ore-·bearing :r..an barren 5a:n.pleso 

Matrix i .n thi.s casE' .i S ~imi lar' in genera.l COf.oposi t.Jon to clay 
"pebbles" and .in cac.y ca.see this eXc.eSB in the ore-beal: lng Bedi~T.I...:.nl:) Il:.ay 
be attr-ibuted -:0 ~lum.pi.ngo Hovre\i'eI J some bedded barren samples also c:on~, 

tain moderate quantit1.es of matX'lX mat··eLial.. '.T.t.:e difference is once 
more qua.'1ti tati ve and t~he:re 1.s a.n .~~,r€:I'lap I) 
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9) Variation in proportion of secondary silica cement. 

Silica cement around the quartz grains is present in most samples and 
occasionally accounts for some 30 per cent of a traverse. The frequency 
distributions for ore-bearing and barren sediments are, however, very 
different in torm. The average silica content in both ore-bearing and 
barren sed:im.ents is very similar and the variabilities, in terms of 
standard deviation and coefficient of variation are also alike. Here the 
similarity ceases for although both frequency distributions possess posi­
tive skewnesses the barren sed~ents are almost symmetrical (gl not signi­
ficant) whereas the ore-bearir..g are significantly assymetric. Again both 
distributions are less peaked than a symmetrical nor.mal distribution but 
the ore-bearing are more negatively peaked than the barren sediments. 

From the graph (fig. 10) it can be seen that there are more traverses 
with zero silica ~~d more with high proportions of silica in are-bearing 
than barren cea~ents. 

If we may now assume that the distribution of silica cement in barren 
sed~ents represents the typical case then the silica cement in the ore­
bearing sed:iments has been redistributed; some layers, particularly those 
with are contain no silica cement, whereas those with less are are rich in 
silica. Such an arrangement would lead to a frequency distribution in 
which there are many traverses with zero silica and others with very high 
amounts of silica. 

If this is the correct explanation then the silica c~ent has· been ·re- : 
distributed in ore-bearing sed:iments. There appears to be no reason to 
suggest that silica has been introduced from outside sources but that the 
silica originally present has been redistributed. 

10) Variation in proportion of Carbonate Cement. 

The frequency distributions of carbonate cement in ore-bearing and 
barren sed:iJnents (see fig. 11) are smilar to that of silica. The m.eans 
in per cent, standard deviations and coefficlents of variation are similar 
in both distributions but the frequency distribu.tions of ore-bearing 
sed~ents possesses a higher positive skewness and kurtOSis "than the 
barren sediments. Here again there ar'e more traverses with zero carbonate 
and some with higher proportions (up to 45 per cent) of carbonate in ore­
bearing than barren sediments. It again appears as if the carbonate has 
been redistributed in the ore-bearing sediments with ore-bearing layers 
almost free from carbonate and nearby layers very rich in carbonate. There 
does not a.ppear to be any necessi.ty for in1:roQuction of new mat.erial from. 
outside sources. 

11) Ve.ri~~. t 1.on :in Gra L ns, !v1o:trix and Cement.. 

We may now CCml)!}XC' t.h0 OTC'- uc: .. ~ring and ·barren sedim.ents in -terms of 
grains (quartz, fcldG~:)ur, ;".nd rock fragments") reatrix, and cement (carbonate 
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and silica) by means of a triangular di.agram. (fi.go 12) 0 The barren sedi­
ments are represented by open circles and the ore-bearing by solid circleso 
The differences between barren sed:iments and ore-bearing are not large and 
the bulk of the s~ples fall near the lefthand side of the triangle showing 
a wide range in grains and cement. The major difference between ore­
bearing and barren sediments is in amount of matrix the ore-bearing sedi­
·ments containi..'lg more matrix than the barren sediments. The "best" ores 
occur towards the lower right hand corner on this accounto The ore-bear:i.ng 
"area" of the triangle is outlined a.pproximately by a sol:i.d lineo 

In general the silica cemented samples contain less total cement 
than the carbonate-containing sediments and there is a tendency for the 
barren samples in the top half of the triangle to be silica cemented while 
the samples in the lower left hand corner are carbonate cemented 0 

Two samples can be subdivided into ore-bearing and barren subsamples 
and these are plotted as triangles on the diagr~ (figo 12)0 It is note­
worthy that the ore-bearing subsamples (f:1.1led-in triangles) contain less 
carbonate cement and more matrix than the barren sub samples (open triangles) 0 

In summary then, the major differences in mi.ne.ral composition . are the 
relatively high content of clay "pebbles~' and matrix in ore-bearing com ... 
pared with barren sed~ents. Other differences in mineral composit1onare 
minor and unlikely to be defined precisely without detailed quantitative 
analysis 0 The major difference ~ a reflection of the prevalence of 
slump textures among the ore-bea.ring sedimentso 

A(e) Inter-relationships ~ong the Mineral Constituen~s. 

It is instructive at t·his stage to attempt to explain the inter-. 
relationships between the various constituents described in the previous 
sections 0 Same general notions on associated constitu.ents and some 
suggestions regarding parallel genesis may be extracted from these inter­
relat1onshipso In addition, if any two items are h1.ghly correlated there · 
is little point in using both items in subsequent analysis because when 
relating variations in proportion of one item, to, say, grain si.ze, the 
relationship of a highly correla~ed second i~em ~BY be predictedo In this 
way sane reduction in the number of items tc be han.dled may be usefully 
achieved 0 

1) Relationships ~ong the detrital grainso 

i) Qu.ar·tz and Feldspar versus rock-.fragmentso 

The relationship between ·the frequency of quartz and feldspa.r' and 
total rock fragments, both measu.red. :1.n per cent is illust.r·ated. in fig" 13 .. 
The samples plct1:ed ~i.n~l u.de ·the- :fl.fty samples herein d.escribed (circles 
for barren sedinlent:.s, IlXIl for' ore-beari.ng) an.d, '{n addi·tion, t.\fO further' 
sets of samples.1 one frow. OUT earli.er description of thin ~ec ·t.ions of , 
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Table 2.a - Hineral Ccc.position of 25 Ore-bearing Samples of Salt 
Wash Sandstones. 

Q. ua.::-t z & Rock CEMENT 
Cat. No. Feldspar F-ragments Matrix Silica. Carbonate Total 

6331-2 63.4 9.6 8.4 12.2 6.4 100.0 

6334 48.2 10.0 34.0 7.8 100.0 

6335 (1) 55.8 12.2 6.0 18.0 8.0 100.0 

6336 59.5 13.8 15.8 10.8 99.9 
6500 56.7 12.7 15.0 15.7 100.1 

6502 52.7 13.3 12.7 12.7 8.7 100.1 

6503A 55.5 9·3 9.2 16.7 9.3 100.0 
6506 58.2 11.8 13.4 16.7 100.1 

6536-2 69.0 9.3 18.5 3.2 100.0 

6537A 63.8 4.3 0.8 2§.3 2.7 99.9 
6606 50.2 8.2 41.4 0.3 100.1 

6601A 59·2 16.0 3.5 15.3 6.0 100.0 
6608 51.3 12.0 21.0 7.3 8.3 99.9 
6610 47.6 25·3 2.3 12.8 11.8 99.8 
6620 52.5 16.5 I., 18.5 11.0 100.0 

6627-1 56.0 18.0 25.5 0.5 100.0 

6636 58.2 5·2 1.1 2.5 33.0 100.0 

6636 ore 59·7 8.0 20.5 5.7 6.0 100.1 

6638 43.2 20.0 12.2 5.5 19.2 100.1 

6644 51.5 8.3 3.7 16.0 20.5 100.0 
6646 55.2 7.8 32.3 3.7 1.0 100.0 

6651 42.0 36.0 20.8 1.2 100.0 

6657 58.7 17.0 12.2 10.3 1.8 100.0 

6671 69.0 11.7 7.3 8.2 3.8 100.0 

6675 64.8 7.3 2.8 22.2 2.8 99·9 
6683 53·3 8.2 18.5 19.7 0.3 100.0 
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Sar..dstones. 

Cat. No. 

633~-2 

6508 
6510 
6512 

6513 
6514 

6515 
6519 
6520 
6521 
652'2A 

6523 
6524 

6525 
6526 

6527 

6528 

6529 
6530 
6531 
6532 

6534 

6629 
6630 
6662 

6667 

55.0 
69~7 

65·7 
63.8 

65.7 

68.5 

69.3 
50.3 
65.8 
65.2 
58.2 

55.8 
71.8 
59.6 
56.3 
64.0 
68.0 
68.3 
61.0 

69.2 
58.3 
66.2 
66.8 

::tragmer.ts 

7 ~ .. -
12.0 

14.0 

8.5 
8.3 

5·3 
17·5 

6.8 

11.0 

lo.e 
6.5 

7·0 
10.8 

10.2 

12.0 
.,? c; 
J. ........ 

Hp-trix 

1.0 

6.6 
10.2 
18.7 

10.0 

3.0 

o.G 

14 .. 3 

o.G 
1.0 

.... ~ 
{ • ,I 

Silica 

6.8 

17.7 
9.7 
7.8 
4.7 
2 .. 7 

22.3 
3.8 

13.5 
12.7 
17.3 

14.8 
6.7 

1403 

18.8 

607 
807 

11.,0 

Carbonate 

3705 
3:5 
407 

21.2 

4.3 
1,,5 

7 .. 2 

10·5 

6.8 

7.7 

15·5 
1707 
1303 
7.3 

0·3 
800 

305 

'l'otal 

99,9 

99~9 

100.1 

lOOcO 

10000 

100.1 

10000 

100 .. 0 

100.0 

10000 

9909 
10000 . 

9909 
10000 

99·9 
9909 
9909 

10000 

9909 
10000 

100.0 

100.0 

100.,0 



- 35 -

sediments containing limonite "spotsl1 (symbol ~ RME 3054, p. 29) and the 
second from a description of thin sections of samples from zones 2 and 4 
Bull Canyon Well l55C (symbolDZone 2, • Zone 4; RME 309-:>, p. 20). 

The relationship between proportion of quartz and feldspar and rock 
fragments ia inverse, as one increases the other decreases-~ It is note­
worthy that the samples high in proportion of rock fragments are conglom­
erates either chert pebble conglomerates (CGL) or clay "pebbles" con­
glomerates (CS). The latter are, of course, reflections of local pene­
contemporaneous slumping. This inverse arrangement is therefore, at 
least in part, a reflection of differences in grain size, the finer grained 
sediments containing more quartz and feldspar, the coarser grained sedi­
ments containing rock fragments. This is more or less an expected trend. 

There is no striking difference between ore~bearing and barren sedi­
ments except that the ore-bearing tend to contain more rock fragments 
which, in general, reflects the presence of a higher proportion of clay 
"pebbles" (see pp. 29, 30). 

It should be emphasized that th~ counts directed toward evaluation 
of lmoni te "spot:::" ~ damples from RME 3054) are low in rock fragments 
although not C;'"ltside the general trend and this suggests that same variation 
in operator d·,:cJ..sion may be involved. One specimen from zone 4 (Bull 
Canyon Well l55C, RME 3097) is unusUb.lly low in rock fragments whereas , 
one sample fram zone 2 has unusually high proportion of rock fragments. 
Evidently variability fram s&~le to sample wi~~in one small zone is high. 

ii) Quartz and Feldspar versus quartzite rock fragments 

The frequency of quartz and feldspar in per cent is plotted against 
number of quartzite rock fragments in a traverse count of 600 quartz and 
feldspar grains in fig. 14. The diagram contains the 50 samples analyzed 
for this report. The inverse trend is again present showing increasing 
quartzite fragments with decreasing amounts of quartz and feldspar grains. 
There is no obvious difference between ore-bearing and barren sedtments 
and the inverse trend is more diffuse. There appears to be more high 
quartzite-containing s~ples among the ore-bearing than the barren sedi­
ments although the difference cannot be large from the graphs of the two 
individual constituents (figs. 1 and 3). 

iii) Relationships between quartzite and chert rock fragments 

Quartzite and chert rock fragments are cornman to most sedimentary 
rocks and are often the sole aggregate constituents of orthoquartzite 
sed~ents (¥xynine, 1948). In general, therefore, it would be expected 
that the relationships between the frequencies of quartzite 'and chert rock 
fragments would be sympathetic - as one increased so should the other. 
The relationship observed in these 50 s~p1es of Salt Wash sediments is 
illustrated in fig. 15 and it seems obvious that the frequency of the two 
constituents varies independently. There is no segregation bet,V'cen ore­
bearing and barren sediments 0 
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This would suggest that the sources of the two constituents are 
different, a rather unusual feature. 

IV) Relationship between chert and volcanic rock~fragments6 

Volcanic rock-fragments in the Salt Wash sedfments are almost certainly 
deri ved frOI:l. some fresh volcanic source and are probably not from the same 
source e.s the mai...."1 proponion of the detritus such as the quartz, feld-
spar and quartzite rock-fra.gments. 

When the frequency of chert ~~d volcanic fragments are plotted in a 
scatter diagram (figo 16) they show a marked sympathetic relationship as 
one increases in amount so does the other with a few ~~ceptions in which 
there are unusually high proportions or volcanic rock fragmentso It seems 
likely therefore, that the association between vOlcanic detritus a-~d 
chert and the lack of association between chert and quartzite rock-frag­
ments may be taken to indicate that the source of the chert and volcanic 
fragments wa.s the same and different from that of the quartzite rock frag- · 
ments. It must also be emphasized that the term "chert" in these sedi­
ments 1s somewhat misleading; most of the material is finegrained silica 
",ith aggregate polarization typical of normal sedjment.ary chert, but in 
a number of examples recognizable textures remain in these "chert" pebbles. 
The textures are often palimpsest after organi.c limestones · in which both 
fossil organisms and limestone textures are preserved in the silicified 
replacement. In other cases th~ textures are equally clearly . palimpsestl~ 
after textures of volcanic igneous rocks, parti.cularly porphyritic . types 
with or without flow parallelism. of feldspar lathso Silicified tree'· 
fragments are not uncommon in these sedments. 

This suggests that most of the chert is derived from the secondary 
silicification of pre-existing rock fragmentso Of course, most of the 
"chert" pebbles do not possess relict textures and their origin cannot 
be decided, but it seems likely from. their· direct assoc.iation -in frequency 
with volcanic detritus tr..a.t ~he silica and vol.ce.nl.c fragments have the 
~ame source and when one increa~ed i.n amount so did t·he other 0 The bulk 
of the "secondary" silica cement ,/h.icn grows arou..Yld detrital quartz grains 
may also have been originally derived from volcanic sources. 

Once more there is no segregation of ore-bearing from barren sedi­
ments; both possess the same ch~acterl.stics in ter.ms of volcanic rock­
fragments and chert and. their interrelationsh1po 

v) Relationship between -rolcanic rock frac;ments and clay "pebbles" 

Same of the clay upebbles!l are a decomposi.tlon product deriv-ed .from. 
the replacement of volcan.ic rocks by clay :ma.terials and if thi~ were the 
.only source of clay "pebbles" the volcani.c detri:t:.u5 and clay "peb·bles" 
would show antipathetic (or :inver's,:=) relat . .ionshi.ps" The scatter djagram 
(figo 17) shm·rs no such relJ.7J ionshlp, and aLthO'u.gh there is a diffuse 
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trend sugsesting both constituents tend to increase in s,.;patby this ~ 
be due to increase in clay "pebbles". It would be prudent at this stage 

. to sUSSeat that the frequency fluctuations of these two items are inde­
pendent. 

VI) Relationships between other pairs o't rock-fragments. 

Various other plots among rock-t.r~ent constituents shoved no 
def1D1te association i.e. ~lied that these ~onstituents varied inde­
pendently in frequency. The pairs tested graphically were: 

Quartzite versus volcanics 
II "chert plus volcanics 
If "clay Ifpebbles" 

2) Relationsbips between matrix and detrital. constituents. 

From the analysis of the frequency variations among detrital consti­
. tuents and their mutual inter-relationships we may subdivide the dan1riant 
materials into three groups on the basis o't provenance; firstly there 1 • 

. the "normal" sedimentary detritus traa a pre-existing source rock OClll­

pria1%!g quartz, feldspar and quartzite rock f'rasments. Secondly there is 
a contribution !rem volcanic sources which fran the association of vol-

. can1c :t'raaaents and silica (chert) suggest penecontemporaneous volcanic . 
activity I and t:1na.lly there is material. such as clay "pebbles" formed .. 
locally by local. disturbance of vet sediment (clastic as opposed to tar- · 
travelled detrital). The matrix material. is smllar in ccmpoaition to 
the clay "pebbles" and may be formed at the same time by the $am.e pro­
cess d1ttering only in morphology fran the clay "pebbles". If such were 
the case one would expect to find a sympathetiC variation in frequency 
among these two const1 tuents • 

'!'he variation in frequency of clay "pebbles" and matriX is plotted 
as a scatter diagram in fig. 18, and certainly presents no obvious trend. 
'!'he oDly atr1k.1ng feature is that ore-bear1n8 samples (x) show high pro­
portiOns of both clay Itpebbles" and matrix, but the two constituents 
appear to vary independently. 

The lack of relationship in this case is sanewhat suspicious and 
suggests that the d~!'!':'c::l t~ .. !!es in the technique. The only reliable 
criterion fer different.ie.ting clay "pebble" and matrix is morphology, and 
as there is a ccmplete transition frem disordered arrangement called 
matrix to clusters, clumps and aggrega.tes, cal.led cla.y "pebbles" it seems 
likely that variation in operato~ decision may be the confusing factor. 
It would be safer tCen ~o consider these two items together and not att~t 
to separate them in fu.t".lre s.na.lyses unless a much clearer operational 
def1n1t1on, based cn readily recognizable criteria, can be established. 

When quartzite and volcanic plus chert are plotted asa1nst matrix 
no obvious relat1onsh.1.p appears and it would be safer in this case because 
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of t,he doubt· abol~t, ~ru.e :im.plicat.lons of the -term' matrix to draw no 
conclusions 0 

3) Relationship am,ong the Cements 

From -chin sec1:ion observations it is clear that:. there are many 
examples of replacement @nong the cements and generally the evidence 
suggests tr~t the silica cement was replaced by carbonate thus ordering 
the arrival of the two constituents. Replacement of one iten by another 
means an inverse arrangement, one item increasing at the a~ense of the 
other 0 There are two common hypothetical models for such inverse ar­
rangements; one showing linear trends and one curvilinear. The curvilinear 
trend will generally be of hyper'bolie character (see far example Smithson, 
1939, p. 309) and represents the most intense antipathy. It appears 
likely that this relations~p will be cammon in cases of replacement. 

As a somewhat s~ple case the s~ples analysed by thin section 
a.nal.ysis from Bull Canyon Well 155C zones 2 and 4 are plotted in fig. 19. 
The -trend is vague but extreme pOints are high in carbonate or high in 
silica ioeo the relationship is inverse and probably curvilinearo It is 
noteworthy that in the "ore zone" (zone 1~) silica is the canmon . cement, 
in the 'barren zone (z.one 2) earbonateis generally dominant. 

The cement content for the 50 samples analysed for this report are 
plotted i.n fig. 20; those samplES h1.gh in carbonate are low in silica, 
while those hJ..gh i.n silica are low :i.n carbonate, there are very many . 
samples sho~ing no pronounced t.rend.. Furthermore there does not appear 
t.o be any segregation of' ore-·bear'i,ng from barren sediments. The extremes 
are obvious, the less ex'tIen1.e Widely scattered .• 

Such an arrangement would develop if the replacement were not com­
pl~e; l.t ma,y be presumed tha twhere repla.cement. is canplete the trend 
would be hyper·bol.ic ruld where incomplete1::he cement content may show a 
confused relationship. Part of this con.fus ion .'nay 'be resolved 'by considering 
two sa.tll:ples whi.ch could be subdiv .i,d.ed i.nto s1J:bsamples, one subsall1plf" of 
each smr1:plebeing OT€· .. 'bear i.!'..g and the o~her barren. These subsamples 
ar'e plotted on ·the dlag.ram as C:.ircles wi th crosses insi,de them.. In. both 
cases the very high carbonate content. OCC1.lrS in barren sediments and in 
one the silica content is h.igh in. the o:re-'bearing sub sample • In these 
cases car'bonate 1.5 late and replaces both ore and s:i,lica cement.. 

4) Rela t.,lonshJp cet·,...reen detri t,:U.s and cements 0 

Plots of quar-t::z.l."r.e ver.·~us si.lica. cemen"t ani che.rt versus silica cement 
s.h0wed, no clear t.:rend, and si.nce :,hese 1.t.ems are sImilar i.n chemical COII!­

POS1.t.1.0.!1 t.hey "rou.ld be expected. to show a trend. Ap'parently ·the f're:;luency 
ii.strio-ur-il.'!n cf S111Ca. CeGl":'nt is largely independent of detrituso The 
.in\/'€T'E-E' t:.ren·j beh-lee!l q,-\.l.c.:-tz and feldspar' and quar'tz1.te rock fra.gments 
togl::thsr.' l':' . ~ t b :c.~ : ~d~9:::ndence ::)f quartzIte and. si-liea cement suggests 
t.hat:. qvarr::~. ar;j f~Ldsp8r frequency variation i.s 'independent of silica. 
CI2(nl~nt; fr 'equency '.Iac.I.e. t.ior:. 
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5) Relationship between matrix and c~ents. 

Silica cement and matrix i,s plotted in fig. 21 and there appears to 
be an inverse trend, as silica cement increases matrix content decreases~ 
The trend is approxima, tely linear. The main exceptions are represented 
by e. few ca.:::,:'en sar..ples low in silica and matrix content 0 It is note­
worthy that the trend in barren samples is s~ilar in for.m but displaced 
towards the origin. In other words in both barren and ore-bearing samples 
there is an inverse relationship between matrix content and silica cement, 
but the trend in ore-bearing samples indicates more silica cement and 
more matrix on average than the trend in barren sediments. 

The frequency of matrix and carbonate is plotted in :rig. 22 and tf 
any trend is present it is certainly not linear. There are a few samples 
very rich in carbonate with very litt.le matrix and a few very rich i .n 
matrix with very little carbonate. The trend is curvilinear inverse and 
could be approximated by a hy'perbola~ Again, as in the case of silica 
versus carbonate (fig. 20), this implies antipathetic relationships. 

In summary then, silica and matrix are antipathetic and carbonate 
and matrix are much mere strikingly antipathetiC. From their arrangement 
in thin section it appears that matrix replaces silica, but both exist 
together in the same traverse, whereas carbonate replaces matrix and 
silica and the replacement is usually campleteo The order of events is 
silica followed by matrix followed by car'bonateo Now since the ore is 
matrix material the sequence may be interpreted as normal sediment with 
much silica and some matrix followed by increase in matrix (by slumping) 
and replacement of silicaj subsequently carbonate replaces either or botho 
These characteristics are true of both barren and ore-bearj.ng samples. 

