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Absiract

A ‘wo-phase experiment was conducted to evaluate selected bapd mul+i-
spectral photography as a wmineral exploration tool by detecting stress on
frees caused by underground mtneralizaflon.

Ground +ru+h consisted of two test sites in the Prescoti National
Foresf within which the minsralization had been established by a drilling
program. Species of trees were cetegorized as background, infermediate,
and anomalous based upon where they grew with respect to this underlying
mineralization, Analysis of soil geochemistry and the metal content of
ashed samples of the trees in relation to the inferred locus of subsurface
mineralization showed that: (1) Copper content in soi! one foot below the
surface was not related to copper content of any of the tree species, (2)
copper content of the trees was related to distance from a dritl hole in
the core zone.of mineralization, (3) the trace metal content of Ponderosa
Pine lrees growing over the subsurface copper anomaly was five times greater
Than Ponderosa Pine growing 560 feet away.

- Computer analysis of the reflectance specira of mineralized trees

~.measured during the first phase of the experiment confirmed that the rela-

__.__‘.1

Tive percent reflectance differences of Pondercsa Pine, Alligator Bark
Junlper, and Emory Oak growing in anomalous areas was less than that of

The same Tree species growing in background areas, Subsequent anaiysis of
the reflectance spectra obtained during the experiment's second phase showed
that the differences in reflectance between Pinion Pine frees exceeded that
which could be atiributed 4o subsurface mineralization,

Visual examination of comparative image densities on mulfispeciral
negatives obtained with six different fllter sefs indicated that "anomalous™
Ponderosa Pine could be best differentiated from Y“background" Ponderosa
Pine using spectral bands: 406-480 nm, 505-558 nm, 585-680 nm, and 8i0-855
mm. Qualitative photo interpretation of multispectral images obtained in
these speciral bands using an additive color viewer showed that the color
saturation of "anomalous" Ponderosa Pine was too subtle to be detected by
a human observer,

Quantitative measurements of image densities showed that spectral
bands 406-480 nm, 505-558 nm, and 585-680 nm form a three-dimensional
vector space within which “ancmalous" Ponderosa Pine tended to be separate
from "background" Ponderosa Pine, A linear decision rule was developed
from these measurements which resulted in correctly classifying ¢ 11 back-

ground Ponderosa Pine and also correctiy classufy:ng anoma lous Ponderosa
Pine flve out of slx times,
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Section |

Introduction

Described herein is the second part of an experiment in the applicaTldn
of biogeochemical remote sensing for mineral exploration using selected
narrow band multispectral photography,

The location of the two test sites used in these experiments (one adja-

cent to the other) in the Prescott lational Forest Is shown in Figure | below,

T .. FLAs STAFF

. PrESCOTT

PreonIk {7

®. TUscoN

ARIZONA

Figure |. The location of the Copper Creck and Copper Basin test sites
near Prescott, Arizona,
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The detalled situation of the two test sites in the Iron Springs,
Arizona and Kirkland, Arizona [5 minute quadrangle fopographic maps is
shown in Figure 2, The Copper Basin site is four miles west of 34°30'N,

112°30' west and the Copper Creek site is four mi les southwest of these

cecordinates, ‘
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Figure 2. Location of the Copper Basin and Copper Creek test sites on the
tron Springs, Arizona and Kirkland, Arizona 15 minute topographic maps,
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The first part of the experiment was conducted in the fall of 1971 at

' which time the copper content of three species of frees growing In Copper
Creek was measured, along with associated soll samples, The areas were
categorized as background, Inférmedia+e, and ancmalous (core zone) based

on ‘the proximity to a sub-surface copper anomaly, the location of which had
besn established by dritling by others prior fo our commencing this experi-
ment. At the same time as the trace metfal content of the frees was measured,
a truck-mounted Telespec+roradiome¢er was used to obiain the refleciance
specira of selected anomalous, intermediate, and background trees. As
described 1n Section 2, all three tree species growing in the anomalious
core zone exhiblted a reduced speciral reflectance compared fo those trees

_ gfowing in the background areas. Appendix A contains detailed maps of the
%ree and soi! sample locations,as well as the copper content of soil samples
and Trace copper content of the trees in the Copper Basin ‘fest slfe;

The second part. of the experiment conducted In the fall of 1972 was
designed fo obtain narra; band mulffspec?ral ?hofography of the Copper
Creek test site and of a sécond test site at Copper Basin, Selected sets
of four narrow band fillters were established from the reflectance spectra
obtained in Thé.fall of 1971. These filter sets were used on a four-lens
mulTispecTraf camera to obtalin 1:8,000 scale multispectral photography of
both tfest sites. Simulféneously, the reflectance specfra,of tree species
at Copper Basin were obtained along with soil geochemisiry and the frace
metal content of the dominant free species growing there., Again, the areas
were divided into background, intermediate, and anomalous, Appendix B
contalns ﬁefalled maps of the locations at which tree and soil samples were
obfglned In Coppef-Basin. Appendix C tabularizes the copper and molybdenum

trace metal content of ashed samples of tree needles, as well as the soll




sample copper and molybdenum content,

The objective of the second part of the experiment was to see if:
(1) trees growing in anomalous Ycore zone" of both Test sites cou]d be
detected in the multispeciral ﬁhofographic imagery, and (2) 1f a chain of
.causality could be established between The.soll geochemisiry, the Ttgce
metal content of the trees, the reflectance spectra of The Treeé, and the

images of the frees on multispectral photography.




Section 2
Background

Remote sensing techniques in the visible and infrared spectral
reglions, as applied 1o mineral exploration, can be categorized as
fol lows:
l. Differences In Qegefa?ion due to geochemical anomalies
(Yost, 197]). |
2, Siructural dlscontinuities such as Iinéamenfs, faults,
faﬁif pattern, doming, fold, and deformation sfyle as re-
lated to mineral deposits.
i 3, Alteration of host rock due fo mineralization related
processes:
4, Rock type and f§x+ure as a general geologic mapping tool
and guide to mineral deposits,
In most studies that have been made on the subject of remote sensing
applied to mineral exploration, scanning of surface phenomena such as
rock and soil characteristics and structural features as related to
mineral depogl?s have been most emphasized. Pi{lot studies ot this sort
were carrled out In desert areas., The results were Interesting because
of the surprisingly high resolution that stili can be achieved from
high fiying aircraff (with 90% of the total atmosphere between them and
their target). Large parts of +the earth are soil and vegetation covered.
Very little Is known about these areas. Llarge scale exploration for
mineral deposits under such conditions is carried out mainly by a ground
survey for rock ouicrops, their structure, a geochemical soil or stream-

sediment analysis or geobotanical sampling.
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The recent estabiishment of a correlation between the reflectance
spectira of the follage of plants or irees with heavy metal content of
the sail has been a major step toward the application of remote sensing
for mineral potential of the large vegetation covered parts of ?He world.
In studies performed by Canney (1970) and YosT (1971} it was shown that
a+ the 95% confidence level significant dlfferences are found in The
chlorophyll reflection band at 550 nanometers and in the mesophyll ref- -
lection band in the 700-900 nm range between balsam flr and red spruce
growing on normal and geochemically anomalous soils.,

A study of the vegetation in the Copper Creek region of Arizona
.was undertaken to amplify these earlier findings of correiation between
reflectance spectra characteristics of vegetation and geochemical ano-
“Qalies due +o heavy metal accumulations in the soil upon which the vege-

tation is growing.

Preliminary Results of Spectral Measurements from Copper Creek, Arizona

The ir situ spectral reflectance of three types of trees growing
along Copper Creek was measured. The tree groups inciuded Alligator Bark
Juniper, Ponderosa Pine, and Emory Oak, The stands are not particularly
isolated, but rather grow indispersed, A total of 142 frees were measured
and were classified according to the geology of The terrain rather than
the top soil miperalizafion. This'classifiga?ion method was selecied pri-
marily because there exists areas along the creek on which a large amount
of fransported soll has been deposifed.' The deep root system of the trees
" permits uptake of minerals Into the leaves from depths below that of the
top soil. "A set of 44 trees were measured in a region classified as "back-

ground"™ and the copper mineralization was about 100 ppm, The frees growing



over a copper anomaly had about 500 ppm on the average and a total of
3] trees in this group were measured., An "intermediate" sef of 42 trees,
having an average copper content of 200 ppm, were also measured., In
addifion,‘fwo other areas containing transported soil on the surface of
‘the ferrain were measured and the free copper mineralization ranged bet-
ween O ppm to about 250 ppm. These groups, however, were growing in an
Intermediate area and were classifled as such regardliess of their copper
content.,

A series of four spectral reflectance scans was made on each fTree.
Each scan consists of Three seis of measufemenfs at each wavelength ran-
ging from 400 nanomeiers to 1100 nanometers., This quantity of data (which
is automatically punched in ASC!HI code onto paper tape) is necessary in
order to assure that statistically accurate measurements will result, For
each species of vegetation a subset of individval frees was selected from
the anomalous, intermediate, and background groups. The spectra of these
‘rees vere averaged for each group and ploited as shown in Figures 3, 4,
and 5,

| I+ should be noted +hat from 400 nm o 675 nm, the percent direc-

Fional reflectance scale goes from 0 fo 10% along the vy axis. From 700 nm
to 1050 nm, the reflectance scale along the y axis ranges from O to 100%,
This scale expansion was included To show the subtle spectral changes
which take place in the visible spectrum, Referring to the spectra of
Alligator Bark Juniper of Fiéure 3, the trees growing over the copper
anomaly exhibit a lower percent directional reflectance than either the
Infermediate or backgrouné groups, This ié true in both the visible
and fhe_neérninfrared wavelength regions;

