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RESOURCE CHARACTERIZATION FOR URANIUM MINERALIZATION
IN THE MORTROSE 1° x 2° QUADRANGLE, COLORADO

Stephon L. Bolivar, Sueen H. Balog, and Thomas A. Weaver

Los Alamia National Laboratory, G-4, MS-586
Lou Alamos, New Mexico 87545

ABSTRACT

A data-clamsificatisn escheme was developed to
detcet potential  uranium mineralization in  the
¥ontrose 1° x 2° quadrangle, Colorado., The method-
oingyr dcveloped is a rapid and efficient mothod of
resnurce ovajuotisn on a reconnaissancoe ecale. Thoe
nccessary tochniques wore Joveloped and refined to
digitize, integrate, ana register varinus large
geningtcal, gonchemical, and geophysical data sets
for tho Montrosc quadrangle, Coloradn, using a grid
resnlution of 1 km, All data sots for the Montrose
quairangic were registered to tho Universal Trane-
verse Mercator prajection. The data sets include
twidragenchemical and atroam sediment analysoo for 23
clomerts, uranjume-ts-thorium ratins, airborne gon-
jhveical survey data, the locations »f 90 uranjum
necurrences, and a gealagic map (scale 1:250 000).
Genchemical samples wero enllected from 3965 lnoca-
tiana  in  the 19 200 km quadrangle; acrial data
we=s esllectet an flight lines finwn with T.F ke
rpucinpe.  These duatn scts were smostned bty univer-
an. Kriging ard interpolsted tr a 177 x 1% rec-

tangcuiar grid feach grid tlack s | ko’', A nylar
tranaparency Af the geningic map was prepared and
figitized,

ALl possn bie comrinatione of throe, for all data
neta, worce cxamined for seneral geningic eorrelationg
tv uttlizing a calar mierafilm output. Subscta »f
dnta were further cxamined for sclected tist arcas.
A ~lanmification scheme for uran‘ur mineralization,
tamcd an sclected teat arcas in the Cochetaps uranium
dimtrict, ‘s prescnted. Arcas favoradle for uranium
mincra.izatioan, based on this schome, were identified
ar4 are discusaci.,

INTRODUCTION

The abiective af this repsrt im to characterize
known uvanium nccurronces for the Cochelnpa uranium
tetrict in the Monirase 1° x 2° quadrangle and to
find ather arcas {n the quadrangle with eimiler
characterint.cas 1t has beon accsmplished by intos
ernting, in the coamputer, available Natinnal Uranium
Romaurer Bvalutisn (NURE) goacheouical reconnaissance
data, poologic map information, uranium occurrence
data, and radinmotric and magnotic data from the
NUPF airborne gesphysical survey.

i technaingy was deveiopmd 9 interpret the
arge quantity of data svailable for many of the
1* x 2' quadrangles in the continental U.8. VWhen
scvera. dats wsetm arc intograted into wn¢ .argo data
wrt & weaith 2f information can be eoxtracted. oOnly
one  arpect of thi. project, that »f uranium char-
scterization, ia ¢overed in thie ropart-.nther appli-
catione, detailed demcriptions of the mothodology,
rtatintical manipulations, cnhancoment techniques,

and display options are discussed in Bolivar ot al.,
1081.

GEOLOGY AND URANIUM CCCURRENCES
Genecral Information

"™he Montrose quadrangle cocprises about 19 200
kn? in socuthwestern Colorado. It includes sections
»f the Southorn Rocky Mountain and Colorado Platcau
physingraphic provinces (Pig. 1). Tho Wost Elk
sountains, San Juan muuntaines, and Savatch Range are
the dominant drainage divides within the quad-
rangle.

A wido variety of ignoous, wmotamorphic, and
sodinentary rockas, ropresenting mnat major genlagic
porinds crop out in tho Mentrosc quadrangle. A
generalized gonlngic map, Pig. 2, shows the distri-
bution of major rock units. Lithology and rogisnal
geslogy »f this roginn have boon doscribed in detail
by many inventigator~ fle.g., Weimer and Haun, 1960
Haun and Kent, 196%; Epia, 19€8; Ticto, 1968 and
10976: Mallary, 1972; Twets ¢t al., 197Ca). Only a
bricf summary is given herein.

The Montroase gquadranglc consiatas of three majer
physiographic/genlngic praovinces: the Sawatch-
Gunnisnn cryetalline torranc, the San Juan-Weat Eik
volcanic field, and the Wostern Plateau arca. The
Savatch=-Gunnissn crystalline terrane is underiain
principally by Procambrian igncous and motamorphic
rocks and, to a lessor oxtent, by Paleszoic medimon-
tary formatinsns and Tertiary pluton.ec raocka. The
San Juan-West Elk vnlcanic province {s underlain by
eid-Tortiary intermediate tn felmic volennic racks,
vheroas the VWestorn Plateau is underlain by gently
4ipping Mesneznic sedimentary foramxiona.

