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Preface 

This supplement is designed for use with Re­
mote Sensing: A Handbook for Archeologists and 
Cultural Resource Managers, by Thomas R. Lyons 
and Thomas Eugene Avery. The handbook may be 
obtained by writing the Superintendent of Docu­
ments, U.S. Government Printing Office, Wash­
ington, D.C. 20402. 

Within the next several months, the Natioinal 
Park Service will publish other supplements to the 
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handbook dealing with regional applications of re­
mote sensing for the archeologist and cultural re­
source manager. The reader may receive notifica­
tion of these publications as they become available 
by writing the Superintendent of Documents (ad­
dress above) and asking to be placed on mailing 
list N-557. 
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Figure 1 Location map of the prime sites (circled) involved in this study. Kin Bineola and Wijiji are located off the map to 
the left and right respectively. 
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Section 1 

Introduction 

This report describes studies performed in con­
nection with the collection and analysis of multis-
pectral data obtained over Chaco Canyon, New 
Mexico. Five Anasazi pueblos were the focus of 
attention in these studies: Pueblo Alto, Kin Bi-
neola, Pueblo Bontio, Chetro Ketl, and Wijiji (fig. 
1). During the airborne data collection phase, we 
provided field support by collecting soil moisture 
and vegetation structure data at Pueblo Alto, Kin 
Bineola and Wijiji. Part II of the report describes 
the procedures used and interpretation of these 
data. 

Upon receipt of the digital data tapes from 
Bendix, the authors arranged for a two-day com­
puter analysis session at the EROS Data Center in 
Sioux Falls, South Dakota. Part III of the report 
describes and illustrates the principal results of this 
session including some preliminary interpretations 
and recommendations. 

In Part IV, we have attempted to extend the 
discussions initiated in Parts II and III, in a general 
sense, and to discuss more fully the specific topics 
of agricultural fields, prehistoric roads and evi­
dence for archeological structures. 
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Section 2 

Field and Laboratory 
Studies 

Pre-Field Preparations 

Selected transects were drawn on lithographic 
prints of the study areas.* The longest transect was 
275m and the shortest transect was 35m. Transects 
were chosen on the basis of tonal changes relating 
to vegetation density, soils, roads, and other land­
scape features. Sampling sites were then chosen 
along each transect to coincide with apparent soil 
and vegetation changes. At the Kin Bineola study 
area, special effort was made to include areas of 
heat anomalies shown on thermal scan imagery sup­
plied by the Chaco Center. 

Soil Sample Collection 

Before actual sampling began, the study sites 
were checked to insure that the transects drawn 
and the sites selected along those transects ade­
quately represented areas of change. Using a small 
hand shovel and plastic bags with tape for labeling, 
soil samples were taken along the transects. As the 
samples were taken, the bags were labeled to cor­
respond to the soil sample site plotted on the lith­
ograph. The labels indicated the transect, location 
number and whether it was a surface or subsurface 
sample. One hundred twenty (120) samples were 
taken at Pueblo Alto, sixty four (64) at Kin Bineola, 
and thirty (30) at Wijiji. 

A surface and subsurface sample were taken 
at each location. Each surface sample was taken by 

collecting the top 1.25 cm to 2.5cm of soil in at least 
four places within arm's reach. 

The subsurface sample was taken at about 
15cm and placed into a plastic bag that was labeled 
and tied like the surface samples. For the most part, 
subsurface samples were drier. 

Soil Moisture Determinations and 
Interpretation 

A table was prepared to record data as shown 
in Table 1. It included space for identifying the 
study site, locating the sample, identifying the can 
number, sample number, wet soil weight, dry soil 
weight, weight difference and percentage of mois­
ture contained in the sample. 

Soil cans with lids were obtained and labeled 
to correspond to sample identifications. The tare 
weight for each was then obtained using a Mettler 
balance. Twenty-five grams of "wet" soil were 
added to the cans and placed in an Acme Labo­
ratory drying oven at 105° C for 24 hours. This 
temperature is high enough to drive off any capil­
lary water (water between and around sand grains), 
but low enough to retain any water chemically 
bonded to the sand components. After 24 hours, 
all cans were removed from the oven, weighed and 
recorded. This weight was referred to as the dry 
weight. By subtracting the dry weight from the 
original "wet" weight, the water lost on drying was 
determined. To figure the percentage of moisture 
in each sample, the following equation was used: 

weight lost on drying , , 
% moisture = ^— — L-* X 100 

weight ot dry sou 
*Pueblo Alto study area was 182,400m2 

Kin Bineola study area was 361,254m; 
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Table 1: Data form for calculating soil moisture. 