The Intermediate group appears to reflect slightly more radiation

than the background group in the blue spectral band from 400 to 500 nm,

7



Notice that in addition fo the obvious change in amplitude between the
anomalous and backgrALnd groups in the visible region that there are fwo
wavelength intervals in which The distribution itself has been altered,
The first interval exists between 400 nm and 525 nm and the second ranges
from 580 nm to about 675 nm. The background and intermediate groups ex-
"hibit shallow gradients in these regions which are characteristically
different from the anomaious trees., Also, a slight Increase in reflec-
tance is seen at 650 nm for the background and Infermediate groups. In
the infrared spectrum the background trees reflect everywhere higher
than Tthe anomalous and the reflectance of the intermediate set is where
one might reasonably expect it fo be, between the former two.
Figure 4 shows the reflectance spectra of The three sub-groups of
“Ponderosa Pine, The anomalous set exhibits lower reflectance than either
the background or.the intermediate irees in the same way that the Juniper
Trees did, However, the intermediate group does not overlap the back-
ground set at any wavelength. The relative reflectance in the blue
spectral region from 400 +o 500 nm is flat in the same way as Junipér,
This effect, which was also seen between 580 and 675 nm in Juniper, is
not nearly as apparent in the Pine, aifhough the increase in reflectance
at 650 nm is considerably more pronounced, Both the visible and near-
infrared spectra of Juniper and Pine possess one more characteristic. The
background and Infermediate groups have approximately fThe same reflectance
distribution and amp!itude. "That is, their color Is quite similar, The
anomalous Trees display a distinct decréase in both their blue and yellow-
" orange reflectance which vould make their foliage appear greener (less
biue) than +he other two groups.
Figure 5 shows The reflectance spectra for the three classes of Emory

Oak, At first glance there might appear fto be no difference beitween these
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spectra in the visibie wavelength region. Notice, howevef, that the ref-
lectance of the background and intermediate groups In ‘the 400-500 nm band
is considerably higher than that of the anomalous trees; a similar situa-

tion exists from 580 to 650 nm. This is exactly the same change om speciral

distribution which was seen in the case of +he Juniper and Pine groups.

This fact is significant in that multispectral techniques are based upon

differences In spectral distribution, rather than amplifude differences.

.Once again, the lifrared interval for Emory Oak follows the pattern set

by the Juniper and Ponderosa Pine.

It is apparent from these preliminary resul+ts that the spectra of
each species measured is definitely related to the sofl in which the vege~
tation ié gfcwing. The results are consistent both within and between the
groups. Two spectral regions (from 400 to 500 nm and from 580 +o 650 fin)
can be used to filter a multispectral camera to obtain excellent imagery
which will exhibit copper anomalies in additive color, Any portion of the

near-infrared from 700 nm to 1100 nm could alsoc be used as a filter.

*

Multispeciral Color Photography

The initial results of the in situ spectra clearly indica%ed that the
percent directional reflectafce of vegetation is related to the subsurface
soil mineralization. Multispectral sensors (which are correctly filtered
1o exclude unwanted radiation from being imaged on the film) have been
successfully employed to detect subtle geéphysica! phénomena from aifcraff
altlitudes ranging.be+ween 3;000 and 30,000 feet., Based upon the abd&e
findings~ two dis+lnc+ tasks were performed: |

-- After selection of +the optimal camera flitration, mul+!spéc+ral

célor and color infrared imagery was obtained of the Copper éreek,

Arizona, area, Ground truth was also taken for veriflcation purposes,
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-~ The finai results of the multispectral photo Inferpretation
were compare& with geologic ground fruth to determine the
degree of accuracy with which soils anomalous in copper can
be detected using this multispectral remote sensor, |

The advantage of this approach i{s that i+ permits a logical asso-

‘ciation To be made between geologic graund fruth, vegetation spectra,
known anomalies and unknown anomalies at a variety of altitudes.

. The ability of multispeciral color photography to differentiate a
muttipliclty of subtie spectral differences in vegetation has been con-
ducted since 1964 (cf. Yost & Wender th, 1967), The capablility of multi-
spectral photography for detecting and displaying environmental phencmenon
for the first time has been documenfed (Yost & Wenderoih, 1968), A variety
of multispectral photographic procedures for speciating trees and crops
By aﬁalffical measurement of The chromaticity of multispectral images have
been developed (Wénderofh & Yost, i968; Yos? & VWenderoth, I96§).. In ad-
dition, entirely new techniques have been brought into practice which per-
mit detection of very subtle spectral differences which are often masked by
Iabge brigthesé differences existing in natural vegetation,

The muITispec+raI color pho?ograp@ic system combines abridged spec-
tral photographic data collection in four spectral bands in the .36 Yo .9
micron region of the spectrum with colorimetric data reduction using additive
color techniques, |

This remote sensing techlinique allows the sclentist to select any

spectral band in the near-uliraviolet, Qisib!e, or near~infrared region of

" the spectrum in which o collect spectral photography and provides him wiTh'
a device té combine the photos info a single color plc+urp. The viewer
also\provldes the scientist with the capability of altering the color of

the presentation in order to enhance the particular relationships he may

.




detect throughout the entire spectral region (360-900 nm), Four spa-

Filally Ildentical photos are produced and all images appear in ldentical

coordinate positions.as measured from the principal point of each photo-

graph.



Section 3

Spectral Reflectance Measurements

In situ speciral reflectance measureménfs and multispeciral photo~
graphy vere obialned at the Copper Basin and Copper Creek soufh-of
Prescott, Arizona, The equipment and fechniques used are described
heréin. Ref lectance measurements were aﬁalﬁzed to select filters for

multispectral photography.

Spectral Reflectance Measurements

The quantitative spectral analysis of soils, vegetation, and rocks
requires that simuitaneous and accurate measurements of Incident and
reflected radiation be made, Since the speciral energy reflected by
an object varies with that which is Incident upon i+, These specfroradio-.
metric measurements must be made at the same instant of Time,

Whereas a radiometer measures in units of energy rate Tnfensi?y'
suéh as microwatts per centimeter square, a spectroradiometer measures
in units of energy rate intensity per béndwjdfh, such as microwatits per
centimeter square per nanometer, This latter system of units s most
meaningful for measurements of radiation since a grapn of the spectral
distribution of radiant intensity versus wavelength can be obtalned.
The area under such a curve can be made numerically and dimensionally

equal to energy available In the spectral bands of the multispectral

camera,

A comphTerized telespeciroradiometer was utilized fo collect the

in situ reflectance spectra. This truck-mounted instrument is posiiloned
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adjacent to the farget to be measured, the detector head extended in
+the air to obtain the similar downward perspective as the multispectral
camera. The instrument measures and stores in the computer memory the

reflectance of a standard white plate which is placed in the field of

view of the spectroradiometer. The reference plate is then removed and

the spectra of the target is obtained. The compuier enters all fthe
necessary instrument corrections, divides the stendard white plate ref-
erence readings i&fo ‘the target readings at each dlséreTe wavelength
measured and prints out the result on a feletypewriter. Figure 6 shows
this truck-mounied instrument in operation at the test site.

The detector head mounted atop the extended ladder is comprised of
ak imaging optical system, a clrcular Interference. filter monochromator,
Lisible and infrared pho+omu!+ipliér detectors, and an electronic ampl;fier.
The circular filter is indexed [nto position in the optical system in
front of the detector which selects the particular wavelwngth to be measured,
Usual Iy 80 discrete wavefeng+hs are measureq between 400 nm and |00 nm,

The ratio of target reflectivity to standard reflectance reference
i% auvtomatically calculated by the instrument and dfsp[a&ed under computer
cottrol. The computer is pregrammed with a list of spectral ranges
(visible and infrared}, data poinfs (discrete wavelengths of inferesf),
and the number of scans per data point.  The computer incorporated in
‘the spectroradicometer is a 16-bit word length genefal'purpose computer
having a 4096 work (8K byte) memory, Four hardware accumulators aré
used in addition to a PC register. The basic control program resldés

in 3000 core locations and includes a floating point interpretive péckage.

- The 1000 remaining locations are used for femporary data storage during

target.dats acquisition, The basic control program takes radiometric

16
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Figureg . Truck-mounted telespectroradiometer.

measurements at pre-determined wavelengths, stored in a look-up table,
For reflectance measurements a white standard reflector is compared to
the target and the relative reflectance of the target is computed as a
ratio of the target to the standard. The computer then uses this res-
ponsivity data to calculate the radiance of a target.

The telespectroradiometer used to collect the data contains two
spectral channels - one covering from 400 to 700 nm (visible), the
other from 675 to 1350 nm (infrared). The system is comprised of an
optical head which contains the telescope optics, a sensing head con-
taining fhe.phofomulfiplier detectors, and input-output control console
which contains the computer, motor drives, analog-to-digital converter,

and teletypewriter.




The system Is designed o have flexibiiity In the spectral region
of operation and in its mode of operation, The primary filter assembly
of ‘the system utillizes n circular variable interference filter which

allows continuous variance of the spectral region transmitted ‘o the

detector as a function of the angular position of the filter, The

spectral response typically covers a itwo-occtave range of waveleﬁg+hs
with an average spectral resolution of 2 !/2%. The system operates in
an ‘Incrementally siepped mode which provides +he.abillfy 1o Take precise
measurements afxeach wavelength. Time is~allowed for gain ranging, amp-
lifier settling, and mulTipje readings fér computer averaging.

The automatic telespectroradiometer used to collect the data con~
sists of four basic units: The optical head, tThe sensing head, the con-
}rol cablnet, and +he'ou+pu+ unit,

The Telespectroradiometer contains a 300 mm focal length refractive
optical system with a 50 mm diameter enfrénce aperfure, The mechanical
configuration of the opilcal head of the system is shown in Figure 7.
The incoming radiation is focused by the objective lens on-an inferﬁe-
diate focal plane where an adjustable field stop is located to define
the system's field of view.

The radiation passing through the fiéld stop is refocused by the
transfer optics onto the front surface of the circular variable filter.
The radiation traversing the filter is refocused by a relay lens onto
The detector, | ‘

The circular variable filter is motor-driven under computer conirol.

The direct coupled angular encoder provides a feedback signal to the

computer of the instantaneous position of the circular variable filter,
The computer program specifies the angular position at which measurements

will be made and monitors +he optical encoder output until the correct

18
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Figure 7, Telespectroradiometer optical schematic., -

angular orientation is achieved,

The electrical signals generated by the detector(s) are amplified

by a picoammeter amplifier wi'th remote gaiq—ranging conféolled by the

-

computer program, The high-level, low-impedance analog ouiput of the

Detector

amplifier may be fransmitied up to a distance of 250 feel to the computer,

allowing completely remote operation. Also located In the optics package

are the shutter and viewing mirror solenoids, optical encoder buffer

amplifiers, and line drivers.

