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ABSTRACT

Several data-classification schemes were developed by the Los Alamos

National Laboratory to detect potential uranium mineralization in the Montrose

1' x 2C quadrangle, Colorado. A first step was to develop and refine the

techniques necessary to digitize, integrate, and register various large

geological, geochemical, and geophysical data sets, including Landsat 2

imagery, for the Montrose quadrangle, Colorado, using a grid resolution of

1 km. All data sets for the Montrose quadrangle were registered to the

Universal Transverse Mercator projection. The data sets include hydro-

geochemical and stream sediment analyses for 23 elements, uranium-to-thorlum

ratios, airborne geophysical survey data, tne locations of 90 uranium

occurrences, a geologic map (scale 1:250 000), and Landsat 2 (bands 4 through

1) imagery. Geochemical samples we<-e collected from 3965 locations in the

19 200 km qua'T-angle; aerial data were collected on flight lines flown with

3-5 km spacings. These data sets were smoothed by universal kriging and

interpolated to a 179 x 119 rectangular grid (each grid block is 1 k m " ) . A

mylar transparency of the geologic map was prepared and digitized. Locations

for the known uranium occurrences were also digitized. The Landsat 2 imagery

was digitally manipulated and rubber-sheet transformed to quadrangle

boundaries and bands 4 through 7 were resampled to both a i-km and 100-m

resolution.

All possible combinations of three, for all data sets, wert examined for

general geologic correlations by utilizing a color microfilm output. Subsets

of data were further examined for selected test areas. Two classification

schemes for uranium mineralization, based on selected test areas in both the

Cochetopa and Marshall Pass uranium districts, are presented. Areas favorable

for uranium mineralization, based on these schemes, were identified and are

discussed.

The methodology developed in this study is a rapid and efficient method

of resource evaluation on a reconnaissance scale. Also, this methodology can

easily be adapted to other types of geologic interpretation, such as environ-

mental impact analysis or strategic mineral evaluations.



INTRODUCTION

Background Information

Pirkel et al (1979) integrated and analyzed airborne radiometric data

for the Lubbock and Plainview, Texas, 1° x 2° quadrangles. They identified

areas favorable to uranium deposition and also possible paleochannels.

Wecksung and Fugelso (1980) made a preliminary integration of Landsat imagery,

uranium hydrogeochemical and stream sediment data, and a geology map for the

Talkeetna 1* x 3° quadrangle, Alaska. This revealed correlations between high

uranium concentrations, geologic formations, and certain physiographic

features. If several data sets, including Landsat imagery, airborne geo-

physical data, and hyd>-ogeochemical and stream sediment data are integrated

into one large data set, a wealth of information can be extracted. Con-

sequently, a data integration/remote sensing (DIRS) project was established by

the authors of this report; the major emphasis is toward integrating data sets

that may be helpful in identifying areas of uranium mineralization possibly

favoraole for economic development in the Mont>"ose 1' x 2' quadrangle,

Colorado.

The DIRS project was also initiated to interpret the huge quantity of

data generated by the Los Alamos work on the National Uranium Resource

Evaluation (NURE) program. The major objective of the NURE program was

assessment of the nuclear fuel resources in the conterminous US and Alaska (US

Department of Energy, 1979). The program included a nationwide airborne

geophysical reconnaissance, a nationwide hydrogeochemical and stream sediment

reconnaissance, subsurface geologic ir . _-s>ti gations, and topical geologic

studies. We were involved with the collection, chemical analysis, and open

filing of resulting data from a geochemical reconnaissance of water and

stream- or lake-sediment samples for a total of more than 220 000 locations in

New Mexico, Colorado, Wyoming, Montana, and Alaska. °ver half of these sedi-

ment samples have been analyzed for uranium and more than 40 other elements of

economic, national security, and geologic importance. Other Department of

Energy laboratories were responsible for the geochemical reconnaissance in

other parts of the US (Bolivar, 1980a). Los Alamos statisticians are also

involved in data reduction of the enormous quantity of raw data from the NURE

airborne geophysical surveys.



Prior- to the DIRS program, large data sets genera l l y were examined

independent ly , and a s i g n i f i c a n t amount of in fo rmat ion a v a i l a b l e was seldom

incorporated in to f i n a l e v a l u a t i o n s . There s imply is too much data to

ass im i l a te by customary techniques. The great volume of data fo r a reg iona l

a<~ea, e . g . , a 1° x 2" quadrangle, seems almost a de te r ran t to a n a l y s i s . With

DIRS, a l l a v a i l a b l e i n fo rmat ion is used, and c r o s s - c o r r e l a t e d to e x t r a c t new

in fo rmat ion not a v a i l a b l e from the i n d i v i d u a l data sets ( e . g . , Lankston and

Lankston, 1979; Termain et a l , 1980; Wecksung and Fugelso, 1980).

Since the incep t ion of the DIRS p ro j ec t in May 1980, our s t a f f has

wor<ed on two p i l o t p r o j e c t s : d a t a - i n t e g r a t i o n development fo r the Ta lkee tna ,

A laska, ] ' x 3" quadrangle , and uranium-deposi t c h a r a c t e r i z a t i o n fo r the

Moi t^ose, Colorado, 1" x 2° quadrangle. For the Talkeetna s tudy , procedures

we^e developed fo r d i g i t i z i n g many kinds of in format ion—maps, data t a b l e s ,

graphs, and t e x t . Computer programs were w r i t t e n tha t e f f i c i e n t l y pack these

d i g i t a l data in to a "super data s e t " f o r rap id computer p rocess ing , i n c l u d i n g

ove- lay and d i sp lay techniques by computer -graph ics , c r o s s - c o r r e l a t i n g the

var ious data sets s t a t i s t i c a l l y , and f i n a l l y i d e n t i f y i n g geographical areas of

i n t e r e s t .

Tne Mont'-ose 1° x 2' quadrangle, Colorado, was se lec ted fo r a more

d e t a i l e d attempt at c h a r a c t e r i z i n g uranium m i n e r a l i z a t i o n , and also as a

c o n t i n u a t i o n of the above e f f o r t s to a more s o p h i s t i c a t e d l e v e l . The Montrose

quadrangle provides a v a r i e t y of known uranium prospects and two major , ye t

d i s t i n c t , uranium d i s t r i c t s . Moreover, a quadrangle r e p o r t is a v a i l a b l e t ha t

u t i l i z e s s o p h i s t i c a t e d s t a t i s t i c s in i n t e r p r e t i n g the o r i g i n a l NURE

hydrogeochemical and stream sediment data (Beyth et a l , 1980b). A l so , a

geochemical study fo r par t of t h i s quadrangle (Maassen, 1980), and the NURE

a e r i a l r a d i o m e n i c r e p o r t have a l ready been publ ished (geoMet r ics , 1979D).

The rap id progress in study of the Montrose quadrangle owes much to p r i o r

development of programs and procedures f o r t r e Talkeetna p i l o t s tudy .

Results of these p i l o t s tud ies are both promis ing and s u r p r i s i n g . The

q u a n t i t y of sub t le and unforseen in fo rmat ion e x t r a c t e d , is unexpectedly

l a r g e . Geochemical d i spe rs ion haloes can be contoured and mapped, p r e v i o u s l y

unknown geologic s t r u c t u r e s are o u t l i n e d , and areas of p o t e n t i a l uranium

m i n e r a l i z a t i o n are i d e n t i f i e d . F i e l d v e r i f i c a t i o n of the new i n t e r p r e t a t i o n s

w i l l fo l1ow.



Object i ve _an_d PrQCedur_es_

The shcrt-term objective of this project is to characte'ize known

uranium occurrences in the Montrose 1° x 2' quadrangle and to find other areas

in the quadrangle with similar characteristics. It has been accomplished by

integrating, in the computer, available NURE geochemical reconnaissance data,

geologic map information (rock type and geologic structure), uranium-mineral -

occurrence data, radiometric and magnetic data from the NURE nationwide air-

borne geophysical survey, and Landsat imagery.

In orde^ to efficiently integrate large volumes of data, it is necessary

to get the various data sets into spatially comparable formats. Therefore,

after data sets are obtained, they are digitized and geometrically registered

to tne Universal Transverse Mercator (UTM) projection. The UTM coordinate

system is a rectangular equal area projection and the coordinate boundaries

chosen are slightly larger thai, the Montrose quadrangle boundaries. For the

Montrose quadrangle a 1-km grid resolution was selected. Point data (such as

NURE data) are statistically smootned and interpolated co the rectangular

grid. Data available on a finer grid, uch as Landsat imagery and geologic

information, are subsampled to 1 <m UTM gr.d.

Once the data sets are integrated and spatially registered, they can be

examined statistically for relationship between data sets and individual

variables and also f c significant patterns derived from the data.

Individual data sets can be analytically and visually overlain. Small

test areas containing known uranium occurrences, predominantly from the

Cochetopa and Marshall Pass uranium districts, were extracted and examined. A

preliminary classification fjr each district, based on characteristics of the

known occurrences in each district, was then generated and iteratively

-e*;ied. Finally, this classification will be tested for the entire Montrose

c^jr^arg"e to determine if similar uranium occurrences can be found.

Rep:-".

~n-s report is divided into seven units: (1) problems and objectives,

(2/ Dr-,ef summary of the geology and mineral occurrences, Montrose quadrangle,

(3, tne i m sets, description, and procedures used to register each, (4) dis-

cussion of the analytical techniques and statistical routines used, and

examples of tne ^esj'ting preliminary classification, (5) how the data sets



can De jsed and refined with an image processing facility, and (6) future

problems and potential directions that the program could take. In Unit 7,

conclusions summarize significant accomplishments from the study.

Appendix A contains a coded list of the digitized uranium occurrences

for the Montrose quadrangle. Appendix B consists of linear gray-level maps

fo-- the 23 geochemical elements, U/Th ratios, four airborne geophysical data

sets, and fou-- Landsat bands. Appendix C contains basic statistics (by entire

quadrangle and by physiographic/geochemical province) and Appendix D contains

C'jmjlative frequency plots of the raw geochemical data. Appendix E brings

together statistical association by variable information for each host-rock

type of uranium deposit. Appendix F consists of the correlation coefficients

for the quadrangle as a whole and by physiugraphic/geochemical province.

Lastly, Appendix G contains the ra* data for factor analysis for the quad-

rangle as a whole.

Plate I is a transparency that includes known uranium occurrences

according to Nelson-Moore et al, 1978); this transparency can be overlain for

comparison witn any other representation of the Montrose quadrangle. Tick

rr,ar<s indicating UTM corners dre included on most figures.

GEOLOGY AND MINERAL DEPOSITS OF THE MONTROSE QUADRANGLE, COLORADO

General Information

The Montrose 1° x 2' quadrangle, Colorado, is bounded by 38° and 39°

nortn latitude and 106° and 108° west longitudes. The climate is typical for

the Rocky Mountains. Annual precipitation ranges from 600 mm in the mountains

and heavily forested regions to less than 250 mm in the lower elevations

(NOAA, 1976 and 1977). About one-half of the annual precipitation results

from thermally induced summer thunder showers.

The vegetation in both the western half of the quadrangle and in inter-

montane basins consists principally of sagebrush and native grasses. Forests

of aspen, pine, and spruce characterize the mountainous areas. Paved highways

and unimproved dirt roads provide access to all but the most rugged mountain

areas. Montrose is the largest town (population about 5000).



Physiographic Setting

The Montrose quadrangle comprises about 19 200 km in southwestern

Colorado. It includes sections of the Southern Rocky Mountain and Colorado

Plateau physiographic provinces (Fig. 1). The West Elk Mountains, San Juan

Mountains, and Sawatch Range are the dominant drainage divides within the

quadrangle (Fig. 2 ) .
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Fig. 1. Major geographic features in south-central Colorado (modified from Tweto,
1968; Colorado mineral belt is striped; inset is study area)
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Fig. 2. Location and drainage map for the Montrose quadrangle, Colorado.

The highest elevations occur in the northeast corner; where Mount

Harvard (4393 m) and Mount Antero (4349 m) are the two highest peaks. Deepest

drainages in the mountainous regions vary from 2100 m to 2499 m. Between the

mountain regions are irregular ridges and intermontane basins (USGS, 1956).

Elevations on the Colorado Plateau vary from 2700 m to 3150 m on mesa

tops to a low of 1500 m above sea level in the northwest corner of the

quadrangle. Most major stream channels range from 1700 to 2100 m above sea

level. The Plate?1- is characterized by flat-topped mesas, rolling hills, and

dissected plateaus. It includes some badland topography. The Montrose

quadrangle encompasses parts of two major drainage basins separated by the

Continental Divide (Fig. 2). The Arkansas River drainage is east whereas the

Gunnison River drains west. The Gunnison River and its tributaries, the North

Fork and the Uncompahgre Rivers, drain most of the quadrangle area.



Major Rock Types

A wide var iety of igneous, metamorphic, and sedimentary rocks,

representing most major geologic periods crop out in the Montrose quadrangle.

A generalized geologic map, Fig. 3, shows the d is t r ibu t ion of major rock

uni ts . Lithology and regional geology of th is region has been described in

detai l by many investigators (e .g . , Weimer and Haun, 1960; Haun and Kent,

1965; Epis, 1968; Tweto, 1968 and 1975; Mallory, 1972; Tweto et al , 1976a).

Only a b r ie f summary (most of i t modified from Broxton et al , 1979) is given

here.

Fig. 3 Generalized geologic map of the Montrose quadrangle, Colorado.



The oldest rocks consist of Precambrian X granites (age >1700 m.y.b.p.),

quartzites, metarhyolites, greenstones, metagreywackes, gneisses, and schists

exposed in the Sawatch Range and along the Gunnison River. The metasedi-

mentary and metavolcanic rocks have undergone regional metamorphism, and are

intruded by 1700-m.y.-old granitic batho'iths. The plutors are generally

syntectonic, foliated, and of granodioritic composition. Contemporaneous

intrusions of granitic and alkalic-rich mafic plutons of Precambrian Y age

(~1400 m.y.b .p. ) are found in the central part of the quadrangle. These

plutons are generally post-tectonic, unfoliated, and of quartz monzonite to

granite composition (King, 1976). Near Powderhorn, the Precambrian rocks are

intruded by the Iron Hill carbonatite complex, an early Cambrian, alkalic

pluton associated with thorium mineralization (Armbrustmacher, 1979;

Armbrustmacher ana Brownfield, 1979). About 20 per cent of the quadrangle is

underlain by Precambrian metamorphic and igneous rocks.

Paleozoic rocks, mostly of marine origin, are sparse in distribution.

Cambrian through Mississippian marine sandstones, shale, and limestones

unconformably overlie crystalline basement rocks in the northeastern and

southwestern parts of the quadrangle. Early Paleozoic units are thin in these

areas as a result of erosion during a late Paleozoic-early Mesozoic uplift of

the Uncompahgre Highland. Pennsylvanian and Permian arkosic redbeds in the

north central and southwest parts of the quadrangle and along margins of the

Sawatch Range are thicker, for they represent synorogenic clastic sediments

shed into basins flanking the uplift.

Triassic and Jurassic fluvial and lacustrine sediments are relatively

thin because of regional uplift during this time. These sediments were

deposited over much of the eroded Precambrian core of the Uncompahgre Highland

as well as over the flanking basin deposits. By Cretaceous time, transgres-

sive/regressive seas covered the entire region, resulting in deposition of

marine shales and sandstones interfingering with nonmarine sandstones,

carbonaceous shales, and variegated mudstones. In the quadrangle, Triassic

rocks occur only in the southwest corner, Jurassic rocks overlie Precambrian

rocks in the central area, and fairly thick Cretaceous deposits are found

predominantly in the western half. The Jurassic and Cretaceous rocks combined

cover about 25 per cent of the quadrangle.

With the onset of the Laramide orogeny in late Cretaceous time, the

northwest-trending Sawatch Anticline and Unconpahgre Plateau were uplifted,



r e s u l t i n g in widespread eros ion of o lder rock un i t s and depos i t i on of orogemc

c l a s t i c sediments in basins adjacent to the u p l i f t s . Eros ional remnants of

these Laramide orogenic sediments ( e . g . , Ohio Creek and Wasatch fo rmat ions)

dre preserved only in the northwest par t and in sca t te red areas in the eastern

par t of the q j a d r a n g l e . These T e r t i a r y sedimentary rocks dre r e l a t i v e l y

rare. The Sawatch A n t i c l i n e and the Uncompahgre P la teau , a re juvenated

po r t i on of the la te Paleozoic Uncompahgre H igh land , are r e a c t i v a t e d basement

blocks charac te r i zed by large v e r t i c a l displacements dur ing the Cretaceous

through the e a r l y T e r t i a r y .

In termedia te to f e l s i c volcanism and p lu ton ism (recorded in sediments of

the Wasatch fo rmat ion ) accompanied the Laramide de format ion . The i n t r u s i v e

rocks range in age from Late Cretaceous to Miocene. Most of t h i s Laramide

volcanism and p lu ton ism was l o c a l i z e d along nor theas t - t , -end ing Precamb-'ian

shear zones and is associated w i t h the e a r l i e s t stages of m i n e r a l i z a t i o n in

the Colorado Mineral Bel t (Warner, 1978). The most abundant i n t r u s i v e rocks

are Oligocene quar tz monzonites found p r i m a r i l y nor th of the West Elk vo lcan ic

f i e l d , but extending to the Sawatch Range, and the Mount Pr inceton b a t h o l i t h

(on the eastern side of the Sawatch Range). These f e l s i c i n t r u s i v e s include

ep izona l s t o c k s , l a c c o l i t h s , d i k e s , and s i l l s .

Two dominant areas of volcanism a f f ec ted the Montrose quadrang le , one

centered in the West Elk vo lcan ic f i e l d , and the other in the San Juan

vo lcan ic f i e l d (Lipman et a l , 197S). These T e r t i a r y vo lcan ic rocks (most ly

Ol igocene) rover about 35 per cent of the quadrangle ( F i g . 3 ) . The nor thern

t h i r d o f the San Juan vo lcan ic f i e l d , which under l i es the southern t h i r d c f

the Montrose quadrangle , is a deeply d issected Oligocene vo lcan ic p l a t e a u .

Tnis p la teau exposes a lower sequence of predominant ly andesi te f lows and

brecc ias tha t are o v e r l a i n by a sequence of s i l i c i c a s h - f l o w - t u f f shpets

capped in some places by Miocene basa l t f lows (Lipman et a l , 1978). Several

ca ldera complexes, s t o c k s , p l ugs , s i l l s , and dikes represent deeply eroded

vo lcan ic centers and epizonal p lu tons tha t acted as sources f o r the vo l can ic

rocks ( F i g . 3 ) . Just nor th o f the Gunnison R ive r , the lower sequence of lavas

and brecc ias o f the San Juan vo lcan ic f i e l d coalesces w i t h vo lcan ic depos i ts

of s i m i l a r age and composi t ion der ived from the West Elk Mountains. The West

Elk vo lcan ics cover a 32-km diameter area in the center o f the quadrangle and

cons i s t o f a t h i c k sequence of v o l c a n i r l a s t i c debr is o v e r l a i n by ash f low

t u f f s . Several Oligocene ash- f low t u f f s also occur w i t h i n the Sawatch Range.

10



Epeirogenic u p l i f t , bimodal basal t - r h y o l i t e vo lcan ism, and block

f a u l t i n g cha rac te r i ze la te T e r t i a r y deformat ion in the Montrose quadrangle.

Tne Rio Grande r i f t zone developed at t h i s time (Miocene). The Arkansas River

Basin l i e s in a down-faul ted graben superimposed on the c res t of the Laramide

Sawatch A n t i c l i n e . The . a u l t s . which probably f o l l o w Precambrian s t r u c t u r a l

t rends def ine the nor ther i ^ i s t segment o f the Rio Grande R i f t . Late T e r t i a r y

orogenic sediments, r °p ^ t . i t e d by the Santa Fe and Dry Union f o rma t i ons ,

p a r t l y f i l l the Arkans ; r <iver Graben. Several normal f a u l t s border the r i f t

a long i t s eastern bounaary ( F i g . 3)

Structur e

Most of the major structures are delineated in Fig. 3. The quadrangle

includes all or part of the Gunnison, Uncompahgre, Sawatch, and Mosquito

Uplifts as well as parts of the Piceance Basin and Rio Grande Rift (Arkansas

River Basin or Arkansas River Graben). The West Elk and the San Juan volcanic

fields partially cover several of the structural features.

Most of these features have been described in the previous section with

the exception of the Gunnison Uplift (not shown in Fig. 3;. This uplift is

bounded by the Black Canyon of the Gunnison River to the north. It generally

coincides with Precambrian basement rocks. This uplift forms a convex arc in

the center of the quadrangle; the southern boundary of the uplift is covered

by the San Juan volcanic field.

The majority of the structural features in the Montrose quadrangle trend

north-northwest. These structures and their associated faults probably follow

Precambrian lineaments (Tweto, 1975) along which recurrent movement occurred

in the late Paleozoic, Laramide, and late Tertiary.

Moct mapped faults are found in the eastern-northeastern parts of the

quadrangle and are probably associated with structural development of the

Sawatch and other uplifts during the Laramide orogeny. Most such faults are

also high angle with significant displacements (Tweto, 1975).

Several normal faults along the boundary of the Arkansas River Basin

(Miocene) are probably associated with the Rio Grande Rift zone. Other normal

faults are associated with the caldera collapse and late-Tertiary uplift of

the San Juan Mountains. The most striking caldera complex, easily visible on

Landsat imagery, is Cochetopa Dome, about 7 km southwest of Gunnison. This

Oligocene intrusive is surrounded by a series of arcuate faults.
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Radioact ive Mineral Occurrences

The^e are approx imate ly 90 separate known loca t ions where uranium

m i n e r a l i z a t i o n has been i d e n t i f i e d or where anomalous r a d i o a c t i v i t y occurs in

the Montrose quadrangle ( F i g . 4 ) . The m i n e r a l i z a t i o n at these occurrences

appears to be f r a c t u r e and/or s t r a t i g r a p h i c a l l y c o n t r o l l e d . M i n e r a l i z a t i o n is

also commonly associated w i t h shear zones, f a u l t b r e c c i a s , f r a c t u r e s , and vein

f i l l i ngs .