Radioactive Mincral Occurrences

There are approximately 30 scparale known lnca-
tinns where uranium minoral.sation has been jdenti-
fied or whore anomalnus radioact.ivity ncecura in the
Montrose quadrangle (Fig. ). The mineralirzatinn at
those accurrencea appoars to» bo fracture and or
stra:igraphically controlled. Mincraiizatinn n
«le? oomuonly asydciated with shear zonem, fauit
broceias frecturos, and vein fillings.

Over hulf of the known urantum sccurronccr in the
quadrangle are found in three maJjor uranium dim-
trictet the Cochetopa, Marshall Pasa, and Pawdertern
dimtricts (Fig. %), In fact, noarly 600 000 tonm of
uranium ore eontaining between 0,11 and 1.17 per
cent UsOg have been produced from  the Montrose
quadranglc (compiled from Nolson-Manre ot al., 1976},
Moat product.sn is from mines in the Cochetnpa and
Marshall Pamm dietricts, These mining districts and
other uranium occurrencos in tho quadranglc are
briefly dcecriboed in Tadle 1 and their locatinne are
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Figure 2.

Location map for the Montrose quadrangle, Colorado,
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ahiown in Fip. 1. More detailed deneriptisne of the
indisi14dual  uranium sccurrences are  supmarized in
Fineh 71067, Olson (076, and Neclaan-Masrc ot al.,
flatay,

The Cnetetnpa district s
anutheant of Gunnison, and
An Ll-vm 4iametor region,

lncated abaut 2% km
mineralizatian accurs in
In thim dimtrict, uranjum
mineralization ar iscalized alsng fault breccias »f
trhe lom QOahanr fault wheorr Morrison sandatonomr and
#.aion are faul ted againmt Preocambrian X age granites
ari nchiets, The principal 2rc badics are assnciated

with intenuely altered areamn in the fault bdreceia
and in adtacent wail rocks, although mineralieation
ran s¢rur in quartz-caleitc-barite veins and shear
zrses  that cut Precamdbrian aschists (geoMetrics,
Lt e Althaugh no m.nes arc active in this areca
at the present time, 48f 00C tune aof ore ylelding
Lo v af Ux0g  have been prnduced, mainly
frar  the 1o Ochns and T-: minos {Nclasn-Mosre
rtoa,, aTal,

LATA SET DRSCPIPTION, DIGITIZATION,
ANT REGISTRATION

In srder tr efficiently integrate large vsolumos
21 data, it is ncceossary to got tho varisua data
ants ints apatinlly comparadble formats. Therefore,
after data sots are nbtained, thoy are digitired and
gcamotrically rogistered to the Universal Tranaverse
Mercator (UTM) praojection. The UTE conrdinate system

Uranium occurrences in the Montrose quadrangle, Coloradoe,

is a rectangular oqual arva projectinn and
Jinate boundarics chanen are alightly
the Moatrosc quadrangic boundarios.

Por the Moantrosc yuadrangle, the reference pri
sclnctod has a grid spacing ‘and ressiution) af »ne
kilometer, coxactiy eninciding with the UTM prid Oy
thin part af Cnlsradn. The l-km spacing in a,nn the
aoa.leat reasnnatle chnice far conc.rdanec with the
kriging interpalatinn echemes usc. far airtsrnc and
genchenical  data, Bccause the eorners ot the
Montrose 1° x 2° quadranpic do nst form u perfect
roctanple an  tho UTV projection, the wal'emt rec.
tangle that can be defined an the sam)'o poid that
will cover the entirc quadrangle wan sc.ccted.  Jran
rosults in an indes set of 119 rows and 179 columne
to enaver the 1° x 2° sheet.-a tota: af 21 "0l prid
colls. All data motms are keyed th grid eci. isea-
tisnn,

Data inteogratinn requircs resampling cach data
set to the selected grid. Point duta (zuch ar N'HF
data) arc statisticaily smonthed and interpaintet! to
the rectengular grid. Data availetier an a fiver
rosslutisan, such am geslagic infargatinn, arc suta
sampled to the 1 km UTM grid., Ideally, Lhe finimc!
product gives ceomputer access Uty all data metn
sirul tanenuely far any dosired .sertinn,

Once the data sctm are intceraiod and apatially
rogistered, they can bhe caamined statiatically fo.
relutisnship between data scts and individual vari.
ablem and alan for significant patterns derived from
the data. Individual data scta can bhe analytically
and visually averlain. Aii pnssitle combinations of

the ¢n9ra-
iarger  than
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MAJOR URANIUM AND THORII™ DISTRICTS IN THE MONTROSE QUADRANGLE, COLORADO

flacatinne al <o cifi- nccurreaces are shown in Fig. 3)
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M s I3 ons of orr of average poa & 00T VYL, mee cepncted from theve three countien

e vne Foore At il (0T Bost rAniaE GCcuTTenses are n veinn in “ertiary volcamics;
e ~at anctive spoing fepoecl e b cwn. 1w minerql -zatian v arsocinted with
Thynlita. Tat-te "™e dom:nant uranium minerals are urano-
phana ant g1t hhiands. ~oarty tatuia- ore bod:es a-= found 1n the Pntrada
randilane.  Avecage are prade w2 OF 11,0 and 4 Flasely assoc: ted with vansdium.