~The picoammeter is a fwo-s+tage, solid-state amplifier using coﬁpac%

metal-film feedback resistors and solid-state switching for range selec-

Tlon, The program-controlled or manually-controlled shutter allows. dark

current measurement and corrections to be made under program controi
LY .
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without operator Intervention, A block diagram of the electronic cir-
cuitry is given in Figure 8, ’

Tﬁe analog signal from the optical detector Is fed fo the analog
multiplexer of the analog-To-digiTal input channel. The mﬁl?iplexeé
seleéfs the picoammeter output for conversion or other accessory func-
tions, such as Interna! seif-check functions. The multiplexer output
drives The sample-and-hold and the e[even;btf analog-to-digital converfer,
The multiplexer, sampie~and-hold and analog~to-digital converter are
control led by the MADC interface which also contains the picoammeter gain
control registers, éhufTer and viewing mirror solenoid buffer regisférs.

The encoder outputs drive the decoder nddule which, in turn, drives
the pfesenf position regis%er in the CVFC interface. The present position
regisfer supplies the computer program with the current angular rotaiional

position of The circular interference filter. The CVFC Interface contains
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auxiliary buffer registers for operating ,the motor drives and synchroni-

zation control modules.,

Copper Cresk Reflectance Measurements

The spectral reflectance measurements obtained at +the Copper Creek
fest site during 1971 were reanalyzed using newly developed computer programs
for computing relative percent reflectance differences, The refleéfance
specira of +trees growing in the "core zone" of copper mineralization were
compared fo trees growing in "background" areas having normal soil
mineralization.

The average of speciral reflectance measurements of eight Ponderosa

Pine are shown in Figure %a. These trees grow in soil having an average

" mineralization of 76 ppm, The eight trees sampled had a copper confent’ of

f45 ppm In the dry-ashed sample.. The reflectance spectra of areas of inter-
medfafe miheraliza?ion and the core zone are also shown in Figure 9. The
average surface soil copper content in the core zone was 436 ppm, while
ashed samples of Ponderosa Pine contained an average of 569 ppm copper.

The average reflectance spec?fa of these trees have ‘been compiled in
Appendix . These ref[ecfaqse spectra ﬁeré‘used 1o compute the relative
percent reflectance of Ponder&sa Pine growing in the intermediate and’

anomalous areas of soil mineraltization as follows:

Rr=wxioo
. : R, | :
where R = relafive reflectance ratio (porcent)
Rp = the percent directional spectral reflectance of "backgrodnd"
N group of trees ;
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Flgure 9, Reflectance spectra of Ponderosa Pine at the Copper Creek fest site,
Pines growing in soll wlth copper concentration have reduced reflectance,
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BASE SCAN NUMBER I5: 1@l ‘Bac kg round
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Table |, "The ratio of percent reflectance of Ponderosa Pine growlng in soll
of normal background mineralization compared to pinos growing in solls of

RELATIVE REFLECTANCE RATIOS (PERCENT)

intermediate and ancomalous mineralizalion.
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e

Ry = the percent directional reflectance of the anomalous

-

b

i-

{or intermediate) group of tfrees,

? . +

1 The data was computed for each wavelength and is tabulated in Table I,

K As can be seen, the relative differences in percent reflectance is less for

“the Intermediate areas and least for the anomalous core zones,
Figure 10 below shows the average relfectance spectra of Emory Oazk
. growing in the Copper Creek core zone compared to the background area, The
oaks growing in the core zone have less reflectance throughout the spectrum
than do background oaks, except in the 512-575 nm spectral band, Oaks growing
in the core zone were found to contain an average of 222 ppm copper In the
ashed samples, whiie in the background they contained, on The average, 36 ppm
- copper in ashed samples.
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Figure 10, Emory Oak reflectance spectra at the Copper Creek test site,
. Oaks growlng in high copper concentrate soil have reduced spectral reflectance,
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The average reflectance spectra of Alllgator Bark Juniper growing In
-background and anomalous core zone areas of Copper Creek are shown In Figure ||

below. Juniper, like pine and oak, have reduced reflectance throughout the

specirum when growing in soil with anomalous copper content,
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Figure 11 . Alligator Bark Juniper reflectance spec+ra-a+ the Copper Creek
test site. Junipers growing in solls with high copper content have reduced
spectral reflectance. ' ;

The relationship between the average copper content of sofi | samPIes

v

and the average copper content of ashed samples.of Ponderosa Pine, Eﬁory Oak,
“. , ’
. |

- i
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Alligator Bark Junlper in the bachkground, intermediate, and core zone are

shown .In the graph beslow,
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Flgure 12 . Average copper content of ashed samples of three trees compared

to the average copper content of soll in which they grow; Copper Creek,
Prescott National Forest, Arlzona,
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Speciral reflectance measurements of Manzanifa growing In Copper Basin

-were made in background and anomalous areas of the basin, Manzanita growing

-in the background area contained. an average of (00 ppm copper and 4 ppm

.

molybdenum in +he ashed samples, whereas Manzanita growlng In the area of

-anomalous soil mineralization contained an average of 2520 ppm copper and

106 -ppm molybdenum in the ashed samples, These reflectance spectra are shown
in Figure |3 below, The percent reletive directional reflectance Qas computed
and is shown inTable 2 from which I+ can be seen that Manzanita with back-
ground copper content exhibits reduced spectral reflectance compared fo That
containing anomalous amounts of copper and molybdenum, It should be noted

that these data are measured from two samples of Manzanita growing in each area,
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RELAT&VE REFLJCTANCE RAL

e

105 (FPERCENT)

BASE SCAN NUMBER IS: 1581 Anomalous Manzanita, Copper Basin
1509 Background Manzanita, Copper Basin

SCAN #>
WVL

400
a12
425
437
450
462
475
487
500
s12
525
537
550
562

575
S87

600
612
625
637
650
662
675
687
700
e
725
737
750
- 762
775
787
800
812
825
837
850
862

875
887

900
912
925
’37
950
962
975
987

1000

1025

1050

1075

Téble‘Zl The ratio of relative percent reflectance of background Manzanita

-56016
-53+v62
=57.53
~“50%60
=50.00
S48457
“49.09
“49712
$48.73
=49.60
47455
$47756
48008
“47.97
487217
“51v24
~50.50
-“S@«74
“5@.50
-51+25
-50.52
254778
46778
“48 w32
38,48
=32786
30711
“29755
2600
24413
28,01
=28.24
“25.14
22,70
24744
19728
<2408
22402
~19.25
“19%11
=21.56
“21499
~18. 46
“16743

1171

%1770
“12917

=14+63

=14463
“12.29
=30.86
=253

compared to Manzanita contalning anomalous amounts of copper.
Manzanita exhibits reduced spectral reflectance,
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The reflectance specira of fifteen Pinlon Pine growing in areas of back-
ground and anomalous sofil mineralizaTioﬁ'were measured and are shown in
AppendixH. The reflectance spectra of an average of four background Pinion
Pine and one anomalous Pine is shown in Figure 14, The fafio of relative
:percenT directionai reflectance of the average background reflectance spectra
of +these four +trees compared fo four Pinion Pine growing in anomalous soil
was computed and is shown in Table 3. The infrared reflectance ;f anoma | ous

Pinion Pine is greater in all anomalous Pinion Pine measured than In background,

while the visible reflectance exhibits no clear paitern of reflectance.
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Figure 4. Percent directional reflectance of Pinion Pine agrowing In areas
of Copper Basin, Arizona containing background and anomalous soil mineraiization.
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S1 400 RELATIVE REFLECTANCE RATIOS (PERCENT)

BASE SCAN NUMBER ISt 1400 Average Background Pinlon Pine
SCAN #> 1473 1485 1489 1493

WVL Anomalous Anomalous Anomalous Anomalous
Pine-485 Pine-480 Pine-482 Pine=-487

460 +13.33 =31.66 +38.33 =51.66

412 #1034 =31.03 +34.48 =46455

425 11729 =32725 +33.87 <=46477

437 +17414 =32785 +38.57 =44.28

450 20700 =30.66 +38.66 =42.66

462 +20.77 =32.46 +41.55 <=40.25

475 +22.78 =32.91 +43.03 =39.24

487 +20%73 =32.92 +39.02 =39.02

500 #2380 =34.52 +44.04 <38709

512 20721 35010 +40.42 =39.36

525 +28718 =35.77 +40.36 =37.61

537 +25719 =33785 +36.22 =37.79

550 +22.06 =32.41 +33.79 =39.31

562 +23+84 -33¢11 +31.78 “38+41

575 +23¢17 =35.09 +32.45 =39.07

587 +23794 =33.80 +35.21 <36.61

600 +20743 =324 11 +33757 =37.22

612 +20<30 “33708 +34.58 =36.09

625 +19.37 =29.45 +33.33 <=34.88

637  +17988 31770 +28v45 =34.95

650 418,64 <3050 +32.20 <=33.89

662 17775 =32771 430784 <3177

675 45779 U=4067 +32.71 =7.47 ,

687 S 440783 <4016 429016  ¥1466 /
700 +50776 +23735 +34.01 +36.54 :

712 +39.78 414769 +32.25 +40.86

725 +34735 #1079 +31.00 +41.06

737 30792 411772 428742 445063

750 ¥28V8T 412091 +27793 +45.30

762 #3037 418719 +27+49 +45.67

775 32,88 +11755 +23.77 +50.88

187 +3480 47092 +28.63 +47.35

800 31757 +108796 +26431 +45.61

812 +34¥13 +#12725 +28.88 +47.26

825 +38.90 +11.42 +29.23 +49.45

837 #35416 +7747 +31.42 +48.35

850 ¥37.90 49780 +28775 +47.71

862 +35993 +18718 +27.92 +50.64

875 +31.10 +10715 +26.56 +50.32

BB7 432017 - +BV69 +32V17 451730

900 33711 418795 +26.36 +45.96

212 #31716 +5762 +29.22 +46.96

925 . ¥35 85 47757 +26450 +45.21

937 $30723 +13782 +21786 +44.18

950 ¥29793 416755 +21776 +48.07 2

962 +33.91 +12.03 28788 +39.60 o -
975 32707 €13.49 415792 +39.60 J;JQV
987 +35766 +2B8.89 +16.70 +40.18 N
1000 +32032 +12V36 +25716 +36.22 @ %
1025 $33712 +13737 440776 +35.88 - GGy,
1050 432774 =450 +40.78 +29.01 NS
1075 41931 ¥3028 413030 +28.73

