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ABSTRACT 

The surface alteration halos of fifty known uranium occurrence·s in 
the Western United States .have been analyzed to determine spectral 
signatures in imagery acquired by the LANDSAT Multi-Spectral Scanner. 
The deposits included veins and metasediments in the northeast of Washington, 
batholitic districts in the northwest of Idaho, veins and intrusives in a 
portion of the Colorado Front Range and sedimentary deposits on the 
Colorado Plateau. Image analysis employed an analog hybrid video processing 
system composed of a light table, vidicon camera, image analyzer and color 
output monitor. 

A complete description of the theory and methodology is provided in 
the report. The brightness distribution of the sites and their surroundings 
were digitally measured in each spectral band as voltage levels. The 
spectral bands correspond partly to visible color, i.e. band 4 is visible 
green, band 5 is visible orange, band 6 is about half visible dark red, 
and half invisible infrared and finally band 7 totally invisible near 
infrared. The signature of a surface alteration halo appears as a set 
of repeatable brightness levels in various spectral bands. To isolate 
this signature, the logarithm of the sub-areas occupied by the brightness 
levels are plotted versus the cummulative probability of the brightness 
(Beta transform). The significance of the s·ignature is then tested by 
the statistical tau test and expressed by a confidence parameter. 

The brightness intervals corresponding to the tau-tested signatures 
are used as discriminants and reentered into the video processor as 
voltage gates. The video output then maps the areas characterized by the 
discriminants in (blue/green) color against the general geographic (yellow) 
background. This is a mapping of the spatial distribution of the 
signature of the alteration halo over and around known uranium mineralization. 

This analysis was.repeated in two target areas with input data from 
available SKYLAB Earth Resources Package and high altitude (RB-57) 
photography with comparable results. In general,/ the world wide coverage 
of LANDSAT data with repetition over different temporal seasons makes 
the LANDSAT preferable. \ 

Of the fifty sites analyzed, forty two had statistically significant 
halo signatures. Of these, thirty seven had signatures in at least two 
spectral bands, twenty seven in at least three bands, and eighteen in all 
four bands. The sites without signatures were either masked by snow, in 
shadow from terrain, or deep within mines without apparent surface 
alteration. Statistical tests on the similarity of halo signatures 
indicates that signatures can be extended, on the average, for sixteen 
miles distance from a ground truth site, and fifty miles as a maximum 
between districts. The method therefore has merit as an additional tool 
for the exploration geologist. In case of availability of a known uranium 
deposit' the "supervised learning niode11

' the method provides possible 
extensions of the deposit; in absence of known uranium deposits, the 
"unsupervised learning mode", the existence of residual alteration halos 
points to potential deposits to be investigated, e. g., by radiometric 
overflights at low altitude. In both cases, the search area is reduced 
to about 1-10% of the original exploration area. 

i 



PREFACE 

This report has been prepared in eight Chapters which have been 
ordered for the convenience of the reader rather than in the chrono
logical order in which the work was d'one. 

Chapters l, 2, and 3 develop the rationale behind the search for 
uranium signatures. A priori, it wa~ not known that uranium signatures 
existed, however, the study only searched for alteration halos with 
signatures at the sites of known uranium deposits. The discriminant 
of the signature, e.g. a color contrast, was then related to the 
occurrence of uranium statistically, although the color contrast may 
be generated by companion metals and not the uranium mineral proper. 

Chapter 4 contains the"nuts and bolts"procedural detail, with 
examples. The video-processing system is described together with the 
statistical testing and color mapping procedure. The dimensionality 
of this study and the scale effects are also covered. 

Chapter 5 collects the results and analyzes these as a group, 
including a discriminant test for distance that a signature may be 
extrapolated away from the training site. Chapter 6 compares the 
LANDSAT results with another space data source, the SKYLAB. program, 
and with high altitude aircraft photography. 

Chapter 7 reports on eat:h site individually and is by far the 
most voluminous section. The whole report has been written both as 
a procedure for other investigators and as a basis for exploration for 
extensions of mineralization at the same study sites. 

The use of the Xerox 6500 color copier for generation of the 
color illustrations is new and was found adequate for this report. The 
process produces an :interpretable product far more economically .than 
either photo-printing or lithography. 

ii 
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CHAPTER 1 

INTRODUCTION 

The existence of alteration halos for uranium is not generally 
ascertained, compared e.g. to copper mineralization. Therefore, the 
study searched for uranium r~lated alteration halos and, where found, 
related them geostatistically to uranium occurrences. 

1' 

The basic premise of application of remote sensed data to ore 
exploration is the search for a significant difference of surface 
features (structures, halos) of the mineralized zone or region, in 
contrast to the unmineralized surroundings. With the advent of LANDSAT 
coverage of most of the earth's surface, interest in old prospectors 
methods o,f looking for "colors" or "shows" has been revived. 

The LANDSAT data are multispectral. They are tak€n in bands of 
different wavelength intervals, measured in microns (1 micron is a millionth 
of a meter). They are: band 4, 0.5-0.6 microns, ~ich is green and 
visible; band 5, 0.6-0.7 microns which is orange and visible; band 6, 
0.7-0.8 microns which is red and mostly invisible infrared; and finally 
band 7, 0.8-1.1 microns, the near infrared, and totally invisible. 
Therefore, the prospectors "visibility" has been extended into the near 
infrared. 

The LANDSAT data are taken on the reflected sunlight from a surface 
resolution element of approximately 70 meters linear dimension. The 
absorbed sunlight is-, as a function of wavelength, characteristic of 
the surface element and an indicator of its physical nature. For example, 
plants ~hlorophyU absorb yellow and red bands, reflect the green and 
infrared sunlight and therefore appear green to the eye. Since 
LANDSAT digitally records the reflected sunlight only, the apparent 
color of the target surface element is related to the physical nature 
statistically. If one finds a repeatable brightness (or energy) level in 
the reflected light, distributed over the four bands, this is then called 
a signature. Mineral generated halos have these signatures, which the 
old. prospectors called "colors" or "shows". A measure of the contrast 
of energy levelc betwee.n hands is expressible as sums, differences, products 
or ratios of their respective values and such algebraic manipulations 
lead to a characteristic number, called discriminants. Since atmospheric. 
conditions of visibility, e.g. sunlight illumination as functions of sun 
and terrain angle and masking by ground or vegetative cover, disturb and 
distort these color contrasts, statistical methods are used to isolate 
and recognize the signatures and enhance the discriminants, when necessary, 
by amplification or stretching of the measured data. 

Standard statistical methods treat the digital multispectral LANDSAT 
data by ratioing and other. transformations to improve discrimination so 
that pattern recognition methods can be utilized. Most of the past efforts 
have concentrated on applications of available statistical tools; e.g. 
maximum likelihood, nearest neighbor, cluster analysis, and factor analysis 
combined with enhancement (stretching of contrast and resolution) for 
classification. Multivariate classification, like the above methods 
requir-es billions of mathematical operations, since each of the four bands 
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of LANDSAT data is composed of a matrix containing more than nine million 
data values. 

These operations may be handled either digitally using the LANDSAT 
Computer Compatible Tapes (CCT) or in an analog mode using LANDSAT 
images. This report is exclusively the analog approach and employed 
a hybrid-analog video processing system and LANDSAT film positive 
transparencies. Special system features required to accomplish the 
mathematical analyses include digital frequency distribution read-out, 
non-linear image transformations, and zoom-type scale changes of the 
spectral. radiance data. This approach allowed "instant pictures" in a 
"hands-on mode" combined with desk calculation of the statistics. 

\ 
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CHAPTER 2 

CHARACTER OF ALTERATION HALOS 

Metals are concentrated in ore bodies and in related dispersion 
halos in surrounding rocks. Primary and secondary dispersion have a role 
in the formation of these halos and aureoles. 

Primary dispersion develops as the ore body is forming, when ore 
forming fluids spread under thermal and pressure gradients away from the 
ore zone. Trace metals or wall rock absorption form "alterations", 
giving rise to a primary dispersion halo extending hundreds of feet from 
the ore body. .Structures may also control the penetration of hydro
thermal solutions into host rocks. 

Secondary dispersion develops by weathering after the ore is formed. 
Oxidation and redistribution of ore body metals by ground water forms 

·even more extensive aureoles as a function of rock permeability and 
direction of ground water flow - also a function of structure. Transported 
ore (alluvium, glacial deposits) adds complexity. Mobility of uranium 
solutions is influenced in part as a function of water pH and Eh in the 
oxidized state while deposition in host rocks occurs in the presence of 
reducing agents (vanadium, hydrocarbons, etc). 

Biological processes (plants, bacteriq) are the third element in 
halo formation. Excess uptake of metals beyond those required for healthy 
plant growth can have toxic effects. Reduction. in transpiration, 
photosynthesis, root tip mitosis, water absorption andchlorosis results. 
Uranium uptake leads to mutation or abundance of indicator plants (poison 
vetch, Astragalus pattersoni or preussi). 

· Variations of soil moisture from rainfAll, slope steepness and 
aspect, soil temperature and change of photosynthesis by shading are 
tertiary effects, as are phosphorus in the soil and associated anions 
and cations. The presence of sulfides, oxides and carbonates are known to 
affect the color of the soil, rock, or vegetation, similar to me·tal~ proper, 
if they are "chromopheric". Rare elements, such as the lanthanides, are 
widely used in ceramics as coloring agents; a copper penny may change the 
color of a ton of sandstone matrix to green. Chrcnnium, as the name 
indicates, is chromopheric (green) even in small quantities. Limonites 
are well known for their reddish color. 

Uranium, however, as occurring in nature in several hundreds of 
minerals, ranges in color from black (pitchblend~) to green, yellow (car
notite) to white. Therefore, if a colored or white alteration halo is 
found on a uranium site, the connection may be indirect. Then statistical 
inference is used and the connection may relate to indirect e·ffects, such 
as genetic mutation of vegetation cover, or effects of companion metals 
such as vanadium or iron. 

Geological events subsequent to mineralization can remobilize and 
redistribute volatile elements, providing additional clues on structures. 
Halos of sulfur, tellurium and cadmium are found concentrically distributed 
around intrusives and known postmineralizations in the Coeur d'Alene 
district, based on lead isotope evidence (USGS, 1975). 

Since the i.nput dat~ are, however, optical, a physical relation 
between metallization and color has to be established. 
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The input data in the search for meaningful uranium halos are 
reflected sunlight intensites, both visible and the invisible near 
infrared. The uranium related materials in the target area, however, 
absorb in specific ·wavelength only. These absorption bands are not 
directly observable, only the reflected sunlight intensity, which is an 
indirect messenger because the reflected sunlight intensity is the diff
erence between the incoming sunlight and the absorbed light. If there 
would be enough spectral resolution in the LANDSAT bands to observe 
absorption spectra characteristic for uranium minerals, a direct method 
would be available. Such remote sensing systems will be available in the 
next 5 to 10 years (Aviv, 1977). However, at the time of this study·, 
only indirect methods to find signature and discrimin~nts of uranium 
mineralization are available. 

Absorption of certain spectral components in the reflected light 
create color. 

2.1 Alteration Halo Colors 

For inorganic materials, color is a function of traces of transition 
metals in rocks contained as impurities in the lattice of the insulator 
(e.g. SiOz) forming the rock crystal. The transition metals .form 
conduction bands, whose energy levels fall fortuitiously into the 4 LANDSAT 
bands. The conduction bands absorb the impinging photon energy if their 
wavelength and energy matches the energy of the unoccupied absorption 
bands. If the absorption creates a lack of a hue e.g. blue; the mineral 
then looks yellow-red and vise versa. 

Mineralogists have been fascinated by colors in crystals. Solid state 
physics explains colors by the incorporation of metal ions in the insulator 
lattice. A complete discussion can be found in a.revealing paper by Loetfler 
and Burns (1976). Insulators and semiconductors are white or gray and 
do not exhibit color due to lack of sharp absorption bands. 

Organic materials exhibit basically three colors: chlorophyl (green), 
carotene (yellow) and xantophyl (red). Any change due to metal toxicity in 
the ground chang~s color of plants, Qften only minutely and not visible by 
eye, but revealed in aerial photographs or LANDSAT data. Chlorosis .of 
plants due to iron deficiencies is an example; the role of trace metals 
(catalysts) is well known today. Uranium, by concentration of absorbed 

. ground nutrients, often is found in coniferous trees, such as tamarac 
or lodge pole pines and in the State of Washington, ashing of their needles 
is used as a prospecting tool. Radiation from the absorbed uranium or 
from migrating Radon gas can initiate mutations in plants, subtly changing 
their color and/or growth. 

Aerial color photographs have been used by experienced photo-geologists 
to determine alteration' zones, i.e. color changes related to mineralization. 
Decomposition of such color changes into spectral bands such as made possible 
with LANDSAT data, allows definition of a Rignature, i.e. a quantitative 
measure of such color changes. 
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Field observations show that companion metals (like iron), of the 
sought after metal, uranium, may mask the uranium signature. Oxidation by 
the migrating soluti~n decomposes the carbon content and often changes the 
color of the dark pyrite to iron oxides with characteristic yellow, red, 
salmon and brown colors in the rock alteration (Adler, 1970). Other 
masking ef~ects, such as occur in calcretes, produce a bleaching or 
whitening, which can obliterate any signature in the spectral bands due to 
lack of contrast. The Green River district of Utah is an example of such 
masking through whitening. 

From the remote sensing exploration viewpoint, outcrops of host rock 
altered by migrating uranium solutions may show altered surface color in 
proximity to surface ore deposits. Unaltered host rocks are, relative to 
the alteration zone, generally drab in color, e.g. containing organic carbon 
and pyrite. This says that the ai"tered zone in the host rock is 
brighter than the surrounding rock. The brigh~ening of such zones is 
used,e.g. in the Saltwash member of the Morrison formation near Uravan, 
a~ a visual indicator. 

The presence of met~llization in an insulating rock changes its 
electrical properties, e.g. conductivity, besides color. Both effects 
are intimately connected. 

2.2 Color and Electrical Properties 

In the solid state, the crystal lattice of the atomic constituents 
is in certain energy levels, called bands. In between the lattice 
formed by atoms, electrons are floating like a liquid, which try to fill 
the gaps between the energy bands. If there are no gaps to be occupied, 
the lattice forms an insulator; if there are bands available for occu
pation, the lattice forms a semiconductor or conductor, since the move
ment of the electrons form an electrical current. 

Light impinging on such a lattice frees photo electrons, by the 
photo electric effect, which then try to find an energy band to occupy. 
·The energy needed for these processes is the absorbed light energy, 
which is abosrbed only in spectral bands corresponding to the free energy 
levels. ··The light still reflecteq (not absorbed) is the one with wave
lengths corresponding to the occupied and thus rejected energy levels. 
These absorption and reflection .. spectra, composing the reflected and ob
served light, then define the color of the solid state reflector. 

Fortunately for remote sensing, the absorption spectra of t.he 
transition metals are in the visible and near infrared range, which 
makes the LANDSAT spectral bands usable for search for metallization 
(Vincent, 1975). 

Up to now, the explanation of the color of the reflected light has 
been connected to metal ions; embedded and ionically bound in the host 
lattice of the insulator. Such chemically bound metals are, however, 
of little economic interest, since the energy required to recover such 
~etallization is enormous, due to the necessity of breaking the lattice 
bond (metallurgical barrier). Excess metal ions, which cannot find a 
place in free spaces of a lattice or lattice defects, are much easier 
to recover, Metamor.phic changes of the host rock, or as occurs in 
the sudden cooling and prt!~:;sure relief of surfac{ng.intrusives, may 
precipitate the metals and form embedded metals. Percolating hydrothermal 
water may take solved metal salts into solution and precipitate them away 
from the source rock into a hostrock. Native copper or silver are examples 
of crystallized precipitates in structural voids near a source rock. 
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To find metals in either form, electric methods can be applied. For 
detection. of buried metallization, conductivity measurements or measurements 
of the self potential of ore sulfides in ground water are used. Induced 
polarization is a refined form to enhance this electrolytic ef~ect. 

Another way to measure conductivity is to excite a current by impinging 
light (sunlight); the photo electrons generated by the photo electric 
effect in optical absorption bands, i.e. the free energy bands of the 
host rock, flow then to these bands and occupy them. The occupied bands 
reject light in specific wavelength and thus create color. If there is 
no impinging light, there is no color. The same effect is known in human 
v~s~on; with decreasing light levels, all objects become gray and black. 

Hence, there are two avenues to remote sensing of rock metallization: 
conductivity (resistivity, conductance measurements) or observation of the 
absorption bands of light (color measurements). Under most exploration 
conditions the latter method is more apt for reconnaisance mineral search 
while the former is generally a part of a detailed deposit investigation. 

Insulating solids do not absorb light in the visible wavelength 
range and are therefore, in principle, transparent. Their upper energy 
band is fully occupied and cannot accept any more electrons. Metals and 
semi-conductors, however, have an unoccupied upper energy band which 
accepts free electrons and, therefore, absorbs light in specific wavelengths 
and generates color. 

Now, a quantitative description of the optical reflection effect as a 
carrier of information for remote sensing of metallization and metal 
concentration is necessary to find the proper form of statistical treatment 
of remote sensed data. 

2.3 Optical Reflectivity of Metal Concentrations in a Host Rock 

The incident light intensity 
and reflected light i 0 r, where a 
coefficient, both ranging between 
balance, a linear relation: 

i
0 

is split in absorbed light, i a, 
is the absorption and r the refYection 

0 and 1, and according to the energy 

or 1 = a + r 

The reflected light I = i 0 r is however, a multiplicative relation, a 
product. Since the metal, which gives rise to absorption in a trans
parent insulator, may be distributed in 3 dimensions, an additional · 

,non-linear complication occurs. 
Assume now a concentration Cx z of metal in the transparent insulator, 

x, y, z being the coordinates in t~e insulating host rock. If light is 
absorbed, say, in the z-direction (direction of incidence), then its 
intensity decreases: 

di/dz -a Cxyzi0 

or 

ioJixy 

z 
di 

~ 
-a f Cxyz dz 

i 
0 
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which leads to the sum of all light absorbed 

-adxy 

or 

I 1·oe-adxy xy 

dxy is now the density of the metal (the integral of the concentration). 
If one makes an image of the remote sensed targets; say on photographic 

film, i.e. a LANDSAT transparency, exactly the same process takes place: 
silver atoms (metals) are the absorbers embedded in transparent film 
(insulator) and their densities in image formation are an image of the 
absorptions and reflections in the target material. If only spectral 
bands are used, the silver concentrations are proportional to the metal 
connected absorption phenomena in the target objects. However, this 
connection is highly non-linear. Linearity is highly desirable for statis
tical data analysis in order to separate different target phenomena. The 
simplest way to linearize the product I = i 0 r and the data record on film 
Ixy = i~ exp (-a~y) is a logarithmic transform 

log I = log i 0 + log r 

or 

log Ixy/i0 = -adxy 

Similarly, the statistics of the remote sensed data, namely the set 1x 
on the LANDSAT photo transparencies, are generated multiplicatively. tor 
analysis, the statistics should be linearized. Logarithmic transforms of 
statistical data are generally called Beta-transforms, due to their 
powerful linearization properties of such non-linear distribution functions 
as Log Normal, Poisson and Binomials. Therefore, ·at this point of the 
analysis, data transformation of the remote sensed data becomes necessary. 



