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Abstraot 
. ~ ' . ~ ... :~ ~. ::". . . 

This report, subdivided into six parts, completes 
our investigations into the general petrographio background 
o~ ore-bearing sediments i~ the Salt =Wash member of ~he 
Morrison formation. 

The first part is an introd~otion · to th. problem 
snd . s discussion ~f the physioal and chemioa1 characteristios
tit the ore-bearing sediments. Three faotorsappear ' to be · .. 
important, the first tvo are physioal faotors and are essent·~ 
ia11y texturalcharacteriatics which define the sedimentary 

-"ore trapslt, the grain size distribution andthe -~ tabric ~ of- ' 
the sediments. In ore deposits -the sedilIlents are either 
bedded or slumped; i.e., the textural . arrangement ·is ·-- ei·ther; , ._. 
rapidly and regularly varying (lenses of different grain . . ~ 
sizes) in the bedded variety or rapidly varying and irr~gtila~ ' 
. (disturbed or slwnped texture) intbe · slUmped- sediments. -

: Intimately associated withtheaetextures thechemic~l cha~~- ~ 
. '_acte~istios of -the ore-contaJning sediments also appear "t .o ;· . -~ . 
,be ' typica1, a halo of changing oxidation-reduction · pote~t1al.\ · 

. ' ar'ound the ore. Reduction exceeds' oxidat'ion in and . near :~ th.e ' 
. - ·;·or·e ' and ' oxidation exceeds reduction outside · the', ore-bearing;":: :'-:.. .-" , 

. sediments. . . ~:,. :", - ;.: ;. ; :' . ~~ : .. . : 
.J .-. 

The remainder 'of the' report deals with ' diff'er~·nt.:- . ",-' 
. . attempts to establish these gradients. Part II 1s ·ooncerned -. _. 

with :the us~ of bulk density measurements to char.oterize : th~;' - " 
: or~-b~aring sediments. As bulk density is a runctio~ · ofboth . 
oomposi tion and texture ' it .is an obvious first choic.e but·· . 
unfertunately the variation in bulk density is assooi.ted with ~.' 

. ~ overa1l changes in lithology of the sediments, namely sand- ' . 
' stones and mUdstones and also ref'lectsvariation i~oarbonate 
·content. Neither or these factors is sufficiently sensitive 
-to use the bulk densi ty as a basis tor _ differentiating.-: ore- -
. bearing trom barren sediments·. The bulk density' ·variation -· 
is also investigated to · form do quanti tative -- b-asi:a .f'or ', samoling
the sediments but here, again, the stra.tif'i-eat1on . of'thesedi- · 
ments into units eithe~ on the basis ot litho1ogy or · oement-
ationfailed to increase the effi~i~ncy of th~ sampling pattern~ 
This d6tai1ed investigation seems to emphasi~e · the difficulties 
involved in setting up an efficient stratified ra.ndom sampling 
pattern in investigating sediments. So far, at least, we have 
been unable to find a simply determinedcommoJl factor upon .whioh · 
to baee a sampling program. 
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Part III describes an investigation·.: iI?-to ·the 
grain packing of the sediments and establishes that the 
packing in sediments near an ore-bearing sandstonazo~e 
(Zone 4, well 1550, Bull Canyon) is different from that 
in a barren sandstone (Zone 2, well I55e, Bull Canyon) • 

. This analysis serves to confirm the nature or the physical.·' 
attributes of the ore trap; the emphasis is on . textural 

' ~rrangement which is different in the ore-zon~fromthe 
barren zone sediments. 

Part IV' describes the results of dye testing 
the sediments both in the field and the laboratory~ ' This . 

. simple test appears to be an effective ' tool for use in :the 
' C correlation of . mudstone horizons. " The-. mudstones :are' diff

erent on the basis of these tests but definitio~ ofan~.ore 
zone by this means is difficult. 

Part V describes the re~ults accruing trom; a . · · 
field excursion over the Colorado Plateau and describes " _'. ~ ~ 
the implications of ' lithological description int;he.· .. field .•. :.: 
Perhaps ' the most obvious conclusion is that itis ~ dif£ieult' 

·touse lithological description to define and locate ' ore . : .:>v_: 

zones. Attribute description of the sediments ~y megascopi~ 
examlna tion.· is not. Bufricientlyprecise ... to : le-ad---to:-- more. ··: .. ~han :., ' 
very broad statements about favorability. ,,:· 

~ .'-

Part VI is concerned with semiquanti ta tlve ' spe'c~'~ :' 
rograpbic analysis of or~-bear1ngsediments andmudstori.s~:~: 
from the- well cores (Bull Canyon wells l55A, B,C).. A"yertJ ':,: 

" . .. wide variety of the "rarer" elements occurs in the' Salt> Wasn , 
- ~ sediments and, at least ~n a semiquantitativebaaiar th~ ~ 

barren sediments cannot be differentiated rrom _tbeore-bea~irig, 
. sediments on the basis of their "rarer'" elements. The con':'~',~: ,'- ', 
centration of these elements app~a.rs to be., somewha.t . hi,gher .. ~::i:;:- " 
than would be expected in average sedimentsand .~ suggests ,.·th~t,: . 
the sedimentary rocks on the Colorado : Plateau . are-;, unusual,lY" :: 
rich in "trace" elements. Similarly ,while the , g~nera1 , · lith~:" . 
ology of the sediments from the Permian tothe:,Cretaceou8 ' ls __ 
similar comprising arkosic quartzites to arkoses jn Qomposi- c,' 
tion and mudstone to conglomerate in texture the "ahemical" 
backgroundls uniformly high throughout toe entire range of . ' 

. sediments. In addition the incidence of volcani~detritus 
in the sediments is unusually high and , common throughout 
this same sequence. It seems likely, th~refore, that. these 
two features, the "rarer" elements and the volcanic detritus 

'arefassociated in origin. 
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Finally, it may be concluded that on the basis 
of a. very considerable background . of , pe:trographiC' information · 
on the Salt Wash sedifuents the differences between ore-bearirig 
and barren ~ediments are differences of degree not · kind. As a 
result, investigations which are not open to adequate statis
tical control and which cannotachievathe required : level of 
precision are not sui table tools for-:, sllccessful. exploration 
for ore bodies. It cannot beever-emphasized tha~ the , more we 
learn of these and other sedimentary rocls the more obvious it 

" becomes that quantitative analytical procedures under adequate 
-sta.tistical control are necessary to .the solutioneof most 
- ~roblems associated \-lith s.e~~mentary rocks. _~' , , ~ '_ 

'.' The problem' of locating ore · in t.h.e : Salt>Wash ' member 
reduces to the selection of' suitable ' criteriaL ro~> different- . 

" ::iating the ore-bearing. from barren sediments. These cri taria 
must be capable of being measured by -techniques which possess '_ 
a rea~onablyhigh degree of precision and the criteria ~ must be 
r -elatedt6 the char"acteri'stics which -areassociated." with' or·e :· · · . . 
in the sediments. For example, measurement of hUlk · density ' is: 

' a.' suitable approach except for the fact that it. does ~ not. seem <' 
: . to lead to a critical bulkdensiti rang~ vhichis assoc~ated .. 

: with~re. On the basis of our investigations thesecriteri'a: <:'- " '~ 
must be chosen toreflect_·the physical' tra.p and : chemical ," halo ':\ 
characteristics of the ore-bearing ~ sediment~.Two ; such ~et~, ' .. 
o~ . crt teria are represented · by the composition of the . sedi ... :, 
ments and. their texture respectively. P&trogr~phic analysi~ 
rtowin progress is aimed at evaluation of this approach , to' . ,' . 

. . the ' exploration for ore. . . .-. 

1. It 1s certainly clear that no singlecri terion ' is ' suff- " 
icient for this purpose. 

, " 
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Part I Introduetio~ 

Research under oontraot ' AT ·- (~O-l) - 1362, 
comprisea at present tvo stages) the tirststage ' is con- -. 
oluded with, the present report and represents an attempt 
to colleot enough badkground ' information on the uranium 
deposits in the Salt Wash Sediments -to envisaga the e~aet · 
nature ot the problem encompassed in exploration forth~ , 
ore. When tbe problem ie ,olearly detinedits solution", 
ie materially simplified. ' 

The second stage is in progress ' and , will ,be
largely oompleted by the end of this contract. year. _ This ',,' , 
etage ' oomprisea the measurement ot petrographio properti~s 
and their combination into a discriminant ind~x ~hich ; may 
be used to differentiate ore-bearing trombarrenSalt Wa~h ' -, 
Sediments. ' ' 

The items of the first _ stage ' de~crlbed c: in ', thi~, : :~ ' 
.-:, report -include the tinaldata on the bulk density of :'the,,<···:'i,::-" : 

~ : Salt Wash Sediments represented' by , thecoresfrom' B,ull; ,; \ " :, ", ' 
' -'~ '- Canyon Wells l55A, B :and Cand ,a , discussion ' or' the .: impll'~> ',;:, : ~ 

cations whioh follow ,from these' data. A further , description:" 
" "of ' the results ' of dye testing by means ofP-aminophenoI,: dye , 

together with the details ot procedure is also ~ included~ , -; ,', \~ 
This test is suitable tor use 'in .the field and yieldssupp~ 

' lementary data which may enable the mudstone s · ,to , be,', sub,'" , . , 
dividedJ it is, therefore, of potential .. va~ue .. as,; ,a:.: .. corre...; :' :. 
la,tion tool. ; , ';" , . 

A brief description ,of theffeld , excurs'io:ri~ ,·to,,:" 
various localities on the Plateau -'under,taken , by the senior ' , 
author is also included and the results ,of spectrographic:,,: '
analysis of a number of samples of Salt , Wash . S,ed'iments, are " , 
reoorded. Mr. Kahnts work on the packing~r grainsin' Salt , 
Wa~h sandstones fo~ms another section of thereport~ , 

. . . ' . ' . -

The main aim of ' ourresea~~hes to date has baeh 
to attempt to characterize thesetti'ng olthe GIoDe depositS', 
in the Salt Wash Sediments as a whole. The, results may be 
brietlY ,summarized in terms of the physical and chemical 
setting ot t~e ores. ' 

Physically the ore-containing sediments· occur -' 
aa textural traps; the dispositionol the ore and particul
arly the secondary ore is very intimately Telated to the 



.-10-

texture of the sediments. Green slumped mUdstone appears 
to be the ~ost obvious physical barrie~prevent1ng . dis
~ersal of the ore. Within the sandstone 'lenses bounded by 
this green slumped mudstone the' ore follows the bedding and 
very- minor changes in texture, such- as in grain size atid 
fabric, act aa delicate controls o~ the localdistributibn 
of the ore within the sandstone · len~. 

Where the ore follows the bedding concordantly 
the ore is called "bedded" or ·book" ore. In ~laces ore 
"rolls D develop and the . uroll" bundaries · againcoincide 

. with textural changes in theaediment. Sometimes tha ore 
is patchy and this type of disposition is given a variety 
of ' local name 5, rattlesnake ore, buckskin ore, .trashy· ore, ". 
etc. In this case the sediments are"generally disturbed . 
or slumped so violently that the original fabric of. the 
sand is destroyed and the different textures . are irregul·;,.. ', '.: 
arly arranged, resulting in irregula~ disposition oft~ • . _ 
ore. physically then, the disposi tionof the ore is · " ' . 
intimately rele.ted to the textur,al character of the s 'edi-,, ' '.' 
menta. In general, thick uniform sands a~eun:r.ayorable;: . ' 
sandstone lensed and interlayered with mUdstone and,'·,' slumped':' ~ .. '. 
depoai ta · are ,most favorable. .. . ..... 

Chemically . the enviroment ··ofthe . ore "is,' ch~r~::' :' :" ' __ ' :' /~, 
acterized by a "halo· with ~hanging ' ~hemic~lpotentia18 ~ . ~ . 
from the ore body outvards. '. Preser.vation and perhaps.' .'.~:- . ' ' . 
forma tion of the ore demands reducing conditions" and ;:". " , ~ " . . " 
generally evidence of oxidation increases away .- frpmthe'. ' .. 
ore. This is illustrated by the distribution o~ ~imonit8 ~ 
staining whichusunlly is . associated with ore · and includes 
everything from " limonitic" spots of varying color- inten-· . . , 

'sity to complete limonite staining of the sediments. Lim~ . 
oni tic coloration commences immediately around .. the ore . and; . 
gradually disappears away from . the ore body .' towards '. tha;" . 

. margins · of the. sandstone · lens containing the . ore . body.·- . 

The l~monitichalo is· a~co~panie~by , changes 
in the carbonate minerals; within the ore the carbonate ' 
is generally colored and contains a number of cations. 
As oxidation potential increases it .is reflected .in , the · 
"exsolution"of the coloring ions and the gradual change 
in the carbonate to pure calcite and dolomite. :Thecalci te 
and dolomite are generally precipitated near' the margiri~ 

' of th~ sandstone trap thus reinforcing . the physical trap 
with chemical precipitation. 

In our view, therefore, the ore i& .foundin 
traps where it has been preserved since for~ati~~; the 
entire trap of sandstone allows movement of ore over ' a 
limited volume of sediments and successivemovem~nts hav~ 
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" ,o re suI ted in ore concen"tration and the close- association 
between' ore and sediment texture. In placesYhe~e trap 
conditions are absent the diffuseor~ - ~lements vere never 
concentrated but were dispersed by!olritions which migrated 
wfthout hindrance. 

Exp16ration-for' ore, then, m~T- be repre~ented 
as a search for conditions favorable . to ore preservation, 

" and concentration. The next step ' is then to ,specify by , 
'quantitative petrographic analysis the ex~ct difference' 
between sediments containing ore and barren sediments. ' 
Th,is, the second stage of the ~nve.stigation,isin PTo~res~. 

',. : ~ .. : 

" , At the' 'commeA,cement of the prese'nt contract 
' year there have bee'h 'i,a :D:u.mber of personnel , change sr; Mr. 
~. Butta has taken the " place of Mr. D.: W. G~off~ who ha~ 

',' " transferred to a teaching position; ' Mr _ Huttareceived " 
. his B .S:. Degree in the Department of Mineralogy at ' the _,' ~ 
P'ennsy1 vania State TIni \Tersi ty in June, : 1954. , He 'has , sin':ce , 

, been engaged in studies' of 'dimensional orientation ' and:,::.-'~:-:: " : 
, " directional permeability in sandstones. ', ' He is : analyzing ~-~ 

a ~ few specimens from the Plateau to see if there is, a 
- relatirinshi~ between ' flowcharacter~~tics and sedimerit 

' : ': fabric in these ,sediments. 

Mr. R. C. Steinmetz has , ' rep:lnced Mr-. ;r. B. ' 
Kahn; ,Mr. Steinmetz received his ' B.A~ Degree from , the , 

' .Dep~rtment of , Geology at Prince-ton "Unfversity in June" 
1954. , He is at present familiarizing ,himselfwith, the ," 

;-',various techniques' in use in , :the sec~6nd :: n ,tage:, or the' " ' 
' investigation. -, - , 

-, 
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Part II Bulk Density of Samples From Wells l55A, 15~B, . 
and 155C, Bull Canyon 

i) Intro~u~ti6ri 

The results of bulk derisity measurement on 
samples from wells l55B and l55C have been discussed in 
previous reports (RME-3047, Part I; RME-3054, Part I; 
Griffiths et al., 1954, Part III). The measurement of 
the bulk density of 107 samples from well l55A completes 
this phase of the experimental program. The experimental 
procedure and design employed were the same as those used .' 
for samples from well 155B(Griffiths et al., 1954, pp. 
46-47). The mean bulk density of each sample and · a mega~ ' 
scopic description of its lithology are listed in . the 
appendix. ' . ' , . 

ii) Analysis of the Data , for SamolesFrom W~ll 155A 

The grouping of the samplesinto threa . categ~ 
eries (i.e., cemented samples, uncemented sandstones, and 
uncemented . siltstones and , mU'dstones) led to three : separate 
"experiments and, i~ turn; to three separate ' a~alyses~ The 
analyses of variance ,for· the three experiments · are - summar- ,: 
ized in Tables II-lt'o " II"3~ .. 

. : ..... 

.. .... 

, .:.T..;;;a;.;;b;.::l~e::....-:I:.I=---.::l.-=:;A==n::..:a=.:l:.· .... '{.::.s.::i-=s~· ~o;.::f:..-V:..a~r=-'.::.i..;;;a~n:.::c:.-:=:' e;-::f:..o;::,,:r:.-' .::.C-=e=m:.::e:..:n:..t::..:e::.d~.:S..;;;a=m:.:;p;.::· l~e::..:s=-' ~, ~-:--_'r::':·::. 
Source of uegrees of Sum of Mean 

-: ,: ~ "',. . ,,- .,-- . 

, ~ariation Freedom ' Square·s ' · Sguare'--" [1 
" .' . *** ..... 

Samples 25 ' 2.2J.9~95 0.08876'8.: , 241.22 ". , 

Operators 

. Samples x 
operators 

' Runs ('Within 
, ' all classes) 

Total 

2 

50 

78 

155 

Pooled error term 1?8 

. 0.001900 

0~019557 

, 0.027605 

2.268257 

0.047162 

Correction term = 958.535104 

0.000950 ' 

0.000391 ' 

0.000354 . 

0.000368 

' N~Sf 
. 2.58 

'c '" N~S' . 
"' 1.10 

3.07 " . 
" (2/i25) , " 

1.53 '- ,'. 
(50/70) 

1 ** indicates significance at the 0.01 proba~ilitylevel; *** indicates 
significance at the 0.001 le~el; N. S. - not significant at 0.05 level. 

"'; ': ' . 

2 Numbers in parentheses indicate degrees of freedom for greater and lesser 
mean squares used to determine F values at various probability levels. 

. r'.~ · - ··1·~: 

-"', ' ,;- ' 

. ! , 

"' .' . 

-. : ~,>-
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Table II-? Analysis of Variance for Uncemented Siltstones 
and Mudstones 

Source of 
Isriation 

Samples 

Operators 

Samples x 
. oJ>erators 

Runs« wi thin 
all classes) 

Total 

Degrees of Sum of 
Freedom Squares 

25 0,443208 

2 0.000359 

50 0.096497 

78 0.130198 

155 0.670262 · 

Pooled error term 1?8 0,226695 

Cor-rection term 928.083403 

Mean 
F .052 F,Ol Square 

.*** 
0.017728 10,01 

. N .5.' 
0.000180' < 1,00 

N.S. 
0.001930 1.16 1.53 

( 50/70) 

0,001669 

0.001771 , 

Table II-3 1na11sis of Variance for Uncemented Sandston~a 
. Source . of 
iariatlon 

Degrees of Sum of Mean 
Freedom Squares Square 

2.40 
(24/120' 

54 '· 3'.0.1 '·· . 
·.:·,,{24!40} . ... 

. .:. . ~ .'. "--~~' . , .. 
Operators 1 *** 

0.027418 ' 0.027418 118,69 i2~6'1 ' . . 
0·/40) : ', .. \ 

.Samples · x 
operators 

~ . ; ' ~ . 

Runs, '(wi thin 
'~. ' -' all 'classes) 

:. To'tal ·. 

54 

110 

219 

** 
0.012459 0.000231 2.20 

0.011523 

3.727598 

0,000105 

Correction term = 1,107.530706 

1.73 2.69 " 
(50/100) (24/60) ' 

1: *~ indicates significance at the 0.01 probability level; *** indicates ~~gn
ir~cance at the 0,001 level; N.S. = not significant at 0,05 level. 

2 . Numbers in parentheses indicate degrees of freedom for greater and .lesser 
mean squares used to determine F values at various probability 1evel~. 

. ' . .... 



Sampl e s ,.jere found to be si'gnificantly _differ,;. 
" ent at the 0 .001 probability level , in ,' all thr.ee ,experIments', 

just as they were in the three ,experiments on sam~l~s from 
-well155B, (Griffiths et al., 1954, pp~47-48).The sampl~s 
ti.mes operators interaction, or the in~consistency of operators 

- from sample to sanple, and the differences between o~erators 
' w~re both found to be non-significint at ' the ~ 0.051eveL in , 
' two of the three experiments. These findings are , in. accord ' ' 
, with previous exp~rience in the measurement of bulk density, 
which indicates that there is generally a high degree "of, 
reproducibility of determinations from operator~oope~ator '~ " '" 

Table II-3 shows that op~rators ' were slgnirica~tIY "" " 
different at "tUts 0.001 level and operator in,consis,tency was . 
significant at the 0.01 level in the third experiment. Comp-· 
utation of the components of ~arianc~ for this _experiment 
reveals , however, that the amount of variation'-introduced by ',: 

.- sample differences wa~ almost 69 times th~tintroducedby ~ 
.. differences due to operators. Operator variation ,was, ,- in ' 
, turn, almost 4 times that introduced -by operator ineonsis.t-

· -- ency. ' It should also be noted that the extremely low . amount, .· -;_ -, 
: of variation introduced bi replicate runs (mean ,s-quare for ~. ; " _'_, 

'" - _ r .'uns _= 0.000105) makes the test of operator inconsistency !, :'->, ~::. _ ~ -
- C'_ ."" - verysensi ti ve ; i.e., very small inconsistencies .can '-be,.-shovn_::,_"'-:: 

, to be : statistically signi£icant. - It -is ., possible : to ' sho\f;~ :,- bi:~', . , 
-._ means or the computation of the components' or , variance ~ , tha~: :: : .. , ,_ , 

, the variation introduced in another experiment (T-able ' II~-2)::'by -i: : 
'. statistically non-significant operator inconsistency is' _. - .' ." 

" _ g-reater (0 .000130 vs. 0.000063) than that introduoed - by; - , t_h'e:·'· -:: , ; : .~~) 
' .~ , statistically significant operator 'inconsistencY', in the·· - , .. '-: .~, 

; , 

- experiment in question. ' , '-;:-:"": 

iii) " Discus~ion ' 

_Relation of Variation in Bulk Density to Gross Litho
' logical changes 

As suggested previously ('Grif£iths ·,. et, ' a-l ·., . 1954,: ,-
, p. 46), variation in the bulk densi ty- ,'- of' samples,- from , the ' 
Bull Canyon wells is chiefly related, apparently, .. to _ vari~ , 
ation in a) amount of cement present and/or , b)grain . si'ze. 

' The finer-grained samples , generally contain , a very. high : -
'percerttage of constituents of relatively high density which 
are found in the coarser-grained samples only in -rock rrag~ 
ments and as matrix. The matrix is interstitial to tha quartz 

- _and feldspar grains, which comprise a large percentage of the 
: rock and have relatively low grain densities. The , coarser

grained rocks will also ' contain a relatively largEt" amount ot 
- pore space, especially if winnowing has been appreciable and 
little or no cement is pres~n~. , " 
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The primary stratigraphic zonation ofth& cores , 
from well l55Cfor the purpose of stratified random' sampling 
haebeen described in a previous report (RME-3047, pp.6,40). 
Thr~e attibutes, color, texture (grain size and sorting},and "
atructure (kind of bedding), were described megasoopically and , 
units found to be lithologioally similar, especially with ~egard : 
to grain size, were delineated as zones. Six zones ,were thus . 
estab1ished. Zones land 5 are essentially mUdstone zon~s while 
zones 2 and 4 consist primarily of sandstone. Zone 3 oontains 
thin, interlayered mudstones ,and sandstones which 'Were treated , 
sepa~ately as zones 3A and 3Brespectively. Furthermegascopic -
studies disolosed , that the same six zones are present in wells '" 
155! and l55B (RME-3070, p. 20). Zone thicknesses vary slightly " 
trom well to well. ' 

Samples from zones 1, 3,andS have higher bulk dens~ " 
", ' ities, in general, than do samples from zones 2 and 4, the sand- " 

stone zones. The fact that the sandstone zones ' are -generally ",.' 
more variable than the n:udstone zones also agrees with'· expec:t~ 
ations. The uppermost mUdstone , zone, zone 1, is morev,ariable':,~,: ' 
than e1 ther zone 3 or zone 5 in 'all three wells. , Weathering ' ' 

' ~rrects may 'Well be ~artly responsib~e f6r the r~lativelyhig~;:
variability in thi~ zone. The variability in zone 03 is $ur-~,' , , ~ 
prisingly low, there being little difference betweenthe '- lUud:-- :",: " 

, stone and sandstone layers. The thin sandstone layers are " ' ,.-
apparently very well cemented. The thicker and coarser-grained , >, 

~ sandstones of zones 2 and 4~ on the other hand~ apparently 
" contain little cement exoept near the upper and 'lower margins 
_6f - zone 4, the ore zone. An examination of Figure ! l- re~eals : 
that there are transition zones, in terms of bulk: density,. ' 
between the relatively light middle portion ot zone:. 4 and: t 'he:, " , 

' denser overlying and underlying zones. In theoase , ,ot well \ A" '" 
this upper transition zone , as shown in Figure 1, oocurs :in ' . ,': , 

, the lowermost portion of· zone 3 rather than in the uppermost. :' 
, portion of zone 4. The situation is reversed in the other ,:: ' 
tvo wells, indicating the difficulties that -may be involved , 
in determining consistent zone boundaries 6n the basi~ ! ot 
megascopic studies. 

It should be noted that the postulated.- physical and" " 
. chemic-al setting favorable to. the concentration . and preservat.ion., ' ; 
of secondary ores (see pp. 9 ~ 11) is based, in part, on . the 
belief that the transition zones described above are truly 
reflections of zones that are transitional in terms of theam,oU:nt 
or cement present. Such transition zones are not to be ~ fotind 
or~ at be~t, are very poorly represented, ~long the upper and 
lower margins of zone 2, a barren sandstone zone. A fe~ sample~ 
very ' low in bulk density indicate, in fact, that the uppermost ' 
pa~t of zone 2 is extremely poor in cement. 
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FIGt:RE 2.1 

BULK DENSITY OF SAMPLES FROMWELLS .:AjB,SC, BULL CANYON 
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It had been hoped that it would be . po~sible to 
detect a gradien~ in bulk density from well ~ whi~h is . the 
farthest from the ore deposit~ through well B, to vellA, 
which penetrates the ore. Rigorous statistical analysis 
of the data, zone by zone, bas shown, however, that the 
variability within the wells is so great . tha~ no real diff-

. erences between the wells can be detected. 