Table 3, The ratio of percent reflectance of four Pinion Pine with anomalous
copper and molybdenum content compared to Pinion Pine containing background
amounts of these metals, 30 ‘




A .
T The homogeniety of the reflectance measuremenis of individual frees
ii .
B was examined by computing the ratios of relative percent directional reflec-
i ‘tance for four anomalous and four background Pinion Plne trees, These ratios
are shown in Figure 15 Should the frees in each group have a homogeneous
L
: spectra! reflectance, the data shown in Figure |5 should be zero. The mag-
nitude of these ratios shows the vast lack of homogeniety In the reflectance
of Pinion Pine, independent of mineralization, ’
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Section 4

MUST ISPECTRAL PHOTOGRAPHY

Three multispectral photographic flights were made over the Copper
Creek and Copper Basin test areas. These flights were performed on 30
and 31 October 1972 and on | November 1972, The weather varied from

scattered clouds to clear,

Multispectral Photographic Equipment

The Spectral Data Model 10 multispectral camera system shown in
Figure |16was used to obtain the imagery. The camera body contains a

four slit focal plane shutter assembly with a spectral filter In front

Figure |6, Spectral Data Model 10 multispectral camera system,
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" of each lens, Fach lens can be focused for +he wavelength transmiited

by +he particular filter used in order to achieve maximum Image resolu-
+ion, The camera also incorporates Image motion compensation and data
annoTé?ion feature,

Based upon an analysis of The-reflec+ance spectra taken in 1971,
six (6) sefs of four multispectral filters were flown on the first flight,
The purpose of this test was to empiri&ally determine the four filters
which produced Thé best image contrast between amma!éus and background
irees, These six filter sets had been selected using the relative log
reflectance difference spectra discussed in the preceeding chapter,

The_op+ical characteristics of these filter sets !s tabularized

below: Table 4, Test multispectral £11ter sets,
{ Test -
Filter Set Peak Hal f Peak
Number Transmission (nm) Bandpass (nm)

Tl 440 406-480
‘ 520 505-558
620 . . 585-680
848 : 810-855
T2 440 406-480
625 ) 600-650
. 675 ' 650-700
~ 848 810855
T3 440 406-480
625 600~650
675 650-700
525 ) 495-555

T4 445 425-465 |

' 725 700-750 '

683 647-699
525 495555
TS5 450 400-500
515 ' 495-535
625 600-650
825 800-850
T6 440 405-480
683 685-710
625 600-700
723 712-745
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Based on a visuzl analysls of the resultant multispectral imagery,

two prime sets were chosen for use as follows:

Prime
Filter Set Peak Half Peak
" Number Transmission {(nm) Bandpass (nm)
Pl 445 425-465
625 : 600-650
675 650-700
825 . 800-850
P2 440 406-480
520 505-558
620 ' 585-680
848 810-855

Table 5, Prime sets of multispectral filters,

Standard Kodak 2424 black-and-white fiIm was used in the camera.
%he multispeciral photography was processed in a Kodak Versamat 11-C
continuous film p?ocessor using Hunt's (Type A) chemistry. Control
was mainfained by use of an EG&G Mark IV'éensifome+er in order to obtain
the deéired processing characteristics. The characteristic curves (den-
sify vs, exposure for white |ight) for these flights are shown in Figure 17.
Positive fransparencies with balanced exposure in all four speciral
bands were made on EK2424 duplicating film-using a Spectral Data Model 4|
optlical projection printer, This prlnfer.confains four lamps, the in-
tensity of which can be controlled independently, thereby allowing a con-

siderable amount of compensation for residual exposure errors which may

exist between the four mulilspectral negative Images acquired by +he'air—

borne camera, Such differential exposure errors can resul+t from changes

in the distribution of the solar Illumlnant, altmospheric haze, and changes
In the reflectance of vegetatlon, soll and rocks befween the condition

which exlsted when the aperatures of the camera lenses (with filters attached)
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were calibrated and the conditions which.exisfed when the atrborne multi-

spectral photography was obtained. Figure |8 shows the optical projection

-

printer.
2.4 =

2.2

a0 - —— 30 Dct, 72 - 2,02

e e 31 Oct, 72 ~ 1,50
1.8 —

STmmmmmee—- ~ 1 Nov, 72 - 2,00 °
“1a6 |-
3-04 e

lo2 "'

Danstty

i’.o -

0 { b 1 L L L L 1

b w3 IR 1.2 15 L8 | 2,1 2.4 27 30
Rolatlve Log Exposura

Figure {7. Processing characteristic curves for the muliispectral camera
black-and~white negatives.
N,

The multispectral viewer shown in Figure |9 was used To recombine

the black-and-white multispeciral images in additive color, Thls viewer

contains four seperate optical projection systems, one for each of the
four black-and-white multispectral Images. These projection optics each
contain a long focal length scale correction lens in additlion to 'l‘hé pri-
mary projection {ens. The four illumination sysfems (one for each ﬁro—
Jjection lens) contain sets of blue, green and red filters, The Imaéary

can also be viewed in black-and-white without filfers.‘ The resolution
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Figure 18,

Figure 19,

Spectral Data Model 41 Optical Projection Printer,’

(ERERREE
eeee

(BIEIELE)
1- . .

Spectral Data Model 76 Additive Color Viewer,
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accuracy on The screen is such that a coppos%fe resolution of tweniy-
five lines per multimeter at four times enlargement of the phofo scale
is produced. The additive color photographs shown in the subsequent
secTIéns of this report were produced by photographiigy the multispect-
ral viewer screen using Ektacolor film,

Mission logs for all flights are shown in Appendix J. The average
flight altitude was between 3500 feet and 4000 feet above terrain, Repre-
sentative samples ;f the imagery acquired are shown in Figures 20 and 21,
Figure 20 shows four black~and-white multispectral images of the core zone
acquired using filter set P2 (see Table 5), Figure 2| shows images of the
infermed{afe'areas. Both Images were taken within ten seconds of each

other on | November 1972 at 1330 PST,
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406-480 nm Band

505-558 nm Band

585-680 nm Band

Q@KMNAL PAGY
OF POOR (

81G6~-855 nm Band

Figure 20, Multispectral photographs of the Copper Creek core zone of
anomalous mineralization taken | November 1972 at 1330 4,000 feet AGL
(9,000 fget ASL),
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406-480 nm Band

505-558 nm Band

585-680 nm Band

it

810-855 nm Band
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Figure 2| . Mul tispectral photographs of the Copper Creek area of intermediate
mineralization taken | November 1972 at 1330 4,000 feet AGL (9,000 feet ASL),
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Section 5 °

Analysis of Multispectral Photographic Imagery

In order to locate each tree sampled in the background, intermediate,
and anomalous (core zone) areas of both Copper Creek and Copper Basin,
uncontrolled mosaics were made of both.areas., Figure 23 on the following
page is a reproduction of the mosaic of the Copper Creek site, The mosaic
of Copper Basin constituted a singie flight strip across the basin coinciding
with the soil geochemical and geobotanical traverse,

Twenty=six black-and-white 4X enlargements were made of a single band
of multispectral photography. These 8 x |6 inch prints covered all the

trees sampled in both areas,

Figure 22, Using annotated enlargements,
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Upon these black-and-white prints were annotated every tree, the
‘race ‘metal conitent of which had been measured. The accuracy of these
annoTaTioﬂs was verified by extesive field checking.,

The Copper Creek area was selected for detailed Image analysis because

“the terrain was relatively undisturbed by drilling and mining operations,

Blogeochemistry by Species in the Core Zone

[

In order fo determine Thé tree imagés that would be best to quanti-
tatively measure, an analysis of both the tree and soil copper content
in the core zone was made. Soil copper content was compared ﬁi?h ashed
samples of %ree copper content growing in close préximiTy thereto (within
30 feet or less of the point where the soil sample was made), These results,

1

shown in Figure 24, were unspectacular,

'COPPER CREEK CORE ZONE

6.00 b + {300 Sorles Trees)

Sot! vs. Tree Minoral fzatlon B Legend:
% Emery Oak Coro Zono
& Alllgator Bark Juniper
s00 [T Coro Zone

Pondarasa Plno Core Zono

400 .
: /: Caro Zone
Pondorosa Plno

Tres Cu {ppad) In Ash
w
(=3
Qo
I

i
;

+aem—._ Core Joro
Emory Oak

o - ¢

Core Zone g
Alligator Bark Juniper

v L 1 1 1 | ' | i | t i
. 0 - 100 200 300 400 500 600
. ' Soll Cufppm)

Flagure 24. Soil vs, tree mineralizatlon In the anomalous core zone of
Copper Greek,
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-As can be seen from the preceding g;aph, there appears fo be litile

beneath the surface and the copper content of ‘the ashed samples of the

relationship between copper content of the soil measured about one foot

4trees, I+ shouid be noted that the average copper content of Juniper is

An analysis was then done

-one quarfer that of Ponderosa Pine and Oak one half of Ponderosa Pine,

of +he metal content of the three tree

-species as a function of the distance from a drill hole in the core zone.

The assupption was that the drill hole approximated the sub-surface center

of mineralization, As can be seen from Figure 25 below, the.resulis vere

-encouraging.
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Figure 25 .
drill hole.