CHAPTER 3 

GEOSTATISTICAL METHODOLOGY APPLIED TO MULTI-SPECTRAL 
REFLECTANCE DATA 
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The basic assumption underlying the application of remote sensing 
is either the existence of a halo or a structural pattern connected 
with a mineralized zone, or both. In both cases, there is a pattern to 
be recognized. Pattern recognition methods using transformed data tend 
to make even faintly visible patterns stand out and thus recognition and 
delineation easier. 

3.1 Methodology: Training, supervised and unsupervised learning 

Even if a pattern is recognized as an alteration halo, the question 
of uranium mineralization is still open. There are three cases possible: 

(1) There is a known uranium deposit in the pattern or nearby. 

(2) There is no known uranium deposit in the pattern; the search 
area is called·"virgin". 

(3) There may have been a uranium deposit in the geological past, 
which has been leached out and the pattern rem~l-ined. 

In case (1), the methodology is straight forward: the data are 
transformed in such a way that the color contrast is calibrated on the 
known uranium site and all other adjacent areas of the same color 
discriminant are mapped as prospects. The training of the data transform 
is called supervised learning. 

In case (2), where there is no known site to calibrate the data 
transform, the alteration halo is nevertheless delineated as 9 potential 
prospect. There could be a deeply buried deposit present, which has in 
the past eluded the surface prospector; or the alteration was caused by 
other mineralizations, like pyrites, or hydrothermal action without mineral
ization, or land slides. This is the case of unsupervised learning, when 
training is absent. However, the missing identification can be achieved 
by other remote sensing methods, like overflights with scintillation count
ers relating the halo to a gamma ray anomaly, or by ground inspection using 
a geochemical sampling program. In both cases, the area to be searched is 
greatly reduced. 

In case (3), with a recognizable alteration halo pattern, but 
unsuccessful additional airborne or ground borne search, the uranium 
bearing solution, causing the halo, may have ~edeposited the uranium 
nearby. In the Uravan district, it has been observed that halo patterns 
exist, delineating old paleostreams, with no lenses or rolls found by 
drilling, But following the paleostream to some structural barrier 
usually leads to success. The structural barrier may obliterate the color 
surface signature and elude the pattern recognition. 

Although, as will be shown in Chapter 7, the data t·ransform method 
has wide appl:i.cation in all tlu:ee cases, the present analysis of known 
uranium deposits is restricted to method (1) only, since the main purpose 
of this study·is to prove or disprove the existence of uranium related 
alteration halus. 
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Since the alteration halo may be hidden in the remote sensed data, 
a clear delineation has to expand and enhance the contrast; this process 
is called "stretchingrr or "enhancing". One way to make the r~sults of 
the data transform clearly visible is to present the output of the data 
analysis in color, because the human eye can discriminate color much easier 
than grayshades. · 

The methodology presented is applicable not only to LANDSAT spectral 
data, .but to other remote sensed data inputs, like SKYLAB or aerial photo
graphy. Two examples (Uravan and Schwartzwalder) are presented in 
Chapter 7 and compared to LANDSAT results in Chapter 6. 

Furthennore, it should be emphasized that the method is not restricted 
to supervised learning, i.e. extending known uranium sites, but has been 
applied successfully to virgin search areas and to detection of buried 
dep?sits as well. 

3.2 Data Tabulation 

The input data are taken off the LANDSAT transparencies by scanning 
the imagem coordinates x andy and transforming the local photographic 
opacity, i.e. the silver density dxy into voltage l~vels. Thus the 
photographic density dxy on the fil~ is transformed by the light table 
into a local brightness intensity.!: 

I = const exp (~dxy) · 

since the light integrates the opacity effects· of each silver cluster 
in the emulsion, across the film thickness, exponentially. 

The circuitry of the Video Camera can be adjusted to various 
transforms by calibrating against the gray steps contained on the photo 
transparency, e.g.: 

Logarithmic, 
Linear, 
Proportiunal to ground reflectivity r. 

For this study a iinear response was used. The logarithm will be 
introduced later. The exponential law introduced by the light table 
already produce~ a stretching of the data. The data of area versus brightness 
are then taken. 

A tabulation is made of the areas illuminated by subsequent 
brightness increments. This ia a frequency c1i.::;tribution of the number 
of picture elements (pixels) within each brightness band (class interval). 
The sum of pixels in a given interval is equivalent to area, which can 
be expressed as percentage 9f total image area or probability of 
occurrence. When these data are plotted as a histogram, an envelope 
similar to the heavy line in Figure 1 results. This is called the 
compounded population and is the sum of all sub-populations shown by 
lighter lines. Our objective is to develop a method of isolating these 
sub-populations so that when their brigh.tness levels are inserted into 



Area 

Compounded 
Population 

Brightness 

FIGURE 1 

Frequency Distribution of the Compound Population 

The heavy line shows the compound population, the sum 
uf tht: area frequencies of cub-populations, shown ,<Js 
light lines, representing water, shaded and sunlit 
forest sites, grass lands, agricultural areas, mountain 
tops, etc. as function of brightness levels. The hatched 
area rt!pl·esents a mineralized area. The problem consists 
of isolating the brightness levels of the mineralized area. 



i• the hybrid-analog compute~ a map of the sub-populations is generated. 
Figure 2 is an example of the end product, where the sub-populations 
corresponding to the halos around the Midnight Mine have been 
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assigned blue and green colors, the disturbed mine area is in magenta, 
and all other background is shown in yellow and black. 

Returning to the tabulated data we observe that, at this point, 
the brightn.ess levels form an ascending, deterministic series of 
numbers; the area measurements, however, form a random number series, 
related to the probability that a given brightness range occupies a 
random number of pixels. 

3.3 The Inverse Method 

In statistics, the problem of generating a randomly distributed 
number series from an orderly, deterministic number series is s~lved 
by the Monte Carlo method. Figure 3 illustrates the procedure: call 
x a series of deterministic numbers, like x = 0, 1, 2, 3 ... and invert 
them on a nonlinear curve, in this case, a plot of cummulative Gaussian 
distribution, one obtains a random number series, r, which has a 
Gaussian random distribution between 0 and 1. (Compare Harbaugh, 1970). 

By the term random number series, representing a random process 
like the image of an alteration halo, is meant a sample space or 
ensemble of either brightness or area functions as fundamental elements. 
It is noted that one cannot specify the individual brightness functions 
comprising the formation of the alteration halo; they may be completely 
regular and predictable. However, they appear here as random, are 
connected to a probability and occupy a certain number of picture ele
ments. 

The composition of the area curve in Figure 1 is governed by the 
classes of brightness levels and areas of each subclass of objects in 
the scene, such as: water, forests, shades, sunlit slopes, grass lands, 
mountain tops, etc., and the alteration halo, which is indicated in 
Figure 1 as a hatched distribution. In short, the compounded population 
is the total (the probability product of the sub-populations of the sub
classes, since they are occurring independently) of all classes of ob
jects in the scene. Again, we have a non-linear, multiplicative law. 
Mathematically, the compound population is the convolution of the sub
populations. 

The problem of alteration halo,delineation is to isolate the sub
population corresponding to the hatched area. In case of "supervised 
learning" (see Paragraph 3.1), it is easily identified by the bright
ness level of a known uranium occurrence. But this yields only one 
brightness point, not the total extent of the halo sub-population. 
However, in the general case, one seeks a more powerful method, the 
Beta transform. One has to dccompos~ the compound population in the 
histogram Figure. 1 into its components by inverting the role of area 
(random variable) versus brightness (deterministic) variable. Mathe-. 
matically, this is called deconvolution. 



FIGURE 2. SIGNATURE HALOS AT THE MIDNIGHT MINE 
SPOKANE INDIAN RESERVATI ON-STATE OF WASHINGTON 



F(x) = r 

FIGURE 3 

Inverse Transformation Method: 

To transform a deterministic number series x (brightness) 
into a r·andom variable (r), an inversion (dotted lines) on 
a continuous cummulative frequency distribution is used. 



Using the Monte Carlo method to convert the deterministic bright
ness variable into a Gaussian distributed random variable, one returns 
to the data tabulated for Figure 1. The brightness levels are trans
formed into an ordered number series from 0 to 100 (actually to 99.9), 
and plotted as the abscissa on logarithmic probability paper. They 
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now form a non-linear random sequence. Plotting the areas as a log
arithmic ordinate performs a Beta transform or inversion (deconvolution) 
of the convoluted histogram. An example of this procedure is described 
in detail in Chapter 4. Figure 4 shows a partial result from one 
LANDSAT band only. The sub-populations in the Midnight Mine image 
break-out into discrete, discernable straight lines, clearly separat.ed 
and unconnected. This figure shows, for simplicity, only the halo 
portion of the image, identified for supervised learning. The gaps 
between the lines are borders of regions, or structures, where the 
brightness changes.abruptly. 

In general, modern image theory defines pictures or images as the 
composite of "regions" of bounded variations of brightness and color 
and "edgesrr as their borders, separating the "regions" (Duda and Hart, 
1973). If the regions are uncorrelated, they form rreigen pictures". 
Thus, the straight lines in Figure 4 correspond to an eigen picture 
deconvolution of the total Unage. 

The logarithm of the area, as the dependent variable in the inverse 
process, was introduced to finally linearize the non-linearity of the 
data. However, this procedure is more general and powerful: it is 
valid not only for a Gaussian, but a whole class of distributions, as 
shown in the next paragraph. It will be shown that, asymptotically, 
the Beta transform solves, in a very general way, the inverse or 
deconvolution problem. 

3.4 Beta-Transformations 

Call x, y the coord~nates of a pixel in the image and z the brightness 
level. The cummulative distribution function of the compound area distribution 
F is now: 

F (z, A1 , A2, •.• Ak) = J·~fi (z, Ai) dz 

wher,e the Ai are parameters (e.g. mean and variance .of k sub-populations 
such as water, sandbanks, grasslands, fields, forest areas, mountain tops) 
from which a mineralized area has to be found and isolated from all others. 
The integral is the convolution of the product 1T of the sub
population probability distributions. 

Mathematically, the problem consists of estimating the expected value 
E of Ar• e.g. the mean brightness of the halo, which assumes that 
~ F I~ Ar exists., Numerous methods exist to perform this operation. 
Basically, since the information is embedded in F, the required operation 
consists of "inverting" F(z) into its sub-populations G(u), or symbolically 

G (u) = F-1 (z) 

and selecting among the sub-populations one which fits a •rground truth. 
site" geographically. This is exactly the mathematical analog to "supervised 
learning", and decomposes the image into the equivalent of "eigen-pictures", 
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i.e. into regions which are strongly correlated ·in themselves because they 
represent the same class of objects like forest area, and separated from 
other uncorrelated regions, like grasslands, by edges (structures). 

The justification for the inverse method becomes_clear if one recalls 
the remote sensed data are reflected light only: i 0 r = i 0 - ioa, while 
the real metallization effect is hidden in the term i 0 a. If one writes this 
relation non-linearly, one obtains: 

exp (i0 r} = exp (i0 ) exp (-i0 a) 

· or linearly: the inverse is a = 1 - r, which looks· like the plots in 
Figure 4. 

·Rigorous mathematical treatment of digital image data requires t;he 
inversion and transformation of the (x,y,z) matrix representing the image. 
This requires about a billion arithmetic operations which is time 
consuming and expensive even on modern digital computers. 

The analog Image Analyzer, however, can solve. the inversion problem 
rapidly and inexpensively, provided that mathematically justified procedures 
exist. These are the Beta-transforms, which can be approximated by log
arithmic functions on the Image Analyzer, and are the reasons for plotting 
the cummulative distribution function on logarithmic paper. 

A study of G(u), the desired inverse from F(z), reveals the existence 
of easily obtainable asymptotic relations (Blom,._lQ58) for large F(x,y,z}, 
applicable to images containing about 10 million data... They are generali
zations of the logarithmic transform of Paragraph 2.3. 

A Beta transform is the solution of' a non-linear differential equation 

d G(U) 
du = 

" 't"z 
(1-u) 

which is a Euler Beta function; therefore the name Beta transform. 
One recognizes in this equation on the right side a generalized 

binomial probability distribution. 
One of the most frequent solutions of this equation is the asymptotic 

relation: 

G(u) 

G(u} 

c1)0 

C
0

)0 

= 

= 

-Co 

c 
0 

c1 { ~-1 (log ~) 1-0 (log ~) 

or 

cl { 1 
-1 

(log l~u) + 0 (log l~u>} 

G(u} is called an asymptotic logarithmic transform at both ends of 
O~u•l, i.e. u or 1-u. The inverse functions of many cummulative 
distribution functions are of thio type. 



Examples of inverses are: 
·uniform (rectangular) distribution: 

G(u) = C 1 

f(x) - 1 
- b-a 

(x) = ~ 
b-a 
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has the inverse 

which is close to the relation a·= 1 - r, or: the inverse of reflection 
is absorption. Now, the inverse attains a physical meaning. 

For an exponential distribution 

-·" X f (x) = /) e 
the inverse becomes 

G(u) =•E(x) log x 

where E(x) is the expectation of x. 

The inverse of the normal distribution function has 

.k zJ['I( 
or explicitly G(u) c (-2 log x) 2e. 

The inverses of the gamma, the log-normal, 
Laplace distributions are similarly logarithmic 

the exponential,and the 

tions. 
The term 

which one may 

in the asymptotic approxima-

0 [ ~ in G(u) represents a zero order correction 
negfect in asymptotic approximations. Thus, 

G(u) ~ - ~0 (log ~) 
cl 

series~ 

and for c1~1, or a strongly skewed distribution, (which is generally the 
case in nature), one obtains for the expectation E of G(u) 

E { G(u)) = C
0
Lu log u 

This equals entropy in the information theoretical sense, i.e. the maximum 
information image (Frieden and Swindell, 1976), allowing .maximum.choice 
of interpretation. 

One important property of G(u) = -log (1/u) is that taking two 
LANDSAT bands, e.g. band 4 and 6 combined, the inverse becomes 

which means that ratioing or multiplying two spectral bands is equivalent. 
Ratioing is connnonly used to eliminate illumination differences (e.g. 
shadows in mountains), while multiplying is used to "stretch" the 
brightness ranges. This is on~ of the most important uses of the Beta 
transform~ increase the contrast of a signature by use of multiplying 
two spectral bands. A more detailed discussion and stronger justification 
is giv~u in Paragraph 3. 7, relating· such products to geovarianGe of 
metallization in halos. While at this point multiplying or ratioing 
appears as a mathematical consequence of Beta transforms, the physical 
meaning is still open. 



On the Hybrid-Analog Computer, ratioing or multiplying can be 
performed easily: 
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(1) rat.ioing: take two image transparencies for two different spectral 
bands, i.e. bands 4 and 6, but take a photographically positive transpareoc Y 
for band 4, a photographically negative transparency for band 6. Combine 
the two transparencies by exact registration into a nsandwichn, by 
overlaying one on top the other; then the photographic densities for a 
given pixel, d4 .and l-d6· The machine converts this into light I 

l+d4-d6 +d4 Uh 
I = const e ~ const _e __ ,v ..:...::t 

which decomposes logarithmically 

+d6 u6 
e 

log I = log u4 - log u6 

(2) multiplying: proceed like in (1), but take two positive 
combined into a 11 sandwichn, then the light I becomes: 

I = const e 
D4 + D6 D4 D6 

r\/ e • e !Vu4•u6 

which decomposes logarithmically 

log I = log u4 + log u6 

transparencies 

Band._ratioing is useful in mountainous terrain, because it equalizes 
the brightness on the sunlit and shady side; however, since the difference 
of the two logs becomes very small, one has to amplify it (contrast 
stretching). 

Band-multiplying provides a natu~al contrast stret.ching by adding the 
two logarithmic u; and avoids the introduction of noise a.s in the case of 
ratioing. 

This superposition of spectral halo breakouts into one image 
corresponds to a truncation of the very dark and very bright grayvalues 
and suppression of their details. Mid-grayvalues, including the halo, 
are spread out and their details enhanced. The effect of presenting the 
halo in a contrasting color is to subject its mapped extent to a rrmajority 
vote" of the different spectral bands. This is an enhancement by stretching 
of the halo grayshades in the steep portion of the S-shaped transform in 
Figure 3, where the grayshades (x) become a majority of. values (r) 
delineating the halo. 

In this study of very subtle uranium halos, multiplying has been used 
for this reason. 

Furthermore, the synnnetry u and 1-u indicates that the cUUDllulative 
distribution functions can be plotted symmetrically around the mode, the 
value of the most frequently occurring brightness level, as done in 
Figure 4. Additionally, it infers that the information rron the bright sidel' 
is equivalent to the ndark s.iderr, and only one half, say the bright side, 
has to be considered in the analysis. In the method used to determine 
uranium halos only the bright side above the mode is used (rrcensoredrr data 
set). 

This is justified because uranium halos, like the Saltwash member of 
the Morr:i.son formation, appear as bright areas. 



3.5 Summary of the Method 

The power of the logarithmic asymptotic transform consists of 
reducing compound and skewed cummulative distribution functions to 
normal, symmetrical ones and then allowing applications of confidence 
tests developed for normal distributions, as will be shown later. 
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Furthermore, the use of logarithmic probability paper is now 
theoretically justified, as shown in Paragraph 3.3, although this 
method has been used empirically for decomposition of compound 
distributions in pharmaceutical research since 1930 (van der Waerden, 
195.7). Application of the technique to geochemistry has been described 
by Ahrens (1962). 

Return to Figure 4 to summarize this method. The data of the 
cummulative distribution function of.Figure 1 are plotted on logari
thmic probability paper. The sub-populations break out as straight 
lines and the geographical interpretation of each is shown. Each 
straight line corre-sponds to a uniform region, or rreigen-picturerr of 
the halo and is separated by a discontinuity (gap) from the next one. 
The eigen-picture of the halo sub-population is highly correlated in 
itself and represents an entity or classification in the picture, 
separated from the next brighter one by a minimum of cross-correlation; 
the gap is interpreted as an edge. Thus, the picture consists of 
'iedgesn and "regions", as postulated in image theory (Duda and Hart, 
1973). 

In case of the Midnight Mine, one relates by supervised learning 
the uranium occurrence to the halo delineation by geographical coincidence, 
i.e. they occur on the same location. 

Subsequently, in Figure 4 one relates. the cummulative probability 
span, say of the smaller halo, to brightness levels. Inputting these 
levels as a level slice gate into the Hybrid··Analog computer in blue 
color (and repeating the procedure for. the large halo with green, and 
the pit with magenta) produces on the Image Screen, a complete con~ 
trasting color delineation of the halos of the Midnight Mine, versus 
all other background populations in yellow. (Reference Figure 2). 

At the same time, other blue/green spots identify adjacent regions 
of similar reflecting characteristics, which subsequently have been 
verified as mineralized. 

This raises the question of extending a signature over a certain 
distance. How far can one extrapolate a signature? This requires 
confidence measures to ascertain that the observed halos belong to the 
same geological type of event. 