B. Use of the Results as a Grilda to Future Invest~gation 

The bulk density ofa . ~edimentary rock isa ' 
mass property and, as such, i~ a ·function offi~einter- ' 
dependent variables (Griffiths, 1952). If one desired to 
~tu~y the Bull Canyon well cores ~n terms of any oth~r . 
mass property, which would be a function of the same five 

·· variables (namely mineral composition, grain size, grain . 
•. " shape, orientation and , packing), it 'Would be very helpful~ 

to knoy not only hoy many samples should· be studied. but." ::' " _ 
also hoy the samples should be distributedovertheco~e~~ ' 
In other words, it 'tolould ' be helpful to know howto - sa.~ple · . ". 
the cores so that one could obtain the optimum amount .· of :' '. ' ..... . 
information with the leastexpendi tureof ·. time an:d ' effor·t o

; '. 

The following discussion is ' concerned'. wi th an attempt to '. 
solve this problem. . 

. .. . ' - -'-

Practicalconsideration~such as the amount ·: · 
of time and money a.vailable may automatically place an: . 

. upper limit on the nUmber of determinations - that . cari.·-be 
.- made, especially in cases requiring the · use ofelaborat~ 

measur\:;li!ent technique s. Some guide · to the proper distr.i
butiori of samples becomes increasingl7 important ih~ttch 
• case. Previous knowledge of the nature of thevariabi~ 
lity likely to be encountered i~ the . onlysueh ~ guide. : 

. . 

The comparison of population means, as es·tim- · 
ated from sets of samples, is the eventual ~im~ ' Such ' .. 
comparisons are meaningful only ' if those means are - knoyn 
with ft equal" precision; i.e., the standard. errorsassoc-
iated with their respective means must be comparable.. The 

' standard e!ror of a mean, Sx, 1s given by the formula ' 
S~ = S/~ where S is the standard deviation and N iethe 
number of values on which the mean is based. By squaring 
both sides of the equation and multiplying by N we obtain 
S~2N = 52, which shows that .S2, the variance, is directly 
proportional to the number of samples · required .if 8'X2 is 
to be constant. . 

.~ .. . ' 
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Suppose one vishedto estimate, with nequa1~ 
prec~sion, the means of two populations, one of which a 
preliminary experiment had show·n .· to , be extremely ' variable 
(large var!ance) and the other relatively homogeneous 
(small variance). The former would require the analysis 
ot a much larger number of samples than the latter. . 
Assuming that the v~riances will remain relatively canstant~ 
the proper sampling ratio will, in faot, be approximated 
by the ratio of the variances~ . 

It behooves the investigator, therefore, , to 
conduct a preliminary experiment on an easily and ' rapidl~ 
measured property. He may thus obtain some idea of the 
variability that .. lflay be expected in the meas,urement of 

· other parameters ' and conduct his sampling program accord
.Ingly. 

·:In ' the case in question the large number 'of ' 
bulk density determinations that have been made represents 

. ~ series of preliminary experiments of the type -mentioned. 
From the appearance of the cores and· 'on' the basis. ofpast ... ~ '" 
experience it seemed qui te likely that the sandst.one sam-':' 
pIes would . be much lower~ in general, ' and more variable, .' " 
in terms of bulk dens! ty; than would the mudstones · and .. ;' : .. ' 
ail tstone s. · Each core was therefore divided. 'into six': '" , " 
zones, or "populations", which were judged ' to be relativ~ly ::,:: 
homogenbl." us on the basis of a megascopic study of each. .. ' . .. . 
core's lithology. Although the .. thicknesses vary somewhat~ , 

· from 'well to well the same six' zones are present in ' al·I .... ,.· 
three wells. Such an arrangement enables the v~aria.bili ty:' ~ · . . ' 

· of each such zone to be evaluated .separately and thevari-.~ . 
ability within zones (veIl to · well variation) , to be comp- -: 
ared "lith that between zones; in other 'Words,. this . arrange~' , :.:. 
ment should produce a much more detailed picture orth~ . 
distribution of the variability throughout the~ three : ~ores : ~ ~ 
than' would be obtained from the 'study of each : ~ore . a~ . a , . . ~~ 
whole. 

stratified random sampling . wasusedas ,·the . 
basis for selecting samples from well 155C,the ' first . well .. 
to be studied; i.e., a set of random samples was taken fro~ .: 

' each of the six zones and each of these sets · was analyzed 
separately, each of the six resulting experiments yielding 
a separate measure of variability. This is to be contrasted ' 
with the one measure of overall variability that .would hav~ 
been . obtained if one large set of random samples. had been 
chosen from the core as a vholeand analyzed in one huge · 
experiment. . . 
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With ~ne exception of zones 1 and 4, samples 
were taken from ~pprozinately 30 per cent of the 3 n cores 
in each zone- (RME-3054, pp. 7, 10). The sampling ratio 
was somewhet lower in zone 1 because that zone consisted 
mainly of mUdstone and was judged to be relatively uniform. 
Zone 4 was judged to be the most variable and the sampling 
ratio was therefora increased. Having a precise estimate 
for zone 4 was especially desirable beceuse it is the zone 
containing the ore and, as such, the zone of main interest. 
Zone 5, another ~udstone zone, also appeared to be very 
homogeneous. The sampling ratio was not increased, however, 
because of the thinness of the zone. 

The results of the six experiments have been 
discussed in detail in previous reports (RME-3047, pp. 16-
19; RME-3054, pp.1l-21). For the present purpose it will 
suffice to note that samples were found to be significantly 
different at the 0.001 probability level in five of the six 
experiments. In the sixth, involving the samples from zone 
5, the variation due to differences between samples wa~ 
found to be greater than would be expected at the 0.05 
probability level but less than would be expected at the 
0.01 probability level. Evidently, then, the stratifi
cation of well l55C on the basis of megascopic studies 
failed to delineate zones which are homogeneous in t~rms 
of bulk density. 

In s~mpling wells 155B and IS5A, therefore, 
the basis of stratification vas modified. The six strati~ 
graphic zones were replaced by three lithologic classes 
(Griffiths et al., 1954, p.46.). Since the amount of 
cement present and/or the grain size were considered to 
be the most important factors in determining the bulk 
density of a sample (see part iii A) it was hoped that 
the division of each core into classes based on differ
ences in these variables might yield units homogeneous 
in terms of bulk density. The three classes chosen were 
1) cemented samples, 2) uncemented siltstones and mud
stones, and 3) uncemented sancstones. The class into 
which any sample was placed was still determined, however, 
by megascopic examination. The uncemented sandstone class 
was judged to be the most variable in both wells 155B and 
1SSA and tbe largest number of samples was therefore sel
ected frem that class ~n each case. 

A~alyses of variance for the three experiments 
involving samples from well 155B have been discussed pre
viously (Griffiths et al., 1954, pp. 47-49). The samples 
were found to be siGnificantly different at the 0.001 
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probability level in all three cases. The same , wasfoun~ 
to be true in the thre~ experiments ' involving; samples from 
well ISSA (see part ii). The second methodef stratif~c- _ 
ation also f3iled, therefore, to produce units homo~~neous 
in terms of bulk density. Theuncemented mUdstone and silt-' 
st6ne class proved to be far less variabietban the oth8r 
tvo classas in each case, even though ' none of the three , 
could be shown to be homogeneous. The relatively high vari~ 
ability o£ the cemented class may well be due to the fact 
that both fine-grained and coarse-gr~inedsamples w~re . 
included. The high variabili ty of the uncemented ' sandstone- ' -, 
class is undoubtedly a reflection of ~ar1ntions in m~trix 
60ntent and amount of cement present. Itis q~ite likel~ 
some of the "uncemented" sandstone samples may- · contain a. '
considerable amount of cement which ' can, not . be detec-ted - " 
~egascopically. If such · is the " case~ only the most~ thor~~~; 
oughly cem~nted sandstones would be placedinthe . cement~~ 
~ample class and the "uhcemented" sandston~ class~ would '. _. 
inc1ude specimens having a large range - in~emen~ ~c~~~~rit~~~ ~, 

The two method~ - of : stratificat~~nused ~thu; -i~f. ~f : ~ 
have produced zones or uni tsso , v~riablev{ithin - each ,:1-1e11, ' ,-
that it has been impossible to detect any statistic~~l:y - -
significant variation __ from wel1 to. ,well, l-Jith-in a. giverJ.~ ' - ~ , ;, :- ~:~"< 
zone~ to say _ nothing of a gradient from -weIIlE5C, th~~righ _ : . -' 
well lS5B, to 'veIl 155A. The - total distance bet'-ieeri - - -1-'-eIl'$.~<-;-- ; · : _ ~ ~~
ISSA and 155C is only 100 feet, . however, and any gradie:r.ifs ~' .': /'- -' ~ 
which are preserit a~e undoubtedly so sl~ght that ' itwoUldh ~: ,_S 
be virtually impossible to detect the~ over such a , smaIT " '. < 
distance. An analogous 31 tua tionwas- encountered.: -when 'J;Ji~_ : :~: ,' 
wells were compared, zune by zone, on -the -basis of- mega_-, -\:'_- ~ 
scopic studies of eclor-, texture (grain - size ' and:. __ sorting}, -,.. : ~:, 
and structure (RME-3070, p.32). ' No consistent . g~adient~ 
were found in zones 2, 3, and 5 - and . not ._all __ _ at.trihutes " "')<~~ <;:_ 
studied showed a gradient in the other two zon,e_s~ . :In ad<t# -:-: -:;";·, 
i tion, some of the gradients that· were ,d'etec:ted r'Were':-_ v -erY'i- :">" -
slight and/or based on classes . whichincluded : only~m~11 .· 
perceritages of the c6res examined. . . 

If the 'Hells were spaced fa.rther apart -a.ndior · -" 
additional cores were available, however~ any gradient . · 
which might be presentwQuld stand ~ -muc~better chanoe 
of being detected. The basis for this statement ~ies iri 
the fa c t t hat, in any 0 n e zo n e, the 'Wel:l tow e 11 va ria t i 0 n - , _ 
would be increased as the upper and lowe~ ext~~mes of tbe 
gradient became represented by samples from the more dist~ 
ant wells. The variation in this zon~ within ' any., one "Well, 
on the ot her hand, 1.-10ul d probably remajrl reIn t lvp,ly con· , ~ 

_ stant. In addition, i~ th~ analysis or vuriance,the 
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degrees of freedom for -1J(jth variation he,t1'1een wells -· and -: 
v~riation within wells would ' be incre~~ed. The ·variance 
'ratio (ratio of var~ ~tion between .vells tn variation within 

· wells) required for the detection of dirfe~ences bet~een 
· wells would not be as large under these conditions. 

Unfortunately, such samples are not available. 
A realistic and practical approach to the problem at hand 
must be based on the realization that the two ' methods o~ . 
straiification employed thus far have b~en very ineffi~i~nt. 
Th~ wells must be rezoned ona different basis andth$ : l~r~e 
number of bulk density determinations that were made -for .the 
purpose of obtaining a quantitative me~~ureo£ the variability ' 
of ,each zone also provideS the logicalbasis ' forrez6ning th~ . 
cores. An examination of Figure 1, iri whidh the mean bulk 

. ~ensityof each sample has been plotted against its depth, 
shows that there are distinct"blocks~ of valu~s~ithin - many . " 

' of the zones. Evidently, then, breaking up the present zones,' 
into . small~r zones, or sub-zones,on the · b~si~ of thes~ . 

. "blocks", will yield several smaller, ' more . homogeneous uni ts. " 
The next ~tep will be to eompute the v~riance of eaoh of . . 

· these new zones on the basis of the mean bulk densities: or ': ' 
·· · the. samples in each. The ratios of the 'reaul ting- varianc ,es~ ': 

: 'could be used directly to deter::ninetlie " sampling ' distribtitto,n .. :_' .' : "': 
for future studies if the . zones 1-lere of ' equal thiokness,'. , ". _ ... ~ . "

. : . ~: Since the zones are not of equal thick~ess, - ho~ever, . a weigh~ 
' .- ". ' tfng factor must be used. Weighting. the variances is . accomp- : 

: .<.'. 11 she d by . mul tip ly i n g the v ar i an c e of e a c h zone ' by . the z 0 rie • 's : ' -
-, thickness. The ratios of these products-can then be used , ~q : 
. set up future sampling programs •.. 

The rezoning of the wells~ and the ' following comp~ ~ ' 
utations are now in progress. As s60n as they are . completed~ 
tpe v.ells will be sampled for ' ruther studieson . the ·basis , ·of 
the variance x thickness ratios. . The ' first . such s.tudy will 
beooncerned with the measu~emen~ 6r carbonate 'c6ntent and 
th~ results of these experiments will be used to tes~ · th~ 

· efficiency of the sampling plan. 
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Appendix 

Table 1I-4 

Lithologies and Bulk Densities of Samples From ,VeIl l55A, Bull Canyon 

strati-
graEhic ~. Qore Depth ' 

~ Number in Feet 

1 3 10.50-10.75 

1 11 16.00-16.25 

1 24 19.75-20.00 

1 31 21.50-21.75· 

" 1 34 22.25-22.50 

1 35 22.50-22.75 

~J < . 41 24.00-24.25 

' 1 __ _ 44 24.75-25.00 

,1 47 ~ 5 • 50-25.75 

1 54 27.25-27.50 

1 56 27.75-28.00 

1 64 29.75-30'.00 

Mean Bulk , 
Density 

Lithology in gm/em3 

Red, massive-disturbed" 2.463 ' c 

mudstone 

Remarks ', ' ', ,; 

(': . 

Brown-white, fine · sand
stone, with inclined 
blaek laminae 

2.1'62 ' - Oemented' : __ 

Red-green, massive-dis
turbed, mUdstone 

Red-green, massive, 
mudstone 

Red, disturbed, mudstone, 
with green speoks 

R~d-green, borizonta1~ 
mUdstone 

Green, inclined, fine 
sandstone, with ~la,. 
pebbles -

Red-green, disturbed, 
olayey tine sandston~ 

2.382 -

2.320 : 

2.527 ' 

2.398 

2.581 

2.409-

Red, horizontal-massive,-,- ',2.413 
mUdstone 

Red-white-green, disturbed, 2.456 -
claye,. fine sandstone ' 

Red, disturbed, sand,. mud- 2.418 
stone, with ·clouds" of 
white and green fin~ sand-
stone 

Red-green, massive, mud- 2~406 
stone 

,Friabla; -, " 

Oemented 

' ,' , 
:" . 

~ ",' : 



- strati-
graphic 3" Core 
Zone Number 

1 69 

1 79 

1 82 

1 85 

1 89 

I . 93 

1 100 

1 102 

108 

112 

116 

117 

1 1'19 

Contact 122 

2 124 

Depth 
in Feet . 

32.75-33.00 

35.25-35.50 

-24--: 

Vhf t e-gree n , .~ di sturbed, 
fine sandstone ' '''" 

. Mean Bulk 
' .. Density 

ingm!cm3 

36.00-36.25, White-g:ray,masSive'- .. 
.silty fine :~.sa..ndstone<> 

36.75-37.00 . . Red, ·. massiYe', .; Inudst~ne · 

37.75-38 .00 ' Red,mass~ive, mudstone', 

38.75-39~00 · Re,d, massive. ~ 

40.50 ... 40.75 Green, disturbed, silty 
fine .. sandstone, with.:,: 

. inclined c1ay,:. s~re~ks · 

41.25-41.50 

42.75-43~OO Red-green, 
stone " 

:2.461 

43.75-44.00 
... ~ -~ 

'Red-green; : di~turb9d:; .' :: . 
mudstone >f~lump<b:x.'e c;c.:L.a} : .:' . . > 2.483 ' 

45.50-45.75, 

45.75-46.00 " 

46 .25-46;..50 

. Red~green~ · disturb~d,· . 
mUdstone 

G'~ e en, . ·· ··salldy "si Its t'o'~e;}\r :.," .' 
.' withinelined ., .~7.ft "s:tr~~~~~··<':;2.~.8 9, 

· lted-vhite~g~e~n" . ma.ssive':',,'··:
disturbed, ;" siTti :', fin~ : . . .. 
sandstone 

47 .OO-47~25White-,greeIl, disturh~d- :, 2.5T6:, 

4 .7.50-47.75 

massive, - silty .f .ine .<sand ... :, 
stone; 10lith b1Clck'.:'-specks .. ; . 

Red-white-black,mas~iva, 
medi um-fiI.1~8ancfstone, . 
\lith r~d · spots. ' 

2.066 

Remarks 

Cemented 

Friable;;; ' 
!~ " 

0. \..-.:. .. - . 

<" ' , • . . ~ 
, ...... , :--:, 

Compact 



strati-
,graEhic 3" Core DeEth 

~ Number in Feet 

2 130 49.00-49.25 

2 133 55.00-55.25 

2 135 55.50-55.75 

2 136 55.75-56.00 

-2 56.50-56.75 

2 144 57.75-58.00 

2 151 59.50-59.75 

2 152 59.75-60.00 

.2 154 60.25-60.50-

2 158 61.25-61.50 
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Mean Bulk 
Density 

Lithology in gm/cm3 Remarks 

As for 3" 'core number- 124 2.066 Compact . 

Red-whi te, massi ve-dis- 2.308-,' Compact, 
turbed, medium-fine sand-
stone, withred 'mudstone 
streaks and pat~bes and 
red spots . - - -

Red~vhite, .horizonta1i 
medium-fine sandstone, 
vith gray-black laminae 

White-gray, horizon~a1-
massive, medium-fine 
sandstone 

Red-white, massive, med
ium sandstone, with ' red 
spots and brown and green 
clay pebbles ' 

2.517 

Red-vhl te, _ massive-distur- ,: 2.231. 
bed, silty medium-fine 
sandstone, with brown . claY" " 
pebbles and green ~el~uds· 

Red-white-black, ' massive, .2.0aa 
medium sandstone, . with red ,: 
spots 

' :" , 
- , 

, , 

Compa~t -
: ' .... , .... ' . 

-: • • '~ ' -<. •••• ~f .• ~ . 

Compact 

". _. ' 

Compact · : 

-Red-white , _ massive, coarse';' 2~i4,8 ' 
medium sand.stone, with 
limonite, spots . 

Vhi te, 'inclined, · 'eoa.rse~ · · - . 2- ~246· 
medium sandstone. :w±t.h 'C'c " 
limonite spots and red ' and -
green mUdstone layers 

White, massive, coarse-med-2~_249 · 
ium sandstone, with limonite 
spots and black specks 

,-- -

. Friable~ ·:~~ 'c , .:-

Friable 

.-~ .' 
" - ." 
-.'" 



Strati
graphic 
Zone 

2 

2 

2 

' 2 

3A 

SA 

3& 

3" Core Depth 
Number in Feet 

162 62.25-62.50 

169 

174 

177 

186 

189 

195 

203 

208 

212 

215 

225 

64.00-64.25 

65.25-65.50 

66.00-66.25 

68.25-68.50 

69.00-69.25 

66.00-66.25 

68.00-68.25 

69.25-69.50 

70.00-70.25 

71.00-71.25 

73.50-73.75 
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Lithology 

Mean Bulk 
Density 

, in gmfcm3 . Remarks 

White, massive, coarse
medium sandstone, with 
limonite spots, g~een 
and black specks, and 
green clay pebbles 

2.166 Friabla 

White-black, massive, 2.188 ' Fri~bl~ 
coarse-medium sandstone" " 
with limonite spots ~ and , 
green clay pebbles 

White, massive, medium ' 2.328 ' Oemented 
sandstone, with limonite 
spots 

White, massive~ coarse
medium sandstone, with 
limonite spots 

As for 3" core .number 177 
. " . 

2.t75 
. . ,) . 

Friable ,' 

As for 3" core number 177 , --2.146 ' .' Friable ' 

White, inc1ined-massive,2.472 ~ 
coarse-medium sandstone, 
with limonite spots 

Red-white-green" inclined":"· 2.521. ' 
disturbed, fine sandstone, 
with red mUdstone lensea 

White-gr~en,inclined- 2;570' 
disturbed, fine , sand,stone , '" 
with green mUdstone lenses : 

Red-green, ' horizontal~ 
disturbed, mUdstone 

Red-green, disturbed, 
mUdstone 

Red, massive-disturbed, 
mudstone 

" 2.532 

2 .484, 

, 2 .468 

, - , 

. -.' 

' Oemented :~ : 

. ' .'-.. 

" 

,O,emented-

-Friable:' 

Friable 



strati
graphic 
Zone 

SB 

3A 

. SA 

. 3A 

3A 

SA 

' . 

3A 

S! 

3B 

SB 

SB 

SB 

3& 

3" Core Depth 
Number in Feet 

242 77.25-77~50 

266 83.00-83.25 

268 83.75-84.00 

269 85.00-85.25 

271 85.50-85.75 
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Mean Bulk 
Densi ty . 

Lithology in gm/cm3 Remarks 

Green, disturbed, silt,. ' 2.548 ' Oemented · 
fine sandstone, with 
brown streaks · 

Red, di9turbed, mUdstone . 2.492 Oemented 

Red, disturbed, . mUdstone · 2.455 :Friable ' . 

Red-green, disturbed- 2.484 Cemented 
massi~e, mUdstone 

Green, disturbed, ~ilt,. 
mUdstone 

2.444 

273 86.00-86.25 Green, disturbed, . silt,. . 
mUdstone 

2.471 . 
.< 

277 

279 

280 

287 

289 

292 

296 

299 

301 

87.00-87.25 Green, disturbed,s!l t,. . 
mUdstone 

87.50-87.75 Green, massive, s1.lty 
·mudstone 

87.75-88.00 Green, massive. silt,. · 
mudstone 

89.50-89.75 Green, massive, silty · 

90.00-90.25 

90.75-91.00 

91.75-92.00 

92 • 50- 92 .75 

93.00-93.25 

mUdstone . 

Green, massi~e, silty 
fine sandstone ' 

Green~ massive, silty" 
fine sandstone . 

White-green, massive, 
silty fine sandstone 

Purple-green, disturbed
massive, silty fine sand
stone 

Green, disturbed, ~ilt7 
mUdstone 

.. . . 

. 2.474 

2.486 . . ~ompao.t: " .: 

Oompact ' 

2.44~ 

2.439 

2.442 :, ": . 0 '· 

2.433 Oompaot 

2.417 Friable 



Strati-
graEhic 3 rt Core 
~ Number 

3B 303 

3B 306 

SB 307 

3A 309 

3B 313 

3B 315 

DeEth ' 
in Feet 

93.50-93.75 

94.25-94.50 

94.50-94~75 

95.00-95.25 

> ' 

" , " 

-28:'" 

Li tho1ogi ,",' 

Green, massive'~ "silty ' 
fine sandstone 

Green, massive, silty ' 
fine sandstone , " 

Green, massive~ ~ si1ty 
fine sandstone " 

Green, ' inclined, mud- ., 
stone, with yellow
brownand ' green ' laminae 
and green elaypebb,les 

96.00~96.25 'Greeti, inclined, fine 
sandstotie, with green 
clay pebbles 

Mean Bulk ' 
Density 

, in gm!cm3 ' Remark~ 

2.351 Oemented ' : ~ 

,2.416 Compact , 

2.350 Oompact 

2.324 Oompact 

Compa,ct :" " 

As for 3" core number 313 ' , 2.251 . Compact : 

3B 316..;.317 96.75-97.25 , As ,for ' 31t core number 31S '· .' 2" .270 ~~" .. Oo'mpact;' 

4 

4 

4 

4 

4 

4 

4 · 

4 

4 

4 

320 

321-322 

324 

326 

327 

328 

331 

335 

331 

344 

97~75-98.00 White-green, massive, , ' 
medium-firie sandstone,. , 
with limonite spots an~ 
green c1ay ,pebb1'es" ". ", ' ._ 

.. . .. 

2.150 " 
" 

~. ' . 
98.00-98.50 As for 3· co~enumber 320", ,2.:.103," , ' , ' 

98.75-99.00 As for 38 core number 320 ' 2.173 

99.25-99.50 Green, massive-disturbed, 2~248 ' 
, silty fine B~ndstone,~ith , 

cltiY' pebbles 

99.75-100.00 As for . 3" ,"core number 326 

100.50-100.75" Whi te-green,inc2ined~," , 
medium sandstone, with ·. , 
limonite spots ·and ' green ·; 
ant.:. black laminae ' ' 

101.50-101.75 As for 3" core number 33l. ' 

102.00-102.25 As for 3" core number 331 

103 '.75-104.00 White-green, massive, 
medium sandstone, ' vith lim-
onite spots and black specks 

2.260 

2. ,123 , ' 

2.140 

2.122 

2.097 

, :, >~>:0 

compa~\~.[1 

' Compac:f:f];t 

: . " 

co~p~ht}if2~ 

.. ~{ '-: ... ~;'( :J 

c omp act ~k :~~ 

Compaot "'.,,, " 

Compact ;. 
/' 1 



strati.-; 
graphic 
Zone 

4 

4 

4 

4 

,4 

4 

4 

3" Core 
Number 

347 

351 

356 

359 

363 

364 

365 

366 

367 

369 

372 

377 
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Depth 
in Feet Lithology '--:. 

- .~ .. : ... . ~. . 

Mean ' Bulk 
Density 
in gmZcm3 Remark~ 

104.50-104.75 White-green, massive" 
medium, sandstone" with 
limonite spots 

105.50-105.75 White-green, ~assive, 
mediUlllsandstone"vith 
limonite spots, green, 
clay pebbles" and,-black!"' ''' 
specks " , 

.;. -

106.75-107.00 As for, 3- core number 351 

107.50-107.75 White-green, inclined, 
medium sandst,one, with 
limoni teapots and .. greez1- , 

108.50.;.108.75 

clay pebbles " 

Vhite~green,indlined. 
medium sandstone, with 
green laminae and zoned .' 
green clay ' pebbles 

2.112 

2.148 ' 

2.218 

108.75-109.00 As for 3n core number 363 2.158 

109.25-109.50 As for 3" ' core number 363 2.201 

109.50-109.75 As for 3ft . core number ,363 2.191 

110.00-110.25 White-gre~n, inclined, 
medium sandstone, .with ., 
limonite spots, green 
laminae, and ' green ., clay .. ,' 
pebbles 

115.25-115.50 White-gre~n, inclined, 
medium sandstone, 'With 
limonite spots 

2.169 

Compact 

Compact 

Compact: 

(1omp.aet , 

" , " ~ ; " .";: 

' , ' 

' . 