Tree copper content in relation to distancé from the core
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Both Ponderosa Plne and Emory Oak showed a deflinltfe relationship

‘between the distance from the drill hole and the copper content of thelr

ash. Ponderosa Pine was, by far, the beiter "indicator'" specie, having
five Times the metal content over the inferred sub-surface mineralization

locus as existed 560 feet away from the locus,

Additive Color Multispectra! Photography

An extensive analysié was performed of The multispectral fmagery
uging additive color viewing technlques described in Section 4, Figures 26
and 27show the Copper Creek anomalous core zone: The general location
of the frees sampled is shown In the fop black-and-white photo. The botfom
photo is a color reproduction of the additive color viewer screen in which
The 40610 480 band is imaged as green, the 805 to 855 nm band is imaged as
red, ' '

An areavof intermediate mineralization in Copper Creek is shown in
Figure 28 . Here the geheral location of the species of The Trée Samples
have been annotated. Figure 29 shows the corresponding additive color
viever image,

Although there appeared fo be a s!lght color difference In the Ponderosa
Pine trees In the core zone compared to both the intermediate and background
areas of mineraiizafion, the difference was so subtle that It was not notice-

able in going frcin one frame of multispeciral imagery to the next.

Quantitative Image Measurement

Density measurements were made 6? the mul+tispectral images of Ponderosa
Pines growing in the anomalous core zone and in the background area of Copper
Creek. Seven Iargé well~defined tree crowns were selected in each area. The
mulf!specfrai Imagery was regis+9red on’ the additive color viewer screen,
the specific tree crowﬁ ldentifled, and a brighitness measurement made of
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ultispectral additive color photograph of the Copper Creek core
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Figqure 28, Ground truth - Copper Creek
intermediate area of mineralization,
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the image was made using a spot brighiness meter with high magnification

optics, The open gate brightness was also measured. These 1wo measure-

ments were then converted info density of the image, These data are shown

in Table 6.

A systematic analysis was made of The density measurements of all |4
trees for each possible pair of mu{;ispec+ral'bands shown in Table 6 ,
The results of this analysis are shown in Figures30 , 31, and 32 , As
can be seen from these figures, the anomalous frees tended fc be separated
from background trees in only two pairs of'muifispecfral wavelength bands

{585~680 nm vs, 406-480 nm and 585-680 nm vs, 505-558 nm). In all other

pairs of multispectral wavelength bands, the anomalous and background groups

“of Ponderosa Pine image densities overlapped.

Using figures-30 and 31 , fwo linear decision rules were established

to separate anomaious from background Ponderosa Pine. These were:

Rule #!* (585-680 nm vs, 406~480 nm)

Anomalous + y > .98 + ,60x

Background+y < ,98 <+ ,66x

where: x 585-680 nm band image density

b

y 406-480 nm band image density

Rule #2  (585-680 nm vs, 505-558 nm)

Ancmalous *+vy > ,69 + ,66x

Background+ y < .69 + ,606%

where: A 585-680 nm band image densITy'

Yy 505-558 nm band image density
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Figure 3|, WMultispeciral image density of anomalous and background Ponderosa
Plne In 585-680 nm band (A) vs, 505-558 nm band (D),
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Using these two decision rules, the tree classiflcations were achieved

. as shown below by tree number

Linear Decision Rule #|

= o .3

(200 series - background, 300 series - anomalous),

Actually is
Background Ancmalous
: : Background #262, #263, #265, #363, #372
Classified |- ' #268, #269, #2712
as
Anomal ous: #267 . #1361, #362, #3171,

#3713, #3174

Linear Decision Rule #2

Actually is
Background Ancma lous
. Background” #262, §263, #265, None
Classified : #269, #272
as
Anoms | ous #267, #268 #361, #362, #363,

#3701, #372, #373,
#374

The Intersecting badkground tree classifications using both decision

rules #1 and #% are:
!

(Background .| A Baz, ound 2) = (#262, #263, #265, #269, #272)

The intersecting anomalous free classiflcations using both decision

rules #1 and #2 are:

t
H

50




(Ancmalous | A Anomalous 2) = (#267, #361, #362, #371, #373, #374)

The trees eliminated are:

(#268, #363, #372)

Jointly using the itwo decision rules,.

l. All background trees are correctly classified

[j'-.' 2, Five out of six trees classified as 'anomalous are aromalous
-

. 3+ Two anomalous and one background free are eliminated from

classification.
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at the Copper Creek slte,

52

Dens ity
Anomalous
Tree No, [Culppm) A B c D
' (Band 3) (Band 1) (Band 4) | (Band 2)
363 375 + 90 I.04 1.0l .78
362 500 .96 Foi5 1,13 87
361 1,000 .94 l.21 .99 .79
371 .99 1,19 .94 .20
372 Core Zone 1,02 1,15 l.i4 .90
. 373 1,07 .21 1.2l .96
No Data :
374 1.06 1.20 .21 .21
Average: .99 P17 1.09 87
“Density
Background]
Tree No. Cu(ppm) A B c D
' (Band 3) (Band 1} {Band 4} } (Band 2)
272 87 1.i0 1.21 1.1 .89
269 125 1,17 1.22 1,09 .89
. 268 162 .00 lo11 1,09 .90
267 120 1,09 .24 .06 ,96
265 237 .84 I.0l .95 .69
263 125 97 1.09 1,03 W74
262 152 .92 1,07 1,01 77
Average: 1.G! 1.13 1.05 .83
Table 6. Density measurements of anomalous and background Ponderosa Pine
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Section B

" Conclusions

A computer analysis of the percent relative reflectance differences

of Pinion Pine growing in anomalous and background areas of mineralization

in the Copper Basin test site showed that the variation in measured spectral
reflectance of these trees exceeded the reflectance differences which could
be-associated with mineralization., This lack of homogeneity In the data
may be attributed to either the natural vafiabilify in the spectral reflec~
tance of Pinion Pine or to the techniques used to collect the data in 1972,

. The same computer anélysis of the reflectance spectra of Ponderosa
P]ng, Alligator Bark Juniper, and Emory. Oak (obtained in 1972) in the Copper’
Creek test site confirmed that ali three of these species growjng in areas
of anomalous mineralization have ruduced spectral reflectance.

A'visual comparison of mul+tispectral photography obtained usling six
different filter sets showed that the best filters to use for detecting
bibgeochemical differences was the following prime filter set:

406-480 nm
505-558 nm
585680 nm
- B10~855 nﬁ
Pomplafe coverage of both test sltes was obtained using this filter seft,

At the Copper Creek test site, a graphical analysis of the mineral

"content of ashed samples of Ponderosa Pine, Alligator Bark Juniper, a1d Emory

Oak compared to the geochemical analysis of soil samples showed that:

23
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-~ Copper in the trees was not related to copper In the B soil

horizon (about one foot below the surface),
—— Copper in the irees Eggi're[afed to distance from the drill
hole (and from the inferred subsurface mineralization locus),

~- Ponderosa Pine was the best indicator specie having a copper
content of 1000 ppm over the inferred mineralization locus
which was five times that exigfing 560 feet away from the
inferred iocus of subsurface mineralization,

The multispectral image of mineralized frees appearing on the additive
color viewer screen exhibited a difference in color saturation which could
not be visually detected in a photo interpretation of subsequent frames of
imagery.

A quantitative analysis of mul?ispecTral photography acquired uslné the
priﬁe filfsr set showed that the' image densities of Ponderosa Pine tree
crowns growing in areas of anomalous mineralization énd areas of normal
background mineralization had minimum intersection In a three~dimensional
Euclidian vector space ﬁade up of the 585-680 nm°band, the 406-480 nm band,
and the 505-558 nm band. '

When considered tn terms, of the six possible two~dimensional Cartesian
vector spaces which could be constructed from the four multispeciratl bands,
only two spaces had the convex hull of anomalous Ponderosa Pine coordinates
with minimum intersection with the convex hull of background Ponderosa Pine
coordinates., ’TheSe spaces were defined by the 585-680 nm and 406-480 nm
bands and the 585-680 nm and 505-558 nm bands, In the other four possible
two~dimensional spaces (viz,, 406-480 nm and 810-855 nm), The minimum convex

set confaining all the anomalous tree coordinates (the convex hull) excessively

overlapped the convex hull of background Ponderosa Pine,

5
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Two linear decision rules were developed for the two-dimensional

Cartesian vector spaces in which anomalous Ponderosa Pine tended io be
separate from background Ponderosa Pina, These rules were:

Rule #1:

(585~-680 nm (x) vs. 406~480 nm (y))
y > ,98 + ,66x =+ Anomalous

Yy < .98 + ,66x -+ Background

,RuIeI#Z:

{585-680 nm (x) vs, 505-558 nm (y))
¥y > .69 + ,66x + Anomalous >

y < .69 + ,66x + Background

- Applying these decision rules successively resulted in:

*

1=~ The six trees classified as being background were alf actually

trees growing in the background area,
-~ Five out of six trees classified as being anomalous actually
grew in the anomalous area. |

-« One background and fwo ancmalous Trees were not classified,
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APPENDIX A

Copper Creek Test Site

Tree and Soil Sample Locations

Copper Confent of Trees (in Ash)

Soi! Sample Copper Content
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COPPER CREEK SAMPLES (JUNIPER)

Sample Cu Mo
P21 73 17
#2104 * 88 19
P215 75 I
£051 84 33
cC52 66 20
.
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Copper Basin Test Site
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APPENDIX C

Copper Basin Test Sife

Tree and Soil Sampile

Gecchemical Data
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" 'PLANT ASHES ~ COPPER BASIN

Station | '

Sample . Cu Mo
10} 54,7 20
102 152 46
103 267 22
104 226 | 128
105 211 8
106 231 63
107 126 264
131 1130 67
132 558 38
133 2160 158
134 >3240 217
135 1560 124
136 1540 94
137 1360 39
138 2470 120
139 | 205 b7
140 1420 : 192
14] _ 1425 107
142 1 560 68
143 723 48
1'44 T »2560 77
145 >2860 137
146 2400 386
147 >2660 96
{48 1860 - 93
149 . 920 - 22
150 1590 ’ 84
151 1190 43
152 >2280 41
153 2010 79
154 “ >7000 126
161 472 17
162 334 /
163 285 1
|64 1580 | 104
165 >2360 32
166 1310 - 28
167 400 18
168 1710 70
169 327 62
170 858 98
171 1190 39
172 32| 14
173 314 ' 12
174 834 25
175 1160 21

c-2




PLANT ASHES - COPPER BASIN

Q+n+i-nn = Continued

Sample Cu Mo
176 1500 34
177 1410 40
178 208 - 25

/179 880 22
180 346 28
181 247 27
182 1088 50

- (83 723 6l
84 - 436 90
185 . 1780 198
186 1480 15
187 1060 149
188 1610 -44
189 945 96
190 3230 . 126
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Station 2

PLANT ASHES - COPPER BASIN

Sample Cu Mo
201 165 86
202 145 71

# 203 137 34
204 96 46
205 102 67
206 66 39

. 207 131 39
208A 314 210
208B 145 161
209 141 62
210 224 72
21 158 86
212 118 101
213 122 6l
214 173 93
215 215 83
216- 134 29
23| - 45 72
232 522 37
233 1980 89
234 310 37
235 302 40
236 426 54
237 142 25
238 1300 56
239 ° 711 35
240 263 24
261 462 60
262 964 64

. 263 864 26
264 A 1288 121.