3.6 Confidence Measures 

Finding similar signatures over certain geographical distances 
in an image raises the question of comparing mean values, or the Ai _in 
F(z,Ai) over a distance and answering the question if they represent 
the same phenomenon. . 

In Figure 1, the hatched area was represented as a mineralized 
halo. Given two such Gaussian sub-populations, slightly differing, 
how can one conclude that they belong to the same sub-population? 
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The Figure in Table 1 illustrates the procedure: the two populat~ons 
overlap, except for a tail on the side, covering an area alpha at a cut off 
point, tau. If alpha is 5% of the total area, then the confidence that 
both populations b~long to the same event is 1- alpha or 95%. This means 
that in 100 tests the conclusion is: 95 times the events are identical, 
5 times they are not identical. 

As shown in Table 1 (taken from Crow, Davis and Ma~~ll, 
1960), one has two cases: (1) comparing an actual mean value x v.ersus 
a theoretical value, a, in a data spread w, or (2) comparing two mean 
values x1, x2, with data spre~ds w1, w2. 

Case (1) occurs in the halo analysis, when a large halo is compared 
to a small halo, as in Figure 4. Obviously, if they occur nesting 
geographically one inside the other, they are supposed to belong to the 
sane basic event. Conversely, the graph.s of the Gaussian sub-populations 
then should nest one into each other. ·This event is called "homogeneousrr. 
Similarly, one repeats this operation for each spectral band. 

The nesting in each other is then expressed mathematically. The 
computed value for tau must be smaller than the values listed in the Table 
la, for the given number n of data points describing the populations. 

Case (2) occurs if one attempts to compare two halos over a given 
distance. Are the halos the same? Again, compare the difference of the 
mean values xl - x2, div,ide by the combined range of the brightness values 
(wl + w2) and use Table (lb). If tau actual is smaller than the listed 
value, the halo brightness levels nest into each other and belong to 
similar events. 

3.7 Geovariance 

Having achieved a delineation of alteration halos as remotely 
observable surface expressions of uranium mineralization with a given 
confidence level, the question arises, how is this delineation related 
to the ore body under the surface at depth? 

Essentially, the 3-dimensional dispersion of the ore body is 
intersected by the surface, forms a 2-dimensional halo on the surface, 
and is then subject to remote sensing. 

The 3-dimensional dispersion of the mineralization is described 
by Matheron (1963), in an intersecting plane with coordinates x,y, and 
depth h, by a discriminant of the ore tenor1i, called geovariance, a sort 
of self-convolution or generalized autocorrelation function: 

dxdy 

which is analogous to the brightness convolution product z1 z2 of two 
spectral bands, a cross-correlation (convolution) function as a multi
plicative discriminant of a signature 

.fz.i(x + h1 , y + h:i)· Zi + n (x + h 1, y + h 2) dxdy 
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TABLE 1 CRITICAL VALUES FOR TESTS USING 

THE RANGE t1J 

(la) CRITICAL VALUES FOR 'Ts =X- tt 

IV 

.05 .025 .01 .005 

2 3.16 6.35 1.~.91 31.83 
3 0.8115 1.30 2.11 3.01 
4 .529 0.717 1.02 1.32 
5 .388 .507 0.685 0.843 

6 .312 .399 .523 .628 
7 .263 .333 .429 .507 
II .230 .2118 .366 .. 429 
9 .205 .2.5.~ .322 .374 

lU .186 .230 .288 .333 

(1 b) CRITICAL VALUES FOR Td = X,- X:: 

w, +w, 
.0.~ .025 .01 .005 

2 1.16 1.71 2.78 3.96 
3 0.487 0.636 0.857 1.05 
4 .322 .406 .524 0.618 
5 .246 .306 .386 .448 

6 .203 .250 .310 .357 
7 .173 .213 .263 .300 
8 .153 .186 .229 .260 
9 .137 .167 .204 .232 

lU .125 .152 .185 .210 

TABLE 1 

TAU TESTS 

Table la tests the nesting of the brighter core of a 
halo into the darker outer halo. If the actual halo 
mean brightness x minus the midpoint a of the brightness 
distribution, divided through a brightness range w 
yields a tau smaller than the listed tau (theoretical), 
the populations defined by n sample points are homogeneous 
geologically and nest into each other with 95% 
confidence. 

Table lb compares two geographically separated halos 
with brightness means Xl, x2, ranges Wl, W2, and with 
n sample points. If the tau value is smaller than 
the theoretical value, the two halos relate with 95% 
confidence to the same geological event. 
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Thi~ however is the sandwich, introduced in Paragraph 3.4. 
Matheron points out, that 7r is a rrregional variable describing the 
ore deposit" (ground truth site). Interestingly, the asymptotic 
expression for the geovariance 

(li) = const. log h 

follows the logarithmic law, corresponding to the emp~r~c law called 
nKrieging",that ore tenors decrease logarithmically from the source. 
Similarly, the brightness in the halo decreases logarithmically and 
on a log plot shows as a straight line. 
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The relation, ore tenor is proportional to the log of the distance 
from the center of the ore body, is identical with the log plot of 
area vs. brightness in Figure 4. Thus, one conclude~ that the surface 
coloration in an alteration halo is related to the ore tenor. Up to
now this was an assumption in this study and is now proven. 

The fact that these relations are identical has another physically 
meaningful conclusion. If one extends the analogy to at least two 
spectral hands (the sandwich as justified by the Beta transform) then 
the sandwich product sinnnulates geovariance. Therefore, a closer 
discussion of the sandwich method is in order. 

3.8 Use of Several Spectral Bands 

In Paragraph 3.6 the notion that large and small halos should 
nest into each other, if coming from the same event, was introduced. 

Overlaying two LANDSAT transparencies on the light table multi
plies their respective opacities according to the exponential light 

·transmission rule shown in Paragraph 3.2. nliS yields a stretching of 
the comhined gray levels and a sharpening.of the halos. This multi
plication of signatures forms a discriminant. Figure 5 shows a 
schematic of this procedure. 

3.9 Conclusion on Data Transformations 

In summary, it is concluded: the Beta transforms of the brightness 
level data provide a geostatistical tool to break-out the sub-populations 
of the data as straight lines, separated by gaps. In the "supervised 
case", the mineralized sub-population becomes statistically defined. 

The beta transforms are applicable to other data, such as geo
chemical, radiometric and mineralogical data of the search area. 

In the "unsupervised case", the Beta transform break-outs become 
candidates for an elimination~process. The residual sub-populations 
are then the candidates for evaluation by local ground exploration. Ihe 
elimination of other sub-populations is performed by geographical 

·coincidence testing with e.g. geographical maps, showing the extent of 
forests, grass lands, agricultural areas etc. After elimination of 
identifiable sub-populations, a few residual populations remain. These 
include alteration halos belonging efther to undiscovered mineralized 
areas in virgin territory or to buried deposits. In any case, these 
residual areas indicate favorable host rocks, or areas, miu~ralized 
in past geological times; 



FIGURE 5 . 

Compounded histogram of 
brightness information on 
2-band sandwich. Hatched 
area is mineralized halo, 
identified by Beta transform. 

Stretching of brightness 
level to enhance halo by 
contrast multiplication in 
sandwich:· dynamic expansion 
of information. 

Quantization of brightness 
levels by voltage gates in 
Image Analyzer (level 

. slicing). 

Color coding Image Screen by 
displaying outer halo in 
green (x) inner halo 
in blue (~) and background 
in yellow. 

Schematic Flow Diagram of Final 
Image Analyzer Operations 



CHAPTER 4 

ANALYTICAL PROCEDURE UTILIZING VIDEO PROCESSING 

The procedure for analyzing the selected sites was developed and 
then held constant so that all sites would be treated in a similar 
manner. The detailed results at each site are reported in Chapter 7 
and sufficient examples are included here to illustrate the procedure. 

4.1 Site Selections 

The fifty sites of known uranium occurrences were selected from 
four geographic areas and spanned a wide range of geolog~cal settings, 
size, grade,and production. The areas, the number of sites, and the 
general object of their selection, were: 

NE of the State of Washington 
NW of the State of Idaho 
Front Range of Colorado 
Colorado Plateau 

(9) 
(4) 
(9) 

(28) 

Vein/metasedimentary Deposits 
Batholitic Deposits 
Vein/intrusive Deposits 
Sedimentary Deposits 

The sites were originally picked from Map MR-2, however, as the 
study progressed,the additional information of Map MR-21 was used to 
locate the sites. Local detail was taken from a variety of data 
sources and these are referenced in the site discussions of Chapter 7. 

4.2 Remote Sensed Data Acquisition 

All remote sensed images were acquired from the EROS Data Center 
at Sioux Falls, South Dakota, and were Standard Data Products, i.e. 
no special processing was requested. Format used was film positive 
transparency, Product Code 13. LANDSAT images and aerial photography 
were on 9.5 inch wide film and SKYLAB photography on 2.2 and 4.5 inch 
wide film. 

LANDSAT data are indexed both by a World Reference System (WRS) 

19 

and scene identification number (ID). Both have been incluu~d here for 
easy reference. Computer printouts of all accessions at each site 
were obtained and evaluated. Potential choices for optimum coverage 
were then scanned at one of two Browse Files.· The ~mportance of this 
step cannot be overemphasized. The tab runs do not list snow cover and 
estimates of cloud cover are often in question. Also there is a remark
able high probability that ? 1 percent cloud cover will be directly over 
the point of interest. References are: 

EROS Data Center (Data source-also has a browse file) 
Sioux Falls, South Dakota 57198 
(Contact: User Services (605)-594-6511, Ext. 151) 

World Data Center rrA" 
National Oceanic and Atmospheric Administration 
Boulder, Colorado 
(Contact: Les Morris (303)-499-1000, Ext. 6277) 



LANDSAT Browse File 
National Cartographic Information Center 
U. S. Geological Survey, Building 25 
Denver Federal Center 
Denver, Colorado 80225 
{Contact: Jim Keogh {303)-234-23~6) 
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When multiple accessions are available, viewing of the microfilm 
at the browse files permits selection of that scene with maximum 
contrast. Choice of time of year of coverage is also an important 
variable. It has been the observation of the authors that good 
uranium signatures are most likely to be present after the spring 
green-up of vegetation when the first summer stress of heat and 
dryness are being felt by the vegetation. Early fall scenes tend to 
be masked by dead vegetation, (Reference Chapter 2, Paragraph 2.1). 

4.3 Hybrid-Analog Video Processor 

To analyze and display the data, an hybrid-analog video processor 
made by Information Systems Inc. was used. The system, costing about 
$18,000.00 in 1974, consists of the following functional components: 

a light table, LM-18, calibrated for even illumination, bearing the 
LANDSAT input data in form of a positive film transparency of a given 
spectral band. 
a vidicon-camera, Cohu, CVC-1 to transform the data on the photo
transparency into a voltage, proportional to the photographic density. 
The transparency is scanned in 1/30 of a second in a raster of 
512 x 6/JO lines, t.he standard TV format. · 
an Image Analyzer, VP-8, transforming the data into arbitrary color 
bands according to preset voltage gates. A digital volt-meter is used 
to measure: a) the voltage corresponding to a given image cell; 
b) the xy location of this image cell, and c) the sum area of all 
image cells between preset high-low voltage levels. The total 
amplitude range of input voltages from darkest to brightest can 
be divided ihto 1000 voltage units, corresponding to a "stretch" of 
the film opacity (0-1) to 1000 units. The area of the read-out can 
be divided into 2000 subunits. 
a Shibaden Color Monitor Set, outputting the transformed data as an 
8-colored map, according to the preset voltage gates, u~ing red, 
yellow, orange, green, violet, cyan, blue, magenta, with variable 
hue/intensity, plus black and white background mapping. The stretched 
and transformed halos are displayed in a sequence of the above colors. 
A pair of x,y cursors can be positioned for location/identification. 

Figure 6 shows a block diagram with the data flow from input to output. 
The Video Camera feeds voltage data from scanning the LANDSAT transparency 
on the light table to the Image Analyzer, which has two functions: 

(1) measure the brightness level, converted to voltages per pixel 
(pi~ture element) as function of thP. Rrea (number of pixels)~ occupied by 
a given brightness level. 



Transparency 

TV-Camera 

;t'r:-
• • • • • 

Light Table 

Image Analyzer 

• 
r 

FIGURE 6 

Block Diagram and Information 
flow of Image Analysis by 
Hybrid.,.Analog C:nmputer 

The LANDSAT transparency is illuminated by a light 
table; the TV-camera scans the picture and transforms 
the image into a voltage/time series; the image 
analyzer separates these voltages by amplitude gates 
into different voltage levels, which are displayed as 
differtml colors on the image ~cret:'!n. " 

Image Screen 

' 
' 

... -



(2) Output certain ranges of voltage, by gating the voltages from 
the Video Camera by amplitude (voltage) filters and input these gates 
and amplified voltages to the Color Monitor Set, which in turn codes 
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these voltage ranges into different (up to 8) colors, to produce a mapping 
of the analysis site in color, similar (but not identical) to a geologic 

h d . 11 d "1 1 1' . " map. Thus, a data transform is ac ieve , somet~mes ca e eve s ~c~ng • 
Before the actual data transform operation, two auxilary operations 

are necessary: calibration of the data transfer from LANDSAT trans
parencies to the Image Analyzer and location determination~ 

Calibration: Before each measurement, the equipment is calibrated 
for e~ch specific phototransparency, i.e. for the background transparency 
of each film and the darkest and brightest steps printed on the gray 
steps·. For a given transfer characteristic, these values. ami any inbetween 
value are then reproducible. Comparison between different photo trans
parencies can thus be made. Location is determined by local landmarks 
and reference to topographic maps. 

Accuracy of brightnes·s levels: on the darkest step of the gray 
sca~e, i.e. the dark current, the brightness readings of the digital 
voltmeter vary+ or - 1. By suitable calibration, the brightest gray 
step varies between 1000 and 1001. Thus, the readout accuracy is 1 per 
mil. 

Accuracy of position (spatial) resolution: the area readout on the 
analog-hybrid system at the scales used here is approximately 3 pixels, 
or 700 x 700 feet. The location accuracy of an identified target is 
approximately 700 feet relative to an identifiable landmark. 

The brightness frequency distribution is read out from the Image 
Analyzer which allows the setting of arbitrary brightness intervals and 
the corre.sponi!i.ng gates pass only those pixels which are occupied by 
brightness/voltages corresponding to this gate setting. On the digital 
voltmeter, not only the voltage gates, but also the number of occupied 
pixels are read and these numbers are entered into a Table: Table 2 
shows these readings for the Midnight Mine area. The detailed procedure 
is as follows: ' 

Tabulation of area and brightness data forms a fr·equency distribution 
and are taken from the Image Analyzer in intervals of 10 units of bright
ness in a range of 10 (dark current) to 1000 (brightest) and read off on 
the digital voltmeter. For example: 

At a preset arbitrary brightness level, say-560-570; the area filled 
by this brightness level is read off in units A, a number between 
0 and 2000. 

These brightness and area numbers are entered into Table 2 for later 
calculation. Two sets of numbers are listed: 
(1) the brightness levels LVL, in intervals of 10 units. 
(2) the area A, filled by this brightness level in the image. 

Sy.stem noise usually·permits measuring area as± one unit. 
The actual plotting of a histogram is omitted, because histo~ams 

are not characteristic for an image: while each image corresponds to 
a histogram, the inverse is not true: for a given histogram, several 
images may correspond. This is easily seen, if one interchanges e.g. 
left and right subportions of an image. 



TABLE 2 

Frequency Distribution Listing of: 
# order number 
LVL brightness level 
A area 
A' 
Cum.P-

corrected area 
curmnulative 
probability 

Project: Bendix - EP~A 

Site: Midnight Mine 
Band: 5 
hv 0 

Area Cal. 2000 
fv 1000 

# LVL. A Notes I.D. 1687-18074 

380 90 
1 390 91 Mode 

400 90 General flooding of scene 
410 87 
420 80 

5 430 72 
440 63 
450 53 
460 44 
470 34 

10 480 28 
490 22 Larger Halo 
500 16 
510 14 
520 9 Smaller Halo 

15 530 4 
540 1.5 Pit, Rim and Dots 
550 0 
560 - 1.5 
570 - 3 Rim Only 

20 580 - 3.5 

Pit 

880 -5.5 All Out 
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Window: 
Centered 
on Mine 

A' Cum. P 

97 5 
96 10 
93 15 
86 20 
78 25 
69 30 
59 35 
so 4] 40 45 
34 so . 
28 55 
22 60 
19.5 

~u 14.5 
9.5 75 
7 80 
5.5 85 
4 90 
2.5 95 
2 99.9 

0 
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Having obtained a tabulation of areas in an image occupied by the 
brightness intervals, these data have to be transformed to a form which 
can be interpreted. As an example of an interpretable image transformation, 
the halo of the Midnight Mine, in color code form (green and blue), was •. 
shown in Figure 2 as an illustration of the output of the Image Analyzer 
data processing. 

The numbers as shown in Table 2, are a listing of two sets of 
numbers: 

LVL: ascending brightness levels,' in steps of 10 (class fnterval), 
A: between 10 and 2000, and corresponding to sub-area A occupied by 

these brightness levels. A is corre.cted to A 1 by setting the 
reading,at which no signal appears on the Image Screen, to zero. 

This is an ordered set (an order statistic), because one can order 
the ascending brightness steps. Taking the largest orde~ number in 
Table 2, i.e., 580, and normalizing to 100, (that is multiplying all 
lower numbers by 100/580), a sequence of cummulative probabilities in 
ascending order is obtained. These normalized numbers now express the 
cununulative probability of occupying a given sub-area in the image with 
a given brightness band. Thus, a cununulative distribution function for 
the total image is obtained. 

The inverse problem is next solved by plotting these numbers on 
logarithmic probability paper (e.g. Keuffel and Esser 46-8040). The 
result for LANDSAT band 5 at the Midnight Mine was included in Chapter 3 
as Figure 4. Identification of which straight line discriminant 
matches the uranium occurrence is made geographically. The result of 
extending this to all four LANDSAT bands is shown in Figure 7. 

4.4 Statistical Testing 

After identification of the discriminants in Figure 7 (shown by 
the arrows) 1 the corresponding brightness.levels are read from the data 
tabulations (like Table 2). The resuJts are sununarized in a Table 3. 

TABLE 3 

Brightness levels observed for: 

Midnight Mine Band 4 5 6 7 
- -

(1) Mode: 535 390 710 7 2'j 

(2) Start Large Halo 600 460 790 810 
' 

(3) Start Small Halo 620 510 810 850 

(4) Start Exclusion 660 540 860 880 

(5) Max. Bright:nes~:; in Scene 880 880 890 910 
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1. 

630 500 
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6 8 
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.17 .13 

. 112 .230 

X X 
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810 

15 
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.263 

X 

JO.toOOG070 

FIGURE 7 

NORTHEAST OF THE 
STATE OF WASHI!f:;TON 

Sl'OKANB INDIAN RESERVATION 
MIDNIGHT MINE 

• Band 5 
x Band 7 

Composite of Halo break-out for the Midnight Mine 
area for all 4 spectral bands. Arrows indicate 
breaks-outs with the number in the arrow showing 
respective spectral bands. 

