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Preface

e Shallowly buried archaeological features such as ditchee and walls
can cause anomalous growth baeterns in the overlying vegetation. These
mark;ngs in the vegetation arey§isib1e for at most a few weeks during the
growing season. 'Ancient buried river channels also cause'vegetational
grd&th‘patterns and they do so at the same time as nearby archaeological

features. Landsat resolution appears to be good enough to detect the

‘river channels, allowing the optimum time to be determined for photographing

the archaeological marks from an airplane.

Photographic enlargements of the red image (Band %) provided the
greatest amount of information on the growth of the vegetation. Some
additional detail was obtained by comparing the red and infrared images
(Bands 5 and 7) with color dlazo transparencies. ‘ -

-The test site near the Thames River at Dorchesteg, England, is
obscured by clouds or haze in all Lands=t photographs taken during the
period of critical growth in mid-summer. The 1976 photos should be
examined when they become available in the hope of a clear atmosphere.

A'related test could also be tried in the MissiSsippi-Missouri river'valley.
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DETECTION OF CROP MARK CONTRAST FOR ARCHAEOLOGICAL SURVEYS

Introduction

The resclution of the photographs from Landsat-l and Landsat-2
appears to be good‘ehough to detect ancient meanders of the Thames River
near Dorqhester, England. However, no clear.photos are available which
show the area at the propef time in early summer during which growth
paﬁterns in the crops could reveal the earlier course of the river.
Therefore the usefulness‘of the‘satellite for detgrmining the optimum

time for archaeological reconnaissance from aircraft is as yet unproven.

Aréhaeologicai Background

Archaeological structures, even those buried at a shallow depth, can.
sometimes be discovered and mapped with aerial photography. Ancient ‘
ditches, refilled by nature or man, and buried walls and roads are often
detectable by the patterns of anomalous growth in the overlying vegetation;
these patterns are called crop marks(l). .

Crop marks indicating refilled ditches and pits are particularly
visible in areas which have a thin but rich topsoil which covers barren
subsoil. The river valleys in southern England are examples of this.
GraQeL is often found only a few decimeters under the surface. Early man
dug holes through the topsoil into the gravel; when these holes were
refilled, a pocket of richer soil would often result. Crops, such as wheat

or barley which send their roots into this pocket of rich soil can grow

differently than the surrounding crops. - The most pronounced effect appears °

to be due to the greater amount of moisture in the soil of the refilled
hole: the crop there can still b? green when the surrounding crop is
golden and matured. An example of this is given in Figure 1; the many
ring-shaped ditches, recﬁangular‘enclosures, and other marks in this photo
are the result of a long period of occupation by early man from the
Bronze Age and Irén Age‘throﬁgh the Romano~British Age (2). ' The camera
which took these photos usgd‘panchromatic film and a yellow filter.
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Figure 1.

The time factor in crop mark visibility.
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" weather; in addition, differences in the soil cause the best time for

" The Dorchester Area
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One of the big difficulties in archaeological reconnaissance is the
short period of time in which crop marks are visible. The two photos in
Figure 1 were taken 15 days apart. These marks will vanish when the crops —-.
are harvested. : ’ ' g

The optimum time for photographing crop marks lasts for only about one

, week although sometimes traces are detectable for a month or more. This

optimim time varies from year to year primarily because of changing

photography’to vary from region to region.

the fields. Some of these bands are shown in Figure 1;'the time of their

fearlier courses of the river; in a flat-bottomed valley like this, river

" the gravel subsoil.

The course of the Thames River in southern England is shoﬁn in
Figure'z; At Dorchester, the Thames flows around a bend 2km in diameter;

a map showing this smaller region is given in Figure 3.

This area is rich in crop marks; the shape and position of many of
them are mapped in Figure 4. The line of the Thames is indicated on this
map to show the correspondence to the base map in Figure 3.

In 2ddition to the archaeological crop marks, large bands appear in -

appearance coincides with the time of visibility of the archaeological

crop marks. From aerial photographs taken in 1970 and earlier, the

shapes of some of these large bands have been mapped (see Figure 5).

The position and size of these bands indicate that they might mark

meanders are to be expected.“The variable bands of soil left behind b&
the shifting river cause large geological crop marks; the greener growth

of the bands implies that there might be a thlcker layer of topsoil over

It is the presence of this gravel which endangers the archaeology in K
the Thames valley, the gravel is beirg excavated for industrial use (3).
Several gravel pits are located on the northeast side of the map of

Figure 3. 1
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The Satellite

Landsat~1 (formerly called the Earth Resources Technology Satellite)
was larnched in July 1972; a second satellite, Landsat-2, was 1aunched’iﬁ
Januaiy 1975 (4). These satellites have sensors which scan the earth and
generate pictures line-by-line, much like the raster on a TV screen. From
an altitude of 914km, the width of the strip which is photographed is
185km (100 nautical miles). The orbit of the satellite is synchronized
with the rotation of the earth so that the photos are taken at about
© 9:30 AM local time. ' Lo
" The primary "camera" is called the Multispectral Scanmer. It makes
four images of each scene in ﬁhé visible and infrared spectrum. The red
image, Band 5 (600 to 700nm),,énd the infrared image,Band 7 (800 to 1100nm),
were the most useful for this project. The green image, Band 4, and Band 6,
between Bands 5 and 7; were of lesser value. | .