Top sample. 

Location 

Bottom sample-

Date. 

Can 
No. 

Soil 
Sample No. 

Soil 
Weight (wet) 

Soil 
Weight (dry) 

Weight 
Difference 

% 
Moist 
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Soil moisture percentages for each surface and sub­
surface sample are given in Appendix A. 

Figure 2A,B shows Bendix Channel 11 (ther­
mal scan) imagery for the Pueblo Alto and Kin 
Bineola sites, upon which are plotted the location 
of the soil sample transects. Table 2 lists the av­
erage sample-to-sample moisture variation along 
each transect as well as the grand (overall) average 
between all samples at each site. It is apparent that, 
on the day of the overflight, soil moisture differ­
ences at the surface were too small to relate to 
meaningful differences in soil temperature. Figure 
2A (Pueblo Alto) shows almost no gray scale var­
iation across the scene. This is not surprising since 
the average moisture variation is less than 1 per­
cent. At Kin Bineola (fig. 2B), the overall average 
variation is 1.29 percent and there are some vague 
tonal patterns evident. A closer look, however, re­
veals that vegetation is the key parameter affecting 
surface temperature. 

Phytocenological Records 

Using 6—meter—square quadrants, a series of 
phytocenological records was prepared along the 
soil transects. Table 3 is the form utilized for that 
effort and was extracted from Kiichler (1967, 
p. 195). These data in the final analysis were of no 
assistance. Vegetation patterns, however, are clearly 
visible on Channels 2 through 10 of the Bendix Data 
and are espeically valuable in aiding the delineation 
of agricultural fields and prehistoric roads. The rea­
son the phytocenological records are of no use is 
because the field teams had to select the sites a 
priori and secondly (perhaps most importantly), for 
archeological investigations, species composition 
may be more important than density. See Figures 
7 and 16 for more discussion on this topic. 
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Table 2. Moisture Variations Along Transects at 
Pueblo Alto and Kin Bineola (See Figure 2 for 
transect locations). 

Average 
Transect Sample-to-Sample 

Moisture Difference (%) 

Pueblo Alto (Grand average .83%) 
A 1.54 
B .44 
C .57 
D .89 
E .07 
F .57 
G .63 
H 1.55 
J 1.19 

Kin Bineola (Grand average 1.29%) 
A 1.24 
B .54 
C 1.34 
D .84 
E 1.17 
F .75 

not shown on figure „ ' , 



Figure 2 Thermal scan images (Bendix Channel 11) of Pueblo Alto (A) and Kin Bineola (B) sites. Transect 
lines have been superimposed to show locations of soil moisture and vegetation structure sampling 
sites. 

A 

B 
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Table 3. Data Form for Phytocenological Record 

PHYTOCENOLOGICAL RECORD No. 

Location: Date: 

Height above sea level: 

Slope and exposure: 

Landscape: 

Base Map; 

Aerial photograph No. 

Type (transect, quadrat, etc.) and size of 

stand samples: 

Structural Analysis 

^ ^ ^ ^ Life 
^ ^ ^ ^ forms: 

Height ^ ^ v . 
classes: ^ ^ ^ ^ 

8 = > 35 meters 

7 = 20 - 35 " 

6 = 10-20 " 

5 = 5 • 10 " 

4 = 2 - 5 •' 

3 = 0.5 - 2 " 

2 - 0.1 - 0.5 " 

1 = < 0.1 -' 
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coverage: C = > 75%; i = 51 - 75%; p = 26 - 50%; r = 6 - 25%; b = 1 - 5%; a = 1%. 

leaves: h = hard (sclerophyll); w = soft; k = succulent; I = large I • 400cm2); s = small (< 4cm2). 