Part of the con~lsion in the ce~tral areas of the graphs reflects 
the fact that replacement is not complete; in some cases layers rich in 
carbonate occur in th!n sections cf ore-bearing s~ples and these layers 
are barren. Semple 6335 is striking in th~ . s respect in having an area 
(nroll"?) contai,ning flood carbonate (37~5,per cent) and no ore; while 
outside the carbonate rich area the sample is rich in ore and silica 
cement. Similar features are observed in one and the Sa.r.le thin section and 
when a thin section mean is used to plo"t the results the two kinds of 
layers both enter t~e mean value yieldi.ng relatively high carbonate and 
ore;) 

A(f) S~~ry of Conclusions Concerning 

Variation t..mong Mineral. Constituents" 

The mineral constituents of these fifty samples of Salt Wash sandstones 
a.re subdivi.de,J ·l!l ;~ D .grains, :n(',~: r ' ix ~1 nd (;CmcILt (Kryn.inc, 19h G) , 'Tht:· grains 
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ccmprise the u8trital constituents quartz and feldspar, quartzite, chert 
and volcanic rock fragments and t.he clastic components, clay "pebbles"., 
There are minor differences among the ore-bearing and barren sedimentn 
except in the frequency of clay "pe"bbles" which are much greater in the 
ore-bearing than barren sediments. 

Fr~o the inte~-relationships among these constituents there appears 
to be tr~ee main sources of material: 1) far travelled detritus comprising 
quartz, feldspar, and quartzite rock fragments; 2) volca.nic rock-fragments 
and chert fram penecontemporaneous volcanic outbursts and; 3) clastic 
material, the clay "pebbles lf formed by slumping while the sediment was 
wet. 

Matrix material is composed of the same minerals, largely clay 
minerals, as the clay "pebbles" and in part is derived by local slumping. 
In this sense it belongs in the clastic fragments in terms of provenance. 
There is nearly always more matrix in ore-bearing than barren sediments. 

Finally, the dominant chemical cements are carbonate and silica 
cement. Both have been redistributed in ore-bearing sedtments although 
there appears to be no reason for suggesting an introduction of new 
material fram other than immediately local sou~ceso Silica cement can 
exist along with matrix more readily than carbonate cement and the order 
of replacement is silica by carbonate. 

MatriX, in part, and particularly in a slumped area, replaces part 
of the silica, particularly in ore~bearing sedtmentso Carbonate replaces 
both matrix and silica" and :is an ore-remover 0 

On the basis of the above observations there appears to be no reason 
for the introduction of material from outside, local redistribution would 
account for the present disposition of the mobile constituentso Most of 
the physical activity (slurr.ping) leading "to cl.e.y "pebbles" and matrix was 
penecontemporaneous and most of the chemical. red 1. stribut ion vTas concurrent 
with this phenomenon 0 Such features are common In areas of active slumping 
and mud volcanoeso 

In ter.ms of differentiating ore-bearing from barren sed1ments the only 
constituents likely "to prove of use are the clay "pebbles" and matr.ix, and 
since these appear to ce related in origin s-l1d very difficult to separate 
by the technique used, it is safer to consider them together in attempting 
to discriminate "bet'veen ore-bearing and barren sediments. 

It should also be a~p~asi~ed that all the major differences so far 
mentioned between ore-bearing and. ba.!"ren sediment.s are local differences 
and no regional patt:ern can "be eS"tablished on this basis 0 
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B. Grain Packing 

(a) Introduction 

Measurement of grain packing in sediments has been discussed in an 
earlier report (Griffiths et al, RME-3106) and on the basis of this work 
the characteristic which appears to offer the greatest amount of informa­
tion is the kind of contact present; in particular the number of contacts 
between grain and grain, grain and matrix, grain and cement and grain and 
void were chosen for evaluation. The number of contacts, per traverse 
of 100 grains, ·in four traverses per thin section, for· each of the ,0 
samples was· estimated and the results are summarized as a mean per slide 
in tables 5 and 6. 

It seems reasonable to suppose that grain to grain contacts are sane 
function of the number of grains present, on the other hand with some 
certain number of grains the arrangement of these grains · to yield ·con-
tacts may vary widely. Hence some correlation may be expected between 
grain volume (or, more strictly number) and grain to grain contacts. In. 
order to establish·packing characteristics as independent · measures·of 
fabric it would be necessary.to remove, say by regression techniq~e, the 
effect' of composiUon but grain size and shape may also playa part.. In 
the present investigation it was decided that if the estimates· of the 
volume of components by point count were correlated with the estimates of 
packing then one of the measures should be discarded in applying the dis­
criminant · function approach. On the other hand, . it is realized that the 
discriminant may reject a variable whether it is correlated or not· :with. 
another so · that the final decision will be Qy means of the efficacy of the 
discriminant function. This approach was used L~ an earlier investigation 
(Emery, 1954; Emery and Griffiths, 1954) where quartz and matrix were in­
versely correlated in some Mississippian sediments, and when quartz con­
tent and packing were both used in the discriminant the quartz content was 
rejected. The discriminant is designed so that it will choose the variable 
supplying the greate~t amount of information, · and hence i tis some guarantee 
of efficiency if the decision is made by the discriminant function. It 
must be emphasized that the measurement of packing used by Emer,y (op~ cito) 
is different from that used by Ka.~"'l (1954) and Kah.'l's technique was used 
in the present case. 

B (b) Technique and Procedure 

The technique has been de~cribed L~ our earlier report (Griffiths, 
et aI, RME-3l06) and the sampling interval of four traverses per thin 
section is also based on Kar_~ts work (see RME-3106, p.33 and the analysis 
of variance tables 3.6 and 3.7). 
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B(c) Freq~ency Distributions of the 

Di.fferent Packing Cbaracter1st:i.cs 

The frequency' distributions of each packing character.1stic, grain to 
grain, grain tO'matrix, gra1.n to cement, and grain to void contacts are 
summarized in figso 23 t.o 26 respectively and the summary descriptive 
statistics are given in table 70 

The ore-bearing samples possess less grain to grain contacts than 
the barren sampleso This tendency is emphasized by the significant posi­
tive skewness (gl si~n:1.fic~t) j.n the ore-bearing · samp::es .whereas the 
skewness is not signif1can·t in ~he barren sampleso Th~s ~plies that not 
only are there more grain to grain contact s on average in barren than ore­
bearing samples, but that there are more low values in ore-bearing and 
less in barren' samples (see figo 23)0 

The grain to matrix contacts show the opposite arrangement, as would 
be expected, because there is more matri."{ in ore-bearing than barren· 
sedlmentso Thus the mean value and the node for grain to matrix contacts 
in ore-bearing samples is much higher than in barren s~pleso Again · the 
mode is on the low side of the :mean (negative . B1) 1n barren sediments · and 
the reverse is true ofore-'bear1ng saiiment, (positive g ) 0 These skewness 
values are however not S1gnif:i.c.a.nt on the basis· of the tests of the . g . . 
stat1sticso Both the ore-bea~ing and the barren samples possess, signifi~ 
cant negative kurtosis valu.es showing that. the curves are platykurt1c 
(flat-topped) with a w:1.de spreado 

Presumably the relationships 'between volume of g.c'ains and volume of . 
matrix :1.s la:r'gely r'esponsible for these va:riations in gra.in to grain and 
grain to matrix contacts (see below)o 

The grain to cement cont-acts are similar ::iL both ore-bearing and 
barren sediments in 't,erms of mean value and the spreads (s) are not very 
different 0 The skewness of the ore ... ·bearing sediment is, however, signi­
ficant whereas that of the barren samples is nota The kurtosis is nega­
tive (not signiflcant) 1n botho It seems clear that there are less grain 
to cement contacts in. ore-'bearing than barren sediments, and this may be 
same function of less cement :1.n ore ·bear1.ng than barren sedimentso 

Finally the grain to vOl,d est1m.ate is an appr·oximationto the number 
of pores present in the samples and again j as would be expected j the 
barren samples contaln more open pores than the ore ... ·bearing samples -
presumably therefore they possess a higher po.roeityo While 'both ore­
bearing and barren samp!.::-s yi.eld slgni.f'icant values for skewness and both 
are posit.i'Ve i the SkeWllE. ~5 of t~hE: ore-·beari.ng sed.1l!!ents is larger than for 
the barTen sS!!1pieso In a·idi!:i.on .~ the ore .... bear1.ng samples possess a highly 
significant POS:1.t.i·vek'.J.rtoE1S whereas the kurtoslfi for the barren sam,ples 
is not signi.ficanto These fea'Cl.L1."eS reflect the fa.c·t t:ba·t the ore-bearing 
samples not only possess a lower av-erage grain to 1ro1.d contact value 1 but 
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also there a.r~ 'Ciany :;.cre- zeros (e.::::!pha.s .!.::.ed particularly by the hi.ghly 
significant pcs.it.ive kurto51s) in the o:rc:-bearing than barren samplesn 

It seems clear that" the packing charac"teristics are largely tled 
in with the c~positiona.l vari.a"Li.on in these 50 s~pleso In o:r'der- to 
reduce the number of vari.able:s :involved. i"t .f.s t.herefore prudent to exam.1ne 
the inter-relati.onEhips.1 first among the pa.cking characteristics and'.9 

secondly, between the packir~ cr~acterietics and mineral composition 
estimates 0 

B( d) Inter-rela·tl.onships &"D.ong the Pack:i.ng Cha.rac~e:rist1cs 

Since the amount of matr'ix pre~um.ably affects the number of gra:i.n 
to grain contacts it seems likely tr.L&t the inter-relationship betweer.. 
grain to grain contacts and grain to matrix contacts shou.ld be inverse. 
The scatter diagram (figo 27) i.llustra.t.!.ng this inter.-r·elat.ionship con­
firms the expected arrangemento The coefficien~ of medial correlation 
(see Quenouille, po 44) is -00469 ar.i.d Is significant at the one per cent 
level 0 The j.nverse associa-r;:i.oD. l5 therefore present. an.d realo 

The grain to grain con'tact s t.rhen ~lot .. ted agai.nst. t.he grain to cement 
conta.cts show no "trend and :pres1..U!lably :hes~ t.,~o packing characterl.stics 
vary independently 0 

The grain to matrix contacte vary inversely as the grai.n to cement 
contacts (figo 28); the cOf;fficl.ent of reed 1a.1 correlation is -0.792 and 
h:i.gbly signifi.cant. Here again the treY';.d. 1.S presumably related to the 
variation in amount of 'both matrix. and cem.en"Cco 

The grain to void. contact s show no r ela t.l.onship ei t.her to grain to 
grain, grain to matrix, or. to grain t ·o cem.ent cor..tacts. Apparently the 
arrangement of the vOl.dE is i.ndepend.ent of other constituents a1 though 
there are more voids and hence mo:re gra,l.n to void contacts in the barTen 
than ore-bearing sed~entso 

B( e) Relat:·i.onshi .p~b~tween Pae.king 

C:r • .a.racter-i.et:·ics and Hineral C'1!npOS1t. i.on 

When per cent quartz and fe.ldspar are plotted against grain to grain 
contacts no trend app~ars ( coeff:icien·t of medial co:r-r~lation is zero) and 
these two item.s vary independently C' S i.nLi.lar.ly tne grain to g:rain conta.cts 
show no obvious relat::1.cnsnip to~c ·_al graJ..~s :. ~uart· z .~ feldspar and rock 
fragment s) 0 
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Table 5 - !\1~en va] ues for packing characteristics in 25 samples of 
ore-bearing Salt Wash Sediments. 

SAMPLE A B C D 

6331-2 17.75 51·50 28.00 2.75 
6334 13.25 64.00 17.00 5.75 
6335-1 20.00 36.50 41.75 1.75 
6336 14.15 59.75 21.00 4.50 

6500 21·50 58.50 19.25 0.75 
6502 14.50 49.25 34.25 2.00 
6503A 22.75 53000 23·50 1·15 
6506 24.00 58.50 12·50 5.00 
6536-2 20.15 71.25 5·00 3.00 

6537A 14.00 22.00 55.25 8.75 
6606 16.75 10.25 12.75 0.25 
6607A 34.50 38.25 26.25 1.00 

--

6608 11.00 63.50 17.25 2.25 
6610 26.50 20.25 47.50 5.75 
6620 31·50 23.75 40.75 4.00-
6627-1 7 .. 50 82.25 9·50 0.75 
6636 12.25 45.75 39·75 2.25-
6638 1.00 69.25 23.25 0·50 
6644 -18.50 33·75 45.50 2.25 
6646 17·50 74.50 7.75 0.25 
6651 12.00 70.25 17.25 0·50 
6657 17050 57.50 14.75 10.25 
6671 22·50 42.75 23 .. 75 11.00 

6615 11.50 29025 51.75 7·50 
6683 19025 42.25 30.50 8.00 

A = mean of grain to grain contact 

B =" "matrix" tf It 

c =" "cement If " " 

D = " I' void " If 
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Ta.ble 6 - Hean values for packing characteristics in 25 samples of 
barren sediments. 

. SAMPLE A B C D 

6508 26025 29.25 36.00 8.50 
6510 26.00 51.25 20.75 2.00 
6512 22.25 22.25 45.75 9·75 
6513 32·50 11.50 43.75 12.25 
6514 21.25 67.25 11.00 0·50 
6515 35·50 33.00 20.00 11·50 
6519 · 22·50 68.25 9·25 0.00 
6520 . 29·50 41.25 19.25 10.00 

6521 31 .. 25 25.75 36.50 8.50 
6522A 27·00 55.75 14.25 3.00 

6523 32.00 20.25 32.50 15·25 · 
6524 24.50 27.25 24.75 23·50 
6525 16.50 26.75 41.75 15.00 
6526 28.20 41.25 26.75 3·50 
6527 27.00 20.75 50.00 2.25 
6528 25·50 30.25 36.00 8.25 

6529 13·00 70.50 15·75 0·75 · 
6530 19·00 59·00 19 .. 50 2·50 
6531 . 23000 38.50 31.50 7.00 

6532 40,,00 19.25 40.50 0.25 

6534 21000 34.25 25·25 19·50 
6629 23.00 41.50 26.00 9·50 
6630 16.75 60.25 10.25 12075 . 
6662 15·75 51.00 20.75 12·50 
6667 23·50 29.00 18.75 28.75 

A = mean of grain to grain contact 
B = !I II r.latrix " " II 

c = " " cement I, II 

D = If " void " I, " 



Table 7 ... Summary Statistics for the distribution of packing characteristics in 50 samples of Salt 
vlash Sandstones 0 

Item, i~ 86/0 Cv • . 10 Sk K g1 g2 N Samples 

Gra:in/GTo.in 22005 8.52 38.63 002038 00 1252 00110106* 0.0911 200 50 
", " 18 .. 60 7073 41057 003016 0.:5016 506124* 003973 100 25 ore 
It " 25050 7.84 30·75 002146 000541 004358. 001194 100 2 '5 ba.rren 

Grain/matr1.x 45·60 19006 41.79 0.4203 i.1253 008471** io1231~** 200 50 
" .. 51 .. 95 18.37 35036 (501134 ioOO36 0.2304 . 0 .. 9932* 100 25 ore 
" tt 39.25 17.56 44.73 0 .. 1860 0.9522 0.3717 0.9392·~ 100 25 ba.rren 

Grain/ cem.ent 27·33 13.69 50.09 0.2304 0.6648 0.4643** 0.6511* 200 50 
" It 26095 14010 54.52 0.2561 0.1170 0.519~ 0.6911 100 25 ore 
" 1t 27070 12.59 45.44- 0.2011 0.5544 0.4084 0.5207 100 25 barren 

Grain/ vo:1.d 1·50 6060 57.94 0.7907 2.5489 1.5936** 2.6447** 200 50 
II " 4.80 ].84 79·90 0.7651 1.3249 l.5536t€* 1.4561** 100 25 ore 
" " 10.20 7.00 74.48 0·5393 0.4427 1.0951-Jt* 0·5281 100 25 barren 

-- ~-~- -

Vl 
0\ 

* Significant at the 5 per cent level 

** Significant at the 1 per cent level 
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ESTIMATION OF PACKING CHARACTERISTICS OF SALT WASH SEDIMENTS 
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3. GRAIN TO CEMENT CONTACTS 
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Fig. 26 
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The relat1onshlpbetwef;n grain t;o matri.x contacts and. am.ount of 
matriX is cu:rvLlinea.r· and.po~it.ive with a coefficient of m.edial corre­
lation of +0 .. 837 (s:1.gn:i.ficant)c The trend (f.i.go 29) indicates that the 
grain to ma"trix contac"ts :i.ncroes.se w1:th increase 1.n :m.atrix to about 15 
percent by voLume ()f matrj.x ; and then the matrix increases rapidly with 
much less change i .n grain to matrix contact.so There seems little reason 
for including Do'tn gra~n to matrix contacts and voltnne of matrix in the 
discriminant fUnct1ono 

Similarly the volum.e of cement is positively associated with the 
grain to cement contac·ts (coefficient of med''!'al correlation +00760, signi­
ficant) " The trend is apparently lineer ~ There is no relationship be­
tween the grain to cement conta.cts and the amount of grains (quartz, 
feldspar and I'ock fragments) 0 

B(r) Summar'Y of the Conclusions on Packing Characteristics 

It seems evident that composition and packing char'acteristics are 
related., In term.s of COD'l,pos:l.tion the ea.m.ount of matrix was selected as the 
variable to en·ter into the discr:lminant.; hence there appears to be little 
reason for :including the grain to matriX contacts (positively correlated 
with the amount of matrix) or the grairJ. to cement contacts (posl'tively 
correlated with the e.mount; of c'=l'nent) 0 The Br9.in to voids contacts are 
more common in barren sediments} again pr~sumably because of the lack of 
matrix 0 For purposes of designing a discriminan"'; function therefore, the ' 
packing characteristics may be r~presen~ed by the grain to grain contactso 
Any relationship between gratn to grain contacts and some other variable ' 
will be inv~I.'se to grain 1'; 0 matrix contacts which follows from the inverse 
correla.tion between these twopack1.ng ctJB.T.'8cteristicso 

Packing cbaracteri.ertlcs m.ea sure d. e.s contacts between grains and dif­
ferent elements of camposi tion are unlikely to yi~ld independent estimates 
of fabric unless the samples analyzed have approximately similar compo­
sitions 0 The comparisons of zones 2 and 4 of Bull Canyon well l55C des­
cribed by Kahn (opo cito) is not necessarily typical of ore-bearing and 
barren sed.:1mentso It will be necessary to follow these packing character­
istics through zones 2 and 4 of 1~el1s 155 A and B before 'the gradients 
from. barren to ore···bearing sediments can be evaluatedo 
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Fig 28 
RELATIONSHIP BETWEEN GRAIN . TO GRAIN AND GRAIN TO MATRIX CONTACTS 
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Appe~d .:'x ?ac le :. ~ - Local tty 8.l'1d Lithology of Samples of Ore .. tearing 
Sal t ~~ asn sed. iJl.e::7_ s . 

Penn State 
Cat. No. 

6331-2 

6335 

6500 

Locality and Lithology 

l-fain Street !loo 1 Mi,ne, 1-ledding Bell Group, Bull Canyon, 
Coloradoo 

Type semple cf bedded or "book" ore; dark gray sand­
stone with bedding emphasized by vanadium-containing 
micaceOilS oreo 

1-1ain Street Noc 1 ,Mine, 1-Tedding Bell Group, Bull Canyon, 
Colorado. 

"Trashy!! ore; slumped sand with clay pebbles, ore 
arranged :1.n y~llow and gray patches. Nearby is a fossil 
tree fragment completely replaced by carbonate. 

Main Street N'o 0 3 Mine, vi eddlng Bell Group, Bull Canyon, 
Coloradoo 

Ore roll, with carbonate cemented lens surrounded by 
friable sandstone. The margin of the car'bonate cemented 
area appears ·to transect bedding but actually follows the 
tennina'tions of lenses of different grain sloze. (See· RME 
3070, ppo 84-89, and figs. 8 and 9)0 

Most of the ore occurs 'in the fria.ble sandstone out­
side the cem.euted "roll"; Yithin the cemented "roll" there 
is very Ii t tie oree The ex.posed face of the cemented area., 
presumably a frac't:ure face, l ,S coated with gray and yellow 
ore probably preclpi:tated by acid water solutions attacking 
the carbonate" 

6335 (1) Subsample from. friable area outside "roll". 
6335 (2) Subsample fran cemented area ionside "roll". 

Main Street N03 1 Mine; Hedding Bell Group, Bull Canyon, 
Colorado., 

Gray sandstone with white specks and patches; the 
distribution of g~ay ere is patchyo In areas where there 
is ore there is l:iot t.Ie s lli.ca cement but in light colored 
areas there is considerable amounts of silica cemento 

Mione Sample, Bu.ll Canyon supplied by Dr .. R,. J. Wright. 



Penn State 
Ca.t. No. 

6506 

Locali.ty and Li.thology 

Gray very rine grained silty sandstone with ore in 
dark and ligh~ gray areas. This is a typical bedded ore 
sample out on close inspection it c~~ be seen that the 
"beddi..'lg:· is not regular -but lensed and the lenses are 
inclined and not parallel over the whole sample. Bedding 
slightly di5turbed~ 

lvline Sample fran Bul)_ Canyon area suppl ied by Dr 0 R. J. 
\.J'righto 

Variegated gray fine grained sandstone; bedded ore 
with bedding accentuated by dark and light gray layering. 
Ore occurs mainly in fine grained layers; some carbonate 
and little ere in the coarse grained layers. 

Mine Sample from Bull Canyon area supplied by Dr. R. J. 
vlrighto 

Bedded orej dark and light gray yellowish tinted 
sandstone. The layers are not perSistent t~sough the 
whole sample but occur as lenses. Considerable quantities 
of silica cement occuro 

Mine Sample from Bull Canyon area supplied by Dr. Ro J. 
\-lright. 

Dark gray to white fi::e grained sandstone; the mineral­
ization emphasizes inclined (cross) bedding 0 Yellowish 
mineralizat10n patchy} m~ch silica cemento 

Ore Sample from Montezuma Carlyon, Monticello, Utah supplied 
by Dr. R. J. Wrightc 

Large slab of sandstone ,,,ith main portion showing well 
marked light a..Yld dark layering parallel to beddingo Central 
portion incl':':l.ed. (cross) cedding. Pink spots and areas in 
places through sar.~le are free' fram ore and strongly cemented 
by silica cement. 

One corner of the specimen shows the bedding curved 
and disturbed, an area of penecontemporaneous slumping 0 

This area contains in onE' squar'e inch both pin..l{ and gray 
patches" 

6536-2 sample from bedded areao 



Penn State 
Cat. No. 

6537 

6606 

6607 

6608 

6610 

6620 

6627 

- 70 .-

Locali.ty and L.i:thology 

Ore Sam:ple :from. lviontezuma Canyon, Monticello, Utah, 
supplied by Dro Ro J'o Wrighto 

Dar·k gr-ay friable ore sandstone passing gradually over 
to hard, compact pink silica cemented sandstone. The pink 
area is generally free frOJl1 ore but contains a few small 
gray spots. 

Queen Mary No. 2 Mine, Bench Claims, Lisbon Valley, Utah. 

Dark gray very silty sand with large gray clay 
"pebbles U and some yellow :impregnations interstitially 
among the grains. 

Queen l·!ar'y Uo. 2 Mine, Bench Claims, Lisbon Valley, Utah. 

