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Principal Components of a Multispectral Image:
Application to a Geological Problem

Abstract: The principal components of a multispectral image are studied with special emphasis placed on photointerpretation appli-
cations. The method used to obtain these components involves a linear radiometric enhancement which avoids artifact creation and does
not require extra computational work. The results have been particularized to Landsat multispectral scanner images and applied to the

geological study of a sedimentary basin in central Spain.

Introduction

Multispectral remote sensors provide data in the form of
several spectral images of the observed object. Each im-
age represents the spatial distribution of reflected light of
frequencies lying in the corresponding spectral window.
Therefore, rather high correlation is expected between
these different spectral images of the same object. The
actual degree of correlation depends on the physical na-
ture of the object, the widths of the spectral windows, and
the amount and nature of the noise present in the data.
Because of these factors, multispectral digital images
contain a certain amount of data redundancy; however,
this can be reduced by choosing the less correlated bands.
For instance, to make color prints (where at most three
bands can be assigned to the fundamental colors) the
three less correlated bands can be used. In this manner
some redundant data are retained while a certain amount
of information present only in the omitted bands is lost.
A similar situation occurs when one supplies less cor-
related bands to an automatic classifier to save computer
time.

It is sometimes more advisable to use new and more
suitable bands than the less correlated bands just men-
tioned. These are the principal components of the multi-
band image which are certain linear combinations of the
original bands, obtained by means of the Karhunen-
Loéve transformation [1], that are uncorrelated to each
other. They correspond to the eigenvectors of the image
covariance matrix C and are ordered by decreasing eigen-
value. The information content of the image is redistrib-
uted among these components in such a way that most
of it is concentrated in the first few principal components,
while the remaining components contain a minimum

amount of information (consisting mainly of noise) and
can be disregarded without significant loss of information.
In particular, in Landsat multispectral scanner (MSS) im-
agery the two most significant components usually con-
tain more than 95 percent of the information in the origi-
nal four bands. This is in agreement with the fact that the
intrinsic dimensionality of those data is considered to be
two [2].

The principal component technique is thus one of the
best ways to select data to be assigned to the three funda-
mental colors to produce color displays of many-band im-
ages, or to be input to an automatic classifier. Never-
theless, it cannot be said a priori that the principal com-
ponents of an image are exactly equivalent to the original
bands for visual interpretation of all kinds of features.
This is a consequence of the very subjective nature of
human photointerpretation of images.

The principal components of an image must usually be
contrast-enhanced in order to obtain displays suitable for
photointerpretation, even though the variances of the
most significant of them are greater than those of the orig-
inal bands. However, when the variance of the displayed
data is increased too much by means of a high contrast
radiometric transformation, unwanted artifacts (i.e., ap-
parent structures that do not really exist in the original
data) can be introduced. These artifacts may be mistak-
enly considered to be real features by the photointer-
preter.

Image principal components were first studied by
Ready and Wintz [3] mainly for classification purposes.
For some time little attention was paid to this and to the
related technique of canonical analysis [4]. However,
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there has recently been a rekindling of interest [2, 5, 6}in
these areas. This paper presents the first systematic study
of the principal component technique for image display
purposes. The method discussed constructs the principal
components performing simultaneously an adequate lin-
ear radiometric enhancement without extra computa-
tional work. To achieve this, we do not simply use the
coordinate transformation determined by the orthogonal
matrix G that diagonalizes the image covariance matrix
C, but rather a more general coordinate transformation
including both a dilatation and a change of coordinate ori-
gin. Furthermore, the same intensity level quantization
interval is always used; thus, a finer level quantization is
obtained when the contrast gain factor is higher. Con-
sequently, displays with high data variances can be ob-
tained completely free of artifacts. The price paid to
achieve this goal is a slightly smoother appearance of the
displayed image.

In the following sections the principal components of a
general n-band digital image are defined, and a discussion
is given of the most useful options for the simultaneous
radiometric enhancement of these components. The sig-
nal-to-noise ratio (SNR) improvement is also considered,
and the results are particularized to Landsat MSS images.
The latter part of this paper is devoted to the geological
study of Campo Arafuelo Basin, where we use Landsat
MSS images and the technique described here. A sum-
mary is given of the most significant results of this work,
with special emphasis on the usefulness of the principal
components.