fme amch Seescrencs 3 repocted cn e sit-ems snatheest corner o1 the Monltrose quadrangle.
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Atra? YW tras af are, with avecage srades of 10 te 0.2 U4O0g. have been taken from
trporily ca this aren ‘Selson-Woore ot al., 71 Nost urantum occurrences ere vein types
frur ! .= pramnt-tes n Frecashrisn pran:tic racks; some are associated with veins, dikee,
ant fas t P-eceimy of Te-tracy intrus:ives: @ frw are found aloag Paleozoic quartzite-
Pracaghr ar gran:ts ‘sult eonta~ta. DNepos:la are usgally wmm]l 10 size. Uranium mineral-
r* gaNocisted wilth faults, slte-alion zones, carbonacecwus trash

‘n fault =rneal, ant hatr.mnta’ mine-anl:cqtion. Autun:ite, columbite, pi*ch-
tramnarits, Ang monaz:le are the fom:nant aranium minerals. These typea of
orrucrences acs ant ceal-irted (o these thras rounties, bul are found throughout ‘he
Ponkrose zusi-ang.e.
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%ot of ke tnoricm  ocurrances n this district consiat of redioactive anoamlies in veina.
Thewe ve:ns are fomnd ia Precambr:an granits, sch:st, and gneiss. Depoaits consist of
thorite, sinor amounts of uran..o, quartz, Sari1'~, Fematite, and sulfides.

Product:ar Latals for th:a 4-=trirt ta 1971 are about 4R% OON tens of ore coataining 0.11 to
.f Iyt Selena -Pacrs oL ml., 47, Nenpium mineral:zation e=nerally occurs 1a

a3 .t Dro~~a o~ the More:son formalion (or to a lesser extent the
mr~te wand: tors .nt Frecambr:.mn rorex. or 1 yeins culiing “recambrian rocks. Uranius

® *eralizalioe may Ais0 be qianr nted otth palarhite, azur:te, or other base setal

The Wnr-jann foramtien e compriasd predominantly of sandstone and

w iviope, whereay e Precamlc op rockN are Fenscal’v granite or schist. Primery vranium-
inriwte pitehblende, oranophane. autunite, torbernite, and zippeils.

> mr zones detenen

miomry 1=alion.
iemTng Mineraly
Aroont tha pariphecy an! svitheast nf the Carkatopa d:strict, sereral urasiwm occurrences

Ao cepucte! a4 the ®.nrmne Potns: Yoleanis leries, or in Cretaceous rocks which are over-
Mty trsa walran . rw.
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At T ome. FTrine pal Peat rocks inclade the Jedopician Harding quartzite and Peansylvanien

R dmm shayle
» po-rut s
LU L S

whirh 3 0 ‘mult contacl with Precasbrian rocis. The Rarding quartzite

1tz "anistnne, wheceqn the Frecaa®- . an rocks include highly fractured
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ant ~a-t avcengs T¢:1ev mny nr may not he presenl. Prisary uranius
RIS T RL AN E B vl u-macphane with minor amcunts of gusmite,

ar - ppe e a0t within th:s Aist-ict bul with similar

m xirecn gt o, A found te the aonthesst.
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tirce. fir all data seta. were cxarined far general
g-2.2g1c correlatisns by utilizing a eslar microfile
Jaitput (Baliva- ¢t al., 16811,

fmall eat aroas containing knovmn uraniua
Jccurrorices, prcdominantly froar tae Coche:?ra uranius
diatrict. wore extracted and examined. A prelim_nary
classification schomo. baseld an crzracteristics of
the knowi. accurrcnces 1in this district, was then
goncrated and 1tcrativoly refined. This class:fica-
tisn will be tested for the entire Rontrose quad-
rargle t» determine 1f similar uranium OCCurrencom
can k¢ found.

Gescmcrical Iata

Our goacherical data sete aro compiled fror twa
scrarate studios done as part 51 the US Departeent
of Energy’s WURE program (Bolivar. 1980a). As part
sf teis program <(Bal:var, 1980ti., the Loa Alamas
National lakoratary conducted a hydr=geachemical and
atrcar scdiment r-connaissarce for uranium 1n the
¥antr2so0 quairangle. C42larad>, during vwhich 1365
wator and 1857 acdiment samples were collected from
1277  lseations  (Braxtan et al.. 14979, ¥Wa tor
sanplce camc frop atrcams, asprings. and wells and
wcre analyzod for uraniug by fluorom- etry.
Sciimcnt marfplce wc-¢ :akon frop; stroams and aprings
arl wcre &sral;yzcd fo1 uran:um by Jolaycd- neoutran
courting, far 2! additi~ral clemrnts ty neutron
act.vation ara.ys:s. for G c cments by cnergy
1.#pcraive x-ray fluz-esccrce, and far 2 olementa by
E~C=87.7CC CM1S813n Apectragraphy. Ctarndard sampling
p-2ccdurce a8 defincd by Sharp ard Aamad:r 1978
were uscd in tne ficid. Samplc densities were naTi-
rally¥ anc sampic lacatian per 10 ke<. ALl samp.cs
we=c c2’lected during July 12376 and July and Auguet
af 1377, A samrplc locatisr adver-ay 'scaic 1-250 OC5
car tc fund as P.atz 1 2f Eroxtan ct al. 71575 |