10 



The brightness width (range), w, of the halo is determined by 
subtracting line (2) from line (4) in Table 3 for each band. Next, 
the. theoretical median of the halo, mtheor is obtained by adding w/2 
to line (2) to be compared to the actual median, line (3). The 
absolute difference (mtheor-mactual> = Delta m is then listed and 
the number of measurement intervals, i.e. w/10 is noted, since the 
brightness readings are taken at 10 unit intervals. Finally, the 
tau = Delta m/w is computed and compared to taUtheor which is listed 
in Table la. 

For convenience, Table la is repeated here as Table 4. 

TABLE 4 

Critical Values for Tests 
. mtheor-mact 

Us1ng the Range 2 for tau = ----------
w 

for confidence 1 - ~ = 1-0.05 = 95% 

n tau 
2 3.16 
3 0.885 
4 .52 9 
5 .388 
6 .312 
7 .263 
8 .230 
9 .205 

10 .186 

Table 5 now lists the results for SW-1, Midnight Mine, as taken from 
Tables 3 and 4. 

TABLE 5 

Midnight Mine tau test 

Bands 4 5 6 7 
w 60 80 70 70 
mtheor 630 500 825 845 
mact 620 510 810 850 
n 6 8 7 7 
Delta m 10 10 15 5 
tauact .17 .13 .21 .07 
tau the or .312 .230 .263 .263 
Homogeneous? 

Yes X X X X 

No 
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The applied test of the null-hypothesis mact = mtheor against the 
alternative mact I mtheor is accepted since tauact < tautheor (otherwise 
the hypothesis is rejected if tauact >ttheor). This means that the 
sub-population describing the halo is Gaussian and homogeneous. The 
halos nest into each other, as seen in Figure 2 and are therefore valid. 

Furthermore, since mact in band 4 = 620 and in band 5 = 510, the 
visible appearance is green (bands 6 and 7 are invisible to the eye). 

The breakou~s of the halo sub-population in the discriminant plot 
in Figure 6 are indicated by the arrows 4, 5, 6,and 7. Since the halo 
is different from a single straight line cummulative plot, it consti
tutes a usignaturerr, in this case in all four bands, and a legitimate 
sub-population. 

A single unbroken line in the cummulative plot would indicate one 
homogeneous population, not a compounded one. In the case of the 
Midnight Mine, what remote sensing observes is: forest, an alteration 
halo with .a fine structure, and a disturbed area of clearings, roads, 
and the pit. Hence, the Figure 4 break out into three straight line 
segments. In the absence of the Midnight Mine· deposit, the Beta trans
form would yield fewer straight lines corresponding to the undisturbed 
forest and drainages. 

To elaborate this point further, the sampling area where the 
histogram data were taken was moved away from the mine and a new set 
of data taken. Only one sub-population broke out in the discriminant 
plot, and this coincided with a drainage area. This was still rrsuper
vised learning" as the area had been checked by exploration geologists 
and reported as unmineralized on the surface and undisturbed. No geo
chemical data are available. The discriminant plot, included in Chapter 
7 with sw-1 shows the band 5 r'homogeneousrr sub--population which is only 
half as bright as the mine halo and is tested in Table 6. 

TABLE 6 

Spokane Indian Reservation tau-test . . 
Band 5 

-· .. 
w ::>U 

mtheor 275 
mact 280 
n 5 
Delta m 5 
tauact .10 
tautheor .246 
Homogeneous Yes 

The cummulative plot shows that this is the only sub-populatiqn in all 
four bands which breaks out. Mapping identifies it as a drainage system 
in an otherwise straight line homogeneous scene ~1ich is predominantly 
green. No other sub-populations similar to Table 3 were found .• 
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The tau test, therefore, identifies the compound sub-populations 
in the overall scene which deviate from the overall distribution. Geo
graphical coincidence with known uranium deposits then decides if the 
sub-population is an uranium halo with a given confidence level or not. 
This is a supervised case. 

4.5 Color Illustrations 

The color illustrations in this report are reproductions of the 
video processing TV output. When color gates are assigned in the Image 
Analyzer to the halo brightness levels a picture is generated as in 
Figure 2. Here the small halo was assigned blue and the broad halo 
green. These are seen to rrring" or n~st the brighter disturbed area 
of the mine, which is painted magenta:··(pink). The levels for these 
colors correspond to (2)-(3) and (3)-(4) ,in Table 3. The presence of 
magenta ~s used as rejection criteria for brighter levels than (4). 
These colors, which are quite arbitrary, were standardized for all 
results in this report. 

Note: Blue, green and magenta were set up to the. discriminant ranges. 
Yellows and browns were adjusted to show rivers, l·akes, topography, etc. 
and were not necessarily set by the discriminant break-outs. The 
colors sometimes tend toward pastel shades and become·modified from 
true colors. In particular the magenta can·be washed out by the bright 
background and becomes white. None of the colors show real colors of 
the scene terrain. 

Illustrations for the report were first tried using color~ for 
halo discriminant sub-populations only 1 and leaving the rest of the 
scene in black and white. This was unsatisfactory as iu many caeei 
the background was too dark to photograph at the same time as the 
colors. The solution adopted was to fill in the background with the 
yellows, take a 35 nnn slide of the TV screen using Fuj ichrome 100 film, 
and then print the result, at scale, using the Xerox 6500 Color Copier 
ann Slide Adapter. This method proved far more economical than photo
graphic prints or lithography. 

All illustrations were made from sandwiches of .two LANDSAT bands. 
No single rule has been found for the selection of which two bands to 
use. Ideally both bands should have statistically significant discrim
inant sub-populations, however, the best stretching is obtained by the 
two bands with greatest dynamic range contrast at the site. A trial 
and'error approach based on the ground truth information must be used 
for the final selection. This USt! of stretching by a· sandwich is 
comparable to the newly announced technique from :sioux Falls of computer 
generated contrast enhancement. The sandwich, however, has tpe advantage 
that different bands may be combined for different portions of the same 
scene. Finally, by analogy to geovariance of the ore tenor, the method 
chosen here corresponds directly to alteration halo mineralization. 
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4.6 Scale Effects 

Scale for the color illustr.ations was a compromise between availability 
of USGS topographic maps and scene scale for the histogram analysis. Previous 
experience in Washington, the Front Range and Paradox Basin led to the choice 
of an analysis area of 4 miles x 4 miles positioned in the central fifty 
percent of the TV screen. A full screen picture could then be printed on 
a report page at a scale of 1:62,500 matching the USGS 15 minute quadrangles. 
When only 7.5 minute quadrangles were available, these have been reduced 
to the 1:62,500 scale. This scale worked well until the western sites 
on the Colorado Plateau were analyzed. These sites characteristically 
are much larger in extent and are in low contrast desert-like environment. 
For such scenes the c~ntrast in a histogram can be increased by taking a 
larger area and 10 miles x 10 miles was finally selected. A full TV 
screen is then·printed at 1:250,000 scale, again matching a USGS standard. 
To permit this scaling, a plastic scale has been inserted in each TV 
screen output across the bottom edge. Care must be taken in interpreting 
any color results behind this scale as the plastic created a gray level 
change. In fact the whole picture loses confidence around the edges 
and only the "neat" or central area should be analyzed, as is standard 
practice in photo interpretation. 

The loss of alteration halo contrast on a large scale, close-up 
image of a test site comes from the fact that the zooming-in operation in 
the Image Analyzer acts as a low band pass filter on the Image screen. 
At small scale, say over 1:100,000, the high frequencies form sharp 
contrasts of the alteration halos. Decreasing the scale by blowing up 
the image eliminates them and decreases contrast. Therefore, in regions 
with marginal contrast to begin with, the scale had to be adjusted. 
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CHAPTER 5 

REGIONAL ASPECTS OF HALO SIGNATURE IDENTIFICATION 

The 'procedure of Chapter 4 wa~ followed at each of the fifty sites. 
The four geographic regions were completed consecutively, the halo 
discriminants determined,' and the halo extents photographed. Once geo
graphic correlation was established, the analysis of discriminants and 
signatures proceeded. 

5.1 Uranium Alteration Halo Signature Results 

Table 7 is a listing of all sites at.which a significant signature 
was found. Also shown are the bands in which the signature occurred, 
together with.a listing of the total number of bands exhibiting a halo 
signature. Forty-two of the sites had a .signature in at least one 
spectral band (shown by the x marks). Seven sites had no halo at the 
reported location and one apparently had a halo but ~o accurate geo
graphic mapping against which to test coincidence. 

The signatures are distributed over all spectral LANDSAT bands. 
Band 4 had 30, band 4 had ~9, band 6 showed 32, and band 7 had 33. 
There appears to be no significant trend between the four geographic 
regions. The percentage of sites with signatures, the number of bands 
with signatures, and the bands in which the signatures occur, are all 
present in Table 6 with near equal frequency-. 

Some signatures are missing in specific bands (as shown by the 
- marks) indicating lack of an identifiable contrast. The alteration 
halo in these bands blends into the surrounding country rock and is of 
the same color. The more .the alteration halo is developed, the more 
spectral bands exhibit a breakout. 

The probable reasons for complete lack of a signature at the seven 
sites, appears to be unique to that site. Included are shadows, snow, 
dense vegetation, and depth to the deposit. Bleaching of the over
burden by caliche also contributed to the lack of signatures. The 
individual sites are discussed i~ Chapter 7. 

In summary, 42 district signatures were found out of a total of 
50 districts. Their presence. at 8 districts such as San Rafael Swell, 
was not provable. Table 8 summarizes these results and is ordered by 
number of LANDSAT spectral bands exhibiting signatures. 

Table 8 shows that·a signature was observed at 84 percent of the 
sites. We define a "good11 signature as occurring in at least two bands 
(for generating sandwiches) and a "strong'' signature as occuring in 
three or more bands. Thus half of the sites exhibited a strong 
signature and three quarters a good signature. 
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TABLE 7 

Regional Halo-Siggature 
Occurence 12er s12ect::t:al ~angs 1F of Bands 

with Halo 
Region District Bands 4 5 6 7 Signature 

Washington Midnight Mine X X X X 4 
Lawley Lease X X 2 
Daybreak X X X X 4 
Kettle Falls X X 2 
Orient X X 2 
South Skookum Lake X X X 3 

Idaho Coeur d'Alene X X X X 4 
Naples X 1 
North Fork X X X 3 
Pashimeroi X X X 3 

Front Range Golden Gate X X X X 4 
Central City X X X X 4 
Copper King X X X 3 
Jamestown X X 2 
Caribou X X X 3 
Ralston Creek X X X X 4 
Lawson-Dumont X X X X 4 
Georgetown X X X X 4 

Paradox Basin Gateway X X X X 4 
Uravan X X X X 4 
Paradox X X X X 4 
Bull Canyon X X X X 4 
Big Gypsum X 1 
Slick Rock X X X X 4 
Thompson X X 2 
Placerville X X 2 
Moab-Black Ridge X X X 3 
Monticello-Dry Valley X X X 3 

Monument Upwarp Monument Valley X X X X 4 
White Canyon X X X X 4 
Blanding X X 2 

Henry Mountains X X X X 4 

lJirtta-Pic~ance Baoin R:t fle X X 2 
Eureka X 1 

Black Mesa Cameron X 1 
Holbrook X X 2 

San Juan Basin Jackpile Mile X X X X 4 
Grants X X X 3• 
Gallup X X X X 4 
Chuska ~ X 2 
Shiprock X X X 3 
Durango X 1 



TABLE 8 

Spectral Band Distribution of 
Signatures 

fF of Bands with Signatures fF of Districts % 
4 18 j{) 

3 9 18 
2 10 20 
1 5 10 
0 8 16 

Totals 50 100 

5.2 Comparison of Neighboring Signatures 

Testing the hypothesis that ~he means (actual of. two neighboring 
h~los) are either identical or different, i.e. belonging to the same 
sub-population or not, is accomplished by applying the tau-test for 
critical values of the difference of two means 

m - m act(l) · act(2) 

+ 

where the indices (1), (2) indicate the two sub-populations being 
tested. Critical values for taudiff are listed in Table 9 (a repeat 
of Ta:ble lb). 

TABLE 9 

Critical V~lues of taudiff for confidence parameter 
(1-0.05) = 95% i.e. ~ .OS 

n 

2 
3 
4 
5 
6 
7 
8 
9 

10 

1.16 
.487 
... 322 
~.246 

.203 

.173 

.153 

.137 

.125 

Again, if taudi££ (actual) is smaller. than taUdiff (theor), then 
there is no reason to reject the hypothesis that the 2 means belong 
to the same sub-population for the given confidence level (95 times 
nut: nf 1()() triAls). 

Applying this test to a comparison of the halo signatures of 
Midnight Mine and Lowley Lease yields Table 10 which shows that the 
signature of the two sites is only similar in band 6. 
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TABLE 10 

Critical Values of taudiff for 
Confidence Levels 94% for Mid-
night Mine (1)-Lowley Lease (2) 

Bands 4 5 6 7 
m1 act 620 510 810 850 
m2 act 690 610 800 820 
Delta m 70 100 10 30 
Wl 60 80 70 70 
W2 60 - 100 100 
wl + W2 120 160* 170 170 
taudiff .58 .63 .06 .18 
n 7 8 10 10 

./ 

.173 .153 .125 .125 tau the or 

Signatures are similar: - - X -
are different: X X - X-

* Estimated 

In Table 7, the confidence level was lowered from 95% to 94%, 
to accomodate an obvious similarity in band 6. In .this band, the 
Midnight Mine shows drainage-like extensions; however since the outflow 
comes from the Midnight Mine, it is hypothesized that this particular 
drainage is uranium contaminated and is only admissible with 94% confi
dence. If one insists on 95% confidence, both mines are completely 
different in the remote sensing data. 

The same tau difference test was applied to the other signatures, 
and a total of nineteen signatures at seventeen pairs of sites tested 
as similar. This raises the question: what are the distances over which 
similar signatures are applicable to interdistrict comparison? 

5.3 Geographical Range of Similar Signatures 

Inter-district comparison of similar signatures by spectral band 
is given in Table 11. Only these pairs of sites met. the taudiff test 
criteria. Table 12 then lists these pairs versus geographical distance 
(air distance) in ascending order of distance, thus generating an 
ordered statistic. 



TABLE 11 

Inter-District comparison 
of similar spectral signatures per spectral band* 

Districts 

Washington 
· Lowley Lease - Midnight 

Idaho 
Coeur d'Alene -North Fork 

Front Range 
Jamestown - Copper King 
Caribou - Central City 
Ralston Creek - Golden Gate 
Georgetown - Lawson 

San Juan Bas in 
Grants - Ga.llup 

Paradox Basin 
Gateway - Uravan 
Uravan - Bull Canyon 
Paradox - Big Gypsum 
Big Gypsum - Slick Rock 
Bull Canyon - Big Gypsum 
Slick Rock - Black Ridge 
Moab (Black Ridge) - Uravan 
Monticello - Slick Rock 

Monument Upwarp 
Monument Valley - White Canyon 

Black Mesa 
Cameron - Holbrook 

Bands 

Totals per Band 

*with 94% confidence 

4 

X 

X 

X 

X 

4 

5 

X 

X 

X 

X 

4 

6 

X 

X 

X 

X 

X 

X 

X 

X 

8 

32 

7 

X 

X 

X 

3 



Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TABLE 12 

Inter-halo Air Distance 
in miles, of districts with similar halos 

Districts 
Midnight - Lowley Lease 
Ralston - Golden Gate 
Georgetown - Lawson 
Bull Canyon - Big Gypsum 
Big Gypsum - Slick Rock 
Caribou - Central City 
Uravan - Bull Canyon 
Bull Canyon - Paradox 
Monticello - Slick Rock 
Gateway - Uravan 
Black Ridge - Uravan 
Slick Rock - Black Ridge 
Grants - Gallup 
Monument - White Canyon 
Jamestown - Copper King 
Cameron - .Holbrook 

Miles 
2 
3 
4 
5 
7 

12 
14 
16 
20 
25 
35 
39 
49 
so 
51 

121 

Cumm.ulative 
Distribution 

6 
12 
19 
25 
31 
38 
44 
so 
56 
62 
69 
75 
81 
87 
94 
99.9 
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Combining the rank into a cuunnulative distribution, i.e. assigning 
to the maximum distance range a number 100, allows plotting the distri
bution of Inter-Halo air distance on log cummulative probability paper 
as shown in the discriminant plot of Figure 8. 

The plot shows the existence of two different types of similarities: 
the first, ascending, straight line reaches from 2 to 40 miles of dis
tance between similarities of alteration halos. This means that the geo
logical setting of uranium occurrences, at least in one spectral band, 
may extend that far with a SO% probability point at 16 mi.les. One may 
take the 16 miles as a definition in probabilistic terms of the linear 
extension of a district. nle second line, although populated by only 
3 data points, is a very pronounced deviation from the first one and 
may represent a different phenomenon: it could be interpreted as the 
surfacing at 50 miles distance of a buried deposit where the inbetween 
areas are covered by inert masking surface materials, like soil formations 
in the case of Monument-White Canyon or Cameron-Holbrook. In the case 
of Jamestown-Copper King, it is probably the same event: intrusives 
during the Larami~e revolution which may be connected ~t greater depth~ 
However, the few points on this line segment doe~ at this point, cast 
doubt on such far H:aching conclusions. 

The observation that Table 12 does not contain any pair of sites 
crossing the four geographic/geologic regions is considered signifi
cant. This raises the question of Whether these results ~an be used as 
a catalog for analyzing additional areas. 
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5.4 Catalog of Uranium Alteration Halo Signatures 

Chapter 7 is a self consistant listing of the fifty sites by 
location, reference, discriminant analysis, and halo results. It 
is tempting to assume this forms a catalog of signatures. However, 
the discriminants are highly individualistic and only locally valid. 
At least at the dimensionality of this study (bandwidth, resolution, 
scale), it is not possible to generate a signature specification and 
then expect it to be generally valid. The value of the results is 
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that local exploration of the additional signature halos found may 
extend known ore bodies. Within a district the signatures are valid 
with greater than 50% probability up t.o 16 miles linear distance, and 
with lower probability up to 50 miles. Signatures in the 50 miles plus 
range are of a different nature. They may evidence a connection due to 
buried structures without surface halo. Exploration along such a 
postulated connecting structure may yield buried uranium deposits. 
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CHAPTER 6 

COMPARISON OF LANDSAT AND SKYLAB/HIGH ALTITUDE PHOTOGRAPHIC DATA 

Two types of SKYLAB and one of aerial photography were compared to 
LANDSAT coverage at two sites. This provided a broad range of spatial 
and spectral resolutions and film formats. Detailed results are 
presented in Chapter 7 in Paragraphs 7.3.10. for the Front Range and 
7.4.8 for the Paradox Basin. 

