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STATISTICAL INTERPRETATION OF SAMPLE ASSAY DATA FROM THE MI 
VIDA URANIUM MiNE, BIG INDIAN DISTRICT, SAN JUAN COUNTY, UTAH 

by 

George S. Koch, Jr.,' Ri chard F. link,2 and Scott W. Hazen, Jr.3 

ABSTRACT 

The Mi Vida mine, Big Indian district, San Juan County, Utah, is in an 
ore deposit of uranium and vanadiUI:l minerals disseminated in certain sedimen­
tary beds of the Triassic Chinle formation. Statistical analysis oE assays of 
samples taken from the ore body affords an estimate of the grade of the ore 
body and provides a prediction about the direction of best mineralization 
beyond the"sarnnlprt ~r~~ 

The basic data analyzed are assay results for uranium (U3 0e ), vanadium 
(V~Os), and lime (CaO) from 225 channel samples cut at 79 sample points. 

Through "the use of appropriate statistical methods, particularly regres­
sion analysis, the grade of ore t:l.ay be e:;ti~(.ited ::.ure precis..::1y than by con­
{entional m~ans, and the most favorable direction to extend the mine may be 
>redicted. Frequency distributions of assay residuals for uranium, vanadium, 
ind lime are compared to frequency distributions of ass3ys without regard to 
~rend. Correlations among these variables art..! obl<::.ined and intt.::rpreted. 

The statistical methods employed illustrate cert:lin t(;chnict'Jes that may 
be used to analyze assay data from ore deposi:s !.;) ge~cral. 

L~TRODUCTION 

In 1953) engineers of the Bureau of Mines examined the Mi Vida uranium 
mine of the Utex Exploration Co. in the Big Indian nining district, San Juan 
County, Utah (fig. 1). A description of the mine and operations was 

IGeologist, Denver Mining Research Center, Bureau of Mines: Denver, Colo. 
2Consulting mathematical statistician, Bureau of Mines, and res~arch asso­

ciate) Statistical Techniques ReSearch Group, Dept. of Math~matics, 
Princeton Univ., Princeton, N.J. 

3Mining methods research engineer, Denv~r Mining Research Center) Bureau of 
Mine~ ~ :;""?enver J Co 19. 

Work on manuscript 'completed March 1964. 
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published by the Bureau in 1953 ((:). 4 During the examination) . 225 samples . cut 
in the underground workings were assayed for uranium: vanadium, and l ime (cal­
cium oxide) '. ,Because of restrictions at that time on publishing uranium data, 
the assay results ' of the samples were not given in the 1953 report. Recently) 
however, these data became available for .pub lication. 

In this report, one of a series describing work done at the Denver Min-
ing Research Center of the Bureau of Mines on methods to improve mine sampling ' 
and evaluation, various statistical techniques ; particularly that of regres­
sion analysis, are applied to the Mi Vida assay data, and the result~ are 
interpreted. 

The Mi Vida ore "deposit Ttlas discovered in July 1952 by Charles A. Steen, 
a geologist and prospector, while boring the first diamond-drill hole in the 
Big Indian district. High-grade are, 14 feet thick , was penetrated by the · 
borehole. Sinking of a shaft, 30 feet southeast from the discovery borehole" . 
was begun in Oc tober, and the firs t shipment of ' ore was made on December 6', 
1952. The discovery shaft, the extent of the workings wh en sampled by the 
Bureau in ~953, and the ex.tent of the workings in 1961 a re s hown in figure 2. ' 

The authors thanktheUtex Exploration Co. fo r coop e ra t ing in the 1953 
sampling program. Particuiar thanks for his interest and advice a re due to 
~harles ~A. Steen, who in 1953, ~as chief geologist of the Utex Exploration 
~o .. R. R. McLellan" of the Bureau of Mines ) cooperated in the original work. ' 
;;, L. Dare:, R. D.Berkenkotter, and B. G'. Horton" all Dft...~eBureau of Mines, 
iSS isted in sampling the Mi Vida mine. 

, LOCATION, PHYS leAL FEATURES __ AND GENERAL GEOLOGY 

The Mi Vida mine is 38.1 miles, by road) s o utheast o f Moab) Utah, on the 
1i Vida and adjacent claims, in the Biglndiarr mi ning d i strict , and in sec. 
ll, T.30 S., R.24 E., Salt Lake Meridian, San Juan Co unt y" Utah. The mine 
!all be reached by traveling 30.3 miles southeas t f rom Hoab on U. S. Highway 
L60, then 7.8 miles, generally northeast , on a pave.d r ead up Steen Canyon ; 
:his road is used by trucks transporting ore. from the mine (fig. 1). 

Topography, of the area is typical of the semidesert Colorado Plateau 
~egion) comprising a series of anticlines and s ynclines with t he drainage 
:orming ste'ep-\.;alled canyons and me s as capped l o c a lly by ma s siv e c liff- f orming 
iandstone.vegetation is sparse., consisting of scrub pin e ; pinon " and sage­
)rush. Theclimate is arid, with temperatures rising above 100 0 F in the 
:urnmer" and "falling below freezing in t he . win ter. Snow s) usuall y l ess t h an six 
.nches deep) occasionally rea:ch a depth o f two f e e t . Ex cep t aft e r severe 
torms and. during spring thaws" dirt roads to the mines in the 2. rea are 
,assable. 

1 Underlined nur;,b e rs in parent he s is refer t u repor ts 
referenc e s .j t t h e ('nd (J £ t h i s r e.p or t • 

giv en in t he lis t of 
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The Big Indian mining district is on the. southwest flank of the. Lisbon 
Valley antic line) which p l un ges to the north~vVes t; the ore- bearing horizon is 
overlain by a considerable thickness of Jurassic and Cretaceous sedimentary 
rocks. In the mine area the Triassic Chinle formation consists of variegated 
mudstones and siltstones} intraform.atior..al conglomerates} and fine- to medium­
grained crossbedded sands tones. The ore- bearii:1g unit". in the Chinle forma­
tion} contains " fossil plant remains replaced by pyrite or '..lraniniteor pre- " 

] _ _ ___ ~ L _ "~ 

SAMPLn~G OF TP~ MINE 

The sampling of the Mi Vida mine in 1953 was done with standard n:ethods 
The work} completed in 4 days, requlred 15 :nan.,-shifts t o cut 225 samples .. 
which were shipped to the Bureau of Mines Meta llur gi c al Division"" "Sal::: Lake 
Experiment "Station, Salt La ke City: Utah ,. to be assayed f e r uranium., vana­
dium} and lime. Sample locations are shO\~n on the assay I7tap (fig. 3). 

Inasmuch as the water supply at the mine had to be transported from Moab 
by truck} it was inexpedient to wash 'the mine faces before sampling. Instea~ ) 

a long-handled} stiff-bristled brush was used to remove the heavy c oa ting of " 
fines" that had accumu"lated on the faces f rom blasti::1g. Cleanin g of each face " 
was , completed with a whiskbroom immediately before the samples ;-l e.re cut. This 
procedure removed the high- grade uranium dust andfi:1E:S that v,iould have tended 
to "salt'l "the samp les • 

With ,few exceptions, the vertical 'width at sar:lpies '.,,;·as TI1alnta1.ned a"t less 
than five feet. Widths were selected cn the basis of r oc k character (rn..:issive 
or-fractured)} rock type ( s anas tones and cuds tones) " and color gradations. 
g"ample widths were marked on the fa ce by a horizo::ta l white paint line; the 
sample number and width measurement for each sa:r,ple were ?2.int ed on the face. 

"At virtually 'every sample location a pile or broken muck had accumulated on 
the floor at the bottom of the face. Because remova l of the much VIas imprac-
5=icable, thes.e inaccessible portions of the faces v;e re disregarded in cutting 
the samples and in the calculations. 

Channel samples Here cut vertically ' aC;::-05S each sa"m?le interval. Because 
of the 'high: lime conterlt of the reck: most of the s amp les had to be cut with" a 
m.oil. Canvas sheets were used to catch t he chippi:-:gs: except \-lhenwork was 
conducted from ladders along the faces of high drifts) in vJhich " instances 
bqxes" were used. Uniform size sample s2cks ·were LlSed,. and each sample weighed 
about eight pounds. 

STATISTICAL 11\1TERPRETATION OF THESAMFLE ASSAY DATA 

" " 

The 225 samples were cut at the " 79 points indicated in " figure 3. At each 
pOint, from two to six samples w.ere taken) depending on the thickness and 
character of the ore" body. The original , sample and assay data are ,Listed in 

,~"ppendix " A • 

"The principal data considered in this report are 'weighted-average a~6ay s 
at each of the 79 sample points" as listed in AppendiX B. Th ese. data h: ,,-'" ri.:.~ 
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Before a regression analysis is undertaken, it is desirable to plot eand 
contour the assay values by hand to obtain a general impression of their ~is­
tribution. Assay contour maps prepared in this way (figs. 4 to 6)"iridicate',' 
that ' assays ror uranium and vanadium define a reasonably regular dome in the 
northern part of the mine .. whereas ' they are erratic to the south. Therefore, 
the entire mine area was divided into a northern and southern area as shown 
by figure 3. Significantly; the contou,r maps drawn by one of the writers in 
1953 have not been subsequently altered with results of the statistical 
analysis. 

Linear and quadratic regression surfaces were fitted to three sets of ' 
weighted-average assays: To those at all 79 sample points" to those at the 
47 points in the northern area) and to those at the 32 points in the southern 
area. The independent variables (x and y) were the arbitrarily established 
mine coordinates; the dependent variables (w:.) w2J W3 ) were weighted uraniti¢. , 
assays" weighted vanadium assays) and weighted lime assays at each sample ",,:; 
point. 

Nine quadratic surfaces and the corresponding nine linear surfaces wer'e 
fitted and evaluated to form the basis of the summary in table 1. The regres';" 
sian analyses used for the evaluation are presented in tables 2 to 4) and con­
tour maps of four of the surfaces are reproduced in figures 7 to 10. Figures 
7 and Bare quadratic surfaces for uranium and vanadium in the northern area. 