In the pumncr Af 1979, Las Alamie cor jucted a
agctailed f2lloweup hydrogcachcm.cal and s:roam scdi-
mcnt Au=vey 1N & partian =1 tnc Maatroec quadranzle.
& tatal af 208R atroar sediment macpica were col-
icztcd at a nom:nal denmity 2f onc sample lacatian
Fcr kAB- -psec 10%¢ water gamplce werc alsa c=l-
lccted . Carmples were analyzed for uraniur ani for
4T atner cleprnta iMaassen. 19807. The matarity of
sarp .8 were from. 2r necar. tnc Sawatch Range.

Pv corcining trcec twd Cata bascs. wo abtain a
fFcacncrical data baec witn TGS gamplo lacations

- op————
Fo"C  [5cations have eciiment sanplcs In.v., §9EC

ravc watcr samplca anly, howcver BOet havc tatn a
watcr and scligpen: pamfplci. We then  sclccted
clerents belicved maat bdencficial as an a1n  1in
14entifyving uranium mincralizatian. The reraret of
Revin et al. T1GAOr' cxamines trc “ata a2f Braxton
ct al., 119797 v using multiveriatc atatistical
anaZvaca. Reyth 83 rcoulta hulped to 1dentify thame
c'emcmla that wdould be maat favaravle far oSur wore.
we t=1€4 to sclect cleobenta that had a minimal numter
<f valuos DPClw  2ur analytical datoction  limit
-B2lava=. L98CE. Alead included are the eolcmenta
a=Arnic and eirconium which tne Departmont of Mere
requirod for the f=llov-up stuly [Maasscn. 108710,
Tat.c I1 1s & list o»f clemecnts eclected. The U Th
rati»s nat snwn n Tatlc II: compris. a scparate
data a-~t.

Tnc  eclemental concentratian analydes repreasnt
F2i1nt data at isrrogularly spaced sample lacations.
tnercefore. 1t 18 nocosssry %9 get therc data jinto a
spatially comparatle formatl with the ather data sots.
Thip was donc by univeraal kriging on a poving wvindow
avcrage. interpolated to> a rogular gri1 Universal
kriging 19 @ statistical mecthad (Olea, 19740 used to
-rtal.. spatiallv jnterpaiated valuos fr-2 a asct of

irregularly spaced data piints. Jhe standard asmump-
tion 1s that tho spatial cavarianco in saall rogions
is dopendont omly on the distanco botwcen points.
If this covariance functisn weorc kn2wn, an unbiascd
estimate of the alesental concentration at an unpam-
pled lacation can be formed, togother vith an esti-
sate of the ve.iance. In practice, the apatial
cova-iance functisn (actually. a related functianm,
the varisg:-am) must be estimatod as well.

Thuo an estimate of the elemental concentratian
vas formod for each grid center on the l-km grid as
8 wveighted average of nearby samples. The nearost
five samples were used. provided there were fiveo
wvithin a 5-km redius of the grid point: also, all
samples vithin 500 B wore used, even whon tha tatal
vas greater than 5. Vhen therc werc twd or less
samples within 5 km of a grid point. no eatimatc vas
comput~d and the grid point was assigned =~ zera
value. The weighting of those ssmplea d:p-ndcd 2n
their distance from the grid point and an tnc
estimated varisgraa. N> provision was mado for
gtreak drainages. Becaus- some elomental concentra-
tions can be below detectian limits f{cxpisinecd in
Tablo II'. such valuos are dawnvcaghtcd.

TABLE II
DETECTICN LIFITS ANT: ANALYTICAL METHIIC FoF

SELECTEL ELFFENTS
‘from Flivar, 1987t

Minieum

Deteceiar “amit Pctrai aof
Eicment Symt-11 ___ar ppm@ Ars]lve._at
Aluinam Al 200 NAA
Arpcri: AB € YEF
Barium Ba 400 NAA
Calcium Ca h o7} NAA
Ceriul Cc 10 LIV
Cabait [ 2 NAA
Chragium Tr o NaA
C.ppcr Cu bl XFF
Dysprasium v < has
Iron Fc 2CN rAA
Hafrium Hf 1 NAA
Potass:.2 ¥ annc NAA
Lithium 11 1 Fz
Mangancee Mn 10 NAA
Lead P. £ IR
Scandy.m Sc 5.1 LY VY
Tharium wh a,e NAa
Titaniu®m T 20h LT R
Vanadiuk v &£ NAA
Zireimium or t LY
sinc 2n 10 NAA
Uranium
fin sediger. . us 0.6. -
tranium
{in waterit Us ¢.¢c amnpyr- F

s Becausc 2f eclemental rez=ferercr 1 tery or
limite wi]]l shift ap a furct.or 2f mei.pert corpar.-
ti9n.

P maa = neutron activatian aralinia. IRF = x.ray
“luareaccnee. ES = arc-gource cRifrion epcct=2mcop .
DNC = delaycd neut-sn counting F = fluaroRctry.

