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ABSTRACT

River valleys in the Mediterranean, the Near East,the southwestern
United States, and Mexico have repeatedly alternated between alluviation
and erosion, changing the availability of water and agricultural land. The
timing and magnitude of the various episodes suggest that the principal
cause is a shift in precipitation patterns. Human activity has distorted the
severity and the initiation of these changes that have at times been
beneficial and at other times detrimental to the local population.

INTRODUCTION
Widely distributed in the semi-arid regions of the Old World around
the Mediterranean basin, especially in Spain, Greece, and North Africa,
are ancient agricultural terraces constructed on steep hillsides. These are
narrow flat areas carved out of the soil of the hill, and supported on the
downhill margin by a rock wall made of the local stone laid without
mortar. Such a terrace is typically 3 meters wide and 50 or more meters
long, held up by a wall 1to 2 meters high. It provides a cultivable flat area
of some 0.015 hectares.
Flights of such terraces often consist of 10 or more steps or levels up
a hillside that stands at an angle of 30 degrees. The terraces were built,
used, and then abandoned, at some time in the distant past. The dates of
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their construction have rarely been established. On a few such tiny plots
old olive trees are seen, but very few are otherwise cultivated (Fig. I).
Why would a people go to such extreme physical labor to construct
and till unpromising land? Not only was the initial digging and building
consuming energy and time, but walking or climbing to such scattered and
often distant plots was onerous,
The answer is geomorphological.There was no flat land in the valley
bottom. Indeed there was no valley floor at all, for the hillsides extended
down to a narrow ravine without any floodplain.
Some time later a wave of sediment eroded from the unterraced
hillslopes was deposited as an alluvial fill in the valley, producing not only
an arable flat zone on the valley floor, but also groundwater conditions
that provided a water supply in the new channel. When such a valley fill
was deposited, the hillside terraces were abandoned and a more favorable
agricultural enterprise was created. In this instance the geomorphic change
resulting from climatic forces created conditions advantageous to the
people in the region. In other instances the result of natural changes was
decidedly disadvantageous.
Climatic changes are more marked or may affect humans in arid
regions more stringently than comparable changes in sub-humid regions.
Such climatic changes alter rates and loci of erosion and deposition that
may exacerbate already marginal existence, or conversely, may
appreciably improve conditions for agriculture. Also,the interaction of
human influence and climate may increase the effects of either influence
acting alone.
This example provides an indication of how versatile has been the
human species, adjusting continuously to changing conditions. In the
semi-arid regions, low rainfall puts unusual stress on the people living
there because of the paucity of cultivable land, the unreliability of what
water supply exists, the possibility of sudden heavy storm rainfall, and the
risk of extended drought. This variability has both short-term and longterm consequences.
In the short term, grass for grazing may be sparse and water for
crops is undependable. Large variations in temperature, with the
possibility of debilitating midday heat and shivering nighttime cold, make
ordinary existence difficult if not actually precarious.
In the long term, the effects of human utilization on the supply of
resources may make shortages semipermanent. For example, wood for
cooking and heating is often limited to a few species that grow only in
restricted locations and, if depleted by overuse, may be in short supply for
decades.
The focus of the present paper is the ubiquity of the channel changes
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FIGURE
1. Photograph of ancient terraces built upon the hillside to produce small areas
of flat land that can be cultivated. Example is from the western Gebel Nefusa, Libya.
Note the abandoned, degraded terraces above those still in use.

in the valleys of semi-arid areas, the relative consistency in the sequence
of valley filling and valley erosion, and the effects of these changes on the
peoples who occupied the regions affected.

GEOMORPHIC
CONDITIONSIN THE FIELD

It is common in both Old and New World valleys to see a flat area
confined by discontinuous scarps on one or both sides of the valley. The
valley floor or flat is the floodplain of the stream that constructed it. At
various places along the valley sides, there are scarps at the top of which
there is a flat area that represents the remnant of a former floodplain,
subsequently dissected by erosion. Such remnants that show the level of
the former abandoned floodplain define what is called by
geomorphologists an alluvial terrace. More than one former floodplain
level is common. In Figure 2, three alluvial terraces border the present
valley floor. The figure is diagrammatic.
To see the landscape configuration in the field gives a realistic
picture of the problem faced by the geologist, archaeologist, or
geomorphologist seeking to decipher the sequence of events leading to the
present. Only by appreciation of such a sequence of past events can one
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FIGURE2. Block diagram illustrating
topographic features in a valley
bordered by alluvial terraces.
The diagram is a simplified
representation of conditions
seen in many places in the
southwestern United States.