Compact, , 

~ Co~pact ', 

. Coml?a"c~ 

, Compa:'~t .. 

Compact 
-.' --.': 

• Compact.,,' . 

116.50-116.75 White-green, massive, 
medium sand,stone, .,'wi th 
limonite spots and ~lack 
specks 

2.156 ., ' Qampaet 

- :::: ~ -'~ , . 

. " \ . 



strati
graphie 
~ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

3" Core 
Number 

378 

380 

384 

388 

394 

397 

398 

399 

403 

404 

406 
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Depth 
in Feet Lithology 

Mean Bulk 
Density 
in gmlem3 

116.75 ... 117.00 White-green, inelined~ 
medium-fine sandstone, 
with limonite spots 

117.25-117.50 White, medium sandstone, 
' with limonite spots, . 
inclined green laminae, . 
and zoned green clay 
pebbles ' 

118.25-118.50 ' White-greenima.sive, 
mediUDl sandstone, with ,.' 
limonite spots 

119.25-119.50 As for 3 8 core number . 384 ' 

120.75-121.00 . White-green, inc1ined
massive, medium sandstone, 
with 1imoni~e spots ' 

121.50-121.75 White-gre~ri, fne11ned, 
medium sandstone, with . 
limonite spots ana gre~n . 
clay pebbles 

121.75-122.00 White-green; inclined, 
mediumsandstone,vith 
green clay pebbles 

- , 

122.00-122.25White-gr~en, ma~sive~ 
medium s'andstone, with 
limonite spots 

123.00-123.25 Vhite~green~ hQrizontal- . 
. massive, medium.. sandstone, ' 
with limonite spots an~ 
green clay pebbles 

123.25-123.50 Green, inclined-massive, 
silty mUdstone 

123.75-124.00 Green, in~lined-massive, 
silty mUdstone 

2.176 Cemented 

. ~ 

2.270 

. - -' .... -~ .: "-

2.218 ' Oompac,t .-

... . ~ .' :~ 

. 2~243 · · ," o.·o~?a~-~ · ~:;:r- ' 
.'. . , -

2.303;; CompB:ci~~ : 
') , . ," , 

2.540 :'" . ' ,. C cm~'ri~ed';/~~ 

.2.359 ' 

, " ~~. :'~* .. ~~~~ .. ~ 
.. / •• :~ ~:~.~ 

. . '~ . :. .-' .. .,' ;. :/ ' 

._ . '. :: -:' <i_~i~{ 

a ~1Il;' Ii t~~tt;;~ 
". ·>:: :·~-~~~2 

- . . :":-': ~' ~::>, 

~ .• 449·:~ '. '.' - : o~~~-:ri·ted ::-"ii~ 

, : 

2.462 ' ·Friabl.e 

.2.568 
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strati- M e.~~_ll1l) ~ 
gaphie 3" Core Deptg De~ ~-~ ~ 3 
~ Num be r in Feet. Li tho1ogy, in m S.~ Rem aT.'ks 

5 407 124. 00 -_,24.25 Green, massive, silty 2 .512 Fr iable 
mudstone 

5 409 124.50~124 . '7 5 Green, massive, s i l t y 2 0 5 8 ;3 Cemen ted 
mUds t one 

5 411 125. 00- 1 2 5 . 25 Green , massive, mudstone 2.5f)3 Cemented 
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Part III Packing Proximity and Packing Densi tyin ', 
Sandstones from the Salt ~ Wash ' Member ' 6f 
the Morrison Formation ... , .. 

i) Introduction 

A procedure for the . measurement of . paoking 
in sandstones has been described · and its etreotiveness - ; 
in estimating the packing ot various ~oak typesevaluated .~ . · 
(Kahn, J. S., 1954). As a practi~al and rigorous test ot 
the utility of this technique, it was .applied to theme~~- ' 
urement or packing in some sandstones. trom the Salt :Wash . ;: : 
member ot the Morrison formation :from the " Colorado ·: · P1atea:u'~ ':~.,; · 

The objective he~e,' : :·~ast,·oco.p.are . the:::· pa~~ingi ':; ' __ 
characteristics of two zonesi·n'· the " Salt Wash 8and8tone ~ or· · · ~ 
the Bull Canyon' are&. in 'We~ternC. olo'rado. The ' sampl'-es~ ' were:--:··':' 
taken from the cores of Well 155 C., '· Bull -Canyon . and· .. detaila-:;{: 
ot the zonation and petrographic.:<.propert1es .o£', the- .sand~: . < ~: ~ :~:r 
stones may be obtained trom variou'-s progress , report8 i,, ·on.~ :t-be~; , :.:~;; 

' - petrographical analysis of the Salt -·Wash- sediment8,': <' (A.B~C:' i>"~){ 
project, Contract No. ' At- (30-1) -1362 ,under the~· d1rectiolL< .'::·~ ~1~ 

_ of J. C. Grifti ths; see progress · reportsl .RME-3023:·; .. RME~304,1:'J 
RME-3054; RME-3070). . - ".' - =: :'_:: -" . -

.~~ . ~ - -., ' : ': : .... : 

This veIl penetrated 135 feet ' of 'Sa-It - Wash:· sed1.-,: 
ments and cores. from 10 to 135 teet were supplied c by.; - -_ the· : ,-,,::, ' :.<·~ : " 
'Atomic Energy Commission as part of -the proj ect; investig~· ~: : . 

- ation. On the basis of . lithologic properties (Grirfi,ths-, · ... . ·. 
'. et aI, 1953a, RME-3047), the well cores were·-. subdivided - ' ~ ' 
into five zones: Zones 1, 3aand 6 are mudstonesand.· &s :_ . 

" such were not considered in this investigation •. < _ Zone8,~ _.2",< ; ;-: '.::.<: 
, 3b and 4 are sandstones and samples were _taken from . . these:: - :'. : 

_ zones for analysis of their packing ehar_act~istics. >:. On.i, - , 

the basis ot the r. - ray log accompanying the" well . cores,' . .. ". _ 
zones 1, 2, 3, and 5 are considered harrenzones ·. ·.·. · Zone ·4,; . ~. ', :: 
although indicating a larger "kicka on the log, thaneither-;
of the other zones, has only been considered ~ potentia1 
ore zone. However, 100 feet away (Bull Canyon, Well 155 A) ' 
zone 4 is a confirmed ore bearing zone with zones 1~ 2, 3, 
and 5 still remaining barren. The comparison ot zone .2 
with zone 4, in Well 0, becomes essentially a comparison 
of a . definitely barren with a potentially ore bearing -zo~e. 
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ii) Selection of Samples . 

Bulk density determinations · on the samples 
'. from Well 155 C formed the basis of the sampling plan for 
· : the analysis of packing (Griff! ths, et aI, 1953 b). There 

vere tvo thin sandstones in zone 1 and two samples from 
these were included ~n the analysis; similarly, two samples 
were selected to represent the thin sandstones . in zone 3b 
of Well 155 C. The major portion of the samples vere sel
ected from zones 2 and 4, these zones being th~ thickest 
(zone 2 = 25 feet, zone 4 = 35 feet) arid the most import
ant. Six samples were chosen from~one 2 and twenty-two 
from zone 4. Each sample selected, possessed . an accomp- ' 
anying thin section.. Four traverses of 100 grains each 
were studied from every thin section, resulting in a total 
of 128 traverses for 32 samples. 

" .. " , - ... , .... , " - , 

iii) Experimental Design 
. ~ ~ .. ' > .:: .~ 

. -
The sampling program outlined above, gives-

rise to a completely randomized design. In this· case, 
. however, information concern~ng the v~riabi1ity to be 

' expe~ted was available (Griffiths, : et aI, 1953b, RME-3054) -
. and equal sampling of the units, the- basis of' the experi~ ·· 
. m~nt in Part II, (Kahn~ 1954, OPe · cit.) would o~vious1y 
. b'e inefficient and defeat the purpose of this experiment. 
Henc~' , in this part of the work sampling approxim.tely 
proportional to the variability wa~ attempted o This test 

'. program led to unequal numbers of samples within units·. 
(i.e., zones) and necessitated a : change in the ; nomput-.·, -- ' " 

' atio" or . th~ sums of squares for "the analysis of varianc~~ ~ 
Th1! lhange ?ncerns the computation of the sums of squar~s 
between means of zones '(Snedecor, 1946, p. 232). . 

The total variation ' in packing is separated 
into a group of comparisons~ variation due to differences 
among zone means is compared - with variation arising .from 
samples w~thin z6nes and variation due to differences among 
slide or sample means is compared with variation arising 
from differences among traverses (within slides), this 
last effect representing the er~or f6r the entire~xperi
mente To detect differences among zones, the .immediate .. 
problem, the variation among zones should significantly 
e~ceed the variation among slides. The ~athematicalmodel 
for this experiment is presented in Table 3.1, in the form 

- . 

-. ~ . . .~" 



Tabl~ 3.1 Mathematical .odel for analysis of varianQe for a 
completely randomized design for Salt Wash sediments. 

Source of 
Varjation 

Zones 

Samples within 
Zones 

Traverses within 
samples and zones 

Total 

Degrees of 
Fr e om 

8 

28 

96 

127 

Il • l2a 

24 
(Ex) 2/24 

1 

. Total SS all others 

128 . 
Total S5 • ~ x 2 

1 
C.T. 

88 
(Ex)2/S8 - C.T. 

1 

Mean Components of 

SSz/3 S2 
e + 45 2 

s + 3282 
z 

88 8/28 2 48
2 

Se + s 

S8t/96 82 
e 

I 
, tal 

.~ 

. I 
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Table 3.2 ' Summaryof' Packing Proximity Data for 
32 Slides of the Salt Wash Formation 

Zone 1 Zone 2 Zone 3b 

Slide IIA 
Traver s e 1 .30 

~ .2'2 
3 .15 
1+ .25 
'X .~ 3 1 
s? .00:-i7 

Zone ~ .. 
Zone s2 ' a 

Slide 1/.295 
Traverse 1 .29 

, 2 .~6 
3 .25 
4 .10 
x .2250 
52 .0072 

Slide i369 
Trayerse 1 .41 

2 .31 
3 .31 
4 .40 
x .3575 
a2, .0030 

1i10 11. 149 llSO 11.157 l160 {f169 (t200 
.33 .19 . 2 5 .24 .28 .29 .28 
.34 .23 .34 .13 .30 .35 .30 
.43 ~17 .29 .22 .19 , .25 .26 
.38 .28 .40 .1G .17 .33 .28 
.37 ,2175 .3200 .1875 .2350 .3050 .2800 
.0031 .0027 .0042 .00 26 .0042 .0020 .0003 

.3000 Zone 'X a .2575 
• 00817000 Zone , 8 2 ::r .00441087 

Zone 4 

i298 i30:J. t305 i31l : 'i3l~ i31l - '" i3g~ /l332 
.14 .39 .34 .43 .37 .41 .20 .40 
.07 .36 .g 3 .32 .40 .44 .24 ~36 
.13 .36 , .~O .31 .31 .47 .28 .33 
.14 ' ;. 31 .12 ,29 .40 .32 .28 .35 
.1200 .3550 ,2225 ' .3375 .3700 .4100 , ' .2500 .3600 " 
.0011 ~0011 .q083 , .0040 .0018 .0042 ' .0015 .0009 

1/.310 t373 1i.3~8 ' i!t.02 ' #/&.6 6411_ . ____ ._J1.AJ.~, . _...i..1l!±2 2 
.50 .54 .45 
~48 : 43 .38 
.46 ~ 33 " .40 
.41 ~34 .40 ' 
'.4625 ~4190 , .4075 
.0015 ,OO~~ ,0009 

• ' I '.' 

, . 1" 

.49 , .58 ,36 

.45 '.51 : .40 
'.36 .49 .35 
.40 .38 .33 
.425e? , ' .4900 .3600 

" .003g :.~, .0069 .090 9 

Zone"SC , = .3600 
,orie~2 ~ .01067816 

. . :' . ~ " " 

.4a " .63 

.31 .43 

.42 .43 
' .31 .31 
.3750 .4500 
.0059 ,0176 

#268 
.25 
.18 
.13 
.13 
.1725 
.003~ 

Zone x 
Zone 52 

/l334 
.42 
.37 
.25 
.37 
.3525 
.0052 

Iz'!t,26 
.43 , 
.42 
.40 

' : 37 
.4050 

, • 000 7 

# 2 7'J 
.17 
.09 
.09 
.13 
.1200 
.0015 

::: .1463 
.0027982.1 

11.337 
.42 I 
.36 c..:i 

.52 U1 
I 

.31 
~ 402 5 

" .0082 

1i.!t3l 
.42 
.44 
.32 ' , 

.31 
' , .3725 

.q045 

' 1 All variances rounded t64 ,decimals 
.. ' ~. . . .' (; . . ~ r~ra11 slides = .3002

2 

~. , ror a11s11des = ~01247854 . 2 Upgrouped d~ta 
.:1 , ' .-, 

'" 

" .. . ; 
.. , ' . , . .. . , l ' • •. . 

• . ' ' .I ~ ! : , 

' / " , ; 
: .. . . :. . · .i '. . ~ .' .' . ,~. ', , :. '. ~. : . ' ;, 

, ! . 
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Table 3.3 Summary of Paoking Density Data for 
32 Slides of Salt Wash Formation 

Zone 1 Zone 2 Zone 3b 

Slide I. It 1.10 lllt9 l150 11..157 1I.1~.O i169 .---.11200 i 268 i 2 79 
Traverse 1 04495 .5934 .6479 .6413 .6309 .6521 .6056 .7355 .4204 .4800 

2 .4784 .5011 .6711 .6757 . • 6455 .6098 .6259 .7395 .4022 .4379 
3 .4423 .6058 .5624 .5930 .6012 .5606 .5374 .7137 .4385 .4502 
4 04755 .5806 .6112 .6158 .6109 .6608 .6483 .6800 .3815 .4197 
y 04614 .5702 .6232 .6315 .6221 .6208 .6043 .7172 .4107 .4457 
8 2 .00031 .0022 .0022 .0013 .0004 .0063 .0023 .0008 .0006 .0007 

Zone x .5153 Zone - .6365 • x I: Zone X = .428~ 
Zone 8 2 - 0004479679 Zone s8 I: .00260648 Zone s2 = .OO09'?391 

Zone 4 I 
w 
m 

Slide ...II..£.~5 fi.2 9_~. __ i301 t30S ~311 .L~13 1131'1. 1/.324 11.332 1l.33!t ~lll 
! . 

Traverse 1 05427 .4725 6516 .6052 .7235 .5914 • '7432 .5790 .7469 .6815 .6813 
2 05163 .4229 6222 05209 . .6338 .6123 .67'13 .6364 .6817 .6624 .6453 
3 .5844 04160 6;332 .5493 .6604 .6062 .7369 .6243 .6819 .6386 .6430 
4 0 5125 .3899 5771 • 542 ~ .6108 ~6314 .6178 . 0 562 7 .5988 .6196 .6,209 

'. x 05390 .4253 .6210 ~5546 .6571 ~6103 .6938 ' . 0 600 6 . • 6773 .6505 .6476 : 

8 2 • 0011 .OQ12 . .0010 .0013 .0024 ~0003 ~0034 .Q012 .0037 .. • 0007 .0006 

Slide ...JL12.9 1/. 310 11..373 1398 # 402 -.--iI.AO 6 ._.JI..41..L. ___ JlJ±J 6 11422 --.l426 fill 
Traverse . 1 07144 .71'77 41732~ 07361 .7886 .8015 .6532 ' .6713 .8264 . • 6708 .6932 

2 .6685 ~714~ .7171 .7788 .7329 ~7782 .7251 .5771 , .6841 .6443 06933 
3 . . • 7089 . 07263 ~7173 o 711~ . ~6620 .7905 .6509 07135 .7933 .6623 .6685 
4 .7647 .6928 ,7025 .7190 .7776 · .7226 ~ 6.085 .6261 .5394 .5977 .5694 
'x .. 7141 • 7128 .7174 . • '7365 .7403 : •. 7732 .6594 .6470 .7108 .6438 ~6~61 
8 2 . .001.6 .0003 . · ~OO.o2 .OO~9 ' .0033 .0012 0 00.23 .0034 .0168 oOOi;L .0035 

. . ",!: ; 

Zone x , ::; .6540 .' " 

~o~e s2 . ~ . ~00758403 

1 All variances .rounded . to 4 de.·<?~·maia ' " . . ' 
2 Ungrouped dat.a I." 

. ~ ". . .. ~ ,. ... 

, , 
.' . 

I , , pa~king . density:X 'for ' all' slides'; · .6?80
2 

· fa eking d~psl~y . . s2 for all sl~des= 000979581 

. ';': ' 
'. t. . 

, I. .~ 

, . .. ., 

. :'. ~. :c:: :." . ,'/ . " 1> 

: . " -. ,' ~. . 
.: " r " '. • ~ , " .~. ':" .: .. 

, i ' . j .'~ 
. ' . :' ;,. .. 

. ~ t ' 
.' I • • (. -:,' 
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Table 3.4 Summary ot Intercept Size Data in mm. 

Zone 1 

Slide 114 /110 
Traverse 1 .05304 .07536 

2 .04880 .07416 
3 .05352 .07512 
4 .05088 .08128 
x .0516 .0765 
5 2 .047040** .105088 

Zone x = .0640 
Zone s2 =1.8395017 

Slide t295 i298 
Traverse I .06024 .04536 

2 ' ~06144' .04440 
3 006896 .04576 
4 006048 .04016 . 
x .0628 .0439 
s2 0172932 .066090 

Slide t369 fl.370 
Traverse 1 .09144 .07392 

2 .11432 .08072 
3 .10208 .07408 
4 :0,9024 .07136 
~ .099,5 .0750 
s2 1.256662 ~15993Q7 

* Ungrouped Data 

tor 32 slides of Salt Wash Formation 

Zone 2 

/1149 /1150 #157 #160 #169 /1200 
.07904 .08144 .09968 .07304 .06480 .12136 
.08120 ,08176 .08456 .07440 .06760 .13016 
.07424 .08776 .07936 .07736 .07416 .11776 
.08312 .07328 .08736 .08128 .07456 .13600 
.0794 .0811 .0877 .0765 .0703 .1263 
.146112 .353509 .743483 .133227 .235286 .687744 

Zone x = .0869 
Zone s8 =3.82855452 · 

. Zone 4 

tS01 1305 i311 1313 1/.317 I/. 32 !z. -1~g2 
.07396 .07384 .09912 .08576 .09216 .09032 .10232 
• 08648 .06928 . .O~RA~ .09736 .08128 .09992 .10976 . 
.08168 .06592 .10896 .11032 .09064 .08928 .10160 . 
• 07560 . • 07112 . .09528 .10040 .08464 .08328 .10000 
,0794 
.331183 

(1.373 
,07108 
.09752 
.10688 
.08992 
.0914 

2 ~a07225 

.0700 . .1006 .0985 .0872 . 

.110528 .344448 . 1.023077 .2(?0:J.,12 

1398 fI.!J:02 Ii. !:t.0 6 Itt11 
.16048 .09384 .08576 .08296 
.1643~ . .08648 .08872 .09136 
.12672 .08408 ' .07984 .09048 
.17688 " .09266 .08960 , .0943~ 
.1571 

4.592485 
.0892 . • 0860 .0898 

. • 221419 .194533 ~233701 

ZO~e x =.0896 
Zonee2 ~5'~2864797 

" ,I , ' 

.0907 .1034 

.4'(4085 .188048 

1416 1.422 
.08056 .09008 
.07848 .08312 
.08776 .08468 
.08640 .07552 
.0833 .0834 
.200805 .363286 

Zone 3b 

11. 2 68 IJJ' 7 9 
.04456 .04512 
.04304 .04992 
.04824 .04952 
.04616 .04728 
.0455 .0480 
.049595 .049344 

Zone x =.0467 
Zone s2:::.05969257 

I 
w 
--.J 

1/3 ~4._ " ___ A.J 3 3 7 
I 

.09064 .08~48 

.09008 .08776 

.10 9~0 .08488 

.08488 .08568 

.0937 .0857 
1.i35035 .021349 

l~26 1i.!t 31 
.06976 .13240 
.07152 .13936 
.08080 .12568 
~ 07232 .11104 
.0736 .1271 
.241835 1.461120 

x for all slides • .Q848* 
*. Noted s2 = 1000 ' cll1culateds2 

' ; , I" 

s2 for all ~lides =5,77262776 

\ : . 
~ , ; 

, ~ . 
" :' , 

, 4.: , . 

' ! ,,' 
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o~ ~n analysis of variance table, displaying th~ design 
of the experiment, the sources cif variation and the 
statistical computations essential for the analysis. 

The 128 traverses of the thirty-two slides were 
randomized with the aid of a random nUInber table (Fisher 
and yates, 1953, p. 114). The order of run fer the traverse& 
is indicated in Table A - 4! The traverses within each slide 
were chosen at the discretion of the operator andagairi, th~ 
traverses were sampled "without replication". 

iv) Summary of the Dat~ -, : 

The individual trav~rse values, slide ~nd' zone ' 
means and variances, for the me~surements of packing prox
imity, packing density and intercept size ot the ~2Salt :· 
Wash sample s are summari zed in Table s . 3.2, 3.3 and ,' 3.4. '· . 

. -, -", . ~ ' . 

. . -. -

The frequency distributions for packing pro·x~ . ' . 
. imi ty and packing dens:l.~y are represented. in . Fig.s .•. 3 •. 1 ,-' .- . ; ~: . 
and 3.2. The s~lid lines represent . the · observed · frequency 
distributions whereas, the broken line represents ' the . 
ca.lculated normal distributions. Table . 3.5 . summarizes. 
this data. 

Table 3.5 Frequency distribution of packing proximity 
and packing density for 128 traverses of Salt. 
Wash sandstone. 

Packing . Dens:ity Packing . ProximitY' ·-4 

Class f 
.8 .9 2 
• 7 .8 30 
.6 .7 57 
.5 - .6 23 
.4 .5 14 
.3 - .4 2 

128 

Class 
.6 - .7' 
.5 - .6 
.4 .5 
.3 - .4 
.2 .3 
.1 - .2 
.0 - . • 1 

f ' '."-, ..... . 

1 
s-

34' 
42 ' 
26 
17 

_3 
128 

The mean packing proximity value was '.3328, . 
with a standard deviation of .1187 and a relative vari
ation (C.V.) of 35.67%. The packing density measurements 

* See append:!'x 

- . ." ~.-. 
". ~ --
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F ig. 3.2 FREQUENCY DISTRIBUTION " ·. OF PACKING DENSITY 

FOR 32 SLIDES (128 TR tINE RSES) OF ' SALT WASH SANDSTONE 

55, 
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resulted jn a mean of .6320, a stan~ard d~viation of -.IOll " 
and a relative variation (C.V.) of 15.99%. Packing ~ prQx
imity ra~ged from .6300 (slide #422) to .0700 (slide #298) • 
The range of p~cking density was - from a high of .8~6~ 
(slide #422) to a low of .3815 (slide #268) • 

Zone 4 exhibited the largest mean values for 
both packing proximity and packing density, .3600 a~d 
.6540, respectivelyo Zone 3b on the other hand, had the 
lowest packing proximity and packing density, .1463 and 
.4383, respectively. (See Tables 3.2 and 3.3). · - .-

The Chi-square tests indicted a signifieant 
difference from normalcy for the packing - derisity ~ distri
bution, • O:?~ p=>.Ol. Paoking proximity did :i n!=>t differ _ 
significantly from normal, .20~p~10. 

v) Analysis of the Data 

Utilizing the completely randomized design, __ .". 
analy~es of variance were performed on the data to se~ ~ 

. if any differences among the zones could beattributed " 
_ to either packing proximity or packing :densit7. These -' 
- a Ii a 1y s e s are s u.n:.m ar i zed in Tab 1 e 3. 6 and 3. 7 • - " 

Table 3.6 Analysis of variance of packing density for 
thirty-two slides of Salt Wash Sandstone~ 

Source of 
. . variation 

Degrees of 
Freedom 

Zones 3 
Sa.mples within 

. Zones 28 
Traverses within 

Samples and 
Zones 96 .1.93008 

Total ' .' 127 1.244068 

N ::; 128 C.T. = 50.474370 

.002010 

It is evident from Table 3.6 that thers : ure 
signifi~ant differences among zones and amQng - samp~&s " 

within zones. That is, the variation a~ising, du~ to 
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differenee s ~!LOn~ samples, is significantly greater than -
the variation due to differences among traverses, 'Within
samples. Likewise, the variation ~rising due to diffAr
ences among zones is signifiearitly -greater than the va~i
ation produced by differences among slides, within l5ones. -

Table 3.7 Analysis of variance ot pack1ngpr~x1m1t7for 
32 samples of Salt Wash Sandstone~ 

Source of 
variation 

Degrees of Sum of Mean 
Freedom Squares _ Square _ _ -.-,F_-- __ _ 

Zones 

Samples within 
. Zones 

Traverses within 
Samples and 
Zones 

3 .477537 _ 

28 .734038 

96 

.159189 ' , 6.07** 

.026217 6-.73*** -.. 

":.-., -, ' 

~ . :. -,~ ;. ' '.' . 

.0038.97' :, ---
" "- -, ~ .' 

' , . 

Total 127 

• 374100 . 

1.585614 -
. , " ;. " ::: .~ .... 

N :: 128 C.T.= _13.409726 · '. .~ . 

" . - .; . : ~. . 

In the case of packing prox1mity~the~e~ were; 
similarly, significant d1fferencesamong · .zones8.nd :".B.lnong - ;.:: ,
samples within zones. Again, variations due. to<d-iffer--- -. : _~ 
ences among zones. were significantly greater_than th~ 
variations arising from d1fferencesamong- s2id~swithin- -
zones. 