Notes 

10 



Section 3 

Data and Image Processing 

The Bendix M2S Scanner 512 pixels* of scanner data were displayed for each 
channel. 

On October 19, 1976, a Bendix M2S multis-
pectral scanner (fig. 3) was flown over Chaco Can­
yon at an altitude above terrain of 1500 feet (ap-
prox. 500 meters). Eleven channels of data were 
collected, as listed in Table 4. Of these, Channels 
2 through 11 provided usable data for processing. 

All data were collected in digital form with a 
spatial resolution (IFOV) of 3.75 feet. The chan­
nels have slightly different performances in terms 
of their spectral response, but in all but one case, 
noise equivalent changes in reflectances (NEAp) 
are less than 1 percent. This is considered to be 
excellent in subhumid and humid environments 
where variations of 50 percent or more are ob­
served in natural scenes. Based on the relatively 
low image contrasts observed in the Chaco data, 
however, one wonders whether these sensitivities 
are sufficient to record extremely subtle reflec­
tances in sparsely vegetated arid zones. 

Average IVES channel performances are given 
in Table 5. The values are averages of six separate 
scanners tested in the Bendix laboratory. The 
higher the values, the less sensitive the channel to 
spectral changes in the landscape. Channel 11 (the 
thermal infrared band) is sensitive to landscape 
temperature differences (NEAT) of about 0.1° C. 

Figure 4 illustrates the visual appearance of 
data from Channels 2 through 11, as displayed di­
rectly from the tapes without alteration. Each im­
age was photographed from the GE Image-100 out­
put screen which has a standard resolution of 512 
lines. To optimize the resolution of the NES and 
Image-100 systems, therefore, only 512 lines and 

The GE Image-100 Multispectral 
Image Processor 

For data analysis, we utilized the Department 
of Interior EROS Data Center facilities in Sioux 
Falls, South Dakota. The Data Analysis Lab is 
equipped with a General Electric Image-100 pro­
cessor, an ESL IDEMS system and a digicolor film 
recording system, together with appropriate soft­
ware. For the Chaco Canyon studies, we utilized 
the Image-100 techniques solely, with the exception 
of one image (the cover photo) processed by film 
recording as a demonstration of capability. 

The Image-100 is described as an interactive 
digital image analysis package. It is "interactive" 
in the sense that it consists of specified analytical 
techniques which can be performed in any sequence 
at the request of the analyst. The video display 
output is controlled by the analyst by simply an­
swering questions displayed on the control consol 
by the computer. The basic system is shown in Fig­
ure 5. 

For the Chaco Canyon project, we mounted 
the digital data tapes for flight lines containing 
areas of interest (primarily Pueblo Alto, Kin Bi-
neola, Wijiji, Chetro Ketl and Pueblo Bonito). 
Using strip images provided by Bendix for each of 
the flight lines, we estimated the scan line and sam-

* "Pixels" are picture elements or individual resolution cells 
along a scan line. They are also referred to as samples. 
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Figure 3 Schematic of the Bendix NFS system as it was actually flown over Chaco Canyon. Reflected radiation was recorded 
over a 100° field of view with an instantaneous field of view of 2.5 milliradians. These are equivalent to a ground 
swath width of 1.2 kilometers (3000 feet) and a resolution cell of 1.25 meters (3.75 feet). With an aircraft speed of 
75 meters/sec the velocity-to-height (V/h) ratio was 0.15 radians/sec. Radiation from the ground falls incident upon 
a rotating mirror in the aircraft and is partitioned into eleven channels. For complete details of the NFS design and 
operation see Bendix B5R 4167A dated December 1975. 

pie number of the upper left corner of an area to 
be displayed, and entering these numbers in control 
consol, displayed in sequence the eleven channels 
of spectral data for that area (see fig. 4). Since the 
image analyzer can only store and manipulate four 
channels at a time, however, it was necessary to 
subjectively select the "best" four out of the eleven 
for analysis at any time. In practice, only three 
channels can be effectively analyzed at once in or­
der to leave the fourth channel open for displaying 
enhancements and ratios of the other three. 