FIGURE 3. Three terraces displayed in the valley of

Salt Wells Creek, south of Rock
Springs, Wyoming.Just above the center of the photograph is the scarp of the high terrace,
IO meters above the present streambed. In the mid-foregroundis the sage-covered middle
terrace 5 meters above the creek, and close to the camera is the low terrace vegetated with
tumbleweed, 1 to 2 meters above the streambed.
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picture the changing living conditions faced by ancient man.
Figure 3 shows the field conditions in a valley in southern
Wyoming, Salt Wells Creek, near Rock Springs. The occurrence of three
alluvial fills is common in the valleys of the southwestern United States.
The interpretation of the events represented by the existence of
these landscape features provides an insight into the past. These
abandoned floodplains represent changes in the availability of arable land
and of water to early man. The sequence of events leading to the observed
condition can be deciphered by mapping the stratigraphy in the field.
Consider the example of the central Navajo country studied by John T.
Hack in the 1950s and represented in Figure 4.
A wide deep valley cut in the bedrock was filled or aggraded with
a formation that contains the bones of extinct animals such as camel and
bison, labeled 1. This deposit was eroded away so much that only a few
remnants are found and these are often buried. The erosion was
accompanied by the development of widespread sand dunes across the
valley and up onto the mesas.
There followed aggradation of an alluvial fill, labeled 11, that in
many places in the western states forms the surface of the high terrace
whose surface is scattered with the tools and works of early man. In some
places, as in eastern Wyoming, this depositional phase is itself two-fold.
Fill 2 was eroded to about the same depth as in the previous erosion
period. It was followed by deposition of a smaller fill that contains
abundant pottery and other artifacts, labeled III. This deposit was eroded
about A.D. 1250, leaving its remnants as a terrace.
In other words, including the first deposition and its consequent
erosion, seven important changes in the valley occurred just before and
during the ten thousand years of the Holocene when humans were
already widely distributed in the semi-arid region of the United States.
Undoubtedly, these changes were related to variations in climate that
must have had an impact on local inhabitants. Because these people were
hunter-gatherers the changes in their landscape and in the location and
availability of water must have materially altered their livelihood.

FIGURE4. Valley cross section in the Navajo

Country mapped by John T. Hack
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DIsTRIBUnON IN NORTH AMERICA
Perhaps this history would not be remarkable if it applied only to
a few isolated areas, but the sequence is strikingly widespread.
The geographic spread of the sites in western North America
discussed here is shown in Figure 5. Most of these localities have been at
least inspected in the field by one or both of the present authors.
Figure 6 presents generalized valley cross sections for six valleys in
five different states. Some in Arizona and Wyoming were studied before
the availability of C14 dating. The other four have at least one
radiocarbon date.
Fill 1, which spanned the last part of the Pleistocene and early
Holocene, was found in a few but widely separated places. In nearly all
cases it was buried beneath sediments, so that its presence is shown only
in the walls of later &es. It was first described by J. T. Hack in Jeddito
Valley, Arizona (Fig. 4), where it contained extinct fauna.
It was later found at the Big Bend Site, Texas (Albritton and Bryan,
1939), at Whitewater Draw, Arizona (Sayles and Antevs,l941), at
Nakaibito, New Mexico, near Gallup, New Mexico (Leopold and Snyder,
1951), and at the San Jon site, Texas (Judson, 1953). This alluvial fill is
generally russet sand or whiteish silt-clay with concretionary layers of
caliche.
Deposition 2 provides the most widespread outcrops and the most
prominent terraces. In eastern Wyoming (Fig. 6) on the Powder River,
two terraces presumed to be of this age are seen. One contains a paleosol
(fossil soil) so widespread that it becomes a marker horizon over a wide
area &eopold and Miller, 1954). A slightly lower terrace, also underlain
by uniform tan silt, but lacking the paleosol, is considered to be a
somewhat younger member of the same phase of deposition. The twofold character of the No; 2 fill was postulated by Bryan (1941) on the basis
of several sites in addition to the unconformity or break in deposition
found by Hack in the Tsegi formation of Arizona. The paleosol capping
the end of the first phase of Deposition 2 was attributed to the arid and
dry condition of the Altithermal period, the age of which has been placed
by Haynes at about 6000 yr BP.
Later descriptions show that the second part of the No. 2 fill is the
most common. The C14 dates for this phase include 3000-4000 BP and
4765 BP in California, 4240 BP in Colorado, and 2800 BP in New Mexico,
as can be seen in Figure 6.
Deposition No. 2 underlies the most prominent terrace. When that
alluvial fill was eroded, the former floodplain surface was left as the
middle terrace in many valleys. Dated potsherds place the erosion of the
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FIGURE5. Location of sites in North America where alluvial fills have been studied, most
of which have one or more horizons dated by C14. Based on a compilation by C.V.
Haynes (1968) supplemented by various later sources.
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Coyote C. Arroyo,
Santa Fe, N.M.