That there are significant: d1f.ferences -~_amo.ng :: _ ' 
zones has been established. It must now be -.' shown+,whe:re-~ ; · - :: , :' ;< : : 
these differences are, i.e., which zones can: be : different .... ::. , . 
iated. For this reason 95% least significant. differences ·-:-- -:
(L.S.D.) values "Were computed for zones, for :- both pack1ng : ;.;'~- - · 
density and packing proximity. (See Tables - 3.-8, .3.9 -' and ' 
Fig. 3.3). 

Table 3.8 L.S.D. Values for Zones - Packing Density , 

Zone 
-r-

2 
1 
3b 

Packing Density 
-x 

.6540 

.6365 

.5153 

.4282 

L.S.D •• 05 III .0728 
Z L.S.D •• 05 

.5812 

.5637 

.4425 
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Ccnsidering, first, packing density,it is 
apparent from Table 3.8 and Fig. 3.3 (a), that zories 1; . 
2, an~ 4 can be distinguished from zone 3b. However, 
they cannot be distinguished among themselves. Therefore, 
on the basis of packing density the ore zone, zone 4, can-

. not be differentiated with respect to the barren zone, 
zone 2. That is, both barren and ore bearing . zones ·have · . 
the same amount of space occupied by grains. 

Table 3.9 L.S.D. Values for Zones - Packing Proximity ' 

Zone 

4 
1 
2 
3b 

Packing Proximity 
~ 

.3600 

.3000 

.2575 

.1463 

L.S,D •• 05 = ,0830 
~ - L.S,D. ,05 

.2770 

.2170 

.1745 

Packing proximity, on the other hand, can b~ - · 
used to differentiate the zones. The ore zone, with a 
mean proximity of ,3600, differs significantly, at the 
5 per cent level, from the barren zone with a packing · 
proximity mean of ,2575. (See Fig, 3.3b) , . 

The differences between zones 2 and 4 may 
arise from differences among means or differences among 
variances or both, To elucidate this ambiguity, the·- . slide . · 

. variances, within each. zone, were f~rst tested for· heter~ 
ogeneous variance (Bartlett's test, see Snedecor, 1946~ : : 
p. 249). The results, summarized in Table 3.10, _ indicate 
homogeneous variance within each zone; the variances .may 
then be combined and the heterogeneity o£ variance · betwe~n . 
zones 2 and 4 tested. These too, proved homogeneous. It 
is now evident that the differences found in the analysis 
of variance (Table 3.6) arise from difrerence~ · between . 
packing proximity means~ 

Table 3.10 Tests of homogeneity of variance for packing 
proximity measurements of 32 samples of Salt 
Wash Sandstcneo 

ZQ.n§. 

1 
2 
3b 
4 

2 and 4 

d.f. 1(2 1'.robability 

1 
5 
1 

21 
27 

0.03417 
6.69706 
O.SQ048 

35.14145 

39.53070 

.90> P '> .80 

.30>-p>.20 

.50> p >.30 

.10> p /.05 

.10.> p 7.05 
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It is 3no't-In t h J. t tr.e amount of' s.pace -taken up · 
by grains is not si gnificantly diff'erent "! :il -' oreand barren 
zones. Tl:ere is a difference between the number of grain . 
to grain contacts in the zones, the ore zon~possessing 
more contacts than t he barren one. Analysis of variance 

'. was performed on the intercept . sizes valu-es of t 'hese slides 
to . test for size , differences among zones. , (Ta.ble · 3-.11) • . 
There are significant differences among zones ands1ides. ' 
L.S.D. values (confidence intervals)cbmputed ,for zones ' . 
( Tab 1 e 3. 12) in die ate t h at the 0 r e z" n e , z 0 n e 4, wi t h a '" ' .. 
mean intercept size Of .0896 mm., cannot be distinguished 
from the barren zone, zone 2, with ,amean of.0869 . rom. 

Table 3.11 Analysis of variance' of int 'ercept size of 32 ". 
samples of Salt Wash Sandstone. 

Source of 
. Variation 

Degrees of 
Freedom 

Zones 3 

' s ~mple s within 
· <> Zones 28 

.: __ .. . Traverses within 
Samples and 

. Zones 96 

Total 127 

Sums of 
Squares : 

Mean . . -· . 
' . Sguare ~' 

17l.84893a57~2a2979 

507.545350 

53.729438 

733.123.726 

,:, "" .. _ . , - ,' 

0.559680 . 

' . . ', - ~ 

-L-.. .. 
. -. ~ .. : 

N = 128 C .T. = 9208;059218" 

. . " Table 

ZQn~ 

4 

2 

1 

3b 

3.12 95% L.S.D. Values 
'Interce12t Size 

:x 
.0896 

.0869 

• 0640 

.0467 

. for Zones -Intercep,t : S:tze.: . . 
L.S .D •• 05 . , . • 0218mm. :,'~ ,o, .. 

x ' -- L. S. D. ,05 :' , 

.0678 

,0651 

.0422 . 

: " 

.' . . -; : ;.', : 

: . ... 

. ":', ' 
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These three variables seem . to sugg~st an 
anomalous s1 tuation. How, it. may beaske~, . can .two zones 
'With the same amount ' of space occupied ;by grains and with 
the same intercept 'size, differ in the number -of ' grain - to 
grain contacts? 

This apparent inconsistency can , be' resolved by 
considering two cases, illustrated in Fig. - 3.4. Both cases, 

_I and II, have equal grain interce~t v~lues and ~qual . pack~ 
. ing density values, here the similari tyceases. ; In Case 

I, the grains are distributed in a more or' less o,rdered :' 
manner, . that is, no given area is mtcroscopic.ally ,distinct ·· 
from. ,any other. . The grains in Case ' I!, ' however, ,are 
grouped in local clusters scattered at ~ random . thrdllghbut 
the roqk. ~ . Anyone area is different from ,any other. 

Case I represente -"the . disposi tiori •. ,of .· · . ·th'e : gr~:ins ; 
in the barren zone and Case II .the situation wi th ,respect._:, 

- to the ore ' bearing zone,the clustering' in the'- Tattel",' ~! ': 
giving rise to ' a higher number of ' grain _to ' grain'·c<ontact..S',: :-:-< 
than in the former. 

The clustering effect . may -ari se from'~,bed(li~g~;:,.;:; ,
which represents1istinct le'nsesin the ' sed-iment~ - " 'k'~ re';, ~~ - :;:> ' 
examina",ion 01 che ' slides in zones 2 -a.nd ' 4 indicated:; -the ;' >~ 

, -- ocourrence of small lenses andsomebedding . in ,:tl1e;-_ o·re , -~: - :- ,:
zone and non apparent in the barren zone. Thfs-- textura'l _;:'- " 

~- d.1ffe"-ren.ce was no't ob g~erved wh·en . the sl·i 'd:e 8 . -:_w-ere <-fi':r 'st 
examined. 

Case -! 

Case 11 ···· 

-- -----L.T. .. 

F i gu r e _ 3. 4 - S c h e r.a'~ t i (;. rep r a s e nta ti 0 n · or n C 1 u ~l t e r i n g 8 fr ee t· i '" 
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Til l S 8xp ,l ,?nation is not offer-ed as, a mea.ns' of 
rationalizing the occurrence of ore in one zorte and no~ , 
in any other, ratner it merely corroborates the argumen't 
presented by Griffiths (Griffiths, et ai, 1954, ~. 87, 
RME - 3070) that the ore in theSalt Wash sedi~ents is 
associated with bedded and slumped sediments and with ' 
those sediments, which ~n general, manifest a non-uniform 
distribution of texture; whereas barren sandstones .are · 
generally uniform in texture, i.e. massive. 

vi) Bulk Density and its Relationship to Packing · 

The bUlk densities of the thirty~tw6~amp1es 
just examined, had previously been measured (Gr1ffiths~ 
et aI, 1953, RME - 3054, pps. 22-31). The mean bulk 
density values, with the slide means for packing proximity 
and packing density are presented in Table 3.13. 

Table 3.13 Sample means for Packing Density, Packing 
Proximity and Bulk Density for 32 Salt Wash 
Sandstones. 

------.-.;.-.--;.--------.:~----~~---~==-----;, .. 
I~ 

1 
1 

2 
_ 2 

2 
2 
2 · 
2 

3b 
3b 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Sample No. Pd Pi..-. B.D. 
4 .4614 .2300 2.533 

10 .5702 .3700 2.553 

149 
150 
157 
160 
169 
200 

268 
279 

295 
298 
301 
305 
311 
313 
317 
324 
332 
334 
337 

.6232 . 

.6315 

.6221 

.6208 

.6043 

.7.172 

• 4107 
• 4457 

.5390 

.4253 

.6210 

.5546 

.6571 · 

.6103 

.6938 

.600~ 

.67?'J 

.6505 

.6476 

. : . • 2175 
.3-200 • 
.1875 
.2350 
.3050 
.2800 . 

.1725 

.1200 

.2250 

.1200 

.3550 
• 2225 
.3375 
.3?OO 
.4100 
.2500 . 
03600 
.3525 

.• 4025 

2.072 
2.097 
2.117 
2.230 
2.212.' 
2.185 

2.522 .. 
2.482 . 

2.449 
2~427 
2.379 

. 2.284 . 
2.166 

:2.190 
' 2.173 
2.118 
2~089 

2 .• 063 
2 ~075 
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Table 3.13 Sample means for Packing Density, Packing 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

F roximi ty aYld Bulk Density . for-· 32 Sal t ~ Wash ' 
Sandst.ones. (Cont.) . 

Sample N () 0 

369 
370 
373 
398 
402 
406 
411 
416 
422 
426 
431 

-1..L-
.7141 
.7128 
.7174 
.7365 

" .7403 
.7732 
.6594 
.6470 
.7108 
.6438 
.6561 

Pp 

.3575 

.4625· 

.4100 " 

.4075 

.. 4250 

.4900 " 

.3600 
. • 3 1750 
.4500 
.4050 
.3725 

-1k~ 

2~131 " 
2.151 
2-.255 
2.274 
2.265 -
2.265 
2.233 ' 
2.2.19 -
2.158 ' ": 
2.266 
2.367 

. .'. . _ . ' . , 

Scatter diagrams showing the inter~.relation·shlps 
among these variables a.re illustrated in Figs-. ~ 3-.5,.: 3.6 
and 3.7. 

The linear . correlation coefficients "for : the - -' .-.. ' . 
relationship betyeen packing proximity and pankingdensity~ 
packing proximity and bulk density, pack~ng d~~sity! and 
bulk density were computed tor each zone and -then ~ tested : · 
for significance. (Table 3.14) ~ 

Table 3.14 Correlation coeffici~nts of Ppvs. Pd,Pp 
vs. BD and Pd vs • ED, for zones·. 2 ' and 4 
and all zones combined of Salt Wash Sand~ 
st(}!le s .. 

2 
4 

All zones 

rpnPd 

0.1763 

0-.8249 ** 

rBDPp . 

0.2360 ." 
-0.1497 
~O.3562 * -

0.1018 ", 
-0.4444 **','"" ', . 
... O.f3391- ** 

* - significant correlation at the .05 level. 
** significant correlation at the .01 1e~el~ " 

Considering first, the relationship between 
packing proximity and pa~king density, it is seen that 
~i thin zone s 2 and 4 there are no si gnii':i.cant correlatinl:l:-:' . ' 



-49-

(Zones 1 and 3b, ccntajning but two pairs , of values each 
and hence, only t~o pairs from Which to obtain any '~nform
ation, may be ignored). The correl~tion coefficients from 
zones 2 and 4 were tested for " homogeneity (Snedecor,1946, 

,p.15l and Tippett, 1952, p. 257). They pro~ed homogeneous ' 
and all thirty two pairs of values vere then combined to 
obtain a better estimate of the association between :packing 
proxi~ity and packing density. This resulted in an r~ 
0.8249 **, a highly significant~ positive correlationeoeft- , 
icient, with 68.05% of the variati 'onin packing proximity" 
being assooiated with -variation in 1>aeki.ng density. " 

The correlationsbetveen bulk iensity ~ni 
packing proximity, and bulk dansity and ~ packing densit~ , ': 
were computed zone by zone and then, after testing and .:.' 

~finding homogeneous "rn , all zones combined. The r~latiGn~ 
",~~hip between bulk density and packing p~oximity resul~ed~ in 

~asignifioant negative correlation coefficient. Here r c " : 

" . ": ..: a • 3562 * wi t h r2 a 12.6 9 per cent " t ha tis, 12. 6 9% ' 0 f ,tli e .. 
, 'variation in bulk density is associated , with variation ' i~ 
" , ;: : :. ~packing proximity. Likewise, the degree of association ::' :, : . 

,:'. ' ,~,~, ' between bulk density and paoking density gave ri8e :- ,to~;, 8, "". : ,;:: . ,,:. 
:' , '; -:- s1gnif'icant, negative correlation coefficient, , r~ ' . ,-0.63,91**:'. 

~ In this · case, 40.48% of the variati6n ' inbulkdensity -is " 
, associated with packing den,si ty. . . " 

Linear relationships, i.e~, linear ' regression ', ' 
" equations, were not computed for bulk density and "packing " 
~roximity, o~ bulk density and packing density. 8ince , a~ , 
examination of the sca.tter diagrams (Figs. 3.6 and 3.6) .' 
reveal that a strong dispersion of' points would exist . about 
any line, supposedly, representing the "averag'e regression,,
between the variables. Such a line ~ould be meaningless. 

' With this oonsideration, rather , than ~ propose anT information ', 
~hioh might be misleadingandhence,misunderstood~ these ' 
linear regressions wer~ omitted. 

The interdependen6y of paoking p~oximity, paek- , 
ing density and intercept size has been described 'elsewhere 
(Kahn, 1954, op • cit.) and the inter-relationships were· 
expressed as a multiple regression equation. Bere"packing 
proximity was a function of both packing density and inter
cept size. With this in mind, and the realization that it 

' , is impossible to represent any relationship consisting of 
,more than two inte~dep~ndent variables in a strictly tvo 
dimensional frame of reference, the relation between 'packing 
proximity and packing density was presBnted as a simple 
scatter diagram. 

. . ~. . 
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There c~nnot be any doubt that - ~henegative . 
associations between . bulk density and packing proximity 
and bulk density and packing density, obtained 'with the 
Salt Wash sediments, are correct. Emery (Emery, 1954~ p. 
94) corroborates these results with data collected from 
the Pocono and Berea formations. Masson (Masson~ 1951, 
p. 11) however, arrives at just the ' opposite results~ He 
obtained a positive correlation between bulk density and 
packing, using oil sands, his packing being equivalen~ . 
to packing ' proximity. This writer is of the opinion, that 
the negative correlation is the more rational of the tWOF ~ . 
with the samples used i.n this in-v:estigation:. . . . 

The bulk density of a sand size ' sedimentary :,: ' 
rock is determined by grains, generally quartz (specific 
gravity = S.G. == 2.65), some matrix (S.G. = '·; 2 '.7 ' ... 3 :~1'*; .' 
voids and cement, either silica or carbonate .(5.a. =~_72}. 

,. , If the grains are removed, their relative po si tiona: are-:· .'. '.~ 
oc'cupied by matrix or cement (assuming no significaltt:~. ' charige.· .'~'} : ;,~:- ' :-~ 
in voids). The rock then gives rise to higher bulkdens1ty .. ~.>: : 
.v .alues, for the posi t:i.ons once occupiedbymaterial'<'W1th .- : ~~>·::· ;:~» ~, . 
'specific gravity g 2.65, is now occupied with material /~-. : ·· .' :~:·:·/,.' ; . .. . , 
whose specific gravi ties are essentially, " between" 2 " . :T :· - ;~ 3 · .. 1'-~,: · : . . 

' This decrease in grains, resulting in a higher' bulk: density;.,,<. 
necessitates a decrease in both packing proximi ty ' and.'·packing·.:-.:,':'" 
density. Hence, the inverse relationship between both pack~ • . 
ing proximity and packing dens! ty appears to be t'heoretical1y: , ~ , ' ,.',_ 
valid,wi th the samples uGed in this ' work. " . .; '. ' . . . -. 

. ·. · .. vii) Comparison of Predicted Packing Proximity with Observed ,. · .. 
Packing Proximity. 

By means of the multiple regression equation , 
developed in Kahn (1954,op. cit. p. 93), packing prnximity 
may be predicted from packing density and intercept size. 
The packing density and intercept size valu~s .of the ~hirty
two samples of Salt Wash sandstones may be utflized in test
ing this equation. 

* The matrix and ela.y materials, in general, in the Salt 
Wash sandstones were shown to contain th~following . 
materals, -witb t.heir respective specific gravities (Grim, 
1953, p. 312); muscovite - 2.7-3.0, biotite - 2.8-3.1, 
illite - 2.76-3.0 and sorue kaolinite - 2.2-2.6. (Griffiths, 
et aI, 1954~. 
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Tte equation developed was 

Pp = .6914 Pd - .0097 IS - .0320, yith 
c 5 y = ! .4854; 

where Fpc = calculat~ packing proximity, Pd = packing 
density slide mean, IS = intercept size slide mean and 
Sy = standard error ' of estimate. 

The packing density and intercept size values 
for the thirty-two Salt Wash samples were substituted in 
the above equation and the resulting packing proximity 
values c-ompared vri th the aide of the standard" ,error of 
estimate, 5y = ! .4854, with the valu~s o~~a~ned: by direct 
measurement. None of the calculatedpackihg "proximity , ' ' 
values differ significantly from those ac't'ua;J.ly '~measured, ~ ' .' 
i.e., fall beyond the limit set by the~taridar~~ error o~, ',, ' 
estimate. The ' equation, therefore, appe,ars" valid and in:, 
future 'Work it "lould be feast hIe to 'predict ', ~he packing ", 
proxim! ty from the packing density and :int'ercept si'ze.,' 

~ . . .. .--: , 

, ' ; " 

viii) Comparison of Salt Wash Results to thoseQbtain~d; 
in Preliminary Investigations 

':" . ; 

'. . ~ . '. ~ 
. ~ '. .. 

The experimental work performed in Part: II , ', 
(Kahn, 1954, oPe cit.), resulted in frequency distribut;":':, 
ions of packing proximity and packing density for arkoses, 
graywacke sand quartzi te s. These ,resul ts are summarized ,. 
in Table 2.6 and illustrated in Fig~ 2.2, (op. cit.). o~ 

, the basis of these results the upper 'and lower limits, at 
' packing density and packing proximity, ' for the thre~ .rock. ', 

types are established, i.e., the ranges 'Withinwhi~han 
arkose, graywacke or quartzite ,formation may be ~xpected 
to fall. The data obtained from measurements ' on the Salt l

, 

Wash formation, described as an arkosic quartzite (Griffithsj 
et aI, 1953, RME - 3054, p. 49)*, is a means of, corroborating 
the findings of the preliminary investigation. The Salt 
Wash data should approximate the data obtained for , quart- · 
zites in general. 

* Dr. J. C. Griffiths, personal com~unication. : 

:. ~ ~ '. 
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The ranG~ ~f packing density ~mea~urements fo~ 
. -the S~lt Wash sediments was from .8264- .3815, with a 

mean of .6320, standard deviation of .1011 and coefficient 
of variation of 15.99%. For ·quartzites in general, - the '. , 

~ range of values to be expected is from .9101 - .4034, with 
_ ~ a mean of .6800, standard deviation of .1575, andcoefffc~ 

:- . lent of variability of 23.01%. 

The packin g prox:i.mi ty -range, for the Salt: Wash 
sediments, was from .6300 - .0700, with a mean of - .3328, 
standard d~viation of .1187 and coefficient of variability 
of 35~67%. The range of packing proximity for quartzit~s · 

-in general is from .7813 - .1802, with a mean- of - .4300, - . 
standard deviation of .1905 and coefficien~or variability 
of 44.30%. - . . . . . 

In both cases, that of packing density -and . · 
packing proximity, the upper li~it of the Salt Wash ~edi- 

. ments was below the upperlimi t of quartzi tea and :above - ;~ '_ ·
the lower limit. The lower limit of Salt Wash data, f~~ ~ 
packing proximity atid packing density, however, ~as : b~lov · -

·- the lower limit attained for quartzites 1n ' general~ · ' _ 

. -- The average packing proximity an.dpacking ' ; 
d~nsitt values for the 5altWash, are lower than ~ those 

~ohtained for the quartzites combined. The variances of 
the se means I as "rell as being smaller in magnitude; than 
th9se obt a ined for the quartzites cnmbined, araboth 
significantly different from those obtained from _ th& 
combined quartzites. The Salt Wash is less variable than
the three combined quartzite formations. ' This is reflected 

- iri the coefficients of variability of bothgroup8 of data; 
the smaller value -representing · the Salt Wash formation. -

These results are to be expected since· the 
:5a1 t Wash sample consisted of 128 traverses obtained _ from _' 
one formation, w~ereas, the ~~asurements nontributing . to 
the frequency distributiori of the quartzitescomhined a~e 
obtained from thirty traverses, ten from each of three 
fo~mations. _ The three formations combined would ce~tainly 
be expected to vary muoh more than one, formation. 

The very clo~e approximati Gn of the ' upper and 
lower limits of both packing proximity -and p~cking density 
from both distributions, suggest that the valUes obtained 
in the prelimin :ir:ST inve stig a tionare r&pr' s s e ntativ8 of 
quartzites as a who le. It remains to be seewif this is 
true for a rkos e s and ~raywackes as well. 
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Table A - 4 Order of Run of .128 Salt Wash Traverses 

Traverse Slide # Tra-yerse ' Slid.e II Traverse Slide II :.' 
, . ' 

1 373 44 160 '. 87 313 
2 301 45 324 88 · ' · 416 
3 422 46 4~6 •. 89 317 
4 406 47 295 90 .157 
5 422 48 268 . 91 411 
6 398 49 . 370 92 334 
7 295 50 150 93 305 " . 
8 311 51 169' 94 4 
9 322 52 150 95 268 

10 422 53 169 ' 96 · 160 
· 11 200 54 4 97 2. ~8 

12 317 55 332 98 370 ' · 
13 426 56 317 99 . ' 411 
14 422 57 337 '100 ·10: 

" 15 279 . 58 431 101 ,', . 268··': ' .;'. 
16 337 59 411 · 102 · .. 324."· ,·.·. : 
17 200 60 10 103 301 -· ·. : :· 
18 402 61 337 · 104· · · 305:·~ · : · ; · , ·. > 

19 334 . 62 . 406 ... : . · 105 ~. . . 
'160 " .... 

20 160 63 4 .106 279 ' 
21' 311 . . . 64 · 411 107 369 .. . .... . : 

22 402 65 426 108 . . 431 ' 
23 416 66 295 109 ' 149 ' .... \ ' 

24 431 67 298 110 27·9 
25 157 68 . 334 III " 373 
26 373' ,69 200 112 169 ' 
27 298 ' '. 70 426 · 113 370 
28 295 71 ' 4')6 '114 ·.· · 370 · · ·· 
29 426 . 72 · 337 115 · 149 , 
30 369 " 73 313 116 ' : 4 .' 
31 . 431 ·74 ' 305 

' . 
117 ·373 

32 · 317 75' <402 .' 118 169 . 
33 . 313 76 279 " ' 119 , 301 . 
34 333 77 10 120 149 
35 334 78 ' 402 .' 121 . 301 ' 
36 10 79 157 · 122 369 
37 311 80 398 123 149 
38 311 81 305 124 369 
39 332 82 398 125 324 
40 150 83 S98 126 298 
41 150 84 268 .. ' 127 313 : 
42 416 85 157 128 324 
43 406 86 200 
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Part IV Further Results of DY,e., T"e,.s .. ting · .. 
. : '\-, 

The use of para-~mino-phenol dye ' in testing 
the composition of cores froru the Bull Canyon well~ was 
described in our previous report (Annual Technical Report, 
April 1st, 1953 - April 1st, 1954). This work has been 
continued both in the lab'oratory and some . tests . were made 
in the field during our field excursion (August-Sep~ember~ 
1954). As the procedure nece.ssary for the testis simple 
and the equipment readily available' this appears' to c' be a 
suitable test for use in field offices. ~".'.'" '-' .. -

The objective of the field test~ ~o~l~ ' be\ t~ 
subdivide the thicker mudstones on the basis of ' the~r 
response to the dye test and different responseswoilld , . : . . -" . 

be useful in local correlation of the mudstones • . ,Where" .. 
durin g drilling, dust samples are collecte'dvlithout ·, cor:i:~g. :: .. ~" ". 
the dye test may yield important supplementary' information:..~'.:~ : < ~. 
"ihich could not be obtained an~r other way. As a bas.,isof ,:: ';~ " , 
the test the responses we have noted in testing' samples~n. · . ' 
laboratory and field should prove a ' guidetointerpretati-~:p. ~~: ·:" .. 
It should be emphasized . that the test has deliber'ately: : heeri ~, 
rest.ricted· to a very simple procedure ~ so that it couId'~~ b.~ :~:,,: : . '. 
used' 'With little difficulty in the field. · . As a result . ot; ~ , ' ': · . '.' 
the over-simplification not much information on mineral ->,·'.· __ :' 
composition should be expected from the ' test . .. There .is ,. ,, '· ::', 
little doubt that much more could 'be extracted; if the" te;s~':: 
were suitably standardized ' butthe complication of proced~~' 
ure would detract from its use · as afield test. ... .." : ' : -:'~; ; .. 

In the field only -empirical data. can, be, us'ed ,·, , :;. <:'~::\~ 
to standardize the results, i.e., the color responses· ' of ~ ' · 
the dye to vari ous sediments, must be established. ,; ~y-.,::act:Ua];.~;,_~::. ,:-:'~; 
performance of the test; no attempt should - be ma.de .: to deduce " -: 
the exact impli cations in . terms of ' clay min'eral compos.ition. ) , 
in this case. The entire aim of the test is ' toeatablish, ·. · .. 
dif.ferences in response of various mudstones and to nmap.n -
the different types as a basis for correlation~ The tol~ ; :' 
lovi-ng obser~tions should be used . as a guide. 