' The surfaces are domes that are very similar to one another. Figure 9' is 'a , 
quadratic surface .. ' £orlime' over the entire area; the surface is a saddle with 

, the predominant trend an increase in lime to the southwest. Figure 10) a 
linear surface for lime over the entire area indicating an increase to the 
southwest) is included for comparison with figure 9 ,. The surface is not 
changed very rtlUchwhen quadratic terms are added to the linear te~msbecause 

' the linear component of the sum or. squares is :nore than four times as large 
' as ' the quadratic component (table ~). 

TABLE 1. - Surnmar\' of regres s ion analyses 

Area Uranium 
Northern •• Quadratic trend: dome 

11 with a peak near 
N- 37 8, E - 147 • 

southern •• INo reliable evidence 
I of trend. 

Entire •••• IQuestionable quad-
. ' I' ratie trend: d .... orne 

with a peak 'near 
i N- 24 7) E - 158. 

V;::nadium 
Quadratic trend: dome 

with a peak near 
N- 365, E- 190. 

No reliable evidence 
of trend. 

Questionable quad­
ratic trend: dome 
with a peak near 
N-:-289) E-192. 

Lime 
Linear trend with a 

strike of N 24 w. 

Linear trend with ~ a 

strike of N 74 W .. 

. Primarily linear 
trend with a str{k~ 
of N 45 \4. 
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TABLE 2. - ~';ei gh!:ed-avera '2e uraniurrI as says: Analvse.s of variance 
for cuadra tic and linear fi ts 

Area Source of 
".~ a ria t ion 

Northern Linear terms _ .... 
(47 points) .\ Quadratic terms 

Error ....... _ ....... -. 

Southern Linear terms .... 
(32 points). Quadratic terms 

Error ................ 

Entire Linear terms ••• 
(79 points). Quadratic terms 

I Error ... ..... .. 

Sum of I Degrees of 
snW.ares f freedom 

0 .. 5778 2 
1.7798 3 
3.0730 41 

.0901 
I -

2 I 
.2783 

I 

I 3 
1.3619 r 26 I 

I 
.6505 

I 
2 I 

.6350 
[ 

3 
1 

6.0742 I 73 

t 
i 

0.2889 
. • 5933 
.0750 

3.85 
7.92 

.0450 - I - - .860 

.0928 'II 1.77 " 

.0524 
_jl 

.3253 

.2117 

.0832 

I I ;:;~ !' 
I I 

F (0 .05) 

3.23 
2.84 

3.37 
2 ~98 

3.13 . 
2.74 

TABLE 3. - Weighted- average vanadium assays : Analyses of variance 
for quadratic and linear fits 

Area 

Northern ) 
(47 . ,.. ) 

po~n ... s • 
( 

Southern ( 
(32 points). < 

( 

Entire 
(79 points). 

T..'\BLE 4 ~ 

Area 

Northern 
(47 points). 

I 

~ Southern I 
(32 points) .j 

j 
I 

I 
Entire I 

(79 paints).! 
1 
I 

Source of Degrees of F · 
variation freedom 

Linear terms .... 2 , 1.79 
Quadratic terms J -

1
10

•
42 

Error ...... e- -...... 41 

Linear terms .... .0697 I 2 .0349 1 .185 ! I 

Quadratic terms - .6 789 I 3 .2263 ! 1.20 
E-rror •.••••..•• 4.8962 I 26 .1883 I 

·1 I Linear terms ••• I .4663 2 - .2332 .656 
Quadratic terms i 2.6895 i 3 .8965 2 .. 52 i . ~ 

Error •••••• II •• I 25.9347 i 73 .3553 

Weighted-av~rage lime assavs ; Analyses of variance­
f e r cuadra tic and linear fits 

Source of Sum of 1 Degrees of Mean F 
variation squares i freedom v uare 

Linear terms ••• 39.05 i 2 19.52 4.11 I 

I Quadratic terms 28.93 I 3 9.64 2.03 
Error •••••••••• 194.65 41 4.75 ! 

i 
I ' 

f ! 
1 

Linear t.erms ••. 169.38 j 2 8·4.69 5.93 
I ! . 

Quadratic terms 33.02 1 3 IlJ)l .771 

I Erro-r .•.••. -•••. 371.07 I 26 14. 27 I 
i 
I I 
I I 

Linear terms ..• 508.08 I 2 254.04 29.6:+ I 
Quadratic terms 117.70 I 3 39.23 l-! • sa ! 

I i 
Error ••. 625,66 I 73 8.57 ~ 

i •• .-..... 

FCO.OS} 

3.2T 
2.84 -

" 

3.37 ' 
2.98 · 

3.37 
2·.98 ' 

J.13 
'J 7/ .... -' l.f 
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The regres.sicn s--"::-:c.(2e:=:: ?2.:-ticularly those for uranium and vanaOlum in 
figures I . and 8; correspo:1ci r?-tiler well to those delineated by hand-contouring 
in figures 4 and 5. This correspondence indeed shows that the preliminary 
hand-contouring was helpful in defining the norttlern and southern, areas. Sev­
eral alternative north-and-south divisions of the assay data yielded group~ of 
data from which essentially similar analy tic results were obtained. 

For each metal, the dependent variables chosen for analysi~were the 79 
weighted-averageassays. Alter:-lativel\', for each metal the- 79 U11weighted­
average assays or the 225 original assays could have been used. From the 
available data" it is impossible to decide which of these dependentv.ariables 
(weighted-average assays) un'vveighted .... uverage assays., or original assays) is 
most appropriate" but because essentially the same results are obtained "~vhich-

ever one is chosen" the choicE:. of deper:dent variable · is not iUlportantforthese 
data. For illustration of this point) surfaces and equationsforuraniuin in 
the northern area fitted to the three kinds of dependent:' vay'fables are pre­
sented in figures 7" 11) and 12. lvith 'Ja riability imFilicit in the data taken 
into account) comparison of the-three sets of equations and surfaCeS \vith one 
another shows that all three se ts are the same • 

. The _quadratic surface for uranium~ figu r e 7 ; predicts an increase in 
uranium to the,northwest.~ This prediction i s borne out by figure 2"which 
show.s that the mine was subsequently extended i;:; t:1isdirection: · · The lack of 
apparent :~ trendfor uran·ium in the soutnerna-rea implies that there is no rea­
son from this analysis to expect the ore to fall o£f~ no matter T,,,hich way _the 
nineisex.tended from the original sampled area ~ This prediction is also 
~orne ()ut .,'by 'figure2" which shQv.'s that the Dine was >:;:xtended from the south­
ern: i)::ea -'EQ:.the south and east away from thE: surface ·Qutcrop·. 

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

Because the distribution of vanadiun a nd lime · beyond the sampled area is 
:lot '· evident from the p'attern of the mine workings -' figure 2,; and · is not known. 
to the authoxs) predictions regarding these metals have not been checked. 

CorreIa tions P<JI]ong As says 

'Correlations among assays (we.ighted a:-:"d : ... l:n:,;cightE:d) t2Y- · the three metals 
3.re given in table 5. Correlations bet~,; een ur.:::.r,iUlli and v2nadium ar e fairly 
ligh, whereas correlations of these metals'V,ith lime are low. The fitted sur­
faces ' (figs • 7 to 10) show that these resu.u:s are to be expec ted .~ because the 
,urfaces for uraniu.'1l and vanadium are similar and unlike those for lime. 

Thecorreiations among metals at Mi Vida are similar t o ::orrelations 
iIDongthe samemetals at the Frenchy Incline ur ani U.'11 mine: San Niguel County) 
~olorado.From 114 samples of drill core from the Frenchy L,cline nine " 
1iesc:h7 -calculated correlations using logarithm2 of chemi cal assays. Betr,.le~'n 
lr-anium and vanadiUt."11) the correlation was 0.70; bet\rJeen uranium and lime: the _ 
:orrelation was -0.17; and be.t~ween vanadium and .lime the correlation ~..;as - 0 .38. 
~tM.i Vid9J the logarithmic correlations ,;,,'ere 0.82, - o. as.. an d ~ 0 .16 -' gL ven in 

Personal COIIllnuni.cdtion fnm A. T. Miesctl~ geulogist, U. S. Ge l()g Lcal " n rcy , 
Denver) Colo. 
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the '- same- or~er as the three ~ .. lalues for FreLich In..c line. 
mine is typical of deposits in the Vravan mineral belt: 

The Frenchy Incline 
Mineralization con-

17 

sists of carnotite and vanadius-clays in the Salr: ~.Jash member of the Morrison 
formiltion. 

Items 
correlated 

Uranium and 
vanadium •• 

Uranium and 
lime .......... 

Vanadium and 
1 ime .......... 

IABLE 5. - CorreIa t ions among as sa vs 

Northern area 
weighted-lunweighted! 
average I assays I 

assays at froD each ' 
each of of 133 ! 

47 sample original j 

J~oints samples I 
1 0 • 77 10.75 

1 - .26 - .03 

1 - .30 - .11 

Southern area 
Weighted- Unweighted 
average assays 

assays at from each 
each of of 92 

32 sample. original 
points samples 

2.0.64 .i. 0.76 

- .05 - ., , 
.1..04-

;. - .25 .i._ .25 

Entire area 
Weighted- Umveigh ted 
average assays 

assays at from each 
each of of 225 

79 sample original 
Doints sam£les 

.cO.?3 

- 0" • . L- -.05 

1 - ') 1 
.,-.i. 

lThese correlat~ons may be regarded as d ,l.fferingfrom zero. (The hypothes~s 
p= 0 is rejected using a 5-percent level of s igni f icance.) 

Adequacy of Quadratic Fi t 

The fitted surfaces described in the last secticn a Ye 1.i near9.nd quad­
ratic.; The data could be fitted mathernatically in o t':ler w·a ys. For example: 
a higher order polynomial) such as a cubic or qua rti c e qua t i on ; c cn .. l1d be , ­
used. Therefore, an examination of the adeq uacy of the quadratic fit is 
desirable.' Although any such examination must include sene s ubjective element 
0) p. 29~)) some valid conclusions may be drawn. 