Determination of the principal components

Let us obtain the principal components of an #-band digi-
tal image whose intensity levels are m-bit integer num-
bers. We consider picture elements (pixels) as vectors x
of the n-dimensional Euclidean space R", whose coordi-
nates in a given orthonormal base {e,, i = 1, - - -, n} repre-
sent the pixel intensity levels in the n bands:

x=> x, e, 0))
i=1

The digitization of intensities requires that pixels be par-
ticular vectors whose coordinates in the base {e } are re-
stricted to be m-bit integers; i.e.,

x, €J,={Xx€Z 0=y =2" -1},
i=1,--,n Q2

In the following calculations, pixel intensities are allowed
to take values on R. Only in the final step will they be
approximated by elements of J .

We also consider the n-band image as a vector random
variable X on the space of events R”. Its coordinates in
the base {et.} are the random variables, X,i=1,---,n,
that correspond to the n original bands of the image:
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X = X e. 3)

t 1

M =

0

i=1
The covariance matrix C of the coordinates of X is de-

fined as
C = EX - EX)]®[X — EX)]}, (@)

where F stands for expectation and & denotes the tensor
product. Since C is a symmetric matrix, it can be diago-

nalized. Let\,,i =1, - - -, n, be the eigenvalues of C (i.e.,
the roots of the secular equation |C - Al| = 0, in decreas-
ing order: A, >\, > - - - >\ . We assume, for the sake of

simplicity, that there are no degenerate eigenvalues,
although this assumption is not essential. Let

{g,i=1,- - -, n} be the orthonormal base of the eigenvec-
tors of C that satisfy

Cg =\8, (5)
and let G be the orthogonal matrix that diagonalizes C:
GCG ' =A4, (6)
where A, =\ 8,and G, = (gi)j, ihj=1,-++, n.

The random variables

Y= 3 G, X, i=1,-n, ™
i=1

are the coordinates of X in the base {g}:

X=3 Yg. ®)

These variables are uncorrelated provided their covari-
ance matrix is A. Only if the probability distribution of X
were normal would these new random variables be inde-
pendent instead of being only uncorrelated. Con-
sequently, the coordinates of a vector x in the base {g;},
i.e., the intensity levels of the corresponding pixel in the
uncorrelated bands, are

=2 Gyx, i=1,--"n ©)
These numbers do not belong to J,,. To approximate them
by elements of J_ we introduce the function
0 ifx =0
F, .00 =4 Int (x) fo=y=2"-1 (10)
2" -1 if2" — 1=y,

where Int stands for integer value. Then, the pixel in-
tensities in the principal components of the image are fi-
nally defined as

z, = Folm(ai > Gux, + bi), i=1,-n (11

i=1
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The parameters a; and b, are to be determined according
to the statistical properties required for the principal com-
ponent data. The clements of the covariance matrix A’ of
the principal components obtained by means of Eq. (11)
are approximately equal to aiain]. = azi)\iSij, iLj=1,---,n,
the small actual differences being due to roundoff error
and tail cutoffs introduced by the function F .

Radiometric enhancement options

Equation (11) allows us to radiometrically enhance the
principal components while obtaining them, with no addi-
tional computation required. We have only to assign suit-
able values to the parameters a,, b, i = 1, - - -, n. To see
this, it suffices to realize that we can take G; = a,G;
hence, we have not increased the number of multiplica-
tions needed. Furthermore, some additive constant is al-
ways necessary in order to avoid the cutoff of all negative
values of the uncorrelated bands y,.

When the principal components are to be displayed ei-
ther on a screen or by any kind of hard-copy recorder, the
particular characteristics of the device and display
method used (e.g., development of photographic film)
must be considered in order to determine suitable values
for the parameters a,, b, i = 1, - - -, n. In general, one
requires that the means of the statistical distributions of
the principal components be a certain intensity level u
and that the most significant part of these distributions be
included on an interval of intensity levels of width 2d,
centered at u. Obviously, [u — d, u + d) C J,. Then

bi =p a,E(Yl)

=u-a ) GEX), i=1--"n (12)
Jj=1
For the determination of a; a number of possibilities can
be considered, the most simple and useful of which are
the following.