Over h a l f of the known uranium occurrences in the quadrangle are found

in three major uranium d i s t r i c t s : the Cochetopa, Marshal l Pass, dnd

Powderhorn d i s t r i c t s ( F i g . 4 ) . In f a c t , nea r l y 600 000 tons of uranium ore

c o n t a i n i n g between 0.11 and 1.17 per cent U,0R have been produced from trie

Montrose quadrangle (compiled from Nelson-Moore et a l , 1978). Most of t h i s

p roduc t ion is from mines in the Cochetopa and Marshal l Pass d i s t r i c t s . These

mining d i s t r i c t s and other uranium occurrences in the quadrangle are b r i e f l y

descr ibed in Table I and t h e i r l oca t ions are shown in F i g . 4 . More d e t a i l e d

desc r i p t i ons of the i n d i v i d u a l uranium occurrences are summarized in Finch

(1967) , Olson (1976), and Nelson-Moore et al (1978).

The Cochetopa d i s t r i c t is located about 25 km southeast of Gunnison, and

m i n e r a l i z a t i o n occurs in an 11-km diameter r e g i o n . In t h i s d i s t r i c t , uranium

m i n e r a l i z a t i o n is l o c a l i z e d along f a u l t brecc ias o f the Los Ochos f a u l t where

Morr ison sandstones and shales are f a u l t e d aga ins t Precambrian X age g ran i tes

and s c h i s t s . The p r i n c i p a l ore bodies are associated w i t h i n tense l y a l t e r e d

areas in the f a u l t b recc ia and in adjacent wa l l r ocks , a l though m i n e r a l i z a t i o n

can occur in q u a r t z - c a l c i t e - b a r i t e veins and shear zones tha t cu t Precambrian

s c h i s t s (geoMet r ics , 1979b). Although no mines are a c t i v e in t h i s area at the

present t i m e , 486 000 tons of ore y i e l d i n g 1 35] 000 lb o f ILOn have been

produced, main ly from the Los Ochos and T-2 mines (Nelson-Moore e t a l , 1978).

The Marshal l Pass d i s t r i c t is located near the Cont inen ta l Div ide about

25 km southwest ot" S a l i d a , a c t u a l l y 5 km west o f Marshal l Pass i t s e l f . The

depos i ts occur in a reg ion 8 km in diameter ( F i g . 4 ) . Both s t r u c t u r a l l y

c o n t r o l l e d and s t r a t i g r a p h i c a l l y c o n t r o l l e d depos i ts are found , e . g . , some

depos i ts occur in r e g o l i t h o v e r l y i n g Precambrian c r y s t a l l i n e rocks and one

major mine, the L i t t l e Ind ian No. 36, is in a 2-m t h i c k carbonaceous layer o f

Ordovic ian Harding sandstone (geoMet r ics , 1979b). However, most uranium

deposi ts in the Marshal l Pass d i s t r i c t are concentrated along or near the

Chester f a u l t . The Chester f a u l t d isp laces Precambrian X g ran i t es and sch i s t s

12
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TABLE

MAJOR URANIUM AND THORIUM DISTRICTS IN THE MONTROSE QUADRANGLE, COLORADO
(Locations of specific occurrences are shown in Fig. 4)

County

Delta

San Miguel
Ouray
Hmsdale

Gunnison

Saguache

Saguache

Saguache
Gunnison

Distr ict
or Are*

Gunnison
River Are*

Southwest
Montrose
Quadrangle

North
Gunntson
Chaffee
Park

Hortheast
Montrose
Quadrangle

The f ive occurrences in this area are radiuai t ive spring deposits that are found in the
Dakota sandstone. One is associated with a f a u l t . No uranium mineral na t ion is v i s i b l e ,
abnormal radium contents have been reported.

Only 18 tons of ore of average grade O.?OX U3OH are reported from these three counties
(Nelson-Moore et a l , 1978). Most uranium occurrences are in veins in l e r t t a ry vulcanics;
one radioactive spring deposit is known, uranium minera I wat ion is associated with
r h y o l i t e - l a t i t e intruslves and breccia /ones. The dominant uran lum minerals are urano-
phane and pitchblende. In San Miguel county tabular ore bodies tre found in the Entrada
sandstone. Average ore grade is 0.051 UJOR and is ( lusely associated with vanadium.
One such occurrence Is reported in the extreme southwest corner of the Montrose quadrangle.

About ?00 tons of ore, with average grades of O.I? to O.??I UjOg, have been taken from;
deposits in this ir*t (Nelson-Moore et a l , 19/8) . Most uranium occurrences Are vein types
found in pegmatites in Precambrian granitic rocks; some are associated with veins, dikes,
and fault breccias of Tertiary intrusivrs, a few trt found along Paleoiotc quart ;He
Precambrian granite fault contacts. Deposits tre usually small in s i / e . Uranium mineral-
ization is associated with fau l ts , fractures, a l terat ion iones, carbonaceous trash
(especially in faul t tones), and base-metal mineralization. Autunite, cdumbite, pi tch-
blende, brannerite, and monazite are the dnminant uranium minerals, these types of
occurrences are not restr icted to these three counties, but are found throughout the
Hontrose quadrangle.

Most of the thorium occurrences in this d is t r ic t consist of radioactive anomalies in veins.
These veins are found in Precambrian granite, schist, and gneiss. Deposits consist of
t h o r i t e , minor amounts of uranium, quart ; , b a r i t e , hematite, and suHides.

Powderhorn
Thorturn
Dis t r ic t

Cochetopa
Dist r ic t

Periphery of Around the periphery and southeast of the Cochetopa d i s t r i c t , several ur»: ,JM occurrences
Cochetopa are reported in the Miocene Potosi Volcanic Series, or in Cretaceous rocks which are over-
Dis t r tc t lain by these volcanlcs.

Marshall Over 105 000 tons of ore ranging from O.?5 to 1.171 11303 have been produced from this
Pass Dist r ic t d i s t r i c t . All occurrences in this area are related to the Chester fault or Indian Creek

ant ic l ine . Principal host rocks include the Ordovician Harding quar t / i te and Pennsylvan lan
Belden shale, wtiich are in fault contact with Precambrian rocks. The Harding quar t / i te
is a porous s i l t y sandstone, whereas the Precambrian rocks include highly fractured
granites, schists, and pegmatites. Uranium mineralization is associated with iron-stained,
foss111ferous, and carbonaceous /ones. SuI fides may or to4y not be present. Primary uranium
minerals include pitchblende, uranmi te , and uranophane with minor amounts of gummite,
autuntte, and ztppei te . Several occurrences, not within this d is t r ic t but with similar
types of uranium mineral izat ion, are found to the southeast.
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against Paleozoic sedimentary format ions. Uranium m i n e r a l i z a t i o n , inc lud ing

p i tcho lende, u^anophane, and autun i te (Gross, 1965), is mainly confined to the

Pa'eozoic -ocks, among them the Ordovician Harding q u a r t z i t e , Devonian Chaffee

fo rmat ion , Miss iss ipp ian l e a d v i l l e l imestone, and Pennsylwanian Belden f o r -

mat ion. Over 105 000 tons of ore conta in ing between 0.25 and 1.17 per cent

U-,0o have been produce^ from th i s d i s t r i c t w i th most of the product ion
J o

coming from the Pi tch Mine, an underground mine which is c u r r e n t l y being

reopened as an open-pi t operat ion (Nelson-Moore et a l , 1978).

The Powderhorn d i s t r i c t is located in the southcentra l par t of the

Mont'-ose quadrangle. Many occurrences in th i s area show only abnormal r a d i o -

a c t i v i t y , although several do contain both uranium and thorium m ine ra l i za t i on

(Olson and Wallace, 1956). Thorium, p r i n c i p a l l y in the form of py roch lo re , is

concentrated in veins and shear zones on the margins of the I ron H i l l Complex,

an ea r l y Cambrian a l k a l i c i n t r us i on made up of py roxen i te , uncompahgrite,

i j o l i t e , ne^nel ine syen i t e , and ca rbona t i t e . Country rocks are predominantly

Precambrian c r y s t a l l i n e u n i t s . Thorium levels are too low to be of economic

in te res t under present market condi t ions unless the thorium is ex t rac ted as a

by-product of po ten t ia l niobium, rare e a r t h , and uranium deposits wHn in the

a l k a l i c complex.

About one-hal f of the known uranium occurrences in F i g . 4 are not found

in the three major d i s t r i c t s but instead occur scat tered throughout the area,

p a r t i c u l a r l y in the northeast and eastern por t ions of the quadrangle. Some of

these occurrences are s im i l a r to deposits descr ibed, many are associated w i th

Precambrian pegmati te j or ve ins , and a few are associated w i th T e r t i a r y

vo lcanics and in t rus i ves (Table I ) .

Data presented by Phair and G o t t f r i e d (1964) ind ica te tha t rocks of the

Front Range ( F i g . 1) are predominantly thor ium r i c h and def ine a geochemical

thor ium prov ince. Furthermore, the por t ion of the Front Range transected by

the Colorado Mineral Bel t was considered a metal logenic uranium province

because of the large number of mineable uranium deposits located near the

trend of the mineral b e l t . Because of s i m i l a r i t i e s in Precambrian bedrock

geology, the presence of workable uranium depos i t s , and the p ro jec t i on of the

Colorado Mineral Bel t through the area, por t ions of the Montrose quadrangle

might be extensions of Front Range thorium and uranium provinces described by

Phair and G o t t f r i e d . Tweto (1968) suggested that nor thwest - t rend ing f a u l t s

i n t e r s e c t i n g nor theas t - t rend ing veins are p r i nc i pa l hab i ta ts fo r uranium
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mine^a" i z a l i o n , p a r t i c u l a r l y on the f r inges or outside of the Colorado Mineral

Be l t . Nasn '1980; has suggested s im i l a r po ten t i a l for uranium m ine ra l i za t i on

along major Laramide u p l i f t s .

B3_s_e_-_and Precious-Metal Occurrences

Al tnc jgh the emphasis of t h i s repor t is on uranium m i n e r a l i z a t i o n , the

aata from th i s study can also be used to evaluate other po ten t i a l economic

mineral deposits and s t r a teg i c mineral resources. Therefore, we have included

a b-"ief descr ip t ion of known economic deposits in the Montrose quadrangle

•'modified f-om Beyth et a l , 1980b).

Most of tne known base- and precious-metal m ine ra l i za t i on w i t h i n the

Sojthern Rocky Mountains occurs along the Colorado Mineral B e l t , a nor theas t -

t rend ing zone of major metal deposits associated w i th Laramide and middle

T e r t i a r y plutons al igned along reac t i va ted Precambrian shear zones (Warner,

1978,-. This be l t t raverses the Montrose quadrang'e d iagona l l y , extending from

the Mosquito Range in the nor theast , through the Sawatch-Gunnison c r y s t a l l i n e

te r rane , to the Uncompahgre and Lake C i t y calderas in the southwestern par t of

the qjad--angle.

The major Dase- and precious-metal mining d i s t r i c t s in the Montrose

quadrangle are b r i e f l y described in Table I I and t h e i r locat ions are shown in

F i g . 5. In a d d i t i o n , the Colorado resources map publ ished by the USGS (1971)

shows the locat ions and types of many smaller mineral depos i ts . An extensive

cata log of mineral occurrences and mines in the Montrose quadrangle was

compiled by Truebe (1974).

There are two main periods of m ine ra l i za t i on w i t h i n the Colorado Mineral

Bel t (Burbank and Luedke, 1968; Tweto, 1968; Simmons and Hedge, 1978): the

older per iod is re la ted to emplacement of l a t ^ Cretaceous—early T e r t i a r y

(Laramide) p lu tons , and the younger to widespread middle T e r t i a r y ex t rus i ve

and i n t r u s i v e a c t i v i t y . The p r i n c i p a l types of deposits formed at these two

times are disseminated or stockwork molybdenum deposits associated w i th

T e r t i a r y p lu tons , prec ious- and base-metal veins in T e r t i a r y vo lcanic rocks ,

and base-metal veins and replacement deposits in Paleozoic sedimentary rocks

(Tweto, 1968). M ine ra l i za t i on is s t r u c t u r a l l y con t ro l l ed in many cases, being

loca l i zed at the i n te rsec t i on of northwest- and eas t - t rend ing s t r u c t u r a l l ines

w i th the Colorado Mineral Bel t and along r i n g f rac tu res associated w i th

caldera systems (Tweto, 1968).
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TABU. I I

MAJOR BASE-METAL MINING D I S T R I C T S IN THE MONTROSE QUADRANGLE, COLORADO

Wining D i s t r i c t Principal

Uncomfiahgre (Ouray) S i lver , gi)ld, lead,
copper, ;inc

Desn iplinn

f i s s i t ' H v t ' i n s anil t i iv i ' lp i l i r t i I M i-iN-fit i lvpos

.n t h e ( h i l i u f . dllij H u - t l s i i n !••• nvit utlw. l i

v i l l e I i m c 1 t " n i > , l lafcntrt q u d f W ' t p , j r i d Hii

f u r d i A t i o n , dssuc m i ' d w i t h q u a r t / M j i w o n i t

i n t r u ^ l v c s .

H u ' t i d n t ( 1 4 4 / 1 , V a r u l | . r « i I t | I 4 4 ' ) ,

H o i ^ .tnil A l K n u n i W ^ O I , k o s c h R u n n

and U r r g r n d a h l I I 9 ( > H | .

late City SiIvrr lead, gold,
copper, ;mc.

Iff ind hH trendtnq t f,>.itre
rhyoli te, and tutenp nj'won
inlrus ives .

I rv ino and Sjucrofl ( I 9 I 1 ) ,
v i n d p r . i l t ( I ' M / ) . Burbank and

•uby ( I r a l n , Key-
stone, Forest Queen,
and Ht. [mmons)

told trick-Quarry
Cr«e» (Ohio City,
told H i l l , and
Cumberland Past)

Tlncu»

Molybdenum.

S l l v f , i lnc , lead
copper.

Silver, gold, lead.

Molybdenum, tungsten.

lepldoi l te , beryl , feld-
spar, coluablte-lantal U e .

Silver, oold, lead.

Cfialt Crttk (Alpine, Cold, si lver, lead,
•oaley, St. Mao) copper, l ine.

Tomlcht (MiUe f\nt) Lead, t ine, s i lver ,
copper, sold.

Monarch

•roan's Canyon

Silver, gold, lead, ; inc,
cooper.

Fluorspar.

•onwiia King (Kerber Silver, lead, t ine ,
CreH) topper, gold.

Stockwork deposits is^ot u tpd « i th intpr-
•edtate to fe 's lc porp*>yry intrusive.

Vrins in the WasaUh for iut ion ard Paleocene
Ohio Creek fo r iu t ton .

N>)#W trending veins in Precaffbrian oranite
and schist , replacearnt deposits In frracmt
do I nail t e , Leadvi l le lives tune, and Itaestone
beds In the Brlden shale.

r-U and HE trendlnq quartz veins In Pre-
canbrlan quart ' atin/cmlle and Caflbrlan
q u a r t l I t e .

«[ and U S trending peqMt l te dikes In
Pretan*rtan schists , q u a r t i l t e , « e t a d l o r l t e ,
and qnnss.

ftedded replacement deposits In l e a d v l l l e
I wfstone associated v i th quartl d i o r u r
and quart ; •Ofi/cmtte Iritrusives, H-S trend-
ing quart; veins along f a u l t s , and placer
deposits.

»J-S to K trending ouart ; ve lm In Tert iary
quart ; aon;onlte Intrusive.

S i r U c m r n t and contact deposits, f issure
veins in HanitDu dolunite and Leadvl l le
Imvstone, associated a i th quart; •ontonite
and granite porphyry Intrusive.

Replacement deposits m liaestones and dolo-
mites uf the Hanltou formation, l e a d v l l l e
limestone, and Irenunt formation, M-trendlng
veins in Tert iary quart; mon;cmite tnstrusive.

NW trending f issure veins along faul ts In
Precamtir tan granite and gneiss, and
Tert iary rhyol i tv porphyry.

Iff and N-S trendinq quart; veins In Tert iary
andesite, l a t i t e , r h y o l t t r , d t o r t t e , Mon;on-
i l e , and granite porphyry.

Vander.iH (194/).

Craaford and Horcester I 1916);
Vanderallt M M ; ) . Nan ley et tl
( I 4S0) , S taa l ; and Trites
( 1 9 ' J M . le lser (19M>). Olngs and
Robmsoo I 19b ' ) .

H i l l (1909); «ander«l l t ( 1 * 4 7 ) ,
Olngs and Doblnion ( 1 9 i M . Parker
( I 9 M |

* « i d e r > i l t | l « ; ) , Olngs and
ftobmson I \V>1).

H i l l {19091, Craaford H 9 U ) .
VanderalU ( I * ! . ' ) , Olngs and
Boblnson [\V>1\-

Craatord (1409, 191] ) ,
Vanderailt (1941) , Dings and
•oblnson I H S / I , H«yl ( l % « )

t l j t l n e (1947) , Irady

•urbani | I 9 ] ? , 1947), V w d e r a i l t
{ I 9 4 M , Koschmann and B4-'lendahl
IWhHI , USGS and (oloratk Hinino
Industr ial Uevrlupmfit f ird ( I 9 M ) .

* Modified from Nardirosian (1976), locations shoan In F ig . S.
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Fig. 5. Major base-metal mining districts in the Montrose quadrangle, Colorado.

DATA SET DESCRIPTION, DIGITIZATION, AND REGISTRATION

Introduction

This unit describes the nature and sources of data used, including NURE

airborne geophysical data, NURE hydrogeochemicai and stream sediment analyses,

geologic information, and Landsat imagery. Although each data set is inde-

pendent, a common factor is that every set covers approximately the same

geograpnic area. Furthermore, each data set has its own built-in resolution;

the hydrogeochemicai data are from irregularly spaced sample points, whereas

airborne geophysical data are from densely sampled flight lines spaced several

kilometers apart. Landsat imagery has a much finer resolution of approxi-

mately 60 m.

Data integration requires resampling each data set to a common grid.

Due to the diversity in the original sampling grids, integration is generally

18



a tec O.JS exercise. Fxtensive use is made of rubber sheet transformation

LanJbat imagery), interpolation schemes (NURE data), and data reformatting.

Iaejliy, the finished product gives computer access to all data sets

s imu"" taneojsly for any desired location.

For tne Montrose quadrangle, the reference grid selected has a grid

spacing of one kilometer, exactly coinciding with the UTM grid for this part

of Colorado. The 1-km spacing is also the smallest reasonable choice for

concordance with the kriging interpolation schemes used for airborne and the

geochemical data. Because the corners of the Montrose 1° x 2° quadrangle Co

not form a perfect rectangle on the UTM projection, the smallest rectangle

tnat can be defined on the sample grid that will cover the entire quadrangle

was selected. This results in an index set of 119 rows and 179 columns to

cosier the l" x 2~ sheet--a total of 21 301 grid cells. All data cets are

keyeo to grid cell locations rather than latitude and longitude.

Description of Data Sets

Geochemical Data. Our geochemical data sets are compiled from two

separate studies done as part of the US Department of Energy's NURF program

:Boiu3r, 1980a). As part of this program (Bolivar, 1980b), the Los Alamos

National Laboratory conducted a hydrogeochemical and stream sediment recon-

naissance for uranium in the Montrose quadrangle, Colorado, during which 1365

water and 1857 sediment samples were collected from 1877 locations (Broxton

et al, 1979). Water samples come from streams, springs, and wells and were

analyzed for jranium by fluorometry. Sediment samples were taken from streams

and springs and were analyzed for uranium by dela/ed-neutror. counting, for 31

additional elements by neutron activation analysis, for 9 elements by energy

dirpersi/e x-ray fluorescence, and for 2 elements by arc-source emission

spectrography. Standard sampling procedures as defined by Sharp and Aamodt

(1973) were used in the field. Sample densities were nominally one sample

location per 10 km (Fig. 6A). All samples were collected during July 1976

and July and August or" 1977. A sample location overlay (scale 1:250 000) can

be found as Plate I of Broxton et al (1979).

In the summer of 1979, Los Alamos conducted a detailed follow-up

nydrogeochemical and stream sediment survey in a portion of the Montrose

quadrangle. A total of 2088 stream sediment samples were collected at a

nominal density of one sample location per km (note: 1034 water samples
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Fig. 6. Geochemical sample locations and major physiographic/geochemical r>- iviences
for the Montrose quadrangle, Colorado.
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were also col lected) . Samples were analyzed for uranium and for 45 other

elements (Maassen, 1980). The majori ty of samples are from, or near, the

Sa.-'atch Range (Fig. 6B).

By combining these two data bases, we obtain a geochemical data base

with 3965 sample locations (some locations are for sediment samples only, some

are for water samples only, however most are for both a water and sediment

sample). We then selected 24 elements we believed would be most benef ic ia l as

an aid in ident i fy ing uranium minera l izat ion. The report of Beyth et al

(1980b) examines the data of Broxton et al (1979) by using mul t ivar ia te

s t a t i s t i c a l analyses. Beyth's resul ts helped to ident i fy those elements that

would be most favorable for our work. We also t r i ed to select elements that

had a minimal number of values below our analyt ical detection l im i t (Bol ivar ,

1980b 1. Also included are the elements arsenic, zirconium, and selenium,

which the Department of Energy required for the followup study (Maassen,

1980). Table I I I is a l i s t of elements selected. The U/Th ra t ios (not shown

in Table I I I ) comprise a separate data set .

The element selenium was selected as one of the 24 elements; however,

because a l l but 18 of the analyses are below the detection l i m i t , correlat ions

between Se and other elements must be viewed with caut ion.