The adequacy of fit may be investigated by comparing the local ' variabil­
ity with the variability unexplained by the regress i e n equa tion. If these two 
q~antities are similar in size; the quadrati c fit Day be c onsidered adequate. 
Conversely;. if the variability unexplained by the regressi on equation is much 
larger than the local variability~ a more complicated fit could be useful. ' 

For these assay data from the Mi Vida mine, the local variability can 
readily be measured because many of the 79 sample points were sampled more 

, than once. Hence) the assays or the tw~o to s'ix s amples at each or these 
points can be used to estimate the fluctuation-at each. point. In statistical 
t 'e . t' . l ' . ',. "t '''' 1 ' , 1 il - rms, a "'LUl.n-Samp e-pointvariance 1S cal.CU l. a. e.G ror e2 c n pOint S2TIP e~ 

more than once, and the resulting v&riances are cOJ:lbinec using their d egree s 
. of freedom as weights to find a me asure oflocalvariabilit Y" which is t he 
, -average within-sample-point v a riance ~ 

Through an analysis or var-iance .1 a measure or t):le · amount of deviation 
. from the quadratic fit may be obtained that is independent of the withi.n-

saiilp le-poin t varia t'ion .. The va ria tionamong the sample points (amo ng- smnpl ("­
Points variation) Cdn be divided into the part. explained tn' flttin. g the 
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r~or::1,ern 

area is based on 47 sample.pci,Tlts Gnd ,133 2 __ ;Sii:/S., Th,e amorlg,--5-3_:T~-;jl2-pcint.s 
.. ( d~. ....' - ." ~ f-. tlar1.atl.on . as measurE::' bj' ths among-Sa;;::,p~E:- pcn .. nts S U:::-i C I squa. r~s) DRS ::... / ~:.l..::-:·"':'S 

l,_-~ar 4:6 degrees' or freedoI:1. -Ihe.s:c deg'r,eE.-sc~ffrE:ed~~~ are t.i t.i,c;:-~,ed i,;.-:to -j. 

::i~grees of freedom for the q:..:adratic regTE:Ssi::: =~cdel s.:,:di..::-rc L1 de:gre.e5 cTf 
freedom for the deviation frr:;rr; the qt:adratic re.gressi:Ti The f4i::hi:;,-

~~ F': '1 ..... ~ 7" -;, ;~-r;_ . C) f . 5 q ~..l.ares ) 

I~esiz2 or ths =B~n 
square with 41degrses c:..r freedom correspcr-Lc tc ativiaticr.: :fro:.:' trre qt;adratic. 
nodelis then cospared '"dththe sizE. of the ~,E::a.n squ2.re',;ich 2.6 ::iegre:escr 
freedom corrE::sponding to the ·,;ithL:::-sa:::ple-poi:-:.t '/&.riatir)L. T:'tis ca::-:parison 
1'8 done by calculati:-:.g F; -,..,-hich is equal t·:, C .6L. The F- :E:st VahlE: to detect 
ln inadequaterit has 41 and 86 degreEs of rreedQ~; ~ith a 5-percent signifi­
cance level; its critical value is 1.53; cdhich sf CC'lrSE: iITiplie..s::.ha.t [DE 

quadratic model is adequate" for the 7,..jiLhin- sar;qle-pciIl,[ ""2.riar::LG:1 ::'5::0 
smaller than the 'variaticn associated -".,i'[2. deviatio:1 ::Ere=:. tQ.e:.~'2ad.::atic: =ccdel. 
rhe analysis Ina::"" be' re:.g;;rded as o::e ·,.lith :...:neq'.1cl nu:::,_bf:Y:S of ~2?li::2.tic::3 2t 

each sample point; the :i.',,:::-,DE:r of treat22r:.ts be:.i:-Lg equal :.c t:len'...I:I;.8er=:r S;';.:T,­

?lepoints; the procedure is dEscribed ir:: standard st2:istical CeZ[3; ..... -" .. 

example in the one by Li <1: ? 175). 

," \!.1l-en- the ca-lculaticIr-s c2s,crioeci abo~.!E: are per:cr:?E:.::1 ~:ld. ,[.:1e ~~S,tj,l.ts a~e 

tabulated (tables 6 to 8) _, the devi:3ticns fret::: th~.:. cuadratic ::,oael co:r::::;:'-8.re i.n 
siZE:: with the 'dithin- sample-p'Jint ~:2riar:ces. Therefore: 
iravln t"hat t.:1 E: q ~J.a cir at i c m.c; de 1:1 -:~ ~~~-:: ~ f f t'J'.-= d "2...:1 ~ i e,q ~.l2~ t e fi t: : ,~~ t -:~ e 5. E: <i6. t 2 
~eca'u_se- -the -t~r;O t~.~'""pes r:yf \"a.yia~oili t~l a.r-c (If trl-c sa=:E:" _s-=r~~ra.·~.: 3iz~"t·;ithin :22: 

expected lir;cits c·r stacisr.:ical fLlctL:.a"" 
?rovidean adequate fit in all caSES, with the single ex~epci0n of 
rlorther-n are·3.~ .. ;-c.t·u-all)'; the la.ck c: fit [()r li:ri·t;--:::a:.: ~Je aIYtJa.·r-cTlt 
teal becau::'2; in -3. s.eries .f F- t..:::st5 .. :ra'/i .. Lg cne cal::::-..il'.lL2~ F \'6~U:; 
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exceed the test F value is ~ot surprising, even if there were no effect. · 
Moreover) even if the model were inadequate for lime;t.here is no obvious 
geological or rr,ining advanr.:::ige in pursuing c. I:'core. ccmplicatedanalysis; since · 
the lime appears to be essentially unrela~ed to th~ valuable constituents. 

. The analysis of variance just described indicated a substantial residual 
assay variation of points: based on the model that two to six samples take.n at · 
each point could be regarded as random samples at each poinf. Thererore. an 
attempt was made to reduce this residual assay variation by determining 
whether recognizable stratification exists at the sCimple points" Because the ' 
deposit is bedded and because. the sampling "\<1as done with regard to this 
hedding) with a single sample cut across a single bed~ it was possible to 
determine whether there was any recognizable stratification) for instance 

.with. higher assays in the higher beds. The data were not ideal for this pur- · 
pose" because maps correlating beds frDm one sample point to- another were not 
available) and because a variable nUt'1lberof samples \~eJ:"e taken at the differ­

,ent points. But the da rei were good enough to rr..ake an adequate' test. 

Of the 79 sample points,~ 56 were availab1e. .where 3 samples had been cut 
and identified as to top, middle, or bottom bed (fig. 13). For each metal~ 
the 168 (3 times 56) assay~ at these points \.Jere subjected to an analysis of 
variance) with results given in tables 9 to 11. In the analysis of variance 
format ·employed) .the sum of squares due t o position (sample point location) 
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the fit is nc:~ p E:.. rrect. Rather" there is a residual v :lri a tion of the ':iurface 
fr om e ach ob s e-:-ved a.ssay) measured by thE: ~\,7 er t ic a l distanc e at edc h saTIlpl e 

point bettdeen the elevation of the assay above the daLIG1 plane and the e leva­
tion of the surface above ·the datura plane. This residual variati on ; ° named t.h e 
assay res idual " is p o s i tive if the obs erved as say a t a point is above the 
fitted surface: and is negative if [he observed assay isbelmv. 

Frequency distributions of weighted assay residuals for uranium: vana­
dium) and lime) are plotted in figures 14 to 16. For each metal " the resid~ 
~als were calculated s eparately for the northern and ~outherp areas. The 
calculation is done T,lith a program that reads the appropriate quadratic coef­
ficients) x- y coo rdir..at.es) a nd weighted assays into ' a computer'. T:1e computer · 
prints out a listing that records for each san:.plE. point t:he x"'y coordinate.s) . o. 

the observed weighted assay val u e ,. the as s a y value predi~ted by the quadratic 
equation) and the residu~l. 

The thr'eedi s 'trioutions (figs. 14 t o 16) a r e r easonably syrnmetric .:lnd 
re s emble normal d~stribution5.~. a lthou gh t he ir t a ils a re s :)mewnat longer than 
those forn,ormaI distrib':.lti o::.s . The y cer tain ly a r e Dear ly eno u gh Yl crma l

O 

$0 
that statistical tests based on the n e rmal dist r ibutio n are v a lid . . The syfn::' 

metry of the distributi ons v.;' 2S e s tablishe d by wea ns of Chi-sq1..1a re tests~ 

applied singly' to each o f the 3 set s of · 79 'i.ve ighted as says 371d join tly t o the ' 
combined 237 (3 times 79) \'ve ighted a ssays. Ea ch test le.d to accepting the 
hypothesis that there. a re a s man y n e g a t:i-'lE::: 2. S p o s itiv e residuals , \v ith thG ­

assumption that the res idua l s a r e r rln domly ' di.3t r ibu t e cL 

The reason for pr eparing frequency ~i s tri butians of t he weight e d a s s ay" 
residuals rather than freq ·d e. Dc·y distributi ons of tbe'deightedassays is that· 
the trends in the da t a -' s hO\<J D by t h e f ~ t :: e.d q u;}.ci r at.ic sur f a ces j dL, t o r t th'e 
frequency distributi ons of the we ight e d a s s&y s. The dist ortion re s ults from · 
the details of the samp ling. ~}h en th e eff e ct of tr e.ndi s removed) tn the 

. manner described) the -residual s indica te t he: ba.3i c distribution that exists. ' 
Actually, the trend was effectiv el:y removed only for the northern area. 
Because there ';.-Jas no me asura ble quadrat ictrer:.d io r i..l ranium and vanad i um i n 
~he southern area, merely substracting the s ean from assays for these met~l~ 
yields essentially the S;3.rr:e resu l ts " as shorlin by frequenc y distributic ns made 
in this way but not presen ted in .t h i s r ep ort. 

The distortio n of the frequenc y distributi ons o f observed assays is :' 
removed to an ext e nt indicated by a compari s on Df figure 14) a frequency dis-
tribution of \-Jeightedassay residualsfor ' uraniUITI) with figure 17) a frequency 
distribution of weightedurani tL.~ assays. F i gure 14 i s a symIIletr ~c J ° a lthough . ' 
somewhat long- tailed distributi o n that resembles a normal d istributioil~ In­
contrast) figure 17 i s a high ly skewed di s tribu tion. Figure 14, is L~le mor e 
iI)forma tive bec ause t he tren d va riation o f t he ;:;ts s ays with respect t o loca­
tion ·is taken int e ac count. If there were no di s cerndble trend) Lhc;: zlv c r a ge 
value for uraniUIIl . 'vJould be the same ev e rywhere in the s a mpled :·l re.a ,. o. i..1l..1d t h e 
outlin e d pr ocedur e WOLJld be unne c ess a ry; h ()\..rever~ Wh tl~e t rend is pre;:, ent . i t 

must be re!!': ov2d tCl ma ke a s a tisfa ctory exa min atl. ()ll or the ba~~ i.c und \'rly i.n~~ 

fr e que n cy di. s tribution. 
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Grade Estimation 

F o r each Detal, the grad~ estimates presented in this section a re cal­
culated from trLe 79 v ,.::.lues for "w'eighted average grade at the 79 sample point~ 
Estimates based on the 225 original assays and on the 79 values for unwe.ight\. 
average grade are similar. 

