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Geoloy
RELATIONSHIP DBETWEEN VEGETATION RETLECTANCE SPECTRA AND SOIL
GEOCHEMISTRY: NEW DATA TROM CATHEART MOUNTAIN, MAINE®
by
F. C. Canney
U.S. Geological Survey
Denver, Coloraco
énd

Soadra Yenderoth, aad Zduari Yost

Scudies in 1968 at Catheart Mountaia, Maine (where a copder
moivbdeaum depesic is concealed beneatl soli on 2 forestad msuataia-
side), sugzosted that meesurement of the spectral reflectaace ol
vesgazition mizht be a uselul tool in ewploration ftor concealed mineral
Jdezosits Irom eircraft and, possibly, Irom snacercr=Iiz, The so2ctzal-
Paflaaminil Leaves FTor rad spgroce aniosolsem fir in cthe 330- oo
1100-nonomecer region showed differsaces SeIwean specimens growing over
aad cwaw Irom the mineral descsit. W er, th nces thnat couid
be d¢rooa Izom cthe data were Limic or of samples (19)
anc the relatively larpze variance tonotric daza. Thus,
whon improved Instrumiontation beea - , the experiment
was repcatgd an o larger sawjpic group (L5 anomclous spruce, 9 dbackzround
spruce, iJ znomalous fir, and 10 backgrouad Iir). DMeasurements of
copoer and molybdenum contents ia the sugponting soll were used to
categorize the Lrees as ancmalous or backgromnd.

Analyses using parametric and nonparametric statistical tests were
performed to establish vhether significant diflerences axisted between
the asomzious and tackgrouad zrouss. &: the §5-parceat confidence lavel,
sizaificzent differences were found to exist for hota species, generally
in the chloropavil hand ceaterad at adout 530 nanometers and in the
region Zrom 700 to $00 nancmeters. Ia gemeral, these results confirmed
the 1968 study but at 2 much higher i oi confidence.

*Publication authorized by the Director, U.S. Geological- Survey
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INTRODUCT LON

The iasic long-range objective of our work is to attempt to develon
more clficicnt ways of prospecting for mineral deponsits. Traditinnal
prospecting nethods, wherein geologists roam across the commtryside and
examine rocks visible at the surface, <¢.a no longer be ezpected to
produce many Limportant mineral discoveries. lMost arcas of the world
arreaable to this way of prozpecting have been ezamiged repeatedly by
several generations of prospectors. However, in large areas »f the
world, rocks favorable for the occurrence of ore lie concealed »cneath
a mantle of soil. It is in such areas that many important ore discov=
cries have been made by uvtilizing the ncwer geochemical and genphysical
techniques. ~For example, the discovery of aa area of soils abacrmally
rich in metals--a gcochemical aromaiy--furnishnes a strong clue to the
possibia praseace cf a nearih conccaled mineral.-deposit. 32uit to find

such geochemical anomalies on tihie ground requires painstawing o-:3
erpensive ground surveys. We simply have to develop cheaper techaiques
of finding such anomalous zones by appropriate sensors mouated on air-
craft or socce iatforms iZ the worid's needs for an increasad supply of
critical minerals are to be met. -

At the last program review I reported on the feasibility of using
¢ reflectaace spectra of trees to detect such soil anomalies. Iater-
tionshins between a tree and its cnvironment are complex, and many
rs affect plant kealix, growth, and tracu-clement composizion;
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PREVICUS WOXXK

Two years ago the U.S. Genlozical Survey and the Science and
Engincering Group of Long Island - University under Praf. Edward Yost
colluborated in a feasibility study oa this supposition. The site used
to teste the hypothivsis was Catheart Mouatain, Maine, where a copper-
molyldesum deposit is largely concealed bencath soil on a complately
forested mountainside. The soils contain ancmalous amounts of metal,:
mostly cepper aand molyotdenum, and these metals, especially molyhdanum,
are also concentrated in the trees.
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As T reported last year, the reflectance spectra of balsam fiir and

rcd spruve Crees were weasurcd by placinp a spectroradiometer on a
"cherry-picker"” to get the ianstrwseats ahove the tree level and thus
look at the trec as an acrial camera or scanner would see it. Simul-
tancous wmeasurements ol reflected amd incident radiation were obhtained.
The resalts indicated that a difference existed between the spectra of
balsaw {ir and red spruace growing in soils with annualousAcnppcr-
molybdenum contents and the sawe species growing in soils of normal
retal contents. lHowever, aithough the dificrences noted were Righly
encnuraging, wc could not claim, ia general, that they were sigaificant
at the 95-perceat coafidence level. This was due principally to the
small numbar of samples used--(l39)--and by the relatively lacge variance
of the data in the 750- ta 1100-naromcter region.