SKYLAB photographic coverage consists of Sl90A, a ganged six camera 
experiment, and S190B a single lens ran long focal length camera. .Sl90A 
is multispectral with spectral bandwidths varying from 0.1 micron to 
0.38 microns. The 0.7 to 0.8 filtered near infrared film was used for 
the Colorado Plateau analysis. Image size is 2.25 x 2.25 inches at a 
film scale of 1:2,850,000 and ground resolution in the infrared is the 
same as LANDSAT. Even at maximum magnification of the video processing 
system this picture could only be magnified to. half the scale of the 
standard LANDSAT analysis (see color illustration CP-26). The halo 
definition is equivalent to the LANDSAT results (CP-1), and hence 
considering the LANDSAT repeating coverage of every 18 days, the 
LANDSAT imagery is preferred. · 

The SKYLAB S190B camera· tested a variety of film types.· Over the 
Colorado Plateau, high resolution color film was used with 0.4 to 0.7 
micron bandwidth and a ground resolution of about 70 feet compared to 
LANDSAT 220 feet. Fiim size is 70mm with 4.5 x 4.5 inch image size 
at film scale of 1:950,000 resulting in one quarter the coverage of 
LANDSAT per frame. Color illustration CP-27 clearly shows an improvement 
in resolution over CP-1, the LANDSAT picture. This advantage is offset 
in the general case by lack of repetitive coverage, a large amount of 
cloud coverage in the scenes, and lack of sidelap in coverage bet~een 
adjacent orbit tracks. Thus for a particular site, Sl90B coverage may, 
if available, be superior to LANDSAT but at a reconnaisance level, 
LANDSAT with its four spectral bands is preferred •. 

The aerial photography used was from the Army Mapping Service (AMS) 
on 9 inch film, at a film scale of 1:60,000, and had a ground resolution 
of about 10 feet. Spectral bandwidth was equivalent to LANDSAT bands 5 
plus some of 6 or 0.6 to 0.75 microns. Color illustration FR-9 and FR-10 
are two examples for the Colorado Front Range. Results are very comparable 
to LANDSAT results (FR-4 and FR-5 respectively) except for the greater 
resolution. However, aerial camera ienses are wide angle and clearly show 
the lens cosine effect which darkens the picture radially from the center. 
This feature prevents the extrapolation of a signature away from the 
training site. Because of this, the LANDSAT coverage is preferred. 



CHAPTER 7 

SITE ANALYSES AND INTERPRETATIONS 

This portion of the report deals with the results obtained 
using the analog/digital video processing equipment and procedures 
as described in Chapter 4. Each of the fifty sites are .discussed 
individually in subsequent paragraphs and analyses and results have 
been collected geographically into the four contract areas: 

Northeast of the State of Washington 
Northwest of the State of Idaho 
Colorado Front Range 
Colorado Plateau 

Report Symbol 
sw 
SI 
FR 
CP 

Provided that a signature halo was found at the sit~, ea~h. 

discussion is followed by a standard package of illustrations all 
labelled with the site symbol and name. Only exceptions are .then 
noted. Each package consists of: 

A location map, showing by box outline the extent of each 
analysis area and·its location. 

A Discriminant Analysis plot on curnmulative log probability 
pap~r of the gray shade histogram data. The statistical 
tau test is included and the corresponding sub-population 
breakouts (discriminants) identified by arrows. 
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A detailed map reproduced at essentially the same scale as 
the following color picture, showing location and orientation 
of TV cross hairs, latitude and longitude marks, and a 
mileage scale. These maps have been reproduced from USGS 
topographic quadrangles. 

A color picture of the video processing output. These 
pictures were generated on the hybrid comiJuter output 
TV screen, a color slide taken, and color prints made on 
the Xerox 6500 Color Copier. Each picture includes 
cross hairs, a mileage scale, and site identification. 
Color assignments are as described in Chapter 4. 

Ground truth information was· taken from a variety of sources 
and is described in each geographic writeup. Location of the reported 
sites ic either shown on the location map (as for the Colorado Plateau) 
or indicated on the detail map with source refer~nce. 

Field trips were made by DEMEX personnel to all of the Colorado 
Front Range sites and to the majority of those in the Paradox Basirl. 
Referenced radiation·· measurements were made with a GeoMetries GRS lOlA 
p9rtable gamma ray-scintillometer. 

Halos which appear in addition to the reported site are termed 
residuals. If these cannot he rejected or identified hy other references, 
they become possible prospects. 
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7 .1 NORTHEAST OF THE STATE OF WASHINGTON 

A total of nine sites within the northeast corner of the State of 
Washington were studied. This list carne from Map MR-2, however, as the 
study progressed more detail was needed and Map 21 was utilized. This 
lists the latitude and longitude of each uranium deposit rounded to the 
nearest minute. USGS Bulletin 1074 was used to further detail the 
Washington and Idaho occurrences. Unless specifically mentioned, the 
MR-21 reference is shown on the detail map for each site together with 
the reference to the sequential listing accompanying MR-21 for each State. 

7.1.1 SW-1 Spokane Indian Reservation- Midnight Mine (MR-21-7) 

WRS-047027 Scene ID El687-18074 June, 1974 

The Midnight Mine is a producing uranium mine 40 miles northwest of 
the town of Spokane, Washington, where the terrain is forested and includes 
moderate relief (see maps). The histogram of SW-1 was taken for an area 
of 4 miles x 4 miles centered on the mine. The discriminant analysis and 
tau test show that a statistically significant signature was found in each 
of the four LANDSAT bands. Each of these signatures had, by definition, 
geographic coincidence with the ground truth site. The mapped position of 
the mine has been modified slightly from MR-21 rounded coordinates based on 
first-hand information from a local geologist. 

To determine that these signature sub-populations are not general and 
do not appear throughout the picture, a histogram was also run on the 
adjacent 4 x 4 mile area to the east. This area is reported (by the same 
geologi5t) to be unrnineralized on the surface and appears undisturbed. The 
discriminant analysis, included here after the SW-1 analysis, shows only 
one small population, in band 5, which departs from a nearly smooth curve 
and passes the tau test as significant. Comparing the tau test data, this 
sub-population is only half as bright as the halos at Midnight and coincides 
with a drainage system which runs through the area. 

The color illustration for SW-1 has been made from bands 5 and 7 
in a sandwich since these had the greatest dynamic range between the 
signatures. The picture is at the same scale and of the same area as the 
detail rnap·for SW-1. The color assignments are read as follows: Black 
is used for shadows and water and primarily shows terrain, lakes, and rivers. 
The yellow and tans fill in the background of the picture. Magenta is used 
as a rejection criteria for areas "brighter-than" the truth site - in this 
case the pit and scars of the operation. The disturbed area is surrounded 
by a close-in halo in blue, which is itself surrounded by a broader halo in 
green. These blue/green halos are the geographic extent of the gray level 
statistical populations. Blue maps the most intensely altered areas and 
green those areas with lower levels of alteration. The broader halo may 
be the result of decreasing radial dispersion or the partially hidden halo 
from underground alteration, or both. 



The halo around the Midnight Mine is seen to be bounded, that is 
the halo does not spread over the whole area of the picture. However, 
additional spots,with response identical to the halo around the mine, 
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occur on the flank of Spokane Mountain and as a possible extension of the 
alteration to the south. These areas have a significantly higher probability 
of being altered like the mine area, as compared to other areas ·in t:he 
scene with different responses. One additional area of green halo shows up 
in the southwest of the picture where a drainage has down-cut to a lower 
horizon which is possibly also altered. 
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7.1.2 SW-2 Spokane Indian Reservation- Lowley Lease (MR-21-6) 

WRS-047027 Scene ID El687-18074 June, 1974 

Lowley Lease is reported to be five miles s outh of the Midnight 
Mine (SW-1). No halo or signature was found exactly at the MR-21 
co-ordinates. A signature similar to that at the Midnight Mine was 
found six-tenths of a mile east and, taking into account the 
rounding of latitude and longitude, was taken to be the ground 
truth site. Statistically significant signatures were then found 
in bands 4 and 7 as shown in the discriminant plot for SW-2. 
Band 4, in a vegetated area such as this, is ~ery dark and not 
optimum for an illustration. Color illustration SW-2 was made 
from band 7 stretched in a sandwich by band 5 as this corresponds 
to maximum dynamic range and is the same sandwich as used at the 
Midnight Mine. 

Following the completion of this study a new unofficial reference 
was published which locates Lowley Lease two and a half miles further 
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southwest in Section 14. This location has been confirmed by the Re gi onal 
ERDA Manager. Comparing the detailed map and color illustration for 
SW-2 shows a halo at this site also. Thus the change of location 
does not alter the results. 

The original position near the crosshairs must now be considered 
an unrecognized residual which could be a prospect. Similar halos 
extend east from the revised position, and to our knowledge have 
not been explored. Magenta rejection color appears at the town of 
Wellpinit in the upper right hand corner, at several areas at right 
center, and across the river to the west at Sand Flat. The three 
spots ease of Lht:! Liver and at the horizontal ('rnsshRir. are at the 
site of the Sherwood Mine which is primarily surface storage of 
ore brought from depth. 

The area in the southwest corner of the picture illustrates an 
additional characteristic of the method that must be taken into 
consideration in interpretation. This area is distinctly disturbed by 
man (witness the straight edges), and is properly colored magenta. 
However, in the transition from yellow background to magenLa, a 
transition zone exists in the data which passes through the gray 
shades assigned blue and green. An apparent edge in the halo colors 
results and in most cases must be ignored. 
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7 .1.3 Spokane Molybdenum Mine (MR-21-5) 

No signature halo was found in any LANDSAT band matching the 
location of the Spokane Molybdenum Mine, which is located on the 
west side of the Spokane River, just out of view of the SW-2 
picture. This is partially attributed to the location of the mine. 
The adit is on the north flank of Pitney Butte and hence in shadow. 
The radioactivity is reported at depth within the mine and no halo 
appears on the top of the Butte. 

7.1.4 SW-3 Elk- Mount Spokane Area (MR-21-2) 

WRS-047027 Scene ID El687-18074 June, 1974 

The town of Elk is twenty miles north of Spokane, Washington. 
Uranium occurrences are spotted irregularly over a distance of 
ten miles southeast toward Mount Spokane. The analysis area was 
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chosen at the southeast end of this strip, primarily due to prior ground 
truth knowledge. Within this area the MR-21 sites include the Daybreak 
Mine (labelled MR-21-2 on the SW-3 detailed map) the Huffman Mine 
a mile to the northeast and Kit Carson Uranium on the horizontal 
crosshair. Signalures matching these sites were found in all bands 
as shown in the discriminant plot. The greatest dynamic range 
exist.s between bands 5 and 7 and these were used for the illustration 
sandwich . 

In the color illustration, the pit at Daybreak appears in 
magenta, Huffman appears as a green dot, and Kit Carson as a 
blue/green halo. Most of the other halos can be rejected by the 
presence of magenta including snow covered Mount Spokane in the 
east. The east-west row of halos between Daybreak and Kit Carson 
correspond to a known series of prospects. Nothing is known about 
Lhe response in tht=- northeast corner nor the area west of Mount 
Spokane on the side of Mt. Carti0n. The latter is close enough to 
the Kit Carson halo that the probability of similar alteration is 
very high. In the west, an additional occurrence is reported in 
the northern center of Section 9 close to another green dot. 
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7.1.5 Sherman Pass Area 

The Sherman Pass Area is not listed in MR-21 but is described 
in Bulletin 1074. Three claims are located at the pass 20 miles 
west of Kettle Falls, Washington. Only one of these contains 
minerals. No signature was found in any LANDSAT band that matched 
these sites. Some of the factors are undoubtedly 1) the presence 
of snow, 2) dense forest coverage, 3) shadows from the steep 
terrain, and 4) low mineralization. Bulletin 1074 also lists a 
broad area of small uranium occurrences stretching all the way to 
Kettle Falls. With no geographic supervised training site, these 
were not analyzed. (However, see comments on site SW-4 for 
mineralization further down Sherman Creek). 

7.1.6 SW-4 Kettle Falls District 

WRS-047026 Scene ID El687-18072 June, 1974 

The Hurrell Claims of the Kettle Falls District are reported 
in Bulletin 1074 and have no MR-21 counterpart. As shown in the 
SW-4 map, these are located in Section 21, T36N, R37E, five miles 
west of the town of Kettle Falls. Signatures were found in bando 
4 and 7 and the best illustra~ion was obtained by using band 7 and 
stretching this by band ~- In the color illustration a group of 
blue/green halog are seen in Section 21 extending to the northeast. 
Other areas can be rejected except for a group of halos in the 
southwest on Bangs Mountain. These are the eastern end of the 
Sherman Pass areas of small occurrences. When these same settings 
are extended north towards Boyd, the Box Canyon Claim also listed 
in Bulletin 1074 lights up with the same halo. Distances involved 
arc approximately four miles north to Boyd and south to Bangs 
Mountain. 
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7 .1.7 SW-5 Orient Area (MR-21-10) 

WRS-047026 Scene ID El687-18074 June, 1974 

The MR-21 co-ordinates for U and W Uranium match the location 
of the Kettle River Mine six miles north of Orient, Washington, 
Signatures matching this site were found in bands 5 and 6, however, 
the most definitive illustration resulted from taking band 5 and 
sandwiching it with band 7. The result can be seen in the SW-5 
color illustration. At the mine site a small blue/green halo 
exists with several sub-sections. While some areas can be rejected, 
there are still a large number of unexplained blue/green halos. To 
the east several halos match mapped mine locations such as the 
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Easter Sunday and the unnamed mine in Section 34, but it is not known 
if these are radioactive. To the west of the river, there are no 
mapped mines. The most likely interpretation is a broadly mineralized 
area plus a change in the discriminant of the halo further away from 
the training site. 
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7.1.8 SW-6 Pend Oreille County- South Skookum Lake (MR-21-1) 

WRS-047026 Scene ID El687-18074 June, 1974 

The location of the MR-21 Silver Dollar is 15 miles northwest of 
the town of Newport on the Pend Oreille River at the border between 
Washington and Idaho. Signatures in bands 5, 6 and 7 mapped an area 
within one quarter mile of the reference site. The color illustration 
is from a 5/7 sandwich, and the site halo can be seen near center in 
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the lower right quadrant of the crosshairs. Mount Baldy, top center, is 
snow covered and rejected. The only remaining halos lie along Browns 
Creek in the northwest and must be considered as residuals of interest. 

7 .1.9 Merikay Pegmatite 

The Merikay Pegmatite is located two miles south · of Calispell Peak 
and thirteen miles northeast of Chewelah, in the northwest carne; of the 
SW-6 location map. The Pegmatite is reported to be a dark color and 
contains the Merikay Mine. No definition of the extent of the pegmatite 
nor any mine halo could be found in any of the LANDSAT bands. The area 
is heavily forested and apparently the site is affected by background 
masking i.e. an overlap of background sub-population into the site 
population. Possibly with more detailed ground truth information, one 
or more of the discriminant sub-populations might be recognized as 
matching sub-portions of the pegmatite but neither the complete site nor 
the mine are detectable. 
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7.2 NORTHWEST OF THE STATE OF IDAHO 

Four sites were analyzed in Idaho, ranging from the Naples District 
in the north to the Pashimeroi Valley near the center of the State. 
Neither MR-21 nor Bulletin 1074 is clear on whether the radioactivity 
is due to uranium or thorium. Signatures were, however, found at all sites. 

7 .2.1 SI-1 Coeur d'Alene District (MR-21-3) 

WRS - 046027 Scene ID E5082-17453 July, 1975 

The portion of the Coeur d'Alene that was analyzed included the town 
of Kellogg, Idaho. MR-21 sites include the Bunker Hill Mine and the Sunshine 
and Cresent Mines (MR-21-4), all of which are shown on the detail map 
for SI-1. Signatures matching the location of the Bunker Hill were found 
in all LANDSAT bands and a maximum dynamic range sandwich of bands 5 and 7 
was used for the illustration. A blue/green halo without magenta can 
be seen just to the left and up from the crosshair intersection, corres
ponding to the Bunker Hill. To the east where the horizontal crosshair 
meets Big Creek are a cluster of halo dots in the vicinity of the Sunshine 
and Cresent Mines. The Page Mine in the west is also reported to contain 
uranium. Most of the responses from the north-south canyons are 
rejected by magenta with the possible exception of Government Gulch at 
the west end of Kellogg. However, there is a smelter here and no ground 
truth to evaluate its impact on uranium signatures. An example of 
limitation to the interpretation occurs all along the Coeur d'Alene River. 
Portions of the river valley floor match the signature of the mines up 
in the forested hills. Several examples of two such different environments 
having the same gray shades are discussed throughout this report. The 
g·reen halos at the head of Big Creek match existing mines. Nothing is 
known of the south of Kellogg Peak at the vertical crosshair. 
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7.2.2 SI-2 Naples District (MR-21-2) 

WRS-046026 Scene ID £5082-17450 July, 1975 

The MR-21 reference is the Hotentot Group south of the to~~ 
of Naples, which is ten miles south of Bonners Ferry, Idaho. This 
site presents a mapping problem as it lies precisely on the inter
section of 7.5 and 15 minute coverages. Furthermore, the 15 minute 
map is out of print at the Denver Federal Center. For this one site 
only, the location and detail map are combined and shown at 
1:250,000 scale whereas the color illustration is at 1:62,500. 

At this site, a signature was only found in band 7 and the 
color illustration was generated by stretching this with band 5. 
The result shows a rather broad blue/green halo above and below the 
horizontal crosshair at the MR-21 co-ordinates one and a half miles 
east of the crosshair location (see scale at bottom edge of picture). 
Cultivation to the west and cloud to the east are rejected by 
magenta. Possible extensions to the site are suggested by small 
non-magenta halos. 

45 



0 10 15 20 25 30 Naples District 



410 -

430 -
8 

20 

.25 

.23 -

X 

0.05 0 .1 0.2 0.5 

430 

440 

10 

. 17 

. 312 

X 

10 20 

.NORTHWEST OF THE 
STATE OF IDAHO 
NAPLES DISTRICT 

10 

9 

. 7 





7.2.3 SI-3 North Fork- Shoup District 

WRS-043029 Scene ID El701-17451 June, 1974 

The North Fork - Shoup District is described in Bulletin 1074 
as a belt of monazite 20 miles long with low thorium content except 
for the southeastern part. The highest radiation is reported in 
Sections 26 and 27 T23N, R21E and this was used as the training site. 
As can be seen in the SI-3 detailed map, Section 26 contains multiple 
prospects. 

Signatures matching Section 27 were found in bands 4, 5 and 7, 
however bands 4 and 5 gave very poor definition due to the dark 
forest covered scene. The color illustration was finally made 
from band 7 stretched by band 6. Even with this, the left portion 
of the picture is black. The site may be seen at the center of the 
picture with a magenta spot due to some disturbance. A "belt" of 
blue/green spots might be described as running north-south through 
this point, but only one spot is mapped as a prospect. 