C-4
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Statlion 3

PLANT ASHES - COPPER BAS I

Sample Cu Mo
301 86~ 6
302 47 14

+302,5 113 40
302.6 521 45
303 78 97
304 82 37

,-305 95 107
306 77 0
307 109 - 33
308 * 100 50
309 68 14
310 89 7
311 124 37
312 109 41
315 . 129 ° 17
34 52 50
3i5 98 - 49
316 139 L
317 >2840 342
318 356 82

319 150 42
331 247 62
332 215 9
332.5 253 106
333 386 26
334 ° 243 *37
335 236 42
336 265 9
337 149 i3

. 338 202 43
339 592 42
340 352 92
341 433 46
342 387 33
343 516 12
344 460 18
345 321 9
346 292 15
347 399 60
348 262 52
349 645 50
350 15 20
351 2820 186
360,5 243 4
361 142 4
362 279 0
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PLANT ASHES - COPPER BASIN

Station 3 -~ Continued

Sample Cu Mo
363 |59 69
364 204 N.D,

2365 261 I35
366 173 6
367 413 0
368 429 0

, 569 187 0
370 . 210 0
371 134 18
372 * 339 36
373 544 8
374 81 24°
375 |77 12
376 i75 0
377 263 22
378 179 3
379 144 23
380 . 195 A
381 230 43
382 248 34
383 {60 31
384 226 47
385 286 147
386 540 0

“~
C-6
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Station 4

PLANT ASHES - COPPER BASIN

T o 3

Sample Cu Mo
401 149 53
402 128 32

4403 102 86
404 76 39
405 115 40
406 102 9

407 b 55
408 66 23
409 19 - 12
410 v 120 13
411 43 32
412 154 12.
413 195 95
414 229 65
415 94 166
416 236 101
417. 303 382
418 164 216
419 256 244
420 891 It4

_43] 190 ]
431,5 201 77
432 92 0
433 . ¢ 107 7
434 >2580 278
435 * $2390 101
436 >2650 H
437 3320 194
438 >3550 320

439 781 68
440 1420 30,
44| 92| 124
442 180 4)
443 »2650 190
444 | »2890 260
445 >3170 676"
446 33) 50
447 1300 . 356
448 2620 338
46| 264 15
462 218 12
463 252 29
464 193 12
465 206 52
466 |88 79

c-7
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PLANT ASHES -~ COPPER BASIN

Station 4 - Continued

Sample Cu Mo
467 186 12
468 19 42

/469 237 14
470 422 15
471 225 18
472 177 23

<473 280 46
474 406 31
475 . 302 15
476 340 30
477 445 30
478 438 156
479 2220 47
460 835 . 12
481 608 87
482 . 780 65
483 745 64
484 . 718 - 104
485 1275 105
486 501 I

- 487 987 99
488 1200 62
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PLANT ASHES - COPPER BASIN

Station 5

Sample Cu Mo
501 82 37
502 79 50
, 503 - 82 0
504 86 - 0
505 78 38
506 64 13
507 133 15
508 181 0
509 93 - - 20
510 53 ‘ 13
501 69 59
512 123 160-
513 63 38
514 99 144
515 83 43
516 89 24
517 101 60
518 141 84
519 92 84
520 53 {01
521 127 208
522 e a7
53| 109 - 12
532 - 1514 165
561 343 174
562 * 155 36
563 333 32
564 415 7
565 - 8l 37
566 183 32

" 567 77 7
568 374 7
569 142 2g
570 414 36
571 69 14
572 228 0

- 573 218 39
574 150 0
575 198 112
576 161 30
577 127 29
578 228 45
579 122 33
580 242 50
.58| 216 110

Cc-9
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PLANT ASHES - COPPER BASIN

Station 5 - Continued

Sample Cu Mo
582 557 62
583 408 41

/ 584 508 49

~
c-10
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[ ey

S0ILS DATA (ppm)

@O
2 £ e | 2 |
o 5 2 5 | I
% E = —_ +
= o s A 5 = 2 S
ptation |
163-S 350 3.5 14 <1050 140 <7 126 20
| 37-S 245 <3,5 14 <1050 140 <7 138 630
[ 39-S 210 <3.5 14 <1050 210 <7 225 25
171-8 380 <3.,5 14 <1050 210 <7 a0 300
[4]~S 525 3.5 14 <]050 210 <7 30 480
193-S 70 3.5 14 <1050 140 7 72 11.5
176-S [75 <3.5 14 4200 210 <7 156 a0
190-S 350 <3,5 14 <050 210 <7 147 180
178-5 70 3,5 175 2100 210 <7 216 420
[ 06-5 175 <3.5 14 1050 280 <7 126 480
1875 875 <3,5 14 <1050 280 <7 138 512
180-S 245 <3,5 14 <050 210 <7 198 .500
ptation 2
261-8 350 7 14 <050 140 <7 105 780
233-§ 245 <3,5 14 <050 210 7 72 500
234-5 175 <3.5 I4 <|050 350 <7 1 20 300
209-5 320 <3.,5 14 <050 140 <7 20 500
213-S 70 3,5 14 <1050 140 <7 {5 30
ptation 3
302-5 {75 3,5 14 <1050 210 <7 0 5
360,5-8 350 <3,5 14 <050 280 <7 6 5
333-S 210 <3,5 14 <1050 140 <7 72 15
365-S 70 <3,5 14 1050 280 <7 90 75
372-5 35 <3,5 14 <[050 280 <7 117 340
309-5 70 <3.5 14 <1050 140 <7 0 15
378-5 210 <£3.5 14 <1050 140 <7 51 500
380-5 175 <3,5 14 <{050 280 <7 15 22,5
310-S 70 <3.5 14 <}050 140 <7 51 45
385=5 140 <3,5 14 <1050 140 <7 177 5
3le~5 280 <3.,5 14 <1050 140 <7 20 55
. 318~5 175 <3.5 14 <1050 210 <7 51 80

C-11




—

Ty o o o o o

! Sy |

Page 2
SOILS DATA (ppm)
@

Q 4] =

I E 5 T |

.. Q Y (e} | .

= E = = r 0 o

= [ T 3 (&) = - [&]

ptation 4
461-5 175 <3.5 14 <1050 210 <7 126 47,5
43| ,5-5 70 <3,5 14 <1050 280 <7 72 70
463-5 175 <3,5 14 <1050 140 <7 15 i5
402-5 70 <3.5 14 <1050 210 <7 17 55
466~5 70 <3,5 14 <1050 140 <7 30 30
405-$ 105 <3,5 14 <1050 140 <7 72 32,5
475-5 70 <3,5 14 <1050 420 <7 117 360
477-5 350 <3.5 14 <1050 140 <7 138 540
442-5 - 245 <3,5 14 <1050 140 <7 186 840
443-5 280 <3,5 14 <1050 210 <7 |26 25
444-5 105 <3.5 14 {750 210 <7 168 390
419-S 175 <3,5 14 -] <1050 140 <7 Hl; 430
Station 5

520-5 105 <3,5 14 <1050 140 <7 72 37.5
516-5 175 <3,5 (4 <}050. 140 <7 207 2500
511-5 70 <3,5 14 <1050 140 <7 126 390
515-5 175 <3,5 14 <050 140 <7 90 400
576-5 245 <3,5 t4 <1050 140 <7 117 42,5
509-5 280 <3.5 14 <1050 140 <7 30 70
566-5 175 <3,5 14 <050 140 <7 156 500
505-5 70 <3,5 Y14 <1050 175 <7 0 230
502-S 105 <3,5 14 <1050 140 <7 |5 5

C~-12
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Scan #101

APPENDIX D

Copper Creek Average Ponderosa Pine Spectra

{Background Area)
Tree # Cu (ppm)
262 152

263 125

265 237

266 152

267 i20

268 162

269 125

272 87
Tree Avg. 145 ppm in ash
Soll Avg. 76 ppm
Scan #179
(intermediate Area)
Tree # Cu(ppm).