Option 1
Take just

a =1 i=1,--,n, (13)

making no contrast enhancement. Sometimes the in-
tensities of the original bands are not true m-bit numbers;
however, there exists a number m’ < m such thatx, € J,_,,
although for some reason one prefers to think of these
numbers as m-bit numbers. This option may then be
appropriate. Otherwise, it may not be advisable since
the lengths of the intervals on which the coordinates
¥, i =1,---, n, take values are larger than those on
which the coordinates x, j = 1, - - +, n, take values.

Option 2
To overcome the problem mentioned in option 1, divide
by the maximum length increase factor, i.e., the ratio of
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the length of the n-dimensional hypercube diagonal to the
length of its side, and take

a,= —— i=1,"-n (14)

Option 3

One can apply to each principal component a radiometric
enhancement such that the central part of its statistical
distribution that includes » standard deviations to
each side of the mean value is assigned to the interval
[w — d, u + d]. Then

aq = —, i=1,---, n (15)

Obviously, the ratios among the variances of the principal
components are no longer maintained.

Option 4
The ratios among the variances of the principal com-
ponents can be preserved by taking the same gain for all
principal components:

d
a= ——, i=1,---, n 16)

vV A

In this way, the first principal component is radio-
metrically enhanced as in option 3, while the other princi-
pal components are enhanced proportionally.

The parameter v, which determines the actual number
of standard deviations assigned to an interval of length d
in options 3 and 4, allows one to control the amount of
contrast of the displayed data. Nevertheless, v cannot be
very large because of the image degradation inherent in
the accumulation of pixels in intensity levels outside the
interval [u — d, 0 + d].

In addition to these options one can also replace some
principal components with their negative images. This is
equivalent to replacing the corresponding eigenvectors
(e.g., g,) with their opposite vectors (—g,). It makes no
difference because the phases of the eigenvectors are ar-
bitrary. The negative of the kth principal component has
intensity levels given by

Z=2"-1-1z, a7

Thus, one obtains this negative in options 1 and 2 merely
by the replacement

a,—> —a,b, —->2"—1-b, (18a)
The required replacements in options 3 and 4 are
a,— —a,, b, —2u — b, (18b)

In general, options 3 and 4 provide finer level quan-
tization than options 1 and 2, as well as an artifical in-
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Figure 1 Lithologic scheme of Campo Arafiuelo Basin as defined by the maps of the Instituto Geolégico y Minero de Espafia.

crease of variance. Displays produced by a posteriori ra-
diometric enhancement of principal components obtained
by means of options 1 and 2 usually appear rather harsh
compared to those obtained by options 3 and 4. This is a
consequence of the existence of empty intensity levels
between consecutive occupied ones that can introduce
unwanted artifacts when the difference between con-
secutive occupied levels is too large.

Signal-to-noise ratio improvement
Since the transformation matrix G is orthogonal, it is evi-
dent that tr C = tr A. That is,

(19)

M =

n
C’li = Z )\i'
i=1

i

[

1
Thus, the reduction of a multispectral image to its princi-
pal components produces a redistribution of variance. If
one defines the function

(o
log ( S )
_ tr C

it can be shown [7] that H(C) is an entropy function
whose minimum on the set of matrices connected with C
by orthogonal transformations is H(A), obtained when
the principal components are used. The variances A,
i=1,-- -, n,are thus a measure of the information con-
tents of each component. By assuming that the distribu-

C.
HO=- Y & 20)
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tion of the noise existing in the image data is symmetric in
R", it can be shown [3] that the improvement in the signal-
to-noise ratio obtained by using the first principal com-
ponent rather than the ith original band is

@n

Application to Landsat images
We now particularize these results to the four-band im-
ages of the multispectral scanner (MSS) of Landsat satel-
lites. We take m = 8, although Landsat computer-com-
patible tape data actually have seven bits in bands 4, §
and 6, and six bits in band 7. This choice is dictated by the
use of nine-track magnetic tapes for image storage and
computers with eight-bit bytes for processing. Thus, op-
tion 1 can be used with no tail cutoff taking place.

The off-diagonal elements of the correlation matrix p,
defined as

C,

Y

pij= 4

v C.C,

Wi

(22)

usually have for these images values that range from 0.4
to 0.95 and higher. Actually, there are considerable varia-
tions in these values from image to image as well as in
different subimages of the same image. In general, how-

ever, the most correlated pairs are the two visible (4 and 447
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Table 1 Statistical parameters of the original bands.