On command, pictures are telemetered to earth as a stream of numbers;
almost eight million numbers are required to generate each completed photo.
The area covered in these photos is illustrated in Figure 2, which outlines
two photos used in this project. The image is a, parallelogram because
of the oblique path of the satellite relative to the‘earth.

Each satellite can photograph an area once every 18 days. The Thames
River at Dorchester is visible in either of two photos taken on consecutive
days during each 18-day cycle.

The photographic resolution of the satellites is good enough to allow
objects larger than about 100m to be detected. Smaller objects, if they

have very high contrast or are long, can also be seen.

Photographic Interpretation

A 1ist of the 19 satellite photos which show the Dorchester area is
given in Figure 6. Of the photos taken in 1975, only the one taken on
July 29 and the companion photo om July 30 have a small amount of cioud
cover. In fact, these are the only clear photos of the test site.which
" have been taken in the summer.

The EROS Data Center furnished these two photos as 9.5 inch positive
transparencies. One set of these was enlarged by a factor of about 15.5

and negatives were made of the area of the test site around Dorchester.
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Contact (positive) prints of the red and infrared imagees are shown in
Figurek7. The scale of these photos is about 1:64,300; if the entire
satellite photos were enlarged to the same scale, they would be 2.9m
wide. The ground area shown in these photos is 6.8km by 5.2km, somewhat
larger than the area shown in the map of Figure'3; Band 6 was quite
similar to Band 7, but had a lower contrast. Band 4 was very low contrast
because of thin haze and atmospheric scattering.

Photographic subtraction of the Band 7 image from the Band 5 image
was of no help in interpreting these photos. Instszad, it was found that
a color composite constructed w1thydiazo film was excellent for comparing

Bands 5 and 7.(5).- A qualitative map of the ratio of red to infrared

- brightness as determined from the false color image is given in Figure 8.

The key to the symbols shown in that figure is listed in Figure 9, along
with the estimated cause for each spectral ratio.

This map and the original photos show no‘ trace of the crop marks due
to the river meanders. During 1975, the archaeological crop marks, and
the assoclated geological ones, had their highest visibility during the
first week in July‘and had disappeared by mid—July. On July 29 when the
satellite photo was taken, most of the crops were golden or were harvested.

The :July 29 photo does show that one field within the ‘bend of the
river was still quite green,then. This photo also ShOWS that the ponds of
water which indicate gravel pits cover a larger area than is shown on the
base map of Figure 3.

Two satellite photographs taken.in 1973 were also examined to see
if there was any trace of the geological crop marks on them. However, it.
was found that the Band 5 image, by far the most useful for this task,
was obscured on both dates. On March 8, a heavy haze was responsible.

One June 7, thin cloud cover, at an altitude of about 9km, seriously
reduced visibility in Band S. However, on both dates there was fair

visibility of the ground in Band 7 (6). These satellite photos are shown

- in Figures 10 and 11; the scale is the same as those in Figure 7.

The resolution of’ these,three photos is indicated by the field

- boundaries which are visible in them (see‘Figure 125. The;erops growing

in 197G in some of these fields are mapped in Figuré 13. The. broken lines
in the figure indicate boundaries which are not shown in- Figure 3. Since

some of the detectable fields are smaller than the size of the geological

-10-
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Figure 8. Red and infzrared brightness of the photos in Figure 7.
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SYMBOL

r>i
r<l

YA

Tlﬁi’\; " 2 ‘“h_‘

MEANING
red and infrared low brightness
both low, but red brighter
very low red brightness, high infrared
low red and high infrared brightness
high red and low infrared brightness
both high, but red brighter

Figure 9. Interpretation key for Figure 8.
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POSSIBLE CAUSE
water
bare soil?
lush green vegetation
moderately green vegetation
stubble?

matured field crops
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'crop marks, it is surmised that these geological marks will be visible on

photos taken at the right time. '

Thg cloud cover probability for southern England in summer is about
60%. Thérefore,,it is poor luck that no photos.are available from the
June 24 or July 12 overflights of Landsat-2, or from the six other times

during the period from April through August for which pictures would have
been valuable. ' '

Futﬁre_Work

It is hoped to be able to continue this experiment in the 1976 growing
season. If a photo taken at about the right time becomes available, it
might be important to get the highest possible resolution from it. As a

start, photographic combination of the two pictures taken on consecutive

. days ﬁay decrease the!loss of resolution due to film grain and the raster

pattern (stereoscopic parallax should be no problém). Also, it might be
possible to make a digital contour map‘of‘the brightness ratio of Bands
5 and 7; since only about 1000 pixels are necessary, the processing of
the Computer Compatible Tapes might not be too difficult.v’

It might also be possible to examine other areas along'the fhames
River if a greater selection of June and July photos becomes available.
If an anomalous pattern within a known field becomes visible during the
growing season, it might indicate the partial maturity of that field's
crop; this would mark the best time for aerial photography.

Hopefully, it will also be possible to investigate other river valleys

which have a known appearance of archaeological crop marks; the Mississippi-

Missouri would be the prime example.

Conclusion

Since the 18-day periodicity of Landsat imagery has a unique capability

of aiding archaeological reconnéissance, it is hoped that cloud and haze

cover are more favorable in the future. The 9.5 inch positive transparencies

~of the red and infrared images have been excellent for detecting patterns

in the growth of crops.

»
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