160 205

162 205

|64 170

165 362
Tree Avg, 236 ppm in ash
Soil Avg. 376 ppm

Scan #259 Scan #229
(Intermediate Area) (Intermediate Area)
Tree # Cu(ppm) Tree # Cu (ppm)
461 1225 561 . No data
462 245 562 257
563 237
Tree Avg, 235 ppm in ash
Soi! Avg. 407 .ppm Tree Avg. 237 ppm in ash
Soil Avg. 422 ppm
Scan #387

(Core Zonel

Tree # Culppm)

361 1000
362 500
363 375
368 i 400
371 No data, Core zone
372 No data, Core zone

Tree Avg., 569 ppm in ash
Soil Avg., 456 ppm

Note: All free mineralization data are ppm in ashed sample,
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PDR
-(X169)>
350
369
382
396
398
395
399
483
482
434
516
602
686
728
715
669
639
627
605
685
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589
734
1639
1555
2267
2790
3676
3836
3911
3955
46008
4843
4099
4129
4171
4189
4212
4216
4222
4237
4247
4228
4182
4165
48 41
4063
4896
4187
4284
4485
4633

(X180

T

. ! i
Ponderosa Pine

181 Average spectra of trees 262, 263, 265, 266, 267, 268, 269, 272

WVL

CNMD
400
412
425
437
458
462
475
487
500
512
525
537
550
562
575
587
600
612
. 625
637
650
662
675
687
7008
712
725
737
750
762
775
787
806
gi2
825
837
850
gee
875
887
260
o12
225
937
950
262
975
987
1000
1825
1859
1975

CNMD

PERCENT DIRECTIONAL REFLECTANCE

(5] 16 20 38 40 50 69 70 80 286 100
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3 SCAN #

PDR

(X18093

336
347
359
368
362
-350
353
354
353
381
456
529
616
658
649
619
683
594
589
684
615
a1p
706
983
1474
. 2136
27084
3553
3758
3837
3874
3913
3958
3979
4009
4843
487
4.8
4119
41358
4874
. 4332
4365
4332
4220
41 4]
4162
4198
42068
4285
4434
4496

(R168)

l I l . . L aBw - .'v-

Ponderosa Pine

259 Average spectra of trees 461, 462

WVL

CNMD
480
412
425
437
450
462
475
487
5ga
512
525
537
556
562
575

587

600
612
625
637
650
662
675
687
760
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725
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758
762
T75
787
800
g1z
825
837
850
862
875
887
980
912
925
937
959
962
975
987
1000
1625
1650
18175

CNMD

- ezt

PERCENT DIRECTIONAL ﬁEFLECTANCE

(5 10 26 3@ 49 50 60 76 809 96 100
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3SCAN #

PDR
(X196 .
489
548
572
664
615
618
629
636
639
685
810
942
1682
1149
1137
1671
1634
1621
297
162
298
966
1684
1442
2162
'B8126
4039
5219
5497
56392
5699
5758
5816
5881
5934
60 42
6161

6154

6161
6176
62083
6188
6160
6041
5937
5853
5869
5896
6834
6188
6222
6656

(A160)

- [ 4
. . e -::.L :.‘.-:..ha " ﬁ. - ﬁ
Ponderosa Pine o ' [

229 Average spectra of trees 561, 562, 563 o . -/

WVL
L{NM)

400
412
425
437
458
462
475
487
508
512
525
537
559
562
575
587
" 608
612
625
637
658
662
675
687
768
712
725
37
756
762
775
787
800
gie
825
B37
850
862
B75
887
o6E
712
925
937
950
262
975
987
1008
1g25
19056
18675

(NMD

PERCENT DIRECTIONAL 'REFLECTANCE

g 10 20 308 40 54 60 7¢ 89 99 1006
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3SCAN # 179 Average spectra of treégnlbﬁtulﬁz, 164, 165
1 * . PERCENT DIRECTIONAL REFLECTANCE

- PDR WVL 5] 19 20 30 49 50 60 79 88 96 108
|: (Xl) CNM) 1-l|t_ltllilft!lttll.'f'tlltlOllfl'lllt!tvtfctiltt|llflll!g
. 331 400 - +
343 412 - +*
- . 352 . 425 - +
355 437 - +
348 450 - +
- 346 462 - +
. 348 475 - +
349 487 - +
- 350 580 - +
377 512 - +
448 525 - P
528 537 - +
B 6081 550 - — +
633 562 - +
609 575 - +
- 562 587 - +
: 533 680 - +
519 . 612 - +
- 586 625 - +
- 525 637 - +
o 532 650 - +
525 662 - L S
: 590 675 - +
827 687 - +
1296 7606 - *
Lo 1948 712 - *
- 2560 725 - *
3462 737 - *
. - 3612 . 150 - %
R 3765 762 - *
< 3745 775 - %
i} . 3787 787 - *
3829 8006 - &
3851 gle - #
3878 825 - *
e 3921 837 - * -
© 83944 850 - *
3958 ge62 - * _
B 3994 875 - * <
R 4009 887 - * 4
i 4070 eAGL0] - *
C 4892 g12 - *
S 4101 925 - ¥
4066 937 = # i 1
y 3966 95@ - "k ORIGAVAL PACE 1
e 3885 962 - £ OF BOOR QUALLS.
' 3874 975 - ® - '
3718 987 - #
Coe 4606 1600 - #
o 4094 ig2s - %
L - 4211 1850 - #
L 4357 1075 - *
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3 SCAN #

PDR
(X180)
158
166
175
187
199
220
224
229
241
267
316
380
437
464
445
492
3176
- 363
350
371
398
418
474
621
924
1385
1814
2440
2616
2718
2777
2824
2880
2912
2947
8974
3061
3010
3029
3026
3059
3677
3076
3855
2975
2951
2964
3618
3109
3208
3259
3319

(R1068)

‘Ponderosa Pine

387 Averase spectra of trees 301, 362, 363, 368, 371, 372

WVL

CNMD
408
Mg
425
437
450
462
475
4B7
560
512
525
537
550
562
575
587
680
. 612
625
637
650
662
675
687
700
712
725
737
750
762
775
787
800
812
825
837
850
862
875
887
900
912
925
937
950
962
975
987
1666
1025
1056
1675

CNMD

A

PERCENT DIRECTIONAL REFLECTANCE

B 16 26 33 40 56 68 9 88 90 160
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Average Alligator Bark Junliper Specira

APPENDIX E

‘Copper Creek

Scan #79
Tree # Cu(ppm)
201 3
206, 0
210 13
213 0
214 A5
215 10
Average 17 ppm
Scan #176
Tree # Cu(ppm}
1O 25
25
|2
- Average 21 ppm

Scan #241

Tree #

401
402
403
405

Cu{ppm)
- C
33
0
200

Average

Sean #4

Tree #

312

58 ppm

02
Cu(pph)
Core Zone -

No Cu measurement
available,

Scan #3519

Tree # Cu(ppm)
501 163

502 200

503 180
505.. 150

506 200
Average 179 ppm
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3 SCAN #

PDR
(X108)
432
453
454
4508
444
449
460
467
471
5@2
575
648
718
754
742
787
685
676
662
677
- 875
656
755
1815
1487
2113
2691
3592
3793
3885
3949
4011
40865
4104
4132
4172
4204
4227
. 4245
4266
4382
4324
4332
4286
4184
4107
4111
4154
4301
4431
A597
4511

~ Alligator Bark Jumiper Av. Cu 17 ppm

79 Average spectra of trees 201, 206, 210, 213, 214, 215

VL
CNMD
400
412
425
437
450
462
475
487
509
512
525
537
550
Sé&2
575
587
696
612
- 625
637
659
662
675
687
7069
712
725
737
750
762
T75
7817
823
8i2
825
837
850
ge2
875
887
908
912
925
237
958
962
275
987
1038
1625
16508
1875

CK1BB)  CNMY

S Ry

" PERCENT DIRECTIONAL REFLECTANCE

10/ 10 20 38 48 59 60 19 80 9G 100
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3SCAN # 241
PDR  WVL
(X188)  CNMD
573 ' 400
595 412
596 425
589 437
575 450
567 462
574 475
578 487
575 560
696 512
680 525
756 537
839 550
880 562
867 575
826 587
797 698
792 612
779 625
788 637
786 650
774 662
865 675
1153 687
1686 700
2419 712
3127 725
4360 737
2613 750
4735 762
4808 775
4855 787
4916 800
4959 g12
5063 825
5058 837
5102 850
5136 862
5149 875
5145 887
5233 960
- 5281 912
5263 925
5202 937
5064 95@
4962 962
4954 975
5005 987
5147 1000
5292 1625
5482 1650
5556 ‘1875

(R100G3 (NMY

B

Alligator Bark Juniper !

Average spectra of trees 401, 402, 403, 405  Av, Cu 58 ppm

PERGENT DIRECTIONAL REFLECTANGE
o 16 206 38 48 S8 68 176 86 90 100
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C23
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3 SCAN #

PDR
(X128)>
515
534
529
516
5@1
486
491
492
485
516
569
623
679
762
695
678
667
660
660
671
671
755
968
1383
1917
2407
3243
. 3445
3548
3623
3768
3793
3832
3867
3913
3978
- 4838

- 4B35

4888
4121
4152
4150
4119
4010
3948
3954
3994
4086
4236
4397
4635

Alligator Bark Juniper

1

319 Average spectra of trees 501, 502, 503, 505, 506 A, ¢y j79 ppm

WYL
CNMD

400
412
425
437
450
462
475
487
506
512
525
537
556
562
575
587
604
612

© 625

637
658
662
675
687
700
712
725
737
758
762
775
787
8606
812
825
837
850
862
875
887
960
912
925
937
950
962
975
987
1960
1025
1050
1875

TCX188) (N
[ . :‘I;"’?‘{g}

PERCENT DIRECTIONAL. REFLECTANCE

5] 16 20 30 ‘40 L1o) 60 79 80 °% 100
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3 SCAN #

PDR

(X1€8>

523
542
536
521
569
584

- 589

513
518
554
626
702
(B!
192
767
724
701
689
689
716
125
728
854
1123
1645
2250
2833

T 3967

4115
4215
4265
4325
4377
4485
4437
4463
4507
4509
4528
4509
4565
4615
4636
4602
4510
A473
4468
4515
4599
4695

- 4846

4928

(R100)

176

WVL -

CNMD
460
412
425
437
450
462
475
487
5060
S5ia2
525
537
550
562
575
S87

608

612
625
637
659
662
675
687
700
712
725
737
756
762
775
787
869
g12
825
837
850
gez
875
887
9080
212
925
937
2549
962
975
987
1000
1825
1658
1g7S

CNMD

- 3

Alligat(;r Bark Juni‘per

Average spectra of trees 110, 112, 114 Av, Cu 2I ppm

PERGENT DIRECTIONAL REFLECTANCE
6 - 1@ 2 39 40 58 68 78 80

98 160
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3SCAN #

—

PDR
LX100)
160
178
180
188
269
242
- 256
269
294
344
421
567
565

- 588
559
515
496
484
458
478

- 521
{ - 535
! 680
795

7. 164
| 1654
1895

- 2490
2704

2781

2771

2801

“ 2885
2894

o 2971
.~ 8013
- 2992
- - £956
f 2961
2945
2878
2832
2823
2818
2739
2644
2616
. 2633
. 2844
8194
: 3321
. 3210

=7

{]

—

(X168

»