Thus, whan improvcd equipment became availablc the following year it

i
scemed advisabile to repeat the experiment on a larger -~uciple group. This
was doae in August 1909.

1969 TIZLD WORXK

The equipment employed for reasuring incident and raflected radia-
tion in the aear-uliraviolet, the visibie, and the near-infrared portions
of the spectrum was modified considerably for the secoad test. A truck

a¢ with 2 30-Inot pariscope tower replaced the cherry-picker, both
< t

rTe..22Tance spaciroradiometers were located withia the truck, and the
S0l were recgeded actomaticelly on poser :cpc. The ugse of this truck
gr <zly increased the eificiency of tiie vperziilon becauae, as the upper
mivrar could be angularly adiustec aand tne entire tower itseli could be
rotated, rive to tea trees could generally be scannad from one setup.

Tvo incident spectrometars ware set up in a clear zrea close to the
equipment van. These instruments were calibrated separately, and the
resultant data were then averaged and treated as one reading.

211 reflectance measuraments const sEed of three scans per target;
eacn scan included 27 date points of three readings each measured at
every 25 nanometers from 350 to 750 nznometers and at-every 50 nanometers
from 750 tn 1250 naneometers. At the start af each day the reflectance
spectroradiometers were calibrated against a white diffusing plate.

Also, bheccause 2 cooled detector was used, the precision of the Lnfrared
measurements was much better in 1999 than in 19488. '

Great c

are was taken in the experiment that several importaat
variables did n

ot influence the data apprecizbly. Measurements were
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made in rully illuminated arcas of the tree, and extrancous cefiectance
“from backprouad sbjects such- as other trees, patches of ground, or dead
branches was kept minimized by carcful selection of the trec area to be
‘measurad.

Samples of soll at the base of cach tree, as weil as samples of
tree aecdles, were collected and chemically analyzed. The division nf
trces into backgrouad and anomalous groups was made on the basis of the
metal coatent of the soil. In this second experiment, 44 trees were
measurcd--15 anomalous spruce, 9 backprouad spruce, 10 anomalous fir,
and 10 bacikgronund fir. The averapge directional reflectance spectra of
each ol the 44 treces was computed from the ia situ measurement; of
incident and rveflected radiation using the calibrated reflectance
staandard.

RESULTS

These data were analyzed for sig arences between tree
groups using hoth parametric zaad aon)p tistical tests. I am
glad to be 2dle to report that diflcvaaces again appeared between
anomalous and background groups, aad that this time the differences were
generally significaat at tna 95-percent co.  'dence laval.
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1 m 1963, howover, our
anomalous group was growiag in so0il only slightly anomalous in metal in
coatrast tc the 1589 zroup. ‘e incteasc st about 550 nanemeters prob-
ably indicates a lower chlorophyll content in the necdles of the anomalous
greun caused by the effect of the awanoymal chemical enviroamaat oa the
rmetabolism of the trees. The dacr in IR reflectance undoubtedl:
reflects some alteration ia thae .mesophyll cell structure.
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For taisam Z: you note the anomalous group is more highly reflec-
tive in bhoth the visible and IR. This ic alse what we fouand ia 1938
although at a2 lower lcvel of significance. For balsam fir, as for
spruce, the higher reiflaction in the visible is prohably indicating an
incipient chloratic condition, zlthough the anomalous trees appeared
quite nhealthy to the eye. Why anomalous fir should show an enhanced IR

n) 3
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ctance whereas asumalous spruce shous a decrease is most” inceresting,
_but we have no good uuplanating at the mement. One of us (¥CC), howcver
plans to make sorm: studies of necdle-c
vid

e soie cluces.