€ All water sePpler wiin uranium corcentratiane
40 prt aro reanalyeed by Dxr,



Airborne Radicmetric and Aeromagnctic Data

In fall 1978, as part of the RKRURE program, an
airtarne radismetric and aoromagnetic survey wac
made of wostern Cclorads and eastern Utah. Data
proceesing methods, regi~-al genlogy, and evaluation
techniques for this rogiconal survey are summarized
in gceMectrics (1979a); gooMetrics (1979b) is &
geningie summary and evaluation of the Montrose
quadrangle. A summary of the characterization of
all uraniferous yprovinces by aerial spectrometry can
be found in Saunders (1979).

Surface gamma radiation is produced primarily by
thc radicactive deccay »f potassium-40, thorium 232,
and uranjum-238. Gamma-ray intensities arec measured
ty an airbarnc apectrometor from the potasaium-40,
thallium-208, and bismuth-214 pouks. Because the
parent heavy nuclides (o nnt have distinct gamma-ray
pcaks, daughter thallium and bismuth intenaities
arc rcad; the daughtcer products bismuih-214 (far
uranium-238) and thallium-208 (for thorium-232) are
assumed to be in equilibrium with their parent
nuclidea (Adams and Gasparini, 1970).

Moving at a standard ground speed of 110 kmph
‘70 mph), the airbarne spectrometer measures gamma
radiation from only the top 20-50 em of ground asur-
face (Grapory and Horwnnd, 196%). Each data point
is an intcgrated measuroment of gamma rays taken
normally from a helieopter and accumulated over a
fixed perind »f time, usually onc accond. Tor the
¥ontrosc quadrarglc, a onc-sccond sample corresponds
th & 215-m (700-ft) iong by 185-m (600-ft) oval on
the ground, i.e., sanc data paint represonte about a
40 000 m? arca (genMotrics, 1979a). The Montrose
quairangle contains aver 200 000 points for each nf
thc acrial radintctric and acromagnetic bands.

bant-west profilcs were flown at 4.8-km /3-mile)
epacing for the mnuthcast quarter »f the Mantroac
qiuiranglc ard 7.2 km (2 milecs) far the rest of tho
quadrangic. North-sauth tic lines were flown at
19.2-km /12-mi{lc) spacing. Flight lincs were flown
at & 122-m [400-ft) mcan terranc clearance.

The first etep in getting from A-~naely samrled
filight lines tn the 1-km rectangular grid is to
smnnth end sutsample thc naisy aerial radiometric
data alorg fiight lines. Th:s ir done using an
automated kriging procedure, whcre the paramerers of
the varingram urc cetimated 1o ally, dcponding on
the lncal mignal-to-noise ratin. The result is an
aunaptive filter. In rcpions where the data sre nnt
changing much, reciative ta the nnisc, the smnathed
cstimate iz almnst an unweighted avc-age »f measurc-
menta in a relatively long scgment »f the flight
line ‘atmut 1.5 km'; in a cogion wherc the signal is
chare'ng rapidly, nearty mecasurcments are wich more
heaviliy weoighted than mare distant onos. Theee
kriped catimates (together with error estimaten)
were computed every 0.4 kn along ecach flight line,
that is. at about wnc-tenth ti.c denaity nof the orig-
inal anc sceond measurcemcnts.

From this pnirt, interpolatinn onts the rectan-
guiar grid prncceds much as for the hydrogenchemical
data. A verisgram is computed and used to form an
catitate at oach grid center poaint as & weighted
average  of  the amocthed data  (with  associated
errara’,  All of the smoothed date within 3.5 k2 of
a given grid center paint were used in foreing an
catimate at that center point: a circle 2f thie
radius intersceter at leoast two flight lines, except
when centered at a fow points in the southeast part
nf the quadrangle.

The aernsmagnetic data were similarly treoated,
except that alang flight 1ines, bdocause thero ln
very little noime in themso duta, values at O.d4-km

intervals were determined by 1linear interpolation
betwoen the two neareat measuroments.

Known Uranium Ocourrences

About 90 uranium occurrences or arcas with abnor-
pal radioactivity are known for the Montrose quad-
rangle (FMg. 3). These occurrences are described in
Table I.

In order to combine this information, which is
essentially point data, with other data sets, it was
nocessary to digitiee the occurrences and ussign
each a UTM coordinate. Each known occurrence was
assigned a coded number from vhich aome could identify
the deposit type. PEach ocourrence was also assigned
a grid cell location in the 179 x 119 rectangular
grid. This allowed us to examine any one occurrence
by simply identifying the coordinates for that grid
cell, The oocurrences, the!r coded idontification
numbors, and their grid cell eoordinaics are given
in Appendix A.

Geologic Map

The reeconnaissance genlogic map »f Twetn et al.
(1976a), scale 1:250 000, was used as a bsse map.
Twcto's map contains 57 mapable formations. To
facilitute interpretatinon efforts and becausc many
of thusc units arc depositiorally similar, the 57
formatinna n1 Twcto were grouped into 13 seclected
geologic "units.”