Two types of estiInates are presented: point estimates" \vhich give the 
familiar estimated average vahle ,_ and iilterval estimates, '..vhich give confi- , 
dence limits between ~vhich the true grade can be expected to fall. An inter­
val estimate is in the following fo'rm: "The true grade is not lmver thana 
certain value and is not higher than another cer::ain value." Such estimates 
will be correct in a specified percentage of times they are made. A particu­
lar estimate is, of course, eithe~ righ~ or wrong. 

For these . dat~, the appropriate point estimates are the arit~metic aVer­
ages of the 79 weighted-average a~says. This statement- is true whether or nc 

' trends exist in the data. Although a point e s timate of grade - does not requiI 
any . kndwledge about trends in these data, the iriterval estimate can beimpro~ 
if trends are recognized J because the effects of the trend can betaken into 
account) and thus the unexplained variability of the data can be reduced. Tn 
procedure used is outlined as fol10\-.'5: The confidence interval estimate is 

s x 
/ n 

where x is the arithmetic-average of the weigh ted as says; t is a constant 
dependent on the nl)mber of samples and the desired d2gree of risk (for 2}(am;;'; ' 

pie) 19 chances out of ' 20 of being right) " 5 is the s ti:1fldard deviation) and n 
is the number of samples. All of th'ese t2-r::15, 2:{Cept the standard deviation 
s, remain cons tant whether or n ot tr (::nc 1.5 pre s ent. If trend is disregarded) 
standard deviation measures the deviation of individual weighted ass~y values 
at -sample points from a horizontal plane. whose elevation is equal to x.But 
if trend is taken into account " standard deviati·,.H: ,E'..e.asures the sma.ller devia 
tion of individual \,.,reigh ted ass a y values at s2mple points from the fitted 
trend surface) Hhich is 'a CUrlee o r ir;:::line.d plane surf3.ce. 

The above procedure reqtlire.3 [hE aS5u,::Lpticn that the original assay 
values taken at the points are random. This requirement is a statistical one 
that any sample had an equally likely chance of bE-ing taken as an~i other sam­
ple. Because the.s'e samples could be taken only> in the workings) ' 2 :1d the sam­
p Ie points were s elec ted to obTain a near ly eq '..1 2 1 spac ing,. the samp les arE:' 
not) in fact" random. But; the assuC1ption tha t. the}' ')cha\:2. as random samples 
is probablysatis factory. This assumpt L~)n ma:,: be :na,dc'. bec~tuse the sampl Lng 
W.:lS d one follmving g'50d engineering practice) rather than introducing all 

obvious bias such as taking more samples in the high - gr ade areas thC:!rl in the 
low-g-radeolles. 

for 
In table 12 ) int e rv .::ll estimates taking trend Lnto Zlccuunt ar c 

the three meta ls in the northern: southern: ,-~ ild entire a1' ... 'i.l::-;. 
i 'l ;;: '-' t~n ted 
Fcc, the 
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':~ '~'s'tiql~t!S;i: ,~I1t'.ethe square roots of the error mean squares from tables '2 to 4. 
· 'F{)r ' ~~'~,;~~~ire- area~the standard deviationsusedare -thesquare roots~fthe 
p?o1ed'_· :~~#g;:,~Ya.:riances , from the northern and southern areas combined.; using 
; the · ·de~re.E7s _"oJ freedom for error (number :~am.ple : P9ints minus six) as , 