Color Response 
to Dye 

1. Blue 

Concent
ration Notes 

0.1 - 4% The blu~color varies from 
pale to deep blue. The blue color 
is considered to refleot the 
presence of expand~ng lattice clay 

. ,., '. 
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Color 'Response Concent-
to Dye ration Notes 

2. Dark gray 
. " to .. black 

. . .... ' ~'.' '. :- . . 

0.1 - 4% 

3. Dusky to 0.1 -4% 
. muddy green 

minerals of montmorillonoid type. 
In the Salt Wash sediments ' this 
response is oommonand presumably 
reflects the presence of the mineral 
described as interlayer mixture of . 
expanding and non-expanding lattice 
clay type (Griffiths, et al,. :1954, . · 
Ann. Rept. April 1st, 1953 - April 
1st, 1954). Depth of color may 
reflect amount of this mineral . ' 
present or may result from variation 
in ratio of expanding to non-ex~andirig . 
layers present. . 

. . ' . . 

The darker colors are usually ,· ... · 
associated with the higher' dye" con~. ~ ·· 
centration. . Oonsistent black colors " . C ·-.'. 

suggests that the dyes , have- deteri'o--: ' . . 
rated by loss of ~olvent and new ~ " 
solutions should be prepared.··· ' ~: ' ~ . ':' .:f :. 

Dark gray colors also ·occur·· ·wf,th ." 
some red and green mud at.one·s ~4 - : The -.' ., ::. ~ .. ' -
exact implication is not kno~n but . ~ 

the coloration ifdefinitelyest~bl- 
ished as not due to deterioration ' of·":: 
dye may be used to characteriz~ a ; 
clay type. Thieis . a . common ' response .,' 
from many samples in the well~. 

. - ' .~ -". '-

A . sa'mple of ' green Moenkopi. ·sandy ·: ·· 
siltstone from Holiday · Mesa, 01ej etah, .· 
(Cat. No. 6711) ' gavethia reacti6n~ 
The greenco1o~ disappeared and a dark · 
.ray was observed on the ~layvith 
O.l~ concentration of .dye. . 

The color ' varies but i~ . quite 
distinct from the blue coloro~ 
response No. I and from . the origina1 ~ 
green color of some of the mudstones. 
This response is . comparatively unoomm'on; 
it occurs commonly- in zone 3 '''D'ludstones 
from the Bull Canyon wells 155 A,B, and 
C (Ann. Rept. 6p. cit.) andsparingli 
during the - field testing~ . 
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Color Response Conc ent-
to Dve ration Notes 

4. Pink to 
Brown 

5. Color' of 
Solution 
bright 
yellow 

The implication ' of this. color ' 
response is that the clay .mineral 
is a non-expand~ng . layer lattice 
clay of theillitic g~oup(Hambleton 
and Dodd, . 1952). . . 

T'he .oc·c .. u.rrence of' . t 'his 'somewhat : . -, . ~ . 

unusual response may well be ofvalua·· 
in correlating mUdstones in the Salt 
Wash member. . ';' .; 

. ' ; ' '": -

. 0.1 - 4% This· color response·' sho'Ws wide~.: - " . c..;: 

. variations in .intensi tyand shade ., ' . . ~ 
but so far differentiating. the ~ vario:tis. '~·~ /·; 
types ' has proved impracticable • . :.This '::.''::' :,: 
is a very common response , hoth· in:.: ~ ~he· ; . . . 
Bull Canyon . well core s ., and .. d'uring . ::' ~ .~· '-::<'\L 

fie 1 d t est s. .. . ' .. . . " ... .• ">' , .. "~".::' ... ·.::?;~ .'>}.~<~:~i;::t~7' 
-~,- .. :-.: .. ~: ' -:. - . : ' . ", - ~:' . ' -,. - ~ ... . ,-: -, 

The implications . of ..• this ; ' re~spon·~~ :~),t:,: 
are~ubious; ' the pink . : to . orang~ ·: ::p*.n~~{~<~ .. ·~ 
color is 'c on sid ere d· . ··t 0 '. ' :r ef 1 e e.t·~ :·:t he ,.· .. :; .: . : ; .~.~~':J::::.: 

. presence of · kaolin mineral's; ;':·:but· .. :the :';>"~~::~>; 
. colors are . very similar to;.:the , · ·orig~~;: ::>; : · : 

. ina'l color or many" ·or:'·the red' muds~9n.e ,s:~ 
.. and ma.y be equally . wel:l -· .interpre"te'd:>:; };,'{5 

as : "n.o resp<?nse. n ' ' ~:.,'_: .. ' '. ' .,-" . ' ." .. : ~~ ...... _:.~.~~ 
:~ .. j/-:!, 

0.1 - 4% .This response is · ba·s';·d\:'enl.t~~'iy,"' :· ; .',:< 
on our empiricalobservations;.; .. i t ·· .. .. " .. ? 

always occursvhen , oreis· ._present~;· · ,: . 
It may, therefore, be" a .' good,. indie ..... ·· . ~ .. _»\: 
ation of the .presen·ce ' o:r :.' ore·: part~·: ·· 
icularly in .cases . where~< the .. 7 · ore ~: '· ". ."" ,. 
minerals are not obvious ' during > .:." :", 
megascopic examination. ' '. ~ 

It should be noted that responses I to4 iricl~~i~~ 
refer to the color of the · clay particles especially at their' .~ _ 
edges and does not refer to the color of the ' so·lution • . Response:;~, 
5 on the other hand does not refer to the particles but to the' '.: ' .. , 
color of the solution. . . 

. . , - . 

A number of red mUdstones , whic~ · occurred . wi th . ore ,; .. ',~; .. : 
in the LukachukaI mines were tested by dye . and all yielded .' the ·,,:,: 
yellow color. Two purplish red ore-bear"ing clayey sands froIn <' " 
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this locality were tested and yielded the yellow solution. 
Presumably the hydro cloric acid extracts the vanadium and 
leads to a colored solution. All carnotite impregnated 
samples yi~ld the yellow solution color. 

As a final step in our petrographic analys~s 
we are investigating in very considerable detail two sets 
of samples, one ore-bearing and the other barren~ These 
two sets were tested with para-amino-phenol dye with the 
following results: 

Table IV-l A Comparison ~f color frequencies arising 
from dye testing 25 samples of· ore-bearing 
Salt Wash sandstones and 25 samples of barren 
sandstone~ (O~I per cent concentration). 

Color Yellow Green Green-Brown Brown-Gray Blue Total 

Ore 
-Deposi ts 10 3 4 8 25 

Barren 
--'5 a~:' p] is 5 0 1 16 2 25 

The difference in response is obvious; no blue 
colors occur with ore. Most barren samples yield brown and 
gray colors. 

ii) A note on the limitations of the tests 

It should, in all fairness to the inventors of 
the test (Hambleton & Dodd), be emphasized that the results 
of dye testing given above are no true reflections of the 
value of the test as an indicator of the clay minerals. 
The procedure used for the test has been vastly over-simpl
ified for use in the field. Under normal laborator~ cond
itions it would be possible to use a color chart to stand
ardize the color description which should be made under a 
constant light source and preferably Yith a binocular. 

FurtheT~nre, it seems likely that tte teet 
would be more informative of the original colors of the 
clay sa~ples ~ere staLcardized. Thus, wnere a r~Q ~ua
stone yields a deep blue coloration there is little question 
that the reaction is positive; when, however, the red mud
stone give reddish, pink or even orange colors the exact 



'<, 

-- '~.' 

.. . 

'-. ,,-:- ' -

-,', 

. . However, these and ' many other improvemen.ts ' . ::,:;" 
< . sugg.ested by the authors of the test would make ,the :per- : : 
'. ·, f'ormance ot the test far" more · complex and · i twould'·,: then· . . : .:' : :/ 

~~. ' · · ~ ·' be , ·u~8ui table ... for field: use, .. bence, we . have · adopt.ed . :· only;~ .. · :·_~ . 
. ' ' .... those · steps essential to the procedure. As a consequence~· .::". 

'-." onlY' -the · ~oet obvious and ' striking changes in eolor.<·· can .. ' ' .' 
:: : be used as positive resp-onses. Furthermore, . the~: primitive ·~·'-· .," 
. ·.··nature ot the procedure compels us ·to use" emplr1ca1:<testlng .:·:· :. :' :' ,', 

'~ · as . the basis · ot. _ classification ot response> and·'. does,;-,not\·: ·>: :- ~:::i-~<~; :~-" ·:t 
:;:: - permit us to interpret the meaning : of many. of', t·he> respon'ses·"~;~<~: :"t 

.. -=--~~- , 

' ., .' '~<:.: .. >~~,' 
. . , • w . - .~ '.~ . , _ .. , :: . • - :.; ~~:::<. '.: - , _.~·:·~·~f 

Appendix. . Proc~dure for performance of ~ara-aml~~~~~~:;~'i~f~ · ~;:~~;;~ 
. dye ~ .. test · . "' ::~>;);: <J 

:1) 

1. The: dye, para~amino-phenol. , . can" be -purch'ased~: in. · a~ d'rug ~" _ ',. .' 
store J . the absolute ' alcohol ' and hydrochloric' acid:, may> ':',,:"· .:::: 
be purchased through a chemical supplyhous.e :. '.,-:; .: _. ~ .... _" >" " ,:- ' , ~ ' . .' ; 

2 ~ Theequ1pment · required ' include s · 40-50~e.;, . ·botti~s.:,:- Wi'th~~ ·J"~~ ~:.:i4L: 
, droppers . and these maybepurcbased at_· a .drug.:.atQre-. ' -> "',:~';,'- ' ; ' c 
. The . dye solutions are beat stored ', in these-' bottles:, in-.t:' '-=:; .' ,':, . 

the eardboard bo~es in - which the ,bottles:" are·:· kept-.·. -· : Thi'8 :;':;'- : ~ :, :~
proteats the dye : from . exposure to light : ana~ ', eontaminat·:ton;;<~ .{ 

and ~low£ clown the evaporation:- of the solvent ~ , :. ' l" : : :.~~ ,):;:: 

Spot plates with three · rows' . ot · t.our- · depressi-ons~:~~<: 
"ach · may be ' purchased at . a chemical supplTho.use.;- .,.- : : ; ( .'. 

. A small Mulli te mortar ' about 2lfacros 5 . and;. a: . -',' .. ' . 
pestle is necessary, to grind the sample to .. a tine powder,·,,·. 
and £patulas and stirring- rods (or -_tooth piok.) . are" u5e~, . ,. ·: · 

. tultor handling .the samples and , stirring . the -mixtures ,.','.,: ',> 
, respeetively. . ' . ' 
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, . . . 

1i) Preparation of the So·luti·on-:"--_ ; ~ -':' . . ~ .. 

The concentration of dye solutions" 0 '.1; ,· 0.5, ' . . 
· 2.0 and 4,.0 per cent are made upbyveighingout . the·, nec- : 
' essary amount of para-amino-phenol anddissolving , the . dye J' • • 

. '.' in the absolute alcohol solvent. It is b-et-ter to make up '. 
:>" tresh solutions than to make a large supply and attempt i tO, 

', . . sto're it. We ' have found that the dye solution' deteriorates . '· ' 
. both by ' evaporation of solvent leading to increasing .oon-. ;'.' ~- --. -
. "centration and the para-amino-phenoltends to becomebl.ack >~."~ ·:;~ 

.< ." :. " presUma~ly by. oxidation. High concentrations ot dye in.· , ~ . ' . ';, :, ::-, 
': solutio,n tend: to mask the reactions " so that ·· the ~. dye·- ::solu-:,:::: . 
" tlons," cannot be stored indefinitely and ,they ' should '- be .: . . ' 

" ,"'protected from light and ' heat when ' not in use. ,,' ' .. : ' ." 

" ' . .' The, inventors:' of the ' test " suggest, ·that/~; :the:,t .. 
.- . p-amirio-pbenol~ .should be , purified but · while , this ·' 1 S. :some:.:· .. ,.:~'- '_. ' 

' adv:antage it . is. not an:. absolute nscGssi ty. It ma:ywe,ll :~ ,: " , : " · : ·;. ;~,~'~~~·F'-; 
be,' however, ' t.hat when' puritied the' d7e solutions;' are', more< ::- .:.f; .-

', J '. ' S t able • . " -... : ' ." ;.. ' . ' ', ' , .. , . -- . : ~ ,:; .. ,::::/.~~fJ.--, ~>:' :': .f,~ ·:t>:~tJ;~~~\ 

. The HOI solution' 1s ··made· ·· up '.' · ; ·by . · mfxi~rig':.::,tK~t:;ri~~~~/··~~:·' :!~~~: ~ .~-
es sarT :'volume ' ot acid : vi th dlstilled··water .. to .yielti ··the.\:· O::"~':(' : " . ' . ' 
,1.1 conc,entration.,.· . . '. . ... ,'. , ~ . . :;=: ~:!,;.-,: . 

," . . . .. ..... . , •.. 

i1i) Preparation ' or the 'Samples , 

In most , case s ve have ', ground" the ' salllPlei' ·to ',:· a·,· .. ·;·' .. :< : ... ~ ' :'~ ~ .. <~. 
fine' powder, vi tboutany control,and then put3':'4cc~m: : e :ach .. :: .:~, ;'. 

· ot four depressions · on the spot plate - &'lid : prCJc8ed~d: .: to : .. :,' "" : ... . 
treat the sample vith dye. The authors ., o£~ ther, test ; ' reeom~,':.- , :; 
Mend pre-treatment to remove oxidi zinc salts · o·f . ferr:f.c '.· ·1'ron::/ : 
and manganese although Dodd (1952) ' suggests that · the::: i ,ron <·· :. ': >:; 

· oxides do not affect p-amino-phenol as muehas '- they;';· do.' . .. 
benzidene dye. Undoubtedly pre-treatment vould _ be ~ an 
advantage in standardizing the color responses of., the ; dye .. . ' 
bl1t, in many cases, the pre-treatment .. would have to; be~, ' . : 
quite elaborate and the test would then require a well: 
equipped laboratory for its performance. It is necessary, 
therefore, to accept a large number of no. responses to the. 
dy~ if the pre-trAatment is to be abandoned~ . As a . f1eld ~ . 
test 1 t 1s much simpler to treat alarge~ number' ot~ samples 
by means of a simpl~ procedure then to analyze exhaustively 
a. rAW Aamples and we have presumed that this would 'be the " 
approach adopted. 
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iv) Procedure for the Test 

3-4 mI. of powdered ' sa~ple isint-roduced into 
the depression on a spot plate an~ two ' drops of dye solution 
added; the mixture is stirred -and allowed- to dry. The' sol-

' vent evapora.tes and leaves a black, or purplish stain around ' 
the spet plate. This is the color 'or the unaffected dye and 
should be ignored. The dry clay with absorbed dye is then . 
stirred to expose the colored edges of the clay flakes and 
a few drops of 1:1 HCladded. " 

. , " ' ''' . . 

Tbe color response on the , clay flakes is ' nov 
observed. The sample is allowed to dry and 'after 10-15 .. 
minutes the color is again studied while ' wet and subs.equ- - .< 
ently again when dry. We have generally used color' when ' . 
wet as our standard procedure. " .. 

The exact amount of dye, that is .. 2 ··or 3 ' drop·s,.::'.~ ... 
1s generally not cri tical but acid must bs added until . . 
there is a slight excess; any' carbonate will, of · course ~ " _: , " 
require the addition of extraacia. . . 

. :~ . :~ .. 

Using a spot plate with four depresslons :pe'r :::' :;'; 
row the four concontrations of dye may be run simu1tane~ 
·ously. A very large number of samples may · be ·. run . by using . .. 
12 (36 samples) or more spot plates at .atime. 

It has been found advantageous .. to run a ' sani.ple ~ 
omi tting the use of dye but adding the Hel as a. control." 
The comparison between dye saturated and acid .. treated 
sample yields a more sensitive basis for recognizing a 
color change. . ' 

The spot plate.s are w'ashed after thetes.t,. a'nd :~ : · 
may be used immediately for further tests e . ··The· simplicity ' 
of the procedure allows one to run a very large number- of. ' 
samples in a reasonably short time and so only the positive 
color changes need be used for diagnosing a clay. With ' 
sand samples it is advisable to use a larger amount of 
sample because the reaction depends on the presence ·of . 
enough matrix clay and this is only .:l small part of the 
sandstone. 

After standing for sometime the color of the 
solution above the clay should be notBd; a 6lear y~llow 
solution apparently reflects the presence of or€~ 
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The four different . concentrations· are used 
because, according to tte ahthors, the O~l% ' ~smostsens- . 
i t i v e for the hI ue color indicating pre' sene e .0 ramo n t
morillonoid clay. The 0.5 and 2% reage~ts are most useful 
fo~ the green color typical of illites~ .. 

The 4 and 2 per cent solutions ar~ used to
diagnose montmillonoid. (blue to purpli~sh" blue) and kaolinoid ' 
clays (various ~hades of pink). 

It is, therefore, nec~ssary to run all four to 
obtain the most satisfactory results. 

Again it must be emphasized that a number of 
color responses not described in the 11teratureand bf 
unknown significanoe occur and can be used to corre~ate ~ 

:mudstones which yield simi1~r reactions. It is always ~ 
necessary to use a large number of samples to 'characterize .. :: 
a clayey sediment and it is not necessary ~o ' 1nt~rpretth~ . 

: .. . ~oI6~changes to use them for correlation.. Reproducib~litT . : · 
.. of the color response is necessary. ' . . 

, ', ,' #: -

Finally it is, of course, clear ' that the . tes~, ">' .,' ., 
·. describedis materially improved by using a color ' chart . ,-

to standardize color description, a standard light source~ . 
~ and a binocrilar microscope along with pre-treatment of clar ._ ·· 

samples ' but, in general, elaboration unl~ss shown to yield ' . 
very important additions to th3 information should be avoi~ed ' 
i~ the test 1s to be used in the field. 

. Some familiarity witt the color responses to be · 
. expected may be obtained by ~unning samples .of known camp.:... . 
. osition · and this practice is useful until . a set ' of·"-samples ,· . " 
. with known response is obtained from 16ca1 sediments. ' . , 
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Part V Field Excursion over ' the Colorado . Plateau, August 
18th to September 4th, 1954. 

The main objec~ive of this exctt~sioiwEa to 
~xamine as many localities as possible exposing or~-bearing 
sediments in the Salt Wash member~ In addition br~ef ~isits 
were made to one locality with ore-bearing ShinarUl'~psedi
menta and one area exhibiting ore in the Entrada f'c:rmation. 
The subsequent descriptio~ is arranged according tc the 
program ot the field trip. . 

I would like ta ~eeord my thanks to th~' manT 
personnel in the Grand Junction Offioe of the Atomi~ Energy 
Oommission who assisted me in making arrangements f~lr ' the ' 
ex~ursion and to the field geologists who gave willln~ly . 

. of :' ,their time to guide me -co the va.rious mines in e,~oh area. : 
Without their enthusiastic co-operation it 'Would be imposs~ 
ible tor a visitor to see or digest much of the loc~l geology~ 
My :impressions are in great part due to their k~ndnA~s both 
1n ~thiB and my tvo previous visits to the Colorado J?lateau· • . 
On , the. other hand I must take the full responsi b11:1ty fOT 

.a~T opinions 6xpraaaed in this report • 

. ' The t1rot area visited wal Cottonwood Ore~k 
~amp situated a few miles south and west of Blanding" . Utah~ 
The general l1tholog7 of the Salt Wash sediments appears 
qui tetypical but the sandstones are somewhat massiv:'l) and .· . . ' 
well cemented by carbonate. The ore depo sits examined ' 'Were " 
small and richer in vanadium than uranium. There appears 
to be very considerable amounts of carbonate in the sand
stones and even it'. the ore bearing sediment~ , • . .. Green mud
stone occur around the ore deposi te but is v·e·'ry·'thin. 
Slumping is present but is largely confined . to tbe - thin 
green mUdstone splits within the thick massive sandstones. 
These lithologic conditions are strongly reminiscent~ o£ . 
the . Mon.tezuma Canyon - Coalbed Canyon area. They . represent 
relatively unfavorable criteria. 

From discussions with the project g~ologist, 
Mr. D. McKinley, · it appears that no single geological 
criterion when mapped is consistently associated with ore, 
a feature common to all the deposits. on the ·Plateau. '. It·. 
seems clear that any ultimate guide to ore must, to -be 
successful, co~prise a combination of criter{a~ _ . .' 
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The next area visited vas the Rattlesnake Camp 
in northern Arizona. Here the lithology is suprising1y 
different from the usual SaltVash around the LaSals and 
Abajo Mountains. The following description is a record 
of a rapid examination of a typi~al well core trom the 
drilled area. 

DESCRIPTION OF CORES FROM WELL 192, RATTLESNAKE PROJECT 

Cored 
Interval 
Feet 

10-15 1 

16-25' 

25-35 1 

35-45 1 

45-55' 

56-6S 1 

65-75' 

Recovery 
Feet 

5'-0" 

8'-0· 

8 1 -0" 

81_0" 

8'-0" 

Lithology 

Varicolored green, white and 
yellow sandstone, very muddy, 
with 1 foot layer ot white 
calcareous sandstone. 

7'-0· Greenish gray sandstone 
with occasional thin 
cemented layers (up to 
l' thick). 

It-O" Green slumped mudstone. -

311 loose sand 
l'-on cemented sandstone " 

'. "." 

6 '-9- Butf friabl~ sandston'e ~- -- : :}~~,',;-

6" Broken up oore 
6'-6" Gray green partly cemented 

sandstone 
e" silt7 mudston • . 

1 1 -6. Gray sandstone (oemented)' .. 

Yellowish f~iabl& sandstone 
with greenish sand layers •. 

6' _0" .8S above 
41 -0" white cemented sand

stone with occasional 
green mUdstone pebbles. 

1'-on Yellowish green sand 
1'-6" White cemented sand

stone with 6" mudstone. 
S" Green mudstone (asby1) 

3 1 -3" Green topurple~green 
silty mudstone. . 



" Cored 
. Interval ' 
Feet . 

'':-:~ 75-85~ 

. -: .. .~. 

<: .. ~6-90· 

. '.90-100' 

. . 

.' iO~0-110" " 

.' .. 110-120 1 

120-130' 

:~~-", .. ~ 

130-140' . 

140-145 1 

Recovery 
Feet 

10'-0" 

51-0" 

9' -0" 

0 1 -0" . 

3'-6 8 

, " ~ .. 

. ~ "': ...... " 

.. ~~~~~i~~~~~~!~;~;~~l;:,;;:c: .·. ' 
'" ' , ' . : " , .... ,: , ... . . :. -

.' 1'-S'" Si~t as above:·· .. .. . : ' '. " 
4' _ .6· . Green to yel1ow-g~~·~n</ · ... ,: .. " 

silty . sands,tone:. partl:Y?:· .' . 
. cemented ' (a8h,.?) ~::: vith, ·L;.·.- .'· · 
occasional . green·.:. pebbles '~ , ; .. ;: 

21-0" Strongly', cemented.,: gray,'; " 
vh! te sandstone : .' .-"'.' 

.:: ... 

6· .Green! sh-yel1ov i ashYi::.;;ri-::·: . .. ' . 
sandstone"' wi th_~ some,~~.:;:.·~~-:~>:;; .. . ," . 

' . -·green· ·~ mud S tone-~~;~~·:.·,~-/~~,: '~'·~\~~·. : :~ . :.: : 
S" Green slumped .. mud8tone· ~._ ~; ·':·--·. <:: 

.1'-0". Green -si1~y-.-s~ndsto~e,.,.~ . :-.~~: ·; ~.:·:. ·; -
" , "i : 

4' _0· : Green :. gra:r1 : 8ahd~tone.' •. ; .. : ::~. :.~ .. · ·,'c,~: /:: . ·~:.~~~.:: 
- ~ l' ~Oll -- Green ": gray:~.;: 8·andy: cemerit· edJ:. ( ~"~: :· 

mudstone~~ ., . " . ' . . ,' ... , ' < .. '.:" " .. ; , -..: 

2' -6 a Butf .·friable mUd~;' 8:a,n,?~~~J;,~~J 
'. stone with F . occa8iona·1~~~:i~;'1'~~;~·;~;'};~-:';:':· 

4' -0" ' :~:;n 8 :!~: '~ p~ b_b_1,0S.!:~~~t;~~~~i~~ 
. ' ~ _",,1 .. ;:, ·~ _ .". . 

Q~e en · ye 11 0 w':~ ·.~ 8,~~ · ·'8'~.~'~rst·6~'~~'~~:~<~.:~~~~""'~~~: 
, 7,' __ -6" Qreenish~Yellow,-< B:~lt,.~~</ .. :, , :,c.:, 

(a shy r" ~'s aiid :~wi t 11': ' rar,e::,:~~ '.,- · : ':. 
1/2" .gre·,en ~ , clay.~ .· s'P!:tt;s:t~;\· ~ : · ~o, 

l' -6" :!:!n:!:i:::~8~:!!;t~~~:~,f2«~ 
. . thin re~mu~8t'Ontr~ lay~r. .• :~ ~.:,~:"> 

. ~; ~g: • ~gi;i;5~~~~J!~~~_~3:;J'fi 
9" Friable .. brovn:::. · s·anct.~~,· .. ~". :. ". 

. _ .~: >. : :~:c~, J;:;':~::{~ .:~~ ~: . '" 
-,,,, ..... ' .. "':"'"~.---. - ... 

3· Vhi te cemented '· : sand.stone-~ - _. - . .. - - . ~ 

3'-3" Red brovn. t~.-:·:or,ange ___ sa~d 

. (Blurr :;s,:f~~~#~" , 
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The lithology is unusual becaus~z ~: ,. 
". ' .. :._:. • ~ · ·"':'r - - • 

.,.~: ," "; •. .1"; .' _ _ 

1. There appears to be no ::·, w~.ii' \ tlefine"d 'thi~k" mu'd$t6n'e ' 
layers. In the' well cores · a· fewthin< green ·mud .. 
splits occur. On 'the" outcrop 'there i .s, in addit'iorf 
to· the few green mud ~ splits,alittle r~d mud~tdneJ 
~uch of the outcrop mudston~ · occurs as ' broken up 
"clay galls" indicativeot. slumping • . The bulk or " 
the mUdstone · tested by para amino-phenol dye gives.· ' 
a deep blue coloration suggestive of . an : expanding: .. ' 
lattice "montmorillono1dw type clay. ~ . 