Furthermore, because the Sawatch special study involved co l lect ion of

2088 aadit ional samples, the sample populations are biased for the northeast

corner of the quadrangle (Fig. 6). This corner is also crossed by the

Colorado Mineral Belt (F ig . 5 ) ; consequently many base-metals are enriched in

th is area and several other elements have concentrations an order of magnitude

or more above thei r normal crustal abundances. In order to compensate for

th is bias and because regional background concentrations for elements analyzed

in geochemical surveys can be expected to vary as a function of topography,

hydrology, and especial ly geology, the Montrose quadrangle was subdivided into

three major physiographic/geochemical provinces: the Sawatch-Gunnison

c rys ta l l i ne terrane, the San Juan-West Elk volcanic f i e l d , and tiie Western

Plateau area. The Sawatch-Gunnison c rys ta l l i ne terrane is underlain p r i n -

c ipa l l y by Precambr'an igneous and metamorphic rocks and, to a lesser extent,

by Paleozoic sedimentary formations and Tert iary plutonic rocks. The San

Juan-West Elk volcanic province is underlain by mid-Tert iary intermediate to

f e l s i c volcanic rocks, whereas the Western Plateau is underlain by gently

dipping Mesozoic sedimentary formations. The province boundaries selected and
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TABLE I I I

DETECTION LIMITS AND ANALYTICAL METHODS FOR SELECTED ELEMENTS

(from Bo l i va r , 1980b)

Element

Aluminum
Arsen ic
Bar ium
Calcium
Ce-- ium
Cobalt
Chromium
Coppe--
Dyspros ium
Iron
Hafnium
Potass ium
Li th ium
Manganese
Lead
Scandium
Selen ium
Thorium
T i t an i urn
Vanadium
Zirconium
Zinc
Ur an i urn
( i n sediment
Ur an i urn
( in water ) 0

Symbol

Al
As
Ba
Ca
Ce
Co
Cr
Cu
Dy
Fe
Hf
K
Li
Mn
Pb
Sc
Se
Th
Ti
V
Zr
Zn

Us

UW

Minimum
Detection Limi t

( in ppm)a

200
5

"00
5000

10
2

20
10

2
2000

1
3000

1
10
5
0.1
5
0.8

200
5
5

30

0.01

0.02 ( in ppb)

Method of
Analys isb

NAA
XRF
NAA
NAA
NAA
NAA
NAA
XRF
NAA
NAA
NAA
NAA
ES
NAA
XRF
NAA
XRF
NAA
NAA
NAA
XRF
NAA

DNC

F

a Because of elemental i n te r fe rence , detect ion l i m i t s w i l l s h i f t as a
funct ion of sediment composit ion.
b NAA = neutron ac t i va t i on ana lys is , XRF = x-ray f luorescence, ES = arc-
source emission spectroscopy, DNC. = delayed neutron count ing, F = f luorometry .
c A l l water samples wi th uranium concentrat ions >40 ppb are reanalyzed by
DNC.
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the respective number of geochemical sample locations for both waters and

sediments are shown in Fig. 6.

The elemental concentration analyses represent point data at i r regu la r l y

spaced sample locat ions; therefore, i t is necessary to get th is data into a

spa t ia l l y comparable format with the other data sets. This was done by

"universal k r ig ing" on a moving window interpolated to a regular g r i d .

Universal k r ig ing is a s t a t i s t i c a l method (Olea, 1974) used to obtain

spa t ia l l y interpolated values from a set of i r regu la r l y spaced data points.

The standard assumption is that the spatial covariance in small regions is

dependent only on the distance between points. I f th is covariance function

were known, an unbiased estimate of the elemental concentration at an

unsamp led location can be formed, together with an estimate of the variance.

In pract ice , the spat ial covariance function (ac tua l ly , a related func t ion ,

the variogram) must be estimated as we l l .

Thus an estimate of the elemental concentration was formed for each gr id

center on the 1-km gr id as a weighted average of nearby samples. The nearest

f i ve samples were used, provided there were f i ve wi th in a 5-km radius of the

grid point ; also, a l l samples wi th in 500 m were used, even when the to to l . s

greater tnan 5. When there were two or less samples wi th in 5 km of a JI ,d

point , no estimate was computed and the grid point was assigned a zero value.

The weighting of these samples depended on their distance from the gr id point

and on the estimated variogram. No provision was made for stream drainages.

Because some elemental concentrations can be below detection l im i ts (explained

in Table I I I ) , such values are down-weighted.

Airborne Radiometric and Aeromagnetic Data. In f a l l 1978, as part of

the NURE program, an airborne radiometric and aeromagnetic survey was made of

western Colorado and eastern Utah. Data processing methods, regional geology,

and evaluation techniques for th is regional survey are summarized in

geoMetrics (1979a); geoMetrics (1979b) is a geologic summary and evaluation of

the Montrose quadrangle. A summary of the character izat ion of a l l uraniferous

provinces by aerial spectrometry can be found in Saunders (1979)

Surface gamma radiat ion is produced pr imar i ly by the radioact ive decay

of potassium-40, thorium-232, and uranium-238. Gamma-ray in tens i t ies are

IT> asured by an airborne spectrometer from the potassium-40, thai 1 ium-208, and

bismuth-214 peaks. Because the parent heavy nuclides do not have d i s t i nc t

gamma-ray peaks, daughter thal l ium and bismuth in tens i t ies are read; the
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daughter products bismuth-214 ( f o r uranium-238) and tha l l i um-208 ( f o r

thor ium-232) are assumed to be in e q u i l i b r i u m w i th t h e i r parent nuc l ides

(Adams and Gaspa r i n i , 1979).

Moving at a standard ground speed of 110 kmph (70 mph), the a i rborne

spectrometer measures gamma r a d i a t i o n from only the top 20-50 cm of ground

surface (Gregory and Horwood, 1963). Each data po in t is an i n teg ra ted

measurement of gamma rays taken normal ly from a h e l i c o p t e r and accumulated

over a f i x e d per iod of t i m e , u s u a l l y one second. For the Montrose quadrangle ,

one-second samples correspond to a 215-m ( 7 0 0 - f t ) long by 185-m ( 6 0 0 - f t ) oval

on the ground, i . e . , one data po in t represents about a 40 000 m area

(geoMet r ics , 1979a). The Montrose quadrang'e conta ins over 200 000 po in ts f o r

each of the a e r i a l r ad i ome t r i c and aeromagnetic bands.

East-west p r o f i l e s were f lown at 4.8-km ( 3 - m i l e ) spacing f o r the sou th -

east quar te r o f the Montrose quadrangle and 3.2 km (2 m i l es ) f o r the r e s t o f

the quadrangle. Nor th-south t i e l i nes were f lown at 19.2-km (12-mi le )

spac ing . F l i g h t l i nes were f lown at a 122-m ( 4 0 0 - f t ) mean te r rane clearance

at an average ground speed of 70 mph (geoMet r ics , 1979a).

D i g i t a l tapes con ta in ing raw spec t ra l data and magnetic data were

obta ined from geoMetrics v i a Bendix F ie l d Engineering Corpo ra t i on , Grand

J u n c t i o n . The data cons is t o f equ i va len t thor ium (eTh) , equ i va len t uranium

(eU), percent potassium (K40), and magnetic data fo r the f l i g h t l i n e s . A

t o t a l of 220 anomalies (accord ing to c r i t e r i a l i s t e d in geoMet r ics , 1979a) is

shown on the uranium a n o m a l y / i n t e r p r e t a t i o n map ( F i g . 4 , in geoMetr ics ,

1979b). This map also shows the f l i g h t l i n e spac ings .

The f i r s t s tep in g e t t i n g f r o n densely sampled f l i g h t l i n e s to the 1-km

rec tangu la r g r i d is to smooth and 'iubsample the no isy a e r i a l r ad i ome t r i c data

along f l i g h t l i n e s . This is done using an automated k r i g i n g procedure, where

the parameters o f the var iogram are est imated l o c a l l y , depending on the loca l

s i g n a l - t o - n o i s e r a t i o . The r e s u l t is an adapt ive f i l t e r . In reg ions where

the data are not changing much, r e l a t i v e to the no i se , the smoothed est imate

is almost an unweighted average o f measurements in a r e l a t i v e l y long segment

o f the f l i g h t l i n e (about 1.5 km); in a reg ion where the s igna l is changing

r a p i d l y , nearby measurements are much more h e a v i l y weighted than more d i s t a n t

ones. These k r iged est imates ( together w i t h e r ro r es t imates) were computed

every 0.4 km along each f l i g h t l i n e , t ha t i s , at about one- tenth the dens i t y

of the o r i g i n a l one-second measurements.
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From t h i s p o i n t , i n t e - p o l a t i o n on to t he r e c t a n g u l a r g r i d proceeds much

as f o r t he hyd rogeochemica l d a t a . A v a r i o g r a m is computed and used to fo rm an

e s t i m a t e a t each g r i d c e n t e r p o i n t as a w e i g h t e d average o f t h e smoothed da ta

( w i t h a s s o c i a t e d e r r o r s ) . A l l o f t h e smoothed da ta w i t h i n 3.5 km o f a g i v e n

g r i d c e n t e r p o i n t were used in f o r m i n g an e s t i m a t e a t t h a t c e n t e r p o i n t ; a

c i r c l e o f t h i s r a d i u s i n t e r s e c t s a t l e a s t two f l i g h t l i n e s , excep t when

c e n t e r e d a t a few p o i n t s in t he s o u t h e a s t p a r t o f t h e q u a d r a n g l e .

The ae romagne t i c da ta were s i m i l a r l y t r e a t e d , excep t t h a t a l ong f l i g h t

l i n e s , as t h e r e i s v e r y l i t t l e n o i s e in t hese d a t a , va l ues a t 0 .4 -km i n t e r v a l s

were de te rm ined by l i n e a r i n t e r p o l a t i o n between the two n e a r e s t measurements .

Note t h a t areas of n i g h e s t c o n c e n t r a t i o n s f o r our g e o p h y s i c a l da ta w i l l

not e x a c t l y c o i n c i d e w i t h the l o c a l i t y o f the h i g h s shown in F i g . 4 o f

g e o M e t - i c s ( 1 9 7 9 b ) . Th is is t he r e s u l t o f t he k n g i n g a l g o r i t h m , wh ich

smoothes tne da ta over t he s p e c i f i e d g r i d ( i n t h i s c a s e , 1 km x 1 k m ) .

Known Uranium O c c u r r e n c e s . About 90 u ran ium o c c u r r e n c e s or areas w i t h

abnormal r a d i o a c t i v i t y are known f o r t he Mont rose q u a d r a n g l e ( F i g . 4 ) . These

o c c u r r e n c e s are d e s c r i b e d in Tab le I .

In o r d e r to combine t h i s i n f o r m a t i o n , wh i ch is e s s e n t i a l l y p o i n t d a t a ,

w i t h o t h e r da ta s e t s , i t was n e c e s s a r y to d i g i t i z e the o c c u r r e n c e s and a s s i g n

each a UTM c o o r d i n a t e . Each known o c c u r r e n c e was ass igned a coded number f r o m

wh ich one c o u l d i d e n t i f y t he d e p o s i t t y p e in Nelson-Moore e t a l ( 1 9 7 8 ) . Each

o c c u r r e n c e was a l s o ass igned a g r i d c e l l l o c a t i o n f o r t h e 179 x 119

r e c t a n g u l a r g r i d . Th i s a l l o w e d us t o examine any one o c c u r r e n c e by s i m p l y

i d e n t i f y i n g t h e c o o r d i n a t e s f o r t h a t g r i d c e l l . The o c c u r r e n c e s , t h e i r co^ed

i d e n t i f i c a t i o n numbers , and t h e i r g r i d c e l l c o o r d i n a t e s are g i v e n in

Appendix A.

G e o l o g i c Map. The g e o l o g i c map o f Tweto e t a l ( 1 9 7 6 a ) , s c a l e 1:250 000 ,

was used as a base map. Twe to ' s map c o n t a i n s 57 mappable f o r m a t i o n s . To

f a c i l i t a t e i n t e r p r e t a t i o n e f f o r t s and because many o f t h e s e u n i t s a re

d e p o s i t i o n a l l y s i m i l a r , t h e 57 f o r m a t i o n s o f Tweto were grouped i n t o 13

s e l e c t e d g e o l o g i c " u n i t s " (Tab le I V ) .

A m y l a r t r a n s p a r e n c y was then made f o r t h i s map by a s s i g n i n g each u n i t

( T a b l e I V ) a s e p a r a t e my la r c o l o r . Care was t aken t o ass i gn c o l o r s t h a t c o u l d

" e a s i l y " be r e s o l v e d by a computer when t h e p r i m a r y c o l o r s a re e x a m i n e d . The

my la r t r a n s p a r e n c y was used in an a t t e m p t t o a s s i g n each u n i t a c o n s i s t e n t

c o l o r d e n s i t y .
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TABLE IV

GEOLOGIC UNITS

Geologic Unit Formations of Tweto et al , 1976a

Qal Qa, Qg, Ql, Qgo, Qd, Qdo, QTa
(alluvium, glacial, landslide, unconsolidated deposits)

Tsd Td, Ts
(Dry Union and Santa Fe formations—mostly Pliocene
and Miocene sediments)

Tig Tbb, Tbbi
(Miocene b a s a l t i c i n t r u s i v e s )

Tas Tbr, T b r t , Taf , T i a l , T i q l , Tos
(Oligocene r h y o l i t i c ash f low t u f f s , a n d e s i t i c lavas
and b recc ias , and sedimentary depos i t s )

Tg3 Tmi
(Middle Tertiary granitic intrusives)

Tuf Tpl, Twm
(Oligocene andesitic lavas and breccias and densely
welded rhyolitic tuff)

Tgm Tg, Tt, Two, TKtc
(includes Green River, Telluride, and Wasatch
formations, and Ohio Creek conglomerates)

Tci TKi, Cam, Yam
(granodior i t ic Laramide in t rus ives, and Cambrian
alka l ic and mafic intrusives of l imi ted outcrop)

Kj Kmv, Kd, Kdb, Jm, Jmi, Jrnw, Jmwe, Jme, KJdm, KJdj,
KJdw, KJde
(includes Mesaverde formation, Dakota sandstone and
Jurassic sandstones)

Km Km
(Mancos shale)

Pal Trd, TrPdc, PPm, Pmb, Pmbe, Ph, MOr, MDr, MCr
(mostly Paleozoic sandstones and limestones; includes
Maroon, Minturn, Beiden, and Hermosa formations. Also
includes Leadville limestone and Harding sandstone)

PCg Xg, Yg, YXu, YXg
(Precambrian Y—1400 m.y.b.p.—age and Precambrian X —
1700 m.y.b.p.—age granitic rocks)

PCm Xb, Xfh, Xm, Xq
(Precambrian metamorphics and metavolcanics)
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The mylar transparency was then photographed onto 70-mm color film. The

colo- film was digitized on a PDS microdensi tomer to obtain '•hree 512 x 340

digital arrays corresponding to the green, red, and blue exposures, res-

pectively, on magnetic tape. The three digital arrays were inserted into a

COMTAL 8000 digital display unit to form a color image of the geological map.

Training sets were then defined for each of the 13 geological units from

inspection of the color display. Finally, each grid cell was classified as

belonging to one of the geologic units by using a simple minimum distance

classifier. Then the classified 512 x 340 array was resampled, using nearest

neighbor interpolation, to the 179 x 119 UTM grid (Fig. 7 ) .

Because the contacts between mylar cutouts (each cutout corresponding to

contiguous geologic units) do not fit perfectly, most classification errors

occur along boundaries between geologic units. This problem was alleviated

somewhat by a median filter operating both as a preprocessor and a post-

processor. Final cleanup of the map was accomplished manually on the

179 x 119 array (Fig. 7B).

Landsat Imagery. Landsat imagery consists of electromagnetic radiation

collected in four wavelength regions: 0.5 to 0.6 ym (band 4 ) , 0.6 to 0.7 wm

(band 5 ) , 0.7 to 0.8 ym (band 6 ) , and 0.8 to 1.1 ym (band 7). The electro-

magnetic radiation is recorded by a multispectral scanner (MSS), in a satel-

lite, and transmitted to receiving ground stations by microwave. The MSS

receives the ground image at a series of detectors where the intensity of the

reflectance is changed to a voltage that is in turn converted to digital

values (i.e., brightness values). The MSS scans the earth's surface east to

west. A 79 m x 79 m satellite image is reformated and the consequent

56 m x 79 m single value image is transmitted to an earth receiving station.

This 56 m x 79 m image is called a Landsat pixel. Electromagnetic radiation

for each band is averaged over this area. Brightness values, ranging from 0

to 63, are then assigned to each pixel in each of the four bands. However,

the brightness value for any one pixel depends on the relationship between the

ground features, local background, and scattering and absorption in the

atmosphere. For a complete description of the Landsat system, see USGS (1979)

and Bailey (1980).

A Landsat 2 tape (October 1978) that includes most of the Montrose 1° x

2° quadrangle w^s purchased. Landsat 2 data for any given scene is received

on a nine-track 1600 bpi tape set that consists of four magnetic tape files.
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Fig. 7A. Geologic map color transparency (from Tweto et al, 1976a).

_ i

Fig. 7B. Cray level geologic map of the Montrose quadrangle with 1-km grid cell
resolution (units described in Table IV).

Fig. 7. Geologic map representations of the Montrose quadrangle, Colorado.
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Tne Landsat 2 imagery is a v a i l a b l e at a sample i n t e r v a l of 56 m along each

scan l i n e w i th a spacing of 79 m between scan l i nes ( B a i l e y , 1980); each f i l e

holds packed data fo r the four spec t ra l bands corresponding to 2340 scan l i nes

w i th 810 p i xe l s per l i n e . Thus, each tape f i l e corresponds to a v e r t i c a l

column, 310 po in ts w ide , taken from the scene. The e n t i r e scene of 2340 scan

l i nes w i t h 3240 p i xe l s per l i n e is obta ined when the f i l e s are merged

s ide -by -s ide .

Because the Landsat image is a v a i l a b l e on a g r i d ob l i que to the UTM

g>'ia, i t was necessary to resample the Landsat data onto the UTM r e c t a n g l e .

We se lec ted both a 1-km and 100-m r e s o l u t i o n fo r our resampl ing .

The f i r s t s tep in the process ing cons is ts o f conver t i ng the data in the

above format to four f i l e s of 2340 l i nes w i th 3240 p i x e l s per l i n e , w i t h each

f i l e corresponding to a d i f f e r e n t spec t ra l band.

At t h i s p o i n t , th ree small subimages of s i ze 512 x 512 at f u l l Landsat

r e s o l u t i o n were se lec ted from d i f f e r e n t par ts o f the e n t i r e scene. The small

images we>-e then d isp layed and tne l i n e and p i xe l pos i t i ons of th ree known

landmarks in each image were s e l e c t e d . From knowledge of the l a t i t u d e and

long i tude of each of the con t ro l p o i n t s , t h e i r coord inates on the UTM p r o -

j e c t i o n for the Montrose quadrangle were computed. Thus, by l eas t squares the

c o e f f i c i e n t s in the a f f i n e t rans fo rma t ion

n x * a12y •

C =

were found. Here (x , y ) i s the coord inate o f a g r i d po in t on a 1781 x 1181

g r i d w i t h 100m spac ing , and (R, C) is the row (R) , column (C) l o c a t i o n o f a

p ixe l in the Landsat scene. The a 's are the c o e f f i c i e n t s of the t rans fo rma-

t i o n . I f R and C were i n t e g e r s , a unique p i xe l o f the Landsat scene would be

def ined fo r the UTM g r i d po i n t ( x , y ) . In g e n e r a l , R and C are not i n t e g e r s ,

so the nearest p i x e l to (R, C) is ass igned. The above t rans fo rma t i on permi ts

r o t a t i o n , t r a n s l a t i o n , and rubber-sheet s t r e t c h i n g o f the o r i g i n a l Landsat

data to f i t the s p e c i f i e d UTM g r i d .
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In order to form meaningful images for ratios between the various

Landsat bands, it is necessary to subtract a constant bias value from each

band (Chavez, 1975; Wecksung and Breedlove, 1977). This bias value results

from direct scatter of sunlight from the atmosphere into the sensor and it

depends mainly on the wavelength of the scattered light. The biases for the

individual bands can be estimated by assuming that the raw Landsat data

vectors tend to scatter along straight lines that intersect at a common point

in spectra1 space (Chavez, 1975; Wecksung and Breedlove, 1977), whose co-

ordinates are just the atmospheric biases. The bias value for Landsat band 7

is known to be very close to zero. Hence, we collected a histogram of data

vectors for which the band 7 value was zero (Table V ) . The peak in the

distribution for each band represents the estimate of the atmospheric bias for

that band. We observe from Table V that a digital value of 7 never occurred

for any band, but this is a peculiarity of Landsat 2 imagery. We can also get

the estimates for the correction from Table V. The biases fall off with

increasing wave length as predicted by the Rayleigh scattering law.

The end result is two sets of resolution for the Landsat imagery for the

Montrose 1° x 2° quadrangle. One set has the resolution of 1 km on the

179 x 119 grid system (Fig. 8 A ) . The other resolution required resampling the

Landsat imagery to a grid of 1781 columns and 1181 rows—exactly 10 rows and

10 columns in each of the 179 x 119 grid cells. On this gria, 100 Landsat

pixels equal one 1-km grid cell or 100-m resolution for each Landsat pixel

(Fig. 8 B ) .

TABLE V

DATA VECTORS AND ATMOSPHERIC CORRECTION VALUES
FOR BANDS 4, 5, 6, AND 7

Digi

Band

Band

Band

tal

4

5

6

Number

frequency

frequency

frequency

0

0

1

3198

1

0

80

3457

Band 4

2

3

777

4600

3

351

5659

3775

Band 5

4
3711

5271

2224

5

4704

3811

1102

Band 6

6

6232

2380

738

Band

/

0

0

0

7

8

2811

583

68

y

843

270

26

Correction value 6 3.4
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Fig. 8A. False-color composite at 1-km grid cell resolution (Batids 4, 5, and 7, log
stretched).

Fig. 8B. False-color composite at 100-m grid cell resolution (Bands 4, 5, and 7, log
stretched; 512 x 410 pixel area, original data subsampled every fourth pixel).

Fig. 8. Geometrically registered Landsat imagery for the Montrose quadrangle,
Colorado. These figures are not to scale with Plate 1.
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Landsat imagery usually has a resolut ion of 56 m {USG3, 1979); however,

we f e l t that our coarse resolut ion of 1 km was necessary for comparison to a l l

the other data sets at the same resolut ion. We also f e l t that O'jr 100 m

resolut ion for our f ine gr id was also an optimum and logical choice should we

require a better resolut ion than 1 km and that we did not need the 56-rc

resolut ion for prel iminary work. We used the 100-m grid pr imar i ly for pre-

l iminary examinations of Landsat data; the 1-km resolut ion was used in our

c lass i f i ca t ion schemes and s t a t i s t i c a l rout ines.

Data Access and Manipulation

Two L s Alamos f a c i l i t i e s have proven to be indispensable for the DIRS

project . The Central Computing F a c i l i t y , with i t s two CRAY-1 and four CDC

7600 computers, provides the requis i te computing power to manipulate the data,

and the DIADS (d ig i ta l image analysis and display system) f a c i l i t y gives

quick-look capabi l i t ies for the merged data sets and provides the means to

analyze and c lass i fy d i g i t a l Landsat data.

Another major advantage in data integrat ion at Los Alamos is the Common

Fi le System (CFS). The CFS is a large, central ized data s torage/ret r ieval

system that provides permanent f i l e space. Files can be stored in whatever

format they were in when sent to the CFS. Generally, th is system u t i l i z e s

disk storage of 60-bi t words, and present on- l ine capacity is 1.6 t r i l l i o n

60-bi t words with almost i n f i n i t e o f f - l i n e storage. There are several t ime-

sharing systems (e .g . , NOS, LTSS, CTSS) that are t ied into the CFS. There &re

also an extensive set of f l e x i b l e u t i l i t y routines and programs avai lable.