These settings were tried north to North Fork and west to 
Shoup. A change of scale to view Lhe whole area at once was also 
tried. No sign of a "belt" was seen and the halos stopped just north 
of the SI-3 illustration area. 
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7.2.4 SI-4 Pashimeroi Valley 

WRS-043029 Scene ID El701-17451 June, 1974 

No MR-21 reference exists and Bulletin 1074 describes the sLte 
as being "on the north side of the Pashimeroi River, within two 
miles of the S~lmon Riverl'. Further the site is "probably too small 
to be mined profitably". An area answering this description was 
found with signatures in bands 5, 6 and 7. The color illustration 
is from a 6/7 sandwich. The halo can be seen left of the vertical 
crosshair and southeast of the town of Ellis. No other sites are 
like this east of the Salmon River, and washes and cultivation can 
be clearly identified and rejected. Another group of blue/green 
halos exists in the northwest of the picture and we understand that 
exploration is under way in this area, but cannot find a reference 
in the literature. 
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7.3 FRONT RANGE, COLORADO 

The nine sites in the Colorado Front Range lie at the northeast 
end of the Colorado Mineral Belt. They are all vein type deposits and only 
one, the Schwartzwalder Mine, was put into production for uranium. 
They have been listed from north to sou ~h and are cross referenced to 
the Map MR-21 identification. All sites were visited by DEMEX personnel 
and slight corrections to the MR-21 locations made as necessary. The 
entire area falls within a single LANDSAT scene, howeve~ site locations 
vary from gently rolling foothills to steep mountain terrain close to 
the Continental Divide. 

7.3.1 FR-1 front Range -Copper King Mine (MR-21-6) 

WRS-036032 Scene ID E5072-16505 June, 1975 

The Copper King Mine lies northeast of the Red Feather Lakes 
between the Cache la Poudre River and the Wyoming border. Original 
production was for copper. Signatures were found in bands 4, 5 and 6 
and the color illustration is from a 5/6 sandwich~ ~he halo at the 
mine site is not demonstrably different from the transition zone surround
ing the large magenta areas which are rejected as they are brighter than 
the truth site. The Prairie Divide just north of the site is an open area 
of bright pink eroded granite with very little grass cover. Tailings from 
the mine had radiation level of 3x background. In spite of the signature 
significance, it would be difficult from this scene alone to choose 
other likely sites. Verbal report from a post graduate student at 
Colorado State University indicates the whole area is full of small 
hydrothermal uranium deposits and this certainly agrees with the multiple 
small halos seen in the remote sensing results. 
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7 .3.2 FR-2 Front Range -Jamestown District (MR-21-66) 

WRS-036032 Scene ID E5072-16505 June, 1975 

The town of Jamestown is ten miles northwest of Boulder, 
Colorado, and the mining district one mile further north. Details 
of the distribution of uranium are not clear . Radiation highs of 
2x to 3x background were measured from one to two miles east of 
town and up the canyon below Balorat Hill to the Red Spruce Mine. 
Signatures matching these locations were found in bands 4 and 5. 
Band 4 was very dark and hence band 5 was stretched with band 6 to 
make the illustration. The magenta spot one mile north of town is 
a large tailings pile from the Burlington Mine. The halos east of 
Jamestown map onto the south flank of Golden Age Hill where mines 
exit on the north (shaded) side, and where high radiation was 
measured near Springdale. 
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7.3.3 FR-3 Front Range -Caribou District (MR-21-70) 

WRS-036032 Scene ID E5072-l6505 June, 1975 

The Caribou Mining District lies five miles west of Nederland, 
Colorado, and is close to treeline. Only the Caribou Mine is still 
in production. The whole area is marked by small to medium sized 
tailings. Background radiation was the lowest the authors h ave seen 
in Colorado and no increase was noted at Caribou. Signatures which 
differentiated Caribou from its surroundings were found in bands 
4, 6 and 7, however, the most definitive extent to this halo was 
found in band 7 stretched by band 5. In the illustration Caribou 
is up in the northwest corner rather than centered in order to 
m~n~m~ze the rejected snow coverage to the north and west. It 
is interesting to note that the halos extend in an arc to the 
west and north to a mine site on the flank of Bald Mountain. The 
site of Nederland is rejected by magenta. The group of green dots 
at the center of the picture apparently come from the swamp and 
gravel pits on Boulder Creek, and the clear-·cut runs of the Lake 
Eldora Ski Area also respond. The single dot one mile northwest of 
Nederland is the Illinois Mine which contains uranium mineralization. 
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7.3.4 FR-4 Front Range -Ralston Creek District (MR-21-86) 

WRS-036032 Scene ID E5072-16505 June, 1975 

The Ralston Creek District is located six miles north
northwest of Golden, Colorado, and includes the Schwartzwalder Mine. 
This district, together with FR-5, was described by Rick, Holland and 
Petersen, 1973 and local uranium deposits are shown in their Figure 
A-22. Signatures locally matching these deposits were found in all 
four ,bands and the illustration is from a 5/7 sandwich. The Ralston 
Creek District is in the upper center portion of the picture to the 
left of the crosshair. The most southerly of these green dots is 
close to the Schwartzwalder which is itself in shadow. Green 
halos along Ralston Creek, near the crosshair intersection and,·west 
along the horizontal crosshair all match geochemical highs from a 
stream sediment survey conducted by the authors in 1975. 
Illustration FR-4 clearly shows another feature of the level slicing 
method. Just to the right of the vertical crosshair is a very 
sharp N-S hogback. To the east of this the terrain is totally 
different from Ralston Creek and the same signature criteria does 
not apply. Such different areas would not normally be included in 
one picture or analysis. 

7.3.5 Front Range- Old Leyden Mine (MR-21-85) 

This site lies due east of Ralston Creek just out of the field 
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of FR-4 color illustration. Coal was originally mined at depth and the 
site covers an irregular area two miles east-west by one mile north-south. 
No signature at all was found that matches this area. In the top right 
hand corner of FR-4, it can be seen that the area is outwashed from the 
hogback. The mine is currently used as a high pressure natural gas 
storage and perhaps this use has masked all surface signatures from 
uranium at depth. No local increase in surface radiation could be 
detected. 
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7 .3.6 FR-S Front Range - Golden Gate Canyon District (MR-21-87) 

WRS-036032 Scene ID E5072-16505 June, 1975 

Golden Gate Canyon runs west into the foothills one mile 
north of Golden, Colorado . Rich, Holland and Petersen show the 
uranium depos i ts in Sections 18 and 19 north of the Canyon and east 
of Tucker Gulch. Signatures mapping this area were found in all 
LANDSAT bands and the illustration was chosen as a 5/7 sandwich . 
Blue/green halos generally fill this area and are not present in 
adjacent areas to the north, west and south. To the east, however, 
the signature overlaps into the grass covered slopes of the foothills. 
The hogback and the town of Golden are clearly rejected. In the extreme 
southwest of the picture there are other green halos. Nothing is 
known of this area, however mines and prospects are mapped on the 
northern flank of Centennial Cone within this area. Radiation 
along Golden Gate Canyon was generally 2x background. The higher 
land in Sections 18 and 19 was not reachable. Illustration FR-S 
shows another feature of level slicing results. It can be argued 
that the halos only lie on sunlit slopes and that this is the only 
thing seen. However, there are many other sunlit slopes with the 
same orientation and these do not respond in a similar manner . 
Typically one fifth of the slopes might respond, equalling one percent 
of the whole area. Green dots in the north of FR-5 are shown 
re jected in the south of FR-4, illustrating the need to analyze 
only the neat area of the TV screen where the signatures are 
similar ( Reterence Table 11) . 
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7.3.7 FR-6 Front Range -Central City Area (MR-21-77) 

WRS-036032 Scene ID E5072-16505 June, 1975 

Ground truth for the whole of the Central City to Georgetown 
districts made use of USGS Professional Paper 371 and in particular 
plate 3 of that report, which maps the location of abnormally 
radioactive localities both underground and in dumps. Rather than 
map these individual mines, contours have been drawn around groups 
of mines having high or moderate abnormalities and these contours 
transferred to the FR-6, 7, and 8 detailed maps. At Central City 
all bands showed the extensive area of tailings and a less extensive 
halo within this area. The color illustration shows the data from a 
5/7 sandwich. The town of Central City and the Glory Hole are shown 
in magenta. A pattern very similar to the radioactive contour appears 
in blue and green. Note however, that Silver Hill just north of 
Black Hawk is in shadow and does not respond, although a trend from 
Central City toward Silver Hill is clearly evident. On the field 
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trip, radiation readings generally agreed with the reference literature, 
however, 2x background readings were observed irregularly along the 
whole length of Virginia Canyon to the south where there are additional 
halos. 
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7.3.8 FR-7 Front Range -Lawson-Dumont and Fall River District (MR-21-81) 

WRS-036032 Scene ID E5072-16505 June, 1975 

This district extends five miles east-west along the north 
side of Clear ,Creek Canyon and Interstate I-70. As for FR-6, 
contours of abnormally high radioactive readings as reported in 
USGS Professional Paper 371 have been plotted on the FR-7 detailed 
map. Signatures approximating these areas were found in all LANDSAT 
bands. The color illustration is from a 5/7 sandwich. The cut and 
fill sections of the canyon are clearly visible and rejected as 
brightl:!r than Lhe mine areas. Blue/green halos match the mine 
areas northwest of Lawson, up Mill Creek from Dumont and along 
Fall River. Field measurements confirmed high readings just north of 
the Empire turnoff where halos occur, low readings along upper Mill 
Creek to left of the vertical crosshair where no halos occur, and 
high readings at the mouth of Fall River Canyon where again there is 
a green halo. To the east is the start of the Central City district. 
Comparison of the color illustration of FR-6 and FR-7 clearly 
show that different level settings are required for these two areas. 
To the west, halos occur at the North Empire Creek mining area. 
Mines are also located at the north center of the picture where halos 
occur on the flanks of Yankee and Sheridan Hill. Snow covers much 
of the mountain tops along the Continental Divide in the northwest 
corner of the picture. 
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7.3.9 FR-8 Front Range - Georgetown-Idaho Springs District 

WRS-036032 Scene ID E5072-16505 June, 1975 

The radiation abnormalities reported in USGS Professional Paper 
371 between Georgetown and Idaho Springs are all north of Chicago 
Creek ana have been shown by contours on the FR-8 detailed map. 
Signatures that matched these positions were found in all LANDSAT 
bands. The best geographic match was found in a 5/7 sandwich and this 
was used for the color illustration. The blue/green halos do not 
map directly onto individual mines as could be expectedfrom the 
resolution size. However, regions and trends appear to be mapped 
correctly. For example, the non-radioactive mines along the first 
three miles of Chicago Creek from Idaho Springs are correctly 
rejected. However, Trail Creek and Spring Gulch both show halos 
as they should. The north flank of Alps Mountain is in shadow and 
does no t respond. Field radiati on readings along Chicago Creek 
and up Ute Creek were generally lower than 2x background, in 
agreement with the spotty halos. To the east the residual halos map 
onto mining districts with the exception of upper Soda Creek which 
could be a virgin prospect area. 
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7 .3.10 Front Range - Aerial Coverage 

Aerial mapping coverage of the Colorado Front Range exists in a 
wide variety of scale and format. Those chosen for this comparison 
to LANDSAT are from the Army Map Service (AMS) high altitude black 
and white photographic coverage. Two major advantages of this 
source are a film scale of approximately 1:60,000 and broad cloud-free 
coverage. Other sources tend to follow man-made boundaries of 
forests or districts and are often at varying small scales. Even 
with the AMS scale, Ralston Creek and Golden Gate Canyon, which are 
two miles apart, have Lu bE:! analyzed in different photographs. 
Refe rence to these frames are: AMS Proiect 126AP, Roll 70, Frames 
6228 and 6229. The data were taken in September, 1953, and are 
spectrally equivalent to Band 5 plus some of Band 6. 

Histograms were measured in these two frames for approximately 
the same areas as FR-4 Ralston Creek and FR-5 Golden Gate Canyon, 
but because they were not exactly the same, they have been renumbered 
as FR-9 and FR-10 respectively. As can be seen in the discriminant 
analysis plot, sub-populations break out nicely inspite of the 
observation that the data range has only half the number of cycles 
on the ordinate axis as the LANDSAT data. 

Color illustrations FR-9 and FR-10 are at scales fifty percent 
bigger than FR-4 and FR-5. However, the vertical c.cosshair has been 
placed in the same positions for direct comparison. In FR-9, the 
horizontal crosshair is also in position and the mineralization is 
in the upper left quadrant. Within this area the blue/green halos 
have a high correlation to FR-4 and the differences can be attributed 
to different times of day and year. Outside this area, FR-9 is much 
more discriminating and much of the hogback and plain to the east 
are either excluded or rejected. The greater resolution of FR-9 
is clearly seen in the road patterns in the northeast. In FR-10, 
rhe FR-5 horizontal c rosshair position is out o f the top of the 
picture. ThE:! mint! ralized area lies to the right of the vertical 
crosshair at th e center . Within this area, there is reasonable 
agreement of hal os to FR-5 and again ther e is flooding of the 
signature to the cast around the hogback. Minor differences occur 
to the west. The discr i minant signatures in both FR - 9 and FR - 10 
could not be extrapolated more than one mile in any direction. This 
is due to the lens effect of the aerial camera which darkens the 
scene radially from the center, plus the differing solar r ef lection 
anglt!s at different points in the picture. Thus the greater 
resolution of the aerial coverage is offset by inability to transfe r 
signatures and LANDSAT provides the more useful coverage at a 
reconnaisance level of investigation. 
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7 .4.2.2 CP-13 Uinta - Piceance Basin, Rifle Mines 

WRS-037032 Scene ID E5073-16563 July, 1975 

The Rifle Mines area presents a sharp contrast between very 
dark coniferous tree cover and very bright, almost white, bare soil. 
The mines are located within the tree cover just below and to the right 
of center of the study area. It was not necessary to change scale 
as for CP-12 and the illustration is at 1:62,500. Signatures lying 
between the two dominant gray levels of forest and soil were found 
in bands 6 and 7. The color illustration is from a sandwich of 
these two. The mines east of East Rifle Creek appear as small 
isolated blue/green halos in the brown background. Those on the 
valley side are lost in shadow. The adit of the mine on the west 
of East Rifle Creek is lost in the magenta response, but two very 
distinct halos appear above the mine leading away from the Creek. 
Uranium occurrences in the east just above and to the right of the 
crosshair intersection appear as green spots, but are generally 
indistinguishable from the large mottled area on either side of the 
vertical crosshair. This area, plus the similar areas at left center 
and top center are new forest growth either from tree clearing or 
fires. In each case sufficient magenta is present to reject these 
areas but new prospects on their edges would prohably be also 
rejected (see area just to left of vertical crosshair above the 
intersection). 
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7 .4.3 Colorado Plateau - San Rafael Swell 

No signature with geographic coincidence was found at either 
Temple Mountain nor any of the other known uranium sites along the 
Reef. Lack of a halo was checked in LANDSAT coverage at different 
times of year, in SKYLAB Sl90B photography, and in NASA research 
aircraft photographs. The fact that most of these deposits are 
exposed only in near vertical faces does not alone satisfactorily 
explain the absence of a halo. 

The results from Paradox Basin showed a clear halo on top of 
the mesa above the ore. At San Rafael Swell, one or more of the 
overlaying formations may act as a barrier to dispersion and hence 
block the creation of a halo. Additional!~ the presence of caliche 
may mask the uranium signature as is suspected 35 miles away at Green 
River. 

7.4.4 Colorado Plateau - Henry Mountains 

The Henry Mountain districts consists of one site by the 
same name. 

7 .4.4.1 CP-14 Henry Mountains 
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WRS-039034 Scene ID El451-17223 August. 1974 

The extent of the Henry Mountain deposits dictated a 1:250,000 
scale rather than the standard 1:62,500 scale. This change also 
increased the contrast within the histogram area which was helpful 
due t;o the presence of a ·very bright valley floor .:idjacent to the sites. 
Signatures were found in all LANDSAT bands at the deposit locations, 
however, in bands 6 and 7, these also mapped the valley floor. 
As can be seen in the color illustration for CP-14, a sandwich made 
of bands 4 and 5 achieves separation of the two areas and gives 
excellent definition of the deposit areas. 
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7.4.5 Honumcnt Upwarp 

The Monument Upwarp stretches southeast from the Henry Mountains 
to include the White Canyon at the Colorado River, Monument Valley on 
the San Juan at the Utah/Arizona border and the Blanding area southwest 
of Monticello. 

7 .4.5.1 CP-15 Monument Upwarp - White Canyon District 

WRS-039034 Scene ID El751-17223 August, 1974 

As the name suggests, this area is very bright and nearly white 
in color. The prime ground truth site was taken to be the Happy 
Jack Mine near the center of the area and just to the right of the 
vertical crosshair. As seen in the discriminant plot, signatures 
matching this area were found in all bands. The best picture for 
illustration purposes was produced by a 4/5 sandwich. The halo in 
blue/green appears on the mesa above the Happy Jack and across the 
canyon on the opposite mesa. The halo also maps the sites at Copper 
Point just to the north, and along Blue Notch Canyon to the west. 
These areas,plus those southeast of Rite, stand clear and are 
unambiguous. Unfortunately these signature gray levels also are 
present generally over the scene as a transition level between darker 
and lighter zones. Some of these can be readily rejected by the 
magenta criteria as for example, the area of Browns Rim on the 
north of White Canyon, and along Long Canyon to the east. Other 
areas like the parallel canyons at the crosshair intersection and 
across Lake Powell northwest of Rite cannot be separated as easily, 
and must be interpreted as residuals. However, this general response 
over large areas suggests that interpre t ation may be limited in 
extrapolation distance in this type of an environment. 
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7.4.5.2 CP-16 Monument Upwarp - Monument Valley 

WRS-039034 Scene ID El337-17320 June, 1973 

Like White Canyon, Monument Valley is a very .bright scene but 
with extensive washes and flats. These large areas skew the gray level 
distribution towards the bright end with the result that the ground truth 
site occurs at or even below the mode. This reverses the appearance of 
the blues and greens in the color illustration and the blue halo 
surrounds the green. 

The reported uranium sites, as shown in CP-16 location map, 
are scattered across the valley with the exception of the northeast 
corner, where there are none. Signatures were found in all bands, 
hut again like White Canyon, the 4/5 sandwich was best for the color 
illustration. Near the center of the picture every one of the 
reported sites falls on a blue halo at the edge of the larger green 
halo. However, the analysis shows these sites joined together in 
a nearly continuous band. Without significant field work, it is 
impossible to say whether this is due to a broadly disseminated 
band of low grade uranium or to gray level transition effects in 
the film. To the west on Nokai Mesa and to the east in the area 
of the rocks and buttes, each site again falls on a blue halo but 
the green is so extensive that it is difficult to believe that this 
is uniquely uranium related. We conclude that the signature does 
not hold valid outside the histogram area in the center of the 
picture for this environment. 
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7.4.5.3 CP-17 Monument Upwarp- Blanding Mines 

WRS-039034 Scene ID El741-17223 August, 1974 

Mineralization at the Blanding Area stretches in a belt running 
north-south just east of Comb Ridge. The gr'eatest concentration is 
clustered within R21E, T37S and this was used as the training site. 
Significant signatures were only found in bands 5 and 6 primarily due 
to a dominant wedge in the gray levels from dark in the north to 
bright in the suulh. TI1e best geographic match, however, was found 
to be band 5 stretched by band 4 in a sandwich. The results are 
shown in the CP-17 color illustration. The Blanding Mines are in 
the lower right quadrant of the crosshair intersection. The area has 
a large halo in blue/green with one rejection pink spot possibly 
due to tailings or scars. Small dots of green extend up Cottonwood 
Creek and Brush Basin Wash in agreement with data on the location 
map. Comb Ridge and areas to the west are rejected by the pink as 
is the lower portion of Cottonwood Creek. However, blue/green halos 
are shown just east of Comb Ridge in the south center of the 
picture again agreeing with the ground truth data. A further area en 
the south of White Mesa to the East matches the training site 
halo and could be a prospect. Sites in the very north of the area 
do not respond to the same criteria as they lie on a completely 
different portion of the gray level wedge, high up in the Manti-LaSal 
National Forest. See also Slick Rock in the Paradox Basin. 