2. The sandstones oontain muoh more . olay .than is 
usual for Salt Washsandstoneathe · clay" co~ors 
the sand green.-Yellow ·.·clayey "·sands ; owe· their.', > "'.: .'~ 
color to tinely disseminated limonite. All 
the .. sands tested by dye yielded a ' deep blue cO'I 'or :'. 
confirming the presence of much clay .. in the ,;:· sand,. ~_ ..:. 
On the outcrop the Salt Wash sandstones : were ', thin: .: 
and occurred, as a serie s ·' of small , curved ' lensesJ:.:, ·'.·. 
these sandstones varied in color from bufr ' to ~ ~ _ ' 
yellow and brown. , The occurrence .of .' so · muchc.la:r~:>~.~: 
in the sand suggests .' an unusual conoentration.~· .O,f::~ 'i~;:~·> 
n ashy" decomposition product·. "" ' '~'.; .:??,.,:: 

" . 7:,;>~~;~::~;.:t;~~ 

8. Clean sandstones were . fev,~hin· and C;o'mpl;etelY'>~L~'i~}: .':{~f~ 
. 0 emen ted by carbonate. . ., ... . , .. ~ . ... . " ' .... -' .. . -:- .. ~ --. . ,.::::. : : :'~,~1fi;~ 

, 4. Pyrite, a8 small orystals, ·!;";· apparently:: o~~oh,/->~~{~;:;{ 
in the . well . cores and drill1!1g,._has·. penetrate4;:· ... :~ . . ::,:.<~~.\ 
below the water-table in one area. ' " 

• _ _ .r;" _, • ~ . -

The ore deposits" a're mafnty . :··va·na:dium· ri· ch~ .and . 
carbonate cemented lenses occurred frequently ",wi th:;, the' or e •. 
These lenses are generally oolored p,ink ~'and ·. bX--owi1. · t':eoo·k~ ~ ' . 
or bedded ore is not common but pat~hy .~ It-r.attle811ake":-::: o~e:::' .;'<~:· 
is typical. The mines are small and :the .ore'· ""'8~oradic . .... ,,< ~ ·:> · 
Muoh of the irregular "rattlesnake"appea·ranc.e ·,r~f ' theo.re·· .\.. 
is associated with slumped sediments.· .. :· " 

As a general and rather 8we~ping_ · apP:Tlfisal""; ' .. -~ . . 
there do not appear to be favorable ~Tap condi ti~.n8: in· . . 
the area examined. The field observations ·. empha8~ze the ' 
necessity for the simultaneous occurrence of ~ .. ,t .W9· sets . of 
conditions which are pre-requisites ~o~ ~oderately.ized . : 
ore bodies. In the Rattlesnake ar·eachem1c.al .. requi'rements · .. ·· 
are met such as pyrite, and green cl·ay : in ' ,thti" sand:. ~. i. e_. ··, 
there is evidence for essential redu\c..~~g ::' :~~~~~,t~~o_D~s' :~' alld 

. ... . ~_.: *- - .... .. ".:" ~'-'. - -:. .~-c;--- .. . . 

. ";'.- - --. - "" - : 



. . ........ . ~ .. 
",. ;,' 

.~ ; .' 

-71- , •. ;..\ ~ . ' .' . 

perhaps belov the vater-table these condition~ : are even 
more favorable l • Favorabl'e physical con'di tions,,~ such ,as , " 
t 'he presenoe ,0% ~ suitable host_ r ,ock and 'an imperme.able ' .' 

· seal around it are absent; the sands 'Which areno't , cement ed ' 
' are unusually rich in clay and the clay ' i 'nRtAad of occur
~1ng as mUdstone layers is spread ae a matrix through the , 
~and. The , cemented lenses of cleansan~i~ply · that the , 
saridy sediments surrounding the lense~ ~ere not permeable. 
Rence, the ore deposits are likely to basinall, irregular ' 
and 'Widely scattered. 

Olejetah Camp vas visted from Rattlesnake Camp 
via Comb Ridge and Monument Valley; Mr. E. Bolen was, kind ' 
enough to act as guide and Mr. I. Gray showed us ~ the ~olid'ay 
Mesa project a~ Olejetah Camp. 

The Shinarump conglomerate appears as a "Chan- ' 
' ,nel" deposit above the Moenkopi. The favorable area is 

confined to the channel sandstone , but the ": ore-. is: not per-:,< " 
sis'tent throughout the channel. The ore generally occurs' :,, ' 
near the base and along the flatiks,not in the center or :~ ' 

' the channel. The ore minerals are not eo highly colored 
and, , therefore, not so conspiciouB . as in the Salt ,Wash 

"~:~.; .Sandstone e. _-_ t- -

.... .. . 

:, ' ~ Megascopic examination of part" ~f 'the ' outcro"p, '<~', , ',' 
" and some veIl cores yields the following informatlonl ' 

_ The Shinarump sediments are es's:entialiy- ' gray :- ' 
vhf te to bufr gravelly sandstones; the M08,nkopi is ' a , silty ' >: ,,' 

. very tine sandstone to silty mUdstone and varies in - colo~ ; , 
from light buff or gray . through olive gre,en' _ to ' ~ed. Gravelly 
sands as coarae as some . of those in the , Shin,arw:ilp_ and ~ or , :c, ~ " 
similar general composition occur as thin -'lenses ,-'and layers 
in the Moenkopi • ,,,.:- ~_" 

..( ~. ;- :--. • • • ~-~."j . ... , ' 

The pebbles in the Shinarumpapp:~ar' -,~~to -'be q~art.;;;. , 
zi te and n cherts"; the latter vary in color ~ a.nd" ' . in.'c~ude, ,' , ' 
pink, red, black, brown and white "cherts". ':, Some ~ 1fcherts 
have a colored center vi th black margins. " .'Both'-' quar:tzi te 
and chert pebbles tend to be equidimensiona:~ ', ~ ' . ,'_- ,-

1. 

.:,. .-, '. _ _ - .r- . ... - : • 

In this respect the compos! tion, pH,arid . oxid~tion- : , 
reduction potential ot the vater if p~_oper-;Ly> ,~ c' 01:1e_e1e~ , 
vould be of interest. '" -. -', ,. , " -, ', :' , " ,,' . 

--:'-. , 
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Clay, shale or mudstone pebbles vary in abund
ance from scarce to ccmrnon in the area · examined. They .ure 
lenticular in stape ,·:i th marked elonga.tion. · . As suggested 
by McKee, et. ale (1953) they appear to be of · lo~al deriv
ation, i.e. Moenkopi. In tyO cores (Penn. state Cat. Nos. 
6710, 6711) from depths of 181 to 181 feet respectively in 
well No. 30, Holiday Mesa, these pebbles are so · abundunt 
and large that ~he deformation of their internal structure 
is obvious. It seems probable that these "pebbles" are 
formed by local penecontemporaneous slumping. . 

Black "pebbles" possessing organic structures 
and including pyrite crystals also d~cur in the cores. 

The sandstones consist principally of quartz 
but some of the pink blocky grains may represent clayey 
pseudomorphs after feldspar. This observation will be 
checked in thin section. 

Th~ sandstones contain ~ariable quantities of 
cement. much of which is carhnnate which ~hOVR as l~stre- . 
mottling on fresh fracture surfaces. There is also a con
siderable amount of secondary silica cement, particularly 
in the ore-bearing sandstones. 

The Moenkopi sandstone layers appear to b~ of 
similar composition to the sandstone~ .in the .Shinarump. . 
The bulk of the f orm3tion examined j s, . however, a consol';" 
idated red, brown, buff or gray silt~tone or silty ~ud~totie~ · 
Micaceous flakes are obvious in some cases. The internal · · ·· 
structure varies from massive throu~hbedded to current 
bedded. 

On Holiday Mesa the Moenkop1near the contact 
with Shinarump lithology is usually burf, gray or gray
green in color but generally the Moenlcopi 1s red, -vary1ng 
from purplish to brownish-red • . The sandstone ~ense8 are 
frequently stained bright green by copper cminer~lization. 

On the basis of a brier examination or the 
morphology ot Shinarump-Moenkopi in Holiday Mesa the 
"channel" torm 1s very ob~1ous. Most -of the well-known 
features, such as channel f~rm, sharp contact and _"altered" 
or discolored Moenkopi near theconta~t, are clearly dis
played at this locality. One w~uld b~ led to suggest, 
on such short acquaintance, that the . Shinarump is indeed 
the channel deposit equivalent to the Moenkop.i . ~lluvium. 
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. ' ~-~ .. 
": ~r:' In comp'aring this ' occurrence with the' Sa'lt "Wash 
,1lithology . it must be emphasized that my ftimiliari ty· ~ with · : . 

.. .. ·S~inaruinp is based entirely on the Olej etah' visit. The "' ~ '.-: 
· e~omposi tion of Shinarump sandstones appears · very similar ... . 
t~ that of the Salt Wash at ;least on the b~sis of meg~
~~o~ic examinati~n. The quartzites, nch~rt· · plu~ organid 
r~~ains' and the abundant qtiartz grains plus the blocky 
p.ink~whi te clay ' grains are identical. 

The only difference which is obvioua is,· of 
oourse, . t ·he . striking contrast in grain size; the Shinarump ' 
~s m~ch coarser and more conglomeratic than the Salt Wash. 
In addition the Moenkopi . contains much coarser detritus . 

·than · themudstones of the Salt Wash. Presumably-the range- . 
' ingrain ;size in Shinarump-Moenkopi sediments is consider-
. ably , greater than that of the Salt Wash sediments. 

.' -- . Other ·than this the sediments are suprisingly ' 
_ alike and disposition of ore deposits in small area~ _in 
· _the . single channel at Holiday Mesa again suggests strat~ 

igraphic . or textural trap'. 8S- the main control localizing 
... : the~~e (8e~ also McKee, op. cit.). Once again there 
:·c·. 'appears to have been later movement of ore · a-a · shown ·by the . 
- :~.: -:copper mineralization along the base of t.he - Shinarump -. . 
·--·::-channel.~ . . '. However, .. 1 t doe 8 not 8eem likely ' that: ·the-~· copper :· 

~ . . izi.ineralization in sandstone lenses -within :tne:' Moenkopi ' can :: 
·_-'-have moved. far - and probably movement in this:--·:ease · 1s·: con ... > 

. fined - w.i thin the small -lens of sandstone. .- -.-

' . . ~ .. 
.... . ~ ." : 

. ... ... ... -.' 

.-\ . :.~~~.::'~ ' M"" .~. -. .. -. -- - . .. 

'. __ :,. ' ' It ·· would be ' pre Bumptuousto attemp.t-:-- ·any · general- -.-
' ization on the basiso! this brief examinatio~or one locality 

of Shinarump ore but the petrographic charactera:-of Shinarump .'_
, ~ndSaltWash will be compared after thin' saotlon ~ ~rialysis : 
.... of.}: the former! s completed. . ' . ~~; - ',. ~ -- -.- - :_~-':-~::~:-. _ . " 

'. - .: --~~~ ~ . ~~' " ;'='~~:'-" -
", F-romOlejetah we returned to Rattle8n~ake",~amp - "' . . .-, .~ '. 

· an'dthen to Cove School in . the Lukachukai M6witains.: _ -·-~ A .' 
d~scr1ption' .of _the ore occurrences at this loc_ali tY" ~ w~a -s :;- . 
included in a- previous report (Griffi thset · _ al, : R.M.E~_ ~ :- . 
3070, p. 52 et : ~eq~)) ' in this area the pr~senri~ of ' ~ree~ ~ 
mud~tone spl!t~ in the sandstone both above ~ arid ~el~v~ the : 

· ore _-.Js: obvio.usin, for ' example, the I .VB mine·: (OlimaXi .:. -- . . _. : 
. Uraniuni) and the Camp- Mine (Camp Mesa). In ' addition the· ' 
remarkable - and int-ense slump features are very ~ · strik:tng; ·· ·~ · 
the: bulk of the .ore . is itself a: slumpedsedim-ent. -- T_~e - ' ... ..:; .. _ 
corttorted textur'es are very ' beautifullyempha·s.i ·zed ~ 'bY' - : the- _: 

-dtff~rentiai. color.atlon · of thin layers . of clay '- ·a:~4_~_.~~~nd; __ -
. . ',.,' . .. '. - ~ /~. ~-

;:-~:; : 
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One day was spent, in company with Dr. Grune!", 
at the Sinastee Camp, using Cove Schooi aa base. TheEno~ 
Johnston mine in the Recapture formation and .. some of. the 
coree on the drilling project . were :examined • .' Here again 
the green and gray colors in the ore~bearing borizonro~m 
s striking contrast to the red and . brown to yellow-brown 
colors of the barren sediments. On the ba8iso~ a rapid 
megascopic axamination the Recapture sediments oontain 
coarser sand& than the average Salt Wash although the 

. coarser Recapture does not approach the Shinarump in this 
respect. . 

The ore deposit in the mine is red in eolor, 
and there is a considerable amountot carbonat~ in the 
sand around and near the ore. Lustre-mottlin& . is · ehar~ · ' 
acteristic, suggesting that these sediments dore completely 
cemented. Some sand crystals or calcite were - noted a~ . thi~ 
locality. Mudstones are rev and tar ·between in the Recap- . 
ture formation but mudstone pebbles~ . both red and . green, 
'occur with the ore in the mine. 

The occurrence or pebbles and particula~ly 
disturbed layering in these mttdstones suggests th.re ~ is 
slumping associated with this ore. In comparison · with .· 
various Salt Wash areas the characteristics examined .' 
during this brief visit do not appear to promise ·. large.,: :· : .... ; 
ore bodies in the Recapture formation ' at this localit1 .• :··;' ·.; · .c 

One outcrop ot Salt Vash at the Beschoshee · :··· . 
open cut was examined and the veryfi'ne . . sand,· ·. ·or greeni8h~ '::';:: 
color when fresh, appeared typical. Bo ~erious eatimat. , . . 
or the potential ot the Salt Wash a.s ·.an. ·or:e-bearing:. horizon.:: ,'; , 
can be made from the brier examination ~.or : th.~l,., one . outcr0p._.::' .' 

.. . 

On the return trip from · i~kaohuk'a'i Mounta:lns .', 
to Bull Canyon, Oolorado the Entrada ··foraation:·atPlacerville;; .: 
and Vanadium was examined. Messrs. Bush .and ·· Veek5:, ~ of .. the~;·" . .. ;·. 
u. S. Geological Survey were kind . enoulh · :to ··· :'a·ota8~ .guides·.' .... 
to the mine on the Donegan Leaae (Joe Datiayj::laimt 80uth 
of' Placerville J and the Bear Creek Mine 's ~ 2 .4 _m~lea .. west . of 
Vanadium were also examined. "._ .,,_. -'- -,-~ . ~ " ---:" ,,,.' 

The Entrada Ii thology ili ·'t,hi.·, ar.ea :. is:·, closely .' 
similar in megascopic appearance to the. Salt . . Wash. sedimen.ts. 
The sandstone is very tine grained and the . main ·.cement is. 
seoondary silica. The rook is too fine ' grained ~ t~ yield . 
information on composition 'Wi thout mi'orcfscopic examination •. : .. '.' 
There are a very fev, very thin 'olay · ~pl'its in_ .. t 'he ,.sand- · 
stone and some carbonate cement. . ,> .. - . ._ ~' . , _ ... 

'.- . -:. '.- : --;- . 
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The ore is dark gray, typical of vanadium ore 
in the Salt Wash, a~d is arranged in pods or lenses within 
the sandstone. A snaIl 2ens seen in the mine wall shows 
concordance with the bedding of the sandstone but termin
ation of the ore is irregularly lenticular and has no 
obvious reason; presumably the control is textural. ThE;re 
are a few small faults in the mine but they are not obviousl 
ass6ciated with the ore. 

Several feet ayay from the ore lens the buff 
sandstone is strongly colored brown to yellow brown by lim
onite which serves to accentuate the strong current bedding. 

At Bear Creek the succession from the Pony 
Express limestone through the Entrada is exposed and shallow 
open cute give easy access to the are. The vanadium ore 
occurs very close to the Pony Express limestone but a 
layer of green "chrome" ore occurs about 5-10 feet down 
in the Entrada. In this locality the sandstone near the 
ore is speckled with limonite spots very similar to those 
in the Salt Wash sediments at Bull Canyon. 

A6 far as may be determined on the basis of 
megascopic examination the Entrada ore and associated 
lithology is very similar to that of the corresponding 
Salt Wash. 

At Bull Canyon, Mr. Dickinson, the project 
seologist, shoYed me the Te~pot Dome, Starlight Seven, 
Sunrise No.4, Jack Knife No.3, Groundhog and Peanuts 
No.3 mines. -

In the Teapot Dome Mine the abundance and 
variety of the ore rolla is striking; slumping is very 
obvious and occurs between the roll margins in places. 
The lack of continuity described in our earlier report 
(R.M.E. 3070, pp. 86ff) ~as visible on the mine walls, 
i.e., the "roll" surface only appears to transect the 
bedding which, while it is concordant inside and outside 
the roll, is not continuous. The remarkable display of 
these features and the abundance of both bedded and slumped 
ores makes this nine one of the most outstanding exhibits 
on the Flateau. 

Another characteristic well shown in this and 
other mines in the Bull Canyon area is the relationship 
of cement to ore. Most of the ore-containing sediments 
are only partially cemented and the cement is secondary 
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silica, easily recognized by bright ref18ctionsfrom the 
crystal faces of the secondary growt.hofsilica around 
detrital quartz grains. Carbonate cement 1salso common 
but completely cemented carbonate-containing sandstone 
generally occurs as lenses which, while adjacent to and 
even in the ore-bearing sediments, are usually barren. 
Nearly all the ore-containing sediments which also contain 
carbonates are quite strongly colored. In general carbori
ate is not a favorable criterion for ore and where the ore 
is rich in carbonate the ore bodies are small and often 
richer in vanadium than uranium. 

The Starlight Seven and Sunrise No. 4 mines are 
very similar and occur in the ftfirst rim" of the Salt Wash 
member (about 25 feet above its base acoording to Mr. 
Dickinson). The deposits are quite typioal but contain 
copper mineralization in addition to uranium and vanadium. ' 
Some black "primary" ores occur in these mines. 

The sediments and ore at the Jack Knife No.3 " 
mine are alao typical but in this case a barren undisturbed, 
sandstone a foot or so thick occurred between two layers , ' 
of strongly slumped ore-bearing sandstone (with olay ttpeb- '~ " 
bles"). The association of ore w:f,th slumped struotures ' 
and the lack of ore in the undisturbed sediments isquit'e ' : ":: <;-:~: .:~ 
a triking • ' ' ,, ';,;2::; : 

At the Groundhog mine the ore occurs in BrUShy, i,§~;;,:~i: 
Basin sandstones, presumably a lens of sandstone in BrushY':' : '~~' ~\'i{I 
Basin clays. The sandstone is much .ooar,ser'lndoontains, ,:' , , ~ 
weathered "chert" and olay pebbles} this lithology is 
closely similar to some of the pebbly Salt Wash and also , 
to Shinarump except that it is finer ~~~ined than the 
latter. 

The Peanuts No. 3 mine (Fawn Springs Area) ''' ' " 
penetrated a perched water-table and , within the water~ 
table the ore is black (unoxidized), ~ , gradually becoming , 
blue-black at the water-table margins, and above the water
table the secondary yellow ore occurs. In this , locality it 
appears as if increasing oxidation from within ~ to above , 
the water-table illustrates the change in character of the 
ore which may be typical for the Salt Wash occ~rrences over 
the greater part of the Plateau. 

The Thunderbolt Mine in the Paradox ~Valley 
flank of Monogram Mesa was also visited and the disposit
ion and character of the ore is typical for thi~ area. 
The ore, seen in the pillars of the mined-out r~oms, is 
lenticular and associated with bedded , -a!ld ,' slumped 'sediment s. 
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' . : . . ' . . 

, In ccnclusion,. then the settilig.:· of . theore "in , . 
'the sediments is rather well-defined,. " the .controls ~·are ' · :.. ' . 
• ~sentially of two kinds, the £irst i~ - ~h~mica1 : ~ndthe _ 
's 'econd textural. Perhaps, the ' dark unoxidized primary . ' . 
ore s are independent of texture and occur ' 'saturating the . 
~~diments, . irrespective of their differences in textures; , 
chemical enviroment is relatively strongl~reducing~ Upon 
oxidation the ore commences to migrate and where ' long dis-' 
tance migration is possible, i.~. in uniformly textured' 
massive sandston~s the ore is completely ·dispBrsed by 
migrating solutions and gradually increasing oxidation 
potential. In places where the relative increase in oxid
ation is slight and the textural .character of the sedimenis ' 
formed traps the migration is small scale and local and the ' 
ore is not dispersed. Successive moveme·nt. of this ore ' .. __ 
'Within the restricted volume ' of the trap leads to closer~·"~", . 
and closer association with the textural (b~dded) . character~ ' " 

, of the sediments '. Slumped sediments wi ththeir. very 'irreg-, ' 
ul .ar textural arra.ngement represents the . 1deal·,.,:.:t ·rap. ·.f .or· . ': . 

. localization of these se~ondary ores. . . 

Exploration, as we have ~mpha~ized inearli~~ ~~ : ~~; 
_ .report 6, depends on finding sediment's vi thsui table .trap . ~' 0' 

':'conditlons (slumped green mUdstone is the .. most obvious <~· .. . ' . ' " 
, .. feature); furthermore, the sandstones which act as ·· ·host ,· ' ~' '- " 

: are bedded or slut1ped not massi 'Va. · The more intense ' arid ' . ' 
' .. ' larger scale the slumping the larger and richer the - ore" .... 

. body. The richest ores will be found when .the trap ' is . 
. so complete that the original .chemicalenvlr'oment, i .n 
which reduction exceeded . oxidation, has .· nev..era. been. dis~. · ' :, 
turbed, e.g. perched water-tables. (as at~ Peanuts ~ No~ 3 
Mine, Bull Canyon). 

~hA most favorahle loc~tion for · orA ~illhA •. 
one where both textural and cnent.ieal envir~ments ~":-combine 
to yield "tnelargest and most impermeable '~r·ap~~~ -:.·F~r~ · . 
exploration by means of fi .eld observations··.the · text..ura'l . 
characters are simplest to follow combined _with. t 'he' pre
sence of slumped green mUdstone. The slumping 0,£ · mud'- , 
stones and sandstones is also a very useftil criterio~~n 
locating suitable areas for exploration. 

Now these conditions apply eiseriti~ilyt~ th~ 
Salt Wash with wh~ch we are most familiar ~u~ ~ th~ .Entradaat · 
Placerville is Ii thologically very similar . to the ' ,Salt ' 
Wash whereas the Entrada generally is barren' :and .. Qq~u,r~:' ., .~., 
as a thick uniforu sandstone. The Groundho"g ·, are&-.,·in- the.---' 
Brushy Basin menDer is also similar to the ·- Salt ····W~.-sh ""', ': .-' .: -
although the sediment is somewhat . coarser ' th~ t1?-e --· a.'i.~~a.ge . 
Salt Wash sandstone. The slumping and lens. cbaracte~i~tics 

,-- -. -

are, however, reasonably clear. 

- , . 
. ~ ~ .. ~ .~. ". 

. " "~"'! ' 
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The essential difference between the Shinarump, 
referring only to the Holiday Mesa example,andSaltWa~h 
sediments is that the Shinarump is -coar'ser. -Neverthele'ss, 
as pointed out by McKee , (op.cit.) . the de-tailed location of' : ,. :_ , 
ore in the channels is a function of textural' traps. ~bi8 ' 
serves to emphasize the ~elative nature of a trap, absolute 
size of grain is not the important feature but uniformity 
in gr~in size is extremely important. Uniform sediments 

·without .much contrast are unfavorable; rapid change in which 
th~ size contrasts maybe of any absolute sizes, _ is the main 
controlling feature. In tbis respect it is interesti~g ' to 
note that McKee emphasizeB (op. cit. p. 45) that the . dis
continuous channels are the most favorable for ore. 

It appears likely that the occurenoe of ore 
iri the sediments at various horizons over the - Colorada 
Plateau illustrate similar features - essentiallysedi- .: 
ment~rypetrographictraps - as the key to location of 
or~. In nearly allcase~ the chemical and textural enviro~ _ : 

' . ment is similar; although, for example, the aotual grain
sizes involvEtd in Shinarump and Salt Wash are different, '. _. 
uniform sediments no matter what their size are not~tavor~ ' 
able. Rapid change in grain size whether betweentwo : dit-~~ . ? ~ 
ferent sizes ot sand or . between sandstone ' andc mudst·one .;.~are':·: :;.L -~ 
f a v 0 r a b 1 e .- . . . .... . .._ .... -- : ,:-~~:::{ 

Yurt hermore , ag en erally similarc haract e; ' td;:'Z'l\1~ 
the disposition of ore is not unexpeoted beoausethe-' sed-"::., ~~~';.:}:< 
iments so far examined from the Per~ian Cutler formation ' " " . 
to the Cretaceous Dakota are similar-, they represent the · ' _. __ 
range in composition from true arkose~ through ieldspathic 
sandstones to arkosic quartzites and perhaps in some~ ~ases~ ~ 
to true quartzites. }fost of thes edime-nts on the Plateau . .. . 
are near the quartz-rich end of this ser-i .es-. ,.· - On this 'basi's ::".-:(:· 

. it appears likely that the tectonio : baok'ground was . largely __ ~ · 
similar throughout the period represented ' by~these~ sediment~ ~ 
and the only changes of any importance ·we~~ ·- variationa . in -
local enviroments of deposition. - . ' v . 
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~. : ..... > -.. ' 

part VI Spectrographic Analysis o~:~om~ Salt Wash Sediments ' . . 

i) Sample. Analyzed 

Semi-quantative spectrograph~cal analyses ofm~n~ 
and core samples have been conducted to. determine anY ' sign
ificant fluctuations in amounts of major and minor elements 
present throughout the range of samples analy~ed. ., .... ,.. .. 