;~~:h2~,t~]" ~Est~~T' ~ ". " " . . " " 
~';\' TABLE12. - Estimates of grade for uranium. vanadium, and lime: Computed 
~~~: :~;: ';~;;: ' ; :--~;';':' 7--" taking into account effect of trend in as says 

}ur~nium(U3 08 ) , 

t2::.~:~!f·~I)t~ . , ,,' 
~::~ ,~ - -~ " ' " - '" ., 

~~ ... i{ -~:: ~-.- -: 

tV~ria.dii.im{Y~05 ), 
i;} --'perc:e~ t • . ' 

l 
I, •• • • r 

Area 

Entire mine • .•• ~ 
Northern area~. , 

. Southern area •• 

Entire mine ••.•• 
NortheTIl area.~ 
Sou thern · a re.a , •• 

Number of Mean 
oints 

79 

79 
· 47 

32 

. 1.22: 
1.23 
1 ~21 

25 

'l$P~'~~" 
i.~~;,: 

j,'j,ime:.- (Caot;" pe r c ent ~ 
~ , ' .~ 1 

'Entire mine •••• 
Northern . area ... . 
Southern area , '~ 

79 
, 4 7<'~"(' 

32 

" '4.'99 
.-3:.'10-
7.77 

-5._p4 , 
3.74 , 
9.15 

~~'~:. ,":NotablYJ ' · 'the· 'interva,ll ,~~timat:es~akirtgtrend-:: ini:9: aCcq~l"lt · can. ·ba . calcu~ ' . 
lEfted in the ,. t niaAA~~i::described ii~t·the. lastt~!l);.~graph .onlY when . the · '~ '. 
arf'thme t ie ' of , ~ti:e:~we igh.tedaS~;aY$" , 'is ' an - ~!rop ria teo ,estimate' bf ,," th e " 
average>. des , ,',¥1part'icula:{, '-·tliisreqY:irement '. implies :asampli.ng· scheme 
whose · "cent " . ',; i~.:,at;. ~Jhe righ.t .1Dcati°Il) , and whosa. s amP:Ie points "ar'e ::spaced 
sP ,that ' a:IL areas. rif' lnterest have an equal chance of being s amp leC:t. For 
example, if~ the Mi-vida sample pOints were concentrated in one working place ' 
rather' thauspread 'out more or lessunifo'rmly, the ariihmeti-c average might 
not:; be.. ;.apprQ.priat¢~.< ___ If .~he ' arithmet;ic average is _ inappropri.ate" .. then i:t; , ~ust 
b~' a~ju~ted' withuseof the trend surface) and a ' m:ore ,cmnplicated- f()rmula -:Ls ~ 
~ec'essat;'y : £o~ .. calc~latfng confidence limits (1, .p. 24) f . 

~5f1~~~)khl.el}j the interval es t ima testaki ng into ac C01.ln t trend rna y he . com­
pare(}:-: with thps~,; made neglecting trend. ' Removal of the trend affords ameas~ , 
·up1.hle :-reduction' 'in the length of the ,confiderice interval'. The amount - of 
r~ductiQrif£;~_f;:em.s from -the ' amount of trend that is found.· , 

. £'~~imate$. of grade are in gooda,greement. W1.tn ore-productiQI1 records. 
:Ore. prodUction, as recorded onore-set:tJement'sheetsreceived by the)~' company' 
·up to .July · 15, ' 1953".sh·ortly after the date the Bureau' ssampling was 'com--
.p leted., ' totated 16 JOOO tons', averaging'O~5T percen.t uraI1ium ' (U3 08 ) : and 1.26 
pex,cent,:variadi\lm .· (V 2 05t .• ·· - .' 



TABLE 13. - EstiIllates of £rade for uranium, vanadium, and lime: 

Metal 

Uranium (U3 Oa)) 
percent. 

Vanadium (Va °5 ») 
percent. 

Lime (CaO), percent.1 
i 

Computed without regard to trend in assays 

Area Numb~r ofl Mean ! Confidc·nce I 

olnts ! i Lower 
, 

Entire mine •.••. 79 I 0.510 0.441 t 

Northern area •• 47 I .468 .367 
Southern area •• 32 I .570 .485 

Entire mine ..... 79 1.22 1.08 
Northern area .• 1 47 1.23 I 1.02 I 
Southern area 001 32 1.21 

I 
1.06 

Entire mine 0 0 0 01 79 4.99 I 4.09 I 
I Northern area •• 47 3.10 I 2.40 

Southern area •. 32 7.77 i 6.22 

DISCUSSION 

limits 
Unper 
0.579 

.569 

.655 

1.36 
1 .. 44 
1.37 

5.89 
3.80 
9.32 

Through the use ~f statistical methods, particularly regression analy~isf 
more information was extracted from the MiVida assay data than. would have 
been obtained conventionally from the same amount of data. Hore information 
also could have been obtained through taking additional samples following the 
procedures used by the Bureau engineers in 1953 and treating the assay results 
conventionally. hl'hether or not the statistical analysis is worth\vhile depends· 
on comparing its cost with the cost of additional saIT!f1ling and assaying. 

In a gi~ensituation,. the cost of sampling and assaying is wel1known. 
Of course) the cost of sampling in accessible workings such as those at the­
Mi Vida mine in 1953 is very different from the cost of sampling in workings 
that need to be cleaned out or in samplir;.g in drill holes r,.;hen additional sam­
ples require additional holes. Because the time requirements are not large) 
the cost of the statistical analysis depends mainly on whether a suitably 

._trainedman is available. If a computer is not available) computer time can 
be rented or the calculations can be done \rlith a desk calculator. However, it· 
would be a mistake to treat such analyses in a completely routine fashion. 

It is interesting to note that the discovery diamond-drill hole was bored 
close to th~(£ center of t:he dome define~ by the uranium assays (fig. 4). It 
.~ould scarcely have been better located. 

The work described in this report lends no support to the cOIIlIIlonlyheld 
view that assays should be weighted by the width of the bed) vein) or other 
ore body sampled, since the results of analyses using weighted and unweignted 
assays are essentially the same. The vlork, however) does lend support tot;hl3 
view tha t assays should be weighted by an area of influence vJhen trends exist 
in the data. Indeed, utilization of regression analysis to define trendsi~ 
essentially a mathematical refinement of the area of influence concept famil­
iar in the mining literature on sampling and evaluation. 



COI'JCLUS IOI~S 

Through st2.tistical an.aly-sis of the assay data fron t!:le t11. V l':la ?ill n c ) Ule 

fo.11?wing conclusions may be drawn: 

1. By the method of regression anslysis) the grade of the s2nple·;-i part 
of the Mi Vida ore body may be estis-aced ~rlithL; specified limits) and the 
direction that the mine should be extended Day b~ predicted. 

2. Regression analysis appears to b~ a generally u~eful method of 
appraising assay data from ore bodies. 

3. An analysis of variance shows no evidence for stratification of the 
ore with regard to location of each sample p c! i:-i.t i :-;. ts'e upper, ::liddle .• or 
lower ' . bed • 

4~ The Mi Vida ore body can be div i~edLntb a nor t he r n and southern 
p~rt with different metal distributions. 

5'. Frequency distributions of assay residuals affo rd morE' useful sum­
maries of metal distributions than do frequency distribu t ions o f as says w'ith­
out regard :to trend. 
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Sample 
'. number 

·. 147 ..... 

148 ..... 
'. ' 

149~ •• 

~ : 150: •• ' ~" . 

i·>tSl '. ' ... 
". ~,~ . 

' 153 ••. 

J54 .•. 

.155 ••• 

156~:· "i .. 
. , 

158~~ .• 

159~ •• 

160 ••• 

.161 ...... .... 

162 .... 

163 ••• 

164: •• 

1.65. ' •• 

Sample 
wi:dth, 

feet 
1.2 

2.6 

4.5 . 

3.4 

4.5 

3.7 

4.2 

5.0 

3.7 

4.2 

4.0 

5-.0 

4.4 

4.2 

4.4 

I 

I 
I 
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APPE1'TIIX A.--ORIGINAL SAMPLE A}.j1) ASSAY DATA 

Assa- . ercent 
U3 0 a V2 0s 

0.064 0.12 

• 758 2.22 

~112 .34 

.269 .91 

'.265 .92 

.991 2.15 

CaD 

29.1 

3.7 ! 

.. 5 

! 
11.9 j 
10.6 

Description of sample 

Mudstone and sandstone with much calcite; 
gray . 

Sandstone with mudstone streaks, spotted 
with vanadium and some yellow uranium min­
erals, much calci te._ brown to black. 

Ma.ssive sandstone spotted with vanadium) , 
tan. 

Sandstone. with bands of vanadium stain) . ~. 
tan. 

Massive sandstone with vanadium stain, tan 
to gray. 

3.9 Platy mudstone and sandstone highly min­
eralized with vanadium and uranium., gray ' 
to green • 

• 684 1.84 '4.2 ' Massive sandstone with spotted 'vanadium 
stain, tan to gray. 

.702 1.66 1.0 Alternate layers of sandstone and mudstone, 
trace o;f vanadium and uranium) brown to 

.069 

1.01 

1.81 

.193 

.. 793 

.885 

.038 

1.15 

.082 

.108 

.155 

.86 5 ~5·. 1 

4.30 J.7 

2.51 I 1..6 . 

Massive sandstone spotted with vanadiUm 
stain, tan to gray. 

Sandstone highly mineralized with uranium 
and vanadium,; . yellow and red minerals ' 
visible: strong vanadiumstaiu) tan to 
black. 

Alternate layers of sandstone, much vana­
dium stain, red mineral viSible, much cal­
cite, brown :to black • 

• 36 11.9! Massive sandstone spotted with vanadium 
I stain, gray. 

2.80 1.2 ,II Massive sandstone with vanadium stain, dark 
gray. 

2.06 I 2.1 I, Sands tone wi th muds tone layers and clay 
nodules, much vanadium stain, gray • 

• 28 I 14.9 \-Massive sandstone with slight vanadium 

I 
! stain, light gray_ . 

2.21 1.8 l Massive sandstone with platy mudstone, 
j t

l

i highly mineralized with vanadiUm and ura-
nium.~ dark-gray. 

.. 71 1 7.6 Fractured sands tone 'Vii th some. vanadium 