Analysis Techniques 

The aim of image enhancements is to provide 
a simpler, clearer or more interpretable image. 
Certain functions can be considered as essentially 
"cosmetic," while others actually recombine digital 
data into a "new" picture that must then be inter­
preted for its information content. Lastly, there are 
some display options that assist in supplying "ready-
made" illustrations for slide or hard copy products. 
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Channel 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Center 
\c 

410 
465 
515 
560 
600 
640 
680 
720 
815 

1015 
1100 

Wavelength (nanometers) 

Bandwidth 
AX 

060 
050 
050 
040 
040 
040 
040 
040 
090 
090 
2.5 

Equivalent 
Spectral Color 

violet 
blue 
green 
yellow green 
orange 
red orange 
red 
reflective IR 
reflective IR 
reflective IR 
thermal IR 

Table 5. Average M2S Performance 

The total combination of options intersected with 
the vast amount of digital data collected over 
Chaco, and in turn intersected with the 3-channel, 
512—scan line option we chose for display, means 
that only a fraction of the potential analysis tech­
niques and options have been performed. 

"Cosmetic" Processing 
There are two functions that can be performed to 
visually improve the appearance of raw images. 
One is a clean-up operation that replaces missing 
scan line data by averaging the scan lines above 

and below it. The other is referred to as contrast 
stretching. 

Data "clean-up". The clean-up operation is 
performed on the video display consol by moving 
a cursor to the line of missing data. By commands 
given through the control consol, the spectral data 
for the bounding scan lines are inspected and av­
eraged sample-by-sample. A new line of data is 
created for the missing line and stored along with 
the rest of the image in the memory module. The 
original data tape is not altered in any way by the 
process. 
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Table 4. Spectral channels, bandwidths and equivalent spectral colors of the Bendix M2S scanner. 

Channel NEAp 

1 1.26% 
2 .26 
3 .18 
4 .21 
5 .21 
6 .19 
7 .20 
8 .25 
9 .23 

10 .52 
11 (NEAT) .12° C 



Figure 4 Typical M2S digital-to-image output for an area around Pueblo Alto. Slight differences in gray scale are due to gain 
and brightness adjustments during video display. Due to photo trimming, each image as shown here contains ap­
proximately 235 scan lines and 425 samples; an area on the ground equivalent to 880 feet by 1595 feet (1" = 587 
feet). The words "slope", "shoulder", and "plateau" refer to the typical reflected IR curve for vigorous vegetation. 
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Figure 5 The Image-100 image anatyzer consists of a control console and graphics display terminal (A) where commands are 
taken and returned by the system or where histograms can be displayed; magnetic tape drives (off the picture to the 
right); a PDP 11/35 computer (B); a solid-state memory module (C); an input scanner (D) and a video display unit 
(E) containing the image enhancement control panel. The analyst alternates his activity between the control console 
and image enhancement panel, as seen here. Analysts can learn to use the system effectively in a few hours. 

Figure 6 illustrates a before-and-after scene of 
Pueblo Alto. The black lines on 6A represent miss­
ing data. They have been removed on 6B by the 
process described. The Bendix data analyzed for 
this study were remarkably free of such problems; 
and, in fact, only Channels 10 and 11 required 
much, if any, clean-up. 

The clean-up operation introduces false data 
into the scene. If the number of missing lines is not 
large and they are widely spaced, then little prac­
tical damage is suffered for most applications at 
this resolution. The damage could be serious in 
archeological studies if the intent were to locate 
narrow linear features like walls, ditches or trails 
oriented parallel to the scan path (perpendicular 
to the line of flight). 

Contrast stretching. Reference to Figure 4 in­
dicates that some of the original data appears to be 
"washed-out" or to have a narrow range of gray 
tone values. Using a variety of mathematical func­
tions, the contrast can be widened or "stretched" 
before other enhancement activities are performed. 
The process of contrast stretching involves chang­
ing, by a prescribed amount, the digital values for 
all, or a selected set of samples in a given channel 
or image data. It is not the same as simply altering 
the brightness or contrast settings on the enhance­
ment control panel. 