The c lass i f i ca t ion scheme u t i l i zed in th is study (explained in the next

section) was done by simply creating several f i l e s , one for each data set , and

placing these f i l e s in the CFS. The f i l e s could be accessed independently or

in groups and various s t a t i s t i c a l programs could be performed.

In running a program, the computer creates an array of the f i l e s

selected. For the Montrose quadrangle, the array would be 179 x 119 x N (the

number of data sets read i n ) . While reading in any data set , s t a t i s t i c a l

manipulations can be performed. For example, i f only data one standard

deviation above the mean are required for the data set Cu, then the program

would compute the mean value and standard deviation and copy only the

concentrations of Cu greater than the mean plus one standard deviation into
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the array. All other values for the data set Cu would be set to zero. Only

the information specified is retained.

PRELIMINARY ANALYTICAL TECHNIQUES AND CLASSIFICATION

Introduction

We initially examined various data set combinations manjally. To

accomplish this, we obtained rrjp copies, scale 1:250 000, of all data sets and

physically overlayed them. An example is shown in Fig. 9. This map repre-

sents the concentration data for aluminum that has been kriged and computer

contoured. Regions with high concentrations are darkened. If one were to

overlay all data sets, the stack wcjld become enormous, and by looking at

various one-, two-, or three-set combinations (or actually any number of

combinations), t!\e task would become exceptionally time-consuming and tedious.

/ - . .
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50000

50000

SCflLE 1
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70000.

— BOOOO.
00

CO

Fig. 9. Computer-generated contour map of Kriged aluminum-in-sediment data for
the Montrose quadrangle, Colorado.
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However, once a relationship between data sets has been determined, generally

by some other method, the map copies at the 1:250 000 scale provide the

interpreter with a good scale for more detailed evaluation of regional

reconnaissance data.

In order to obtain a faster examination of the relative dispersion for

any data set, we utilized a computer routine called DIGIKAM. This provided a

three-dimensional view for any data set (Fig. 10). While we werr abl. to

recognize regions with high background levels, e.g., in Fig. 10, waters from

the Colorado Plateau are enriched in uranium concentrations relative to waters

from the West Elk and San Juan volcanic regions, we were unable to make a

quantitative evaluation.

We then tried to overlap data sets with our DIADS system. We found that

this was very time consuming when trying to form combinations of three; how-

ever, the system does allow immediate interactive responses. Consequently,

encouraged by the work and procedures of Lowenstein and Howarth (1973),

Howarth and Lowenstein (1976), and Webb et al (1978), we decided to instead

use the larger computers at Los Alamos. After a routine has been completed

(either on a CRAY 1 or CDC 7600 series computer), a file is generated that can

be processed on a FR-80 recorder. The output is 35 mm slides that can then be

examined conveniently and rapidly. For 23 geochemical data sets (excluding

Se) alone, there are 1771 possible combinations of three. However, once on

film, all 1771 combinations can be examined in a few hours. This system

essentially duplicates DIADS; however, we do not have the luxury of inter-

active response.

Display Options

It is common practice to overlay two data sets to find correlations;

however, a methodology was required by which we could not only examine the

enormous quantity of data more efficiently, but also could apply enhancement

techniques (e.g., Koch et al, 1979) that make possible a look at higher

dimensionality correlations (Howarth and Martin, 1979; Pir<le et al , 1979).

So we utilize Colorrocks, a program whereby data sets are displayed three at a

time. Colorrocks was developed by Dr. Robert Hausman, a consultant from

Pacific Sierra Research Corporation. Relationships between respective data

sets can be examined according to the rules of color addition (Table VI). Any

required statistical manipulation can be done before display.
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Fig. 1Q. A three-dimensional plot for the data set Uw—uranium in waters for the
Montrose quadrangle, Colorado; view is from the southwest.



TABLE VT

COLOR ADDITION CHAR"

Primary Color Color Addi t ion

Red Red + Green = Ye l l ow

Green Green + B lue = B l u e - G r e e n

B lue Red + B l u e = Magenta

Red + B lue + Green = W h i t e

C o l o r r o c k s p r o v i d e s s e v e r a l o p t i o n s ; examples a re shown i n F i g . 1 1 . We

f i r s t l o o k e d a t l i n e a r g r a y l e v e l maps o f t h e k r i g e d da ta s e t s t h a t i n c l u a e 23

e lemen ts ( e x c l u d i n g S e ) , U/Th r a t i o s , t h r e e a i r b o r n e r a d i o m e t r i c b a n d s , one

a e ^ o m a g n e t i c b a n d , one d i g i t i z e d g e o l o g i c map, and f o u r L a n d s a t bands ( u n -

k r i g e d j . L i n e a r g ray l e v e l maps f o r t h e s e da ta s e t s a re shown i n Append ix B.

I n a p o s i t i v e l i n e a r g r a y l e v e l map, t h e da ta are r e p r e s e n t e d by 256

g r a y l e v e l s (255 equa l i n t e r v a l s in t h e h i s t o g r a m ) , r a n g i n g f r o m w h i t e , t h e

l o w e s t v a . u e in t h e da ta s e t , t o b l a c k , t h e h i g h e s t v a l u e i n t h e da ta s e t

( e . g . , F i g . 11A} . The b l o c k y appea rance r e s u l t s f r om t h e 179 x 119 g r i d ; one
p

block represents 1 km .

To aid i n t e r p r e t a t i o n , several densi ty s l i ces were made. A dens i ty

s l i c e allows the i n te rp re te r to look at a spec i f i c i n te r va l of data. I f a

dens i ty s l i c e from one to four standard ( l c - 4a) dev ia t ions above the mean is

r e q u i r e d , then by convention a l l values from the lowest to one standard

dev ia t ion above the mean are assigned a value of 0, i . e . , a white color ( in a

p o s i t i v e p r i n t ) . Values greater than four standard dev iat ions above the mean

are assigned b lack ; a l l other values in the data set are then d iv ided in to 254

groups and each group is assigned an increasing i n t e n s i t y of gray. Only the

data above the lower cu to f f are enhanced, data below t h i s cu to f f are ignored.

An example is shown in F ig . 11B. This enhancement allows one to look at only

the requi red i n te rva l o f data. For the Montrose quadrangle, we examined

densi ty s l i ces for each data set f o r la-4a above the mean, 2a-4o above the

mean, and 1 - below the mean to 4- above the mean. An example of a l i near gray

level map and d i f f e r e n t densi ty s l i ces fo r the data set Us (uranium in

sediment) are shown in F i g . 11A-C.

36



Tn-s t ype o f ennancement a l s o a l l o w s t h e e v a l u a t o r t o s c a l e t h e da ta t o

a^.y g i v e n c r i t e r i a . In F i g . 11D, t h e da*a se t Us i s s c a l e d t o T a y l o r ' s ( 1 9 6 4 )

mean c u s t a l abundance f o r u r a n i u m . A l l v a l u e s in t h e Mon t rose q u a d r a n g l e

t h a t f a l l be low T a y l o r ' s c r u s t a l abundance appear as w h i t e . Note t h e v e r y

good c o r i - e l a t i o n between F i g . 11A and F i g . 11D. I f a l a r g e p a r t o f F i g . 11D

appeared as b l a c k , t hen t h i s c o u l d s u g g e s t t h a t T a y l o r ' s ( 1964 ) v a l u e i s

e r r o n e o u s or_ t h a t t he Mon t rose q u a d r a n g l e i s e n r i c h e d i n Us. However ,

R y l o r ' s abundances a re f o r who le r o c k s and our v a l u e s a re f o r s e d i m e n t s so

c o m p a r i s o n may or may n o t be v a l i d .

The n e x t s t e p i s t o add c o l o r and v i s u a l l y i n t e g r a t e t h e v a r i o u s da ta

s e t s . In o r d e r t o s i m p l i f y t h e r e m a i n i n g d i s c u s s i o n , a l l c o l o r c o m p o s i t e s

l l l l l < r ° ' ' O w _a£S__de n s_vt_y_ s l i c e s f r o m one t o f o u r s t a n d a r d d e v i a t i o n s above t h e

mean f o r t h e r e s p e c t i v e d a t a s e t . The o r d e r o f c o l o r d e s i g n a t e d t o each d a t a

s e t i s : --ed f o r t h e f i r s t s e t , g reen f o r t h e s e c o n d , ana b l u e f o r t n e t h i r d .

C o r r e l a t i o n s can be r e c o g n i z e d by t h e s i m p l e r u l e s o f c o l o r a d d i t i o n

( T a b l e V I " ' . A l l p o s s i b l e da ta s e t c o m b i n a t i o n s o f t h r e e a t a t i m e f o r t h e

d e n s i t y s l i c e d e s c r i b e d above nave been e x a m i n e d ; h o w e v e r , o n l y a few

d e s c r i p t i v e examples a^e i n c l u d e d in t n i s r e p o r t .

In F i g . I?, two examples o f one to f o u r .- d e n s i t y s l i c e s , one f o r t h e

d a t a s e t s eU, e T h , K40 ( F i g . 1 ? A j , and one f o r eU, Uw, and Us ( F i g . 12B) a r e

shown. The i n f o r m a t i o n in F i g . 12A is g e n e r a l l y t h a t used i n i n t e r p r e t i n g

r a d i o m e t r i c s t u d i e s ( e . g . , g e o M e t r i c s , 1 9 7 9 b ) . In F i g . 12A, some g e o l o g i c

u n i t s ire e x t r e m e l y w e l l d e l i n e a t e d . Compare t h i s f i g u r e t o F i g . 7 and

Tab le IV . The da ta s e t eU ( i n r e d ) d e a r l y o u t l i n e s t h e C r e t a c e o u s Mancos

'Km) f o r m a t i o n and eTh t r a c e s t h e P r e c a m b r i a n g r a n i t i c r o c k s ( i n g r e e n ) . In

F i g . 12B, eU c o r r e l a t e s w i t h Uw in t h e w e s t e r n h a l f o f t h e q u a d r a n g l e

( y e l l o w ) ; i n t h e same f i g u r e eU c o r r e l a t e s w e l l w i t h Us in t h e e a s t e r n h a l f o f

t h e q u a d r a n g l e ( m a g e n t a ) , p a r t i c u l a r l y i n t h e v i c i n i t y o f t h e M t . P r i n c e t o n

b a t h o l i t h ( F i g . 3 ) .

U t i l i z i n g C o l o r r o c k s , d a t a s e t s a r e then merged w i t h L a n d s a t i m a g e r y .

T h i s s t e p i s a v i s u a l a i d in d e t e r m i n i n g where t h e d e n s i t y s l i c e f o r any

p a r t i c u l a r d a t a s e t o c c u r s g e o g r a p h i c a l l y . I f d e s i r e d or i f a c o r r e s p o n d e n c e

i s s u s p e c t e d , any d a t a se t can be i n t e g r a t e d w i t h a p a r t i c u l a r f o r m a t i o n . I n

F i g . 1 3 , a d e n s i t y s l i c e f o r t h e da ta s e t Uw ( i n r e d ) , w h i c h showed an

a p p a r e n t c o r r e l a t i o n w i t h t h e C r e t a c e o u s Mancos f o r m a t i o n (Km) by i n s p e c t i o n

o f Landsa t i m a g e r y , was o v e r l a i n on to Km ( i n g r e e n ) . The y e l l o w c o l o r i n
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Fig. 11B. A density slice, 1" to 4c above the mean; 256 gray fevels.

Fig. 11. Gray level representations for the data set Us for the Montrose quadrangle,
Colorado. Black represents high values, white represents lov values (see text).

no
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Fig. 11D. A density slice, greater than a crustal abundance value of 2.7 ppm; 256 gray
levels.



Fig. 12 A. Data sets eU-eTh-K40. These radiometric bands approximately outline Km
and Tuf units (Table V).

Fig. 12B. Data sets eU-Uv-Us. Different collection techniques were used for each
data set.

Fig. 12. Density slices Jo to 4a above the mean for various data sets. Color sequence
is red-green-blue (Table VI).



Fig. 13 indicates where there is a high correlation between Uw and Km. The

Mancos does contain local calcareous zones (Tweto et al, 1976a). Therefore,

this type of correlation is not unexpected because some valence states of

uranium are fairly soluble and easily form complexes with carbonate ions

(Dall'Aglio, 1971, 1972). The red oval featjre in the southeasternmost

section of the figure is the Marshall Pass uranium district.

The Colorrocks program for a pilot study on the Taikeetna quadrangle in

Alaska (Wecksung and Fugelso, 1980) involved 680 possible combinations

(frames) of three for the 17 data sets selected on a grid of 55 x 40. This

amount of data took about four hours of COC 7600 computer time. The output

was achieved by using routines from DISSPLA, an independent, proprietary

graphics package. For the Montrose quadrangle, with a grid of 179 x 119, only

6 data sets could be run at one time on a CDC 7600; the 23 geochemical data

sets alone would require 30 to 35 hours of CDC 7600 computer time. Therefore,

the program Colorrocks was modified to run efficiently on the CRAY-1 com-

puter. However, DISSPLA had not yet been implemented on the CRAY and Common

Graphics System routines were used instead. All combinations of three for the

23 geochemical data sets (1771 combinations) required only 11 minutes of CRAY

compute^ time.

Accessory Routines

Distribution Routine. In addition to Colorrocks, two accessory routines

(also written by Dr. Robert Hausman) were developed. One of these, a Distri-

bution Routine, allows a tally of information for each grid cell. The routine

will list the grid cell locations that meet a selected statistical criterion

for all data sets.

For example, when examining the 23 geochemical data sets, and considering

only the data greater than one standard deviation above the mean for each data

set, the Distribution Routine will tally how many elements are one standard

deviation or more above the mean for each grid cell. The routine lists

elements which meet the selected criteria for each grid cell (an example is

shown in Fig. 14).

Sort Routine. A routine was also developed to calculate the percentile

value of any data set at any grid cell location. An example is given in

Fig. 15.
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Fig. 13. A density slice, lo to 4= for the data set Uw (in red) overlain onto the Km unit
(in green). Yellow signifies good corelaticn between the two; se° discussion in
text.
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The Sort Routine works by ordering all the nonzero grid cell values from

lowest to highest for each selected data set. This information is then

divided into 100 blocks, each block corresponding to one percent of the

nonzero values. Each grid cell in a block is assigned the percentile value

(0-99 percent) for that block. For example, assume the data set Cu has 20 000

nonzero values. Actual kriged concentrations range from 9 to 3118 ppm. After

all valjes have been sorted the 200 grids cells with the lowest concentrations

are assigned to the 0 percentile block, the next 200 values are assigned to

the first percentile block, etc. There is a possible error of up to 1 per

cent between the percentile value listed (example shown in Fig. 15) and the

true value on the cumulative frequency curve. However, this error is so small

that it has no significant effect on our evaluations.

Statistics

Several statistical routines were run on all or portions of the data

sets. For the geochemical data, the statistics were gathered on raw data

instead of the kriged values. This includes 3965 sample locations for 23

elements. The ^aw data is the actual value at the sample location.

Statistical routines ^re run on kriged aerial radiomet'-ic and aeromagnet'c

data, and Landsat pixel values (all four bands) subsampled to 100-m or 1-km

resolution. No effort was made to quantitatively incorporate this data into

the classification routine. However, the data were examined and used in a

qualitative manner. Our major purpose in completing these statistical

calculations was to show that such routines could be done with minimal

difficulty and to develop the algorithms necessary to incorporate this type of

methodology into a DIRS program. Once any statistical routine is run, it can

simply be added as an additional data set. Most statistical routines were run

on the data sets for both the entire quadrangle and for individual provinces.

The province boundaries and the respective number of geochemical sample

locations for both waters and sediments are shown in Fig. 6.

Basic Statistics. Basic statistics, including parameters such as mean,

median, number of samples, and standard deviation, were run on data sets for

both the quadrangle and each province using the SPSS statistical package of

Nie et al (1975). These data are shown in Appendix C; the data could also be

presented in log form (not included'. Geochemical samples with elemental

concentrations below detection limits (see Table III) were omitted.
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Cumulative frequency p l o t s , fo r the quadrangle as a whole and fo r each

physiographic/geochemical p rov ince, for a l l geochemical data sets are included

in Appendix D. These p lo ts provide a valuable aid in se lec t i ng th resho ld

values for geochemical data (see discussions by L e p e l t i e r , 1969; and S i n c l a i r ,

1976).

Basic s t a t i s t i c s can also be run fo r i nd i v idua l fo rmat ions . These data

(not inc luded) can then he used to i d e n t i f y reg ional geochemical trends as

wel l as i d e n t i f y i n g c r i t e r i a c h a r a c t e r i s t i c of any selected fo rma t ion .

Associat ion by Var iab le . One way of de tec t ing a r e l a t i o n s h i p between

the geochemical and aer ia l data and the known uranium occurrences is to

compare the d i s t r i b u t i o n o f the data over the known occurrence s i t es w i th the

d i s t r i b u t i o n over the whole quadrangle. I f the locat ions ot the known

occurrences (F i g . 4) appear to be merely a random subset of the po in ts in the

whole quadrangle, as fa r as a given v a r i a b l e , e . g . , chromium, is concerned,

then there is no i nd i ca t i on of assoc ia t ion of t n i s va r i ab le w i th uranium

m i n e r a l i z a t i o n . On the other hand, i f a sample appears to come from a

s i g n i f i c a n t l y d i f f e r e n t d i s t r i b u t i o n than tha t fo r known uranium occurrences,

then that va r iab le may be a useful i n d i c a t o r .

S p e c i f i c a l l y , assume tha t the quadrangle populat ion is normal (or

lognormal) w i t h known mean (the mean of the kr iged data fo r 21 301 g r i d

c e l l s ) . Let x . , . . . , x . . be the kr iged values or log values of a given

va r i ab l e at the known occurrence s i t e s , w i t h mean x and sample var iance s .

Then i f x, , . . . , x . . is a random sample from the quadrangle populat ion w i th

mean u. / N ^ l ( x -u ) / s has a Student 's t d i s t r i b u t i o n w i th N-l degrees o f

freedom, and the p r o b a b i l i t y tha t i t s absolute value is at leas t as great as

the observed value can be computed. I f t h i s p r o b a b i l i t y is s m a l l , then the

sample appears to come from a s i g n i f i c a n t l y d i f f e r e n t popu la t i on .

We can also compare the sample var iance w i th the quadrangle va r i ance ;

under the random sample hypothes is , ( N - l ) s 2 / 0
2 has approximately a

ch i -square d i s t r i b u t i o n w i th N-l degrees of freedom. I f s is unexpectedly

small ( i f the above r a t i o f a l l s in the lower t a i l o f the cM-square d i s -

t r i b u t i o n ) , then i t appears tha t the sample values are much more t i g h t l y

c lus te red than in general throughout the quadrangle. A v a r i a b l e w i th a mean

s i g n i f i c a n t l y d i f f e r e n t from v and a small var iance could be a p a r t i c u l a r l y

good i nd i ca to r of uranium m i n e r a l i z a t i o n .
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Table V I I summarizes these ca l cu la t i ons both for four types of uranium

depositb in the Mont^ose quadrangle and fo r a l l uranium depos i ts . There are

on ly seven deposi ts of type 3 and f i v e of type 4 , so these r e s u l t s may not be

too s i g n i f i c a n t ; in p a r t i c u l a r , the type 3 deposi ts are a l l together in one

corner of the quadrangle. A + (-) in the column ind ica tes a s i g n i f i c a n t l y

large (smal l ) value of x fo r the v a r i a b l e of tha t row ( s i g n i f i c a n c e at the 10

per cent leve l fo r a two-sided t e s t or 5 per cent leve l fo r a one-sided t e s t ) ,

and an " s " ind icates tha t in a d d i t i o n , the sample var iance f a l l s in the lower

10 per cent of the a n t i c i p a t e d d i s t r i b u t i o n .

The raw data are given in Appendix E, where the " d i f f e r e n c e " is

/ N - l x -p /s w i th the associated p r o b a b i l i t y

Pr v > difference I ,

and the " r a t i o " is (N- l ) s? / o? w i t h associated p r o b a b i l i t y

Pr ( (N-l) ~ < r a t i o j .

"D.F." is the number of degrees of freedom N- l .

Factor Analysis. Encouraged by the resul ts of Beyth et al (1980a, b) ,

factor analysis was run for a l l data sets using the SPSS s t a t i s t i c a l package

of Nie et al (1975). The major purpose in using factor analysis was data

reduct ion. Factor analysis techniques enable one to cluster the data sets

into factors such that the dominant data sets in each factor are highly

corre la t ive (Frane and H i l l , 1976). This c luster ing of data sets allows an

easier examination of the correlat ions between data sets.

Each factor is defined by a l inear combination of var iables. Py r e -

ducing the dimensionality of a l l data sets through factor analysis and because

l i t t l e information is lost in the process (Frane and H i l l , 1976), the resu l t ing

factors hopeful ly w i l l emphasize underlying relat ionships among the observable

data sets. Because we want to determine correlat ions between data sets,

R-mode factor analysis with varimax orthogonal ro ta t ion was performed; th is is

the recommended procedure of Nie et al (1975) and Joreskog et al (1976).
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TABLE V I I

ASSOCIATION OF GEOCrlEMICAL AND AERIAL VARIABLES WITH KNOWN URANIUM DEPOSITS
FOR THE MONTROSE QUADRANGLE, COLORADO

Uw

Us

U/Th

K40

eU

eTh

Al

As

Ba

Ca
Ce
Co
Cr

Cu
Dy
Fe
Hf
K
Li
Mn
Pb
Sc
Th
Ti
V
Zn
Zr
nugnetics

1

+s

+s

+s

2

+

+s

+s

Deposit
3

+

+s

+s

Host Rock
4

+
+

all

+s

+s

+s

+s

+

+s

+s

+ s

+s

+s

+s

+s

+s

+s

+s

+s

+s

+s

-s

-s
+s

-s

+

-s

+s

+s

+s
+s
+s
+s

+s

+s

+s

+s

+s

a~ Deposit host rock from Nelson-Moore et al (1978).

1 = Igneous, metamorphic; 2 = sandstone; 3 = radioactive springs or ground
water, 4 = coal, shale, limestone.

A +s indicates a high posit ive corre lat ion, a -s indicates a negative cor-
re la t ion .
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The correlation coefficients for all data sets for the quadrangle as a

whole and for all data sets for each physiographic/geochemical province d.re

included in Appendix F, however, only coefficients g eater than 0.50 are

plotted. Data sets with correlation coefficients close to 1.0 have the

highest correlations.