Trashy type ore between two layers of bedded ore. Buff 
gray white friable sandstone with brow.n clay pebbles and 
yellow impregnations; some silica cement. 

Queen Mary Noo 2 Mine, Bench Cla.ms, Lisbon Valley, Utah. 

Trashy type ore among bedded ore. Light gray friable 
sandstone with layers containing cla.y pebbles showing , strong 
ore impregnationo 

Queen f-1ary No.1 Hine 1 Bench Claims, Lisbon Valley, utah. , 

Gray 'to pink. conglomeratic sandstone with many pink 
Itchert U pe'bbleso Gray areas are impregna.ted, pink areas 
silica cemented; ~ome yellow sta.ining along fracture planes. 
Trash pile type ore. 

\-lilson Group, Dry Valley Camp, near Lisbon Valley, Utah. 

Gray whl.te sandstone conglomerate, very strongly dis­
turbed and slumped with fossil remains of bones and plants. 
Ore is nlal.n1.y vanadIum gray typeo 

Westcllff House Noo 8 Mine, Coalbed Canyon, near Monticello, 
Utaho 

Gray fT iable sandstone wi.th white specks and containing 
large dark gray clay pebbles along .'wi.th brown clay; badly 
slumped., Trashy type ore-bearing sandstone 0 



Perm State 
Cat. No. 

6644 

6648 

6651 

-, 71-

Locality ar~ Lithology 

A dl,s-vuxbed green mudstone split. occurred above and 
ce l.ow or e-'bear'ing la.yer and red mudstone occurred outside 
tne greeno ~e whole mudstone series strongly sl~pedo 

Kerr McGee Mine, Lu.i{achukai Mountains, Cove School, Arizona 0 

Purplish p:'r.Lk carbonate cem.ente~ medium. to fine grained 
sar..dstone 'vi th thin l.ayers cont.aining yellow ore impreg­
nationc The layers ....,i'th ore contain very little carbonate 
while the cem.ent,ed la.yers c,onta1.n very little oreo The 
carbona~e cement shows lustre-mottling with patches of 
carbonate in similar orienta.tion. 

Kerr McGee Mir..e, Lu..~chu1r.a.i Mou...'"ltains.t Cove School, Arizona. 

Sample of "best" ore in the mine; gr'ay sandstone with 
yellow imp:r'eg!lation a...'1.a very Ina..'1Y purplish brown and gray 
clay "pebbles:t 0 Texture strongly disturbed; slumped sea.:imento 

KerI McGee Mine., Lu.lf..a.chukai lviountain.s, Cove School, Arizona. 

Gray \-Thite carbor..a.te cemented sandstone with yellow 
ore; many clay "pebbles!! zoned purpli.sh red and gray greeno 

Climax I·Une, north Bide of Mesa IVl/2 (near compressor 
shack) L UY.a.chukai !-1oun tains" Cove School J Arizona. 

Gray greenish 'Jery si.1 ty CaTlpact sandstone with red 
lenses an.d zcnes<> Coloration irregl.l.lar' and :following the 
lenses o:f sand grains., r·1ost ore confined to gray greenish 
area 0 

Cl:L'!lB.X l-1ine " 1,1z::.sa, IVI/2, (South Mine) Lultachukai Mounta.ins, 
Cove School, Ar~zonao 

Gray fine grained sandstone crowded with clay pebbles; 
some of the clay pebbles are purplish pink to deep red in 
ccl~r -,,-!lile otc.ers are pale green to gray a..'1d some are 
zoned with both colors, the red generally inside and sur­
rou.nded 'by the g~ay green color" The sandstone is im­
pregnated i:ri, th yelloW" ore < 

A s'tTor..gly slunped ore- 'bea:ri,r~ sandstone. 



Penn State 
Cat. No. 

6657 

6671 

6675 

6683 

- 72 -

Locality and Lithology 

Mine, Camp Mesa, Lu..l{achukai Mountains, Cove School, Arizcna. 

Pink, purplish very friable fine grained silty sand­
stone with yellow ore mL~eral ~pregnation concordant with 
bedding and both arranged in lenses. The lenses are not 
continuous for much more than 1-2 inches. 

Kerr McGee Mine on North rim; Lukachukai MountainS, Cove 
School, Arizor.a. 

Pink purplish friable sandstone with gray clay .stringers 
and lenses through it, concordant with bedding in sandstone 
but not persistent laterally. Gray clay layers pass over 
to clay "pebbles n also aligned. in bedding. This resembles 
6657 but may not be ore-bearing. 

Kerr McGee Mine on North rim; Lukachukai Mountains, Cove 
School, Arizona. 

Buff to pink silica cemented very slightly friable 
sandstone with area of greenish are ~pregnation which is 
much more friable. Sma.ll spots of dark gray ore occur in 
buff sandstone. 

Well core, depth 206 feet, 'toTell NC 649A, North rim Lukachukai 
Mountains, Cove School, Arizona. 

Supposedly typical ~re; gray buff well-bedded friable 
sandstone with dark gray clay lenses, very roughly concor­
dant with bedding but often inclined to bedding. Yellow 
ore ~pregnation in sandstone lenses be~Jeen gray clay 
lenses. 
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Appendi.X Table ':"c .- Locality 8.J."1d Lithology of Barren SaltWash 
Sediments 0 

Penn State 
Cat. No. 

6508 

6510 

6512 

6515 

Locality and. Lithology 

Core, Dept;h 107 .. 3-107 0 9 feet, Well 261, Area "Dtf, Bull 
Canyon, Coloradco 

Very fine gra:1.ned whit e compact sandstone with white 
specks.. The white specks are either weathered carbonate 
patches or weathered. rock-fragments (compare to patinated 
"cherts") 0 

Core, Depth 12601-126 .. 6 feet, Well 272, Area liD", Bull 
Canyon, Canyon, Coloradoo 

Fine grained friable white sandstone cpo 6508. Lenses 
of black fi.ne grained material (organic matter a:nd/or 
heavy minerals) inclined and crossbedded. 

Core, Depth 80)4-8009 feet, Well 272, Area tiD", Bull Canyon, 
Colorado 0 

Contact between white coarse grained sandstone, cemented 
by carbonate and red mudstone with green lenseso The .con­
tact is slmnped and clay pebbles occur :1.n the sandstone . 
associated with the slumping.. The contact is inclined to 
horizontal .. 

Sample analyzed from coarse sandstone. 

Core, Depth 4905-5000 feet, Area "A", Bull Canyon, Colorado 0 

White very fine grained sandstone with white specks 
(see 6508).. Compact and cemented in part by silica and in 
part by caI"bonat;e 0 Some of the grains a.re closely clustered 
and cemented by silica in patches with more open texture 
surrounding themo 

Core, Depth 94eO-94'Q 3 feet, Well 261, Area ftD", Bull Canyon, 
Cqlora·ioo 

Light yellow to buff brown and red. medium. grained 
sandstone w1:th red mudstone partings « 1 mm. thic.k) and 
red and green clay "pebbles" and lenseso 

Cor-e) Dept·h 10.1:,6-102.0 f'eet., Well 2'72, Area liD", Bull 
Canyonj Color-a.do .. 



Penn State 
Cato No .. 

6519 

6520 

6512 

6522 

· 74· 

Local:i.t..:y and 11·thology 

Ll.gb:c red. to brown medi.um gr'ained 61 i .ghtly :fria.ble 
sandstone -.n. th many white specks.. The white specks 
em.phaE~ze cru.de layeri.ng .t otherwise the sandstone is 
massive 0 

Core, Dept.ih 8905-9000, Well 272 ., Area nD", Bull Canyon, 
Colorado. 

Deep brown red. very sl.lty compact sandstone.. Vague . 
layering 'by x-ed clayey lens~s in core .. 

CorE, Depth 122(\ 3-123~2 feet., Well 212 .t Area liD",' Bull 
Canyon, Colora~oo 

Contact bpt'\J'een CO~r.fe: g.ra:tned 'White compact, . 
massive sandf:rton e e.nd. red. fine gratned sandstone . showing 
cru.d.e le.y~:ri.ngo Area.s of white sandstone occur in 'redo 
At th~ CO!ltact the color i~ gr~enish .1nterlayered· with ' 
red; the whItE: color efJds abruptly ad.js.cent to both green 
and red wh!.l.e t be lat t~r al.t~rnatE:S ove.r about: 1/2 inch . 
of core before b-:com.l.ng cO!npl~tely redc 

Sample analyzed. from contacto Th~ red contains more 
matrix material t'na:~ ltfhi ~e .. 

Core, Depth 84" 2·84" 6 f~-=t t \-/ell 66, A.rea "A", Bull Canyon, 
Colorado 0 

Gray ':,:h'~te ~oa.r·~· e era In.f7d. 1'ia~f:i 1JF;: ~ carbonate cemented 
sands~one 1J'i:::o gray ""0 br'ct,-1.:' and bla.ck spo'ts sane of wh:1.ch 
are heavy [L.:in~r'al ~ f c""hers are assoclated with car"bonate 
specks an:j, are 1 L.'D.on1.te 5.Fots (see FJ.'lE 3054, ppo 34- ff) 0 

COl'€, , D::o'P~b. 63 ·· 5 .. ·64,,1, vIe'll 26.1, At·ea "n", Bull Canyon, 
Coloradco 

1fulte rrtE;d:i.IJ'ri! grai.ned. cam:pa~t ~a!l.dstone inter.bedded 
with pinlt t C. pur]? 1 i. ~ hred f.1.ne.r gr a.:Lned sandstone 0 

Semple a.nai.yz.ed j 6522,A 1 purpli.5h re:i sandst.ioneD 

Core t Deptn 1.47 0 i... _47 .. 8 feet; Hell 261, AI'-::-a "D'I. Bull Canyon, 
eOIOT·ado., 



Penn State 
Cat. ::0. 

6529 
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Locality and Lithology 

Gray -vihi te to buff brow'"Il medium grained compact 
sandstone; brmm and green mudstone "galls" or "pebbles" 
in bu!f sandstone. 

S~le analyzed gray white sandstone. 

Core, Depth 85.7-88.2 feet, Hell 261, Area liD", Bull 
Canyon, Colorado. 

Buff gray to pink gray limonite stained massive 
sandstone with brown limonite spots. Compact and not 
friable. 

S8mple analyzed from. pink area. 

Cere, Depth 67.6-68.0 feet, Well 272, Area "D", Bull Canyon, 
Colorado. 

Pale pink ;.;hite compact massive sandstone with brawn 
clay galls. 

Core, Depth 48e 7-49.2 feet, "VTell 261, Area "D", Bull 
Canyon, Colorado. 

\-1 hi te cement,ed sa.ndstone with reddish silty cross 
bedded sandstone and thin layer of gray shale. 

Sample ar~lyzed fram white sandstone. 

Core, Depth 3602-36,,8 feet, Well 66, Axea "A", Bull Canyon, 
Colorado .. 

Medium. grained white to creamy yellow carbonate cem­
ented -sandstone; "t.l:.e creamy yellow areas are stained by 
limonitic stain; same silica cement. 

Core, Depth 3400-34.4 feet, Well 261, Area liD", Bull Canyon, 
Colorado. 

Light pink gray white speckled compact sandstone with 
many red mudstone "pebbles" crudely aligned along inclined 
or cross beds .. 

Core, Depth 70,,0-70.4 feet, Well 66, Area "A", Bull Canyon, 
Colorado" 



Penn State 
Cat. No. 

6530 

6531 

6629 

- 70 -

Locality and Lithology 

Cream to buff white very fine grained compact silty 
sandstone with many fine laminae of gray slltymudstone in­
clined bedding. Small lens of very coarse white sandstone 
in gray mudstone showing disturbed bedding and slumped. 

Sample analyzed from. very fine grained silty sandstone. 

Core, Depth 2705-2801 feet, Well 66, Area "AU, Bull Canyon, 
Colorado. 

Red silty to clayey sandstone massive, irregular 
small patches and blocks of red mudstone. 

Core, Depth 1001-1007 feet, Well 66, · Area "A", Bull Canyon, 
Colorado. 

Friable, pink fine grained ~andstone with dark gray 
to black laminae showing inclined bedding. Laminae · cross­
and bifurcate. 

Core, Depth 1300-1305 feet, Well 261, Area "Att, Bull Canyo~, 
Colorado. 

Very fine grained carbonate cemented gray sandstone, 
massive with traces of inclined bedding and an incliried -: 
irregular fracture. 

Core, Depth 68.6-6903 feet, Well 261, Area "D", Bull Canyon, 
Colorado. 

Reddish stained medium grained c~act sandstone with 
lenses, and "pebbles" of red mudstone not continuous for 
more than 1" length. Bedding slightly inclined. Rare 
green "pebbles" of clay. 

Outcrop· sample; sandstone 8' above red mudstone near bore 
hole No. 242, Montezuma Canyon, near Monticello, Utah. 

Very friable gray white medium grained massive sandstone. 

Outcrop samplej sandstone 5 f above red mudstone at bore hole 
242, Montezuma C&'1yon, near Monticello, Utah. 

Very friable gray \o1'bj.te to buff medium grained massive 
sandstone. 



Pezm State 
Cat. No. 

6662 

6667 

- 77 -

Locality ~~d Lithology 

Core, Depth 387-387.5 feet, well 143, Lukachukai Mountains, 
Cove School, Arizona. 

Very friable medium grained buff sandstone with faint 
gray lenses aligned as bedding but not continuous across 
the core • . 

Core, Depth 237.5-238 feet, Well 629, Lukachukai Mountains, 
Cove School, Arizona. 

Very friable medium to coarse grained massive buff 
sandstone. 
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Abstract 

This part of the report describes the analysis of 15,000 mea.sure­
ments of grain size, shape (axial ratio) 8lld orientation (axial 
inclination) of quartz gra.ins from 25 samples of ore-bearing and 25 
samples of barren Salt 'iash sandstones. 

No difference in mean grain size, standard deviation of gra.in 
size, axial ratio or inclination of long axes of these quartz grains 
can be discerned bet·ween ore-bearing and barren sediments. However it 
appears that the sets of grains within each microscope field differ 
more in size in ore-bearing than barren sediments. 

Again while there is no obvious difference in perfection of 
orientation between the sets of 25 samples for ore-bearing and barren 
sedtments there is a difference in relationship between same items of 
composition and orientation among ore~bearing and barren sediments. 

It seems evident that ore may occur in sediments of any quartz 
grain size, any axial ratio and any orientation when the sediments 
are examined regionally. All the differences so far observed between 
ore-bearing and barren se<lilnents are entirely local in character i.e.' 
while at anyone locality ore-bearing and barren sed~ents may differ, 
integrated over all localities this difference vanishes. It seems 
clear that disposition of the are in these sed~ents is not controlled 
by any regional factor but purely by local differences in size, and 
fabric within small volumes of sediments. This is, of course, what 
we expect if the ore-bearing sediments are stratigraphie (5 petrographic) 
traps. 



- 10 -

:f.) Int-roduction 

Part I of this report deals with mineraJ.·· cCJD;position and grain ' 
packing characteristics of 50 s2mPles of Salt wash se~ents, 25 of 
which were ore-bearing and 25 barren. To c~lete the petrographic 
description of these 50 samples Part II contains a description of the 
'si-ze and s~pe distributions and the orientation of the grains in 
these sedimentso 

i1) Measurement of Grain Size 

Measurement of grain size in sediments may be performed by a n~ber 
of techniques SOlIe of which are more suitable to certain specific 
problems than othersj for example in the present case pipette s~en­
tat ion and sieving woUld yield measuremeats ot the size distribution of. 
the const! tuents but in this procedure all Jlineral. constituents are 
treated alike and the size obtained is s..-hat difficult to 1nter.pret. 
It was decided that the most suitable teebnique for the present inVesti­
gation would be one which yielded size iatormation independent, as fer 
~s practicable, of composition and, as the size measurement is to be used 
for correlation with the c~osition, the use of the same s~lewouldbe: 
an advantageo Hence measurement of grain size of "quartz" grains in thin 
section was the technique chosenj the main d1fficul.ty here is to select 
same axis of the grain which can be defined by an unequivocal. operation 

. so that the It same " axis may be selected for all m.easurements • . III all . 

. cases the length of axes measured in thin section is a function of ·size; 
. shape, orientation of the grains and direction of section and packing of 
the grains (Griffiths, t:9S~ so it is 1D;>ortant to choose a Sl1itable 
means of selecting a unique axis. 

In general it has been found that a suitable definition may be 
based upon an operation wbich includes selecting the narrowest ~ter. 
of the gra:i.n; .b7 means of trial. and error with a calibrated parallel. rule' 
and measuring the longest axis perpendicular to this short diameter 
(Griffiths and Rosenfeld, 1950). A considerable source of variation in 
operator selection of long axis is reduced by this procedureo The · two 
axes are m.easured yielding an estimate of two dimensional. shape. (or area) 
and the inclination of the long axis to a fixed reference direction is 
then used to yield a measure of orientationo 

iii) Procedure 

The first question which arises concerns the problem. of sam;pling 
and with 50 samples and at least fifty grains per sample this would 
lead to 2500 grain measurements of each axis and inclinationo There is 
no guarantee that this is enough; in quartzose rocks such as the Salt 
Wash sediments -varia'tion from layer to layer is large and the layers 
are thin (eog. more than one in each microscope field), hence it is. 
necessary to s~le a few grains fran. many layers (Griffiths, 1955»)'0 



Very lit·tle i:n.f():r:r:a'cl,o'c' e;ci,st8 (In. t,he ex,a}cn;~ sampl.;tr~ :pattern to be used 
in this caE: 20:t 'Yas ::ieC'l.d'~~iJ as same i,nsurance of success.9 'to:perform 
a large n~.rro.be..r ()r m"3a2'U.1:'em{~2:.'~8 o:re~ m..ic;roEcope fields were t:ielec ted. 
frcu. ea,ch sample (~)bj21 E:~~t:ton] 'b~1' meax~s of' a ' ra..'!1dcm grid,9 and ' a n·(grib~t, 
of quartz graJ.ns :{15 or more) ,~,u·tiin5d on. a photographic plate enl~g~d 
to suitable ~'i 'f'!0a;tiono A 2·srias of operators 'Were Slubdj,vided into 
3 groups and then t..~'Ee gra:up~ werre assigned to select at ra.n.dom.10 
grains 0 Hence for each s~le there axe :3 operators 5> 10 fields and 10· 
grains per field lead:irlg to a total of' 300 measu.remen;t;,s per . sampleo ' The 
·thin sections and f'i,eJ.,·js are examined by all 3 operators but ·the grains 
are not n6Gessar:tly comm.on to all !idJPm"s;to:rso :f:his arrangement affects ' 
the ~xperiment;,al deslgti and B'f\\Blysis (:8ee mathematical. model 9 Table 11ao1) c> 

The fifty samples wi.th 300 meaS'UI~n:t8 of long axis on each lead to 
15.9000 measu.t'ement;s3 ther-e aJ:'E:) the;refore.9 153000 m~as1lt"em,~nts of long 
axi~9 short axi8 and ~~cli~tion a~ the total set of datao 

The subdivision of a large numbex of operators into ·three groups 
is a new feature based on our experien~es with variationam.ong operators 
(Griffiths and Rosemeld.J) 1954)0 It is ob'\Jiously necessary ,to use a 
large number of qpe:rators ,to obtain the 15)000 items of d.ata~ on the· 
other band we have learned that operator variation must be segregated 
by means o:f suitable experimental desigQ,o In this r~spect Wle bave round 
that 'the opt,im:um num~be:r o:f cperaf~o:rs for :mosrt of our 'techniques lies 
be'tween 3 a:..f!d 50 More t ,han 5 f:t'eqi.:tent,ly lead.s t,ro 'the introQ.uctiooot: 
more wriability "t;~"'1 'the addition i~ 'W'o;r"thj less tha:rl 3 is equally 
disadvantageous :in tem.s of ·the expt?x:tm.'~Jltal, design becausetvo operators 
can be very s:imUa:r 01," very diffeT,'et~:t; almd. ma,y not, yield a good estimate 
of .opera·tor va1.'i a 'tio:no Act lJal1y F when pra<::ticable J 4. ' to 5 a:p,pears'to 
be · ·the ideal num:ber 0 In the presetr~ case ,9 becau.~e the work is tem.P0rary.9 
operators may leave 'befo:re t~:ney ~oople~e t he se+'~ of meas~~nts odso 
each group con$3:Lst~s of say f:tve ape:r.atClr~,; each of whom. measured apart 
of ·the set of da;tao For pUl'']foses of analysis eaoh set of operatorsp 
10 eo each group .9 was trea:tro as aD. indiyi.dualo It L~ 51 of course 5) necessary 
to use a l.arge numbe;t' of pe:r:eo~el to a~c;~li8h the n:u:mber of' measurex. 
me:o.ts wi thin a l:im.i ted time and Yi t.h a large :n:umber of persom:!el changes 
are bound ,to oClc·~r.9 the work 't eam fl');JJ}'t;uat1ng from period to perioo.9 
hence ;tt i$ 'W'ell ·to arrsx1g}eJ the experim!~r2.tal design to reduc:e or remove 
as m:uch of 'th:ls usource or 'faxiation" as possibleo 

The dat a a,ceruing from this expex'im.e:ntal. ~"llalysie 'Was recorded· on 
cards desi,gn,ed for the pux·pose· (Figo II=l) and. classified into frequency 
dis;tributions,9 on,a: for each a.~is .? ,ani :t n¢linati,on per sampleo .When, tilie 
size data a't'e plotted as f:requen!(~ b.:i.st~gram.s using amillmetersaaJ.e 
they 8X'e markedly skewed and. so-t,Q~' :nbsaEt,;i1;'e:merrt~B ~'ere trar!sformed ·to a 
logarithmic phi s~:ale 0 

Th~ errt;j:!:"e set. of data 'was tnen t;t'ar'i.:3f'e:t're.d t ,Q Hollerith ' cards and 
the ana1.yS.1.Bl 'was pe:rfor,(1Jed, O.:C tnt:? I:Hr;~:!::':M..·~;io!il8.1 BUS:llJl.eS5 Machine dig! tal 
compu .. te~r,' a.t~ +~he IilsiLr,:::.~:S;f;1. ';r9,ni.a S' :;a. ~;e U::.-siYtT'B:Lt:;ro Wi'th .15,9 000 :Lt,erm.s of' 
data au:tClilia: ::Lc CClW:PU.t.e:t,' ,a.:];alY2,L·sL~, i)a.2'f. .e':t» ) J~L(J;r'e accu~ra,te alldleB~ c 'ostly 
than .p:r·o(:~ssi. :(jg 'by ci~; ;",tr. 8 ,: : <; 'L a,1:;OJ" 6 o [T:'b.~; e:.~:pe:r"!:m;e:o:tal. des:lgn a.~Qd stib~1 

sequent; a o:'.alY8.:,E ;-, f t .~!:-:)a. t a. : .:;;, :surtjQl~t ':iz~d a,s a mat;·:b.eal.l8tlc:al m.wel in 
table 11",10 



Figo II-I. Reference card for tabulating measurement data of size, shape and orientation 
of quartz grains in thin sect1on. 
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Table II-l. Mathematical Model ot Analysis ot Variance Summarizing the Exper~ental Design used to Compare Quartz Grain Size in 
Ore-b~aring ~d Barren Sediments. 