A mylar trar-parency wse thon made for t'ie map
by aseigning ea.h unit a scparate mylar color. Care
was takon to asssign colors thit oould easily be
resslved by a ctmputer when the primary colors are
cxemined. The wmylar traneparency was uscd in an
attempt to assign cach w.i. a consistent colar den-
sity.

The mylar transparcncy was then photagraphed ontn
70-mm e¢nlor film. The coloar film was digitized on a
PDS microdensitometer to obtain three 512 x 340
digital arrays cnrrcapinding to the green, rod, and
blue exrasures, respectively, on pagnetic tare. The
three digital arrays were ..acrted into a COMTAL 8000
digital cdisplay unit to form a color image »f the
genlogical map. Tralining scts were then defined for
cach of the 1t genlngical units frow inspectinn of
the color display. Pinally, ocach grid ccll wan
clansificd a» belonging tn one »f the genlogic unitm
by using a esimpic minimum distance classifier. Then
the cleseificd 512 x 340 array was pubsampled, using
a ncarcat neightar algnrithm interpalatian, to the
170 3 119 UTM grid.

Because the contacte betwecen mylar cutouts (each
eutrut cnrreaponding to coantigusue genlogic unaits)
do not fii perfectly, mnst clasamificatinn crrora
occurred along boundaries between gonlogic una v,
Thia problea war alleviated enacwhat by a ocdiun
filter operating both ar a preproceosanr and a post-
proccassr. Final cleanup of the map var accomplished
panually on the 179 1 119 array.

Classificatian Schemem for the Cochetopa Test Arcas

In this scction, the pracedurca and methade uwed
to dcteormince a classificutinn scheme by using tent
areas from the Cochetrpa urunium district arc oute
lined. A preliminsry, alteitcrude, clamsificati-n
scheme was sucoessfully develsped.

Vo are looking for rcgional patterns that may
indicate uranium mincralization. Theac patterns may
be indepondent »f any individual high or lov value
fo- any given data sect. 1t is the combinations of
vyrious dats sets that we believe will ultimately
telp to identify the rugional patterns.



TABLE III

KRIGED VALUES FOR SELECTED GRID CELLS CONTAINING KNOWN URANIUM OCCURRENCES
(Code numbers are explained in Appendix A; cumulative percent in parenthesis.)

Code Grid Cull

Nugber Locat{an Al As Ba Ca Ce Co Cr Cu Dy
100402 49-13 76802(90) -- 762.3(33) 19919(14) 76.7(9) le,01(40) 21.9()2) 31.19¢1) 3.22¢(9)
200616 llu-M 5&53uc?l)  la.%4(21) 85%4.7(32) 1565111 110.7¢13) 12.01(30) 49.3%(27) 31.19¢1) $.72(16)
200019 112-4) 50348(59) 11.27(17) 623.7(27) 11382(8) 73.7(1)) 11.61(29) $6.6(31) 31.19(1) 6.43(iR)
2u0611 | RIETY 50148(%9)  :0.27(30) 640.8(28) 22785(16) 8%.2(10) 9.21(2)) 40.2(22) 31.19(1) 9.72(16)
106506 124=-62 h9495(%8) 17.21(29%) 3% .4(24) 17024(12) 6(7) 12.01(30) 42.0(2)) ©2.13712) 6.43()8)
00503 143-59 67415(79) 14.%(21) 739.2(132; 8537(6) 17,.4¢20) 8.01(20) 29.2(16) 91.5%6(3) R.22(2))
200319 151-50 37175(67)  11.0A(1b) 954.4(24) 18496(1)) 110.7(1)) 16.41(41) 113.4(73) 31.19:1) 6.63(18)
lum 1) 15.=4% TILH, (W) 9.09(14) 8Gu.9(19) 2765(16) 136.3(18) 12.41¢M) B4.1(66) 31.19¢1) 11.08(11)
20042 19.~a? Tubl9r)) 9.uucld) 831.6()8) 19919(14) 85..(10) 11.21(28) 89.5(49) 62.37(2) 9,85(27)
1om M 15345 6997n(82) 9.69(14) #77.8(18) 18490(11) 91.2¢11) 12.81(12) 89.%(49) 62.3712) 1u.72030)
10wy lna=dh 13IH9(ne) 8.92(10) 993.1(463) 14228(10) 119.2(14) 10.41(20) 4%.7(2%) 31.19¢1) S.36(1%)
L 0U&9 167-11 hlia9la) 19.3828) 1%570.9(6R) 4268(1) 187.4¢22) 12,01( W) 31.1(17) 842.0%(’1) 45571 )
200801 171-110 SRk (H9) -— b=h.8(28) 21)42(1%) 1o, 701Y) 12.01( %) 64.0(1%) 3.19()) $.36(1Y)
Codt urid Cell
Nuzher Locatim Fv o K _ Li n rh Sc ™ .
Lo SR B e UERRIEY 1n716r49) 2y.3ucle) loaiain) lutw) 10.30000) 11.56(8) _Tm—u_»
N Tio- 1= LEEE NN Y 1o 75%(9) )L PINTRL ) 36 202Y) B=H(} V) 1oqu) 12.62(19) 11.5608) “19011)
HERN] Lad=ay [N AR ] J«.19t9) Inall15<) e lldb) Hova ) 104y 11.3301%) 1.71(4) W)
PIVIONN 1l4==h iy Y.l IR BEUD] wra9e(1) LIEYR L)Y 1c0) 9.08(2H) 7.71¢4) Wesean)
1hee boa-nl SoViar e L LTRS] 1494:041) Je.Mal17) LLISND] datl) 12.9%a0) [T Yelh 1)
Lo bat='s St .. I RER TN T PR AT Y] 97901 1ajt ™) Kea.tor) Worln) v tf da
- . 1hi-im e LERY L L} [EEE IS B Jomarh) [ T TA 1.8 00 bH.naY)
- [N R it ) e 1Y) R IR RS HURY) et 17.84049) TR
R 1h -, ' Y] Jegder oy, osheS), Ylafl=s) 1ugn) TR PRRTLY et 1Y,
Jaes LY R0 A 5 I vameh oy NN Tagn(rl) KITR N Iitalal) TR L1790 100
Levor om LTS (L L N 1ibar) Jalltt ) IMLUTINY | LILIRES] NUSE IRLIRTY) 11.50¢0) Mhery?)
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For a first approach, potential data sets can be
selected by examining th» range of values in each
data set for those grid cells containing known ura-
nium cccurrenceg. Such data are shown for a selected
number of grid cells containing known occurrences in
the Cochetopa and Marshall Pass uranium districts in
Table ITI. Each occurrence in thia table is desig-
nated by both grid cell 1location snd code number
(from Appendix A). The values in Table IIl represent
kriged data. Classification criteria (1. e., inter-
vals for each data set) vere then selected from this
table. Criteria for Cochetopa-type uranium mineral-
1zation were Bge.ected primarily (but not solely)
from occurrences 200616, 200619, and 200631. C(Cri-
reria for Marshall Fass-type mineralization (pri-
marily occurrences 200515, 100621, 400627, and
100618) are included for comparison.