I stain, gray_ 

.18 110.5 I Massive sandstone with some vanadiUm sta.in, 

I tan to gray. - ' .. . . . '. . . 
.76 I 1.0 ' Alternate sandstone and TIludstone\V'ith c1?y 

I I nodules ., . slight vanaditllTl stain.. gray_ 
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Sa mp 1 e S amp 1 e ~--=-.::..;;;;....;;~,,"-"-...o;....~;::";;"=---j 
number width, 

feet 
166... 4.6 

167. . . 5.5 

168... 3.6 

169... 4.7 

170... 4.0 

171. . . 4.8 

172... 4.4 

173... 2.0 

174... 4.0 

175 •.• 5.0 

176 ... 3.7 

177 •.. 4.1 

178 ... 2.8 

179 ..• 3.2 

180 ... 4.0 

181 ... 1.7 

182 ... 1.8 

183 ... 4.1 

184 ... 4.0 

185 ..• 5.0 

186 ... 3.5 

187 ... 2.6 

0.354

1 . 331 1.34 

.046 .34 

I 
.130 .65 

.428 .36 

.251 1.46 

.773 2.63 

i · 

2.97 4.49 

.293 .78 

Description of sample 

9.7 i t-f..ass ive sands tone with 
stain) light-gray . 

6.1 Platy to massive sandstone spotted with 
vanadium stain, gray. 

9.7 Massive sandstone with slight vanadium 
stain, light-gray. 

6.7 Platy sandstone and mudstone with vanadium 
stain .. gray. 

21.0 Fractured sandstone with strong minerali~ 
zation) light to dark gray--some black. 

5.1 Massive sandstone with slight vanadium 
~tain, ligh~-gray. ' . 

6.1 ~~ty mudstone and sandstone highly min­
eralized with vanadium and uranium, yellow 
and red minerals visible ) gray to black. 

10.7 S ds tone ) highly mineralized, much vana­
ium stain, black. 

3. 7 ~ssive sandstone 'with vanadium stain, gray 
t · black . 

• 959 1.41 3.0 Fr"'ctured sands tone with vanadium and ura-
t ium stain) gray to black • 

. 137 .37 15.7 Ma sive sandst one with vanadium and uranium 
stain .. gray t o black . 

. 318 .79 1.5 Fr ctured sandstone with vanadium and ura-: 
nium s tain : gray to black • 

. 252 .30 ,.6 Highly fractured sandstone with slight vana~ 
r ium s t~in, ligtt gray • 

. 559 .84 .9 Ma sive sandstone spotted with vanadium 
s ~ ain , gray. 

1.73 2.10 4 .4 Fr ctured sandstone) highly mineraLized with 
v·- nadium (red) and uranium (yellow) min-
e a ls visible, gray to black • 

• 592 2 . 72 . 9 highly mineralized Ttlith _ 
na dium (red) and uranium (yellow) miner- ,: 

a s visible, brown to black. 
2 .20 2.60 4 . 3 Fr ' c t ured sandstone, highly mineraliz~d 

w'th vanadium and much uranium (yellow) 
minerals visible, gray to black. 

1.14 3.21 2.6 Sandstone and mudstone with clay nodules" 
slighc mineralization, gray t~ green . 

• 47 1 1.80 .j Massive sandstone with vanadium and uranium 
stain , light to dark gray. 

1.15 3.32 2 .2 i'-'..assive sandstone Hith some mudstone ,. highly 
mineralized) gray to black . 

. 254 2 .90 1.5 Massive sandstone) highly minera liz ed with 
vanadi um) gray to b tack. 

1.69 2.58 1.0 Sandstone with mudstone with clay nodu1 0~, 
some v ana ditL."Tl Cl nd ura nium s t a in. g r ay t o 
c r p p.n 



Sample Sample 
number width, U3 09 

feet 
188 .... ·2.9 0 .. 687 

189 .... 4.7 .451 

190 .•. 3.0 .467 

191 ••.• .8 1.43 

I 
.431 192 ••• 2.1 

I 
193 .... 3.1 .234 
194 ••• 2.5 .525 
195 .•• 2.3 5.11 

196 .... 2.7 • 155 

197 .... 2.4 . 085 
198,. .• 3.8 .427 

~. 

199 .... 3.4 .151 

200 ..... 2.7 .187 
201 •.• 3.0 . 073 
202 •.•• 4.3 .396 
203 ••.• 2.4 .910 

204 •• .. 5.0 .411 

. 205 ~ .• ~. 4.5 .253 

206 .• .. 3.4 .315 

207 ... 3.7 1.40 

208. 4.2 .050 I ... 
I 

209. .... 3.3 .087 I 
210 .• ,. 4.7 0074

1 
211;. •• 5.0 .086 

4.6 .044 

t 
4.4 .320 j 

1.85 

2.07 

.93 

3.31 

2.00 

• 29 
.79 

4.95 

.63 

.38 

.92 

.67 

.53 

.41 
1.43 
2.65 

0.4 I 
i 
! 

! .6
1 
! 

.51 

.5 

.3 

.4 

l.SI 
1.8 ' 

.8 
2.4 

.8 

7 
• I 

1.0 

.6 

1.2 

3.6 

Description of sample 

Fractured sandstone with much vanadium 
stain) dark-gray. 

Massive sandstone with much vanadium and 
uranium stain, dark-gray. 

Massive sandstone ';.vith some vanadium and 
uranium stain) tan to gray. 

Platy sandstone highly stained withvana­
dium and uranium) dark gray. 

Massive sandstone spotted with vanadium) 
brown . 

Do, 
Do. 

31 

Massive sandstone) highly mineralized with 
red, black, and yellow vanadium and ura­
niumminerals • 

Massive sandstone spotted \vith vanadium 
stain: tan . 

Do. 
lI.1dSS ive sands tone wi th much vanadium stain, 
black. 

Massive sandstone spotted with vanadium 
stain, tan. 

Do • 
Do. 
Do. 

Platy sandstone, highly mineralized, yellow 
and red uranium and vanadium minerals 
visible, gray to black. 

Alternate sandstone and Dudstone with vana­
dit..UIl and uranium stain} gray to green . 

}'12.SS Lve sandstone spotted with vanadium 
stain. tan to gray~ 

Alternate sandstone and mudstone spotted 
~Tith \"!a.-n8.':il,Urn 3t tarl tC) gray-. 

Fractured sandstone with much vanadium 
stain; tan to black. 

Massive sandstone spotted with vanadium 
stain. tan to gray. 

.42 ,~ 3,:;~4 Massive sandstone spotted with vanadium 

.38 5.0 

.43 

.77 3.8 

s rain) tan. 
Fractured sandstone wit1:t much vanadium 
stain, tan to black. 

Massive sandstone spotted with vanadium 
stain, tan. 

Frac tured sands tone wi th vanadicUIl and ura­
nium stain,' tan to gray. 

1.31 1.8 }1w.ssive sandst·one spc,tted vvitn Vi.1fF·tdiWH 
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Sao.p I e 
nllmb er 

214 ... 

215 ... 

216 ... 

217 ... 

218 ... 

219 ..• 

220 ••• 

221 . .. 
222 .. ~ . 
223 ... 
224 •.. 

225 ... 

2.26 •• • 
22 7 . -~ • 
228 ... 

2'29 ..• 

230 . . . 

. 231 . . . 

232' • . ' • 

233 .• . 

23 4 ... 

235 .. . 

236 .. 0 

I 
I 
1-

fe et 
3.7 

5. 0 

4 . 5 

3.7 

2.6 

4 .7 

3 . 4 

3.3 
4 . 0 
5. 0 
4.8 

-2 7 

2.8 I 3 . 9 
3.6 I 
4 . 4 I 

I 

4 .5 I 

I 
5 .0 

3.3 

3.3 

3 . 7 

3 . 5 

5 ,0 

esc r ipt i on of samp L 

3 . 2 Fract ' red 
n ium stain in fra c t ures) tan t o g r ay . 

. 069 . 45 2.0 Massi"e s ands t one s pott ed r ith slight vana­
di ill S ain, strong u ran ium stain in f rac­

1 '"' ~ k o L 2 .. ~ I 
j 
I 

. 068 1 . 42 
I I I .5 I 

I 
1 . 02 

I 
2 .69 

I 
. 8 I 

I 
. 665 I 1 ~ ~ 

I J.. . JJ 

I 

--' 70 1 2 . 56 • I i 

i 4 . 8 1 
1 
1 
f 

1 ~2 i 
i 
i 

. 042 I • 9 

. 221 I 1 . 09 

. 091 1 . 33 

2. 6 
3 .0 
3 . 4 

. 176 I 
I 

! 
! 

1 
. 090 I 

. I 
• 043 I 
.061 t 

. 73 1 I 
! 
I . 719

1 .31 I 

I 
I 

. 248 I 
r 

•
107

1 

. 096 I 

. 066 1 

04/, . • I 

77- 1 
I 

. 43 4 . 0 

1 . 31 I 
. 23 "1 3 . 
. 22 ! 2 . 0 

1 . 32 I . 8 
I 

1.77 1 4 

3 .. 50 2.8 

.63 ' -.l . :J 

. 41 .5 

: .... 0 .6 

.47 1. 5 

.30 1 .5 

. 7 

I 
I 
I 
! 
I 
I 
! 

I 
I 

I 
1 

I 
i 

! 

! 
I 
I 
I 

t ures ; tan. 
Mass':'ve sanristone' spotted with Tanadium 

stain) strong uranium sta i n i n f r actures., 
tan . 

Massire sandstone slightl spo tted i t h 
vanadi m stain, tan . 

Y.:.as...,ive sa dstone ' i th much vanadium st.:::-in) .. 
tan to dark. gray . 

Fra c ' ured s ancis ~ one -i t n muc h v a n adium 
s ~ a in, gray t o b ack . 

Ma si~ e san stone with spott ed vanad ium ' . 
s tai' n ) tan . 

.Do . ' 
Do . 
Do . 

Ma~ sive sands _one with spo tted vanadium ~ ':-­
s La L . a nd s trong vanadium stain near ' bot- .. 
_O~ ; uranium s ~ain in 
brown . . 

fractures.!' gray to-" 

. -

yi..O. .... sive sand st one wi th . sp otted v·anadiBril.;:···-
stain ) tan . 

Do. 
Do. 

F r a c t red sandstone) some mudstone; sp.ott:e:d ;­
'l anadi um s ta i ) graY e . 

: ... 1 e rnate sa d s t orte and mudstones, s potte-d: ~~. 
a :-:d Da.u r1 e d. v anadium s tain; gray • . 

FraC t u red s a nds t one wi th m~ch -vanadium " -;: 
~ t aL.) lran i um stai n in frac t u res ., - b rown 
tc b Q. ,,- K. 

Frac tured s a ndstone wi,th s po tted v a nadium· 
S La . n and sligh t u ranium s tain ) t a . t _­
g"!:"ay. · 

Mass i ve san dstone w ~ th spotted v anad i u.rn 

~tain, tan . 
Fra c t ured s and stone with spo tt ed and bande 

v a ta di um t aL ) a ! . 
Fractux- ' san ' s tar e ',..- i t :-1 v a nadiuJ."'l1 and ura --:­

I'l i UTIl S -c a in: te.:! "[0 b i a e k . 
F ~bC tu r ed sa:-:c.s t one ~I i ~L sr' 0 - ted a nd b n o d 
. ".T arradi l s _ain) a n t o g:CB y . 

F ac -'.1 r ed san s t ,[ ." i i... h ~ ? o.t t ;;. d. d .ri band ed 
' J a .12 d i :..l.!I S 2 in , L n . 
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Sample I Samp e Assav, pe. r c ent 
number vl idth) U3 0e V~O::: CaO I DE- s cr iption of sampl e 

<::- ~ 

feet 
237 •.. 5 . 5 0 . 928 3.2 1 0 . 7 Fractured sandst one 'i,-l ith ill ch banded vana -

dium sta.in: gray t o black. 
238 ••. 3 .0 . 093 .58 .5 Massive sandstone with spotted and banded 