No. of Items 

k = 2 

p • 3 

m • 25 

f • 10 

g • 10 

tiourae ot Variation Degrees ot J'reedcm Sum ot Squares 

k pmtg 2 
Among Ore-bearing and (k-l) 1 t (t X) /pmtg - C.T. 
Barren sample sets 1 ~l 

AmoJl6 Operators (p) (p-1) 
p kmfa 2 

2 t (t X) /kmfS - C.T. 
1 1 

Mean Square 

SSk/(k-l) 

SSp/{P-l) 

~~2 -
Among Operators fram (k-l) (p-l) 2 ~ (E X) /mtg - C.T.-SSk-ss SSkP!(k-1) (p-l) 
set to set 1 ~1 P 
-- ------ ---- --- -- - --- - - - --- ---- - ---kDl pts 2 --- -- -------- - - - ----

Among samples (within k{m-l) 48 t (t X) /pfs - e.T.-SSk SS /k(m-l) 
sets) 1 ~ l m 

km.P fS;--
Amana Operators fran k{m-1)(p-1) 96 t (E X) /ts - C.T.-SSk-SS -SSkp-SS 

sample to sample 1 1 p. 
kilt PS 2 

AmOUS fields (within km(t-l) 450 t (t X) /PS - 0.1'. -SSk-SSm 
8~_1e~_e~aJ ____ _____ _ 1 ~1 

Amona Op6rators fran 
field to tield 

Among grains (Error) 

All laurae. 

km.fps 2 
km(t-1)(p-1) 900 t (t X) /g - C.T.-SSk-SSp.8Skp-SS.-SSmp-SSf 

1 1 

~(g-l) 13J 5OO 

(lsmfps-1) 14,999 

SStot - all other. 

lijjii.fs 
t r - C.~. 
1 

SSlllP"'k(m-1) (p-l) 

SSt/kIIl(t-l) 

SStp!km(f-1) (p-l) 

SSglkmtp(g-l) 

lsmpfg 2 
e.T. • (t X) /kmpts 

1 

t-J 
W 
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A Description of Grain Size Data 

The gra:tn. size distributions of quartz grains measured . in thin 
section are largely unexplored; the present 1nvest1gation 'y1eldsa 
large body of data which may be used as an. example of the resuJ.ts · to 
be expectedo In order to achieve max:tmum efficiency frOm the statistical 
analysls the da.·ta should represent random. samples f'raJI. ' a 'normal popu": 
lation and the observations may be tested against these requirements. 
Furthermore knowledge of the distribution function of these measurements. 
is of considerable value in understand1ng the sedmentological · condi tions. 
represented by Salt Wash detrituso In addition one of the most urgent 
and important problems in sedimentary petrography concerns . the· definition 
of the most efficient sampling programo Finally, on the basis of this 
exhaustive anal.ysis, the grain size of ore-bearing saJDllles may"be can-· 
pared with 'the grain size of barren sediments. 

A( i) Measurements of Long "an Axis 

The operational definition and acccmpanying procedure. for: measuring 
the long "elt axis of quartz grains in thin section has already. been 
described ('p,w' 10.) C) The 151000 mea.surements comprising 10 grains. in 
10 fields or ~ sa:m;ples measured by 3 operators may be grouped . into, a 
frequency dist;ribu-tiono If the micron size scale is used the : resulting 
curve is highly skewed (Figo 1I-2) 0 Such a distribution is difficult , 
to handle and l.nterpret and when the size scale is transformed· to .phi-
units the curve is much more symmetrica.l (Figo II-3) 0 In this .'case, 
the peakednes~ es't:imated by g2 is non-significant but the a8~etry 
or skewness, estimated by gl is small and highly sign1ficantl o It may 
be deduced that the size distribu·i;l.on closely approaches that of a . 
norma.l curve except for the smal~ negat:!.ve skewnesso 

A(ii) Measureillen't of Short "b" Axis 

Here again the 15,000 measurements expressed in phi-units is very 
closely normal (Figo 11",,4) and neither the skewness nor the kurtosis 
is significantly grea·ter t .han we "ould expect in a normal distribution 
(Sl and g2 non~sj8n1ficant)o 

Tn both cases ·then we may use statistical anal.ysis with sane 
assu:r.ao~, e tha~ t :tle major requirem.en't of normalcy is very closely 

1. The "g" statts-tics were first. reconllnend.ed by Fisher (1948); prooedures 
foX' l.nt,e .. rpr-E-tatJo1.! and exaro:ples of tiJci.l' use in geology were recently 
desc .. t'l.bed by i::·r~. :f :f.'it!l5 (1955f4. 
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apP,'foximated when the lengths of axes of the grains are expressed in 
phi-units. 

A(iii) Analysis of the Grain Size Data 

The pr:ime objective of this petrographic analysis is to determine 
whether the properties, in this case quartz grain size, are different 
in. ore-bearing and barren sedlments. ~e experimental. deSign summarized 
in table II-l shows the arrangement of the experment. There are two 
main effects which may contribute to variation in.this data, namely the 
differences between ore-bearing and barren s~ents and the differences 
between different operators perfor.ming the measurements. The third 
factor, the interaction of these two main effects, segregates the 
variation which occurs when operators ore inconsistent frClll one· s~le 
set to another (see Griff! ths and Rosenfeld, 1954). 

Within each ore-bearing and barren set there are differences 
among s~les and as each operator DlaY' measure each sample differently 
there 1s a s~le-operator interaction. In the present des~ however, 
no s~le of the ore-bearing set corre~onds to one in the barren sets 
i.8. each set is supposedly a random selection of 25 fro. the infinite 
number which exists. Therefore there is no s~le-set interaction. 
S1m.11e.rly there are differences betveen microscopic fields within 
each ~le and as each operator measured each field there is an inter­
action of operator and fields but no interaction between fIelds and 
sa:m;ples. 

, 
Finally all unassigned sources of variation are segregated to­

gether into the effects which lead.; to differences among grainso It 
mal' be as-vell to emphasize that this experimental. arrangement requires 
that the grains are randau. samples of the fields, the fields of the thin 
sections and the thin. sections (samples) of the ore-bearing and barren 
sets re~ectively; non-randomness would. defeat our objective. 

The analysis of variance of "a" axes and trb tl axes using this 
. design is summarized in tables 1I-2 and II-3 respectively. Concerning 
the long It a rt axis measurements it can be seen that the difrerences . 
between means for each operator on each field is significantly greater 
. than variation from errol" or unassigned sources. Evidently the operators 
used different sets of grains. The fiel.~ means are also di:tferentand 
the differences are higbly significant. ,Differenoes among operators 
fram sample to sample are negligible but ;differences between sample 
means are very large and highly significant. Indeed differences between 
sample means are so large that all succeeding sources of variation are 
negligible ccmpa.red with this source. Evidently 25 samples per ' set 
are insufficient 0 
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Ta.ble n-2. Ana.1ysi.s of Varia..'1ce of Long "a" Axes in Ore-bearing 
and Barren Samples of Salt Wash Sa.ndstoneso 

Source of Degrees of 
Sums of Squares Mean 

F Variation Freedan. Square 

. Among 
Sets (k) 1 56,364.795 56,364.795 <l.0 

Among 
Operators 2 1/ 7180332 859.166 <l.0 

Operators 
OVer Sets 2 1,611..324 8050662 <.l00 

Among 
Samples 48 23",980,339.266 . 499/590.401 36.19*** 

Operators 
OVer Samples 96 160,376.518 1,670.589 <l.0 

Among 
Fields 450 6,212,279.904 13,805.066 5.44** 

Opera.tors 
Over Fields 900 2,282,710.226 2,536.345 1.115* 

Error 13,500 30,696,626.900 2,2730824 

Total 14/999 63,392,027.265 

C.T. = t£~~15,OOO = 1,142,283,987.735 

KG = 207596 se = 0.4768 Cv ~ = 17.21 

. The data (X) for this analysis were coded (r-) for use on the IBM 
ccmputer as follows: Xl = lOOX. 

. * Significant at 5 per cent level 
** Significant at 1 per cent level 
***Significant at 001 per cent level 
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Table l1-3o Analysis of Vcl:r.1.8,nce of Short "btl Axes in Ore-
bear J.ng and 'Barren Samples of Salt Wash Sandstones. 

SOUT.'ce of Degrees of Sums of Squares Variation. F-.r.eedo1D. 

.Among 
Sets 1 8,1940772 

Among 
Operators 2 464.069 

Operators 
Over Sets 2 6,759~254 

Among 
Samples 48 27,773,808'1931 

Operators 
Over Samples 96 191,338.991 

Among 
Fields 450 7,379,091.770 

operators 
Over Fields . 900 3.il 0 98,3540520 

Error 13,500 31,745,9960000 

Total 14 j 999 70,204,0080307 

15,000 
CoTo = {Ex)2/l5,OOO = 1J696,096,1120693 

Data. coded for analysis Xl = lOOX 

* Significant at 5 per cent level 
.** Significant at 1 per cent level 
1HH~'S1gn:tficant at 001 per cent level 

Mean 
Square 

8,194.772 

232~O35 

3,3790627 

578,621,,019 

1,993.115 

16,9370982 

3,442.616 

2,351.555 

Cv '/0 = 14.42 

F 

<l00 

<l00 

<l.0 

350286H* 

<1...0 

40763** . 

10464** 
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I~ .1 s tntsrest:L"lg to r.;o·te 'tha:t d.:i.f'.feT.'e:oces between o'perators and 
inconsistency of ~perators from set to set and ~le to ~le is 
negligible 0 

The a.na.lysis of the "b" axis measurements yields almost identical 
results (see table II-3)o . 

It seem.s evident fran the coefficient of variation (Cv 0/0) based 
on the respective grand; means (fa.) and error standard deviations (se) 
tha.t the experimental. control was good and the error variation arising ' 
frail unassigned sources was reduced. to a reasonable figureo The 
analysis failed because the sample means were so very differento 

~ order to elucidate whether the ore-bearing and barren sets vere 
behaving differently the data was sub-divided into sets and an a.naJ.ysis 
of variance performed on each set for each axiso The results are 
sUJIIIl.8.rized in tables II -4, 5, 6, and 7 respecti velyo 

In general. the results are similar for both axes and both ore­
bearing and barren sediments as would be expectedo One feature is 
different, the variation of qperator from field to field is significant 
in ore-bearing samples for both fiatt and ''b'' axis but not for the barrel 
s~le8o Since qperator variance plays a very small role in these 
analyses it would appear that the sets of grain vary more within each 
field in ore-bearing samples than in barren sWl(pleso This ma.y well be 
due to finer lamination in the ore-bearing or as noted megascopic ally 
that the barren sandstones are more unifoI"Jll or massiveo 

These analyses emphasize one of the outstanding d1~r1cult1es in 
. analyzing sediments, namely the problem of obta 1n1ng random samples . 
trail layered or stratified sedimentary populations where the layering 
is so fine that the strata cannot be easily identifiedo In every case 
where we have tried to sample such a population we have underestmated 
the sampling ratio and in particular the number of samples (Griffiths, 
1955b) 0 

The next st~ then is to exaMine b~means of the components of 
variance the amount of variation attributable to each source and this 
is summarized. in table II-8. On this basis we need about as many samples 
as grains if we are to reduce each source of variation to the same order 
of magnitude. It would therefore have been more correct to use 75 
samples of 100 grains each and perhaps 2 sets of grains fran each of 3 
fields would have been adequate. 

On the basis of these analyses it is ~ss1ble to detect any 
difference between ore-bearing and barren samples in terms of quartz 
grain size prinCipally because 25 samples from each is insufficient 
and ' because the remainder of the sampling program is incorrectly 
balanced • . 
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Ta.b le Tr ,.Jt o An.a .1YEl.S O.r V.9.!'ia,nce of Long "au Axes of 25 Ore. 
bearing Sam.pIes of salt Wash Sandstoneso 

Source of Degrees of 
Va:rJation Freedom Sums of Squares 

Among 
Samples 24 

Among 
Operators 2 2840564 

Operators 
Over S~p1es 48 90,7010356 

Among 
Fields 225 2,779,1300183 

Operators 
Over Fields 450 1,876,1590947 

Among Grains 
(Error) 6750 15,416,114.300 

Total 7499 32,326,9320424 

7500 
CoTo = (~x)2/1500 = 563,146,1140576 

XG = 2.7402(3 Se = o.4770p 

Data coded for anal.ysis 0- = 100X obs 

Mean 
Square 

1420282 

1,889061 

12,351069 

4,169024 

2,283087 

F 

<1.0 

<J...O 

20963** 

1.826** 
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:-:3 . t:l~ J .. !.-,)o ~R.1ysi.s of Var-ia:o~,= of Long fib" Axes of ~:!5 Dar'r-en 
Sanpl.es ,Jf Salt Wastl Sand.~toneso 

SOl)J':'C !S of Degr'ees of 
Sums of Squares Mean 

F V s,r:!.a;'C i 0.0. F::eedam. Squar'e 

Among 
Se.n:rples 24 llJ815~7911)192 492,324.88 320266*** 

Among 
Op,=ra1;ors 2 3,04.50092 1,522,,55 <l.0 

Operator-s 
Over Sa.r.rples 48 69,675.162 1,451.51 <l.0 

Arlong 
Fields 225 

. } 
3.:;433s1~90720 15,258.44 6.140** 

Opera.tors 
Ovt:r Fields 450 406:/ 550.2fb 903.45 <l.0 

Amo"Cg Grains 
: ErI"or- ) 6750 15;280]522.600 2,263.78 

Tot.e.l 7400 31.') 008 J 730 ~ 046 

C~To 
7500 

-- ' ... ·.lX.'.l2,/7-'00 -- ::;79 1('\1. 177 954 - / .. :J r.¥ , • . 

s = 0.4757 e Cv 'f, = 17012 
, 

Data. coded.. fer a::La..lysis X- = lOOX ObE. 
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Table II-6. .A.nalys:is of Var'iance of Short "btl Axes of 25 Samples 
of Ore-bearL~ Salt Wash Sandstones. 

Source of Degrees of 
Sums of Squares Mean 

F Variation F-reedam Square 

Among 
Samples 24 13,589,047.336 566,210.305 33.924*** 

Among 
Operators 2 3,954.00 1,977.00 <L.O 

Operators 
OVer Sa.m;ples 48 130,529.407 2,719.363 <L.O 

Among 
Fields 225 3,755,376.513 16,690.562 2.84oH 

Operators 
Over Fields 450 2,644,849.627 5,877.444 2.553** 

Among Grains 
(Error) 6750 15,540,369.700 2,302.277 

Total 7499 35,664,126~583 

7500 
C.T. = (Lx)2/7500 = 844,324,001.417 

XG = 3.3552 s = 0.4798 e Cv ~ = 14.30 

Data coded for analysis xl = lOOX 
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Table I!-7. Ar..e.lysis -:f Ve.r:!.a~~e c·f S~~o:r.··~ fib" A:.<ea. of 25 San;ples 
0: Barren Salt. Was~ S~dst0~eE. 

Source of :!:>eg:::ee.s j'! 
S~ ot 5q:'.la.:!"r.!s 

Mean 
F Variation Freedom. Square 

Amcng 
Samples -:.1, 

4 • • T ~~~ ~,.: . ~:;'] 75~.5.1~· 59~,O31.733 36.10H* 

Among 
Operators 2. 3,2990324 1,64-9.662 <loO 

Ope:ra'~jor a 
Over Samp.l~5 48 60,779.583 1,266.241 <J.~O 

.Among 
Fields 225 3,623, 715.257 16,105.40 6.71*** 

Opera.tors 
Over Fields 4-52· 4c;~ r-'''4 Q9~ 

/.J' /.~ .v .... ' 1,007.800 <1 .. 0 

.Among Grains 
(Error) E/75r :. " 2QC:: 626 ,",0-'0 .....0,_.;, o::J..i 2,400.833 

Total 7499 34J 53:,6B6. j52 

7500" 
C.T. = (z x)c"/7500 = 851,7&1,306.048 

s • 0.4899 e Cv 10 = 14.53 



Table II-8. Variance Components for Each Source Based on Analysis of Varfance of Tables I1.-4-7 .. 

Source of Ore-bearing Samples Barren. SalT~ples 
Var:1ation a axis Ratio b axis Ratio a axj.s Ratio b axls Ratlo 

Samples 16J .. 8 .. 35 8.74 1831073 5012 1590·22 3.67 1916,,42 4.20 

Operators 0 0 0 0 

Operators 
Over Samples 0 0 0 0 

Fields 272.75 1.45 360.44 1.01 433.16 1.0 456~82 1.0 
~ 

Operators 
Over Fields 188.54 1.00 357·52 1,00 0 O. 

r\.) 

Grains (Error) 2283.87 12.11 2302.28 6.!:·h 2263.78 5.23 2400.83 5.26 0\ 



A( :i.v) Tb~ Prcble.JJ of N'oll-Randomness of t.he Sam;ples 

On the basi.£ of the above a.:nal.ysis it appears prudent to examine 
the frequ.en.cy 1..iS-~j:r.' :l:bution.s of the measurements with sanewhat greater 
care and att~t to deter.mine the exact nature of the fault in the 
sampliD8 plano 

We may first of all u.se the errtire set of 15;000 measurements of 
each ax:i.s to set up I!onfidence lim.its for the population m.eans of "I\tt 

or "b fr axes and see vhether the sam;p.le means fall rtthin these pre ... 
sar1'bed l:imi,tso The data summari2:ed in 'table II=9 is relevant ·to this 
probl em 0 

Table n"'9 Means and va.riances for ore-'bearing and barren sample 
sets of Salt Wash sandstoneso 

Axis ~les 
CD 2 xp s s n 

{ a.1.1 50 207581 0043784689 006617 15,000 
a ore...,bearing 25 207416 0.43283241 006519 7,500 

barren 25 207145 0.44235801 0.6657 7,500 

{ all 50 303663 0.43720641 006819 15,000 
b ore-bearing 25 303595 0048024900 0.6930 7,50(> 

barren 25 303731 0.46621584 006828 79500 . 

Each sam;ple cam;prises 300 measurements hence we may calculate ,the 
standard error of means based on 300 item.s selecting the 99 per cent 
confidence l:imj;ts; one example, the at> measurements for all i 'teras, 
will suffice: ... . 

s2i = 82/" = 0043154689/300 = 000014594896 
whence six':" 000382 

and the 99 per cent vaJ.ue will be tsx = 3.30 x 000382 = 001261 where 
1ft If is Student 9 s .. t" with inf1nl. te degrees of freedomo The vaJ.ue for · 
s2 and it 3 s corresponding conf1d,ence limit is calculated for each of 
these six items in 'tables 11'''9, yi.elding -the vaJ.ues in table II-10o 

Table 11 .... 10 Standard errors of means and confidence l:imits for "a" 
and ttbft ax.i.s of ore..,.bearing and barren sed:imentso 

Phi Units 
Axis Item. Su> ts- 9~ confidence limits x x 

{ AJ.l sam;ples 000382 001261 2.t6320 ... 208842 
a{J 25 ore-bearing 000380 001253 206163 - 208669 

25 barren 0003840 00126'7 206478 .. 209012 

{ 
All samples 000397 001311 302352 ... 304974 

bp 25 o:r.>e,·bsar.J.ng 000400 001,320 302275 ..,. 304915 
2 5 ·baJ:T~!J. 0,,0394 001301 302430 - 305032 



~ gl.a.oce. at ta,iJi e~ 11><11a. band :rr. .. "L?a J b snow1.:og t ,b.e m,ean :for 
each s8t1JplE') ]n.d1cates tbat Jt,8.ny sa111,p:l.e :O'leans fall 01J.tstde t.hese li:mj.tso 
Th~ re.sultEE 'roay b~ summarlz,ed. grap.hi.ca~Ll.y a.s 1n F.i.go II-5; l.t; can be 
seen that .. ~or.·e saa:,p:e U),eans f13.11 olJ.t;side these limi:ts than i.ns:ideo 
The racge ]n obser~red sample means is: 

Axi.s Item. Range in Sample Means 
~ Units 

a~ Ore .. bearing 10918 ... 30653 
Barren 20152 .. 30172 

bp O:e-bear!rJg 20781 - 40330 
Barren 20347 - 40664 

Now ve may s 'tate tbat th'!se conf.idence Ijmits are based on ' certain 
assumptions namely that each set of samples are randomly selected from 
the same nor.ma.l popt.ilat:i.on; departu.res from. no:rmal.cy are small a.s 
renected"ty the Ug" sta'tistic60 Presuma.bly we have established. that 
the population....is the same :i.n each case.1I namely either the na~" or ttb~" 
axes of ore-bearing and. bar'ren sed:1ments respectively] we may 'test 
whether the '1Taria.ncea for ea,e:h su.bset ar~ homogeneous eo g 0 for the a/J 
ax.i8o 

Barren s2 
F=Ol: 'b 2 'e·LO ear1n.g s 

00 44235801 
= 0043283241 = 100220 

In effect then j .f these two variances are fran the same normal. 
populat:i.on we would expect an. F value: of' 100387 more often than 5 t1mes 
in 1000 The obse:rved F value is less than the 5 per cent val.ue and 
hence the null hypothesis 18 not rejected and the variances for the ap 
axis of ore-bear!ng and banen sediments are homogeneous 0 The b~ axes 
tested in the came way yteld e.n F va.lue of 100301 and a s:f.m1l.ar con­
clu.s:i.on~ Thu.s t.he variances of ore-bearing and barren samples for 
ei ther ap or bp axes are ~ imilar and presUlI.!.a:bly since the ko.l:'tosis is 
D.on-signj,fic~t. in ,=ach ce,se t:he ·!In:Lform.tty o:f grain sl.ze, generally 
known as sorting, is t.he same :tD. ore-'bearing andba.rren sedimentso 

Re-turll:1.ng nrnif' to OUJ:" jm '!;ia.1 ett:·atement that for each axis the 25 
s~'Ples of ore· ... ·bea:r·ing and bar'r 'en ~ed.imen.ta are random samples from 
t.he same no:r:mal populat1on 'We have es·t.ablished the normalcy~ and the 
sameness ., hence the 25 sM:ple:=: are non"" random samples :i,n this case and 
Figo 1I-5 shows that. t.he deJ'srture ham. ranionness is quite large, 
about 8 mea.n.s frcm 25 oc:cu.r-ring wi.-t.:bl,n the confidence l:imits~ If 
SB!Dp.les are :r and.ooil y drat..rn from the same nor1l!al population and 99 per 
cen·t confidence linli.t s calculat.edw'e expect about 3 i.n 1000 outside 
these confldence lJ . .mi-tso It seem!: o'byiolls j therefore., that the large 
differences between sample means found :in the analysis of variance are 
largely reflections of no.a~:t'andan sSlt..iplLng at.d ·to compare ore-bearing 
wi.th 'barren sa~pl~s we ue~.d ma.oy mO~' e satt!.p~les than 25 per set. 