c
¢ structure and thesc way poo-

In order to determine to what exteal Lhe soil geochemistry was
related to the reflectance spectra, a multiple resmression analysis was
performed for both tree snecies using the soil mineccalization as the
independent variable and the reflectance spectra as the dependent
variable. Thene data are shown in table Lo Yonc¢an see that, in
peneral ) balsam Fir shows the preatest alliple correlatiog helueen all
eliments and the reflectance speclra==aboat 008 at a auber of wase-
lenpths.  The coeflicients of red spruce show the same general relatioa-
ship between soil gpeochemistry and spectra although the values of thase
cocfiicients are somawhat less.

The correlations between reflectanze data and metzl canteat in the
pluat Cissue itsclf have ot as yet beea studied in detail, but I
thought thesc data (fi{z. 2) wortn showing. You will note the rzthar
good relationship botween molybdeaum conteat and reflectance; the copper
poincs, oa the other haad, are rather erratically distriduted. Ong may
speculate that, at least for balsem ir at Catheart Mountainm, molybdenum
may be the more important element affecting reflectance.

Of course, in these conplex natural eavivoaments, it is really
quite difficult to evaluate the influence oa reflectance of aay oa2
ciement. To do this I thiak it will Ye necessary to go to coatrolled
greariause studies, zad thz Gaglogical Survey has plaans Io got such
studies undarway very s5001.

FTUTCRE 2L

Where do we go Zrom here? Obviously, after the successful second
Catheart zrouad experiment, aerizl experiments were indiczted and thase
ware doae the last week in August by «<he Michigan aircraic. We weare
nlaguzd by bad weather and could not Tly zall schedulad lines aad runs,
but the wmore important ones ware successiully Fflown. I have not yel
received aay daza from this mission. Provided the resulis of the
Michigan flight zre encouraging, the Catheart site will Se suggestad for
an CRIS-type experiment bacause Che size of the anomalous ared is about
a mile scuare.
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“dofds A prowp in the Geological Survey has, in fact, just completed
lasc weok one such stwly in the Front Range in Colorado. There the
aflectance of Pians Fondernsa in the ncar IR was found to be
510n1f1c3nc1y areatar For sites of high copper coatent--in the -8C0-1,900
ppm raage in cH; soil--than for sites of low copper cnntcnt--&O 170 PP

The Goological Survey also has plans to study a site in the
Repubiic of Panama where a copper-molybdenum depnsit occurs in a
tropical rain-forest eavironment.

Rapetitive coverage of oae or rnore sites is sorcly neednd to ascer-
tain chanpes in reflectance during a arowingz season. It seems that this
could he accomplished eosxly from ERTS, and such an experiment will be

proposed. '

Ia conclusion, I am still highly optimistic that coatiauation ol
research in this field will ulcimately result in a dramatic new way of
prospecting Ior mineral deposits from aircraft or space platforms.



TABLE I.- CORREIATION OF REFLECTANCE WITH TRACE-ELEMENT CONTENT OF coiL

WAVE LENGTI MUTTTIPLE CORRETATTON CONTFICIEIT

|
]
!
i
:

(am) RED SPRUCE |  BaLsar FIR
\ |
' ! - |
350 ; 0.688 3 0.777 §
. 400 z 0.738 ' ©.0.769 ,
425 g 0.719 ! .0.790 '
L 450 0.713 : 0.800
475 , 0.717 0.782
500 3 0.726 : 0.778
525 ; 0.706 ! 0.823
550 ' 0.680 ! 0.823
575 ; 0.705 i 0.522
600 ; 0.6L5 i 0.810 -
525 : 0.650 ; 0.813
650 z 0.663 ; 0.818 3
i 675 0.725 z 0.343 ;
7308 5.E67 . 0.432 ;
725 0.650 ' 0.77% |
750 : 0.587 - 0.839 1
800 i 0.651 ¢ 0.316 §
: 850 : C.540 ' 0.819 :
A 900 : 0.623 0.833
. 950 : 0.7C3 : 0.737
10C0 0.7 | 0.785
1050 0.57 0.739
1100 0.510 0.786
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Figure 1.~ Reflectance of balsan {ir and red spruce
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