Some obvious information can be extracted from these coefficients. The

elements Ce-Dy-Th, Hf-Zn, and Fe-V are closelv correlated for the entire

Montrose quadrangle; Ca-Li is most correlative in the Plateau province. The

data set Us slightly correlates with Th, whe, cas Pb-Cu-Zn are highly cor-

relative. These "ssociations would be expected and are supported by the work

of Beyth et al (1980b).

A factor matrix (varimax orthogonal rotation with Kaiser normalization)

is included in Appendix G. Certain data sets group in particular factors.

For example, Landsat forms its own factor isolated from everything else

(Factor 2 ) , as does the airborne radiometric data (Factor 4 ) . The geochemical

factors are similar to those of Beyth et al (1980b), Ce-Th-Dy group in

Factor 3 and Zn-Pb-Cu group in Factor 5. Uranium is associated with resistate

and refractory minerals in factor 3, although Us also groups with O , Sc, Al ,

and Dy in factor 8 with a low loading. This suggests uranium in this quad-

rangle occurs unaer a variety of geologic conditions, not all of which would

be economically feasible to explore.

The factor analysis is preliminary and a much more careful examination

of other data with respect to the many options in factor analysis is necessary

to obtain fully meaningful results. However, this exercise emphasizes that

factor analysis data can be incorporated into a DIRS project.

C1 assification Schemes for the Cochetopa and Marshall Pass Test Areas

In this action, the procedures and methods used to determine a classi-

fication scheme by using test areas from the Cochetopa and Marshall Pass

uranium districts are outlined. A preliminary classification scheme was

successfully developed for each uranium district.

Some of the statistical data compiled, e.g., factor analysis, have not

been incorporated into the quantitative discussions, but were qualitatively

considered in selecting criteria for the classification schemes. Furthermore,

Landsat imagery were not used in these preliminary classification schemes.
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Ever, t-ja 1 i > statistical analyses of these types, as well as subsurface infor-

mation, will be merged with the data sets for a more complete analysis.

Ultimately, a normalized probability that indicates the possibility of

mineralization, be it uranium or base metal, will be assigned to each grid

cell in the study area, but this effort is beyond the present scope of the

DIRS project.

We are looking for regional patterns that may indicate uranium minerali-

zation. These patterns may be independent of any individual high or lo.v value

for any given data set. It is the combinations of various data sets that we

believe will ultimately help to identify the regional patterns.

For a first approach, potential data sets can be selected by examining

the range of values in each data set for those g>-;d cells containing known

uranium occurrences. Such data are shown for a selected number of grid cells

containing known occurrences in the Cochetopa and Marshall Pass uranium

districts in Table VIII. Each occurrence in this table is designated by both

grid cell location and code number (from Appendix A ) . The values in Table

VIII represent the kriged data. Classification criteria (i. e., intervals for

each data set) were then selected f-om this table. Criteria for Cochetopa-

type uranium mineralization were selected primarily (but not solely] from

occurrences 20061b, 200619, and 200631. Criteria for Marshall Pass-type

mineralization were selected primarily from occurrences 200515, 100621,

400627, and 100618.

The classification scheme utilizes a variation of the Distribution

Routine, as explained earlier. Intervals for 28 data sets were selected from

Table VIII. Grid cells containing data sets that fulfilled all 28 criteria,

27 of 28, 26 of 23, etc., are thus identified. It was hoped that this

procedure might create a halo effect around the test areas and other areas

favorable for uranium mineralization.

Cochetopa Uranium District Classification. Two sets of cr iteria were

selected for test areas in the Cochetopa uranium district; based on these

criteria, two separate classification schemes were completed, COCH-1 and

COCH-2. Only 28 data sets are used (Table I X ) .

Data set intervals selected for COCH-1 are relatively wide, i.e., the

difference between the upper and lower limits for each data set resulted in

several areas of potential favorability for uranium mineralization.
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o
TABLL VI iI

KRIGEO VALUES FOR SELECTED GRID CEILS CONTAINING KNOWN URANIUM OCCURLNCES
(Code numbers are explained in Appendix A; :umu lativi? pet-cent in parenthesis.
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TABLE IX

INTERVALS FOR THE COCHETOPA (COCri) AND MARSHALL PASS (MP)
CLASSIFICATION SCHEMES*

DAT,
SET

Ai

As

Ba

Ca

Ce

Co

Cr

Cu

Dy

Fe

Hf

K

Li

Mn

Pb

Sc

Th

Ti

Us

Uw

V

Zn

lr

U/Th

K40

eTh

eU

Mag

COCH-1

45000-75000

10-22

550-1000

10000-25000

<120

9-16

<75

<90

5-7

20000-35000

8-16

12 000-20000

25-50

700-1200

<30

9-14

>6

2500-5500

>3

0-10

50-150

40-120

300-500

>0.35

1.5-2.1

7-9

>2.5

<-300

COCH-2

50000-70000

10-22

600-900

8000-20000

75-120

9-15

10-60

10-75

5-7

22000-36000

9-16

15000-20000

30-50

800-1200

1-30

8-13

>6

2800-4500

>4

>0.1

<90

<150

250-450

>0.35

1.5-2.5

7-9

>2.5

<-400

MP-1

55000-80000

5-20

>550

<25OOO

>80

10-20

>0

>0

<12

>30000

5.5-14

14000-25000

30-50

>850

>O

10-14

>8

3900-7000

>3

<5

50-150

>0

<400

>0.3

1-3.5

>5

>3

<-300

MP-2

65000-80000

9-12

800-1000

17000-25000

90-150

10-20

70-120

20-100

6-12

30000-70000

5-12

7OOO-23OOO

25-40

800-3000

1-50

11.5-18

>8

3900-7000

>8

0.1-5

85-200

50-200

200-325

>0.4

1 .4-3 .5

>5

>3
<-400

*A11 values in ppm except for Uw, which is in ppb; U/Th, which is a ratio;
K40, which is in percent; and Mag, which is in gammas.
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Fig. 16 A. Grid cells satisfying 28 criteria.
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Fig. 16B. Grid cells satisfying 27 of 28 criteria.

Fig. 16. Results for COCH-1 classification scheme. Criteria (i.e., data set intervals)
are listed in Table IX.
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Fig. 16C. Grid cells satisfying 26 of 28 criteria.
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Fig. 16D. Grid cells satisfying 25 of 28 criteria.



Figures 16A-D show the g r i d ce l l s s a t i s f y i n g 28, 27 of 28, 26 of 28, and 25 of

the 28 i n t e r v a l s . A color composite for t h i s c l a s s i f i c a t i o n is shown in

F i g . 17. Care must be taken to opt imize window c r i t e r i a both to include a l l

t r a i n i n g set g r id ce l l s and yet be small enough to avoid obta in ing the e n t i r e

quadrangle as an area of f a v o r a b i l i t y . Therefore, a second i t e r a t i o n , whereby

the COCH-1 data set i n te rva ls were narrowed, p a r t i c u l a r y w i th respect to A l ,

Ba, Ce, Cr, Cu, T i , and Us, was run . The g r i d ce l l s s a t i s f y i n g 28 of 28, 27

of 28, 26 or 28, and 25 of 28 of the selected c r i t e r i a are shown in F ig . 18

and a color composite fo r t h i s scheme is shown in F i g . 19.

There are nine areas that s a t i s f y 25 or more of the 28 selected i n t e r -

vals fo r COCH-2 (F i g . 20) . Area A contains the Cochetopa mining d i s t r i c t , and

46 g r i d ce l l s c lus te r in t h i s reg ion . Here, only 3 of the 11 g r id ce l l s

conta in ing known uranium occurrences were p r i m a r i l y used as t es t areas, yet 6

( inc lud ing the three tes t areas) o f the 11 show up as favorable g r id c e l l s .

A l l uranium occurrences in th i s d i s t r i c t are surrounded by g r i d ce l l s of

favorab i 1 i t y .

Seven ce l l s c lus ter in Area B, and th i s is a large number of g r i d ce l l s

r e l a t i v e to a l l other areas except Area A. Thus, Area B may have good

po ten t ia l fo r uranium m i n e r a l i s a t i o n . Most of these g r id ce l l s are from the

drainages of Tomichi Creeks (USGS, 1956), j u s t north of the Cochetopa

d i s t r i c t , and are underlain by e i the r Oligocene ash flow t u f f s or Precambrian

metamorphic uni ts or on the contact zone between the two (Tweto et a l ,

1976a). Potent ia l uranium deposits in t h i s area would probably be f a u l t - or

ve i n - con t ro l l ed (Nelson-Moore et a l , 1978).

Area C in F ig . 20 consis ts of four scat tered g r i d c e l l s . Three of these

are under la in by the Mancos formation and would probably not be prime areas of

f a v o r a b i l i t y for uranium m ine r a l i z a t i on . However, the Mancos does contain

uran ium-r i ch , coal -bear ing u n i t s , and these may be in f luenc ing the se lec t ion

of g r i d c e l l s ; rad ioac t i ve springs have been reported in Cretaceous un i ts in

t h i s quadrangle (Cadigan et a l , 1976). One g r i d c e l l in t h i s c lus te r is in

a l luv ium but also occurs in an area that drains Precambrian g r a n i t i c and

metamorphic rocks and is near a f a u l t zone. One known occurrence of ve in- type

mine ra l i za t i on is in t h i s region (Nelson-Moore et al , 1978).

The t h i r d most favorable area del ineated by t h i s scheme is Area D. Fou^

g r i d ce l l s occur along the eastern t r i b u t a r i e s of Flag Creek (USGS, 1956) and
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Fig. 17. Color composite for COCH-1 classification scheme. The grid cells satisfying
2b criteria are in red; the cells satisfying 27 criteria are in magenta; the cells
satisfying 26 criteria are in yellov; the cells satisfying 25 criteria are in
green; and the cells satisfying 24 criteria are in blue.

55



236 256

Fig. 18 A.

in
tv
n "l

276 296 316 336

Grid cells satisfyiiig 28 criteria.
396 416

236 256 Z76 296 316 336 356

Fig. 18B. Grid cells satisfying 27 criteria.
376 396 416

Fig. 18. Results for COCH-2 classification scheme. Criteria are listed in Table IX.
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Fig. 18D. Grid cells satisfying 25 criteria.
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Fig. 19. Color composite for COCH-2 classification scheme. The grid cells satisfying
28 criteria are in red; the cells satisfying 27 criteria are in magenta; the cells
satisfying 26 criteria are in yellow; the cells satisfying 25 criteria are in
green; and the cells satisfying 24 criteria are in blue.
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Fig. 20. Schematic diagram for COCH-2 classification scheme. Sine areas of
favoribility are delineated based on the criteria in Table IX.

are unde r l a i n by Middle T e r t i a r y Oligocene g r a n i t i c i n t r u s i v e s and Paleozoic

fo rma t i ons . Severa. f a u l t zones are located near t h i s c l u s t e r . Paleozoic

rocks in f a u l t contact w i t h Precambrian rocks or T e r t i a r y i n t r u s i v e s are

favo rab le fo r v e i n - c f a u l t - c o n t r o l l e d uranium m i n e r a l i z a t i o n in t h i s area.

Examples are found in the M a r ^ i a i l Pass d i s t r i c t (Mai an and Ranspot, 1959;

Nelson-Moore et a l , 1978).

One g r i d c e l l in Area H conta ins s i m i l a r geology, and occurs w i t h i n a

few k i l ome te rs o f two known uranium occurrences (US AEC, 1966b) and,

consequent ly , can be considered as favo rab le f o r uranium m i n e r a l i z a t i o n .

Area E conta ins on ly three g r i d c e l l s , a l l o f which occur in a l l uv i um

t h a t dra ins Precambrian g r a n i t i c r ocks . Uranium m i n e r a l i z a t i o n in t h i s area

would probably be in veins or f r a c t u r e s . Area F contains fou r g r i d c e l l s a lso

under la in by Precambrian g r a n i t i c r ocks . Two of these c e l l s are a lso near a

f a u l t zone. The other two g r i d c e l l s border the francos f o r m a t i o n . In g e n e r a l ,

59



any g r i d c e l l s located in the Precambrian c r y s t a l l i n e t e r r a i n have some

f a v o r a b i l i t y fo r uranium m i n e r a l i z a t i o n and the presence of a f a u l t increases

t h a t f a v o r a b i l i t y (Nelson-Moore et al , 1973). This includes the g r i d c e l l s in

Areas D, E, F, H, and I .

The remaining group G conta ins s ix g r i d c e l l s , one of which is located

w i t h i n the Marshal l Pass uranium d i s t r i c t . The other f i v e g r i d c e l l s are

under la in by, or are in drainages o f , Oligocene andes i t i c lavas and b r e c c i a s .

Although these lavas are not a major host rock f o r uranium m i n e r a l i z a t i o n ,

they do host several repor ted uranium occurrences and minor deposi ts (US AEC,

1966c).

Marshal 1 Pass Uranium D i s t r i c t C l a s s i f i c a t i o n . Two c l a s s i f i c a t i o n

schemes, MP-1 and MP-2, were run f o r Marshal l Pass tes t areas. The c r i t e r i a

se lec ted are l i s t e d in Table IX and the r e s u l t s are d isp layed in F igs . 21 and

22. Twenty-e ight data sets were se lected fo r these runs .

For MP-1 there is no se lec ted upper l i m i t for the base-metal data sets

because several known uranium occurrences in the Marshal l Pass d i s t r i c t are

associated w i th base-metal m i n e r a l i z a t i o n (US AEC, 1966a). However, the

subsequent wide window r e s u l t e d in a large number of g r i d c e l l s s a t i s f y i n g the

se lec ted i n t e r v a l s ( F i g . 21 ) . This method of c l a s s i f i c a t i o n does have i t s

m e r i t s , because a large number o f known uranium occurrences in the Powderhorn,

Cochetopa, and Marshal l Pass d i s t r i c t s were inc luded in the g r i d c e l l s

i d e n t i f i e d as s a t i s f y i n g the se lec ted c r i t e r i a . In a d d i t i o n , the Bonanza

min ing d i s t r i c t and Mt. Pr inceton b a t h o l i t h were d e l i n e a t e d . For MP-2 the

data set i n t e r v a l s (Table IX) were narrowed fo r almost every data set and the

r e s u l t ( F i g . 22) conta ins on ly 33 g r i d c e l l c s a t i s f y i n g 25 or more of the

c r i t e r i a . The Marshal l Pass area is c l e a r l y de l inea ted and also one area

northwest o f t h i s d i s t r i c t , which cons is ts of f i v e g r i d c e l l s . These c e l l s

are under la in by the Mancos format ion and may represent on ly c o a l - r i c h zones

he re . However, the g r i d c e l l s a lso occur along f a u l t zones and along the

contac t between the Mancos and Precambrian g r a n i t i c r ocks . This type o f

environment is favorab le fo r Marshal l Pass-type uranium m i n e r a l i z a t i o n

(Nelson-Moore et a l , 1978). The other seven g r i d c e l l s are s ca t t e red

throughout the quadrangle and t h e i r s i g n i f i c a n c e w i l l not be d iscussed.
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ALTERNATIVE DATA PROCESSING AND ANALYTICAL TECHNIQUES

I n t r o d u c t i o n

A methodology to i n teg ra te large numbers of data sets has evolved by

extending the basic s t r u c t u r e o f the Los Alamos D i g i t a l Image Enhancement

System (LADIES). LADIES is b a s i c a l l y a c o l l e c t i o n of general d i g i t a l image

processing subrout ines t ha t share a common data s t r u c t u r e . This methodology

u t i l i z e s our D i g i t a l Image Processing F a c i l i t y and is independent of the

procedures o u t l i n e d in the previous sec t i ons . George Wecksung was p r i m a r i l y

respons ib le ^or t h i s scheme, and he has w r i t t e n t h i s sec t ion to desc- ibe the

cu r ren t s t a t e o f t h i s methodology.

Data Packing

Two-dimensional arrays are s tored on disk as a sequence of records

( l i n e s ) , each con ta in i ng a f i x e d number o f 6 0 - b i t f l o a t i n g po in t numbers ( g r i d

c e l l s or Landsat p i x e l s ) . Disk f i l e s w i th a maximum s ize o f 4096 l i nes w i t h

4096 numbers per l i n e are p o s s i b l e . Moreover, several disk f i l e s o f such s i ze

may e x i s t s imu l taneous ly . Although a maximum of 15 disk f i l e s ( i n p u t , o u t p u t ,

and in te rmed ia te ) can be opened s imul taneous ly on the CDC 7600s at Los Alamos,

the t o t a l disk resources are q u i c k l y exhausted i f the f i l e s are too l a r g e .

Howevet . we have had successful exper ience w i t h s ix f i l e s o f 3000 x 2000

numbers, a l l open at the same t i m e .

The data s t r u c t u r e has been extended to accommodate 35 (or more) data

sets by p a r t i t i o n i n g the leas t s i g n i f i c a n t b i t s o f the CDC 7600 computer

machine word i n t o seven 8 - b i t b y t e s . The top four b i t s are l e f t untouched to

preserve the f l o a t i n g po in t s t r u c t u r e . As a r e s u l t o f t h i s packing of the

6 0 - b i t machine word, each disk f i l e can now hold seven 8 - b i t data s e t s . We

can also se lec t e i t h e r the 1-km (179 x 119) ry 100-m (1781 x 1181) Landsat

r e s o l u t i o n . For the Montrose quadrangle , we t y p i c a l l y worked w i t h f i v e disk

f i l e s , each w i t h 1781 x 1181 g r i d c e l l s — a capac i t y o f 35 data s e t s .

There are several advantages to the above packing scheme, the most

obvious being the c a p a b i l i t y o f dea l ing w i t h more than 15 data s e t s , a cu r ren t

l i m i t a t i o n of LADIES. The 8 - b i t byte can conta in the dynamic range of any o f

the input data s e t s . For example, a Landsat band requ i res at most seven b i t s

and the geo log ica l map on ly four b i t s . I f any date ^et should r e q u i r e mere
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Fig. 21B. Grid cells satisfying 27 criteria.

Fig. 21. Results for MP-1 classification scheme. Criteria are listed in Table IX.
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t h a n e i g h t b i t s , i t c a n a l w a y s b e t r e a t e d as a g e n u i n e f l o a t i n g p o i n t e n s *

f i l e . H o w e ^ e * - , a n y d a t a s e t t h a t we d i s p l a y p i c t o r a l l y c a n h a v e e i g h t b i t s a t

m o s t . M a n y o f t h e d a t a - e d i t i n g r o u t i n e s i n L A D I E S c a n b e a p p l i e d d i r e c t l y t o

i n t e g r a t e d d a t a s e t s b e c a u s e no u n p a c k i n g i s r e q u i r e d . F o r e x a m p l e , we c a n

e x t r a c t a s m a l l e r s u b s a m p l e f r o m w i t h i n t h e d o m a i n o f t h e o r i g i n a l d a t a b a s e .

M o r e o v e r , p a c « e d L a n d s a t 1 o r 2 d a t a c a n b e g e o m e t r i c a l l y r e c t i f i e d u s i n g t h e

r u b b e r s h e e t s u b r o u t i n e w i t h n o m o r e d i f f i c u l t y t h a n i f i t w e r e a s i n g l e

f l o a t i n g - p o i n t d i s k f i l e . L a s t l y , b y p a c k i n g r e l a t e d d a t a s e t s i n t h e same

m a c h i n e w o r d , we a c h i e v e e f f i c i e n c y b y i n p u t t i n g o n l y t h o s e d i s < f i l e s

r e q u i r e d .

Covariance Matrix

One reason for wanting true data integration, i.e., simultaneous access

to all registered data sets, is to compute the full covariance matrix for all

variables. For each ground resolution element, we form the product x.x.

of the values of the i and j L data sets for all possible i and j and

then average over the domain of the data sets. For example, for 35 data sets,

t.ne resulting 35 x 35 m a t H x has 630 independent components. Given the mean

vector and covariance matrix of the integrated data sets, we then calculate

the parameters very quickly and cost effectively for a large variety of linear-

statistical models, as discussed below. Our code is structured to allow great

flexibility in accumulating a sample covariance matrix. We can select any

subcollection of the data sets and choose as a variable the data set value or

its logarithm or any function of the data value. Also, the statistics can be

gathered for any particular subset of the geologic units as determined from

the digitized geological map.

Basic Statistical Models

Given a covariance matrix collected over some subdomain of data sets, we

can calculate the parameters of several important linear statistical models:

multiple regression, canonical correlations, and principal components.

In multiple regression, we address the question of how well a linear

combination for some of the data sets can predict the value for some other

data set. For example, what linear combination L a-x- of Landsat

bands x, ,..., x^ can best estimate y, one of the geochemical sets. From
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toe covifiances between x1 ,..., x., and y, we can calculate the weight^

a.,..., a,, the correlation coefficient ; between y and £• a-x. and

tne mean sqja>-e error of the fit.

In ci'ijnicai correlation, given two different classes x,,..., x and

y., ,. .., y of data sets, we want to find what linear combinations ^

a.x. and L- b.y. of variables from the two classes, respectively,

produce a maximum correlation o. For example, we might ask what linear

combination of tne Landsat bands and what linear combination of the NURE geo-

pnysical 3ata have maximum correlation. We then find the weights a,,...,

a ana b,,..., b and tne correlation coefficient - in terms of S. , ,

S__, the covariance matrices of the x's and the y's and S,,, the

cross-cova>" i ance matrix between the x's and the y's.

In principal components we ask which linear combination of a preselected

subset of the data set variables has the largest variance or scatter. Then,

if the abcwe linear combination is known, we ask what linear combination of

variables that is uncorrelated with the first linear combination has the

greatest variance. This process continues until the dimensionality of the

data space is exhausted. The solution to the a b c e problem corresponds to

selecting a new basis for the data vectors and is found by performing a

diagonalization of the covariance matrix of the variables.

Data Processing

Data processing operations on the integrated data sets mainly consist of

editing functions, forming new data sets as linear combinations of old ones,

density slicing, and stretching. Other important operations include formation

of ratio images and bivariate histograms.

The most important editing functions performed on the integrated data

set is to resample it to a coarser grid or extract a small subsection at full

resolution. This permits either a local analysis at full resolution or a

quadrangle-scale analysis with a minimum number of data points.

Regression images, canonical correlation images, and principal component

images are formed by taking linear combinations of the original data sets.