Suppo~e we d.ecIded to I'e~· sample all.d analyze additional satIl,Ples we 
know the num:b~u~5 a:d. arr·angem.etlt approximately :from the component,s of 
va.:r.·ia,D.ce "'a·b.l.~ (r.a:blE: 11:···8) bu. t; are. these samples. of same speci.al kind 
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Te.ble II-J.le- S"Wl'IIIIary Statistics for Size Distribution of Quartz 
Grains in 25 Samples of Ore,.bearing Sediments. 

Long "au axis; phi units; N = 300 

Sample X f; 5 rp Cv 'to Sk K No. gl g2 

6331-2 2.457 0.576 23.44 0.2843 0.8066 0.5716 0.8407 
6334 1.918 0.563 29·35 0.0557 0.4672 0.1120 0.4548 
6335-2 3·023 0·510 16.87 0.0396 0.5274 000797 ' 0.5160 
6336 2.346 0.574 24.47 0.1283 0.2338 002579 0.2582 
6500 3.235 0.577 17.84 0.2081 0.2059 0.4183 0.2297 
6502 2.853 0.512 17.95 0.1492 0.4497 0.2997 0.4575 
95030 2.778 0.529 19.04 0.0273 5.3347 0.0550 0.3200 
6506 2.847 0.551 19.35 0.on8 0.5620 0.1445 0.5512 
6536-2 2.406 0.537 22·32 0.0423 0.5592 0.0850 0.5484 
6537A 2.254 00499 22.14 0.1239 0.0195 0.2490 0.0418 
6606 3.477 0.539 15.50 0.1125 001896 0.2261 0.1724 
6607A 2.873 0.590 20.54 0.0602 0.2002 0.1211 0.2040 
6608 2.810 0.488 17.37 0.0034 0.2211 0.0069 0.2106 
6610 2.398 0.599 24.98 0.2091 0.1827 0'.4224 0.1669 
6620 2.339 0.642 27.45 0.0120 0.8257 0.0252 0.8193 
6621-1 2.183 0.603 27.62 0.1795 0.1685 0.3609 0.1511 
6636 2.516 0.416 16.15 0.5061 1.2772 1.0188 1.3200 
6644 2.716 0.455 16.75 0.1565 0.1304 0.3146 0.7632 
6646 3.653 00432 11.83 0.0971 0.3445 0.1951 0.3708 
6651 2.938 0.511 17·39 0.1112 0.2221 0.2235 0.2054 
6657 3.058 0.374 12.23 0.0885 0.2128 0.1780 0.1960 
6671 3.083 0.455 '14.76 0.0217 0.1190 0.0436 0.2024 
6615 2.517 0.342 13.59 0.2709 108069 0.4566 1.8568 
6683 3.006 0.465 15.41 0.0581 0.1539 0.1180 0.1361 
6638 2·797 0.542 19.38 0.2892 2.3720 0.5814 2.4327 

25 Ore-
bearing 2.7416 0.6519 24.00 0.0034 0.0481 0.0061 0.0489 

50 sanp1£s 201581 0,,6617 23.99 0.0378 0.0072 0.0757** 0.0074 
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Table II -11 b. Summary Stati.st:lcs for Size Dd.stri.'bu·t:·ion of Quartz 
Gralns jn 25 Samples of Barren Sedtmentso 

Long "a" axis; phi units.; N = 300 

Sample xl> s P Cv 10 Sk K gl g2 No. 

6508 3.013 00407 13.51 0.1022 0.3191 002055 003449 
6510 30363 0.449 13035 002151 00 3009 0.4324 002856 
6512 20422 0.412 17.01 0.0583 001572 001171 001803 
6513 20222 0.847 38012 0.0660 CS03720 0.1502 00 3579 
6514 3012~ 0.432 13083 001927 0.1541 0.3814 001363 
6515 20765 0.550 19.89 001323 001875 002659 001103 
6519 30772 00377 9·99 ~01487 000188 0.2989 000396 
6520 20966 0.532 11.94 0.0944 003888 0.1897 004156 
6521 2.305 0.644 ~7094 005258 203935 100571 204757 
6522A 2.923 0.476 16.28 001931 001104 003882 001326 

6523 20888 00683 23065 oo44h4 007674 008933 008008 

6524 2.607 00514 19072 000734 0.3890 0.1476 0.3753 
6525 20576 0.477 18052 0.3666 101864 0.7370 1.2270. 

6526 2.635 0.173 29034 001071 io0706 0.2152 ioo684 . 

6527 2.042 0.456 22.33 002944 002545 0.5918 002792 
6528 2.340 0.439 18016 0.0329 001249 0006607 0.1474 
6529 30306 00439 13028 0 .. 1111 008354 0.2233 0.8699 

6530 2.587 00578 22034 002786 005194 005600 00.5079 

6531 3.106 0.411 13.23 000378 004354 0.0761 0.4224 

6532 2.836 0.488 17021 001692 0.2681 003402 0.2930 

6534 20152 00 627 29014 001103 005891 002218 005'787 

6629' 2.500 0.488 19052 002016 003963 004052 0.3827 
6630 20827 0.448 15085 001248 0.2036 002509 002274 
6662 20822 00353 12051 0.0479 0.0464 000963 000425 
6667 3.267 0.454 13090 003134 001603 006301 007988 

25 barren 
samples 207145 006651 23e97 000719 000165 .- h. 0 4 001 . 3~ 001.5 

50 fmI.:Ptes 207581 0.6617 23099 0003'78 00007:2 000157'** 000074 
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Table II-12a. Summary Statistics for Size Distribu·tion of Quartz 
Grains in 25 Samples of Ore-bearing Sed:1ments. 

Short "b If axis .; phi units; N = 300 

Sample Xf; s ¢ Cv % Sk K gl g2 No. 

6331-2 30119 0.575 18.44 0.2406 0.3041 0.4836 0.3499 
6334 2.347 0.538 22094 000238 0.6057 000478 0.5956 
6335-2 3.648 0.589 16.16 000047 0.3206 000095 0.3056 
6336 2.928 0.614 20.97 0.2928 0.1534 0.4079 0.1762 
6500 30876 0.592 15027 002966 0.01700 005963 0.0031 
6502 30438 00526 15·30 0.2620 0.5888 0.5270 0.6316 
6503A 3.455 0.594 17.19 0.2262 0.3652 0.4547 Oc-391B 

6506 3.473 00536 15.43 0.1097 0.5387 0.2206 005275 
6536-2 3.092 00639 20067 0.0915 0.0138 0.1841 0.0345 

6537A 20815 0.515 18029 0.0934- 0.0768 001867 0.0708 
6606 4.144 0.532 12.84 0.1705 0.0760 5.3426 0.0569 
6607A 3·500 00669 19.12 0.0868 0.481.1 001745 0.4690 
6608 3.433 00585 17.06 0.0224 0.1712 0.0449 001538 
6610 20944 0.620 2l.05 5.2777 5~O514 005582 000726 
6620 20959 0.680 22098 0.1572 0.3619 003159 0.3478 
6627-1 20781 · 00583 20096 0.1579· . -008995 003L73 009352 
6636 3.231 0.439 13057 0.2481 0 .. 3555 0.4988 0.3819 
6638 30379 00510 15~09 0,1240 009329 0 .. 2492 009691 
6644 3.294 0.488 14.81 0.1160 005228 0.2331 0.552l 
6646 4.330 0.453 10.46 0.1748 0.0478 0.3514 0.0690 . 

6651 3.562 0.499 14001 0.1894 004674 000259 O.~549 

6657 3·739 0.420 11.23 0.2106 0.1666 0.4233 0.1899 
6671 30718 0.451 12013 001513 009735 0.3011 009968 

6675 30125 0.421 13041 0.1943 0.3325 0.3906 Oca3585 
. 6683 3.559 0·501 14008 0.0379 002526 0.0762 002365 

25 Ore-
beariI)g 3.3595 0.6930 20,,63 0.0205 0 .. 0197 0.0409 000188 

All 50 3 .. 3663 0.6879 20043 -000026 0.0416 000052 0.0412 
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Ta.ble rI·-12b J Summary Stat·:ist.:i.cs for Siz,e Dj.st;rfbu.tj.nns of Quartz 
Grains in. 25 Semples of Barren Sed~entso 

Short "b" axis; phi units; N = 300 

Sample 
X~ s p Cv '10 Sk K gl g2 No. 

6508 3.631 00462 12072 Oe.l29"7 1.7069 002608 107562 
6510 30995 00426 10066 001212 '0.3143 002436 002993 
6512 209408 004364 14084 000998 105617 0.2007 106086 
6513 30113 00638 20049 001790 0.9922 003598 100294 
6514 307175 004.158 11.18 001378 003379 002771 003233 
6515 3~257 00527 16.18 000349 001726 000701 001551 
6519 40664 00464 9095 001444 , 209905 Ot'2909 300617 
6520 3.667 00560 15027 000340 0.2443 0.0684 002281 
6521 20827 00615 ' 21.,75 0.4306 005450 008657 ' 005746 
6522A 30509 00491 13099 ' 000636 000273 001279 000074 
6523 3.543 0.727 20052 0.5050 1.3321 100152 103751 
6524 30210 0.513 15098 001237 003475 002486 003331 
6525 3.137 00446 14022 0.2788 009179 905604 009539 ' 
6526 3.161 007985 25::26 0.0676 cL.7971 001359 0.,7902 
6527 20528 0.509 20.,13 003014 ' 103855 007868 . 104293 
6528 20922 00496 16097 001787 000756 003582 000973 
6529 30925 00441 ~1024 ' 000117 1.0672 '000235 ' 1.105'7 
6530 30164 0.567 17092 001400 0.4·')44 002815 0.4785 
6531 30540 00428 12009 . 000607 003569 001220 003426 
6532 30398 00487 14033 0.1351 '000815 002715 . 0.1032 

6534 2.669 00629 23057 000480 007497 000966 0.7421 
6629 3oll42 00493 15083 002487 100998 004999 101389 
6630 30377 00460 13.62 000290 1'01565 000582 101965 
6662 30446 C0377 ' 10.94- 000271 102908 000545 1.3331 ' 
6667 30950 00495 12053 003810 007587 007660 007920 

25 Barren 3.3731 006828 20024· 000263 000626 000525 000618 
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e.g. coarse sands., very fine sands or aust more s~les? This question 
can be answered approx:ilDa-cely by exam.1n1ng the frequency distributio"ns 
for each set of ore-bearing and barren sed~ents and each axis. For example 
in Fig. 11-2 the skewness of the distribution 1s towards the coarse side 
and we would ba ve to fill in mostly on the coarse side and the extremely 
fine side to make the distribution sy.mmetr1cal. 

The grain size of quartz grams expressed as Ita" axis in phi units 
for 25 samples of ore-bearing and 25 samples of barren Salt Wash sed:iments 
are exhibited in Fig. 1I-6 together with a normal distribution with the 
s~e mean and varianceo The deficiencies and excesses of the observed 
over the expected are also indicated in the fi~e and they are not very 
large or systematically arrangedo Evidently more samples but not necessarily 
any specific kind of samples are required to meet the specification of 
randcm samples fram the same normal populationo 

The mean values for ore-bearing and barren samples are also inserted 
in the respective graphs and it can be seen that if the excesses and 
deficiencdes in the sampling are corrected then differences between means 
will likely vanish. Hence we may, to a close approximation, deduce that 
there is no difference in mean grain size or sorting (standard deviation 
or variance) between ore-bearing and barren sediments. The same features 
appear to be true of the "a" and ffbtfaxes (Fig. 1I-7). 

A(v) Discussion of the Conclusions 

The first difficulty which must be overcame for successful compari­
sons of size of quartz grains in Salt Wash sediments is the non-randomness 
of the s~ples. Evidently 25 samples per set is insufficient and fram the 
frequency distributions we may deduce that no specific kind. of sample is ' 
~p1ied but merely more samples. The actual ratio of samples, fields and 
grains are given in ·table II-8 and it can be seen that we could success­
ful.ly reduce the number of grains per sample and increase the number of 
samples 0 This is a guide to future work along these lines and will apply 
to any sedllnent texturally similar to the Salt Wash sandstoneso The 
average grain size (long "att axis) of the quartz grains for aJ.l grains in 
all samples is 207581 phi-units (148 microns), fine· sand size on the . 
Wentworth grade scaJ.eo Similarly the standard deviation is 006617 phi­
units. 

Very few sediments have been analyzed by means of thin section size 
measurement and a compilation of the data which has so far been collected 
is . contained in Table I1-13o Quartz grains from Salt Wash sandstones are 
finer grained than those in the Oriskany quartzite (Rosenfeld, 1953), 
coarser than those i.n the Be~a graywacke and approximate to those in the 
Pocono graywacke (Emery, 1954)0 Unifar.mityof grain size may be estimated 
by canparing the standard deviations and kurtosis of size distributions; 
in these terms quartz grains in the Salt Wash sandstones are more uniform 
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FiQ. II-6 

SIZE DISTRIBUTION OF QUARTZ GRAINS IN SALT 
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FIG. n- 7 
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Table 11-13 .. Comparison of Population Estimates of Grain Size for Various Sed~ent8. 

Long tt aft axis in phi -un! ts measured in thin section 

Formation Rock-type X~ s P Sk K Sl g2 Cv 'to . Samples Grains 
-, 

1 Low rank 
Pocono _ gra.Y1Nacke 2.87 1.07 0_03~3 2.5~' -- 37.28 16 800 

1 Low rank 
13erea graywacke 3.37 0.72 0.2006 3.700 21.36 16 800 

Oriskany2 Quartzite 1.659 1.040 -0.0376** 0.6496** 62.68 8'"{ 9'743 

Arkosic 
Salt Wash quartzite 2.7581 0.6617 -0.0378 0.0072 -0.0757** 0.0074 23·99 50 15000 

w 
-1 

~ery, 1954; 2Roaenfeld, 1953 
-

**S1gnif1cant a~' the 0.01 probability level 
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tha..'1 these in the ili4 iska.ny, Beres. or Pocono sediments. The ooef-:t'ieient of 
variation is ancther ex:pression of variability and it JIJtJ:3' be seen that the 
Sa.lt Wash quartz greina moat nearly approach those in the Berea on this 
basis and are less variable than those in the Pocono or Oriskany 0 

The quartz grain size of the Salt Wash and Oris~ are negatively 
skewed whereas these in the Pocono and Berea are positively skewed but 
skewness may be a reflection of' sampling blas (Oriskany and Salt Wash)' 
or technique error due to the difficulty of measuring small. quartz grains 
(Berea and Pocono) and there 1.'DB.Y be no geological. implications contained 
in these values. 

More informative compilations must await compilation of extensive 
bodies of data on tb:e quartz grains of va:rious sediments. 

Perhaps the most signl:flcaIlt fea.ture brought out by the a.tJBlysis 1s 
the stratified arrangement of the grainso It is" of' course, well known 
that sediments are stratified on a :megaJ3copic scale end that some sedi­
ments are lJ3m1natedo In the case of the Sal.t Wash aandstones, however, 
the lenticular laminae are extremely :fine, several lam:lnae oc.curriIlg 
in a single microscope field (See Fig6 II, B.ME 3070) 0 Tbis accounts .:for 
the d1f'f'lcuJ.ty in sampling; it is necessary to sel.ect randQm. J38JIlples .from. 
a very .f11lely stratified popu.l.at1on and there appears to be no objective 
basis for defining the ul.t1ma.te stratao Otto bas recol!lmen<1ed sa,mpJ.1Dg ,the 
sedimentation unit (otto, 1938) and in tbe case of' the Sal~· Wa.sh sand-

.. stones this would require that each set of grains should. b8 random1.y 
selected £rom. the same aed1mentat1o:l unit. Unfortunately. 1tis. im;pract1cal 
to define the llmi ts of the Sl!Iallest strata which are the ultimate. sedi~ . 
mentation units so that it is, a.t present, iJr.pose!bJ.e to sele.ct ·ra.ndoJIL. 
samples (gr-ains) from a single sedimenta.t1on unit in this case •. ' 

Sedimentation processes genera.l.l;7. accompl.ish the. aeJ.ectlve sorting 
of' grains, in this case quartz grains,. and the most efficient processes 
lead to :N.nar and :finer J ami nae within which the variation a:ax>ng the 
grains is sma.llo The Salt Wash sandstones a.."'"e an. extre.ll'SS case wherein 
the selective 'sorting has led to the production of" very .fine lenticular 
laminae. These sediments are, therefore, either very ~ from their 
source or have been reworked over a considerab~e period .of: t~o 

There 1.s very little difference between the ore-bea.rillg and ber.rren 
Bedi~nts in terms of quartz grain size. Both the averageg:re.1n size 
end sorting (est1me.ted by the variance and kurtOSiS, g2) are similar in 
both. Hence in a regional. sense there is no difference in gra$.n size 
.between ore-bearing and barren 'sediments 0 

The only difference definitely estab.lished by the a.nal.J:a1s is.;at the 
operator - fiel.d interaction leve.l (see tables I1-4 .tc;> 7) 0 The operator­
:field interaction is si~ificant in the ere-bearing and non-significant 
in the barren samples. Since operator dL-Ff'erence is smell in the entire 
sets of data. tb.en opere.toI"s must he.vs selected signir1ca.ntly d:tff'erent 
sets of" grai"l'1s in o.re-bearing and not in barren sedima!rcso Presuma.bl,Jr 



this reflects the fact that there are bigger contrasts in grain size within 
one microscope field of a thin section in ore-bearing than barren sediments. 
This may be construed to mean that while the overall grain size is the 
same in both there are more loce.l differences (in arrangement) of grain 
sizes in ore-bearing than barren sediments. Once again the petrographic . 
analysis emphasizes that small local differences and not regional contrasts 
differentiate ore-bearing fram barren sediments. 

There is one other feature which is not brought out in the analysis 
because of the exper~ental design; thus suppose that at each ore deposit 
the ore-bearing sandstone is coarser tna..l'J. the surrounding barren sediment 
but absolute size is not important. This is a likely case because the 
Shinarump sandstones are generally much coarser than the Salt Wash sand­
stones while the Entrada at Placerville appears to be sanewhat finer 
grained yet both contain ore and the ore-bearing sediments do appear on 
megascopic examination to differ in grain size fran the barren sediment 
in each case. This feature would not emerge fram the present ~er~ental 
design and would necessitate e. "paired sample" approach; at every ore­
deposit a sample or set of samples should be taken and a corresponding 
sample or set taken fran the neighboring barren sediments. Unfortunately, 
in practice, it would be very difficult to decide exactly what "neighboring" 
barren s~ents means whether inches or feet away fram the ore-bearingo 
Hence it appears likely that analysis of the well-cores from Bull Canyon 
Wells 155 A, B, and C would be the best means of resolving this problem. 
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:5(i) Shape of Quartz Grains in 

Thin. Sections of Salt Wash Sandstones 

Shape measurement of quartz grains in sedtments yields enigmatic 
results which are. very difficult to interpret into factors of geological 
~port. Recent studies of sphericity and roundness of loose quartz 
grains suggest that too little infor.mation has been compiled under 
suitable experimental control to establish with any degree of confidence 
the geological meaning of variations in shape (Rosenfeld and Griffiths, 
1953; Currey and Griffiths, 1955). Measurement of roundness is 
particularly susceptible to errors in technique and measursment of both 
sphericity and roundness suffer from incorrect sampling procedures. 

In the present investigation sphericity may be estimated in a two­
dimensional sense (circularity) by measuring the long na" and short "b" 
axes of quartz grains in thin sections and expressing the shape measure 
so obtained conventionaJ..ly as a ratio of short "b" to long "aU axis i.e. 
~ c = b/ a where <tJ c. is the shape measure. Experience with this ratio 
suggests that it would be prudent to examine the relationships between 
flau and lib" axes rather than attempt to use the ratio (or product). 

The b/ a ratio is generally found by di v1ding "b" in millimeters 
(or microns) by the "aft axis expressed in the same scale. In studying 
the rela t10nships bet"-reen "aft and "b" however the scatter diagram 
reflects heteroscedasticity where the larger values of "alf and "bU 

show the greater variability. The frequency distributions of fIatt and 
"b" axes in mill:imeters are highly skewed (e.g. Fig. 11-2) and the 
heteroscedasticity is largely a reflection of this feature; it is 
customary to use a logarithmic scale to sy.mmetrize the frequency 
distributions and similarly the log transformation removes the heter­
oscedastici ty. Studies of the relationship between I, a" and "b" axes 
are best performed with the vari~bles expressed in phi units where 
following Krumbein (1936) .;; = 2- ·). The relationship is linear in phi 
units and the resulting equation may be transfor.med to the original scale 
when necessary. 

B(ii) Relationship Between "a" and "b" Axes of 

Quartz Grains Measured in Thin Sections (Phi Units) 

Both It a and "bit axes when measured in thin section yield apparent 
rather than true dimensions and the axial measurement may be represented 
as (pts) where: 

Pts = f (5, sh, 0, p) • 0 • 0 •• 0 • (1) 
indicating tha-t each measurement (pt ) is a function of the four variables, . 
size (s), shape (sh), orientation (o~ and packing (p) (see .Griffiths, 1952a). 
The choice of dependent and independent variables for studies of 
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inter-relationship between It a" and "b" axes is therefore arbitrary; in the 
present case the tr a" a.,.xis 15 taken as the independent variable X and "b" 
the dependent variable Yo 

As a first. step we may:plot the sample mean values of "a" and lib" 
axes as X and Y respectively in a scatter diagram (Fig. II-8). The 
relationship is linear and the correlation coefficient (r) is h:i.gh. As 
a matter of convenience we may treat the two sets of samples, ore-bearing 
and barren, separately~ and each set of 25 s~les yields r = 009966 (ore­
bearing) and r = 0.9953 (barren) 0 The coefficients ot determination (r2) 
are close to 99 :per cent :1nq)lying that in the case of sample means about 
99 per cent of the variation is carmnon to both axes and only 1 per cent 
is independent. Evidently then in terms of sample means in phi units 
the "btl axis may be predicted very closely fran the fla" axis. The linear 
regression equations are:-

For ore-bearing samples: Y = 004685 + l.0535Xj By = 00037 
For barren samples: Y = 0.3403 + lo0903X; Sy = 0.042 

Where Y is the length of the "b" axis in phi units estimated through the 
.. regression equation fran the observed length of the HaW axis (X) in phi 
units. Sy is the standard error of esttmate associated with the re~ective 
estimate Y. lq>parently we can estimate "b" fram "a" tbrough their equations 
within about O.O~p units. 

B(iii) Consistency of the Association of 

"a" and "bet Axes of Quartz Grains in Phi Units 

When each sam;ple is taken individually and the correlation coefficient 
compUed on the basis of the 300 pairs ot inc1i vidual grain measurements 
the degree of association varies fram r = 0.9352 - 004689 but tested for 
hanogeneity (Tippett, 195.) they yield a chi-square value which is not 
Significant and hence this entire range may be looked upon as variation 
due to accidents of saDq)lingo The mean vaJ.ue and confidence limits based 
on this data are given in table II-l4. The 99 per cent confide~ce 
interval enbraces the entire range of sample rls. 