Intervals for e~ach of the 28 data sets were
selected from Table ITI. Grid cells satisfying the
selected iIntervals for each of 28 data sets were
then selected by the computer. Grid cells containing
data sets that fulfllled all 28 criteria, 27 of 28,
26 of 2B, etc., are thus identified. It was hoped
that this procedure might create a halo effect around
the test areas and ot.er areas favorable for uranjium
minerali{zation.

Classification

Two sets of criteria were selected for test areas
in the Cochetopa uranium district; based on these
criterla, two ecparate classification schemes were
completed, COCH-1 and COCH-2 (Table 1V).

Data set intervals selected for COCH-1 are rela-
tively wide, 1.e., the difference between the upper
and lower limits for each data set resulted in sev-
eral areas of potential favorability for uranium
mineralization. Figure 4 ghows the grid cells esat-
isfying 28, 27 of 28, 26 of 28, and 25 of the 28
intervale. Care must be taken to optimize window
criterla both to include all training se. grid cells
and yet be small envugh to avoid obtaining the entire
quadrangle as an area of favorability. Therefore, a
second {teration, whereby the COCH 1 data eet inter-
vals were narrowed, particularly with respect to Al,
Ba, Ce, Cr, Cu, Ti, and Us, was run.

There are nine areas that satisfy 25 or pore of
the 28 @gelected 1intervals for COCH-2 (Fig. 5).
Area A contains the Cochetcpa mining district, and
46 grid cells cluster !n this region. Here, only 3
of the 11 grid cells containing known uranfum occur-
rences were primarily used as test areas, yet 6
(Iincluding the three test areas) of the 11 show up
as favorable grid cells. All uranium occurrences iu
this district are surrounded by grid cells of favor-
ab{lity.

Seven cells cluster in Area B, and this 1s a
large number of grid cells relative to all other
areas except Area A, Thus, Area B may have good
potential f.,. uranium mineralization. Most of these
grid cells are from the drainages of Tomichi Creek
(USGS, 1956), Just north of the Cochatopa district,
and are underlain by either Oligocene ash flow tuffs
or Precambrian metsmorphic units or are on the con-
tact zone betwean the two (Tweto et al., 1976a).
Potential uran{um derposits in this area would prob-
ably be fault or vein-controlled (Nelson-Mccre at
al., 1978).