The basic data processing equation for all of these cases is the same —

y = Ax + b ,
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where x is an n-vec tc" of va r iab les taken from an a r b i t r a r y subset of the

o r i g i n a l data s e t s , A is an m x n t rans fo rmat ion mat r ix and b is a b ias

m-vector , both of which depend on the type of ana lys is being performed. The y

is an output m-vector in which each component is a l i nea r combination o f the

input v a r i a b l e s .

Because we o f ten want to d i sp lay the components of the y vector as

d i g i t a l images or at leas t save them in the pecked data fo rmat , i t is

necessary to sca'e the y components to 8 b i t s ( i n tege rs between 0 and 255) .

The scale f a c t o r s are se lec ted from data set s t a t i s t i c s and then absorbed in to

the t rans fo rmat ion mat r i x A and the bias vector b.

B i v a r i a t e Histograms. When the above s c a l i n g is c a r r i e d ou t , i t is easy

to cons t ruc t a b i v a r i a t e h is togram for any pa i r of components of the output

vector y . Fo>" a given g r i d c e l l l o c a t i o n , we have a pa i r of numbers in the

range 0-25s corresponding to the pa i r of y-components tha t we wish to p l o t .

This pa i r o f numbers def ines a c e l l in a 256 x 256 h is togram ar ray t ha t we

increment by i . A f te r c o l l e c t i n g po in ts in the histograms fo r a l l p i xe l or

g r i d c e l l l o c a t i o n s , we can d i sp lay the h is togram as a 256 x 256 image and

look fo r r e l a t i o n s between the two output images in the form of l i n e a r or

1ow-order curves.

We o f ten l i k e to know what po in ts in the data domain are c o n t r i b u t i n g to

what po in ts in the histogram domain. We can examine t h i s to some degree by

c o n s t r u c t i n g a co lor-coded map f o r the h is togram. The map cons is ts of a

second 256 x 256 image in c o l o r . For each c e l l in the 256 x 256 h i s tog ram,

the corresponding c e l l in the co lo r map is assigned the " c o l o r " o f the po in t

tha t con t r i bu tes to the h is togram c e l l . Here we assume t h a t a l l po in ts t ha t

c o n t r i b u t e to a h is togram c e l l have the same c o l o r . The co lo r of a po in t may

be def ined in a v a r i e t y o f ways. For example, we might choose the Landsat

f a l s e co lo r corresponding to t ha t p o i n t . Another choice is to choose the

psuedo-color from the geo log ica l map fo r the c l a s s i f i c a t i o n o f the p o i n t .

SUGGESTIONS FOR FUTURE WORK

Introduct ion

In four months time we have developed preliminary c lass i f i ca t ion schemes

for uranium mineral izat ion in the Montrose quadrangle, Colorado. By extending
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and refining the methodology used in an earlier work on the Talkeetna quad-

rangle, Alaska (Wecksung and Fugelso, 1980), we have prompted the fast

progress for this study. We have increased our spatial resolution by a factor
? 2

of nine, from 9 km for the Talkeetna quadrangle to 1 km for the Montrose

quadrangle. During this study, all map information, data already in digital

form, and analytical results have been converted into a digitized form that

could be easily integrated into one large data set. The methodology has

evolved such that essentially any form of data can be converted into a

digitized form and subsequently integrated with other data.

During this study other data interpretation -chemes were examined

(Nichol et al, 1969; Lowenstein and Howarth, 1973; Howarth and Lowenstein,

1976; Earle, 1978; Webb et al , 1978; Garret et al , 1979; Howarth and Earle,

1979; Howarth and Martin, 1979; Webb and Howarth, 1979; Koch et al , 1979).

Several technological refinements were identified. The results presented

herein represent only a first step toward a DIRS program to rapidly identify

and classify potential areas for mineral resources. Discussed below are some

steps and refinements leading to a comprehensive DIRS resource evaluation

program.

Field Verification

As a resul t of th is study, several areas have been suggested favorable

for uranium mineral izat ion. The resu l t s , however, desperately need f i e l d

ve r i f i ca t i on to determine i f they are regions t r u l y favorable for uranium

development, or only fa lse leads. Therefore, we suggest a f i e l d fol low-up

program as a test of th is study. Geographic areas (gr id ce l l s ) of favor-

a b i l i t y , based on the c lass i f i ca t ion schemes, would be examined in the f i e l d .

These areas would be investigated for actual uranium minera l izat ion, host

rocks, and st ructura l features favorable for uranium minera l izat ion. Field

ve r i f i ca t i on could be done by BFEC or USGS personnel working j o i n t l y with Los

Alamos National Laboratory representatives.

Refine Classification Scheme

Even though it is obvious in this report that both subtle and precise

information can be extracted from the integrated data sets, the exact

relationships between individual data sets, their influence upon other data

sets, and the contribution each makes to a classification scheme has not yet

69



been examined. The purpose of t h i s r epo r t was only ' o develop the methodology

necessary to take data sets in var ious forms and i n teg ra te them in to one large

data s e t . Now tha t data sets have been se lected and i n teg ra ted for the

Montrose quadrangle, f u r t h e r ana lys is r ou t i nes are very cost e f f e c t i v e . We

suggest t ha t re f inement o f i n t r a - d a t a - s e t r e l a t i o n s h i p s fo r uranium m i n e r a l i -

za t i on now be emphasized.

For example, we could incorpora te the four Landsat bands. Re la t ionsh ips

between Landsat imagery and the other sets then can be examined. S t a t i s t i c a l

i n f o r m a t i o n , such as f ac to r a n a l y s i s , c l u s t e r a n a l y s i s , or d i s c r i m i n a n t

a n a l y s i s , is r e a d i l y incorpora ted in to the c l a s s i f i c a t i o n scheme by s imply

ass ign ing the respec t i ve in fo rmat ion as a data s e t . For example, each f a c t o r

can be assigned as a data s e t . A gray rep resen ta t i on of f a c t o r scores might

reveal i n t e r e s t i n g r e s u l t s . Subsurface geophysical data and we l l log data

could prov ide a t h i r d dimension i f t h i s data were also i nco rpo ra ted .

Technology Refinement

Although t l v s r e p o r t presents a p r e l i m i n a r y c l a s s i f i c a t i o n scheme fo r

uranium m i n e r a l i z a t i o n of two areas in the Montrose quadrangle , several "bugs"

need to be smoothed out as t h i s program develops. One problem involves

d i g i t i z a t i o n and c l a s s i f i c a t i o n of the geologic map. Current methodology not

on l y is time consuming, but the d i g i t i z e d map has requ i red prec ise t d i t i n g

before i t was acceptab le . About f i v e man-months were spent on prepar ing the

Montrose geologic map.

Because much of t h i s technology is new, there are a lso several ways to

increase the e f f i c i e n c y o f the o v e r a l l program. One way is by r e w r i t i n g

a lgo r i thms such t h a t they can do the same amount o f work but in a more l o g i c a l

and smal le r time f rame.

Other Suggestions

I t has become apparent dur ing t h i s study t h a t an i n teg ra ted data set

provides a weal th o f in fo rmat ion no one data set can supp ly . Consequent ly,

the methodology can be app l ied to any requ i red c l a s s i f i c a t i o n scheme.

Po ten t i a l uses inc lude s t r a t e g i c mineral resource assessment, nuclear-weapons

t e s t i d e n t i f i c a t i o n and v e r i f i c a t i o n , na tu ra l -hazards a n a l y s i s , and e n v i r o n -

mental impact a n a l y s i s .
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SUMMARY OF MAJOR RESULTS

This repo r t describes a DIRS (Data In tegrat ion/Remote Sensing) program

developed at Los Alamos Nat ional Laboratory tu i n teg ra te var ious large geo-

l o g i c a l , geochemical, and geophysical data bases w i t h remote ly sensed data f o r

the Montrose 1° x 2° quadrangle, Colorado. The pr imary purpose of the p ro jec t

was to i d e n t i f y in the computer, areas favo rab le f o r uranium m i n e r a l i z a t i o n in

the Montrose quadrangle. C l a s s i f i c a t i o n schemes descr ibed are based on t e s t

areas from the Cochetopa and Marshal l Pass uranium d i s t r i c t s . Several reg ions

tha t seem to conta in some p o t e n t i a l f o r uranium m i n e r a l i z a t i o n are i d e n t i f i e d .

However, d e t a i l e d examinat ion o f se lec ted data sets and data set i n t e r v a l s

( e . g . , the techniques of Beyth et al , 1980a and b \ must be coupled w i t h f i e l d

v e r i f i c a t i o n to v a l i d a t e these areas as t r u l y favarab le fo r uranium m i n e r a l i -

z a t i o n . The techniques necessary to d i g i t i z e , r e g i s t e r , and i n t e g r a t e m u l t i p l e

data sets fo r a 1 km g r i d r e s o l u t i o n are desc r ibed .

Basic Procedures Followed in Developing C l a s s i f i c a t i o n Schemes

1. Geochemical data were compiled from 3965 sample l oca t i ons from Broxton

et al (1979) and Maassen (1980). Twenty-two elemental analyses f o r each

sediment l o c a t i o n , uranium analyses fo r wate rs , and U/Th r a t i o s are

i n c l uded . The elemental concent ra t ions were i n t e r p o l a t e d to a 1-km

rec tangu la r g r i d by un ive rsa l k r i g i n g .

2. Airborne radiomet>-ic and aeromagnetic data were compiled by geoMetrics

(1979a and b) . Dig i ta l tapes contain the raw spectral data and magnetic

data. F l i gh t - l i ne data was smoothed and subsampled by an automated

kr ig ing procedure depending on the s ignal - to-noise r a t i o . These kriged

estimates were then interpolated onto the 1-km rectangular gr id much as

for the hydrogeochemical data.

3. About 90 uranium occurrences (compiled predominantly from Nelson-Moore

et a l , 1978) were d ig i t i zed and assigned a UTM coordinate. Each occur-

rence could then be iden t i f i ed by gr id ce l l in the 1-km rectangular g r i d .



4 . The 57 geologic format ions of Tweto et al (1976a) were combined i n to 13

un i ts (Table V). A mylar t ransparency, scale 1:250 000, was made,

photographed, and d i g i t i z e d . Each g r i d c e l l fo r the 1-km rec tangu la r

g r i d was then c l a s s i f i e d as be longing to one of the 13 geologic u n i t s .

5. A Landsat 2 tape (October 1978) was geomet r i ca l l y cor rec ted and rubber

sheet t ransformed to f i t the Montrose 1° x 2° quadrangle. Landsat

bands 4 through 7 were resampled to both a 1-km and 100-m r e s o l u t i o n .

6. A l l data s e t s , in a l l poss ib le combinations of t h r e e , were examined by

u t i l i z i n g the Colorrocks Routine and a co lor m i c r o f i l m o u t p u t . The

r e s u l t a n t 35-mm s l i des were v i s u a l l y examined fo r p o t e n t i a l c o r r e l a t i o n s

between respec t i ve data sets according to the ru les of co lo r a d d i t i o n

(Table V I ) .

7. Subsets of data were examined for selected test areas, for each 1-km grid

cell, utilizing the Sort Routine.

8. Various statistical routines (including basic statistics, cumulative

frequency, association by variable, and factor analysis) were run for

both the entire data set and respective ph>siographic/geochemical

prov inces.

9. Two classification schemes were developed for uranium mineralization; one

scheme is based on criteria selected from test areas containing known

uranium occurrences in the Cochetopa uranium district. The other scheme

is based on criteria selected from test areas in the Marshall Pass

uran ium distr ict.

10. The results of the classification schemes were evaluated.

Major Achievements of this Program

1. Geological, geochemical, and geophysical data, including satellite

imagery, in the forms of point data, data already in digital form, map
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information, ana tabular information we re registered to a UTM boundary of

the Mont^ose 1' x 2" quadrangle. All data were digitized and compiled

into one data base, and codes were developed to extract data for any area

of interest. Since the majority of the algorithms necessary to transform

tne data into an acceptable format are now available, almost any number

of comparable data sets can be quickly and cost effectively prepared for

other 1c x 2" quadrangles.

2. Classification schemes for potential uranium mineralization were

developed for test areas for both the Cochetopa and Marshall Pass uranium

districts. The general classification scheme is adaptable for similar

purposes, e.g., one can a classify areas of potential copper minerali-

zation by using known copper deposits as test areas.

3. Subsequent to the development of our classification schemes, we have

••xtended our data structure by repacking the data to accommodate addi-

tional data sets. This repacking allows both simultaneous access to all

-registered data sets and very cost effective manipulation of tne

integrated d * V .

4. The methodology developed allows rapid and efficient resource evaluation

on a reconnaissance scale. Data integration not only makes obvious

information readable, but also enhances subtle relationships in the data

that were not anticipated.
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APPENDIX A

The f o l l o w i n g "h'sts the g r i d c e l l coord inates ;ror each coded uranium
occurrence. The occurrence l oca t i ons are shown in F i g . 4 and descr ibed in
Table I . The code is as f o l l o w s .

The f i r s t three d i g i t s r e f e r to the host rock as def ined by Nelson-Moore
et a l , 1978. A 100 is an igneous or metamorphic hos t ; a 200 is a sandstone,
arkose, conglomerate, s i l t s t o n e , or lake sediment; a 300 i s a sp r ing depos i t
or ground water occurrence; a 400 designates a c o a l , sha le , or l imestone h o s t ;
500 is undetermined. The f o u r t h d i g i t i d e n t i f i e s the county.

1 = Delta
2 = San Miguel
3 = Ouray

The fifth and
et al (1978).

sixth
The pi

4 = Hin^dale
5 = Gunnison
6 = Saguache

digit are location
xel coordinates are

line second (119 maximum).

Grid Cel
Code Number

100304
100402
100403
100405
100406
100502
100505
100506
100508
100509
100510
100511
100512
100514
100516
100517
100518
100519
100520
100521
100523
100525
100526
100525
100526
100527
100601
100603
100605
100608

io1umn

34
49
43
51
60
80
86
124
76
78
78
108
81
80
83
127
78
83
81
105
85
73
75
73
75
63
123
150
111
164

1 Grid Cell
Line

39
10
7
11
6
43
32
62
45
43
49
85
40
41
40
103
40
40
52
95
42
48
43
48
43
68
36
32
47
46

numbers from
given column

Code Number

100609
100610
100618
100620
100621
100626
100630
100637
100639
100640
100641
100642
100646
100649
100704
100705
100710
100712
100713
100717
100718
100720
100722
200214
200501
200503
200504
200515
200524
200602

7 = Chaffee
8 = Park

Plate 7 of
first (179

Grid Cell
Column

111
105
153
109
152
166
109
155
116
118
140
116
120
167
162
158
157
176
177
141
141
174
171
4
52
143
143
151
116
148

Nelson-Moore
maximum) and

Grid Cel1
Line

37
35
45
38
45
38
42
48
23
24
23
33
33
37
109
61
77
94
72
112
112
98
101
6

103
59
60
50
56
47
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Code Number

200606
200611
200615
200615
200617
200619
200623
200631
200635
200636
200638
200644
200645
200646
200801

Grid Cell
Column

149
152
174
110
149
112
110
113
120
120
133
107
107
114
171

Grid Cell
Line

47
48
24
38
48
43
37
45
49
46
49
43
46
44
110

Code Number

300101
300102
300103
300104
300105
300106
300311
400312
400522
400627
400708
400803
500507
500651

Grid Cell
Column

18
36
10
11
24
25
31
30
136
152
151
172
105
92

Grid Cel1
Line

93
98
93
92
91
90
7

11
74
47
61
109
105
33
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Al Aluminum

L

As Arsenic



Ba Barium

C a C alciu m

39



C e C erlu m

Co Cobalt

90



Cr Chromium

Cu Copper

91



Dy Dysprosium

Fe Iron

92



~l
Hf Hafnium

K Potassium



Mn Manganese

94



Sc Scandiu m



Ti Titaniu m



Us Uranium (in sedim ents)



Zn Zinc



U/Th U/Th ratio



eU Equivalent Uranium



M ag A ero m agnetic



Ls5 Landsat Band 5



Ls7 Landsat Band 7
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•ARIUM IN SEDIMENTS* MONTROSE

STATISTICS FDR CRYSTALL.

NUMBER np POINTS USED
BELOW DETECTION LFVEL

RANGE 152.00
MEDIAN 655,00
LOVER OUARTILE 5**.00
(JBPE8 OUARTILE 768.00
90TH 696.00
95TH 989.00

STATISTICS FOR PLATEAU
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NUMBER AELOW DETECTION LEVEL

196«0. RANGE 172.00
MEDIAN 570.00
LOHFR OUARTILE *70.00
UPPFR OUARTILE 692.00
90TH 801.50
95TH 666.00

*02

122*.0

AVERAGE
s.n.
MEAN
MFAN
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STATISTICS FOR ALL POINTS
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28P6.6
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CALCIUM IN SEDIMENTS, MONTROSE

STiTISTICS FOR CRY5TALL.

NU"«ER POINTS USED 2306
NU«BFR BELOW DETECTION LEVEL 1 *

RANKS
MEDIAN
LOWER OUARTILE
OPPFR OUABTILE
90TH
95TH

AVERAGE
S.D.
MEAN • S.D.
MEAN • 2»S.D.
MEAN • 3*S.O.
MFAN • 4*S.D.
MEAN • 5*S.D.

603.00
17300.
12330.
23660.
33010.
40825.

21001.
19079.
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5915B.
78737.
97316.
.11639F+06

STATISTICS FOR PLATEAU
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NU-UFR BELnw DETECTION LEVEL 1
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"FAN 4

S.D
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.D.

!D!
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STATISTIC? FOB VOLCANIC

Of POINTS USED 110?
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RANGE
MEDIAN
LOWFR
U»PFR
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95TH
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AVERAGE

s.n.MEAN •
MEAN •
MEAN •
MEAN +
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S.D.
2*S.O.
3*S.D.
4*S.D.
5»S.O.
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16040.
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25610.
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33736.
46843.
59050.
73057.
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STATISTICS FOR ALL POINTS

NUMBER OF POINTS USED 3905
mj»*rp BELOW DETECTION LFVEL 37

,l«!020F*06 BANGE 603.00
MEDIAN 17995.
LOWER OUARTILE 12365.
UPPFR OUARTILE 25215.
90TH 35805.
95TH 48725.

224*0.
20592.
43072.
63664.
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.12544E«06

S.D.
"EAN • S.D.
MEAN • 2»S.D.
«EAM • 3«S.D.
MEAN • 4*5.0.
MEAN • 5*S.D.
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CF.R1JM IN SEDIMENTS* MONTROSE

STATISTICS FOR CRYSTALL.

NUMBER OF POINTS USED 2319
NJMBER BELOW DETECTION LEVEL

RANGE
MEDIAN
LOWER
UPPER
90TH
95TH

O U A R T I L E
Q U A R T I L E

AVERAGE
S . D .
MEAN <
MEAN'
MEAN <
MEAN <
MEAN <

i i A T I S T I C b

NUMBER OF

S . D .
• 2 » S . 0 .

3 » S . D .
• * » S . D .

5»S.D.
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123.00
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178.00
2 6 * . 0 0
330.50

1 5 1 . e<?
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303 .It
«5«.<.7
605.76
757 .0*
•JOB.33

FOR VOLCANIC

POINTS USED
NjMBER BELOW DETECTION LEVE

RANGE
MEDIAN
LOWER
UPPER
9 0 T H
95TH

OUARTILE
OUARTILE

AVI RAGE
S.I.
MEAS •»
MEAN 4
MEAN *
MEAN 4
I E AN •

S.D.
2*S .D .
3»S.D.
* * S . 0 .
S*S.O.

33.000
92.500
75.000
119.00
150.50
171.50

103.44
50.909
15* .3 i
205.25
256.16
307.07
357.96

*690 .0

1 2 1 3

1CCK.0

STATISTICS FOR PLATEAU

NUMBER OF POINTS USED
NUMBER BELOW DETECTION LEVEL

RANGE B.OOOC
MEDIAN 6 7 . 5 0 0
LOWER OUARTILE 5 3 . 0 0 0
UPPER QUART H E 7 6 . 0 0 0
90TH 9 2 . 0 0 0
95 TH 102.00

AVERAGE 71.222
S.O. 70.357
MEAN • S . D . 1 * 1 . 5 8
MEAN • 2 * S . D . 2 1 1 . 9 4
MEAN • 3»S.D. 262.29
MEAN • * » S . O . 3 5 2 . 6 5
MEAN • 5 * S . D . * 2 3 . 0 1

S T A T I S T I C S FOR ALL POINTS

NUMBER OF POINTS USED
NUMBER BELOW DETECTION LEVEL

RANGE 8.000C
MEDIAN 100.00
LOWER OUARTILE 73.000
UPPER OUAfiTILE 1*9.00
90TH 220.00
95TM 289.50

AVERAGE
S . D .
MEAN
MEAN
MEAN
MEAN
MEAN

4-

•
•
•

S.O
2»S
3»S
• • S
5»S

•
. 0 .
. 0 .
, D .
• D .

128.61
125.03
253.63
378.66
503.68
629.71
753.7*

1394.0

39*1
2

469D.0
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C H R O r i U H I N S E L I M E N T S * MONTROSE

S T A T I S T I C S FOB C R Y S T A U .

NU1BES OF POINTS USED 2 2 1 0
NJM3ER BElOK D E T E C T I O N LEVEL 1 1 1

RANGE
MEDIA«

LCWE8
UPPER
90 TH
9 5 T H

(
OiJAR TILE
QUART I L E

AVERAGE
S . D .
M£AK
I E AN <
* f AN
ME AN <
PEAK

• S .1

2»S
• 3 » S

<<*S
• 5 » S

a

. 0 .
. 0 .
.0.
.D .

10 .000
• 8 . 0 0 0
36.000
66.000
95.0C0
12* .00

5 7 . 2 * 9
36.613
93 .862
1 3 0 . W
167.09
203.70
2<.0.31

tlfc.00

S T A T I S T I C S FOR V D L C A M C

NU1BER OF P O I N T S USED 1 0 6 0
NJM9ER B E L O K D E T E C T I O N LEVEL 1 5 3

RANGE
MEDIAN
LOKFR
U»PER
90TM
95TH

OUARTILE
0UART1LE

AVERAGE
5 . D .
1EAN *
>1fcAH •
KEAS +
MEAN *
MEAN *

S . D .
2»S.D.
3 * S . D .
<»»S.D.
5»S.D.

10.000
32.000
25 .000
<il . 5 0 0
56.000
67.000

35.915
18.10*
5*.023
72.131
90.238
106.35
126. «,5

224 .00

S T A T I S T I C S FOR PLATEAU

NUMBER OF POINTS USED
NUMBER BELOW DETECTION LEVEL

RANGE
MEDIAN
LOWER
J P P ER
90TH
9 5 T H

OUARTILE
OUARTILE

AVERAGE
S . D .
MEAN 4
MEAN 4
MEAN
MEAN '
MEAK

> S . D .
2 * S . D .