Table II-l4. Mean Va.lue of r and Confidence Limits at the 95 and 99 
Per Cent Probability L1m..i:tso 

Mean r 

0.7700 

Confidence Interval 

008937 - 005190 
0.9391 - 003095 

Significance Level 

95 per cent 
99 per cent 

If the association is consistent at all levels such as emong grains, 
fields, and satDI>les then we expect the degree of va.r.iabili-ty to be 
reduced as we take averages and the association measured by the correlation 
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coefficient should increase from the grain level, through fields to a 
maximum. at the sample mean level. We may test this by means of the 
analysis of variance sums of squares and products yielding the results 
of table II-l5. 

Table II-15. Comparison of the Degree of Association Between It aft 
and "bit Axes in Phi Units at Grain, Field and Sample Mean Levels. 

Correlation Coefficient 
Levels Ore-bearing Barren 

Sample Means 0.9931 0.9937 
Field Means 0.8049 0.8171 
Grains 0.7697 0.5369 

Total 0.7490 0.7325 

The values are a.ll positive and increase fran grain to sample mean 
level; this suggests that the relationship is consistent throughout the 

. .. set of data. There is scme contrast at the grain level between ore..; 
bearing and barren sediments. 

We may then conclude that the "b" axis is linearly related 'to the 
"an axis in phi units and that there is a close association. As the 
association is consistent throughout the sequence we may select the ' 
total variation to compute a representative regression equation based 
on the l5,~OO items of data which yields:-

, y = 0.8619 + 0.9062X; By = 0.35 ~ 

B(iv) Relationship Between "a" and "b" 

Axes in Millimeter Units 

Since the "a" and nb" axes are linearly related in phi units we 
may transform the equation by substitution to millimeter units to find 
the relationship between "aU and "bit axes in millimeters. 

The diameter in millimeters (d) is related to the diameter in phi 
units as follows:-

d = 2 -t where d = diameter in mill1meters 

or I:> = -log2d ; I:> = log2~ 
Taking the general linear equation:-

Yp = a + bX¢ • • • • 0 • • • 0 • 0 •• (1) 
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Then lOg2~ - a = b log2 ~ 
? 

and ~ = 2-a (1 ) b -
~ (d2) · 

1 = 1 (l)b 

~ "2
a ~'d2) 

~ (1 )b ~ 2a • 0 • • • • • • • •• (2) 
(1

2
) 

or substituting for the coefficients 

then the ratio of "b" to "an in mill:tm.eter units is approximately constanto 
If this relationship is correct then the estimate of shape 't' c = b/a in 
millimeter units is independent of size and is constant. 

B( v) Canpar~s9n of . Shapes' of . ·Quar~z ;Grains iil: :Different Sediments 

(Measured in Thin Section) 

We may now campare the results of axial ratio (b/a) shape measure.m.ent 
of quartz grains in different sediments as in table n-16. The total range 
shown throughout the various sediments is:- b/a = 0.649 to 0.682 • 0.033 
units. It seems very likely that shape as measured by axial ratio shows 
very little variation throughout the sediments quoted. The standard 
deviation also ranges over about 0.035 units ~ong these sediments. 

For the present therefore it seems likely that shape measurement of' 
quartz grains in thin section yields so little variation that it 1s not 
possible to differentiate between different sediments and in the case 
of Salt Wash sandstones sample to sample variation is negligible (homo­
geneous "r" values). 

B(vi) Discussion 

We may conclude that for purposes of the present investigation 
variation in axial ratio is not likely to add to our information. The 
axial ratio shape:; of quartz grains in ore-bearing and barren sediments 
does not differ. 
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It seems l:ikely from the dat.a of table 11-16 that this is trJle o'f a 
wide range of sedim.entary rock.s. In. pbj. ·'In:i.ts the "an and "b" axes are 
linearly related, and in millimeter or nticron uo.its the ratio b/a is 
remarkably constant. There is a reasonably w.ide range among grains in any 
sediment but mean valu.es am.O!l.g samples of the same sediment and among 
different sedimentary rocks ar'e very similar 0 

It is not possible to decide the exact reason for this unusual 
relationship at present because the data do not represent all kinds of 
sediments but are more truly representative of sediments 'Which' have 
travelled fax or at least suffered very considerably fram selective sortingo 
Perhaps the sedfmentat"J processes of selective sorting lead to concen­
trations of quartz grains of the s~e shapeo 

Perhaps, on the other hand, this similarity is sane function of the 
measurement teclmique because both axes are apparent axes and variation 
in magnitude of both "a" and "bit are cctrq;>lex functions of four interacting 
variables. The constancy of axial ratio has been remarked upon in earlier 
investigations (Emery and Griffiths, 1951) j untj.l we learn much more 
about many different kinds of sediments it is not possible to dec:1.d.e the 
exact significance of these find.:i.Iigso 

It is noteworthy t.ha.t variation in spb.er-ic1ty measured in terms of 
the three axes, "att

, "b" and "c" in lc·ose qu.ax'tz gra:i.ns shows little 
difference :f.n means among sedimerLtary rock.s (CUrray and Gr:f.ffi·t;hs, 1955) 0 

Perhaps the shapes of quartz grains as represented by the ratios of their 
axes tend to be constant in all sedimentso This could be either a product 
of environmental. factors (eo go by select! ve sort:1.ng) leading to segregat:ton 
of quartz grains of s:fln11ar shape or it could. be a function of the 
structural. attributes of qu.artz crysta.ls wh:i.ch may control the ul. timate 
quartz gra.in s~~e in sedimentary rocks; perhaps both these factors became 
cumulative in reducing the varia.tion in shape of quartz grains in rocks. 



Table II-16. Comparison of Axial Ratio of Quartz Grains 1n Various SedXments (Thin Section 
Measurement). 

Sediment 

1 Pocono 
1 Berea 

Bradford Sand 

58202 

P4-1 111 to bedding3 
1 11 to max perm 
e + 11 to min perm 

. 1 to max perm 
4 Oriskany 

Salt Wash 

Number of 

Samples 

16 
16 

1 

1 

1 

1 

1 

81 
50 

Grains 

800 

800 

1,250 

400 

1,000 

1,000 
1,000 
9,981 

15,000 

Axial. Ratio b/ a 

Mean Standard Deviation 

0.6609 
0.6691 

0.6505 
0.665 
0.681 
0.682 
0.655 
0.617 
0.649 

0.1739 
0.1130 

0.150 
0.148 
0.150 

0.144 
0.149 
0.142 

Rock-type 

Gra.ywacke 

Graywacke 

Quartzose Graywacke 

Quartzose Graywacke 

Quartzose Graywacke 

Quartzose Gr~ywacke 

Quartzose Graywacke 

Quartzite 

Arkosic Quartzite 

lEmery, 1954j 2Gr1f:f'iths and Rosenfeld, 1953j 3Griff'lths and Rosenfeld, 1950; 4Rosenfeld, 1953. 

+:-
0'\ 
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C MeaSiJre.T.ent o:f Grain Or:!.e:rtat.i.on 

(J.) Introduction 

Mineral ccmposi·tion, grain size and grain shape are well known 
properties of sedUnentary rocks and measurement of these prope~ties has 
been reduced 'to standariized routineso To define a rock it is necessary 
to add to these three properti.es estimAtes of arrangement of the grains" 
in a rocko At present arrangement is defined by two such measurements 
namely, grain orientation and packingo Any sir.a.gle grain is, at least 
in theory, uniquely defined when it is classified as to kind of nrl.neral, 
and its size and shape are specified. A rock, on the other hand is 
composed of sets of grains, so that the mutual relatl.onships or arrange·· 
ment of the grains is also an important attribute (Griffiths, 1952a)o 
Packing of grains in Salt Wash sandstones has been described in Part I 
of this report; it remains to specify grain orientation. 

The arrangement of grains in sediments is a relatively new field 
of inves tigation but it has been shown that grain orientat:1.on is 
related to directional permeability patterns in oil sands (Griffit~, 
1949, i-tS2HJ,Gri:ffiths and Rosenfeld, 1950, 1953) and more recently tha:t 
overall texture pattern, particularly unlform and. dlsturbed textures, a.:re 
important in determining the behavior of an oil reservoir during 
production (Griffiths and Shadle, 1955). stokes (1953) has demonstra'ted 
that lineation of small-scale features may be useful in predj.cting trends 
in uranium-bearing sed.i.men'ts on the C.:>lo:::oado Plat.eau.. Some " of these" 
small-scale features may well "be reflections of cr~es in sed±mentary 
texture or fabrico Again the presence of di.stux'oed fabri.c, calledrathcr 
loosely, sl~ping, has been recordDd around the margins of many ore­
bodies in the Salt Wash sandstones of the Colora.do Plateau {Griff'lthe, 
et al, RME-3l06, p. 10, ppo 67-78; ~m-3091~ po 61; RME-3070, p. 81). 
It seems l:i.kely then tr .. .a;t gra:i.n fabric and therefore grain orj,entation 
may be of some importance in localizll'..g ore in "'~he Salt Wash sandstones .. 

C(ii) Evolu.t.j.on of Measur~ent Procedures 

Measurement of grain orientat:i.on in sandstones ls a diffic:u.l t 
problem which has not yet been satisfactorily solved. The concept of 
orientation is dec~ptively simple to formulate ~~t while we may imagine 
that we have a clear concept o:f what we wish to measure, in practice, 
when we try to deslgn a measure.'llent technique , it. is dif:ficul t to 
guarantee that "the technique suffices to characterize our conce.pt. Nearly 
all our tec:b...nique - concept relationshi'ps suffer from these disadvantages; 
grain size is a typical example (Griffiths, 1.9~,. To cha:r.acterize the 
fabric of a sediment., we must not. d.i.sturb the fabric by our measurement 
technique hence lye are, at. least f'o!' "the present, compelled to use thin 
sectionso Here 'H"e see a two-dimensi.onal. :image of the t.bree-d:lln,ensional 
orientation we wish to characT,;,er'izeo Furthermore:if 'N'e assume that 
quartz grains are thr'ee-d.i1T1ensl.O!lal ellipsoi"ds which possess a longest 
("" 'j ~ .... ~", ..... _'"'~~ .... ~" (""\ .... _~ .","h""_,,, ... ,.. (,.. '\ n'V';'" 'f :"'::' .... .,. ........ "'+ ..,.,,"",...,. .... ·1 .. 00 't-'h ... .;. ..... .,. \c.Io., .... .&.<,; ....... ~u.~~~ ........ ,..." c..w..'-4 ""~".L '-'~ ...... \ .... , ~"-I.. .... ........................ "" ... O ............ ~.., .... ~ ,,_v .. .... 
see any of these in t.hin sec:tion. We must. be content then. "wi.th the 
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meaauremeo:t of apparent lcng and apparen,t intermediate axes in the plar.1e 
of thin section. A further l~itation also arises; we cannot determine 
unequivocally one end of a quartz grain fram .the othero . Hence our 
measurement of orientation becomes a measurement of inclination of the 
long axis of quartz grains in thin section wherein ' the :long ·.axis ·is 
an apparent long axis with no definable' .relationship to .. the true long 
axis and the angle of inclina.tion, samet:imescaJ.led az:Unuth, . can: range 
through 180 degrees. 

In prectice then we seek a unique definition of long axis (see 
measurement of grain size) and measure the"'inclination of ·this long axis 
to same fixed reference direction. In ·this sense ·we are not really 
interested in mean direction beca.use the exact physical. significance.· of. 
such a measure based on the present operation is obscure; we · are inter­
ested in perfection of orientation ·i. e. how many long axes pareJ.lel a . 
single inclination direction.. We may set up a model of· randQ'DlIless (= 
isotropicity) by defining a frequency distribution . resulting·, from. our 
mes.suranents as ~osses8ing equal freg:uency in ' each inclination direatlon.: 
and this will form. one e:rui .. member of our range - ' a rectangular··tzoequency 
distribution. The other extreme" would be represented by: perfeat ~orien­
tation when the inclination of all grains -are the same. · We rarely . 
approach perfection in the sediments ' that have"been exam1ned,· and,.in· 
practice, . ., our other extreme becomes a unimodal . symmetrical . frequency 
distribution. 

If we now characterize our family of·· frequency d1stributions·.::as 
extending fram· rectangular through . symmetr~caJ. .·Jin1modaJ..:·:'fr.equen~y ;·.:d1S:tr1~: 
but1c.ns . in uniet. lllore and. more measured inclinations feli ', into the - . 
cellt:."s,.:. :!":'9.Z:JGS I .. ~e will cover the bulk of' the frequency distributions, 
so far observed. On this basis the variance or. standard" deviat1on'"of,:,< 
the frequency distributions which fall within our definit!onw1l1·.~ suf:r:tce 
as the test criterion estimating degree of perfection of. orientat1on~ 
In this approach we are assuming tba t . the seis of 'grains , measured< are ,; 
fran the same han.ogeneous population ud we ' are assuming the ' form.:, 6f ~ .. the: 
distribution function of the population. Even ' these: assumptions;' are 'not 
entirely sufficient, in theory or practice, to ' enable us to define. ou:x:~' 
or.igilM~. c~~cept ~f orient~tion but so far no acceptable alternative 
h~s be~n propose~o 

c( iii) The Sampling Problem 

If we · accept the above assumptions about the form. of the·frequency 
distribution of the population it is necessary. to obtain arandan. sam;ple 
of measurements fram. this homogeneous population as a basis . for analysis. 
The determination of a sampling program is another obstacle, · largely . 
because a suitable sampling pattern bas yet to be clearly defined, and, 
because the s:imple assumption of a homogeneous ' population of orien~ations 
in a single thin section of a sed~entary rock.isunlikely to be fulfilled 



in practice in most cases. Sedimentary rocks are composed of lenses 
(strata) and it is presumed that there is-s fundamental lens or stratum 
called the sedimentation unit (Otto, 1938) representing a set of quartz 
grains which were deposited under constant, or at least a -limited range 
01; conditionso This sedimentation unit is the-hcmogeneous population 
which we must sample randomly. So far at least it has not been possible 
to define this unit in such a way that it can be- randomly sampled.; in the 
Salt Wash sandstones, for example, there are very many such units in a 
single thin section and, at the magnification we must use to perform 
the measurements of gram size, shape, orientation and packing, it is 
difficult to decide the limits of this fundamental stratum, the sedimen­
tation unit. It is important to realize what this implies in terms of 
mes:surement of orientation, and it should also_ be realized that the same 
features apply in a s:imilar manner to our measurements of grain size, 
shape, and packingo 

Let us consider a few simplified models as a basis for comparison. 
We will assume in ee.ch case that we possess 5 thin sections of some 
population (= uniform. sedimentary rock).; in the first case the ol"ientation 
ot the grains is perfect, then each thin section represents a randan 
~smple of this homogeneous population. We measure the inclinations of 
sets of 10 grains in traverses ar.ranged randomly across the thin section. 
Each grain is a random sample of a traverse, each traverse a randan. 
sample of a thin section, each thin section of the entire population. 
Now to 1J18,ke th e model approach reality we will assume _ t~t not all the 
grains are inclined in parallel but there is some small range of -inali-

-- nations (otherwise the variance 52 ~t'1ould be zero throughout t!:.G a.n;;.lya:!.~) v 

Then each set of grains comprising a traverse would yield same 
sme.ll amount of variation in inclination, i. eo variance among grains 
vi thin a traverse is small and this would be true over all traverseso 
Now because we have assumed a near perfect orientation, homogeneous 
throughout the population sampled, then each set of grains would yield 
a mean and each of these traverse means is a close est~te of the 
population mean hence variation among traverse means is smaJ.l to very 
samll. Thin section means representing the average of similar traverse 
means would be even more alike and.. hence thin sec~ion means would aJ.so 
yield a very small variation or variance (see case A~ Fig. II~9). 

Now let us consider a hcmogeneous popula:tion which possesses randan. 
orientation (case B, Fig. II- 9 ) 0 Here variance arising from variation 
in inclination among grains is very large; on the other hand traverse 
means would hardly differ and thin section means would be even more near1y 
alike. Therefore the essential difference between perfect and random. 
orientation is at the grains level of variation and only at the grains 
level. --

Case C is more representative of the usual sediment and if we 
increased the number of lenses (layers in Case C, Fig. II-9) we would 
have a close analogy. It will be reaJ.ized that here we have a number 
of homogeneous subpopulations (sedimentation units) and we wish to 
obtain random samples of these subpopulations. We have contrived to 



Fig. II-9. Sampling Idealized Models of Orientation Distributions of Quartz Grains in 
Thin Secti9ns of ~edime~ts . 
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arrange the traverses so that each lies within a homogeneous subpopulation 
(lens or sedimentation unit) 0 In this ca.se (C) variation among grains 
within each traverse is small, variation among traverse means within 
each thin section large; if there were a large number .of layers, say 10 
or more, each containing one traverse, then thin section means would tend 
to be similar. In this case then, the comparison of traverse and grain 
variances holds the clue to the fabric. 

Finally in case D we meet our real problem; suppose it is not possible 
to confine each of our tra.verses to single layers (or ~bpopulations = 
sedimentary units) or, in other words, that we have no means of defining 
our subpopulations sufficiently well to enable us to be certain that each 
traverse is a random sample of So homogeneous unit. Then we have: Variance 
among grains wi thin a traverse, probably large; variations among traverse 
means, very large 1 if only a few layers differing in mean orientation 
are sampled by each traverse; variation among traverse means small, if 
large numbers of layers are sampled by each traverse. Variation among 
thin section means small to very small. 

It will be observed that "total variance" can be a very misleading 
estfmator of degree of perfection of orientation; in same extreme examples 
it cannot even be used to determine presence or absence of preferred 
orientation. 

It must ~e obvious fran these four simplified models that the problem 
of differentiation of fabrics of different sedimentary populations 
contains a difficult and ~portant sampling problem. It may be of interest 
to geologists to fmagine that the thin section is enlarged to represent 
ali outcrop, and each item magnified on the same SEJIle scale. The same 
sampling problem. exists on this scale, and, unless the sampling pattern 
is clear, the results of dip measurement ( equivalent to our grain 
orientation) are likely to be very confusing; the regional structure 
pattern is a function of the availability of observation sites (i.eo 
outcrops, drill cores, etc 0 ) 0 It is to be hoped that the model used by 
the geologist in deciding his s~pling pattern, and its contained assumptions 
of negligible degree of variation at all levels below the outcrop, is 
COrrei;!t or our structures are likely to need revisiono In add! tion, of 
.course, no attempt . is made on the field scale to random. sample a sedi­
mentary unit. Perhaps, by accident, the lack of randomness in the selection 
of sites for dip measurement is offset by the failure of the remaining 
assumptions in the model - this would be sanething more than a lucky 
coincidence I presume! It is perhaps of sane comfort that no one has 
nttenpted to evaluate, let alone offer a solution to, this problem either 
on a field or thin section scaleo 

C(iv) Statistical Analysis of the Results 

If we may now assume that our measurements are satisfactory then we 
proceed to analyze the resultso The first step in the reduction of the 
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data is to express ~he ~easu~ements in a frequency distribution or h1atograme 
In the present instance with 300 grain measurements per thin section 10 
degree class interval.s are used over the 180 degree range. The form of 
the histogram will depend on the reference line chosen as a basis for the 
inclination measurement (Jizba, 1953) and we generally attempt to avoid 
this issue by selecting same lineation in the thin section as a base line. 
If the lineation is a su:1. table base, in a physicaJ. sense, and it is taken 
a.s zero (equivalent to 180 degrees on this scale) then a perfect orientation 
will be U-shaped (Figo II-lOA) most of the grains lying at small angles 
to the zero reference plane in two quadrants. We endeavor to offset ·this 
by arranging our reference line perpendicular at zero degrees and measure 
grain inclinations as deviations. ranging from 0 to 90 degrees on either 
side of zero and labelling one quadrant negative relative to the other 
(Fig. lI-lOq). Hence our scaJ.e extends fram -go degrees through zero to 
+90 degrees •. 

In many cases .no lineation can be selected (e.g. in massive or uniform 
sed~ents or in cases of current bedding when more than one reference line 
exists) and the frequency histogram may be symmetricaJ., skewed, polyrn.odaJ. 
or U-shapedo When the resulting frequency histogram is not symmetrical. . 
a minimum variance origin may be determined by Cbayes technique (Chayes, 
1954) or the mean may be obtained fram Tukey's Isotropicity test (Tukey, 
1954, see also Appendix pp. 71-81. Assuming a unimodal frequency histo­
gram can be established then the variance may be tested for significance 
by comparison with the isotropic random orientation model (Griffiths 
and Rosenfeld, 1953). A number of other tests have been suggested and 
sane are considered later such as Tukey's Isotropicity test, and Gin:l.'s 
G (See Appendix ppo 70 : . . 

It is, of course, obvious that ultimately we must resort to analysiS 
of variance comparisons of grain, traverse, and thin section sources of 
variation if we are to interpret the physical meaning of perfection of · 
orientation. How we are to do this is, however, not clear because it is 
necessary to use minimum variance if ve are to apply analysis at all and 
just which level we should use for this computation is not obviouso The 
mean around which the variance should be calculated may differ in each 
layer and to use the ent:i.re set of measurements as a homogeneous popu­
lation is then incorrect. It seems likely that the sampling prOblem 
will have to be solved to proceed further with the measuraaent of 
orientation. 

Investigation of quartz grain orientation of the Salt Wash sedi­
ments was approached on a pragmatiC basis and the total variance, 
despite its drawbacks, is used in the subsequent analyses. In each of 
the 50 samples the to·tal variance is the minimum. variance calculated. by 
the Chayes technique (Chayes., 1954) from each se-e of 300 measurements 
for each sample. In addi~ion as a guide for future work a number of 
examples are given in de1;ail as an appendix together with various tests 
of these data as a 'basis ~or camparisono For the present, at least, 
we cannot do be"t:~er tha.."'l cepe that the perfection of' orientation 
expressed as the rlJ..nilnum. variance will suffice for an estin'..ate of grain 
orienta"tion in th~se sedimen-cs (see also Hu-cta, Jo J0 1 1956)0 



C(v) Procedure for Measurenent of Quartz Grain 
Orientation in Salt Wash Sandstones 

The technique used to measure the inclination of apparent long 
axes of quartz gra.ins in Salt Wash sed:tments follows · that of our 
earlier ~~ertments (Griffiths, 1949, 1952bj Griffiths and Rosenfeld, 
1950, 1953). 

The sampling program is the same as that used for the measurement 
of quartz grain size; three operators measured the inclination of 10 
randomly selected quartz grains from 10 fields of each thin section 
leading to 300 grain inclinations per thin section. 

The data were expressed in frequency distributions as histograms 
(for examples see figs. 11-15, 16, 17, Appendix 1); each set of data 
was subnitted to minimum variance computation (Chayes, 1954) and 
Tukey' s Isotropicity Test (Tukey, 1954) and Gini' s Mean Squared 
Difference (G) was calculated following Tukey' s proposals (Tukey, OPe 

cit.). These statistics along with descriptive remarks on the frequency 
distributions are summarized in Table 11-17. AnalysiS of variance of 
each set-necessitates correcting each of the 15,000 measurements to 
its awn m1n~um variance mean and then computing the usual sums of 
squares etc. This has not yet been accomplished. Hence for comparison 
with other petrographic data the min~um variance is used as a measure 
of perfection of orientation of each of the 50 samples. 