CP-4 COLORADO PLATEAU-PARADOX BASIN 
Big Gypsum·valley 



370 660 740 

390 680 720 

10 10 10 

20 20 20 

.20 .20 .20 

. 186 . 186 .186 

X X X 

COLORADO PLATEAU 
PARADOX BASIN 

Big Gypsum VaHey Colorado 

Band 4 • Band 5 0 

Band 6 X Band 

- 3 



u M I 
PLATEAU -PARADOX BASIN 

LOCATION OF SITES CP-1 through 5, 
CP-8 and 9 



7 .4.1.4 CP-4 Paradox Basin - Gypsum Valley District 

WRS-038033 Scene ID E2134-17141 June, 1975 

The portion of Gypsum Valley that was analyzed was the northern 
end of Big Gypsum Valley at the Dolores River. The valley floor is 
very bright and a signature was only found in band 7. This was 
stretched by band 6 for the color illustration. Good agreement of 
mine location' and halo extent is found at the Dolores River in 
Section 33, in Mary Jane Draw, along Hamm Canyon, and at the group 
of mines north of Section 35. In the south the mines in Section 10 
are not discernable apparently due to shadow. However, the halo seems 
to show outwash tn the valley floor from these sites. The large 
area of halo on the west bank of the Dolores under the crosshair 
is virgin ground and should be of interest. 

An interesting example of extension of signature away from the 
supervised training site can be seen at the top of CP-4 where overlap 
occurs with CP-2. The Wedding Bell mines area responds in both cases 
but with different sized halos. This is caused by a small change in 
absolute brightness levels between CP-2 and CP-4 training sites. 
Note that the use of a 6/7 sandwich is justified in Table 11 
at 94% confidence. 
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7 .4.l.S CP-S Paradox Basin - Slick Rock District 

WRS 038033 Scene ID 2134-17141 June, 197S 

Like CP-1, -2 and -3 in the Paradox Basin, CP-S had signatures 
in all bands. The best geographic correlation was found in a 6/7 
sandwich. The extent of the halos matches well in the north central 
portion of the scene and in the southeast. However, only spotty 
results are found in the southwest along Summit Canyon and the 
Radium Group Mines. The same settings will nut extend from the 
bright mesa tops near the Dolores River up to the forested high 
country. The halo also extends to the east along the floor of 
Disappointment Valley. After the analysis was completed it was 
learned that mineralization exists here in both Burro and Davis 
canyons, and a drilling program is in progress. The mineralization 
is at depth. 
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Paradox Basin - Placerville 

The two report sites CP-6 and CP-7 are centered almost at the 
same position as shown in the location map. The normal discriminant 
analysis was performed for the CP-6 area. CP-7 is the wider view 
without benefit of its own analysis. 

7.4.1.6 CP-6 Paradox Basin -Placerville 

WRS-037034 Scene ID E5073-16572 July, 1975 

Placerville is located on the San Miguel River at the foot of the 
San Juan Mountains. Analysis was,therefore, influenced by canyon 
shadows, dense tree coverage and the presenc~ of nearby snow. 
In spite of this, three signatures were found, two of which were 
significant, in a July scene which minimized the snow and altitude 
effects. The color picture is from band 4/5 sandwich. Good agreement 
of the halo with ground truth can be seen on the west side of 
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Leopard Creek Canyon and in the vicinity of the crosshair intersection. 
Mines south of the San Miguel River just west of the vertical crosshair 
are in shadow and do not respond to the same settings. In the east, 
a halo appears on Last Dollar Mountain. It is not known if this is 
mineralized, and the area is a residual of possible interest. 

7.4.1.7 CP-7 Paradox Basin -Placerville-Rico 

WRS-037034 Scene ID E5073-16572 July, 1975 

The Placerville and Rico mining districts are reported to be 
connected by a broadly mineralized roscolite belt which runs nearly 
N~s and may extend 115 miles further north to the Rifle Mines area. 
No mapping of this belt was found. Therefore, the geographic 
coincidence test necessary to identify a discriminant could not be made. 
However, the field of view of CP-6 was enlarged as shown in the 
locaLiuu map to scale of 1:250,000 and thP h:=tlo discrimination settings 
changed to approximate the results of CP-6. Color illustration CP-7 
shows a faint bleached b~nd running north from Placerville on top of 
Iron Springs Mesa. This response is mapped as Sheep Draw. No further 
extension either north or south could be found. 
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7.4.1.8 CP-8 Paradox Basin- Monticello District 

WRS-038033 Scene ID E2134-17141 June, 1975 

The area analyzed was a portion of East Canyon at the head of 
Dry Valley, north of the town of Monticello. The ore horizon occurs 
along the canyon walls at an elevation of approximately 6400 ft. 
Signatures were found in bands 4, 6 and 7 and the color picture is 
from a 6/7 sanQwich. Good agreement with ground truth is observed 
in East Canyon, at the crosshair intersection, and in Pine Hollow. 
The Canyon Wash in the northwest, the large area in the southwest 
and the arc just west of the vertical crosshair are rejected by the 
presence of magenta which unfortunately is washed out by the bright 
background and appears almost blue. The area southeast of Pine 
Hollow can be rejected by the presence of magenta plus the rectangular 
boundaries resulting from ranching. The fact that cleared, cropped, 
or otherwise altered areas may overlap into the signature is one of 
the interpretation limitations of the system. 
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7.4.1.9 CP-9 Paradox Basin- Moab District 

WRS-039033 Scene ID El337-17314 June, 1973 

The CP-9 area is centered on Black Ridge, 15 miles southeast of 
Moab, Utah. The mineralization is exposed in an horizon circling the 
ridge like a horseshoe open to the east. Signatures were found in 
bands 5, ~and 7, however, the best geographic match was in band 5 
and this was stretched by band 4 tu make the color picture. The 
horseshoe,shape is clearly visible in the blue/green halo. Note the 
rejection criteria in the northwest and along Kane Springs Canyon in 
the west. The mines in the center of Black Ridge in Section 3 do not 
respond at this seLLing as the mineralization is at depth and the 
sites under forest cover. Note that the spelling of Kane is now 
changed to Cane (ref. P-NURE report). The response in the southwest 
corner is unexplained but may be due to outwash or change in signature 
across the terrain. The use of band 4 shows best results in sparsely 
vegetated and arid area~ othe~ise it is usually too dark for a 
sandwich. 
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7.4.1.10 CP-10 Paradox Basin- Gateway District 

WRS-038033 Scene ID E2134-17141 June, 1975 

The town of Gateway lies just north of the analysis area. 
The main production has come from Lumsden and John Brown Canyons. 
Signatures were found in all bands and the red 6/7 sandwich was 
used for the illustration. Halos are clearly visible in the two 
canyons plus the north side of Cave Canyon. The green dots near 
the canyon floors are ore storage areas. South of Gateway, the 
rejection areas are alfalfa fields. The green halo criteria 
overlaps wild grass areas along the Dolores River to the east. The 
areas of response to the extreme northwest and southwest do not 
seem to match any known mineralizalion and the ore horizon in the 
north just west of the Utah/Colorado border lies in shadow. 
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7 .4.1.11 CP-11 Paradox Basin - Thompson District 

WRS-039033 Scene ID El337-l7314 June, 1973 

The CP-11 arer~ is centered on the Cactus Rat Mine 15 miles 
southeast of the town of Thompson, Utah. Mineralization generally 
stretches in a belt from the southwest to the north of east in 
the picture area. Signatures were found in bands 4 and 6, and these 
were used for the sandwich. The mineral trend is clearly visible 
in the blue/green halos. Two extensions of this trend are also 
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shown. One is to the northwest corner and the other is to the southeast 
at the bottom center of the picture. The latter is suggested by 
the ground truth data . . Extensions such as these would be prime 
candidates for offset exploration. 

7.4.1.12 Paradox Basin- Green River District 

The production area southwest of Green River, Utah, was 
searched and no signature with geographic coincidence was found. 
The search included LANDSAT scenes at different times of year, 
SKYLAB Sl90B, and NASA research aircraft coverage. It was not even 
possible to isolate clifferent geologic formations in the vicinity 
of the mineralization using gray scale level slicing. The scene 
is very bright with little contrast and while changing scale 
improved this, it was not successful in breaking out the mineralized 
areas. One possible reason for this condition is that the area is 
reported to have broadly disseminated caliche deposits and these 
might be masking the darker uranium signature. This would also 
explain the overexposed state of all the coverage when compared to 
surrounding areas. 
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7 .4.2 Uinta - Piceance Basin 

The Basin stretches from Myton, Utah to Rifle, Colorado. Sites 
were the Freshwater Limestone - Eureka Claims southeast of Myton and the 
Rifle Mine area northeast of Rifle. These sites form the northern 
boundary of the Colorado Plateau as studied. 

7 .4.2.1 CP-12 Uinta - Piceance Basin - Uinta-Eureka Claims 

WRS-039032 Scene ID El337-17311 June, 1973 

These sites lie west of the Green River in a very bright area 
of benches and washes with very little contrast in either brightness 
or color. It was not too surprising, therefore, to only find a 
signature in one hand - band 5. To even do this, it was necessaYy 
to change the scale at which the histogram was taken. In very "flat" 
scenes, contrast is enhance~ by introducing more events within the 
area being analyzed - that is looking at a larger area. The training 
site must be large enough not to be lost in the lowered resolution. 
The revised scale used was 10 miles x 10 miles as compared to the 
previous 4 miles x 4 miles, and the color illustration now conveniently 
maps at scale 1:250,000. 

Color illustration CP-12 was generated using band 5, but stretched 
by band 6. The signature i~ presented in blue and green against a 
tan/yellow background and areas brighter than the training site are 
painted magenta. The halo is seen in an arc from below and left of 
the crosshair intersection eastward to the river on either side of 
the horizontal crosshair. A central axis of this arc has been 
removed by a wash. Other areas with the same response are the 
southwest flank of Leland Bench (which agree s with the ground truth 
in the location map) and to the east just south of Leota on the 
west bank of the reservoir. Large areas are rejected either by the 
"brighter than(' magenta or by absence of the blue/green halo. Note 
the older spelling of Uintah. 
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7 . 4 COLORADO PLATEAU 

The twenty nine sites located on the Colorado Plateau have been 
grouped into the Uranium Resource Areas of the National Uranium Resource 
Evaluation (NURE) Preliminary Report, GJ0-111(76) dated June, 1976. 
There are; 

Uranium Resource Area P-NURE Symbol 

Paradox Basin A (3) 

Uinta-Piceance Basin A (7) 

San Rafael Swell A (8) 

Henry Mountains A (5) 

Monument Upwarp A (4) 

Black Mesa Basin A (2) 

San Juan Ba~in A (1) 

Mining District 

Uravan 
Bull Canyon 
Paradox 
Gypsum Valley 
Slick Rock 
Placerville 
Placerville-Rico 
Monticello-Dry Valley 
Moab-Black Ridge 
Gateway 
Thompson 
Green River 

Myton 
Rifle Mines 

Southern Swell 

Henry Mountains 

White Canyon 
Monument Valley 
Blanding Mine 

Cameron 
Holbrook 
Chilch in hi to 

Jackpile Mine 
Grants 
Gallup 
Chuska 
Shiprock 
Durango 

Report Symbol 

CP-1 
CP-2 
CP-3 
CP-4 
CP-S 
CP-6 
CP-7 
CP-8 
CP-9 
CP-10 
CP-11 
(See Text.) 

CP-12 
CP-13 

(See Text.) 

CP-14 

E:P-15 
CP-16 
CP-17 

CP-18 
CP-19 
(SPP 'fP"Xt-,) 

cr-20 
CP-21 
CP-22 
C.P-LJ 
cr-24 
CP-25 

Ground truth information for the Colorado Plateau was taken from 
Map MF-16, 1955 and from the USGS Topographic maps. Appropriate portions 
of MF-16, which is at a scale of 1:500,000, have been reproduced to show 
locations of the analyzed sites. 



7.4.1 Paradox Basin 

The Paradox Basin forms the eastern e d ge of the Colo rado Plateau 
area of analysis. A total of eleven site s stre tch southe ast f r om 
Green River, Utah to Placerville, Col orado, a d i stance o f 150 mile s . 
It is therefore not too surprising to find a wide variation betwee n 
site environments and their reflectivities . The o r e h o rizon lies 
between 100 to 1000 fe e t below the me s a t o p s and i s exposed on canyon 
walls, many of which are near vertical. Since the s at e llit e l ook s 
vertically it does not see vertical fac e s and h e nc e s ignatures must 
be sousht either in detritus on the val ley f l oor b e l ow the h ori zon o r 
in the mesa top above. 

7.4.1.1 CP-1 Paradox Bas in - Uravan District 

WRS-038033 Scen e ID E2134-17141 June , 1975 

The Uravan District is located at the junction o f the Do l ores 
and San Migue l Rivers. All LANDSAT bands c ontained signif i cant 
s i gnature s. Due perhap3 to the predominantly red c o lor of the a r ea, 
the be st geographic co-incide nce was found in bands 6 and 7, and 
these we r e used for the sandwich. As see n in the l ocatio n map, 
th e or e occurs in the n orthwest of the CP-1 area, along the south rim 
of Atkins on Me sa on the n orth bank of the San Miguel, and c ompletely 
around the town of Uravan. The color picture shows excellent 
ng r eement o f the blue/green halo t o thi s dL s tribution. The pink 
do t s we st of Uravan are the tailings o f the Union Car bide mill. The 
t ailings of the individual mine s are b e low the r e solution limit o f 
t h e analysis and cannot account for the hal o . The gre en halo to the 
southwe st along the south rim of Martin Me sa close l y follows the 
o r e h oriz on. Thi s portion o f the r eg i on contnins smnll kno~m 
ur an i um sh ows and s ome good vanadium de posits . The se r esult s were 
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als o ob t aine d fr om a Se pte mb e r LANDSAT coverage with little degradation. 
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7.4.1.2 CP-2 Paradox Basin- Bull Canyon District 

WRS-038033 Scene ID 2134-17141 June, 1975 

Signatures were found in all four bands and a 6/7 sandwich was 
used. As seen in the locationmap, the ore in Bull Canyon extends 
east-west along the north side of the canyon and diagonally from the 
northeast corner down LO bottom center of the analysis area. At 
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the center of the picture just north of the crosshair in Section 34, 
the blue/green halos match well to the drilled out reserves of the 
operating Pickett Corral Mine. The mine dump is approximately one 
resolution pixel. West of there in Section 33 are the Starlight Mines, 
and the Rye Mine in Section 32. The rejection magenta in Section 19 
in Spring Canyon is an area of exposed light tan sandstone. To the 
east good agreement is achieved with the mining area in the upper 
canyon extending to the mines in Section 32 on Fawn Springs Bench. 
In the south central area the Wedding Bell, Rim Rock, and Bachelor 
Dra\v Mines all fall within the halo. To the west across the Dolores 
River is the start of Little Gypsum Valley which is al s o ~ineralized. 
Radiation readings in Bull Canyon showed no rise above background 
in the halo area on the benches but up to lOOx background at the 
ore horizon on the canyon walls. 
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7 .4.1.3 CP-3 Paradox Basin - Paradox District 

WRS-038033 Scene ID E2134-17141 June, 1975 

The portion of the Paradox District chosen for the study was 
LaSal Creek where it crosses the Colorado/Utah border, As seen in 
the discriminant plot significant signatures were found in all four 
bands, but the greatest geographic coincidence was in bands 6 and 7, 
which were used in the sandwich for the color illustration. Ore 
bodies generally line the north side of the creek with a few on the 
south. In the CP-3 picture, the blue population maps the canyon rim 
where the mines are located. Green maps the halo on top of the mesa 
surrounding the mines. It is · interesting to note that the tan 
background (not a statistical population) forms an even larger 
halo which appears to connect all mines into one district. Mines 
on the south of the canyon exhibit little response although a good 
response is seen at the head of Sharp Canyon in the east. 
Rejection criteria clearly separate out the Pine Lodge Ranch areas 
to the west and the La Sal Creek canyon floor. No information 
was found on the green areas to the west in Sections 23 and 25 nor 
to the south in Sections 5 and 6. These areas appear to have been 
virgin when the data was taken and may be considered as prospects. 
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7 .4.6 Black Mesa Basin 

Black Mesa Basin forms the southwest portion of the Colorado Plateau 
and lies wholly in Arizona. Sites studied were Cameron in the west and 
Holbrook in the south, both on the Llltle Colorado River, and the Chinle 
area in the northeast. 

7.4.6.1 CP-18 Black Mesa Basin- Cameron Area 

WRS-039035 Scene ID El751-17230 August, 1974 

Reported mineralization shown in the CP-18 location map lies 
generally within an erect triangle whose left vertical side is the 
position used for the vertical crosshair, whose base is an east-west 
line through Gray Mountain, and whose hypotenuse is the Little 
Colorado River. Within this area where the histogram was taken 
there is good agreement of ground truth and the blue/green halos. 
this agreement extends to the southeast across the Little Colorado 
and north from the town of Cameron. A statistically significant 
signature was only found for this area in band 6, however, the 
color illustration was made by stretching this with band 7 in a 
sandwich. The blue/green halo criteria becomes less reliable the 
further the distance from the center of the area. The Painted Desert 
to the east and the wash to the west are clearly rejected, but large 
areas adjacent to these are potential residuals and should be checked. 
The most promising extensions of the halos occur west and northwest 
of Cameron. 
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7 .4.6.2 CP-19 Black Mesa Basin -Holbrook Area 

WRS-038026 Scene ID E2134-17152 June, 1975 

As at the other Black Mesa sites, Holbrook is characterized by 
large bright washes. These so skew the gray leveldistribution that 
t he training site lies below the mode and the roles of blue and green 
are reversed adjacent to these washes. However, at the truth skte 
f ifteen miles east of Holbrook, the normal halo relationship exists, 
i.e. the blue is surrounded by green. This seems to be an additional 
criteria for rejection/acceptance over and above the "brighter than" 
magenta color assignment. Signatures were found only in bands 4 and 7. 
The best geographic match was in band 7 stretched by band 5. Based 
on the above criteria, color illustration CP-19 suggests that an 
area similar to the training site exists to the west, around the 
vertical crosshair in the first township south of the horizontal 
crosshair. Much of the rest of the picture can be rejected. 
Different land uses clearly outline the southeast corner of the 
Petrified Forest National Park in the lower right hand portion of 
the picture •. 