Band Mean Standard Variance 1
deviation (bits/pixel)
4 15.13 3.81 14.52 3.80
5 22.05 5.78 33.41 4.40
6 36.53 9.08 82.45 5.05
7 20.41 5.66 32.04 4.45

5) and the two infrared bands (6 and 7), while bands 4 and
7 and 5 and 7 are usually the less correlated pairs.

The first two principal components (denoted as bands
A and B) usually contain more than 95 percent of the
whole image variance, while the other two (denoted as C
and D) consist almost entirely of noise. In most cases
bands A and B suffice for automatic classification (the in-
trinsic dimensionality of Landsat MSS data is considered
to be two [2]) and for production of color prints for pho-
tointerpretation.

The computer program used to obtain the principal
components of a Landsat image, which is mostly written
in IBM System/360 assembler language, uses a very fast
algorithm to calculate the matrix C. The internal subrou-
tine that accumulates the contribution of every pixel to
the ten different elements of C uses only register-to-regis-
ter instructions (apart from four ‘‘insert character’” in-
structions) and needs only five multiply instructions to
calculate the ten products. This algorithm is exact when
one deals with Landsat images, but if the original data
actually have eight significant bits there is a small error in
five of the elements of C whose relative value is bounded
to be less than 6 x 107°. For the construction of the prin-
cipal components, this program uses a 16-Kbyte (= 16 x
1024 bytes) look-up table that contains the values of
aGx, X 16" (x, =0, -+, 255, i,j = 1,2, 3, 4) as 32-bit
integers.

When this program is run (either in batch mode or inter-
actively by means of ER-MAN 11 [8]) on an IBM 360/65
computer it uses 58 Kbytes of main storage and takes 9
min 32 s of CPU time to compute C and A for a whole
Landsat image (7.6 X 10° pixels = 30.4 x 10° bytes of
data), or 75.3 us/pixel. To construct the principal com-
ponents using any of the discussed options, the program
requires 92 Kbytes of main storage and an additional 11
min 36 s of CPU time, i.e., an additional 91.6 us/pixel.

Application to a geological problem

® Description of the area studied and expected goals
The Campo Arafiuelo Tertiary basin, at the west end of
the Tajo structural basin, includes part of the provinces of
Toledo and Caceres, Spain. Its center is Navalmoral de la
Mata, about 160 km to the WSW of Madrid.
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Two main lithologic groups (basement and sedimentary
mantle) can be defined in this area with regard to the age
of the rocks and their different dynamic behavior during
the most recent movements [9]. The rocks forming the
borders of the basin (see Fig. 1) are mainly granites and
metamorphic rocks of Paleozoic age that have been frac-
tured since Hercynian orogeny. In Alpine movements
these rocks behaved like a rigid unit, and constituted the
source areas that provided sediments for filling of the ba-
sin. These sediments are mainly arkoses and conglomer-
ates of arkosic matrix, probably of Oligocene age. The
activity of the numerous faults located in the basement-
sedimentary mantle contact has enhanced the habitual
topographic contrast between these materials. Among the
fault and fracture trends existing in the basement rocks as
a heritage of former orogenies, only those between the
NNE-SSW and NE-SW trends clearly show the effects
of a recent reactivation.

The expected goal of a global study of this area is to
draw some conclusions about the geological history of the
entire Tajo Basin in order to confirm the geological indi-
viduality of Campo Arafiuelo Basin with respect to the
rest of Tajo Basin in post-Oligocene times [9]. The exis-
tence of a crustal megastructure in central Spain consti-
tuted by an oval-shaped uplift with the major axis in the
NE-SW direction, divided in two halves by an E-W fault
zone, has been conjectured [10]. Accordingly, one would
expect less activity during the Middle and Young Tertiary
era in the southern half of this megastructure, in which
Campo Arafiuelo Basin is located, than in the northern
half.