Douglas Creek,
Rangely, Colorado

Eastern
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FIGURE6. Valley cross sections in different parts of western United States
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Number 2 fill at A.D. 1200-1400. Several lines of evidence indicate that
this was a period of drought. The time of erosion is the same in West
Texas and in Arizona and appears to have been nearly synchronous in
upstream valleys over a wide region.
However, its relation to conditions in the channels of major rivers
remained quite unknown until the detailed study by Lucchitta et al. (1996)
of the channel and riparian zone of the Colorado River in the gorge of the
Grand Canyon. They showed that after several periods of moderate
alluviation, the channel began downcutting 750 years ago (A.D. 12OO), and
eroded 10 meters of alluvium to the 1996 riverbed level. The coincidence
of the date of erosion in a major riverbed with that in upstream valleys is
a finding of considerable significance.
In many places there is a still later depositional phase called Fill 3.
In Bear Creek, California, a C14 date is available for both Fill 2,4765 BP,
and for Fill 3,1205 BP ( A.D. 745). The dates of deposition of Fill 3 range
from 200 to 1490 BP, i.e., A.D. 460 to 1750.
Similar geomorphic forms occur in Mexico. In 1958 Albritton
described a depositional sequence in the Guadiana valley that had some
parallels with the Texas record to the north, and with the scheme
proposed for the central valley of Mexico to the south by Kirk Bryan a
decade earlier. Our evidence supports that linkage. At least two of the
alluvia units discussed in earlier paragraphs are represented from
Chihuahua in the north to Tehuach in the south of the Central Plateau.
The two units give rise to well-defined terraces of which the older,
sometimes indurated by calcium carbonate, can attain thicknesses of more
than 45 meters (Fig. 7). C14 ages range from 9150 near the surface to
more than 30,000 yr near the base of the deposit. The second terrace into
which the present streams have been incised is commonly 3-5m high and
often appears to consist of materials reworked from the older unit and
depleted in clay and iron oxide in consequence (Figure 8). Archaeological
and C14 dating suggest it was deposited between A.D. 500 and A.D. 1700
( Vita-Finzi, 1977).
In short, the New World displays a consistent valley record, which
includes at least two unitsthat can be identified over 25 degrees of latitude
and 15 of longitude over a wide range of elevations.

THEOLDWORLD
With some change in detail, things were occurring in the semi-arid
countries of the Mediterranean region that were similar to developments
in North America. The sequence of deposition followed by erosion as
described for the American southwest has close counterparts in northern
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FIGURE
7. Generalized cross sectionthrough alluvial fills in central Mexico showing C14
and archaeological dates