The basis for all contrast stretch functions is 
the image histogram. Using a rectangular cursor 
located over an area of the image having critical 
importance, the computer scans the enclosed data 
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Figure 6 Data "clean-up" can be accomplished by replacing missing scan lines (black lines in 
A) with artificial scan lines created by averaging the values above and below. This 
operation is done on the video display unit and stored in the memory module to avoid 
altering the original data tape. 
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and creates a graph of frequency Vs gray level. The 
result is then displayed on the control consol and 
can be printed in hard copy for future reference. 
Figure 7 shows raw and stretched images for the 
red-orange and thermal infrared channels over 
Pueblo Alto, together with their before-and-after 
histograms. 

For the red-orange data (fig. 7A,B) the orig­
inal range of gray tones was 167 out of a possible 
256. The range spread from gray level 89 (light 
gray) to 255 (black). In the stretched version, the 
histogram has been spread from gray level 2 to 254 
and the mean has been shifted from level 158 to 
level 107. In terms of image appearance, there has 
been a shift toward more light tones and more dark 
gray tones. In the process of stretching the tones 
around Pueblo Alto, the tones at left of the photo 
in 7D have become saturated black and those along 
the scarps at the top have become saturated white. 

A similar result is observed for the thermal 
infrared sequence (fig. 7E-H). Enhancement of the 
Pueblo Alto site has obscured data for the sur­
rounding region. 

All of the contrast stretching performed for 
the Chaco Canyon sites is described as simple linear 
stretching. Pixel values are reassigned by a constant 
value either up or down to spread the range. Other 
options include nonlinear stretches using a loga­
rithmic or Gaussian function. These take more 
computer time to calculate and more analyst inter­
action to determine upper and lower gray scale lim­
its. We did not believe the extra time was warranted 
in view of the exploratory nature of our analysis 
and time constraints on the machine. 

Image Enhancement Techniques 
Once the scan line data have been cleaned up 

and the images contrast stretched,* they can be 
enhanced and displayed using a variety of strate­
gies. Among the more common options are: 

a) color combinations of 2 or more channels; 
b) theme extraction; 
c) band ratioing; and 
d) spatial filtering. 

All of these activities were performed for sites in 
Chaco Canyon on an extremely limited basis and 

* The high specific heat of water compared to soil mineral ma­
terial causes moist soil to heat up and cool off more slowly than 
dry soil. The statement made above is only true during daytime 
sensing. At night, a moist soil, being warmer, would appear 
relatively brighter than surrounding drier soils. 

we recommend that the studies be expanded to 
include more areas in the data set. 

Color combinations. The image enhancement 
control panel is the prime unit for this activity. By 
depressing combinations of channel and color se­
lector buttons, virtually any display of spectral data 
can be shown in what is termed a "false color com­
posite" (fee). 

Figure 8A shows a three channel composite of 
blue spectral data (Channel 2) displayed by the red 
color gun of the TV, reflective infrared (Channel 
8) by the green gun, and thermal infrared (Channel 
11) by the blue gun. The clarity of the resulting 
image attests to the extremely close registration of 
sample values between the three channels. 

The purpose of such combinations is to facil­
itate interpretation of several images at once and 
to highlight, or enhance, features that might other­
wise not be evident. Selection of the spectral chan­
nels for such a comparison is based on knowledge 
of the general reflectances of landscape elements. 

In Figure 8A, for example, the combination 
of blue data with thermal data should enhance soil 
moisture features because reflectance values de­
cline in both channels as moisture increases*. Rel­
atively more moist areas should appear darker than 
relatively drier areas. This basic interpretation is 
confirmed by comparing the darker blue tones of 
Chaco River valley with those of the drier mesa 
top. 

With specific regard to the Chetro Ketl site, 
the following observations are made: 

i) The blue-green areas at A suggest the 
presence of unearthed kivas. These are 
not evident in Figure 8B. 

ii) Item B is a confirmed prehistoric road 
leading from Chetro Ketl to Pueblo 
Alto. Whether or not this color and 
spectral combination would be equally 
indicative of roads elsewhere in the 
canyon should be investigated, 

iii) The general area marked C may con­
tain some buried walls or other struc­
tures. There is a vague hint of other 
kivas contained within a more or less 
rectangular area. Reference to the 
same area on 8B also suggests the pres­
ence of structures, 

iv) The area of light blue along the scarp 
represents colluvial deposits. They are 

* It is not always necessary to perform the stretch function. 
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