Area C {n Fig. 5 consists of four scattered grid
cells. Three of these are underlain by the Mancos
formation and would probably not be prime areas of
favorability for uranium mineral{zation. However,
the Mancos does contain uraniur-rich, coal-bearing
units, and these may be Influencing the selection of

grid cells; radioactive springs have been reporie’
in Cretaceous units :In this quadrangle (Cadigan
et al., 1976). Omne grid cell in this clueter is in
alluvium but also occurs in an area that diains
Precambrian granitic snd metamorphic rocks and 1s
near a fault zone. One known occurrence of vein-type

TABLE IV

DATA SET INTERVALS POR THE COCHETOPA (COCH)
CLASSIFICATION SCHEMES*

DATA

SET codi-1 COCH-2
Al 45000-75000 5000C-70000
As 10-22 10-22
Ba 550-1000 600~900
Ca 10000-25000 8000-20000
Ce <120 75-120
Co 9-16 9-15
Cr <75 10-60
Cu <90 10-75
Dy 5-7 5=7
Fe 20000-35000 22000-36000
Hf 8-16 9-16
K 1.2000-20000 15000-20000
L1 25-50 30-50
Mn 700-1200 800-1200
Pb <30 1-30
Se 9-14 8-13
Th >6 >6
Ti 2500-55n0 2800-4500
Us >3 >4
Uw 0-10 ~0.1
v 50-150 <90
Zn 40-120 <150
Zr 300-500 250-450
U/Th >0.135 >0,35
K40 1.5-2.1 1.5-2.5
eTh 7-9 7-9
el 2.5 >2.5
Mag <-300 <400

*All values in ppm except for Uw, which is 1in ppb;
U/Th, which 1s a ratlio; K40, which i{s in pe-cent;
and Mag, which {s in gammas.

mineralization {8 1{in this reglon (Nelcon-Moore
et al., 1978).

The third most favorable area delineated by this
scheme 1s Area D. Four grid cells occur along the
eastearn tributaries of Flag Creek (USGS, 1956) and
are underlain by Middle Tertiary Oligncene granitic
{ntrusives and Paleozoic formations. Several fault
zones are i-~cated near this cluster. Paleozolc¢
rocks In feui. contact w!th Precambrian rocks or
Teriisry {intrusives are favorable for vein- or
fault-controlled uranium mineralization in this
area. Examples are found in the Marshall Pass dis-
trict (Malan and Ranspot, 1959; Nelson-Moore et al.,
1978).

One grid cell in Area H contains similar geology,
and occurs within a4 few kilometers of two known
vranium occurrences (US AEC, 1966b) and, conse-
quently, can be considered as favorable for uranium
sineralization.

Arec E contains only three grid cells, all of
vhich occur in alluvium that drains Precambrian
granitic rocks. Uranjum mineralization in this area
would piobably be in veins or fractures. Area F
contains Jour grid cells also underlain by Pre:
cambrian granitic rocks. Two of these cells are
also near a fault zone. The other two grid cells
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border the Mancos formation. In general, any grid
cells located in the Precambrian crystalline terrain
have gome favorability for wuranium minevalization
and the presence of a fault increases that favoi-
ability (Nelson-Moore et al., 1978). This includes
the grid cells in Areas D, E, F, H, and I.

The remaining group G contains six grid cells,
one of which is located withir the Mcrshall Pass
uranium district. The other five . -id cells are
underlain by, or are in drainages of, Oligocene
andesitic lavas and breccias. Although these lavas
arc not a major host rock for uranium mineralization,
they do host several reported uranium occurrences
and minor deposits (US AEC, 1966c)-

SUMMARY OF MAJOR RESULTS

This repor:t describes a program developed at Los
Alamos National wvLaboratory to integrate various
large geological, geochemical, and geophysical data
bases for the Montrose 1° x 2° quadrangle, Colorado.
The techniques necessary to digitize, register, and
integrate mulciple data sets for a 1 km grid resolu-
tion are described. The primary purpose of the
project was to identify, {n the computer, &reas
favorable for uranium mineralization in the Montrose
quadrangle. Clagsification schemes described are
based on test areas from the Cochetopa uranium dis-
trict. Several vegions that seem to contalr some
notential for uranium mineralization are identitied.
Detailed examination of selected data sets and data
set Iintervals (e.g., the techniques of Beyth et al.,
1980a and b; Koch et al., 1979; Howarth and Martin,
1979; and Lankston and Lankston, 1979; and Bolivar
et al., 198]1) must be coupled with fleld verification
tc validate these areas as truly favorable for ura-
nium mineralization. However, the meth~dology devel-
oped 18 a rapid and efficient method of resource
evaluation on a reconnaissance scale.
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APPENDIX A
LIST OF DIGITIZED URANIUM OCCURRENCES,
MONTROSE QUADRANGLE, CCLORADC
APPENDIX A

The following lists the grid cell coordinater for
each coded wuranium occurrenca. The occurtence
iscations are shown in Fig. & and described in
Tabla I. The code i{s at follows-

The first three digits refer to the host rock as
defined by Nelson-Moore et al. (1978). A 100 {s an
igneous or metamorphi host; a 200 Is a sandstone,
arkose, conginmerate, siltstone, or lake sediwent;
300 Is a spring deposit or ground water occurrence;
¢ 400 designates a coal, shale, or limestone host;
50" {s undetermined. The fuurth digit {identifies
the county.

1 = Delta 4 = Hinsdale 7 = Chalfee
2 = San Mliguel 5 = Gunnisuan & = Park
31 = Ouray 6 = Sayuache

The flfth and sixth digit are location numbers from
Plate 7 of Nelson-Moore et al. (1978). The pixel
canrdinates are given calumn first (179 saximus) and
line necond (119 maximum).

Grid Cel! Grid Cell
Code Number - Column _Line
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