» 3«5 . D .
• • • S . D .
• 5 » S . D .

13.000
•l.COC
3* .000
53.000
65.900
71.500

•• •191
17.263
61 . •$ •
78.716
95.981
113. 2^
120.51

• 03
6

217.00

S T A T I S T I C S FTR ALL P O I N T S

NUMBER OF POINTS USED 3 6 7 3
NUMBER » E l O » D E T E C T I O N LEVEL 2 7 0

RANGE
MEDIAN
LOwfR
UPPER
90TH
95TH

OUARTILE
OUARTILE

AVERAGE
S . O .
MEAN •
MEAN •
MEAN •
MEAN •
MEAN •

S.O.
2»5
3»S,
• •S
5»S.

•

.D.

. 0 .

. 0 .

. 0 .

1C.000
•2.000
31.000
58.500
eo.ooo
108.00

•9.659
32 .033
81.692
113.72
l*-». 76
177.79
209.82

6 1 6 . 0 0
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CO*ALT IN SEDIMENTS,

STATISTICS FOB CRYSTHl. STATISTICS FOP PLATEAU

NU"BFR

RANGE
"EDIAN

90TH
95T*

POIK'TS USED
BEL"W DETECTION LEVEL

1.7000
11.100
6.5300

18 .^50
21.«>00

12 .033

2299
21

53.100

OUARTILE
OUARTILE

AVERAGE
S . O .

"EAN

S . C .
2 « S . D .
3 » S . D .

5 » S . O .

17.526
23.01'9
28.51?
3*.D05

STATISTICS FOR VOLCANIC

m i x e s I P eniNTS USED
NU«*ER BELOW DETECTION LEVEL

1 . 6 0 0 0 10P.10
"EDTAN
LOWFR !
UPPER 1
9 0 T "
9 5 T "

:UAFT
JU*RT

AVFRAGE
s . o .
"EAN •
"EAN *
"EAN *
"EAN •
"EA* •

S . D .
2 * S .
3 » S .
4 » S .
5»S.

ILE
ILF

0 .
D.
D.
D.

11.000
8. '000
14.700
19.050
23.050

12.53?
7.2141
19.752
26.966
34.180
41.394
48.608

NU"1ER nr
NU^IER *EL

R A N C- E

"EDIAN
LOWER
UPPFR
9 0 T H

95TM

POINTS USEO 4 0 9
OW DETECTION LFVEL 0

OUARTILE
OUAhTUE

AVERAGE
S . D .
"EAN •
"EAN •
"EAN *
«E»N *
"EAN •

STATISTICS

•*U"%ER nc

s.r .
2 * S . D .
3»S.O.
4»S.O.
S*S.D.

3.7000
9.0D00
7.4500
12.100
15.500
19.800

1O.M"7
f.1194
16.806
22.926
29.045
35.164
41.284

FOR ALL POINTS

POINTS USED 39:6
NU"»F» §ELDK DETECTION IFVEL 26

RANGE
MEDIAN
LOWER
U0 BER
90TM
95TM

OUARTILE
OUARTILE

AVERAGE
S.D.
"EAN «
«EA»' •
"EAN 4
MEAN •
".EAN •

S.D.
2*S.D.
3*S.D.
4»S.D.
S*S.D.

1.6000
10.900
8.4300
14s?00
18.550
21.950

12.04?
6.1584
18.207
24.365
30.524
36.61?
42."40

108.
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COPPER IK SEDIMENTS, flONTHOSE

STATISTICS FOR 0 TSTALL.

! OF POINTS USED
* B E l O * D E T E C T I O N LEVEL
ANGE 1 0 . 0 0 0

MEDIAN 3 2 . 0 0 0
IDwER QJARTILE 2 4 . 0 0 0
UPPER 0UART1LE 4 5 . 0 0 0
9C7.< 6 5 . 0 0 0
95TH 1 1 1 . 0 0

2236
47

AVERAGE
S.D.
MEAN
MEAN
nEAK
nt AN

S . D .
2 » S . D .
3 * S . D .
4 » S . D .
5 » S . O .

6 1 . 9 6 5
2P1 . 22
3 4 3 . 1 8
6 2 4 . 4 0
9 0 5 . 6 2
1 1 6 6 . t
1 4 6 6 . 1

RANGE
1ED1AN
LOYFR 0UABT1LE
UPPER OUARTHE
90 TH
9 5TH

AVERAGE
S . D .
MEAN • S . D .
MEAN • 2 » S . D .
MEAN
MEAN
MEAN •

3 * S . D .
4 * S . D.
5 * S . D .

1 0 . 0 0 0
29.000
22.000
36.000
53.000
94.000

63.?ee
236.43
300.22
536.65
773.07
1009.5
J245.9

1 0 3 5 8 .

S T A T I S T I C S FOR VOLCANIC

NJfiBER CF P O I N T S USED
eELDh D E T E C T I O N LEVEL

UOO
13

4 3 3 9 . 0

S T A T I S T I C S FOR PLATEAU

NU1BER OF P O I N T S USED
BELOW D E T E C T I O N LEVEL

RANGE
" E D I A N
LOKER Q U A R T I L E
UPPER O U A R T K E
9 0 T H
9 5 T H

AVERAGE
S . D .

1EAN
MEAN
MEAN
MEAN

S . D .
2 * S . D .
3 * S . O .
4 * S . 0 .
S * S . D .

11.000
27.000
23.00C
34.000
47.000
72.500

4 0 . 6 0 7
1 3 0 . 8 9
1 7 1 . 7 0
3 0 2 . 6 0
433.4<S
5 6 4 . 3 9
6 9 5 . 2 6

STATISTICS FOR ALL POINTS

NJMBER OF POINTS USED
NUMBER «ELOW DETECTION LEVEl

405
4

RANGE
MEDIAN
LONER
UPPER
90 TH
95TH

AVERAG
S . D .
WEAK •
MEAN *
MEAN •
MEAN •
MEAN •

OUiKTIlE
OUARTILE

S.C.
2*S,
3»S.
4*S,
5«S,

, D .
, 0 .
, D .
, D .

10.000
30.000
23.000
41.000
61 .000
99.00C

60.304
255.60
315.90
571.50
827.10
1082.7
1338.3

24J&.C

3841
64

10358.
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DTS'ROSIUM IN SEDIMENTS. MONTROSf

S TA TI STICS FDR CRTSTAU .

NUMBER OF POINTS USED 2306
NUMBER BELOW DETECTION LEVEL 12

. 7 0 0 0 0
6 . 9 0 0 0
5 . 1 0 0 0
10 .40C
1 4 . 6 5 0
1 8 . 9 0 0

AVERAGE 8 . 5 9 1 2
S . D . 6 . 1 5 3 7
MEAN + S . D . 14 . 7*5
MEAN • 2 * 5 . C . 20.6:95
MEAN + 3 * S . O . 2 7 . 0 5 2
MEAN + 4 » S . O . 3 3 . 2 0 b
MEAN • 5 * S . D . 3 9 . 3 6 0

RANGE
ME3IAN
LOWER OUARTUE
UPPER OUARTILE
90TH
95TH

117.50

STATISTICS FOR PLATEAU

NUMBER OF POINTS USED
NUMBER BELOW DETECTION LEVEL

RANGE
MEDIAN
LOWER OUARTILE
UPPER OUARTILE
90TH
95 TH

S.D .

AVEPAGE
S.D .
MEAN
MEAN • 2 * S . D .
MEAN • 3 * S . D .
MEAN + 4 » S . D .
MEAN • 5 * S . D .

1 .2000
3 .8000
3 .4000
4 . 2 3 0 0
5.000C
6 .2500

4. 1909
3 .6406
8.0315
11 .872
15 .713
1 9 . 5 5 3
2 3 . 3 9 4

408
1

75.*>00

S T A T I S T I C S FDR VOLCANIC

OF P O I N T S USED
NUMBER BELOW D E T E C T I O N LEVEL

RANGE
M E D I A N
LOWER O U A R T I L E
UPPER Q U A R T I L E
9 0 TH
9 5 T H

AVERAGE
S . 0 .
MEAN • S . D .
HEAN •
MEAN *
MEAN
HEAN

2»S.D.
• 3*S.D.
• 4*S.C.
• 5*S.D.

1.9000
A.4000
3.8000
5.3000
6.5000
7.6000

4.7641
1.9192
6.6B33
6.6024
10.522
12.441
14.360

12 04
10

3 2 . 7 0 0

STATISTICS FOR ALL POINTS

NJMBER OF POINTS USEP 3920
NUMBER BELOW DETECTION IEVEL 23

RANGE
MEDIAN
LOWER
UPPER
90 TH
95TH

OUARTILE
OUARTILE

AVERAGE
S . D .
MEAN •
MEAN *
MEAN •
MEAN •
KEAN •

S.D.
2*S.O.
3*5.0.
4+S.D.
5»S.D.

.70000
5.3000
4.1000
e.oooo
12.100
15.900

6.9577
5.3666
12.324
17.691
23.058
26.424
33.791

117.50
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H A F M U M I N S E D I M E N T S .

S T A T I S T I C S F3R C R Y S T A L L .

NUMBER OF P O I N T S USED 2 3 1 5
NUMBER B E L O * D E T E C T I O N LEVEL

RANGE
MEDIAS
LOHER
UPPER
9 0 T »
9 5 T M

O U A R T I L E
QUART

AVERAGE
S . D .
M E A N
M E A N <
WEAN
ME I S <
M E A N

• 5 .0.
• 2 * S .
• 3 * S .
• * » S .
• 5 « S .

ILE

0 .
D.
D.
D.

1.50CC
13 . 4 0 0
9 . 1 0 0 0
21 . 4 0 0
3 8 . 6 5 0
5 6 . 9 0 0

2 0 . 2 3 1
2 3 . 5 1 7
4 3 . 7 4 8
67 .365
9 0 . 762
1 1 * . 3 0
1 3 7 . 9 2

R A N G E
M E D I A N
L O W ' S

9 0 T H
9 5 T H

AVERA'j
S . D .
MEAN •
MEAN •
MEAN •
MEAN *
MEAN •

O U * t l r I L E
OUABTILE

E

S . O ,
2 »S ,
3 » S .
« » S ,
5 » S .

. 0 .

. 0 .
, D .
D.

3.0000
9.8CO0
7.<.000
13.200
17.300
20.<.00

11.029
5.7*29
16.772
22.515
29.257
34.000
39.7*3

330.00

S T A T : S T I C S F O R V O L C A M I C

N U M B E R OF P O I N T S U S E D
N U M B E R B E l O r f D E T E C T I O N L E V E L

1213

6 * . 2 0 0

S T A T I S T I C S FDR P L A T E A U

NUMBER OF P O I N T S USED
NUMBER B E L O « D E T E C T I O N LEVEL

(•OB
1

RANGE
MEDIAN
LONER OUARTILE
UPPER OUARTUE
90TH
95TH

AVERAGE
S . D .
MEAN
MEAN
MEAN
MEAN • 4 * S . D .
MEAN • 5 » S . D .

S .D .
2*S . 0 .
3* S . D .

2 .6000
7.7000
5 .7000
10.100
13 .700
17 .200

8 . 7 8 9 2
5 .3506

3 0 . 1 9 2

5 1 . 0 0 0

i l A T i S T I C i FOR ALL P O I N T S

NUMBER OF P O I N T S USED
NJMBER BELOW D E T E C T I O N LEVEL

393fc

RANGE
ME01AS
LOWER OUARTILE
UPPER OUARTILE
90TH
95TH

AVERAGE
S . D .
«EAN • S . D .
MEAN • 2 » S . D .
MEAS • 3 » S . D .
MEAN • 4 * S . O .
MEAN • 5 » S . D .

1.5OO0
1 1 . 1 0 0
7 .90C0
17 . 1 0 0
2 8 . 5 0 0
4 3 . 6 5 0

16.209
19.022
35.231
54.253
73.275
92.297
111.32

3 3 D . O 0
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ICON I N S E D I M E N T S *

S T A T I S T I C S F O R C R T S T A L L .

N J W B E R OF P O I N T S U S E D 2 3 2 1

N U M B E R B E L O W D E T E C T I O N L E V E L

RANGE
MEDIAN
LOWER QUART U f
UPPER OUARTILE
9 0 T H
9 5 T H

AVERAGE
S . D .
HE AN •
MEAN1 •
MEAN •
MEAN •
ME AN •

S.D.
2»S . D .
3 * S . D .
* » S . D .

. D .

2 3 6 0 . 0
35350 .
2 5 8 * 0 .
* 8 8 3 5 .
6 6 6 7 5 .
87875.

* 1 5 * 2 .
27098 .
6R630.
9571B.
.12281E*06

. * 2 7 6 0 E * 0 f c

S T A T I S T I C S FOR PLATEAU

NUMBER OF P O I N T S USEC
DUMBER B E L Q * D E T E C T I O N LEVEL

RANGE
MEDIAN
(.OWES O U A f T U E
UPPER OUARTILE
90TH
95TH

5*S .1769EE+06

AVERAGE
S . D .
MEAN
MEAN
MEAN
MEAN
MEAN

• S . D .
• 2 » S . 0 .
• 3 * 5 . D .
• * » S . D .
• 5 * S . D .

4979. C
171*5.
1*120.
23615.
3*630.
*6 *35 .

20960.
12579.
33560.
*6139.
58716.
71296.
83677 .

S T A T I S T I C S FOR VOLCANIC

NUMBER OF P D I N T S USED 1 2 1 3
NUMBER B E L O W D E T E C T I O N LEVEL 0

S T A T I S T I C ; ) FTR ALL P O I N T S

N U M B E R OF P O I N T S U S E D
N U M B E R B E l O w D E T E C T I O N L E V E L

*09
0

.1O22OE*Cfc

39*3

RANGE
MEDIAN
LOWER
liPPER
90TH
95TH

3 U A R T I L E
QUART

AVERAGE
S . D .
MEAN •
MEAN •
MEAN •
MEAN •
MEAN *

S . D .
2 * S .
3 * S .
* * S •

5«S.

ILE

D.
D.
D.
D.

7709.0
28935.
20520.
39800.
5*215.
67570.

33086.
18989.
5 2076.
71065.
9005* .
.1090*E*06
.12B03E+06

.192PCE+06 KANGE
MEDIAN
LOWER
UPPER
9 0 T H
95TH

OUARTILE
3UARTILE

AVERAGE
S . D .
MEAN •
MEAN •
MEAN •
MEAN •
MEAN •

S.D
2*S,
3»S
**S •
5*S,

. 0 .

. D .

. D .

. D .

2360.0
31290.
21610.
* * 7 7 0 .
613*5 .
77500.

36608.
2 * 5 * 7 .
6135* .
65901.
.110*5E*06
•13*99E*06
•1595*E+06
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LEAJ I N S E D I M E N T S .

S T A T I S T I C S FOR C R Y S T A L L .

NUMBER OF P O I N T S USED 2 1 6 2
NUMBER BELOW D E T E C T I O N LEVEL 1 2 1

RANGE
MEDIAN
LOWE*
UPPEP
9 0 T H
95TH

O U A R T H E
OUAPT

AVERAGE
S . D .
MEAN •
HE AN •
WEAN •
M£ AN •
MEAN •

S .0 .
2 » S .
3»S .
* » S .
5 » S .

H E

D.
D.
D.
D.

S.OOCO
2* .000
16.000
40.000

e e . s o o
181 .50

89. 386
*75.95
565 .3 *
10*1.3
1517.2
1993.2
2*69 .1

RANGE
M E D I A N
LOWER
UPPER
9OTH
95TI-

OUAPT H E
OUAKTILE

AVERA-3E
S . D .
MEAN •
MEAN •
MEAN +
MEAN *
MEAN •

S.D.
2*S .
3*5.
* « S .
5»S.

D.
D.
D.
D.

5.0000
16.000
11.000
23.00C
57.000
226.00

, , t 6 B 5
3 * * . 9 *
*1 9.63
76*.57
1109.5
1 * 5 * . 5
1799.*

11481.

S T A T I S T I C S FOR VOLCANIC

NUMBER OF P O I N T S USED 1 0 6 7
NUMBER BELOW D E T E C T I O N LEVEL 1 * 6

5 6 5 1 . 0

J T A T I S T I C S FOR PLATEAU

NUMBER OF P O I N T S USED
NUMBER BEL3W D E T E C T I O N LEVEL

RANGE
MEDIAN
LOWER QUARTILE
UPPER OUARTILE
9 0 T H
9 5 T H

S . D .

AVERAGt
S . D .
MEAN
MEAN • 2 » S . D .
MEAN • 3 » S . D .
MEAN * * * S . D .

5 » S . D .

5.CC00
15.000
11.000
22.000
69.000
1*5.50

2 1 0 . 3 9
2 5 5 . 3 7

6 7 6 . 1 5
6 6 6 . 5 5
1 0 9 6 . 9

3 9 2
2 7

395S.0

MEAN

S T A T I S T I C S FOR ALL POINTS

NJMBER DF P O I N T S USED 3 6 1 1
NUMBER BELOW D E T E C T I O N LEVEL 2 9 *

RANGE
MEDIAN
LOWER OUARTHE
UPPER OUARTILE
90 TH
95TH

AVERAGE
S . D .
MEAN • S . D .
MEAN *
MEAN *
MEAN *

2*S.D.

3*S.O.

*»S.D.

«fc*K • 5»S . 0 .

5.0000

19.0C0

13.000

3*.000

83.000

179.50

60.3**
*19.05

918.**
1337.5
1756.5
2175.6

1 1 * 8 1 ,
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U T H I U *

STATISTICS FOP CRYSTALl. STATISTICS FOR PLATEAU

«U""CB "F
Nu"-rs •?

RAM"?
"Et lA
LnwEP
IJ o P F B
OOT"
O5T"

AVERA
J . D .
»E »*•'
«E »*
MC 4>j

ME AM

"OINTS USEO
l i y DETECTION LFVEL

N

OUAFTILE
OUASTUE

r-E

• S.D.
» 2»S.D.
• 3«S.D.
• 4»S.D.
• 5»S.O.

1.0000
42.000
32.000
50.000
67.300
80.000

4 3 . • 1 0 0
19.05?
62.451
81.503
100.5b
H 0 . M
13".66

.CO

MI|M4Cfi TC B Q l ' - T S USED
NU«">ER " E l O w D E T E C T I O N I E V F I

t A " G E
•<FOI AW
Ln«F« OUAPTILE
ijoofR OUARTUE
OOT"
05TH

AVERAGE
S . D .
"EAN • S . D .
MEAN * 2 * S . D .
"EAN • 3 » S . o .
HEAN * 4 * S . O .
1EA». • 5 * S . D .

6.0000
34.000
24.000
50.000
65.500
76.000

36.746
19.T70
56.516
78.287
98.057
117.§3
137.60

10* .0"

STATISTICS FOR VOLCANIC

Nl!«pfR op POINTS USEO
NUMBFR flF|.rn DETECTION

2.0000
27.000

OUAPTILE 20.000
U">PCP QUARTILE 37.000
QQT" 45.000

40.000

21.577
51.3*7

116.10
137.^P

1201
1?

S . D .
• S . P .
• 2 * S . O .
• 3 » S . O .

• I f i N • * » S . O .
• 5 » S . O .

STATISTICS FOB All »OIKTS

Nl!««fP OF POINTS USEO
MU-1EP "(ELIw TETECTION LFVEL

PANGE
"EDIAN
LOKFP OUAPTILE
UCPEV OUARTHE
O0TM
O5TM

AVERAGE
s.n.
"EAN • S.D.
"fAS' * 2»S.O.
« f*» • 3*5.D.
M V • 4*5.0.
»EAH • 5VJ.D.

1.0000
37.000
25.000
47.000
62.000
74.000

3B.700
20."53
JO.562
90. 41?
101.27
12?.1?
14?.07

3801
15
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STATISTICS f t 'r- ' A l l . STATISTICS Cf~w m i

NUMBER CF n | M ( I' * '
NUMBER a E l O O E T c r r 1

« A \ C E
1 f. 0 I A N
( . 0 . t B O ' i » 6 T ' | f
J P ? t B Q U J P T l !

v O T "
95T-"

A v 11 A :• f
S . L .
1 f * » . • r . ^ .

M E A l . • ' • " . " .

"<£•*• • 3 * 5 . r .
* * r t * « < • • * ; . ~ .
» { * - . « * • < • . - .

S T A T I S T ; : : r - c > . - > i - i

: n
tn»- LE V F L

T f 7 . J O
s i r . c :
"* "* t ' [

1 ' <! 1 . i
1 *• 5S . 0
1 " •> 0 . 0

n ; t . <;
7 ? 3 . i •:
5 7 t s i . 1

? ! ? 3 . 7

' " C 3 . C
4 <- ' .V . 3

' J C ! r p

a A

J D

^ J

b * I

D i d
• c p

P £ S ^ i

( " l i e

I C T ' l . '

' -> \ Lf
1 1 7 .
9 ° S .
7 1 3 .
1 ̂  it

"371

Vfcl
C C
CC
CC

.c
t

E5 AC-f

> S . f

' " 3 3 , < J
* « - 5 r . i

1 * * 1 0 .

I O . f « c '
O ' . ' A » T T ( f

* • * • . C C C

* K >« . E C
• > : v . c c

11 l L . t

• < ; . '

s . o .

«£ AN •
K( Ah «

" E A N «

S T A T I S T I C S

NJ"et:« PF
MJPBtB fit I

HEDIAN
I 0»f l> 1
U c PE 6 <
50T"
« 5 T H

AVESACI
S . C .
H£ AS *
I E AN •
Wi AN <
* E A*» «

Hf AN *

• > • < ; ! ' - .

^ • s . p .
« • « ; . " .
5 * 5 . r .

I ' U t T ' l I

3'lfBTJI P

S . D .
2 • T r

' * r . n .
<i**i. " .
5 * ̂  . n •

i n
1 C

1 Q

»-)!•:

• t o

3?
*•«.

1?
I 1

1°

I f
IT
?\

33
i f .
c •;

* •

17
e?
<-t
1 j

Tl,

I t

<».
j ^

r t
;« .

53

7 M

27

77

13

\c

.C
• 2
. 3

VEl

CC

cc
.c

c.