vanadi um staL; tan to gray . 
239 •.. 2.6 .302 . 60 . 5 Do. 
240 ..• 4.6 .532 1.71 2 . 4 Fractu r e.d sandst on e ".Ji th s po tted and banded 

vanadi um stain and ura ium stain) tan to 
gra y • 

241 ..• 2' ~6 • 068 .58 4.0 Massive s ands t one wi t h sp o tted and banded 
vanadium s cain) tan t o gr a y . 

242 ... 4~4 .258 . 87 4.2 Do . 
243 ••• ' 2.7 • 688 3 . 52 5. 6 Fra c tured s andstone with vanadi um and ura-

n i um s rain; brown to black. 
244 •.• 3.0 .07 7 . 4 7 . 5 Mas sive sandston e wit h vanadium stain) tan 

to gray . 
245 •.. 5.0 . 064 . 38 6.0 

I 
Frac t ur ed sands t one ; limy: with s pott ed a nd 

I 
banded vanadium s t ain. tan to gr ay . 

246 • ~ ~ 4.6 1.34 ' 2.38 5 . 2 Ma s s i ve sa~Lds t one with spo tted and band e.d ' 
:":--:--' - vanadium s tain) tan co gray . 

47 ... 3.3 .180 . 60 3 . 2 f D . 
248 ... 3.3 .203 1 . 30 10, 0 I Ma ss ive s n ds one) lim ) wic:-t s potted and 

I' bande vana i ' rrt ~ ta in ) tan to gr ay _ 
249 ... ' 3.8 .386 1 .68 I Mas~ iv e sand~tone \-lith spotted a nd banded 

I vanadium stain; tan 0 gra 
250 .• -; 3~2 . 548 2 . 45 1 . 4 I Do . 

I 

251 .•. 4.2 . 483 2 . 88 . 6 I Mas s i'\ e sand ~ tone \iith banded anad ium 

I 
stain and s_igh t ' -r Rnium stain) t an t o 
gray . 

'252 ••• 5.0 .5 22 1. 50 3 . L Mass i e sandst one vli t h po t t ed and banded 
vanadi um cain) tan t o gray . 

253 .• , 2.2 .215 . 88 6 . 0 Frac tured sands t o 1e ) limy: with vanadium 
sta in ; t an t o gr ay . 

254 ... 4.3 . 205 . 51 11 . 2 Fract ured s nd~ t one; l i my ) much vanadium 
sta in . gray to black . 

255 ••• 3.6 ~035 .14 5 . 6 Frac tured s andstone, limy) banded vanadium 
sta in , tan to gray . 

256 ... ' '4,6 .010 . 18 1 . 8 Massive sandstone with slight vanadium 
stain) tan. 

257 •.• 3~8 .2 12 1.22 3.8 Ma sSL\le sandstone wi th banded vanadi um 
stain) gray . 

- 258 .•. 3 .6 . 279 1.30 4 . 6 1-1assive sands t one) limy: ba nded anadiun 
stain) tan t o gray . 

259 ••• : 4 . 2 1. 16 2. 72 6.6 Do . 
260 ••. 3 . 1 .384 1.84 . 5 }A'w s s i v e s andstone with spotted a nd banded 

vana d i um stain; t an to gray_ 
261 .... 3.0 I 1. 11 ·2 . 22 r 

. 0 Fractured sands t one with u h v a nad ium ,:!i .-1 

ur , .i um ~ai n ) brown t o b l 'lck. 
26 2 •.• 4.5 . 62 7 1 .72 1 . 2 Do . 
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Sample Sample 
ntnnber widthj 

feet 
263 •.• 4.9 

- 264 .•• 1.8 

265 ••• 4.4 
266 ••• .8 
267 ••• 3.1 

268 ••• 2.5 

269 .... .8 
270 ••• 3.7 

271 ••• 2.8 

272 ••.• '3.4 
273 ••• 402 

274~ •• 3.8 

. 275! .• : 

'278-••• 3.0 
279 ••• 2.5 

280 ••• -2.2 

281 .... 4.8 

282 ••• 2.5 

283 •.• 3.3 

2~4 ••• 5.0 

285 ••• 2.5 

286 ••• 4.2 

287 ••• 3.8 

3.3 

Assa r ercent 

0.223 

.180 . 

1.06 ' 
• 070 
.237 

.050 

• 112 
.124 

.495 

.320 

.743 

.291 

.755 

.081 

.587 

•
932

1 
.132 

.095 

Description -of sample 

0.51 1.2 Massive sandstone with . spotted_vanadium , : 
stain, . tan. 

.30 5~6 -Fractured . sands ton~) limy, wi th 
vanadium stain, . tan. . 

1.38 ' 13.8 Do. 
.11 8.0 Mudstone; green-. ' . 

1.14 1.2 . Massive sandstone with banded vanadium' 
:~ .~: - ~"":2: . 

.34 

.07 

.40 

.93 

.44 

.64 

1.41 

.51 

2.2l 

1.31 

.64 

.40 

4.8 

9.4 
3.8 

.3 

.• stain, . gray. _ ., ,. . . . >c,T: 

Massiv.e sandstone with ' banded vanadium < 

stain, tan to gray_ 
Mudstone, green • . 
~.assive: sandstone. with · banded 
stain,tan to gray. 

Fractured. sandstone with 
stain, gray to ' btack~' 

.. . • 3 . - 00. -' 

~5 Fractur~dsandStone 

, tan to_ gray. , ,' . .' ' . 

4.,' .3. ' .. '1" Fr.a.ct.u.red sa.nd .. 'Sto. ne. W.'.i .th .. ' spotted , ana~~~ded-{ 
. vanadiums tain, gray • .. _., ~,.,,,., . . L·;~·::c 

.J.9 - Fractured sandst?ne wi th · spotte,d ·. vanad.:LtiJllL':j.: 
.. _ ,;,s ta in, ta n . ' - " .'.' - - ":~~. ,~': .:':'::~ - - .i ; /::~'~~·' ':<~; 

1.8' Fractured ' sands.tonewith· much ·.-v~nadi~ ~ ::, : .:~: 

9~ .4 .' 

3.9 

2.3 

3.9 

3.0 

7.0 

1.4 

2.7 

2.0 

. 's ,tai"n -, ",-gr-ay' t -o'- .b· lac·k' ~ ". ~ ';, . .'~:" ~- ,; 

F'rac tured sands.t,one With . . s.potted:. yan~4i~1~'~, ;:i 
stain, tan . -.. ~ .. ; ' ., · : · ·~~ :t 

,", '-."i:"# .. " -',.' . . 

~rac tured s ands.tone with mi.tcll , 
s ta in, ' brown to black. 

Frac tured sands tone , with band~dvanadi.t.im ~-c ':."; 
stain), tan to gray • . . '.' ....... .,' <';: ' :' ~~ 

Massive sandstone with spotted 'and bande(b i,H 

vanadiumstai11.) tan. . ... . ~ .. . .' ..... . . : )~ 
Fractured sands tone with vanadium and ' ura~&j~~ 

nium stain, . gray .· to black'. . . c '::-c"~: 
Alternate sandstone <3:ndgreen muds tone)" ' ", :,; 

vanadium and 'uranium stain on sandstone '. ,,:} 
Massive -sandstone with , spottedvanadii.im} .. c:.::~:.: 
stain and slight uranium stain,tan. " . ;' 

Mass.ive sandstone w{tl1 much vanadium.,· arid· ·· 
uraniu~ st~,i.nJ gr·ay t 'o b~acko ,: ", .... . .. :' .. . 

Massive s .andstone with spotted 'and bandeg,:c, }: .. 
vanadium stain). tan. _ . " ..... " ; ' .. ' 

Fractured. sandstone with sp6tted ' and~ ban.ded-; 
vanadium stain and s 1ighturaniums.taip-",·.:_,.-: 
tan,. : ·.· .. ; · ·~~~~·.:·~·:<.~.::/~.~ ... i.,·.~;: 

,Massive sandstone with banded val1ad:i~~tti ~l:_·:?/::-



_--~-----r------------r-----------------.- .. 
Samp Ie 
number 

289 ••• 

290 ••• 

291 ••• 

292 ••• 

293 ••• 

294 ••• 
295 ••• 

296 ••• 

297 ••• 

298 ••• 

299 ••• 

300 ••• 
301 ••• 

302 ••• 

303 ••• 

304 ••• 

305 ••• 

306 ••• 

307 ••• 

308 ••• 

309 ••• 

no ... 

~ 11 •.• 

S amp 1 e t---,,-A~~;,...;; ~~; a;:,.'_v· ...... _ .... 0;;,..;..1 ..;::.e __ r~c...:;;e..:..;n;..;:t~ 

width: U3 0e V2 0s
1
! CaO 

feet 
Description of sample 

4.6 0.105 0.41 I 2.6 

2.8 .403 2.58 2.0 

Massive sandstone with banded vanadium 
stain" tan. 

Soft micaceous sandstone with ~uch vanadium 

4.7 

2.8 

2.6 

3.5 
5.0 

2.0 

2.7 

4.6 

4.5 

2.2 
4.0 

2.7 

3.3 

1.2 

1.0 

2.7 

3.3 

3.0 

3.5 

2.8 
I 

I 
2.1 I 

.119 

.184 

. 738 

1.24 
.741 

.59 

I 
• 47 I 

1.31 

i 1.45 
.51 

~tain, brown to black. 
12.9 Alternate sandstone, limy, and mudstone 

with slight vanadium and uranium stain: 
I tan to green . 

4.0 I Alternate sandstone and Ir.udstone with some 

2.9 

. 8 

.5 

I vanadium and uranium stain, gray to black • 
Fractured sandstone with much vanadium 
stain and some high uranium streaks, brown 
to black • 

Mudstone with sandstone ribs, green. 
Fractured sandstone with slight vanadium 
stain, gray. 

.913 .81 I .6 I 

• 614,1. 82 1 6.8
1 

Fractured sandstone with much vanadium 
stain and some uranium stain: brown . 

Mudstone and sandstone, vanadium and ura­
nium stain, green to gray • 

.423 

. 676 

• 144 
1.64 

1.14 

1.89 

.767 

.576 

.619 

.277 

.171 1 

.442 ! 

• 256 I 
.606.1 

I 
I 

• 98 ! 10.1 I Massive sandstone, limy: vanadium and ura­
nium stain, gray to brown • 

.66 

.93 
2.92 

1.43 

3.771 
3.97 

3.66 

.64 

.56 

.77 

.85 

.41 

.84 

9.2 Fractured sandstone, limy, much vanadium 
and uranium stain, brown. 

.5 Mudstone) green • 
1.3 Mudstone and sandstone with vanadium stain, 

I green to gray. 
1.9! Alternate sandstone and mudstone with vana­

dium and uraniur.. stain) green to gray. 
.6 Sandstone and mudstone with much vanadium 

stain, gray to black. 
2.6 Ii Mudstone with same sandstone, much vanadium 

and uranium stain, possibly high-grade 
values, brown to black. 

1.9 Sandstone with high-grade uranium and some 

.7 

6.1 I 
~.6 I 

I , 
7 .4 ! 

I 
7 8 l • I 

18.2
1 
I 

vanadium, black. 
Sandstone with strong uranium and vanadium 
stain, gray to black. 

Mudstone and sandstone with vanadium and 
uranium stain) green to gray. 

Massive sandstone, limy, wi.th vanadium 
stain, tan to gray. 

Alternate sandstone and mudstone with vana­
dium and uranium stain, green to gray • 

Fractured s3ndstone, limy) and mudstone 
'.-Ii th vanadium stain) green to gray. 

Fractured sandstone, limy, and mudstone 
with vanadium and uranium stain} green to 
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Samp 1 e I S c.l::lp 1 e r---...,.;:..A.;...;.~,,-,-s,-· (-:Jr-" \_. _. -,p,,-e..::o.-r,.-c..;;;.e=n...;;;,t--1 
number " width; L'3 as : v~ 0::: CaO 

feet I C.-

Description of sample 

312... 2.0 i 1.18 i 1.77 11.4 I Sands tone., limy, and mudstone, green to 
gray. 

313 ••• 3.1 

314 •.• 4.2 

1.01 1.18 

1.31 1.27 

8.6 Sandstone, limy: and mudstone with vanadium 
I and uranium stain, green to gray. 