o Landsat imagery used

For the study of Campo Arafiuelo Basin, four images of
the multispectral scanners of Landsat 1 (formerly named
ERTS-1) and Landsat 2 were initially considered. Two of
them (scenes 2333-15404 of 21st December 1975 and 2350-
10175 of 7th January 1976) were obtained in winter with
low sun elevation angle (20° in both images). A prelimi-
nary analysis of the photographic data supplied by NASA
indicated that snow covering the mountains of the north-
ern boundary of the basin appeared saturated, rendering
any interpretation of that area impossible. The topo-
graphic forms not covered by snow were enhanced by the
shadows cast at that low sun elevation. These images pro-
vided useful geological information, given the correlation
existing between geologic structures and landforms in this
area, where dynamic processes have been rather recent.
However, the poor illumination conditions made any dis-
crimination among rock types by color differences very
difficult. In a summer image (scene 2170-10201 of 11th
July 1975) with high sun elevation angle (57°), rock type
discrimination by color was easier, but the topographic
forms were more difficult to see.
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Figure 2 Histograms of the four principal components: abscissae represent intensity levels and ordinates are the number of pixels with

each intensity. Notice the different ordinate scales.

It was decided that scene 1228-10325 of 8th March 1973
would be used because the absence of snow on this area
and the intermediate sun elevation angle (37°) allowed
good color discrimination of rock types, as well as a clear
determination of topographic forms.

o Digital processing of the image :

The method applied to geometrically correct the Landsat
image [11] accounts for the systematic errors due to sen-
sor characteristics and Earth rotation, as well as the ef-
fects of variations in satellite altitude and attitude. These
variations are estimated by means of ground control
points for which geographic and image coordinates are
well established. Furthermore, the two functions that de-
termine the mapping between input-image and output-im-
age space account for the transformation of the image to
Universal Transverse Mercator (UTM) projection. These
functions are eventually approximated by two complete
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polynomials of fifth degree in two variables which are ac-
tually used to make the image transformation. Data are
interpolated by means of the nearest-neighbor algorithm
[11] in such a way that output image pixels represent
squares 50.8 m on a side.

Fourteen ground control points reasonably well distrib-
uted over the image were used. The accuracy of the geo-
metric correction achieved by the method described can
be estimated by the root mean square error in the location
of the ground control points after the transformation. In
our case this error was 131.5 m, satisfactory for our pur-
poses.

From this corrected image a subimage (1560 pixels
wide and 917 lines long) showing an area of 79.2 X
46.6 km® in the provinces of Caceres and Toledo (central
Spain) was selected. It includes all Campo Arafiuelo Ba-
sin. This is the image considered from now on. Fable 1
shows the most significant parameters characterizing the
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Figure 3 Principal components obtained by using option 3: (a) band A; (b) band B; (c) band C; and (d) band D.

statistical distribution of the pixel intensity levels of the
four original bands. The information (listed in the last col-
umn in bits per pixel) is defined [12] by

255

I=-73 p,log,p,

k=0

23)

where p, is the fraction of pixels with intensity level .
The covariance matrix of this image, given by (4), is

then

14.51
20.54
22.19

20.54
33.43
30.89

22.19
30.89
82.38

10.87
14.40

, 24
49.40 @9

while the correlation between one visible band and one
infrared band is much smaller. Nevertheless, even the
smallest correlation (0.440, between bands 5 and 7) is still
rather high.

The eigenvalues of C (the nominal values of the vari-
ances of the principal components) are A, = 132.95, A, =
27.05, A, = 1.27,and \, = 1.09. The normalized eigenvec-
tors of C (which indicate the directions of the principal
components in R*) are

10.87 14.40 49.40 32.04

and the correlation matrix [Eq. (22)] is

1.000 0.933 0.642 0.504

0.440

0.933
0.642
0.504

1.000
0.589
0.440

0.589
1.000
0.962

25
0.962 @)

1.000

The higher correlations are those between the two in-
frared bands (0.962) and the two visible bands (0.933),
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0.249 0.443
0.358 0.770
8 0775 |’ &~ -0285 |
0.457 ~0.361
0.851 0.135
~0.521 0.092
& o011 | B —os6a | %©
~0.075 0.809

Table 2 gives statistical information about the principal
components obtained according to option 1 (no radio-
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Figure 4 Two-color composite of band A (green) and band B (red) obtained by using option 3.

Table 2 Statistical parameters of principal components (option 1).