, 5

. 7

. 2

. 0

. 7

. 2
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fOTASSIU* IN SEOIHENTS* «f>NT»nSE

STATISTICS

SU-RfB OF
NU""»EB P?L

LHWF9
UPDCR
90T"
95T-J

S.O.
"EA1 •
IE A* •
••E A" •
"EiM •
MEAN 4

S T A T I S T I C S

N U " 9 t c OF

FCR CRrSTALL.

POINTS USED
" W D E T E C T I O N L E V E L

OUABTILE
OUAfTILE

c

S.D.
2»S.O.
3»S.D.

**s.o.
5»S.O.

16310.
23J9O.
2fc*'*0,
2B765.

59
270?'

25116.
303*6.
35657,
*0'?7.
*61P7,

FOB V3LCANJC

PCIKTS USEO
NU-OFB B6LOH D E T E C T I O N LFVF.L

* A N 6 E
iF.ni A M
tow?s

<50TM

95T«

AVEBAG
S.O.
*IE AN *
"E*" •
ME AN *
"E A>J *
f E AW *

5UAPTILE
OUARTILE

F

5.0.
2»S.D.
3»S.O.
**S.D.
5*S.D.

7595.0
16535.
156"'O.
21950.
253*0.
Z76IS0.

Hill;
23769.
28^1*.
33*60.
38306.
*3151.

*?

30

STATISTICS FOB PLATEAU

mj"°FB nF P O U T S USEO
NU"^FB »PL"« DETECTION LEVEL

''EDI AN
LOWFB OUAPTILE
U"PE» OUARTILF
90T"
95T"

fcVEBACE
S.D.
»EAN • S.D.
"EAM • 2»S.3.
"EAN • 3»S.O.
"EAM • **S.D.
MEAN • 5*S ." .

1*900.
13?*5.
17030.
186*0.
19970.

15157.
29«3.6
1 ? 1 * 0.
211?*.
2*107.
27091.
300*5.

<TATI*T1C< FOB ALL POINTS

HU^^FB OF POINTS USEO
NL""BFB DEL^W DETECTION LfVEl

RANGE
•*Ef>T *
L 0 i F 9
U°PER
90T«
95TH

AVERA

s.o.
"JAM
MEAN
MEAN
«E A"
HP AN

H
OUtBTILf
OUAB.TILE

* S.D.
• 2«S.O.
• 3*5.0.

* **s.o.
• 5»S.O.

22*^.0
16620.
15*75.
22?90.
25790.
28125.

19073.
51*2.1
2*215.
29357.
3*500.
396*2.
**78*.

301CT.

77
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SCANDIUM I N S E D I M E N T S ; M0NTR05F

S T A T I S T I C S FOP C R Y S T A L L .

N J M f l E R OF P O I N T S U S E D
N u M E R 6ELOW D E T E C T I O N L E V E L

(UKGE
MED U N
LOfcfcR QUARTILE
UPPER QUARTILE
<?CTH
95 TH

AVERAGE
S . D .
MEAN • S . D .
I f AN * 2 * 5 . D .
"EAN • 3 * 5 . 0 .
* E A r. • <> • S . D.
I E AN • 5 * S . O .

1.0000
1 1 . 40C
8.7000
15.000
I1?. 400
23 .350

12.<.71
5 . 3 6 1 1
17.832
23 .193
2 ? . 5 5 *
33 .916
39.277

• 5 . 1 0 0

S T A T I S T I C S FOR V O L C A N I C

N U « B E R PF P D I N T S U S E D 1 2 1 3
N J 1 B E R B E L O W D E T E C T I O N L E V E L 0

R A N C H 3 . 4 0 0 0
M E D I A N 9 .6000
LOrfER OUARTILE 6 .0000
LpPER OUARTILE 11 .900
90T" 14 .650
95TH 16 .700

AVERAGE 1 0 . 2 7 3
S . D . 3 . 4 2 2 5
T5AN • S . D . 1 3 . 6 9 5
MEAr> • 2 * S . D . 17.118
MEAN • 3 * S . O . 2C.540
MEAN • 4*S.D. 23.963
MEAN + 5 * S . D . 27.365

2 5 . 7 0 0

S T A T I S T I C ; FOR PLATEAU

NUMBER OF POINTS USED
NUMBER e r . O W DETECTION L E V E L

RANGE
MEDIAN
LO-iFR
U*>i>ER
90TH
9 5 T ^

AVERAG
S . D .
MEAN •
MEAN •
MEAN •
MEAN •
MEAN •

OUARTILE
O U A f T I L E

E

S . D .
2 * 5 . 0 .
3 * S . O .
4 * 5 . D .
5 * S . O .

1.
7.
6 .
9 .
11
12

7.
2 .
10
13
15
18
20

8000
7000
2000
0 500
. 30C
. 5 0 0

9499
5672
. 5 1 7
.064
. 6 5 1
. 2 1 '
. 7 6 6

1 6 . 9 0 0

STATISTICS FOR ALL POINTS

NJM6ER OF POINTS USED 3943
NUMBER BELOW DETECTION LEVFL 0

RANGE
MEDIAN
LOhER OUARTILE
UPPER OUAfiTILF.
90TH
9 5TH

AVERAGE
S . O .
MEAN • S . D .
MEAN + 2 * S . D .
MEAN • 3 * S . O .
MFAS + 4 * S . D .
MEAN • 5 * S . D .

1.0000
10.200
8.0000
13.500
17.500
20.950

11.326
4.8472
16.173
21.020
25-86-1
30.714
35.562

45.100
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SELENIUM IN SEPI>TKTS» "C-'TSHSE

S T A T I S T I C S

Ni rBER CF

PCP ALL I

P C I K T S U S E P
N l - H B E R B E L O W D E T E C T I O N

R A N G E
MEDIAK
LOWER
I'PPER
90TH
95TH

OLiA»TILE
O U A R T I L E

AVERAGE
S . D .
HEAN 4
* E * N +
WEAN •
fi. AK •
MEAN 4

S . D .
? * S . C .
3 * S . O .
* * S . P .
5 » S . D .

7 .
C
* «

< ; .

I t
I f

6 .
4 ,

13
17
??
27

31

TS

LEVE
COCO

cccc
cooo
ococ
. 5 0 0
• 5CC

12ZZ
b*t 5
• 3C0
. e<J5
. * 9 ?
. O t f
. 6 5 5

19.000

IK 5 ? D I " E * T J ,
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THORIUM I N S E D I M E N T S * NONTRCSE

S T A T I S T I C S FOR CRYSTAL! . .

NUMBER Of P O I N T S USFO 2 3 1 P
NUMBER B E L O W O E T E C T I O N LEVEL 3

RANGE
M E D I A S
LOWFR
UPPER
9 0 T H
9 5 T H

OUARTILE
QUAhT U c

AVERAGE
S . D .
MEAN
MEAK <
MEAN
MEAN <
MEAN

• S . 0 .
• 2 * S . D .
• 3 » S . C .

4 » S . D .
• 5 » S . D .

1.6000
15.500
9.8000
26.200
46.75 0
62.600

23.56P
32.452
56.021
8 6 . 4 7 3
120 .93
153 .36
165.S 3

S T A T I S T I C S F O k V O L C A N I C

NJMBER DF P ' I N T S USED
N U M B E R B E L O W D E T E C T I O N L E V E

»ANGE
M E D I A *
LOWER
UPPER
9 0 T H
9 5 T H

)

O U A P T I L E
Q U A h T I L E

AVERAGE
S . D .
MEAN 4
MEAN <•
MEAN •
MEAN 1

S.D.
2 * i .D .
3»S.D.
4»S . 0 .

3.0000
10.BOO
8.6000
13 .800
17 .000
19 .000

11 .692
6 . 5 8 3 1
16.275
24 .859
31 .442
3e .O25

9 9 9 . 0 0

1213

1 78 . 1 0

S T A T I S T I C S FDR PLATEAU

NUMBER OF P O I N . j USED
NUMBER * E L O K D E T E C T I O N LEVEL

*ANGE
MEOIAS
LOWER OUARTILE
UPPER QUARTILE
9 0 T H
95 TH

AVERAGE
S . D .
MEAN • S . O .
H t A S • 2 » S . D .
MEAN
MEAN
ME AN

• 3*S.

* 5 * S ,

l.BOOO
9.4000
8.3000
lo.eoo
12.550
14.150
9.6154
3.1103
12.926
16.036
19.146
22.257
25.367

S T A T I S T I C S FOR A L L P O I N T S

N U M B E R OF P O I N T S U S E D
N J M B E R BELOW D E T E C T I O N L E V E L

409
0

RANGE
MEDIAN

LOWER O U A R T I L E
UPPER OUARTILE
90TH
95TH

S . D .

MEAN 4

AVERAGE
S . D .
MEAN
MEAN • 2 » S . D .
MEAN • 3 * S . D .
HEAK • 4»S . 0 .
MEAN • 5 » S . D .

1.6000
12.100
9.000C
19.300
35.IOC
50.000

16.464
25.904
44.369
70.293
96.196
122.10
146.01

36 .003

3940
3

999.00
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T I T A N I U M I N S E D I M E N T S * MONTBOSE

S T A T I S T I C S FDR CRYSTALL .

NUMBER DF P O I N T S USED 2 3 6 2
NUMBER BElOW D E T E C T I O N LEVEL 3 8

S T A T I S T I C . ! FOR PLATEAU

RANGE
MEDIAN
LOWER
UPPER
90 TH
9 5 T H

OUABTILE
OUARTILE

AVERAGE
S . D .
MEAN <
MEAN
MEAN t
MEAN
MEAN <

^ S . D .
^ 2 » 5 . D .
> 3 « S . D .
• * » S . D .

• 5 * S . D .

1 0 7 3 . 0
* * 1 * . O
3 5 0 9 . 0
5 76 7. 0
7 8 5 5 . 5
9 7 7 1 . 5

* 9 9 1 . 3
2 3 * 1 . 1
7 3 3 2 . *
9 6 7 3 . 5
1 2 0 1 5 .
1*356.
16697 .

i T A T I S T I C S FOR VOLCANIC

NUMBER OF P O I N T S U S E D
N U M B E R BELDW D E T E C T I O N L E V E L

RANGE
MEDIAN
LOWER
UPPER
90TH
95TH

OUARTILE
OUARTILE

AVERAGE
S . O .
MEAN •
M£ AN •
MEAN •
MEAN •
MEAN *

S . D .
2 * S . D .
3»S . D .
• * S . D .
5 * S . D .

1886.0
«623.0
3827.0
5879.0
7538. 0
9639.0

5175 .3
2168.0
73<i3. 3
9511.3
11679.
136<t7 .
16015.

233*0 .

1190
23

2 0 9 7 0 ,

ER OF P O I N T S USED
fcR B E L O W D E T E C T I O N L E V E L
RANGE
MEDIAN
LOWER
UPPER
90 TH
95TH

OUABTILE
OUARTILE

AVERAGE
S . D .
MEAN <
MEAN
MEAN <
MEAN
MEAN <

> S . D .
• 2 » S . D .

3 * S . D .
• * » S . D .

5»S.D.

1761.0
3606.0
3007.5
*5O5.O
5731.0
6703.5

3930.9
1376.9
5309.6
6 6 P 9 . 6
6067.5
9**6.*
1 0 6 2 5 .

* 0 *
5

S T A T I S T I C S FOR ALL POINTS

NUMBER OF P O I N T S USED
NUMBER BELOx D E T E C T I O N LEVEL

RANGE 1 0 7 3 . 0
MEDIAN 4 * 0 4 . 0
LOWER OUARTILE 3521.5
UPPER OUARTILE 5666.5
90TH 7535.5
95TH 9356.5

AVERAGE * 9 3 7 . 2
S .D . 2 2 3 * . 0
MEAN • S.D. 7171.3
MEAN * 2 * S . D . 9 * 0 5 . 3
MEAN • 3»S.O. 11639 .
MEAN • * » S . D . 13873.
MEAN • 5»S.D. 16107 .

10190.

!67t
66

233*C.
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I N S E D I M E N T S . HONTHOSf

S T A T ] S T I C S F O B C P Y S T A L L . S T A T I S T I C S F O B P L A T E A d

CF P O I N T S U S E D
N U M B E R B E L O W D E T E C T I O N L E V E L

2 3 2 1

KANGE
MEO I A S
L3WER
UPPE»
9 0 T H
9 5 T H

OUAS

AVERAGE
S . D .
M£ AS <
MEAN
ME AN
MEAN
MEAN <

• S . O
• 2 * S
• 3 * S
• 4 * S
• 5 * S

T ILE
TILF

,
. D .
. 0 .
. 0 .
. D .

. 9 4 3 0 0
7 . 0900
4 . 3 0 0 0
1 5 . 1 9 0
3 1 . 5 0 5
4 9 . 3 4 5

1 4 . 9 2 3
2 4 . 5 1 1
3 9 . 4 3 4
6 3 . 9 4 5
6 9 . 4 5 7
1 1 2 . 9 7
1 3 7 . t e

3 5 9 . * 0

NUMBER 0E POINTS USED
NJMBER SELOw DETECTION LeVEl

R ANGc
MEDIAN
LOWER
UPPER
90 TH
95TH

OUARTILE
0UARTUE

AVERAGE
S . O .
IE AN <
MEAN
MEAN i
MEAN
MEAN 4

' S .O.
• 2 * S . D .
• 3 « S . O .
• 4*S . 0 .
• 5 « S . O .

1 . 6 3 0 0
3 . 5 6 0 0
3 . 0 9 5 0
4 . 1 0 5 0
4 . 8 6 5 0
5 . 3 8 0 0

3 . 6 7 e 9
. 9 3 3 0 1
4 . 6 1 1 9
5 . 5 4 4 9
6 . 4 7 8 C
7 . 4 1 1 0
6 . 3 4 4 0

409
0

o . 4 0 0 0

S T A T I S T I C S F O R V 3 L C AN I C S T A T I S T I C S F O R A L L P O I N T S

O f P O I N T S U S E S
N J M B E R " E L D W D E T E C T I T N L E V E L

1 J 1 4

RANCE
" E D I A N
LOWE*
UPPER
9 0 T H
95TH

0UA8TILE
QUASTILE

AVERAGE
S . D .
MEAN
ME AN t
MEAN <
MEAN <
nEAN

» 5 . 0 .
2 * 5 . 0 .

• 3 » 5 . D .
4 * 1 . 0 .

• 5»S . D .

1 . 0 2 0 0
3 . 7 4 0 0
2 . 9 1 0 0
5 . 0 0 0 0
6 . 6 4 0 0
e . 4 5 0 0

4 . 5 0 4 9
3 . 4 6 7 5
7 . 9 9 2 3
11 . 4 6 0
1 4 . 9 6 7
i e . 4 5 5
2 1 . 9 4 3

5<?.95O

NUMBER OF POINTS USEO
NUMBER BELOW DETECTION LEVEL

3944

RANGE
f J D I A N
LOWER
UPPER
93TH
95TH

OUARTILE
QUA?

AVERAGE
S . O .
MEAN *
MEAN •
MEAN *
MEAN *
MEAN •

S.D
2*S
3»S
••s
5»S

" H E

•
. 0 .
. 0 .
• D.
. 0 .

.94000
4.BS00
3.4B00
9.2950
21.500
34.960

10.550
19.615
30.165
49.780
69.394
89.009
106.62

359.40
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IN WATER* «n»IT»nSF

STATISTICS FOB CRvSTALL.

NU«"iFR "f POINTS USED 132«
NU«»FR HELOW DETECTION LEVEL 0

RAN^f .lOOOOE-Ol
NCOIAN .62000
LHKER OOARTILE .2»000
U°Pf» OUABTILE l.*200

STATISTICS FQt HATFAU

S.n.
*.(tx -

"EAN

-[in '

• s.c.

• ill'.l'.
• 5»5.D.

^ • 7 ̂ ? 0
11.751

50.720

STATISTICS FOB VOLCANIC

ND-BfR nc

NllwqFR ° c

• A N <\ E
•^EniA
L nWF8
U»OFB
90TH
05TH

°CINTS USED r
.Hw DETECTION LFVU

M

OUARTILE
OUARTlLf

AVERAGE
S.D.

"EA'J '
" f t * <
XFAN i
"F AN '

• 2»S.D.
• 3»S.D.
• *»S.0.
• 5*5.D.

.lOOOOE-Ol

.21000
•100T0
.5100D
.9^000
1 • ̂ 500

• *» *» 5 6 ^
.702*1

1.8505
2.5520
3.2551
3.0577

I*U"I'FR OF

»ANGE
••FOIAN
L1WFR
UD0ER
90T^
95TM

POINTS USfD 260
"W DETECTION LEVEL 0

OUARTUE
OUASTHE

AVFRAGC
S.D.
IE A1- *
P*P AN 4
HE AN 4

IFA*- 4

S.D.
2»S.D.
3*S.D.

**s.o.
5»S.D.

.lOOOOE-Ol
1 a**00

."•oooo
3.9750
10.655
21.1?5

5.0*6*
15.«1?
20.C59
36.670
52.«B2
66.?0*
e*.106

STATISTICS F0« ALL POINTS

nt POINTS USED
•ELD* DETECTION LEVEL 0

.10000E-01 200.

OUARTILE
OUARTUE

<»OTH

S.D.
"EA». 4 S.D.
MEAN 4 2»S.D.

3*5.0.
• *»S.D.
5*S.D.

.10000
1.2100
2.7630

9.07OQ
10.007
19.9<«7
29.067
38.1*7
*7.227

126



VANADIU1 IN SEDI"ENTS» H0NTR1SF

S T A T I S T I C S FOB CR Y S T A L L . STATISTICS FOR PLATEAU

«JU"ilER

RANPE
HEDIAN

LOMfR OUART1LE

UP»E» OUARTILE
9OT»
95Tw

USED 2306
CETECT10N LEVEL 1 *

9.0000
82.000
61.000
111.0c
157.50

s . n .

- P AM

- E A N

S . D .
2 « S . O .

5 » S . D .

•55.0^5
59.110
153.19
211.M
269.43
327.55
381. «>7

S T A T I S T I C S FOR VOLCANIC

N U " ° F R OF POINTS USEC
1 U " ' f ! "FLOW DETECTION L E V F l

RANGE 2 2 . f t 0 0
"EC1AN 8 7 . 0 0 0
f N P S OUARTILE 6 5 . 0 0 0
l t o o F 9 OUAPTILE 1 2 0 . 0 0
9CTM 1 7 * . 5 0
9 5 T H 2 3 * . 0 0

AVFRAC-F
s.n.
"FAN 4 S . C .
"FAN 4 2 » S . D .
"EAN 4 3 « S . 9 .
"EAN * * * S . O .
"EAN • 5 » S . O .

1 0 5 . 7 3
6 8 . 2 * 9
1 7 3 . 9 9
2 * 2 . 2 3
3 1 0 . * «
3 7 « , 7 2
* * 6 . 9 7

120*
10

HV*P ER n t : POIKTS USED
NlJ«RER <ELHW DETECTION LEVEL

RANG!
MFOI/
LnwFt
UP»EI
90TH
9 5 T "

IN

1 OUARTILE
1 OUARTHE

AVERAGE
S . O .
HEAN
"E AN
"E AN
"EAN
"EAN

• S . D .
4 2 » S . O .
4 3 * S . D .
• * » S . 0 .
4 5 » S . D .

22.000
87.000
63.500
129.00
166.00
20*.50

101.5?
53.691
155.21
2C.90
26?.59
316.?9
369.99

STATISTICS FOR ALL PHINTS

NU"»ER P«: POINTS USEO
NU»">ER ? F L T « DETECTION LEVEL

RANGf
"EDK
IPwtt
UPPE«
90TW
95TH

LN

> OUARTILE
! OUAPTILE

AVERAGE
S . D .
WEAN
MEAN
ME AH
"EAN
1FAN

• S . D .
• 2»S.D.
* 3*S.O.
4 *»S.O.
• 5»S.D.

9.0P30
8*.000
63.000
116.00
16*.00
20*.00

99.021
61.167
160.19
221.36
282.52
3*3.69
40*."6

I'.'S.OO

25
»?* .oo
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7ISC IN SEDIMENTS*

STATISTICS FOR CRYSTALL.

NU»BFe 1* POINTS USFD 1657
SU-9E8 «ELOW DETECTION LEVEL 639

«ANGF 25.000
MEDIAN 139.00
LOWF<< OUitTILE 101.00
UBPfB QUAPTUE 196."50
90TH 321.00
95TH 560.^0

STATISTICS FOR PLATEAU

NU"»E» OF POINTS OSEO
B E L n « D E T F C T I O N L E V E L

• ANC-E 22.000
«EOTAN 105.00
LCIVF» 0UA6TILE 82.000
UPfFR OUAfTILE 1*2.00
90TH 283.50
<J5TH 3 7 6 . 5 0

20?
11*

AVERAGE
S . D .
»E A*J 4
irn •
I f l i 4
"FA*' •

S.D
2«S
3*S
*»S

a

. D .
. D .
. 0 .

260.
636.
1096
1932
2769
3605

55
1 6
. 7
. 9
. 1
.3

• 5»S.O.

FDR V1LCANIC

NU1BF0 np POINTS USED
« E L n K D E T E C T I O N L E V E L

B4»JGF.

QUARTILE
CUARTHE

90TH
95T"

AVERAGE

s.n.
MEAN 4 S.D.
MFAN 4 2»S.O.
MFAN • 3»S.D.

• 5*5.D.

29.000
123.00
9*.000
166.00
29?.00
103O.5

307.57
96*.92
1272.5
2237.*
3202.3

9 1 5
2»>5

AVEPAG?
S . D .
MEAN 4
MEAN 4
"EAU 4
MEAN 4
«EAN 4
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APPENDIX F

CORRELATION COEFFICIENTS RAW DATA, MONTROSE QUADRANGLE, COLORADO

(Pages 162 through 169)

(Correlation coefficients >O.5O are graphically plotted for
the entire quadrangle and for the plateau, volcanic, and
crystalline physiographic/geochemical provinces. The raw
data for data set are also included.)
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Fig. 1. Correlation coefficients >0.50 for the entire quadrangle.
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Table 1. CorreZation coefficients raw data for the entire quadrangle.
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Fig. 2. Correlation coefficients^0.50 for the plateau province.
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Table 2. Correlation coefficients raw data for the plateau province
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Fig. 3. Correlation coefficients^0.50 for the volcanic province.
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Table 3. Correlation coefficients raw data for the volcanic province.
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Fig. 4. Correlation coefficients >0.50 for the crystalline province.
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Table 4 continued.
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VARIMAX ROTATION WITH KAISER NORMALIZATION
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Fig. I Graphical representation of factor score data for the Montrose quadrangle,
Colorado.

Table 1. Factor scores raw data for the Montrose quadrangle, Colorado.
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