Core samples were chosen randomly through ' mud- c 

stone zones (1, 3, and ~ of veIls 155A~ B,O, Bull Canyon, 
Colorado using a random number table • . Mine samples 'Were · " 

' chosen from , a number of localities and fromdlfferent types 
of ore. The core samples ~hosen ', and their positions in the 

: veIls ares 

Zones Well A 

I 18} " 
20 Red 
88 , " 

.... '~ '.·.V ' .: ·. 

36 Green 

s 

Well B 

. :f)Red 
130j 

~:J Green . 

Well 0 ' 

l~~} ·· 

. .- ', ~ 
... 

. : :.~ 

". 2°D 212 Red " ' . ~~n 
270 

- - - ~ . ... 

5 

230 

248l Green 
273J 

4051 Green 
40~ 

287,fl 
3loJ 

460 

436 

. " -. ';" 

. '..--.,. ~ -' .' 

Green-

Total: 19 Red Mudstone~; 15 ' Green Mudstones. 
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ii) Procedure of Analysis ,'. 

Sample preparation entailed. the crushingo~ all 
samples to pass through an 80 mesh screen - using the hand 
mortar and pestle. To prevent contamination each unit was 
thoroughly oleaned by brushing, and rinsed with distilled ' 
water after each grinding. Though contamination in screening 
is possible, special care in removing theparticlea following 
~ach operation should have limited, if not prevented, this 
source of error. 

5 mg. of the ground sample was then mixed with an 
equal amount of graphite powder. Two samples of each · vere· 
volatilized in the arc of a 21 foot Jarrall-Ash Spectrosc6pe. 
The resulting photographic exposures were then analyzed for 
line intensity using the A.R.L. Comparator-densitometer • . 
Standards were necessary in the analysis; so beforehand th~~e 
were mixed to simulate the rock types. Several standards, to ' 
defirie ' a oalibration curve, were exposed on the same photo
graphic plate to give some control over emulsion and deve1ope~ 
character changes. Interpretation of line intensities acoord~ : . 

. · '. i ·ng to Dr. Harold Lovell of the Mineral Constitution Labora torie's; 
. . ·::,'shouldbe reliable within faotors of 10, i.e., for values of.OX,.,·. 
~:. ievel the error limit should not extend the concentra.tion int.o ' ', :' ,,' 

e~ther the .OOX or O.X levels. For values greater than: one per~ ;~, 
' :c'ent, the lim! ts of error should be around ' (.:!:. .05) but. no~ greate:r:"'·. 
tha~ (.:!: 0.1). , -" 

ValUes recorded for the core sample-sfollo'W' in" Table 
VI-4. Here the compounds are listed as oxideabecause standards 
were synthesized on this basis. The figures ~epr~sentedas p~r- .. 
cent oxide include the total ooncentration of .the . element found 
in the sample computed on the basis of the oxide, 'e ~'g., Fe203 ' 
include s both Fe. 3 + and Fe2 + in each case. .' _ ~ '.' _ . 

In addition to those reported in ' Table ' VI--4,the 
following compounds were looked for but within the limit~ of "the 
technique were not detected (ND) in thecore~~.pLes. : " --' 

Ag 2 0 
Au* 
Bi 2 0 3 
Cd0 2 
Ce20 
Ge02 
HgO 

Ir02 
Mo0 3 
Nb2 0S 
p* 
Pd0 2 
Pt* 
Sn02 

- . -- -.. ~ 

* These elements were used as standards. .~ , 

'SrO 
. Ta203 ' 
Th0

2 
. 

W0 3 
-- " - Y2 0 3-

ZnO . 
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On the same basis the fallowing compounds were 
not detected (ND) in the mine samples .. (Table VI-2) , . 

Au* 
Bi 2 0 3 
Cd0 2 
Ge02 
HgO 
Ir02 
Nb2 05 

PdOa :. 
Pt* . 
SrO · 
Taa03 
W0 3 
Y S 03 · 

iii) Discussion of the Results 

Analyses of the kind presented here rely · for · 
their full meaning on the existence of an adequate back~ : 
ground of information; unfortunately, our knowledge of the 
concentration of trace elements in sediments is neither 
exhaustive nor very representativ~ Values from various · . 
geoohemical texts · (Rankama and Sahama, 1950, Mason, 1952., 
Goldschimdt, 1954) have been inc1uaed in Table VI-3 as a . 

..... -:.., ' ~. :,.': .. -, 

basis for comparison. ._ . 

A oomparison of the averages for sediments . and\ ·' 
mine samples (grouped according to Ii thology in table VI.-3)-< ::
shows in nearly every oase greater amounts of aluminum, ,." 
iron, titanium in the blue-black ores with high silica, 
titanium and thorium percentages in the: Ohinle "D"Arkose : · 
lens specimen. In few cases does the ty'tiyamunite (1) ore 
show outstanding differences from the norm. 

-. s. ,:... 

Although the excitation of uranium, vanadium,. · 
and the heavier elements is difficult iri the spectrographic , . 
arc, they were detected in severalcase_s 1among the _ slwilped. ' 
ores and in the green mudstones from the · well"·-·,cores.Amount:s 
for the alkali group elements seem rair~y. · consistent tl1rough .. 
the mine samples wi th the maximum soda in the blue-black .ores, · 
red clays, and tyuyamunite (1) and the least in the sandstones 
and Chinle "D" arkose. Simi larly, the· Chinle D arkose carries 
less potash and calcium but it contains lanthanum, cadmium, 

., ..... 

and the most ' titanium, cobalt, and thor~um,_ (a 'som~what unusual 
specimen). The tyuyamunite (1) is found to bea vanadium 
bearer, and although uranium is present in questionable amounts, 
radiometric analyses, not yet reported viII -yield . more accurate 
estimates. . 

* These elements were used as standards~ 
" : : .. 
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, T'o compare the ranges of · mine, ., qor~; ., and ~ Ch:i~le 
":D" samples, consult Table VI-6 • . Here, ·the ·:,arkos·e.:-exhibi.tsc
i 'is individuality - more nearly approachirtg :·the·"·"clays :''-- ili ::. 
many instances than the mine sampleS • . ' -. ~ :{ ' ; . '. '. ', : '< 

Mudstone analyses (Table ' VI-5r · ,showa~, .. o·irer";a;11 
similari ty irrespective of color throughout the' :. colunins~ ·· 
The most pronounced difference s . betweeri:- ths :red :'and . green . . '. 
mUdstones are their relativequ~ntitie~ofuraniUm , and vana-
dlum. In every case, the vanadium , and ' uranium·,were -ident- . 
ffied in the green mUdstones. Sodium in . the : fS'ame manner is 
more abundant in the green mudstori~s. · Th~aonv~rsa is true 
for the red muds where greater percentages of ·~iron ~~d~~an-" 
gane se have been identified. '. > " , 

Perhaps the most important inference '·-to'· be :drawn. ' 
from this study is that the backgroun~ ' con~entratiorisofthese 
"traoe" elements varies little throughout rocks ,with .different ·· 
Ii thology, different ore concentr'ation and dirf'erent · :s :ti·a·~:i~ · . , 
graphio levels. This observation also ·.eril.e,rge.sfrom th'e : recent ·· · . 
study of trace elements in crude oil, asphalt ~ ~nd : petrolirerous ' 
rocks (Erickson, et aI, 1954). Apparen tly"thel!.' ·: .the ,: baokgl"uund: .. 

. o"f ~oncen trat10n of these trace e1em.ent a isrele:t·fv.ely : high '," :- . 
. ·tbroughout the sediments on . the . Colorado Plat·eali.·. , .. :Unf':ortunat·e~ly ·, 

-- this conclusion is tentative both becausewe ·'ar.e <notsure .· what · ,;'". 
·~ the . background concentrations are ··.·.1ri sedfmerits ::·a-s;"' a:·:··<whol--e : ·and<. 
because the semi-quanti tat! ve estimates. may .. ~:'b,e :;-t:oCi·" impr.eci~e : ~ ... .. ' ~~ 
to detect the varia tionswhich are preBent.;;r%;il~;"" " : ., 

If however, we may accept '- this <gen$.ra11zat,1on.then ,· : ·. 
the incidence of ore qlements ' and trace 'eleme'tit,'S ' iscomnion ~ to · 
a very oonsiderable volume . of' .sediments • . . Sim~i'J. ·~rly; ._ these,' 
sediments, varying fr0~ true arkoses to arkD~~~~qtiartzit~~~ · 
are petrographically similar ·· at .. leas't in, bro'act;':t~e·r.!Jls .. ' from ,the . 
Permian at least to the Cretaceous overthe :; :::ar·ea.~,~ - ;·~:·. The .. ;.only .·. · :. . 
other J:ela ti vely unusual . com~onen t also ~ : go~~~:If7f:~~~6~tn;e' ~~> : sedi:~:~ " ~ : : .. 
ments over this large ' area . is the pres·ence·ilf:<V:a~"1ap.!EfJjut ··· . . - .·· ·: 
persistently high quantity of volcanic detri.:tus·-·~-:::.~.~-Per.hap_~,:; · .•. '. 
there is a genetic association ,between th.e;:;,e~~ '.:two~:~F~:~a.~ively . '.: 
unusual components. TO'. establish suchan a 'sj3o.:c~a'tci9ii;::' beyon~:t' · 
reasonable doubt would need many ', more . analy~~e'fr·~ o .:ti~ s'e4,j/iIlet;lt_s . . 
generally as well as more from · the ' Plateau ,: a~d.~:~:o'~;z.'d _,~ ne·~e' ss ·iate · 
a very close control on the ', estimates ofquar{ti- :t~<"~ ~·~·:,:· ~ ::-' ·~ ... "·· · , 

. . .,' . . : . . ~~ ... . ~~. :" '~". . :- .. -- .. 
_ ~ J_ ~ :.:.:;.: .:'>: -' ~ _._ .. " 

. <~~ ·;j:';L':~.~.·.·_-:· ...... :- . .. 
~_ • '. '--'; ~ " ... ':1 • • .:!. ~ • .,. .... 
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Table VI-l Locality and Lithology of ·Surface ·and Mine 
Samples submi ttedto . Spec:trographic". Analysis. · 

:'- ' , 

Penn State 
Cat. No. 

6606 

6607 

6620 

· 6623 

6627 

6628 

6632 

6634 ' 

6638 

"" " _ ,7 

-' " 

Locali ty and Li thology' 

Queen Mary No. 2 Mine, Bench Claims, Lisbon 
Valley, utah. . 
Gray, ore-bearing sandst6ne, with very smnll . 
lenses of carbonaceous material; coarser san~ 
lighter color than richer ore-bearing dark 
gray medium to fine grained sand.· 

Queen Mary No. 2 Mine, . BenchCla~ms, Lisbon ' 
Valley, Utah. 
Sample of "trashy" ore from a le~s : between 
two bands of bedded ore. 

Wilson Mines, DryVall~y Camp, Utah. 
Strongly slumped and disturbed gray white · ore~ 
bearing conglomer'atic ;andstone containing '. 

. .... . 

fossil bones and treerragments.. The pebbles''': ',,>' 
in this conglomerate ar~ncherts"~" . . 

Arkose lens, North ofEig Ind1an-:-Rock/' Big: 
Indian Wash, Utah. 
Purplish red coarse ·grained arkosio - sari~~ion~ 

" 7' .• ' 

Westcliff House No. 8 Ktne:, " Coalbed~· Cany()n ', · . · · . · .. ' 
near Monticello, Utah. ' ,.... ,.. ' 
"Trashy" ore-bearing . saIi~tone ~ withclay. ' peb
bles and carbonaceous - fr~gmen·ts. . . 

t.:.' .. 
~. ~~ ' 

. ~ . ,. -- ." .: . . : ~ . . 

We s tcliff House No. 8 Mine'~ '-' Cc;-albed C anyon~- ;-": ; ' "'~-';''; 
near Monticello, Utah • . -.-~~ .. -- . -: ~ .' '" 
C orvusi te (?); a blue~ bi-ae.k-- ore·~b~aring : : sil ty: )/ ' 
sandstone. . ~~:> :c:;,;;;;,:c '. ..' ." 
Kerr Mcgee Mine, Lukachukai . Mts ~ i~~ Arizona it : 

Red mUdstone associated;_' wi th- ore.~ . - -- . 
. _. ,'. ~ .--- ...... -

Kerr Mcgee Mine, Lukachukai"Mts '~,- Arizona. 
Ore-bearing sandstone. 

, . 

Kerr Mcgee Mine, Lukachuka~Mt~~, ~ Arizbna. 
Ore-bearing sandstone ~ithclay gall~~ ' ~~ted 

. -.'~ 

as best ore in the mine. , Olai gall~, ~ed, gray 
and green in color and of ~idely~'; ' va~ying ' size • . 

. ' ~ . - ,-. ' {' 

'- -' '. ::-~ '" 



Penn State 
Cat, No. 

6640 

6641 

8644 

6652 

6653 

, 6655 

6657 

6670 
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't o. '" 

, ( 

Locality and Lithology 

Kerr Mcgee Mine, Lukachukai., Mts,. -; , Arizona. 
Pink sil ty sandstone wi th ' brcrwnisb black . 
carbonaceous chips and irregular spots. ' 
Faint bedding. Some yellow carnotite ' (1) 
mineralization. 

Kerr Mcgee Mine, Lukaohukai Mts~, Arizona. 
Red and gray mudstone with are. 

Kerr Mcgee Mine, Lukaohukai Mts., Arizona. 
Gray white carbonate cemented sandstone with 
are (yellow); clay "galls" or pebbles zoned 
with different colors. Centers - usually brown 
to red-brown surrounded by , green z~ne and this 
in turn su~rounded by pal~ purplish or violet 
color. T~xture of sand disturbed by slumping. ' 

Climax Mine, Mesa IV 1/2, south side, Lukaohukai 
Mts., Arizona. 
Blue-black hot ore; olay~ysandstone 601ored,;by 
o~e minerals. 

Climax Mine, Mesa IV 'i/2, , south side, Lukachukai:>:< ,' 
Mts., Arizona. 
Light gray to white friable B.andstonew:i. th ' d'a'ik' 
gray clay chips and blaok carbonaceous mo.terial' 
(ore sand?). ' ~"-~~ , ' ' "-

Climax Mine, Me sa IV 1/2, south· 'side , . Lukachukai 
Mts.. Arizona. 
Varieg(lted red, brown, yellow -:"" and· c;,eain strongly " 
cemented sandstone containingore~ . Color v~ries 
from black to , cream and redi'n '.:.. bands~;apparently · 
transecting the bedding. ,,' ", _, ,:"'" = ,_ ' .::: _~, ' . . 

Camp Nesa, Lukachukai Mts., Ariz'ona, . ~ " ' ~" 
Pink friable bedded silty fin~:grained~artdstbne 
partly impregnated with yellow " ~re mineral (car- ' 
noti te?) • - '-. ' , , 

Kerr Mcgee No. 1 Mine, Mesa IV.- "',' 
Gray carbona te cemented sandsu,ne with r eed and 
gray ' mudstone pebbles; the o~e mine~~lizati~n 
is associated with the slumped , red - mud~~one • 

. -. : .c..'y . 
0. _ - .. .. . . . 
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Penn state 
Cat. No, Locality and Lithology 

6671 

6674 

6683 

Unnamed mine leased by K~rr Mcgee, c Luk~chukai ' 
Mts., Arizona. 
Pink purplish well-bedded sandstone containing 
layers of light gray clay and occ~s~onal gray 
clay pebbles. 

Worked out Kerr Mcgee Mine; the slumping in the 
canyon wall at this locality is very ' striking, 
an ore impregnated layer performing an S-cend 
in the cliff over 16 feet vertical distance. 
Gray very fine silty sand .containingmuch clay; ' 
mineralization along joint $urfaces .' and not 
interet! tial. . . , '+ 

Well NCS49A, core 206 rt. depth, Lukachukai , Mts. ~: ,; " 
Arizona. 
Gray well-bedded, pa.rtly oemented · eandstonewitll., .. .. 
dark gray olayey layere and yellow oreimpreg~~:: .: ,}:2: 
nations. ' . 



Sample 

6606 

6607 

6620 

6623 

6627 

6628 

6632 

6634 

6638 

6640 

6641 

,6644 

6652 , 

' 6683 

Table VI-2 Speetrograph1,c 'Alialysis of Ore Beal'ing Sediments 

Description 

Slumped Ore Sand 

" • • 
" • " 

Arkose Lens, Ohinle D. 

Slumped Ore Sand 

Blue-Black Ore 

Red Mudstone 

' Ore Sand 

Slumped Ore Sand 

Red Ore Sand 

• " " 
Ore Sand 

Blue-Black Ore ' 

Ore Sand . \ ' ' ' " 
0: .. " . " 

" " 1 

. . " Ii . " :. ', ~,:. 

1,' - " 

8.0 

1.0 

1.0 

8.0 

8.0 

5.0 

6.0 

s.o 

1.0 

0.8 

6.0 

0.8 

8.0 

, " ' ~ . 

85 

65 

70 

80 

70 

70 

55 

70 

86 

70 

45 

85 

70 

• ~ 65 , 

45 

, 65 

55 

70 ' , ~ , 

,~ ~~:i/ 

AlR0 3 

20 

15 

15 

10 

15 

20 

20 

20 

15 

12 

25 

12 

15 

12 

12 

" ' , l~ • 

," 15 

" ' l~ 

15 ,' " 

MgO 

3.0 

0.8 

1.0 

0.1 

3.0 

3.0 

3.0 

3.0 

3.0 

0.8 

4.0 

0.8 

4.0 

0.8 

0.8 

1.0 

:', O ! ~ : .. 

3.0 ,' , 

3.Q ' 
" I 

CaO 

0.1 

2.0 

2.0 

0.1 

0.1 

0.1 

2.0 

1.0 

2.0 

1.0 

0.8 

2.0 

0.1 

ND 

.001 

ND 

.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2.0 ND ' 

2,.0 ' ND 

1.0 " ND 

2.0 

2.0 

0.5 

" . " 

;' PbO 

, .. 

.05 

.004 

'.06 

.004 

.004 

.03 

.004 

.os 

.01 

.002 

.91 

.Q04 

',' ~Ol 

I 
CD 
--J 
I 



Sample 

6606 

6607 

6620 

6623 

6627 

6628 

6632 

6634 

6638 

6640 

6641 ' 

r : ' ~ :':,6 '644 ::', ' 
1 1 

, r. • 

,~.l ' i ,'665? ' 
. • , " ; ' I' , 

' ~, ),", ,\ ' " , \6 6 5 3 ' 
'.; ' :., ' 

,-I , " 

"'!, .... ;., . 

, 6655 , 
" ~', ,: " 

, ,; ' . " 6657 

; ', 6670 

6671 

', 6674 

' 6683 ' 

! . .. . 

' , ' ' . 
, ., 

Table VI-2 Speotrographio Analysis of Ore Bearing Sediments (Cont.) 

CuO 

0.1 

0.06 

0.008 

0.008 

0.006 

0.01 

0.006 

0.008 

0.006 

0.006 

' 0.01 

CoO 

.01 

ND 

ND 

.03 

ND 

ND 

ND 

.02 

.02 

ND 

" 'ND 

ND 

.001 

ND 

ND 

IJD' 

ND 

Nt> ,: . 

, ND 

.001 " 

ND 

.. 001 
, '\ 

o ~004" ;::: 'i, "~'~ !1 ~" ,;/ ' " "~~61i, ':<"" . 
,t , .- } . • 1" 

o • 006 ' .. '" ' ''0 i Ii ' , ' ' . () 0 l ' " < 
: , . " \. . "' : ~ t ',' /1 \ . I ' \ . 

0.004 l ; ' ti '~~ OOl ~' , .001 
',:' ' . , 'j, I " 

, 0.004 

~ 0.006 

0.006 

0.004 

0~006 

0.004 

ND , ND : 

.01 ND 

, .001 , ND 
J. " Up WD 

ND 

.1 

.001 

ND 

.01 

.001 

.001 

.001 

ND ' 

, NO, ' 

~OOl , 

, .ND · 

, ND 

NO ': ' 

ND 

ND 

ND 

ID 

UD 

NiO 

0.06 

0.03 

0.03 

0.001 

, 0.06 

0.06 

0.001 

0.06 

·, 0.08 

, ': ,, 0.01 

0.01 " 

' , O '~Ol , 

0.1 

0.05 

. ~ ... 0.,03 ' 

O.OS : 

0.03 

0.001 , 

Ti0 2 

0.8 

0.2 

1.0 

5.0 

0.1 

1.0 ' 

1.0 

0.1 ' 

0.3 

, '. ; 0.3 

2.0 

'0. S ' 

0.8 

,0.1 

0.3 

O.S 

0.1 ' 

" 0.1 

0.4 

As0 2 

ND 

ND 

ND 

ND 

ND 

ND " 

ND 

.01 

.01 " 

NO 
, ND 

.01 

, ND ' 

NO 

ND 

~05 

ND 

, NO 

ND 

ND 

BeO 

.0001 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

, ND , ' 

' ND ' 
I,.' : 

, , ND .:- ' 

L1 g 0 

0.1 

0.001 

0.03 

0.001 

0.08 

0.1 

0.1 

0.1 

0.08 

0.07 ' , 

0.1 

· ·. ~~ >·:.J;} . o .03 : 

',:" ND "-:,, . "" . - 0 '.008 : .. 

NO ' 0.03 

NO 

ND 0.03 

ND 0.1 

ND 0.03 

, ND 

ND 0.05 

I 
()) 
()) 

I 



\ .";". 

Sample 

6606 

6607 

6620 

6623 

6627 

6628 

6632 

6634 

6638 

6640 

6641 

, 6,641, 

6652 

6653 

I ' ' , ' 6655 

" ;," (" '6657' 
9;; ;, ' .. . 

", / ,~" , ' , 6 670 ,,' 
, , 

6671 , 
: i 

, " 6'674 

6683 

; , , ', 

Table VI-2 Spectrographio 'Analysis 'of Ore Bearing Sediments (Cont.) 

0.1 

0.08 

0.1 

0.06 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 ' 

ND 

.001 

ND 

.001 

.01 

.01 

.01 

.01 

.01 

.08 

.01 

0.1 :.01 
' , ' , I . ,'! 

i i' of ' ;, ; O. I I. . , " ', :' " ; 
",,'; , \ . I ! " ( 

, ;, { , ' o • 1 ' ,: \' ' " • 01 ' ','~ 
. i I"':' '' ' . 

, , 

,0.1 ' ;,"" '" 

0.1 

0.1 

0.1 

, , 
, ".'05'" 

.01 , ' 
. ~ 

"q~! : : 
,," 

" ' 
,',; . 

. , : " " .. ~ :. ,; 

BaO 

0.6 

0.7 

0.6 

0.5 

0.5 

0.6 

0.8 

0.7 

0.8 

0.6 

0.7 

0.8 

, O~7 ' 
t 

t ' • 

0.1 

1.0 

0.7 ' 

0.7 

1.0 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND ' 

ND 

ND 

ND 

ND 

ND, 

N~ 

ND 

ND 

ND 
" . ~ 

ZnO 

ND 

ND 

ND 

ND 

.01 

.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

, ND 

rID 

ND 

ND 

ND : ' : ND 
. . .~,. ' ( . . 

ZrO~2 _______ U=~_O~8 ______ C_S~2~0 _______ S_b_2_0~i 

.07 

.02 

.02 

.02 

.02 

.02 

.01 

.02 

.05 

, .05 

.02 ' 

• 05 

,.01 

.05 " 

.02 

~Ol , 

" .05 

.02 ' 

.o~ " 

.j' 

ND 

ND 

.01 

ND 

ND 

ND 

ND 

ND 

ND 

.01 

ND 

ND 

ND , 

ND 

.01 

ND 

.01 

, ,' ND 

ND 

ND 

.01 

.01 

ND 

ND 

.01 

ND 

ND 

ND 

.01 

ND 

.01 

,.01 

.01 

.01 

.01 

" .01 ' 

ND(?) ' .01 

.01 ' , .01 " 

ND 

NO 

NO 

NO 

ND 

NO 

.01 

NO 

ND 

ND 

NO 

NO 

;:~O • 

· ND 

ND 

ND 

NP ' 
, ' 

, ', ND 

ND 

ND' 

. -( : 

I 
ro 
(0 
I 
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Sample 
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663~ 

6634 

6638 

6640. 

6641 

.6644 ' 
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6670 ' 
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Table VI-2 Spectrographic Analysis of Ore Bearing Sediments (Cont.) 

0.05 

0.1 

0.1 

0.1 

1.0 

1.0 

0.1 

0.1 

1.0 

1.0 

! 1 .• 0 
" ~: .. , 

!' '~ ' ; 1.0 
! i 

0.1 ' 
; 'I 

' I, • 

p 

0.1 

NO 

0.1 

NO 

0.1 

NO 

NO 

NO 

NO 

0.1 

NO 

I . ' ,' O~l 

.01 

NO 

NO 

.08 

NO 

NO 

ND 

.01 

.01 

ND 

NO 

,I " N~ ,~: , ,i 
~ \ , " I 10 I ' 

'. !' 0.1 ". ! , . p~' , I 

, . ~ ,".', :;., '," , 

,. 'NE " I ' , • I , NO . 
• ,,~ , . I " . 

, ;: ' ,.! ' . " i • , ~ , 

I .. 0, ~ 1 ", I ':,;.:' I ND ; : ' " ", N~ , 
:J' / ' L " I .. -I ' • 

" I • 

,. 1 .;0 : " ,i ,1 " 

0.1 ;, 

1.0 

1.0 

, 0.1 ' 
, 'y : 

, NP " 

ND 

ND 
, " ./ 

' .: , 

5.0 

5.0 

1.0 

, 0.03 ' 

2.0 

0.5 

2.0 

0.8 

,0.8 

0.6 

10.0 

1.0 

: .. 0 .• 8 .. ; 

'O.7t,·,:', 
.0.2' . : 

" 1 :; , 
,t' , ! . j ' 

NO 

NO 

ND 

.01 

ND 

NO 

NO 

NO 

NO , 

NO 

ND 

ND ' 

ND , 

ND 

NO : ' 

.'NO 

NO ND 

ND ND 

.001 ND 

.001 .005 

ND ND 

.001 ND 

.005 ND 

.005 NO 

.001 ND 

.001 NO 

.001 NO " 

.001 NO 

ND ND 
'. 