6.9, Fractured sandstone, limy, with vanadium 
I and uranium stain, gray to brown. 

315 •.• 

316 .•• 

317 ••• 

318 .•• 

319 ••• 

320 ••• 

321 ••• 
322 ••• 
323 ••• 

324 .•• 
325 •.• 

326 .•. 

327 ••• 

328 ••• 
329 ••• 
330 ••• 

331 ••• 

332 ••• 
333 ••• 

334 ••• 

335 ••. 

336 •.• 

337 ••• 

1.6 

1.5 

3.7 

3.4 

3.0 

3.0 

5.0 
2.9 
1.8 

1.8 
2.3 

1.8 

1.5 

1.6 
3.3 
3.4 

3.0 

2.6 
3.0 

1.7 

2.0 

4.0 

.310 

.100 

1.74 

.211 

.182 

.672 

.021 

• 
201

1 .574 

. 283 

.614 

.191 

i.17 I 
• 238

1 

.097 I 

1.45 

.410 

.350 

.697 

.361 
I 

• 419 i 
I 
I 

.ItS 5 : 

.361 I 

.91 

.17 

3.33 

.35 

.46 

1.44 

4.4\ Sandstone, limy, and mudstone with vanadium 
and uranium stain, green to tan. 

2.4 Massive sandstone, limy, with strong vana­
dium stain, green to gray. 

9.3 Fractured sandstone, limy: with strong vana 
dium stain, green to gray. 

20.0 Fractured sandstone, limy, with vanadium 
and uranium stain, gray. 

3.6 Massive sandstone, limy, with vanadium 
stain, gray. 

6.1 Fractured sandstone, limy, and mudstone 

I 
with vanadium and uranium stain, gray to 
green • 

• 07 1.6! Muds tone, green to brown. 
.39 27.51 Sandstone., limy, gray • 

4.10 I 9.3 Sandstone, limy, and mudstone with vanadium 

• 20 
1.58 

.35 

4.30 

• 72 
.15 
.57 

.95 

. 88 
2.92 

.28 

.38 

.77 

1.29 

I and uranium stain, gray to black • 
2.4 Mudstone or clay, green • 

.7 Massive sandstone, limy, with vanadium 

.7 

1.4 

I 1.0 

i 4.9 
1.3 

1.7 

i 
I 2 _ 2 

! 2.2 

I 2.0 
I 

1

17 .4 

13.8 

1.2 

stain, gray. 
Fractured sandstone with vanadium stain, 

gray _ 
Sandstone with high-grade vanadium and ura~ 

nium, black. 
I Fractured sandstone, 1iDY, gray • 
\ Massive sandstone, limy, gray. 
I 

I
, Fractured sandstone with spotted vanadium 

stain, tan. 
I Sandstone, limy, and mudstone, green to 
1 gray. 

Mudstone with sandstone, green to gray • 
Sandstone, limy, and mudstone, with strong 

vanadium stain in sandstone, gray. 

I 
Frac~ured sandstone with slight vanadium 

I stal.n, gray. " . . . 

I

" Fractured sandstone, ll.my, With vanadl.um 
stain, gray. 

Massive sandstone) limy: with vanadium and 
uranium stain, gray_ 

Mudstone and limestone, limy) with vanadium 
stain, green to gray. 

. " 



Sample 
number 

338 ••• 

339 .•• 
340 ••• 
341 ••• 

342 ••• 

343 ••• 

344 ••• 

345 ••• 
346 ••• 

347 ••• 

348 ••• 

349 ••• 

350 ••• 

351 ••• 
352 ••• 

353 ••• 

354 ••• 

355 ••• 

356 ••• 

357 ••• 
358 ••• 
359 ••• 

360 ••• 

361 ••• 

1h? 
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S amp 1 e ~--,-A-,s,-s_a ..... _ v ...... _. _D"'---e ..... r_c_e""'"'n-...:.t~ 

width, U3 De Vc. O~ CaD 11 

feet 
Description of sample 

2.5 

3.2 
2.2 
5.0 

4.5 

2.0 

5.0 

4.6 
2.7 

4.3 

1.8 

3.3 

2.6 

4.1 
4.1 

3.3 

2.5 

4.2 

2.4 

3.5 
5.0 
3.4 

3.5 

3.2 

/. 7 

I 
I 

0.097 0.33 2.1 Fractured sandstone, limy, with vanadium 
stain, gray • 

• 127 
2.15 

.483 

. 238 

1.12 

.342 

.141 

.059 

.185 

.159 

1.82 

.171 

.030 
1.48 

.494 

.226 

.122 

2.02 

.112 
1.00 

.104 

1.05 

I 
.889 I 

; 
??() ! 

.39 
2.81 

.58 

.41 

3.84 

1.34 

15.5 
3.9 
4.3 

9.1 

.7 

7.4 

Do. 
Mudstone and sandstone, green to gray. 
Fractured sandstone and a little mudstone, 
vanadium and uranium staL~, gray • 

Fractured sandstone, limy~ with some vana­
dium stain) gray. 

Mudstcne and sandstone with vanadium and 
uranium stain~ gray to brown. 

Massive sandstone with slight vanadium 
stain, gray. 

.38 15.8 Do. 

.47 4.2 Massive sandstone~ limy, with slight vana­
dium stain, tan • 

• 54 6.9 Massive sandstone, limy, ,-lith banded vana-
dium stain, tan. 

.72 8.9 I Ma:sive s~ndstone, limy,. with slight vana-
i dl.um stal.n, tan. 

3.04 6.0 I Sandstone and mudstone, limy, with vanadium 
. and uranium stain, green to gray . 

• 53 2.0 I Massi~e sand:tone, limy, with vanadium and 
. Uranl.UITl stal.n, gray • 

. 25 10.6! Massive sandstone: liI:lY, gray. 
1.95 11.2 I Mudstone and sandstone, limy, with vanadium 

I and uran i urn stain, green to gray. 
1 • 54 I 7. 3 I Ma s s i v c sand s ton e ,lim y, wit h s 1 i gh t v ana-

I dium and uranium stain, gray • 
. 861 8.9! Alternate sandstone and mudstone with strong 

I vanadium and uranium stain, green to gray • 
• 69 i 1.5! Fractured sandstone, limy .. slight vanadium 

I I d . . I an uranU.Im s ta 1.n, gray. 
3.91 110.2 ' Sandstone and mudstone: limy, '.\7ith strong 

I 
I d' d ' , I vana l.~ an uranl.um stal.n, green to gray • 

• 33

1

, 15.8 I Massive sandstone, limy, gray. 
1.90 20.6 I Do. 

.45 12.7 I Massive sandstone, limy, with slight vana-

I 
1 dium sLain) gray. 

1.62 18.0 \ Sandstone and thin mudstones. limy, with 
1 i vanadiuQ and uranium stain, gray • 

• 69 ! 19.6 ! S.:lncistcne and mudstone; limy : with van.:ldium 

,i i and uranilli~ stain, gray. 
lh Q 1 : M~ssivp s~ndstone. Ilmv. with slight vana-
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Sample Srimple Ass.1Y. percent 
nUI:lber width, U3 02 VcOs CaD Description of sample 

fect 
365 ••• 3.6 0.486 0.61 4.1 Mass ive sandstone, 1 ii.1Y: with sligh t vana-

dium stain, gray. 
366 ••• 3.5 .929 3.11 7 .6 Mudstone and sandstone, limy, wi th vanadium 

and uranium stain, green to gray. 
367 ••• 2.8 1.13 2.28 8.8 Massive sandstone, limy, with slight vana-

dium stain" gray. 
368 ••• 5.0 .095 .20 17.0 Mudstone and sandstone, limy, with vanadium 

and uranium stain,. green to gray. 
369 ••• 2.2 .072 .18 15.1 Mudstone and sandstone: limy, with vanadiUlT 

s ta in " green to gray. 
3 70 ••• 3.2 .780 1.21 12.0 I Fractured sandstone.with some m~dstone~ 

1uny, strong vanadlum and uranium staln, 
I gray to brown. 

371 ••. 3.5 .506 1.17 10.1 1 Massive sandstone, limy, thin mudstone ncar 
bottom, vanadium and uranium stain. ~rav. 



APPENDIX B.--\ ... TEIGHIED-AVERAGE ASSAYS FOR URANIUM) VANADIUl-1., AND LIME~ 

MI VIDA ML~~; SAN JUAN COUNTY; UTAH: AUGUST 1953 

Sample width, feet North East 

39 

coordinate) feet coordinate, feet 

Northern Area 

9.4 0.063 0.53 2.9 208 359 
8.0 .552 .99 2.0 218 258 

10.7 .340 1.31 2.3 218 332 
10.7 .179 .97 2.2 221 283 
9.8 .132 .37 3.6 230 355 
7.7 .240 .75 4.4 244 224 
7.5 .249 1.08 4.3 245 276 

10.6 .361 .78 3.5 246 252 
11.0 .548 1.43 2.4 253 340 
8.1 .434 1.69 2.4 262 313 

10.6 .237 .51 6.2 268 194 
9.5 .194 .81 2.1 269 347 
9-.4 .459 1.30 4.8 273 222 
9.6 .065 .59 3.5 287 314 
9.0 .663 1.13 3.3 288 196 

12.3 .202 .46 12.2 290 170 
12.2 .069 .38 4.0 294 290 
11.2 .941 2.46 6.4 303 186 
10.1 .296 .74 7.8 305 152 
10.7 1.278 1.90 2.7 310 212 
11.6 .637 1.26 .9 321 292 
11.7 .507 1.49 1.3 322 267 
10.5 .940 .88 .6 332 156 
8.1 .809 . 2.51 1.5 333 216 
8.5 .781 3.14 1.9 334 I 247 
8.2 1.146 2.75 1.0 336 128 

12.5 1.295 2.26 1.7 348 296 
13.8 1.299 1.73 . 7 353 270 
10.2 .833 2.13 .6 356 245 
11.6 .164 .47 .9 367 310 
12.2 .105 .53 1.2 372 331 
8.9 .252 .68 .3 376 273 
9.1 .135 .54 1.4 380 302 

11.1 .555 1.88 .5 384 243 
11.2 .468 2.35 .9 391 221 
10.6 .692 1.89 .8 398 190 
11.6 .324 1.13 3.4 401 239 
11.2 .663 1.53 6.0 415 220 
10.7 .225 I 1.19 4.3 420 261 
11.6 .576 1.78 5.0 422 199 
11.5 ·.344 1.01 

I 
6.7 441 220 

6.2 .399 1.12 .3 452 166 
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Sample width: feet North East 
coordinal~J (eel coordinate , feel 

Northern Area--Continued 

8.2 0.020 0.16 3.4 445 245 
11.1 .547 .82 6.9 446 198 
8.0 .521 1.32 2.3 466 184 
6.4 .143 .69 3.4 482 171 
4.5 .121 .34 4.7 486 148 

Southern Area 

7.8 0.466 0.94 14.0 72 167 
7.1 .704 1.84 5.8 97 152 

10.4 .735 1.73 8.1 98 168 
8.9 .497 .93 12.0 114 198 

10.1 .680 .93 16.7 115 159 
8.5 .634 1.25 18.6 132 150 

11.5 .680 1.22 9.8 146 165 
9.1 .651 1.58 5.8 149 132 
7.5 .328 .95 6.1 155 113 
7.7 .874 1.65 5.3 157 147 

11.7 .702 .93 i 6.0 I 165 194 ! 

9.7 .215 .74 6.1 167 168 
9.5 .609 1.50 7 .61 170 128 

12.4 .467 1.41 3.5 186 147 
8.6 .849 1.60 12.3 190 75 
6.9 .630 .93 

I 
12.0 190 90 

11.6 .396 1.39 9.5 191 197 
12.9 .953 2.19 

I 
6.1 I 203 160 -, . 

11.8 .563 1.05 9.0 205 127 
9.8 .303 .72 6.1 I 206 106 
7.0 .136 .51 

I 
5.8 207 216 

8.9 

I 
1.025 1.17 7.0 213 91 

6.0 .427 .95 
1 

4.8 220 67 
8.9 1.118 1.97 1.2 230 125 

11.9 : .571 1.69 
t 

6.1 230 153 
7.3 .495 1.57 2.1 233 99 

13.6 .482 1.09 6.3 I 233 176 
9.7 .177 .91 10.7 244 60 
9.7 .668 .54 2.6 250 115 
9.0 .489 1.35 1.2 251 86 

14.5 .284 .98 5.6 ' 263 169 
6.7 .444 .65 14 . 8 186 III 