7.4.6.3 Black Mesa Basin- Chilchinbito Area 

The site Chilchinbito is not identified in Map MF-16 used for 
ground truth on the Colorado Plateau. It is assumed to be either 
the Chinle district of MF-16 or the Black Mountain district A(2) 40 
of the P-NURE report. Both areas were searched in LANDSAT coverage 
from several times of year. Although discriminants were present, 
no correlation of these with reported geographic location was found. 
It is suspected that improved geographic control could lead to a 
correlation with a discriminant. 
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7.4.7 San Juan Basin 

This basin forms the southeast section of the Colorado Plateau. 
Six sites around the rim of the Basin stretch from the Laguna area of 
New Mexico in the southeast, through Gallup in the south, Shiprock in 
the west, to Durango, Colorado, in the north. Terrain involved varied 
from flat bright mesas, to tree covered foothills, to densely covered high 
country. Very little similarity was observed between the sites. 

7 .4.7.1 CP-20 San Juan Basin- Jackpile Mine 

WRS-036036 Scene ID E5072-16523 June, 1975 

The Jackpile Mine lies eight miles north of Laguna, New Mexico 
in an area of mesas and washes. Large tailing piles have existed 
for some time and some of these now blend into the background. 
Signatures were found in all bands, however the greatest dynamic 
range occurred in bands 5 and 7 and these were used for the sandwich. 
Color illustration CP-20 shows an area of halo and rejection magenta 
along Rio Paguate in the area of the workings. Blue/green halos, 
without rejection;arc to the east just above the horizontal crosshair 
and in the south around Snowbird Mesa. A small extension occurs 
to the west toward the town of Paguate. No ground truth was available 
for these areas, however newspaper articles report many additional 
mines being opened up in this area. 



v I '? 15 ~ / . I 

' Jj n. 
=""' 

~ ( \~· ln,..,.n. 
Jm 

I ~ 
··········· 

\ ............... ······ ~ ~ 
········· ···· -··· ·········· ,:.1 

_., 
b ~ CP~21 ' ···-

~ 
··-···~ .. ......... lAo.. 

I 
. -··- ··------- ... , 

~"" ~~ 
··. '-......./ I 

····· ······· tt-• f•TACII. ·IU- -1' ~--
:::::--, 

0 

I:S 
···· ················ ·· ········ ~IN . \: ······-~ ~ ----
"!c=ii······· -- ~ / ----·--· · ····~ ~ ( - ~t--- --------
'··-~!'--- .... ........... 

;~~ 
\ 

~ \: \ 
I 

~ ~ -~~~--~ -~~ ~ - I ~ ~ '- ······ ····· 

(~ \ ~ CP-20 ..., ... .. ...... 
·-\.\' I ~-······· II 

Gra t-···· h\: Jm • ~a J 
ll I I 10 ·~ '~ • 7 ' 5 f\_JACK'ILE z ~I 

~~ (:~~ ;} Jm )/). I '-~--" A . ~ ~l ~ 
10 ,,, - I 

I 

L E N c I A~ 0-Jm 
~~~. ::::::; .. . :;:;:;., \ ~ ' ~ ····It~ ····· ;/ 

/Sm~ h)J~ ~ver ·~\ 35°00 

r ~ ~I ~ 
I 

108°00' 
70 I 

10 00 

COLORADO PLATEAU 
LOCATION OF SITES CP-20 -and 21 



840 835 825 

840 840 830 

0 5 

.00 . 06 . 07 

.312 . 205 . 263 

lt X X 

llu 

J ackpile Mine 

Band 4 • 
Band 6 X 

·10 20 30 40 50 60 

New Mexico 

Band 5 0 

Band 7 Y.l 

10 

1 

9 



,. 

.... 
'· 

20 

i:l 

~ ""''~' 
) 

·. ~·:,1'·. 

21 21 

.., 

!Yo,rlt 

21 

21 

"'' c..,.., M-
~ ..: .,. 

p A 

.;. 
,._C.nyon M-

.. - ~ -

... 

I' A {; 

-------,. 2' 

.· 
I' li It r H A :; E 

.. 
I. A G t: S -\ I S U 

-I 

Co l' A T t: 

Jl I ,... 
I 

I 
I 

'/ 

CP-20 

.. 
I
"' 

; IT E 

lt • .. 

C: lC A ;>; T 

RES ERV •TI ON 

W>tnet M1114 

G H A ~ T 

l " 
L-

'· 

r- . 

COLORADO PLATEAU-SAN JUAN BASIN 
Jackpile Mine, New Mexico 

! 





7 .4.7.2 CP-21 San Juan Basin- Grants District 

WRS-037035 Scene ID E5073-16575 July, 1975 

The portion of the Grants District selected for analysis is 
shown in the location map. This stretched from Haystack Mountain in 
the northwest to the flank of Taylor Mountain to the east. Signatures 
with geographic correlation were found in bands 5, 6 and 7. Color 
illustration CP-21 was made from a 5/7 sandwich. Excellent agreement 
between the ground truth and the blue/green halos can be seen across 
the entire picture, and the signature developed in the right half of 
the picture clearly applies to Haystack Mountain in the northwest. 
Tailings and the quarry one and a half miles north of the crosshair 
intersection are correctly rejected. The Malpais lava beds to the 
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west appear in black. This scene had the best geographical coincidence 
of all sites in the San Juan Basin, possibly suggesting that all 
uranium deposits have been found. 
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7.4.7.3 CP-22 San Juan Basin- Gallup District 

WRS-037035 Scene ID E5073-16575 July, 1975 

As seen in the location map for CP-22, the reported mineralization 
lies along the Hogback east of the town of Gallup. A signature 
match to this was found in all LANDSAT bands, however, the best 
color illustration was obtained using a 5/7 sandwich. Blue/green 
response is seen over a large portion of the picture area, however, 
most of this can be rejected by the presence of the nbrighter than" 
rejection criteria. For example, north of Highway 66 and near the 
vertical crosshair a halo exists to the west of the hogback, but 
the area east of the hogback is rejected. This matches the ground 
truth of Map MF-16 as used for the location map. Southeast along the 
hogback most of the response is rejected except for a portion halfway 
across the picture and at the southern end, again matching MF-16. 
The unnamed wash running from the bottom of the picture northeast 
to Church Rock contains gravel pits and is rejected, The smaller 
wash running due north from the center of this wash to the highway 
could be an area for prospecting. No halos appear to the southeast 
within the boundaries of Fort Wingate. 
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7.4.7.4 CP-23 San Juan Basin- Chuska District 

WRS-038035 Scene ID E2134-17150 June. 1975 

The area analyzed is shown in the location map for CP-23 and 
lies on the Sanostee Wash at the foot of the Chuska Mountains. 
In the detailed map the Wash is named Pena Blanca Creek. The 
mineralized zone lies in the center of the analysis area and just 
to the right of the vertical crosshair. No unique halo occurs in 
this area. lnstead a halo was found in bands 6 and 7, as shown in the 
color picture from a 6/7 sandwich, which formed a north-south arc 
one half mile to the west plus another arc one and a half miles to the 
east. The mineralization is reported to lie at approximately 600 feet 
depth in the Morrison under Dakota sandstones. The Morrison outcrops 
in a canyon to the west corresponding to that halo. The halo to 
the east appears to be outwash mixed with a transition zone between 
foothills and plain. Apparrently undisturbed areas with green 
response occur along the drainage running southeast from 
Beautiful Mountain in the north, and in the northwest of the picture. 
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7 .4.7.5 CP-24 San Juan Basin- Shiprock District 

WRS-038034 Scene ID E2134-17143 June, 1975 

The area studied included the East Side Mines twenty miles west 
of the town of Shiprock as seen in the location map. The data analysis 
was taken over the mineralized area and signatures were found in 
bands 4, 6 and 7. The color illustration was made from a 6/7 
sandwich and displaced to the east since the area to the west in 
the Carrizo Mountains was nearly black. The ground truth area to the 
left of the vertical crosshair is shown as having several spots of 
blue/green halo with a large wash running from southwest to northeast. 
Most of this wash contains magenta and can be rejected, however, the 
areas to the northeast and east match the statistical criteria and 
cannot be rejected. However, they are outside the discriminant 
analysis area. These broad washes occurring at transition from 
foothills to plains appear to be a limitation to the interpretation 
of the method. 
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7.4.7.6 CP-25 San Juan Basin- Durango District 

WRS-037034 Scene ID E5073 - 16572 July, 1975 

The Durango District mineralization lies at approximately 
8000 foot elevation on the southwest flank of the La Plata Mountains. 
A signature matching this location was only found in band 4 of a 
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July scene. This band was stretched by band 5 for the color illustration. 
The mineralization area appears just to the right of the crosshair 
location and is vnique to its immediate neighbourhood. To the 
west a response is seen from Baldy Peak and in the north from Bald 
Knob. Both of these are in the snow transition range as seen in 
the La Platas in the top left of the picture. To the east the 
response halos occur at the same elevation as the truth site and are 
probably from the same horizon. No information is known of those 
areas in the southeast corner of the picture. 
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7 .4.8 Paradox Basin - SKYLAB Coverage 

SKYLAB photographic coverage consists of Sl90A, a ganged six-camera 
experiment and Sl90B a single lens long focal length camera. Sl90A is 
multi-spectral and has an image sizeof 2.2 inches at normal scale of 
1:2,850,000 while Sl90B used various film with 4.5 inch images at a scale 
of 1:950,000. Coverage of the Paradox Basin was obtained on Mission SL-2 
on 5/6/73. Based on the LANDSAT results the near infrared band (.7 to .8 
micron) was selected and the reference for Sl90A is G20A007013 and for 
Sl90B is G20B081018. Spectral range for Sl90B was approximately 
.4 to .7 micron. 

Color illustration CP-26 shows the Sl90A result for the Uravan 
district. Even at maximum magnification of the video system, the scale 
is only half that of CP-l. The vertical crosshair is in the same position 
in both illustrations. Comparison of the two shows good agreement in the 
distribution of blue/green halos with exception of the lower center of 
CP-26, where there are no green spots to match those in CP-l. To the 
west in CP-26 outside the view of CP-1, the Paradox Valley floor is 
shown rejected by the presence of magenta. The LANDSAT data is preferred 
to Sl90A. Resolution is approximately the same. 

Color illustration CP-27 shows the halos in the Sl90B coverage 
and is almost at the same scale as CP-1 (there is a rotation between 
the two illustrations). There is excellent correlation between 
the two results and the higher resolution of Sl90B (70 ft. vs 220 ft.) 
is clearly evident. In fact CP-27 shows extensions of the halo 
further north on Atkinson Mesa in better agreement with L•ineralization 
at depth. This result suggests that Sl90B data is preferential over 
LANDSAL, however Sl90B is about one quarter the area of a LANDSAT 
scene, is a one time event, is often cloudy, and is not multispectral. 
Thus in a general statement, the LANDSAT is preferred but in a specific 
case Sl90B might be better. 
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CHAPTER 8 

SUMMARY AND CONCLUSIONS 

The sites of fifty reported uranium occurrences in the Western 
United States have been studied in the multispectral images returned 
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by the. LANDSAT satellite. The brightness distribution of the sites and 
their surroundings were measured using a hybrid-analog video processing 
system, and the results subjected to discriminant and statistical tests. 
Geological and mathematical rationales for this processing have been 
included in the report together with examples so that other investigators 
may repeat or extend the analyses. Typically, the existence of an 
uranium alteration halo can be discriminated multispectrally as a 
brightness halo in the surfac·e reflected sunlight, and the extent· of this 
halo mapped by the video processing output TV screen. Color copies of 
this output have been included in this report for all sites at which a 
halo was observed and passed the ninety-five percent confidence test of 
being different from its surroundings. The illustratio~ colors are 
arbitrary and do not simulate real world terrain colors. The.method can 
also be applied to aerial and space photography and examples of these are 
presented for three of the sites. 

The following conclusions are drawn: 

1. · Forty-two out of the fifty uranium occurrencies studied have a 
statistically significant halo or signature. recognizable in LANDSAT 
images by hybrid analog data processing. 

The spectral signature of a halo is a repeatable set of 
reflected energy levels at specific wavelength or spectral bands. 
These halos appeared in at least one spectral band. Thirty-seven 
sites (74%) had signatures in at least two bands, twenty-seven sites 
(54%) in at least three bands,and eighteen (36%) in all.fqur bands. 
These high percentages were obtained in spite of the wide variations 
in size, environment, and mineralization of the selected sites. As 
a better color definition of the halo was obtained by the "double halon 
and a "sandwichn for pattern recognition, we define a good signature 
as one occurring in at least two LANDSAT bands. Three quarters of 
the sites had such good signatures. 

2. The uranium signatures are distributed over all four LANDSAT bands. 
TI1is statement is valid only for the LANDSAT spectral bandwidths 

of 0.1 and 0.3 microns. This does not exclude the existence and 
detectability of very specific uranium absorption bands at narrower 
bandwidths. 

3. Signatures can be extended from a ground truth site on the 
average about sixteen miles. with fifty miles as a maximum. 

This statement is made from analysis· of the sixteen pairs of 
sites which met the statistical test for similarity. At other sites 
the signatures were highly individual and similarity between neighboring 
sites was low. No similar signatures were found between the four 
geologic/geographic areas. At several sites the ground truth signature 
did not simultaneously apply outside it's own geologic setting, and 
examples of this include Slick Rock, Monument Valley, and Cameron. 
Thus there is indication that,at the scale and dimensionality uf this 
study, a signature becomes invalid between varying geologic settings. 
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4. Limitations to the interpretation of analog video processing 
results of LANDSAT data occur for certain environments. 

In addition to the limitations listed in 2. above, difficulty 
in separating and rejecting areas which matched the mineral signature 
was experienced in a number of cases. Marshes and hayfields at 
Mount Spokane, Caribou,and Gateway Districts also responded to the 
signature settings as did areas at the edge of snow fields at the 
Lawson-Dumont and Durango Districts. Clear cut or burnt over areas 
with new growth presented difficulty of interpretation at Rifle Mines 
and Monticello. Examples of transition zones between brighter and 
darker areas, which are particularly difficult when the scene is 
optically flat as in desert areas, can be seen at Copper King Mine, 
Moab, White Canyon and Holbrook Districts. The two cases Orient and 
Coeur d'Alene would be better understood by improved supervised 
learning. The method is also limited in that two environments such 
as bright valley floors and darker high forested areas cannot be 
~nalyzed with one setting at the same time. Examples here are 
Slick Rock and Coeur d'Alene. Pigital data processing may overcome 
these limitations. 

5. No signature was found at seven of the studied sites and an 
eighth could not be statistically tested. 

Signatures were not found at either the Spokane Molybdenum Mine 
~or the Old Leyden Mine where mineralization is only reported at 
depth. Shadows, shade and dark forestation contributed to lack of 
a signature at Sherman Creek Pass and the Merikay Pegmatite in 
Washington. At San Rafael Swell the exposure of the mineralization 
horizon is near vertical and unseen by the satellite. At both the 
Swell and nearby Green River the overburden contains caliche with 
resultant bleaching and masking of the signature. Chilchinbito 
suffered from poor supervised learning, and at Placerville-Rico 
the roscolite belt could not be checked for geographic coincidence. 
Lack of a signature does not seem to be tied to one geographic or 
geologic region. 

6. LANDSAT coverage appears preferential to either SKYLAB or 
aerial photography at a reconnaisanc.e level. 

The standard product format of LANDSAT is much easier to use 
than that of Sl90A, particularly in a sandwich. Color illustration 
CP-26 (Sl90A) of the Uravan district shows no improvement over CP-1 
(LANDSAT). The Sl90B coverage of the same area shown in CP-27 shows 
greater detail than CP-1 and hence might be preferable for a given 
site provided cloud free coverage was obtained on the SKYLAB mission. 
Aerial coverage, even ~t the mapping scale of 1:60,000 does not lend 
itself to reconnaisance due to inability to extend the signature from 
the truth site. (See FR-9 and FR-10 as compared to FR-3 and FR-4). 
This type of coverage is much more adaptable to site development. 

However, LANDSAT data do not represent the present or near 
future state of the art of remote sensing. A new generation of sensors 
with increased spectral and spatial resolution and further extension 
in the infrared, will improve the recognition of signatures. 
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7. The method can be used as an exploration tool within the limits 
of 3. and 4. above. when a ground truth site is available for 
rrsupervised learning". 

The exploration capability exists in that the analog-hybrid 
computer outputs in color, not only the ground truth site halo, 
but also all other areas with the same reflection properties. 
Highest confidence can then be given to extensions of the truth site 
but separated new areas also have a much higher probability of 
mineralization than non-responding areas·. Examples of these responses 
are: SW-1 Midnight Mine extension, SI-4 Pashimeroi Valley, new area 
to the west, FR-8 at the upper end of Soda Creek in the Georgetown-Idaho 
Springs district, and west of the Dolores River at the base of Steamboat 
Hill in CP-4, Big Gypsum Valley on the Colorado Plateau. The signatures 
defined coincide with uranium mineralization in most cases. 

8. "Unsupervised learning11 exploration of virgin areas can also 
be accomplished but this results in a larger number of ground areas 
to be checked. 

The same discriminant analysis is used to break out sub-populations . 
Without the geographic coincidence check from the ground truth 
site, the selection of precisely which sub-population represents 
the halo cannot be made, either from inspection or by reference 
to the catalog of the forty two halos analyzed in this study. Th~ 

number of sub-popuiations can be requced, by applying exclusion 
criteria, to a few unidentified residual areas which remain to be 
cross-checked by other exploration methods. A ranking of these 
areas can be accomplished by checking for the double halo in two 
LANDSAT bands. 

9. In general, remote sensing can be used in the superviced and 
unsupervised mode toward considerably narrowing a search area 
before expensive ground searches are conducted. 

Although each area is individual~ the authors have repeatedly 
found that a mineral search area will be reduced to between 1 and 10 
percent of the original. Improved ground truth information usually 
leads to smaller prospective areas. In the unsupervised mode, the 
size of the residual areas is dependent upon the success of the 
exclusion criteria. 

10. Halos reported in Chapter 7 and not currently listed in the 
literature are potential exploration targets. 

Numerous halos and halo extensions occur in the color illustrations 
of Chapter 7 which are not known from the reference literature. 
Areas with alteration halos and not reported as mineralized are 
potential new prospects. 
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11. To refine the spectral signature discrimination for geological 
reconnaissance applications, it is concluded that at least the 
spectral range of LANDSAT should be retained for future systems but 
the width of the bands should be reduced to one third of the present 
bandwidth. 

The missing. signatures at seven of the studied sites are 
probably masked through lack of spectral resolution. However, 
since the mea·sured signatures occur in all LANDSAT bands, the total 
spectral range cannot be reduced and thus the number of bands 
would. increase. 

12. For geologic reconnaissance applications, rit is concluded 
that there does not seem to be justification in future systems of. 
much more than 3 times present LANDSAT ground resolution. 

This is illustrated by comparison of CP-27 and CP-l. The 
SKYLAB data have three times the ground resolution of LANDSAT but 
for ,reconnaissance further detail does not seem justified. Digital 
data pro9essing can, where necessary, interpolate higher resolutions 
up to 10 times the present LANDSAT resolution. 
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