,ND ' NO 

NO ' ND ' 

ND ,' ' NO 
' . " , 

.001, ' , , NO 

.001 . ' " ~ 
NO 

" ' i' 
" '.001 ND 

, 
, '""": ' " '. ~. ~ 

i ..... : ,;.;. f' ~ ' •.. " " ~ i; ": ~ . I,'" 

MnO 

0.03 

0.06 

0.1 

0.03 

0.03 

0.1 

0.1 

0.08 

0.1 

0.03 

0.04 

ND 

ND 

.001 

ND 

.08 

.08 

ND 

ND 

ND 

ND 

ND 

", ,.' 

I 
<.0 
o 
I 

0.04 " , " ND , 

0.1 , ·r : .02 

,. 9 ~ i '~', . , 

0.03 , ' 
,: " t. 

, ,, 0,1 , 

0.03 

0.2 . ,. , 

0,03. ' 

.. , . "':,!" ~ ' . ~ ," 

':'ND , ' 

,ND 

ND 

ND , 

'I ' " , " , ' 
~" " { I ";.. " ' 
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Table VI-3 Spectrographio~a17sis ot Ore Bearing Sediments 
toJ:' Table VI-2 Group'ed ' into Lithologic Types 

Red 
.ore Sand- Slumped Sand-

Sand Stone Sed. Stone 
(Av) (Av) CAy) CAv) 

5iC 2 67 • .0 67 • .0 57 • .0 67 • .0 
A1 2C3 15 • .02 16 • .0 16.2 15~5 
Fe2C3 1.32 1.8 3.416 1.56 
CaC 1.3 1 • .0 1.56 1.27 
MgD 1.72 2.18 1.88 1.94 
Na2D .46 • .07 .64 .265 
K 2C .0.1 • .092 .0.1 • .098 
Li2D • .048 • .0582 • .068 • .0459 
TiD2 .32 .48 ,56 .0.4 
U3DS • .0.02 • .0.02 ,.0.06 • .0.02 
V2 Q5 1.QS 2.76 .0.62 1.92 
Sn02 ND • .0.0.02 ND • .0.0.01 
Pb.o • .0.088 • .0236 • .0.098 • .0162 
CuO • .0.052 • .036 • .0.06 • .02.06 
CoQ • .0262 • .0.06 • .0.0.02 • .0151 
Cr2D3 • .0.0.04 • .0.0.04 . • .0.0.02 • .0.0.04 
Ag 2 D ND • .0.026 ND • .0.013 
NiC • .032 • .042 • .0162 • .037.0 
AsQ 2 • .014 • .0.02 ND ' • .0.08 
BeC ND • .0.0.0.02 ND ~O.o001 
Rb2C • .01 • .0124 .032 .0112 
B,~O .78 .64 ' .06S .0.71 

,, ";' Jn~03 '" . ~D . . ND ', , I .ND .' " ND ,: ;.: , 
: ztio ; ., .CO~ " . • .0.02 ND ",', .,' , ~002 ,:. 

Z,r ,.o'2 • .028 .03 ' : \J' ,042 "~~ ~029 ' 
C820 , • .006 . ~Cq2 " '.0..08 , -' ~CC4 
Sb20-:; ,..' ND ND " !. ND , ND 
P \ .. . ., • .02 , , ., ·~oe i ' " " '.n? .04 

" T~6~i> ; . . ·· .. ·. ;. ·.0.04 ,: ~004 ND • .003. 
Cd.o2 " ' . ND ' ND ' ND ND 

. GaO~ ; • .00;1.4 .. OC04~Q008 . .0.0.09 
, . La20:3 ' ''1 ' ND ND ND ND 

MnC r ' . O:r' .054 • .058 • .06 ' • .059 
MoC~ .004 • .0162 ND .C1~1 .· 

:.: '. ' .' 

Blue
Black 

.ore 
(Av) 

7.0 • .0 
17.5 
4.0 
.0.1 
3.5 
1.0 
.0.1 

• .09 
.0.9 
ND 
6 • .0 
ND 

• .02 
.0.08 
• .0.05 
• .0.0.05 
• .0.005 
.08 

ND 
ND 

Red 
Olays 
(6632) 

55 • .0 
2.0 . .0 
6.0 
2.0 
3.0 
1.0 
.0.1 
0,1 
1 • .0 
ND 
.0.5 
ND 

.0.04 

.0.06 
ND 
ND 
ND 

.001 
l~D 
ND 

• .01 • .01 
.65 , 9.8 

ND , , ND 
.005 ND 
• .035 ~02 
.005 • .01 

ND • .01 
.05 ND 
,.0.05 ND 

ND ,\ .' ND 
.0005 . .0.05 , 

. ND ND 
• .0 7 0.1 
.04 , " " ND 

Ohin1e 
Tyuyam- ItD~ 
unite Sample 
( 667 4) ( 6 62 3) 

55 • .0 
15 • .0 

3 • .0 
2 • .0 
3 • .0 
1 • .0 
.0.1 

.04 
.0.4 
ND 

.06 
ND 

• .0.01 
• .006 

ND 
ND 

• .0.001 
.0.5 
ND 
ND 

• .01 
1,0.0 
ND 
ND 

• .02 
.01 

ND 
ND 
ND " 
ND 

• .0.01 
ND 
.0.2 
ND 

SO.C 
1.0,0 

3 • .0 
0.1 
0.1 
0.1 
.0,06 

• .0.01 
5.0 
ND 

,03 
,01 
• .0.04 
.008 
.03 

ND 
• .001 
.001 

ND 
ND 
ND , 
~5 

ND 
ND 
~04 
• .01 

ND 
ND 

.08 
• .01 
• .001 
.0.05 
~C3 

ND 

Average 
57.95 
13.39 

5.78 
5.89 
2.65 

2.86 

• .057 

.0-3 • .0 

0 • .06 

Sediments 

Sand
Stones 

1.41· 

• .0.036 
.0.74.00 

.0 • .0.04 

Argillit\ea 
& Shales 

62.10 

.0.73· 
3.12 
1.4S 
1.31 
3.25.0 

• .02 8 5 I 
CD 
~ 
I 

.0 • .022 
0 • .0216 

• .0122 

------ • .0174 

------ · ~ ' C .• Q328 

------ .0 ~ .01-.0 • .025 :.-
I • • ~ ------ ... _---- .", 

• .0001 ' 
.0.08 

• .0.014 

.0.013 
• .0.0.04 
.17 
..0.0.08 

• .0.0.01 ' ------
.0.025 

Trace , Trace 

~ Fe 3+ oxide , on1y~ 
. -.' ....- ~ . 

~ . '. 



Sample No. 

BC-155A-18 
?O 
35 
88 
?06 
212 
230 
248 
273 
405 
408 

Be-155B-19 
25 
88 
93 
130 
227 
246 
272 

", ·,i'. " ':: 287 
i' .', ,::. ,:; '" 310 

I " 436 ' ,' 
, , ,' , 460 

, Ild-lS5C'-44 ' 
, :' ,' ",I" , \ " " 121 ' 

'I'~'! ':~- ~ 'i"::' ~ 136 
" 'I; ., " ' 140 
" ,.~, ~ . 230 

.. 1 " .. I:.,;, 2S1 , 

263 
265 
275 
458 
457 

Table VI-4 Spectrographic Analysis of Red and Green Mudstone 
Oores From Bull Canyon VeIls l55A, Band C 

55.0 20.0 
55.0 20.0 
55.0 20.0 
55.0 20.0 
55.0 25.0 
40.0 20.0 
45.0 20.0 
55.0 20.0 
55.0 20.0 
55.0 20.0 
55.0 ' 20.0 
65.0 20.0 
55.0 20.0 
65.0 15.0 
35.0 20.0 
55.0 20.0 
55.0 25.0 
55.0 25.0 
55.0 20.0 
45.0 20.0 
55 .0 , ,! . "2 5 ~ 0 . 

" ' 65.0 1 25.0 
55.0 , 20.0 
55~0 20.0 
55~0 ' . 20.0 
5 5~ 0 ' ~. . 25.0 
'55 ~O '" ." ; 20.0 
' 55.0 20.0 

,} 

55.020.0 
35.0 ,' : ' 20.0 ' 
65.0 ' 20.0 
65.0 . · ~ 25.0 
55.0 '20.0. 
45.0 . , ~o.o · 

• • 0 , • 

. ' 

i ' 

5.0 
5.0 
5.0 
5.0 
6.0 
5.0 
6.0 
5.0 
5.0 
5.0 
5.0 
3.0 
5.0 
3.0 
5.0 

. 5.0 
6.0 

, 6.0 
5.0 
3.0 ':~.J' 

15.,0 
'; 5.0 

5.0 
5.0 
3.0 
6.0 
3.0 

. 6.0 . 
5.0 
5.0 
3.0 :\.. : 
5~P , 
·5.9 ' . . 
S.Q 

OaO 

0.2 
1.0 

12.0 
12.0 
12.Q 
12.0 
12.0 
1.0 
2.0 
1.0 
2.0 
0.2 

12.0 
1.0 
2.0 

12.0 
2.0 

15.0 
15.u . 
0.8 
1.0 
1.0 
1.0 
.e.1 

1'2.0 · 
12.0 " o.S 
12.0 

: , 12 ·.0 
;' 2.0 
i l.O 

· l.O , 
; ' 12~O 

: " ~;1 '~ '0 

MgO 

2.0 
2.0 
3.0 
3.0 
4.0 
s.o 
S.O 
3.0 
3.0 
3.0 
3.0 
2.0 
3.0 
1.0 
1.0 
3.0 
4;0 
0~8 
::,.v 
1.0 
3.0 
4~0 , 

3~0 
3.0 
1.0 
3.0 
1.0 
3~0 
3.0 
2.0 
3.0 
4.0 
3.0 
'3.0 

2.0 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
1.0 
1.0 
2.0 
2.0 
2.0 
+.0 
2~0 
1.0 ' 
2~0 
2.0 
1~0 
0.1 

0.1 
o.i 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 ; 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
1.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.8 
0.5 
0.8 
1.0 
1.0 
0.5 
0.8 
1.0 
0.8 
0.8 
1.0 
0.5 
0.5 
0.2 
0.6 
0.5 
1.0 
1.0 
0.6 
0.6 
1.0 
l~O 
1.0 
0.8 
0.5 
1.0 
0.6 
0.8 
0.8 
1.0 
1.0 
1.0 
0.8 
0.3 

NO 
NO 
NO 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
RD 
ND 

,ND 
tID 
RD 
HD 
ND 
ND 
ND 
HD 
ND 
ND 
HD 
ND 
01 
ND 
ND 
ND . 

I 
CD 
l\) 

I 

; .' ~ 



} ' " .,.; ~ 

Table VI-4 Spectrographic Analysis of Red and ' Green Mudstone 
Cores From Bull' Canyon Wells lSSA, Band C (Cont.) 

Sample No. Vg 05 CuO MnO Crg 03 

BC-155A-18 0.04 .006 0.03 NO 
20 0.04 .008 0.04 NO 
35 0.05 .008 0.06 NO 
88 0.04 .008 0.08 NO 
206 0.05 .008 0.1 NO 
212 0.05 .008 0.1 NO 
230 0.04 .008 0.1 NO 
248 0.2 .006 0.04 NO 
273 0.04 .008 0.04 NO 
405 0.04 .008 0.04 ND 
408 0.05 .01 0.04 NO 

BC-155B-19 0.2 .004 0.03 .001 
25 0.04 .008 0.08 .001 
88 0.03 .004- 0.U4 . ND 
93 0.04 .008 0.04 .001 
130 0.05 .008 0.1 .001 
?27 0.05 .008 0.06 .001 
246 0.05 .008 0.2 ,ND ' 
272 0.04 . • 006 0.2 .b01 
287 0.04 .004 0.03 NO 

. 310 0.3 .004 0.04 .001 
" 43.6 . ·0 ~05 . .006 0 ~06 . ND 

,,: . J [;;,.-:, .. ... :, :'." 4~0 q .• 03 , . 1" • 006 . 0 .• 1 ' . ND 
. ,~ . .': ' ~. ,' J B'C'~:15 5.0-44 ,' . :th O .. ·~ : ;", ~ o.06 ,' i ;1':' \. q.o ~ ,>'}". I' ': " ND . 
"';~' :"'~:\ '~\ ' I \ :~'l·. >:/ ~I ".: 121 '; . '.I.'O·!',os,t!: , .. ' ".008 ,' :, ! ,' ,0 ,.05., ' ,f. ~ ND . ", 
,,/, : ~. ,,' ,' ; . . 1 ".1 130 ' ' 0, •. 0.5 .· · .. ·· ' ~ ooa I • ,t o.05 , .. . ~": ND 
;:r .. 1:.!) > \,;' tf~?':'}l( ,;' ',', .;~:... ". l40. ,\' J' ',> . 0 ~.2 \' : />.: '" :: .008 : " 0.03 ::,:. : . : .Q01 . 
• ! I",', i ' .,', ." (~, • ~ .' : I" . ~ 2 ~O )'.; '0 '05 1''" '' ,\',;'(1 I,' 008 ' . 0 1 ' • 001 

, \ ' j " J . " '... ' I' ,, '. I I ' ~ t " • I' \ • ' , ' . J ~ ' . 
: ' !l.'I, ,~·,,"ir;<);/ J ') '~"(" '.,' i ',:. ,': 2~f, :, "~ , ;:, P t 2,.' I,,:L.:: '-: ' ~, : ~ OOB · 0 . '08";'\':'··: 001 ": .' 
' ,' • .f) ,I 'r''' ,, !, ,··A " .<",, ' ~ ,~,L\, ,I, < " 263 ;"' " 0 ' 64 :, " ' OOB .~· ... ·.:.00 •. . :.' ... 00 ... 44 ... : ......•.. ·:.:.: .. !.· .: .. ,·;,:.·. NO.DO .. 1 ....... · . :~ ...........• '.: .. (i ... ·J"'i}' :',tt ~ '~~ ' I ~.;\J I!ri ~ , : : 1~ I~j > • • I ,,~ ; . ~\; I '~':I ~ . III ", ', I' '4:~ ! t ·'· • i ,. 
" . ( . • . . ,.A', ... " '1'.1"" (.' " I' ·", j'. , · 265.~ , . .\ , 11 0,, 7'" .. .006 .' 

j ";1 .... ' " " , ' '.I \ , "', 't "!' t ' f' t l~; ' 'I; ,~" '~ , J I I I t\ ~ <" I \ ' I #. ' 

,~ /' .... : ~ td " ' ,' , 'l'r" ,,: . j; i :f 275' . .. 1.1.03 ',' . .0080.06 · ·ND.:·: . 
::·t·.(: I,)~"iJ'i>\~· · ~:,.:'.:· :?:;;~~;~;~~~;:~:~~',~;y,~, /. l S3: .. ,' , Q!I~ ;I ... '. '~'~: .OO~. ., 0,08 .. ,.· :·.Q01 · 
.r. I \ '. ,c\,,. ... :. 'I.'~" :"",! ,~, :, I: .i' . 457 . q .03 . . .02 " '" . '0 ~l ': - ND, ;> .i~ ; ;: 

, .~I ' " :,; " , ~~,;. , ;,, ~ " '. ' . I . .,. . . .. .. ':, ' .. ... . ' . .. .. .. .. , \ : . 
. . : .' I . ". . "'" .::: . \, ~~. :' '.. . . ; , .~l'. 'j 

NiO 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 
ND 

.001 

.001 

.001 

.001 

.001 

.001 

.001 . 

.001 

.001 ' 
• 001 -

. • 001 
. • 001 ' 
.001 

". ~001 
. • 00:t. .· 

,:' ~001 ' 

~001 ' 
., ' ';- '. ~001 · ·· 

.. .... . 001 .. · 
. ;. :.001 .: 

.; .... , . 

PbG 

.002 

.002 

.OC2 

.002 

.C02 

.002 

.002 

.002 
ND 

.002 

.002 

.002 
ND 
ND 

.002 
un 

.002 

.002 

.002 
ND 

.002 

.001 
. • 001 
'.001 
. lID 
UD 

.004 

.C02 
lTD . 
ND. 

• 02 ' 
. ~001 

ND 
·UD 

I ; '. 

... : .... 

.. " 

~. . : . '. . 

BeD 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
UD 

.001 

.001 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

.001 
ND · 

.' HD : .' 

. " .,' . . ' 

L1 2 0 Rb 2 0 

0.01 .01 
0.04 .05 
0.05 .oa 
0.05 .05 
O.OB .01 
0.05 .08 
0.1 .08 
O.OB .05 
O.OB .01 
0.05 .05 
0.08 .05 
0.05 .05 
0.04 .08 I 

to 
0.01 .001 (.oJ 

O.OB .OB I 

0.05 .05 
0.05 .OB 
0.1 .01 
0.05 .08 
0.08 .01 
O.OB .05 
0.1 .08 
Q.05 .OB 

' . 

0.Q4 .O.B · 
0.08 . ~OA 

O~+ .OB 
., 

0.02 .01 . 
. 0 ~05 ~05 

0.04 . . • 05 
: 0.05 .' ~05 

. ' 
. 0 ~OB ' ·~01 . 
, 0 ~'OB , • i. .' ~ . .08 
.•• 0 ~ ' 05, ".; .:.;::: ' .05 . 
' 0.05 ' ' .08 

. ; ,,:, 

.', . 

'. , :; . ".:" . 
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' Table VI-4 Spectrograpllic Analysis of Red and GI·een Mudstone 
Cores From Bull Canyon Wells 15SA, ~ and C (Cont.) 

Sample No. BaO ZrOg 

BC-155A-18 0.6 0.01 .06 
20 0.6 ND .05 
S5 0.6 ND .02 
88 0.6 ND .02 
206 0.6 ND .05 
212 0.6 ND .02 
230 0.6 ND .02 , 
248 0.6 ND ~05 
2 73 ' 0 • 6 0 .01 .02 a., ,.: ,, 

405 0.6 NO ' .02 ' 
408 0.6 ND .06 

BC-155B-1~0.6 ND~05 
25 0.6 ND .02 
88 0.7 BD .02 
93 0.6 ND .02 
13b 0.6, ' NO .02 
227 0.6 0.01 .02 
246 0.6 ND .02 
272 0.6 ND .02 , 
287 " P.S : , ' .~ '" 0 01', " r : , .92 . 
310 ; ,; 0.'6 , : '\ T .: d:o~ ', " ' " .05 i ~,'. ~ 

:Z~~ ' g:: . ' : , ':~ N~l \ i :gr 
,BC~155C-44 O.~ , I" ND .02 " 

121 ~ ::, " ' :'.~. " .',;: , ~~~l" ' :g~ " , ISQ ',' 
140 ()~ 6 ' I' ' , ; : \ : ND.O 5 , 
230 " ,O.~. ;,' ..• : ' ND ,.Q2 
2 S 7 , 0 .6 , ' I, ND .. Q 2 
26S 0~5 ND ~02 
265 o~e ND , ' .05 ' 
275 0.7 , .0.01 , ' .01 ' 
453 0;. 6 , ' NO ' '· ~02 , ' 
457 0.6 ~D ' .~l , 

. 1 ; , 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 
,ND 

.01 

.01 
'.01 
.01 
.01 
.01 

ND 
.01 
.01 
.01 
.01 
.01 

' , .01 ' 
~01 
.01 

" 'ND 
" .nl 
.01 

' ~Ol' ' 
! .01 :"." 

Sbg 0 3 

ND 
UD 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

.01 

.01 
ND 

' ND 
ND 
ND 

, ND 
ND 
ND 

.01 
ND 
ND 

.01 
ND 
ND 
ND 
ND 
ND 

p GaO? 

, .001, 
.001 
.001 

---

.001 

~OO~ 

_L_a~~ 

ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO ' 
NO 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
ND 

.001 
ND, " 
ND 
ND 
NO 
ND, 
ND 
ND 

.OO'S 
NO 
ND 

I 
to 
~ 
I 
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Table VI-5 Comparison of SpectrographicallT Determined 
Elements in Red and Green Mud~tones . 

" . 
. .. 

CaO 

.. ."' '- ~' ... .. . ~ ,. 

No. of Samples 
Concentration 

Limits 

<M50 
M51-60 

)M60 

(M15 
M20 
M25 

X1-S 
)X 5 

<Xl 
Xl 
X2 
Mn 

Red 
Mudstone 

19 

5 
11 

3 

1 
15 · .. ; 

3 

2 
17 

2 
5 
3 

' 9 

Green ' 
Mudstone 

15 

1. 
12 

2 

l4 
1 . 

5·· 
10 

· 3 
5 . 
2 
5' 

. . .~. . . . 

·" 3 .. 'c"·.:··· : 
, , ~ . . 

<Xl 
X2 
X3 
X4 

3 .. 

3 
10 · 

. , 1" " . . ' . 
\.-:" 

V 2 05 

CuO 

)X2 
Xl 

0.X1 
X1.0 

i.o .Xo 
0.X6- 9 
X1.0 

ND 
0.0% 

<0.OX 5 
')a.XI 

<O.OOX 6 
O.00X 6 

>0 .00X 8 

. :' 3 -: 

.7 ;:- -
r2~-'· . 
- --' .. ;:-,- ':" 
~ . ...:.. .... J.;,:- _. 

17'_ 'j'-:- . ". _ 

.;.~ .' ..:::..: -- , - -~-:", 

10·" 
' 1" .--

"10' 
. 5 

'14· 
"1" 

::~;. :.'. ~~~. : ~ -'- ~~ ;. : ~ •.. ~ ·.~~i ~" "" 
~ - -. .... . 

19 :~>. -. . ~ .. .",- ". 9 
.- :. 6· ,. 

. . ~ 
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Table VI-5 Comparison of Spectrographic~11T Det~rmined ~ 
Elements in Red and .Green Mudstones (Cont~) .. .. 

MnO 

NiO 

PbO 

ZrOa ' 

BeO 

Concentration 
Limits 

(0.ox4 
0.OX 5- 9 

>0.X1 

? 
ND 

o.OOX 
ND 

0.00X4 
0.00X 3 
O.OOXI 

ND 

o.ox 
ND 

>0.OX4 
< 0 .ox4 

a .ox? . 
ND 

+? 
ND 

O.OOX? 
ND 

Red ' 
Mudstone 

6 
7 
6 

6 
13 

18 
1 

10 
4 
6 

17 . 
2 

6 
13 . 

' 3 
~6 . 

." ; '~: - . ~ 1 

' .. ~ : : ~'~~~~ B 
.. ~ .-~: ~~-:~.~~~~ :;, 

. - - . "2 "" . 

'~7 " 

. . Green 
. Mudstone 

9 
6 

. 6 . 

9 
-- . ~ -

"'.1.5 ', ' 

1. 
8 
1 
5 . 

. . " 14 
:·1 

····5 . 
to '" 

. ' 1. 
;L4·· 

. '. ' .. 2 . 

.1.3 

. . . --". 
15 .' . . . " 

The exponents in each case indicate ~h~r~ri~~ '9rValue~ : 
at the level designated by "I". "M" -is ·-substituted . for ' ·· 
"X" 'Where the element is found in malo~ amoun~s', . , ... . ' . 

. - - --
- . - ~_ • r 
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Table VI-6 Comparison of Spectrographically 
Determined Elements in Ore -Samples, 
Mudstone Cores and ChinleD Arkose 

Rock Sam12le 
Chinle D 

Mine Oor~§ (6623) 
5102 45.0 -70.0 35.0 -65.0 80.0 
Al~O~ 12.0 -25.0 15.0 -25.0 10.0 
Fe203 0.08 - 6.0 3.0 - 6.0 3.0 
CaD 0.1 - 2.0 0.1 -12.0 0.1 
MgO 0.8 - . 4.0 o.e - 4.0 0.1 
Na20 0.05 1.0 0.1 2.0 0.1 
Ka O o.oe 0.1 0.1 ·0.06 · 
TiO a 0.1 - 2.0 0.2 - 1.0 5.0 · 
U3 0e ND .01 ND - 0.01 ND 
V2 0S 0.06 -10.0 0.03 - 0.7 0.03 
CuO 0.004- 0.1 0.002- 0.02 " 0.0.08 
MnO 0.03 - 0.2 0.03 - 0.2 0.03 
Cr203 ND 0.001 ND 0.001 ND : 
H10 0.001- 0.5 ND - 0.001 0.001 . 

. . PbO 0.001- 0.05 ND 0.02 0.004 
SnOa ND - 0.001 ND . 0.01 

... . < 0,00 ND 0.1 ND 0.03 , 
· .. AgsO ND - 0.01 ND .' 0.001 ' . " 

AsOs ND 0.5 ND . ND . " .' 
' . 'p _.BeO ND 0.0001 ND 0.001 ND · ". 

LisO 0.001- 0.1 0.01 0 .• 1 0.001 
.- .... -.. ," , -

'RbaO ND 0.08 0.001- o.oe ND '" 
. . 

BaO 0.5 1.0 O.S 0.-7 0.5 
. ' 

In203 ND ND 0.01 ND ' .. 
ZnO ND 0.01 ND ~ '- ;... - ND 
Zr02 0.01 - 0.08 0.01 - 0 • .05 " 0.04 
08 20 ND 0.01 ND - 0.01 0.01 · 
Sb2 0 3 0.01 ND - 0.01 ND 
P ND 0.1 -----------. ' -'""": ND 
Th0 2 ND 0.01 ND .. .- 0.08 
Cd0 2 ND ND ' " '~; :'~~.: 0 .01 

" _ . _)._ J"'. 

Ga02 ND 0.005 0.006 " ~ r:' 0' .001 
La203 ND ND 0.001 

--
~. ,- .- 0.005 -

Mo0 3 ND - 0.08 ND ND 
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