FIGURE8. Two alluvial terraces are prominent in a tributary to Presa de Valsequillo
northeast of Puebla, Mexico. The older fill is seen as the upper terrace in the middle
ground. The younger fill that forms the lower terrace borders the channel.
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Africa and southern Europe. Throughout the Mediterranean Basin,the
Levant, Iran,and southeast Arabia, many valleys display two alluvial fills
of which the older dates from about 30,000-10,000 yr BP and the younger
from about A.D. 400-1850. In general the older fill, up to 30 m thick, is
the product of ephemeral flow, and its upper horizons are locally rich in
calcium carbonate. The younger fdl is well sorted and stratified and, as in
Mexico, displays silt-clay depletion as well as iron loss when compared
with the older fill deposits from which it is often derived. In Wadi
Kofrein, Jordan, peaty conditions and freshwater molluscs indicate
permanent or semi-permanent flow in a channel now subject to ephemeral
discharge.
The younger fill is seen in many widely separated areas to cover
structures of Roman age, as the period of deposition extended into
Byzantine and even medieval times.
Figures 9,10,11,and 12 illustrate the variety of landscape features
resulting from the presence of the two terraces. The upper terrace can in
places be 30 meters above the present channel, as in Figure 9 in Wadi
Lebda, Libya, or it can be only IO meters above the channel, as in Figure
10, Wadi Tmarmura, also in Libya. In the valley of Wadi Bou Douaou,
south of Algiers, the lower fill is sufficiently extensive to support villages
and agriculture pig. 11).
Fill 2, so prominent in the American West, is mostly absent in the
Mediterranean countries. The history of erosion and alluviation is one in
which there are two main periods of deposition, the first extending
through the late Pleistocene to the early Holocene, and a later one in
Roman and medieval times as depicted by the simplified chronology in
Figure 13.
There are valleys that locally display the more complicated sequence
of three rather than two alluvial fills. One example described by Sheldon
Judsonfrom Sicily displays four alluvial units (Fig. 14), and Wadi Hasa in
Jordan also displays four fill units. But the historical deposit is universally
present.
The sections in W. Libya are typical in showing the younger fill
deposits in channels eroded into the earlier fill. In most areas, the surface
of the older fill was the usable land in Roman times. Greek, Roman,
Byzantine, and medieval sherds are found in the younger fill, which also
covers entire cities, notably, Olympia in Greece. C14 ages for the deposit
range from 1850 to 110 yr BP. In Italy, an early map shows that
downcutting has begun by A.D. 1534; in parts of Libya photographs show
that it had not reached the section pictured by the 1930s. It has since cut
a deep ravine.
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FIGURE9. Two terraces bordering the valley of Wadi Lebda west of Lepcis Magna,Libya.

The catchment contains twenty-six Roman dams built to control local floods, and to
conserve soil and water.

FIGURE 10. Upper and lower terrace on Wadi Tmarmura, a tributary of Wadi Tareglat
in W. Libya.
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FIGURE11. Terraces dong Wadi Bou Douaou, south of Algiers. The upper deposit rests
unconformably on bedrock or on older Quaternary deposits. The lower fill buries
Roman remains.

FIGURE12. The two terraces on Wadi Gan, east of Tarhuma, in the Gebel Garim, W.
Libya. The upper fill was depositedin a long period extending from late Pleistocene into
the Holocene.
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FIGURE13. Generalized time sequence for the alluvial history of the Mediterranean
countries (from Vita-Finzi, 1969)

FIGURE14. Cross section of the Gornalungavalley in Sicily (after SheldonJudson,1963)
Downcutting, like the onset of filling, began earlier in the north,
which is consistent with a climatic explanation that envisages a temporary
and gradual shift southward of the depression tracks (Vita-Finzi, 1995).
In Mexico, the trend is reversed, with aggradation apparently earlier in the
south.