482 pverage spectra of tree 312

WL
MDD
480
412
425
437
459
462
475
487
50@
512
525
537
556
562
5758
587
6008
612
. 6285
637
650
662
675
687
T006
712
725
T37
756
762
773
787
808G
812
825
837
856
862
875
g87
=1o14]
912
925
937
9513
968
275
987
10006
1825
1650
1675

CNM)

CTa L
. bu

Py -.‘}jéqﬂ;

-PERCENT DIRECTIONAL REFLECTANCE

- Alligator bark .Juniper

Core Zone ~ Unknown ppm Cu

5] 1g 20 36 .48 5@ 66 79 80 98 189
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APPENDIX F

‘Copper Creek Average Emory Oak Spectra

Scan #103

Tree #  Culppm)

234 38
‘235 28

236 73

237 0

238 - 63

239 25

240 38

24| 250
“Average 36 ppm
Scén-# Zfé

Tree # Culppm)

135 90

134 40

137 375

138 250
Average 188 bpm

Scan #248 Scan #220
Tree # Culppm) Tree # Cu(ppm)
431 55 53| 163
432 7% 532 200
433 45 = - 533 210
234 225
Average 58 ppm 538 {75
‘539" 125
Average 183 ppm
Scan #378
Tree #  Culppm)
332 240
333 200
336 225 . v N
341 No data (Core Zone)
Average 222 ppm
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‘Emory 02k
3SCAN # 183 Averase spectra of trees 234, 235, 236, 237, 238, 239, 240, 241

PERCENT DIRECTIONAL REFLECTANCE

PDR WL 6] 16 28 38 .46 56 68 TG 806 9¢ 1860
“{XIGQ) (NM) tll!l?ltt!f!l'ltll.lticltttlﬂlflltlr'll'tilllttlOl?laltt
382 Y [ S T S ¥ '
396 412 - . +
399 425 - +
392 437 - +
377 450 - M
366 462 - -+
367 475 - +
371 487 =~ +
368 560 - +
387 512 - +
435 525 = +
491 837 - +
555 558 = +
588 562 - +
58@ 595 = o+
552 587 - +*
539 6686 -~ +
536 612 - . +
537 . 625 - +
557 637 <~ , &
~ .574 650 - s
- 582 662 - . + . :
655 675 - +
- B16 687 - . *
1364 %8 - #
1887 712 - =8
2441 S 725 - *
3427 737 - %
3644 758 - S
3742 - T62 = . % .
3797 775 = ok
3850 787 - %
3905 g6 - *
3931 g12 %
3971 ge5s - ™~ %
C 4B T 837 - %
4B 67 852 - %
4107 862 - #
. 4iep 875 =~ .k
C 4143 887 - *
4220 onn - *
4284 912 = * :
4335 925 < * 3
4353 937 - *
4314 958 - * _
4297 962 - _ * .
4314 875 = % ¢
4354 987 - % ‘
4498 1668 - % ‘
4451 1925 =~ *
4549 1050 < *
4638 1875 - *# *
‘(xlgg)l (NM) g!lltrltttttlllflltlr!!lltllittttlltlllltlvlwtclilft!l't
R Y - - P .F""2 . - - e A N — . . -
S . | ‘ o . . 'g
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3 SCAN #

PDR
(R1806)
. 373
388
392
389
374
360
3682
366
364
384
444
513
595
634
625
593
575
569
559
572
585
583
657
888
1329
1928
24176
3328
3529
3615
3645
3694
3736
3770
3795
3869
3942
ABB3
4817
4029
4076
4134
a22a
4253
4210
4197
4221
S 4213
4253
4286
4381
4472

(X1eg)

st i

.7

had A d

248 Average spectra of trees 431,- 432, 433

WL
¢ NMD
460
a1g
425
437
450
462
475
487
500
512
525
537
55@
562
575
587
609
612
625
637
650
662
675
687
790
712
725
737
750
762
715
787
860
g12
825
837
850
862
875
887
900
912
925
937
950
962
975
987
1000
1625
1950
1075

CNM)
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PERCENT DIRECTIONAL REFLECTANCE
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teT “ _ Emory 0Oak .
35CAN # 2288 Average spectra of trees 531, 532, 533, 534, 538, 539
PERCENT DIRECTIONAL REFLECTANCE
PDR VL @ 14 20 3@ 40 S8 69 18 80 9@' 100

CX!.EQ) (NM) t!llltlftl-‘-iltltllilflllltlll:rlltlfllll,lt!l-rtlllflll'f
467 436 dme e e eeme e e el e .
. 489 412 - ) -+
486 425 - +
471 A3°7 - +
449 450 - +
437 462 - +
438 475 - +
438 487 - +
436 566 - +
455 512 - +
585 525 - +
555 537 - +*
685 . 550 - +
623 562 - +
614 575 - 4
592 S87 - +
585 633 - +
585 612 - +
593 625 - +
624 637 - +
644 6506 - %+
657 662 - +
714 615 - e
893 687 - +
1282, 766 - %
1764 Ti2 - ) *
2852 725 - %*
3886 737 - *
3298 750 - *
3462 L7682 - ok
3461 T75 - *
3523 787 . *
3602 800 - *
. 3648 glgz - £
3700 g2% - %
3759 837 “ #
3819 854 - %
3881 ga62 - I
3934 875 - %
3958 887 - % -
AB26 245101 o ¥
4875 212 - #
4133 925 - %
4135 937 - %
4101 a5@ - *
4890 962 - £
4109 975 - *
4152 987 - *
421 4 1880 - *
4273 1325 - %
4383 195@ - 3
4548 1875 - *
(XIQ@) (NM) ’l‘ll!’!!lt,ll.ltllllfl!!lf!l!lf'lllfllllttlll*ll!lt‘lllt ‘
T S T

v L . ‘g
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3 SCAN #

PDR
(X106

361
3717
379
373
354
.34t
342
348
337
354
463
448
565
527
515
492
480
478
479
501
517
526
595
786
1168
1691
2203
3151
3364
3468
3536
3586
3633
3655
3691
3770
3836
3871
3908
3951
4852
4122
4178
4202
4156
4129
4172
4209
4224
4258
4347
4410

C(X169)

.

212 Average spcctra of trees 133, 134, 137, 138

VL

CNMD
463
412
425
437
450
462
475
487
5809
512
525
537
5508
562
575

S8BT

600
612
625
637
656
662
675
687
T00
712
725
737
750
762
775
787
800
812
ge5
837
850
B62
875
887
9606
g12
925
237
950
262
975
987
1006
1825
1850
.1875

CNMD

g

Emory Nak

PERCENT DIRECTIONAL REFLECTANCE

5]

10

29

39

4

@

506

60

9

8@ 99 1006
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3 SCAN #

PDR
(R168)
" 273
289
295
299
366
332
34¢
346
365
406
450
- 527
595
631

682

546

520

5@8

493

525

570

598

6540

863
1149
1655
2133
2825
3817
3129
3194
3276
3344
3379
3485
3454
3477
3477
3588
3520
3573
3686
3614
3620
3616
3692
3614
3654
3780
3886
3923
4629

S (R188)

Emofy Nak

378 Average spectra of trees 332, 333, 336, 341

WL
(NM)
480
412
425
A37
450
462
475
487
1030
512
525
537
550
562
575
587
600
612
625
637
659
662
675
687
06
712
725
137
750

762

775
787
800
812
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APPENDIX G

Copper Basin Manzanita Specira

Manzanita { Scan { Cu Mo

No.' No, { {(ppm) (ppm) Remarks
431 1411 190 13 - Background; Data looks erratic
431,58 1374 201 77 Background; Data looks fair
432 : 1514 © 92 0 Background; DéTa looks fair
433 { 509 107 7 Background; Data looks fair
435 1505 | 2390 101 Anomalous; Data looks fair

436 1501 | 2650 1 Anoma lous; -Data looks fair
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t tt Background Manzanita #43!.5 ~ Copper Basin, Cu 20{ ppm, Mo 77 ppm
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Background Manzanita #433 ~ Copper Basin, Cu 187 ppm, Mo 7 ppm
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T+t Anomalous Manzanita #435 - Copper Basin, Cu > 2390 ppm
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4% pnomalous Mahzanita #436 - Copper Basln, Cu > 2650 ppm, Mo 111 ppm
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APPENDIX H

Copper Basin Pinion Pine Spectra

Pinion Pine | Scan Cu Mo
No, No. {ppm) { (ppm) .Remarks
461 1368 264 15 Background; cloudy conditions,
462 1387 { 218 12 Background; good data,
463 1393 252 29 Background; good data, poor tree,
464 1497 | 193 12 | -Background; good data.
- 465 1408 | ‘206 52 Background; cloudy conditlons.
466 - [469% | |88 70 | Background; fair data,
467 1481%* | (86 12 Background; good data,
468 1463 199 42 Background; fair data,
472 1477% y |77 23 Background; good data,
479 1439 '2220 47 Anomalous; fair data.
480 1485% | 835 12 | Anomalous; good data.
482 1489* 780 65 Anomalous; jood datfa,
485 1473% ] 1275 { - 105 Anomalous; good data.
487 1493% | 987 99 Anoma lous; good data.
488 1456 | 1200-| 62 | Anomalous; Fair data, '

¥Spectra taken under simiiar conditions,
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T+t Background Pinion Pine 461, Copper Basin - Cu 264 ppm, Mo 15 ppm
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t*1 Background Pinlon Pine #462, Copper Basin ~ Cu 218 ppm, Mo 12 ppm "
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Background Pinjon Pine #464, Copper Basin ~ Cu 193 ppm, Mo 12 ppm
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Anomalous Pinion Pine #482, Coppér Basin - Cu 780 ppm, Mo G5 ppm
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Anomalous Pinion Pine #485, Copper Basin ~ Cu (275 ppm, Mo 105 ppm
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APPENDIX |

‘Copper Basin

Alligstor Bark Juniper Specira

Juniper | Scan Cu Mo

No. No. | (ppm} | (ppm) .. Remarks
401 1375 | 149 | 53 ‘Somewhat questionable data,
402 - | 1404 {28 32 . Somewhat questionable data.
403 1423 102 86 .Cloudy conditions,
414 1426 229 65 -Cloudy conditions,
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Mission Logs
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