Band Mean Standard Variance % of total 1 A
deviation variance (bits/pixel)
A 127.00 11.53 133.01 81.9 5.45 132.95
B 127.00 5.21 27.13 16.6 4.36 27.05
C 127.00 1.17 1.36 0.8 2.23 1.27
D 127.00 1.08 1.17 0.7 2.06 1.09

metric enhancement). Notice that the differences be-
tween the actual and nominal variances (A, i = 1,2, 3, 4)
due to roundoff errors are very small.

Bands A and B contain 98.5 percent of the total image
variance, while the 1.5 percent contained in bands C and
D is mainly due to noise. Thus, the first two principal
components contain nearly all the information existing in
the original four bands. These components constitute an
excellent input to automatic classifiers, obviously better
than the two less correlated bands, 5 and 7.

Histograms of the four principal components appear in
Fig. 2 and illustrate the different information contents ex-
pected from bands A, B, C and D.

Equation (21) gives an estimate of the signal-to-noise
ratio (SNR) improvement achieved by means of band A,
although the most important noise component (the pecu-
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liar striping produced by differences in calibration among
the six sensors of each band that simultaneously provide
the data of six consecutive image lines) is not spherically
symmetric in R*. The SNR improvement with respect to
band 6 (the one with highest variance) is 2.1 dB. This in-
creases to 9.6, 6.0, and 6.2 dB with respect to the bands
(4, 5, and 7, respectively) most often used to make false
color displays.

® Photographic displays

It is obvious from Fig. 2 that even the first principal com-
ponent obtained according to option | must be radio-
metrically enhanced a posteriori when it is to be dis-
played by means of a device with a dynamic range 2d
much greater than 2\/)\_1. On the other hand, one can also
use options 3 or 4 to construct the principal components
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Figure 5 Geologic map of Campo Arafiuelo Basin obtained by photointerpretation of band A.

already enhanced. We use option 3; hence the smaller the
eigenvalue A, of a principal component, the greater the
contrast gain a, that we take for it.

A DICOMED D-47 film recorder (Dicomed Corp., Min-
neapolis, MN) was used to display the images. This re-
corder can distinguish 256 intensity levels (from 0 to 255)
and d can be taken as 127.5. Good prints can be obtained
with g = 255/2 = 127.5, and v between 2 and 3. Conven-
tionally, » = 2.65 is taken because the tail cutoffs pro-
duced in a Gaussian intensity level distribution accumu-
late a fraction 1/256 of the pixels in each of the end levels
(0 and 255). The gain factors used were a, = 4.17, q, =
9.25, a, = 42.66, and a, = 46.13. Figures 3(a-d) show the
principal components obtained in this way. A gray wedge
with 17 intensity levels (0, 16, 32, - - -, 240, and 255) was
added to the bottom of these images for use as a gray level
reference. The wedge also provides a scale reference, its
length corresponding to 25.9 km on the image.

When looking at Figs. 3(a-d), keep in mind the different
contrast gain factors used. As pointed out previously,
only bands A and B are useful for photointerpretation.
Band A of our image was very suitable for visualizing
structural features and, in general, for studying geology,
while band B was more suitable for studying agriculture
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and forestry. Note that the band B contrast has been in-
creased 2.22 times over that of band A. The contrasts of
bands C and D have been increased 10.23 and 11.06 times
over that of band A to demonstrate that these bands con-
tain almost solely noise, striping being the dominant com-
ponent. When option 4 is used (the same contrast gain
being used for all principal components), bands C and D
appear uniformly gray and display no information at all.

Bands A and B can be used to produce two-color com-
posite displays. In Fig. 4, band A is displayed in green,
band B in red.

® Photointerpretation
Prior to any Landsat data analysis, a regional survey was
made that included field rock identification, fault and frac-
ture measurement, and mapping. Geological features at-
tributable to older-than-Tertiary processes in the base-
ment rocks were ignored since our interests were con-
fined to the recent geological history of the area (as
deduced from studies of the sediments, their facies and
basement-cover spatial relationships [9]).

The dynamic conditions deduced corresponded to a
pulsational rise in the old-faulted blocks in the source
areas, this reactivation beginning in the older Oligocene
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and lasting until the end of this period. These minor pre-
liminary movements terminated with a major dynamic
phase that ended the sedimentary process and moved the
old-generated reverse faults located in the basement limit.
Thus, the Paleozoic materials ended up on top of the Ter-
tiary layers just deposited. It can be assumed that this
marked the end of the Tertiary dynamic history of this
area, while in the rest of the Tajo Basin the dynamic pro-
cess extended further in time to produce a complete Mio-
cene series. The eastern limit of Campo Arafiuelo Basin is
determined by a basement-faulted block in the area of
Talavera de la Reina that gives rise to a step in the deep
sedimentary basin floor. This step is detectable by means
of stratigraphic and hydrogeological research and is also
noticeable in Landsat images.