DISCUSSION
The detailed sequence in any valley may vary from that of another
valley in the same region. Therefore it would not be expected that over
a much broader part of the world, America to the Mediterranean, the
history of sedimentation and erosion would be the same. Yet the
similarities are sigdicant and many authors have wondered how far they
stem from shared causes.
The earliest episode of aggradation or sediment deposition contains
evidence on several continents of early man and fauna, including many
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species now extinct. This alluvial fill is found in nearly every country
touching the shore of the Mediterranean from Morocco and Spain to
Arabia and Iran. Valley deposits of this age contain Middle Paleolithic
&acts, and their trenched surfaczs are strewn with Neolithic as well as
upper Paleolithic material. These deposits are contemporaneous with
famous European shelter and cave sites, in which a variety of large animals
provided a major source of meat.
The southwestern United States have a shorter history of mankind
and fewer definitive sites, but an older valley fill containing extinct fauna
has been studied in several places from Texas to Wyoming. The C14
dates are of the same order in the European and American sites.
There doubtless followed several more such episodes of valley filling
and cutting. The last is almost universally recorded in the present
landscape dating from the last two thousand years, and is responsible for
many important archaeological sites. This widespread accumulation of
deposited sediment covering early human works is why their recovery is
often called a dig.
The alternation from deposition to erosion and back during the
emergence of civilizations means that humanity had to cope with
important changes in the physical landscape, especially in agricultural
resources. Such changes were accompanied by changes in local climate
that altered available food supply, water management possibilities, and
the personal comfort of the peoples. The flat and easily accessible land in
the valleys altered the mode of hunting. The concomitant alteration in
the location and availability of water also changed patterns of vegetation.
During a period of deposition, the groundwater table is close to the
surface, marshy land is common, and surface streams are easily reached or
diverted for irrigation. But during and after erosion of a gully system, the
water table is at the level of the bottom of a trench, diversion of the
stream is nearly impossible, vegetation on the abandoned flood plain

changes because of the lack of surface water, trees on the valley floor die,
and the surface becomes dominated by xeric plants.
It had long been supposed, without much definitive data, that
climatic change is characterized or even defined as a change in mean
annual precipitation or mean temperature, or both. Indeed, these
particular parameters have changed in some regions and at some times, but
there are also far more subtle changes.
The climatic conditions associated with the gully erosion of valleys
in the American southwest between 1860 and 1910 included no change in
the mean annual rainfall, but the erosion coincided with an increase in the
number of heavy rains, and a decrease in the number of small rains
(Leopold, 1952). The erosion was associated with change in rainfall
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intensity, not the mean annual amount. The relative absence of light
rains seem to have weakened the vegetative protection of the soil,and the
increase in heavy rains provided the gully-washers that characterized the
erosion process.
This change in rainfall intensity as a partial explanation applies to
semi-arid areas where summer thunderstorms are one of the major
contributors to annual precipitation. The validity of the association of
rain intensity and erosion obtains support from conditions in
Uzbekistan, southem Asia. The climate is semi-arid, but there is little
summer rain. Field observation leads to the conclusion that this region
did not experience a period of valley erosion in late nineteenth century.
We infer that lack of summer rainfall explains the absence of valley
degradation.
The role of human activity as a causal force in these landscape
changes has been argued for many years. Deforestation, plowing, and
grazing are activities that are superimposed on the effects of climate, and
in some places are dominant. These activities promote soil erosion and
gully development and exacerbate any tendency for valley degradation.
But even the absence of these activities is not an adequate explanation for
valley aggradation lasting hundreds of years.
But the final cause of these alterations is not the major theme of the
present paper. The widespread extent and degree of valley change and its
timing are here emphasized. Though the effect of valley history on
humans can be conjectured for the Pleistocene period, in the latest events
from Roman to modem times the actual record is clear. For example, in
the hundreds of years prior to the known period of drought, A.D. 12501400, the h a s a z i people in the southwestern United States were
irrigating and floodwater farming the floors of many alluvial valleys
including the narrow strip of flat land that existed next to the river in the
bottom of the Grand Canyon. The epicycle of erosion made diversions
impossible and greatly reduced the area suitable for agriculture. Following
that was a period of aggradation between A.D. 1500 and 1860. Erosion
began again in about 1860 and lasted to A.D. 1920, accelerated by heavy
grazing pressure.
The complicated alternation of deposition and erosion seen in the
last century had been repeated many times, both in the Middle East and
in America. Present concerns about a global climate change include
temperature and precipitation, but other aspects of climate are important.
The worry about climate should be extended to the stability of and nature
of the landscape itself, which, unlike climate, cannot revert to its former
condition.
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Vance Haynes, Jr., whose work on alluvial chronology and associated
archaeological materials has helped many others.
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