C(vi) Orientation of Quartz Grains in 50 Samples 
of Salt Wash Sandstones 

The range in perfection of orientation expressed in terms of the 
standard deviation (SO) extends from about 20 degrees (Emery and 

. Griffiths, 1954,. po 76, table 4) to over 50 degrees (Griffiths and 
Rosenfeld, 1953); jn the present samples standard deviation of quartz 
grains inclination varies fram 37064 degrees to 52.77 degrees. 

It has been shown ·that in a sample with random orientation . 
(rectangular frequency distributj.on) the theoretical value of s is 52 
degrees. However the level of confidence of any measure used in 
practice is a function of the number of measurements (N) and in this 
investl~ation an N = 300 requires a standard deviation less than 46 
degrees to be signi.ficant at the 5 per cent probability level (Griffit.hs, 
1952b, po 53, Griffiths and Rosenfeld, 1953, po 212.)0 

The range in standard deviation and the number of samples with 
values exceeding the minimum level for 5 per cent 'significance are 
illustrated in Fig. I1-110 
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Fig. l[- 12 Relationship Between Perfection of Quartz Grain Orientation 
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Fig. II - 14 Perfection of Orientation (s) versus Grain I Grain 
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FiQ. ][-15 - FREQUENCY 

ORIENTATION IN SOME 
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Fig. l!·16 - FREQUENCY HISTOGRAMS OF QUARTZ GRAIN 
ORIENTATION IN SOME ORE-BEARING SALT WASH 
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Fig. II-I? - FRE"QUENCY HISTOGRAMS OF QUARTZ 

ORIENTATION IN SOME BARREN SALT WASH 
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Tab:e II-17. S1~~ary Comparison of Some Measures of Orientation in ~alt Wash Sandstones. 

Sample Visual. Estimates 
No. Curve Description X 

6331-2 U-shape 10 to ao 
6334 U-shape (Po1ymodal) 80 to 90· 
6335-2 Unimodal o to 10 
6336 Unimodal, skew(? ) 10 to 20 
6500 Unimodal, skew(?) -40 to -30 
6502 Po1ymodaJ. -10 to 0 
6503A U-shape 80 to 90 
6506 U-sbape 80 to 90 
6536-~ U-shape -90 to -So 
6531A Po1ymodaJ. - rect. -40 to -30 
6606 U-shape 80 to 90 
6601A U-shape -90 to -80 
6608 U-shape 80 to 90 
6610 Un 1modal - rect. 20 to 30 
6620 U-shape - rect. 70 to So 
6627-1 Unimodal., skew 20 to 30 
6636 Rectangular 80 to 90 
6638 Rectangular 50 to 60 
6644 Unimodal. - skew 30 to 40 
6646 U-shape 80 to 90 
6651 Rectangular -30 to -20 
6651 Un:lmodal. o to 10 
6671 U-shape - polymodal. 60 to 10 
6615 Un1modal, skew -20 to -10 
6683 l!n1mMal" skew -10 to 0 
6508 U-shape - po1ymodal -ex> to -10 
6510 Unimodal (?) -20 to -10 
6512 Unimodal -30 to -20 
65+3 Unimodal -20 to -10 
6514 'Unimodal (?) 20 to 30 

. 6515 Rect. - po1ymodal -10 to -
. 6519 Unimodal - Bimodal o to 10 
6520 U-shape '-70 to -60 
6521 Un1modal, skew -20 to -10 
6522A Po1ymodaJ. - rect. o ~o 10 
6523 Un1modal. skews 20 'to 30 
6524 Un:lmodal o to 10 
16525 Un:1modal 10 to 20 
6526 Po1ymodaJ. - rect. o to 10 
6527 Unimodal 10 to 20 
6528 Unimodal, skew 10 to 20 
6529 Po1ymodaJ. 10 to 20 
6530 Unimodal, skew 20 to 30 
6531 Un:l.modal., skew 10 to 20 
6532 Po1ymodaJ. ~10 to 0 
6534 Un:lmndal., skew o to 10 
6629 PolymodaJ. -20 to -10 
6630 Po1ymodal o to 10 
6662 Unimodal - -10 to 0 -
6667 Bimodal -10 to 0 

2 . ' . 
P < 0.001 X = 13.815' 

Tukey Tukey Isotropicity 
X X2 

P 

-86.4 ·31.625 <<0.001 
-83.3 3.683 ' <20>10 
+13.8 46.150 <<0.001 
+24.9 24.546 <<O~OOl 
-31.0 29.112 <<0.001 
+25·9 13 • .341 <01>001 
+87.2 31.331 <<0.001 
-83.9 55~093 <<O~OOl 

-19.5 103.158 <<0.001 
-51.2 5.086 <1.0>5 
-77.8 88.709 <<O.(X)l 
-76.9 29~924 <<O~001 
-14.1 66.888 <<0.001 
+24.2 12.394 <01>001 
.. 81.9 9.133 <02>01 
+22.5 30.065 <0.001 ' 
-88.3 2.468 530>20 
-32.4 0.208 >90 
+28.1 14.094- <0.001 
+84.1 3~.045 <<0.001 
~23.2 j.692 <20>10 
+11.8 21.706 <<0.001 
-83.6 9.422 <01 001 
-12.6 50.219 <<07001 
+ 9·3 81.50 <<0.001 
-64.0 45.539 <<0.001 
+12.7 40.46 <<0.001 
- 6.1 22.49 <<0.001· 
-12.1 25.132 ' <<O~.OOl 

+ 1'.9 20.187 .<<0.001 
- 4.8 1.458 <50>30 
+11.9 50.&)1 <<0.001' 
-66.1 68.419, <<O.t')()1 
+ 0.4 24.284 <0.001 
+26.9 3.5&> <20>10 
+24.2 101.282 <<0.001 
+12.2 22.765 <0.001 
+18.8 41.016 <<0.001 
+19.6 6.161 <05>02 
+20.6 23.224 <<0.001 
+21.1 35.231 <<0.001 
+ 8.9 16.706 <0.001 
+32.2 15.031 <0.001 
+11.2 24.516 <<0.001 
+16.6 10.152 <01>001 
- 6.5 5O~628 <<0.001 
-16.6 10.717 <OI>OO~ 
+ 8.6 .. 2.103 <50>30 
+19.9 22.219 <001 
+15.4 49.942 <<001 

ariance (Cha.~) GiII1.'s Minimum V 

X 

+16.33 
,18.3 

+ 2.31 
+22.43 
-41.13 
-12·1 
+12.01 
+81.61 
-80.83 
-36.31 
+81.5 
+.80.93 
.. 84.60 
+28.11 
+88.61 
+16.01 
+90·91 
-16.11 
+24.37 
+82.51 
-33.43 
- 0.33 
+63.07 
-17.8 
+ 3.[; 
-64.4 
- 1.11 
-32.57 
-20.43 
+13.83 
- 1.93 
+ 0·30 

' -16.63 
-13.9 
+l~.~~ 

+ ~.97 
- 4.90 
+11.-13 
+10.33 
+11.67 
+20.3 
+ 1~93 
+34.87 
+ 1.33 
+ 5.00 
+ 0.40 
~21.67 
- 1.57 
- 6.00 
- 2.11 

52 , s 0 

'1657 ~ 83 40.71 ',0.951 
231 2.18 48.11 0.997 
183 
203 

6.07 42.85 0.925' 
8.42 45.14 0.962 ' 
4.00 40.42 0.955 163 

2 440.17 49.39 0.981 
94.73 42.36 0.951 
21.55 40.27 0.912 '. 
6.97 31.64 0.830 

17 
16 
141 
211 6.31 46.65 , 0..995 

60.15 39.50 0.855 
71.43 .44.23 o. :;;53 . 
9.17 41.34 0.892 

15 
19 
110 
245 0.30 49.50 0.983 · 

6.88 41.29 0.988 " :' 
9.29 46.46' 0.970 '. .:. : 

223 
215 
~4~ 8.06 49.38 O.~ 

1.65 50.41 1.003.. ", 
1.63 46.92 0.980 
8.48 42.11 ·0.945' 

2511-
220 
177 
251 8.53 50.18 0.997 .. ' 

4.89 '45.88 0..967 210 
222 6.25 41.'19 0.900 -. 

2.83 38.12 0.920;. 
3.23 3; . ) ~ 0.G08 '.,:.,' 

145 
156 
181 1.26 42.56 '0.921 .' ::: .. ;-::;' 
884.68 43.41 , 0.936,. ';'';::>' 

')".15 45.88 ;, 0,. 966;' ""~!~ :;~:~ 
1.47 . '43.6i 0.96a: : ~.:.:\i::: 

86.97 ' · 45~ 68 '0. 970· ,:.?~:~~ 

1 
23.0 
190 

.20 

.21 84.59 . 52; 77· : l~'OOl' :~.<:\~: 
96.24' '42.38 '0~ '919' :~.:.:,: '17 

179 3.66 42'-35 ' 0.889 :· _~""f : 
9.79 44.83' .0.963 "'< .. 
1.&> 49.41. "0-'991 : "::' 
9.26 39.74 . 0.825· ~ ; 
4~32 46~ ,20 0.965 

200 
244 
151 
213 
1 
245 
894.67 43.53 0.935 .. 

7.56 49.58 0.992 :' '':'.' 
1.55 46.81 0.965' '-,' '" 

B2.9l-. -46.72 O.~5 '-" ': 
219 
21 
·211 3.39 45.97 0.916 

948.64 44.14 0.918 ' -
31.89 45.08 0.963 

,. 1 
20 

.22 , 90 •. ~7. ·47.86 . :.o.~ :',. " .~ 
2.~ r ' 41-. 98 0.919" ' .' 
8.89 ' 46.51 o.~985 
9.21 ,50.19 0.999 

'116 
216 
251 
21 97 .61 46.88 0..966 
16 84~ 41.05 ~~. 



A qualitative campari s on. of ore-·beari.ng and barren samples by 
means of Fige 11-11 suggests t ,ha-c the same :range in perfection of 
orientation l .S present i .n. both ore-bearing and barren samples. This is 
c.onfirmed. 'by comparison of the frequency by number in two degree 
classes :illustrated in ·t.able II-l8e There i .s apparently l:i.ttle 
difference in degree of preferred orierrcation gmong ore-bearing and 
barren sandstoneso T"nere ~p:pea.rs to be a few more samples wi t.h high 
degree of preferred orientation {s < 42 degrees) . in ore-bearing than 
barren samples but this difference !IJJ3.y be more ~ppa.rent than real 
because of the few samples (25 in each group)o 

An approximate interpretation of the physical implications of the 
frequency distributions and their accampaLLying mjnjw~ variance standard 
devj.ations may be summarized as follows:-

U-·shape frequency distr:i.bu·tio!ls arise from incorrect selection 
of the reference plane and after computing the minimum variance they 
yield a high degree of :preferred or:i.entation (s < 45 degrees) and 
approximately syzmnetrical unimodal. frequency distri'butioIEo It may be 
infer~ed that these s~ples approach a homogeneous population with 
well-defined preferred orientationo 

Rectangular frequency distributions possess min~um variance 
standard deviations of greater' "than 50 degrees and presumably :lJD.:ply 
random orj.entation of the gralne 0 Ihese satrl:ples may comprise slumped 
sedtments in which original ~referred orientation has been destroyed 
by dlsturbance of the sedimentary fabric shortly after depositiooo 
Unfortunately this kind of a stand.ard. d.eviation would arise fran. 
incorrect sampling of a thin section-composed of several 'strata' 
differing j.n direction of orientation but possessing high degrees of 
preferred orientation w:1.thin each t stratum f (see Figo II-9D, P, 50). 

Polymodal frequency distributions possess minilmwn variance 
standard deviations between those for U-shape and rectangular j pre­
sumably these distributions indicat.e more t.han one population (t stratum' ) 
each of which is differently orien"ted and each may possess a high 
degree of preferred ortentatione Here again incorrect sampling may have 
inflated the standard devia.tiono 

Finally unimodal distributions are, like U-shape distributions, 
indicative of homogeneously oriented popu.lations and generally possess 
minimum variance standard deviation of less thart 45 degreeso Skew 
unimodal are generally made symmet,ricaJ. by minimum. variance cCJ!IWUtation; 
again incorrect cholce of reference plane is usually responsible for 
for the skewnesso 

It must be emphasiz~d that without insurance of correct sampling 
and analysis of variance cOIIl:parisons the lnter:pretat1.on of the total. 
variance may 'be very misleadi!"'.lg (see Grif:fi.ths and Rosenfeld, 1953) 0 



Table 11-18. Frequency Distribution of Preferred Orientation ot Quartz Grains in Salt 
Wash Sandstoges. 

Ore-bearing Barren All Sands 
Class Limits Frequenay Cumulative Frequency Cumulative Cumulative 

Frequenay Frequenay Frequency Frequency 

36-38 1 1 1 1 

38-40 3 4 1 1 - 4 5 
-40-42 4 8 2 3 6 11 

42-44 3 11 (i 9 9 -20 
44-46 3 - 14 5 14 8 28 

46-48 4 18 7 2l II 39 ~ 
48-50 4 22 2 23 6 45 

50+ 3 25 2 25 5 50 

Total 25 25 25 25 50 : 50 



•. 6'5 -

C(vii) Interrelationships Between Quartz Grain 
Orientation and Other Petrographic Properties 

The next step in the analysis of these data is to attempt to 
discover any inter-relationship ~ong pairs of petrographic properties 
and to establish where possible that such inter-relationships are not 
the ssme in ore-bearing and ba.-ren sandstoneso Inter-relationships of 
this kind may be assumed linear as a first approximation and the co­
efficient of medial correlation may be used as an indicator of degree 
of association between pairs of prcperties {Quenouille, 1952, po 44)0 
With N ~ 25 the coefficient of medial correlation must exceed + 0.483 
to be significant at the 5 per cent level and with N = 50 this-co­
efficient must exceed + 0.317 to be significant at the 5 per cent 
level (Quenouille, 1952, table V, p. 228)p 

Associations between grain orientation and various other petro­
graphic properties expressed as coefficients of medial correlation are 
summarized in table II-19j the coefficients for ore-bearing, barren 
and. the combined samples are included in the table. 

c( viia) Quartz Grain Orientation and Mineral 
Composi t:1.on of Salt Wash Sandstones 

. Three items of general importance in terms of mineral composition 
are compared with quartz grain orientation, namely the grains, matrix 
and cement components (see RME-3023, pp. 39-40 for explanation. of 
these ter.ms). The combined proportion of quartz and feldspar is 
used as an estimate of the volume of grains in these s~ples and its 
relationship to perfection of quartz grain orientation is expressed 
graphically in Fig. 1I-12. 

There annears to be a trend of increasing quartz and feldspar 
content with increasing value of the standard deviation or alternately 
as quartz and feldspar content increases the perfection of orientation 
decreases. A number of ore-bearing samples tend to show a trend in 
the oppOSite direction ioeo as quartz and feldspar content decreases 
so does the perfection of orientation.e These samples are probably 
slumped sediments. 

For equal quartz and feldspar .content the barren samples are 
generally less well oriented (possess a larger standard deviation) 
than the ore-bearing; this may be indirect confir.mation of a difference 
in textural arrangement between ore ... bearing (generally bedded) and 
barren (generally massive) sandstones observed in the field 
(RME-3010, p. 52 ff. -3106, po 61 ffo)o The coefficients of medial 
correlation are all non-signl.ficant. and small and t.o establish any 
trend would require a very large number of sampleso 



Table 1I-19. Relationship Between Grain Orientation and Other Properties of Same Salt 
Wash Sandstones. 

Coeffioient of Medial Correlation 
Perfection of Quartz 

Grain Orirntat1on (s) 
versus 

Quartz and Feldspar Per Cent 

Clay Pebbles and Matrix Per Cent 

Silica Cement Per cent 

Carbonate Cement Per .Cent 

Silica and Carbonate Per Cent 

Grain Size (a axis) X p 
Sorting (Size) s P -
Grain/Grain Packing Per Cent 

25 
Ore-bearing 

Samples 

-0.17 

+0.04 

-0.5B* 
+0.08-

-0.22 

-0.37 

-0.18 

-0.36 

*Significant at 5 per cent probability level. 

25 
Barren 

Samples 

+0.09 

-0.13 
-0.01 

+0.04 

-0.04 

-0.27 

-0.27 

+0.04 

50 
Canbined 
Samples 

-0.01~ 

-0.12 

-0.10 

+0.04 

0.00 

.0.63"* 

·0.20· 

+0.08 

0'\ 
0\ 
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The combined volume of clay' pebbles and matri'x used as an 
estimator of matrix material shows no relationship · to quartz grain 
orientation (Table II-19)o Similarly estimation of the volume of 
combined cements (sili.ca and ca,r'-oonate) show no obvious relationship 
to preferred grain orien--ca.tion (T.able II-19)o In the case of silica 
alone I however, the ere-bearing samples yield a significant value of 
the coefficient of medial correlation (p = -0058; table II-19)j 
the association is inverse, increasing sIlica cement accompanying 
decreasing standard deviation~ This implies that the better oriented 
ore-bearing samples possess higher proportion of silica cement. 
There are of course many excepticnso The barren samples show no such 
relationship and a combination of two such different trends for the 
50 samples is meaninglesso 

Carbonate cement taken alone shows no relationship to preferred 
orientation of the quartz grains. 

C(viib) Quartz Grain Orientation and Other Textural 
'Properties of Salt Wash Sandstones 

Grain size expressed as the sample mean in phi units is inversely 
correlated wj.th perfection of quartz grain orientation (Figo II-13) 
i.e. as the phi mean increases the standard deviation of inclination 
decreases. This implies that as the grain size decreases perfection 
of orientation increaseso Both ore-bearing and barren samples yield 
negative values of the coefficient of medial correlation (Table 1I-19) 
but they are not significanto Since, however, they are apparently 
homogeneous they may be combined and they then yield a coefficient 
which is significant at the 5 per cent level {p = -0063, table 11-19)0 c 

Size-sorting expressed as the standard deviation in phi units 
shows a very poor rela"tionship of the same kind as mean grain size 
but here the scatter is so large that the combined set of s~ples 
fails to yield a significant coefficiento The relationship suggests 
that sed~ents with poorer sorting yield higher perfection of 
orientationo 

Grain to gra:i.n con.tacts are used as an estimate of packing and 
when these values are plotted against degree of preferred orientation 
once again the ore-bearing samples ~ppear to behave dlfferently from 
the barren samples (Figo 11-14)0 

In the ore-bearing samples the relationshj.p is inverse, lower 
number of grain to grain contacts accompany increasing values of 
standard deviation i.n degreeso In other words :i.n ore-bearing samples 
as the number of grain to grain contacts increases t.he degree of 
preferred orientation also improveso Barren samples show no such 
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rela~1onship and the association measured by the coefficient of medial 
correlation is near zero (Table II-19). S:imilarly the combined sample:, 
yield no relationship (p = +0.08). Here again for equal packing 
index values the barren ~amples are (on the . whole) less well oriented 
than the ore-bearing s~ples. 

-
C(viii) Discussion 

Grain orientation 1n ore-bearing and barren sedtments effectively 
extends over sfmilar ranges; however, when grain orientation is 
related to other petrographic properties it appears that the relation­
ships among samples of ore-bearing sediments are different fram those 
in barren samples. 

This feature serves to emphasize that differences between ore­
bearing and barren sediments in terms of any petrographic property 
are small and that such differences are best evaluated by studying 
sfmultaneous variation in a number of properties. The local inter­
relationships within small volumes of sediments appears more 
~portant than any large scale regional factor. 



AppendLx I Examples of Grain Orientation 
Measurement in Salt Wash Sandstones 

Twel ve ex~les of grain orientation measurement in Salt Wash 
sandstones are summarized in Table II-20 and Figs. II-15, 16, 17. 
Eight of these samples are ore-bearing and four are barren sandstones. 

The frequency histograms are reasonably representative of the 
results obtained in plotting the raw data as described under section 
C(iv), p. 51. U-shaped frequency histograms represent well oriented 
samples with reference lines at the extremes of the range. It is 
necessary to compute the minimum variance origin for these distributions 
to characterize the orientation. Unimodal distributions, when they 
are symmetrical around zero inclination yield the minimum variance 
directly; when assy.metric (sample no. 6675 for e~le) it is necessary 
to compute the minimum. variance. 

Polymodal distributions are treated in the same manner and a 
m 1nimum variance computed but here there is some question whether 
the min~um variance is representative. Po1y.modal distributions may be 
a function of incorrect SRmpling and may reflect the presence of 
uniform sub-populations in the thin section. 

Rectangular distributions imply absence of orientation i.e. 
randomness or .isotropic fabric. The exact physical meaning ofa 
random fabric is not obvious but may in sane cases rise fran 
disturbance of the original depositional fabric. 

The computed minimum variance and test for .isotropicity are 
summarized in Table 11-17. 
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Table 11-20. Frequency Distributions of Quart~ Grain Inclinations"· from 12 Selected Samples 
of Salt Wash. Sandstones. 

Ore-bearing Barren 
Class Limits 6331-2 6334 63352 6502 6537A 6638 6675 6683 6513 6519 6526 6667 

-go to -80 22 23 10 23 21 14 4 4 8 6 15 5 
-80 to -70 24 10 8 17 15 9 11 6 17 9 20 7 
-70 to -60 8 11 7 13 15 18 20 4 13 10 8 14 
-60 to -50 15 16 8 5 17 18 24 12 15 16 8 14 
-50 to -40 13 19 17 10 33 17 18 10 25 15 24 20 
-40 to -30 5 21 28 17 29 21 37 14- 23 22 16 31 
-30 to -20 8 14 23 22 14 16 28 36 24 23 11 28 
-20 to -10 4 7 23 20 14 15 40 27 34 26 23 16 

cj 

-10 to 0 10 13 16 31 15 17 20 43 27 27 13 15 
o to 10 15 18 34 17 16 18 25 22 23 28 33 17 

10 to 20 8 16 18 19 25 17 16 25 16 16 25 33 
20 to 30 12 19 24 15 9 19 13 25 14 9 8 22 

30 to 40 16 12 26 20 7 21 12 16 9 25 18 29 
40 to 50 24 16 16 22 13 11 4 14 7 36 19 21 
50 to 60 27 11 11 10 9 26 15 9 11 8 16 1 
60 to 70 30 17 10 8 11 13 7 7 13 9 9 11 
70 to 80 32 20 13 16 18 9 5 15 12 5 12 6 

80 to 90 27 31 8 15 19 21 1 11 9 10 22 4 

Total ;300 300 300 300 300 30~ 300 300 300 300 300 300 



A:t::pendix: II Tukey r 5 Isotrop:1.ci ty Test 

Because of the d~fficulty of decidir!g how to test the orientation 
fabric of sediments by the usual test.s (Fairbairn, 1942; Griffiths and 
Rosenfeld, 1950, 1953).Tukey· proposed a special test for isotropicity. 
The isotropic model, a.rectangular frequency distribution, is chosen 
as base and in place of ccmputing the entire set of departures from 
randomness and then using the total chi-square Tukey proposes the use 
of only the two degrees of freedom. which form the main contribution to 
the chi -square. 