Landsat imagery was helpful in the global study of
Campo Arafuelo Basin by facilitating rock-unit mapping,
and also through its capacity for displaying major geologi-
cal features such as regional scale faults, folds, and basin
boundaries. The great ability of band A to differentiate
materials, to visualize faulted structures, and to deter-
mine topographic landforms is demonstrated by its pho-
tointerpretation (Fig. 5). The basement-sedimentary
mantle contact is easily followed in the northern bound-
ary, due both to the thick Quaternary sediments giving
rise to fertile irrigated lands that are well differentiated on
Landsat imagery, and to the important basement topo-
graphic elevation in this border. These basement rocks
are mainly granites, and slight color differences on the
image involve petrological differences in the rocks. In the
southern boundary the basement-mantle contact appears
very clear when it is related to structural or topographic
features. Among the rocks that constitute this border, the
SE-NW folds in the southeastern corner of the image are
clearly visualized not only in their general trend but also
in smaller details because rock layer differentiation is pos-
sible. However, the contact delineation between granite
and metamorphic rocks inside the basement becomes
more difficult because these two kinds of rocks do not
give rise to contrasted landforms; they show denudation
uniformity. However, the quartzite-schists layers in the
folds show a differential erosion that is very easy to detect
on Landsat images. In the sedimentary cover, a Tertiary
facies classification is not possible because of the quali-
ties inherent in the sediments. This classification cannot
be achieved through high-altitude aircraft photography
and is difficult even in field work. Faults and fractures
affecting granites in the northern border appear very
clear, as expected for such an area, where features in-
volving a youthful stage of geomorphological evolution
are frequent. In the southern border the NE-SW reverse
faults conforming the basement-mantle contact can be
easily drawn all along their paths. Other NE-SW frac-
tures and faults are seen in this area; most of these are
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either conforming Paleozoic rock contacts or displacing
folded layers. In some cases, it is possible to observe
slight lineations in the Tertiary cover that reflect under-
lying basement fractures.

Summary

This article reports the first systematic study of the princi-
pal components of an n-band image specifically intended
for photointerpretation purposes. The method for obtain-
ing the principal components allows one to perform dif-
ferent linear radiometric enhancements that can avoid ar-
tifact creation by means of a finer intensity level quan-
tization. Furthermore, these radiometric enhancements
do not require any additional computational work. Fast
algorithms are used to obtain the principal components;
the one used to calculate the covariance matrix of a Land-
sat image is especially fast.

In the Landsat image studied the first two principal
components contain nearly all the information existing in
the four original bands; they contain 98.5 percent of the
total image variance. Therefore, two-color composites of
these two components are approximately equivalent to
the four original bands; as such, they are slightly better,
from the point of view of information content, than any
three-color composite of the four original bands. Obvi-
ously, the improvement achieved by means of three-color
composites of the first principal components, with respect
to any other color display of the original bands, increases
dramatically as the number of bands is increased.

The global insight into Campo Arafiuelo Basin that has
been achieved by means of Landsat imagery could have
been obtained neither from field work nor from inter-
pretation of the hundreds of aircraft photographs needed
to cover the area. Furthermore, the use of the first princi-
pal components (which proved to be appropriate for geo-
logical studies) permitted simultaneous visualization of
information that was scattered in the original bands. In
fact, band A is mainly constructed from bands 6 and 7.
Individually, band 6 emphasizes geomorphologic fea-
tures, while band 7 emphasizes geostructural features
[13], but band A shows both features equally well.

As a consequence of this work we have confirmed the
previous ideas about the geological individuality of
Campo Arafiuelo Basin with respect to Tajo Basin in later
Tertiary times. This is in agreement with the conjecture of
a crustal megastructure in central Spain [10], in which dif-
ferent dynamic behavior in the northern and southern
halves would imply a shorter geological history in Campo
Arafiuelo Basin.
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