The procedure comprises a change of scale to polar co-ordinates and 
the routine is easiest to ca:rry out by means of a tabular arrangement 
(Table I1-21, a, b, c, d). The factors 

E x cos 2Q .. E x sin 2Q 
C =(E cos2 2Q)1/2 and S ~(E sin2 2Q)1/2 

are the basis for the test of isotropicity. 

For a fixed number of measurements per thin section it is 
convenient to arrange the computation tabularly; column 1 of Table 1I-21 a·d 
contains the class limits, column 2 the observed frequency (obs), 
column 3 the expected frequency for the isotropic case (exp = 300/18 = 16.67 
in the present ex~ple)o Column 4 lists the deviation of observed fram 
the expected (a-E) 0 In column 5 the deviation is reduced to standard 
measurej x = 'O-E/ E). Column 6 lists the angular value of each 
class; columns 7 ..md 8 the corresponding values in polar co-ordinates. 
The denom.inat~ ;..::·s of the C and S factors may be calculated once for all 
for a fixed

1 
class j.nterval; in the S~t Wash investigation they are 

(E cos2 2Q)2 = 20993 and (E sin2 2Q)2 = 239920 The relevant sums 
(1: x cos 20 and E x sin 2Q) are accumulated on an automatic calculator 
and the factors C and S derivedo 

2 2 Tukey then proposes that C + S be treated as chi-square with 2 
degrees of freedom and the results of the test are expressed as a 
probability value (p)o The actual values of chi-square for this test 
are:-

Probability Level 

Chi-square (dofo = 2) 

and the o·bserved Sllll:. of squares (C2 + s2) must exceed these values to 
reflect a significant departure from randan or i entat ion 0 

Tukey further points out that a mean may be obtained from these 
values and this computation :1.s included in t.he examples Tables II .. ·2.1 a-do 
It comprises calculating tan 2Q = sIc and obtaining the signum. of' 
sin 2Q = signum S. These two values determine the angle which 
represents the mean inclination for the s~pleo 

Four cx:;unJ:Jl~b of 5uch proced.ure taken from the SeIl!pl AS i.n 
Appendix I are included "by way of' :l.llustration" The results of the 
tests for a.1l 50 sar(J:ples ar~ summarized in Table 1I-17 I) 
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Table 1I-2la. Tu.~ey's Isotropicity Test for S~1e No. 6331-2 
in the Salt Wash Sandstones. 
~ = 4.0824; livrE = 0.2450 Remarks: Ore-bearing, U-sbaped 

Cla.ss Obs. N = 300 O-E x Q Cos 2Q Sin 2Q 
L10its Exp. (o-E)IJE 

-90 to -80 22 16.67 5.33 +1.306 · 0 1.00 0.00 

-80 to -70 24 16.61 7.33 +1.196 10 0.$)4. . 0.34 
·-70 to -60 8 16.61 - 8.67 ";2.124 20 0.16 . 0.64 

-60 to -50 15 16.61 - 1.61 -0.409 30 0.50 " 0.87 
-50 to -40 13 16.61 - 3.67 -0.899 40 0.17 , 0.98 

-40 to -30 5 16.61 -11.67 -2.859 50 -0.17 ' 0.98 
-30 to -20 8 16.61' - 8.61 -2.124 '60 ·' -0.5~ 0.81 
-20 to -10 4 16.67 -12.67 -3.104 70 -0.76 0.64 
-10 to 0 10 16.67 - 6.67 -1.634 80 -0.94 0.34 
o to 10 15 16.67 - 1.67 ~0.409 90 -1.00 0.00 
10 to 20 8 16.67 - 8.67 -2.124 100 .0.94 -0034 
20 to 30 12 16.67 - 4.67 -1.144 110 -0.76 -0.64 
30 to 40 16 16.67 - 0.67 -0.164 120 -0.5° -0.87 · 
40 to 50 24 16.67 7.33 +1.796 130 -0.17 -0.98 
50 to 60 27 16.67 10.33 +2.531 140 0.17 .0.98 
60 to 70 30 16.67 13.33 +3.266 150 0.50 . 0.86 
70 to 80 32 16.67 15.33 +3.756 160 0.76 0.64 
80 to 90 27 16.67 10.33 +2.531 170 0.94 0.34 

Total 300 300 

2 E Cos 2Q = 8.9604 2 E Sin 2Q = 8.9527 E x Cos 2Q .= +16.8144 

{'Cos2
2Q = 2.993 ylSin2

2Q = 2.992 E x Sin 2Q = - 0.7890 
E x Cos 2Q 16.8144 = 5.6179 222 

C =(E Cos2Q)I!2 = 2.993 c + S = 31.630 = X (20.f) 
P « 0.0<)1 

E x Sin 2Q -0.1890 
= -0.2637 tan 200 = sIc = -0.0469 s =(E Sin2g)1!2 = 2;992 sgn Sin 2Qo = ' sgn S =-;)f'8 

and therefore 2Qo = 351.3(;) = 17B • .7:: 
(330-360) 

i = -85 + 178.7 = 93.7 
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Table 1I-21b. ~~~eyts Isotropicity Test for Sample No. 6335-2 
in the Salt Wash Sandstones. 

fi = 4.0824; liVE = 0.2450 Remarks: Ore-bearing, unimodal 

Class Obs. N - 300 O-E x Q Cos 2Q Sin 2G Limits Expa (o-E)/VE 
-90 to -80 10 16.61 - 6.67 -1.634 0 1.00 0.00 
-80 to -70 . 8 16.67 - 8.67 -2.124 10 0.94 · 0.34 
-70 to -60 7 16.67 - 9.67 ... 2~369 20 0.76 0.64 
-60 to -50 8 16.61 - 8.67 -2.124 30 0.50 0.87 
-50 to -40 17 16.67 + 0.33 +0.081 40 0.17 0.98 
-40 to -30 28 16.67 +11.33 +2.776 50 -0.17 0098 
-30 to -20 23 16.67 + 6.33 +1.551 60 . -0.50 0087 
-20 to -10 23 16.67 + 6.33 +1.551 70 -0076 0.64 
·-10 to 0 16 16.67 ~ 0067 ~0.164 80 -0.94 0.34-
o to 10 34- 16.61 +17.33 +4.246 90 -1.00 0.00 
10 to 20 18 16.67 + 1.33 +0.326 · 100 -0.94 -0034 
20 to 30 24 16.67 + 7.33 +10796 110 -0.76 -0064 
30 to 40 26 16.67 +- 9.33 +2.286 120 -0.50 -0.87 
40 to 50 16 16.61 - 0.67 -0.164 130 -0.17 -0.98 
50 ·to 60 11 16.67 - 5.67 -1.389 140 0.17 0.98 
60 to 70 10 16.67 - 6.67 -1.634 150 0.50 0.86 

70 to 80 13 16.67 - 3.67 -0.899 160 0.76 0.64 

. 80 to 90 8 16.67 - 8.67 -2.124 170 0.94 ·· 0.34-

Total 300 300 

... 2 
. E Cos 2Q = 8.9604 ~ Sin22Q = 8.9521 ~ x Cos 2Q = -19.5167 

ICos22Q = 2.993 v'Sin22Q = 2.992 ~ x Sin 2Q = -6.15245 

1: x Cos 2Q 6 8 
C =(~ Cos2Q)1/2 = - .520 

2 2 2 · C + S = 46.1492 = X (2dof) 
P « 0.001 

~ x Sin 2Q 6 tan 2Qo = sIc = 0.3153 s =(~ S1n2Q)1/2 = -2.05 3 
sgn Sin 2Qo = agn S = -ve 0 

and therefore 2Qo = 197.5Q = 9808 

X = -85 + 98.8 = 13080 
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Table II-·21,. ~~ey's Isotropiclty Te·t for Sample No. 6537A in 
the Salt Wash Sandstones. 

vrF = 4.0824; 1;v:E = 0.2450 Remarks: Ore-bearing, polymodal 

Class Obs. N = 300 O-E x 
Q Cos 2Q Sin 20 Limits Exp. ~O-E}LVE 

-90 to -80 21 16.67 + 4.33 +1.061 0 1.00 0.00 . 
-80 to -70 15 16.67 ~ l.67 ~0.409 10 0.94 0.34 
-10 to -60 15 16.67 - 1.67 -0.409 20 0.76 0.64 
-60 to -50 17 16.67 + 0.33 +0.081 30 0.50 0.87 
-50 to -40 33 16.61 +16.33 +4.001 40 0.17 0.98 
-40 to -30 29 16.67 +l2.33 +3.021 50 -0.17 0~98 

-30 to -20 14 16.67 - 2.67 -0.654 60 -0.50 0.87 
-20 to -10 14 16.67 - 2.67 ' -0.654 70 -0~76 0.64 
-10 to 0 15 16.67 - 1.67 -0.409 80 -0.94 0.34 
o to 10 16 16.67 - 0.67 -0.164 90 -1.00 0.00 
10 to 20 25 16.61 + 8.33 +2.041 100 -0.94 -0.34 
20 to 30 9 16.61 ..; 7.67 ~1.879 110 -0.76 -0.64 
30 to 40 7 16.67 - 9.67 -2.369 120 -0.5° -0.87 
40 to· 50 13 16.67 - 3.67 -0.899 130 -0.17 -0.98 , 
50 to 60 9 16.67 - 7.67 -1.879 140 0.17 0.98 
60 to 70 11 16.67 - 5.67 -1.389 150 , 0.50·, 0.·86 

70 to 80 18 16.67 + 1.33 +0.326 160 0.76 .0.64 

80 to 90 19 16.67 ... 2.33 +0.571 170 0.94 0.34 

Total 300 300 

2 
~ Cos 2Q = 8.9604 E Sin2

2Q = 8.9527 z x Cos 2Q = 2.562100 

vfCOS220 = 2.993 ~Sin220 = 2.992 E x Sin 20 = 6.2421 

~ x Cos 2~ 2.5627 2 2 2 
= 0.8562 C + S = 5.0857 = X (d.f.) 

C =(E cos!Q)IJ2 = 2.993 P > 0.05 
E x Sin 2Q 6.2421 = 2.0863 tan 200 = sic = 2.4367 s =(E Sin2 2Q)1/2 = 2.992 

sgn. Sin 2Q = sgn S = + 
and therefore 2Qo = 67.7Q = 33.85 

X = -85 + 33.85 = -51.15 
1 d.f. = degrees of freedom 
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Table 1I-21d. Tukeyis Isotropicity Test for Sample No. 6513 :i.n 
the Salt Wash Sandstones. 

vf:E = 4.0824; livrE = 002450 Remarks: Barren,; un:lm.odal 

Clasf3 
Obs. N = 300 O-E 

x Q Cos 2Q Sin 2d Limits Expo (O-E~LVE 
-90 to -80 8 160 67 - 8067 -20124 0 1000 00 00 

-80 to -70 17 16067 + 0.33 +00081 10 0094 0.34 
-70 to -60 13 16.67 ...: 3067 "':0.899 20 0076 0.64 

-60 to -50 15 16.67 - 1067 .0.409 30 00 50 0087 
-50 to -40 25 16.67 + 8.33 +2.041 40 0017 0098 " 

-40 to -30 23 16067 + 6.33 +10551 50 -0.17 0.98 

-30 to -20 24 16067 ;: 7·33 +10796 60 -0.5° 0.87 " 

-20 to -10 34 16.67 +17.33 +4.246 70 -0076 0.64 

-10 to 0 27 16067 +10.33 +20531 80 -0.94 0034 
o to 10 23 - 160-67 -+- 6.33 +1.551 90 -1.00 0000 

10 to 20 16 16.67 ~ 0067 -00164 100 -0.94 .. 0034-

20 to 30 14 16067 - 2.67 -00654 110 .0076 " -0.64 

30 to 40 9 16.67 - 7.67 -10879 120 -0.50 .0.87 

40 to 50 7 16067 - 9.67 -20369 130 -0017 -0098 
50 to 60 11 16067 - 5067 -10389 140 0017 0.98 

60 to 70 13 16.67 - 3067 -0.899 150 0050 0.86 

70 to 80 12 16.67 - 4067 -10144 160 0076 0.64 

80 to 90 9 160 67 - 7.67 -1&879 170 0.94 0034 

Total 300 300 

~ Cos22Q = 8.9604 ~ Sin22Q = 809527 ~ x Cos 2Q = 1202353 

~oS22Q = 20993 = -4.0880 VS1n2
2Q = 20992 !: x Sin 20 = +8.6823 " 

r; x Cos "2Q 8 c2 + 62 = 25.132 = x2 (2d.f.) 
'. C =0: Sin2Q)1/2 = +2.901 P « 0.001 

S L x s~n)i~ tan 2Qo = sic = -0.7098 =(}: Sin Q 2 
sgn Sin 2Qo = + 
and therefore 2Qo = -3504Q = -1707 

X = -85 -17.7 = -102.7 + go 
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Appendix III Gini's Mean Squared Difference 

In foll~wir~ the development of measures of orientation Tukey 
further proposes a number of approaches to the .estimation of measures 
of concentration of orientation w4ich are vitally necessary to the 
study and comparison of grain orientations in sediments. One such 
factor 15 Gini fS mean squared difference (G). 

The computation of G when the ~ected value for the frequency 
of orientation is constant becomes (Tukey, op. cit., p. 5):-

G = -2!.. - exp (~C 220)1/2 (E 8in22Q)1/2 (c2 82) n-l n( n-1) 08 + 
All the factors in this equation will remain the same "throughout 

the present investigation exc~t for C2 + 82 = X2 • Hence this 
c~tation may be reduced to a very s~le operation:-

G = ~~ - §~7~ (2.993)(2.992)(c2 
+ 8

2) 

= 1.0033 - (0.001666)(c2 + 82) 

By way of example if we take the value of (C2 + 82) for sample 
no. 6331-2 we have:-

G = 1.0033 - 0.001666 x 31.63 = 0.950649 

The value of G for each of the 50 sam;ples is summarized in . 
Table II-17. 

As a matter of j.nterest we may now canpare the value of Gin! I 8 

mean squared difference (G) vi th the canputed min:1mum variance 
(after Chars, OPe cit.) as in Fig. II-180 Ignoring the extreme 
deviations there appears to be a relatively simple relationship 
between the mi n1mum, variance and Gini' s G. 

It may be noted that on the basis of the minimum variance 
stmdard 1eviatir)n (s) more sa:nples would be considered not to possess 
a significant orientation than by using Gini's G, otherwise the 
results of both are very similar. 

~ese may be due to miscalculation although careful checking fa.iled 
to find any obvious lnTors. 
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Appe:a.dix rv Chayes Min.lln.ttm Variance COlD:put~at.1on 

The procedure for locating the minimum variance origin has 'been 
described in detail by Cbayes (1954) and three examples of the 
computation are included to indicate the routine. 

One feaoture of note appears to be that whereas Cbayes states 
that the min~um variance origin is represented by the maximum 
negative value of the variance indicator (Iv) we find in Salt Wash 
investigation that the max~um positive variance indicator (I ) 
yields the minimum. variance value. Presumably this may be coiinected 
with our different class l~its and negative scale. 



Ta.b1e 11-22a. Mintmum Variance Origin for Sample No. 6331-2. 
·N = 300 R = 180 

Lower Cum. Cum. Na/N ( ) / ( . ) ( Xa ··X 1) C1 Freq. fa (xa.:i1) Ka(lO) ass f?(F) S(~) (Xa) Ka 1-Ka R 2 1-Ka ~R/2(1~Ka) 
Limit F 

... 80 22 22 -1160 -80 .. 0 ~98'l9 . 0.07 0.93 83,,1 ... 15·2 1006~·-
-10 24 46 -3440 74~8 -93·1 0015 0085 76.5 -1102 2.580-
-60 8 54 -3920 72~6 -91.5 0.18 0.82 73.8 -11~1 30186-
"'50 15 69 -4670 61~7 -86.6 0023 0~77 6903 -11.3 30919-
... 40 13 82 -5190 6302 -8201 0.27 0.73 6507 -16.4 40 1,.28. .. 
-30 5 87 -5340 61~4 -80.3 0.29 0~71 63.9 -16.4 40756 ... 
=20 8 95 -5500 57~9 -16.8 0.32 0~68 61~2 -15.6 1"0992·· 
-10 4 99 -5540 55.9 -74.8 0.33 0.67 60,,3 .,1405 11-0185·" 
- 0 10 109 '""5540 50.8 -69.7 0.36 0~64 5106 -12.1 40 .356-
10 15 124 ""5390 1"3.5 -62.4 0.41 0~59 53.1 - 9.3 3.813- '-.J 
20 8 132 -5230 39;6 -58~5 0.44 0.56 50.4 - 8.1 30564-

.~) 

30 12 144 -4870 3308 -5207 0.48 0·52 46,,8 - 509 2.832~ 
40 16 160 -4230 26.4 -45,,3 0.53 0.47 42103 - 3.0 10590-
50 24 184 -3030 16.5 -35.4 0.61 0.39 3501 - 0.3 0.183-
60 21 211 -1410 6~7 -25.6 0010 0.30 27.0 + 104 O.980i-
70 30 241 +690 + 2.9 -16.0 0.80 0.20 1800 + 200 1.600+ 
80 32 273 +3250 11~9 - 100 0091 0.09 8.1 + 1.1 1.001+ 
90 27 300 +5680 18.9 0.00 1000 0.00 0.00 0.00 0.00 

Min~um variance origin· is max. negative value of I = K [(X -Xl) + 9O(1-K ~ = v a a .. a 
-4.992 (-30 to -20 class) 

Maximum variance origin. is ~. positive value of I = K fix -Xl) + 9O(1-K TI = v a a a 
+1.600 (60 to 70 class) 



Table 1I-22bo Minimum Variance Origin for Sample No. 6675. 

N = 300 R = 180 

Lower F Cum. Cum 0 Na/N ( ) /. ) (ia-i) C1 reqo Xa (Xa .. X1) Ka(lO) ass S(F) S(F) (Xa.) Ka. 1-K8 R 2(1-Ka .+R/2(1-.k~) 
Limit F 

-80 4 4 - 320 .. 80.0 -70,,8 OClOl 0099 89C11 t·18c3 0.183+ 
-70 11 15 -1090 -7207 .·63,,5 0.05 0095 8505 +22.0 1,,100+ 
~60 20 35 -2290 -65 .. 4 -56.2 0.12 0088 7902 +2300 2<>760+ 
.. 50 24 59 -3J~90 -59 .. 2 -5000 0.20 0.80 72~0 +2200 4 .. 4·00+ 
-40 18 77 -4210 -54.7 -45.5 0026 o. 71~ 6606 +2101 50 486t" 
... 30 37 114 -5320 -4607 -37·5 0.38 0 .. 62 5508 +.1.8 0 3 60454-t-
-20 28 142 -5380 -1,.1.4 -32.2 0.47 0053 47.7 +1505 70285+ 
-10 40 182 -6280 ",31, 05 -23.3 0.61 0039 35.1 +1108 7.198+ 
.. 0 20 202 -6280 -3101 .. 21.9 0.67 0033 2907 -t: 708 50226~. 
10 25 227 -6030 -26.6 -17.4 0.76 00 24 2106 ..... 4.2 30192+ g 
20 16 243 -5710 -23-5 -1403 0.81 0019 1701 or. 208 2.268+ 
30 13 256 -5320 -20.8 -1106 0.85 0015 1305 + 109 1061.5+ 
40 12 268 .. ·4840 -18.1 - 8 .. 9 0.89 0.11 9.9 ·t 100 0.890+ 
50 4 272 -4640 -1701 - 709 0.91 0.09 8.1 ;. 002 0.182+ 
60 15 287 -3746 -1300 - 3.8 0.96 0.04 306 .., 0.2 Oo192r~ 
70 7 294 -3250 -1101 - 109 0098 0.02 1.8 - 0.1 00098-80 5 299 -2850 - 9,,5 - 0.3 0.996 00004 0.4 + 0.1 0.010· 
90 1 300 -2760 - 9.2 0.00 1.00 0.00 0.00' . 0 .. 00 0.00 

Minimum variance origin is ma:~. negative value of I = K [(x -~) + 9O(1-K TI = . v a 8 a 
-0.279 (50 to 60 class) 

Maximum variance origin is roa:-:. positive value of I = ' K lix -Xl) + 9O(1-K)] = . v a a a 
+1.653 (-30' to -20 class) 



Table 1I-22co Minimum Variance Origin for Sample No. 6526. 

Lower Freq. Cum. Cum 0 • 

Class F S(F) S(F)(Xa) 
L~tl 

-80 
-70 
-60 
-50 
-40 
-30 
-20 
-10 
- 0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

l5 
20 
8 
8 

24 
16 
11 
23 
13 
33 
25 
8 

18 
19 
16 
9 

12 
22 

15 
35 
43 
51 
75 
91 

102 
125 
138 
171 
196 
204 
222 
241 
257 
266 
218 
300 

-1200 
-2600 
-3080 
-3480 
-4440 
-4920 
-5140 
-5370 
-5370 
"'5040 
.lt540 
-1,·300 
-35&> 
-2630 
-1670 
-1040 
- &> 
+1900 

N = 300 R = 180 

fa 

-80~o 
-74~3 
-71 0 6 
-68.2 
-5902 
-54~1 
-50~4 
-43~0 
-38.9 
-2905 
-23~2 
-21.1 
-16.1 
-10~9 
- ~6. 5 
- 3.9 
- 0~3 

603 

(Xa-X
l

) 

-86~3 
-8006 
-7709 
-7405 
-6505 
-6001~ 
~56~7 
-4903 
-45~2 
-35.8 
-29.5 
-27.4 
-22.4 
-17.2 
-12.8 
-1002 
- 6.6 

0.00 

Na/N 
Ka 

0~05 
0 0 12 
0.14 
0011 
0.25 
0.30 
0~34 
0:42 
o~46 
0~57 
0.65 
0.68 
0.14 
0080 
0~86 
0.89 
0093 
1.00 

(Xa-X]) 
(1-Ka) R/2(1-Ka)iR/2(1~Ka) 

0:95 
0~88 
0086 
o~83 
0015 
0~70 
0~66 
0:58 
0~54 
0.43 
0.35 
0.32 
0.26 
0.20 
0014 
0~11 
0.01 
0.00 

8505 
79·2 
77.4 
7407 
67~5 
6300 
59.4 
52~2 
48.6 
3807 
3105 
28.8 
23.4 
18.0 
12.6 

909 
6.3 
0000 

. \ 

-Oo&> 
-1040 
-0050 
+0.20 
+2.,00 
+2.60 
+2 .. 70 
+209 
+3oq· 
+209 
+2.0 
+l.q· 
+1.0 
+008 
-002 
-0.3 
-003 
0000 

Minimum variance origin is max. negative value of I = K reX -it.) + 9O(1-K )1 = v a ~ a --.1. a ~ 
-0.279 (10 to &> class) 

Maximum variance origin is max. positive value ~f I = K r{X -Xl) + 9O(1-K ~ = v a~ a a~ 
+10653 (0 to 10 class) 

Ka(lO) 

-0004 
-0 0 168 
-0 .. 07 
·.0.034 
+0 0 50 
+0,,78 
· .. ·0.918 
+1.218 
+1.564 
+10653 
+1 •. 300 
+00952 
+00740 
+0 0 61tO 
... 0 0 172 
-00267 
-0.279 
0.00 

fE 
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