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ABSTRACT

An archival-stratigraphic investigation of the middle Gila River provides insights

into late-Holocene channel behavior and flood-plain formation. Historical records detail 

changes in channel patterns that correlate with changing frequency of large floods, but

channel sensitivity is also affected by factors such as flood seasonality, changes in

sediment load, human disturbances, and internal thresholds. Because the frequency of

large floods is the dominant factor in channel changes, radiocarbon-dated flood deposits

in late-Holocene alluvial terraces allow for a reconstruction of prehistoric channel

behavior. A period of reduced large flood frequency and channel stability 4,000-1,000

years BP separates periods of increased large flood frequency and channel instability

5,000-4,000 and 1,000-0 years BP. Transformations between braided and single

channel morphologies affect the conveyance of floods and change the spatial

characteristics of flood hazards. These channel dynamics are also important in

analyzing changes in Hohokam-Pima irrigation technology and settlement patterns.
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Weep, my unfortunate people!
All this you will see take place.

Weep, my unfortunate people!
For the waters will overwhelm the land.

(Pima myth translated by Russell, 1908)

CHAFFER 1: INTRODUCTION

The largest river flowing through southern Arizona is the Gila River. With a

drainage area of approximately 150,000 km2 (Figure 1), it is a major perennial water

source in the Sonoran Desert and a locus of cultural activity for at least 2,000 years.

The middle segment of the Gila River (herein referred to as the middle Gila River) is the

reach between the San Pedro and Salt rivers. In addition its dynamic cultural history,

this reach has been witness to considerable hydrological and ecological changes in the

last 150 years (Dobyns, 1981; Hastings and Turner, 1965; Leopold, 1951; Rea, 1983).

Upstream diversion and impoundment of water for irrigation, deforestation of riparian

communities for agriculture and firewood, invasion of exotic plant species, and

biotically disruptive land-use changes within the Gila River watershed have all played a

role in transforming a formerly large riparian zone into a relatively dry, barren channel.

However, one characteristic has not changed: the middle Gila River floods. As recently

as January 1993, floods on the middle and lower Gila River damaged homes, destroyed

roads and bridges, and caused several hundred millions of dollars in structural damage

and lost agricultural production.

Studies of alluvial reaches of the upper and lower Gila River indicate that floods

play an important role in shaping the channel (Burkham, 1972; Graf, 1981). Large
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floods appear to result in channel widening and straightening, whereas periods of low

flood frequency and magnitude favor the formation of a narrow, slightly sinuous, main-

flow channel. The middle Gila River flows over basin alluvium and is also subject to

morphological changes, but to what degree the middle Gila River behaves like the other

alluvial reaches studied up and downstream has not been defined. To date, there has

been no systematic study of floods and channel changes on this reach of the Gila River.

Previous summaries of Gila River flooding (Burkham, 1970; Dobyns, 1981) do not

focus on the middle Gila River, and although Rea (1983) provides archival data on this

reach, his study focuses more on changes in riparian vegetation than on floods and

channel changes. That channel changes on the middle Gila River have not been

systematically studied from a geological perspective stands in contrast to detailed

archival and stratigraphic studies of Gila River tributaries (e.g., Betancourt, 1990;

Cooke and Reeves, 1976; Haynes, 1987; Haynes and Huckell, 1986; Hereford and

Betancourt, 1993; Waters, 1988).

In this study, I attempt the first systematic geologic study of channel changes

and flooding on the middle Gila River in northern Pinal County (Figure 2). The

objective of this investigation is to construct a model of late-Holocene fluvial behavior

for this reach of the Gila River based on two principal lines of evidence: 1) archival

records of channel descriptions and floods, and 2) overbank alluvial stratigraphy. An

approximately 300 year-old archival record is used to characterize the relationships

between flood frequency and channel behavior. Radiocarbon-dated overbank sediments

from the middle Gila River flood plain are then used to reconstruct the general frequency

of prehistoric overbank flood events. The archival and stratigraphic data are then
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combined to hypothesize a 5,000 year chronology of channel behavior on the middle

Gila River.

I selected the middle Gila River because it appears to display a high level of

channel sensitivity to changing flow conditions, and because it contains a long cultural

record which provides for a relatively longer archival record of channel descriptions and

floods and increases the potential for locating charcoal in the flood-plain stratigraphy.

The ability to radiocarbon date flood-plain deposits has been greatly enhanced with the

development of accelerator mass spectrometry (AMS), because it allows for the dating

of very small (e.g., < 1 g) samples of organic matter (Taylor, 1987:90-95). I also

selected this river because little is known about its fluvial history. As mentioned above,

more is known about the fluvial history of relatively small streams located in upper

watersheds than along main trunk streams. If a watershed can be considered as a

fundamental geomorphic entity, then it is important to try to understand the fluvial

history of all its constituent parts as a step towards defining the links between upstream

degradation and downstream aggradation.

Although this study is historical in focus, it also seeks to understand the

processes involved in floods and channel changes in arid stream systems. Rivers are

physical systems with a history (Schumm, 1991), and both process and historical

approaches are well suited to the study of channel changes on the middle Gila River.

The historical and processual aspects of the middle Gila River are important to those

who seek to understand the past and predict the future of this region.
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I divide this study into six parts. After a background review of channel changes

and methods for hydrological reconstructions, I present an overview of relevant physical

characteristics of the middle Gila River including modern flood-plain features and

stratigraphy. I then review historical accounts and measurements of middle Gila River

floods and channel changes and use this information to formulate a model of channel

behavior. This is followed by the stratigraphic evidence for late-Holocene floods and a

preliminary reconstruction of prehistoric channel behavior. I conclude the study with a

brief discussion of some of the flood-plain management and archaeological implications

of the data.
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CHAP1ER 2: CHANNEL CHANGES IN RIVERS

Rivers display a variety of patterns and behaviors depending on environmental

factors like topography, geology, and climate. Because these factors vary through time,

rivers also exhibit morphological variability through time. Channel changes may occur

gradually over thousands of years or rapidly within one year. Predicting channel

changes in rivers in any precise, quantitative fashion is problematic due to a multitude of

variable, nonlinear relationships, and complex feedback mechanisms inherent within the

fluvial system (Richards, 1982:7). Nonetheless, empirical studies of rivers during the

last 50 years have provided some understanding to why and how rivers change their

channel geometry.

In this study, emphasis is placed on understanding changes in the planview form

of alluvial rivers. Three qualitative terms for describing the planview form of rivers are

meandering, braided, and straight (Leopold and Wolman, 1957; Figure 3). These types

of channel patterns can be viewed as end members with actual channel patterns

incorporating characteristics of all three types (Knighton, 1984:124). The planview

form of a river is the product of self-adjusting hydrological variables including

discharge, sediment load, channel width and depth, water velocity, slope, and hydraulic

roughness (Leopold and Wolman, 1957; Schumm, 1977). Certain channel patterns and

hydrological conditions are linked. For example, meandering streams tend to have

lower valley gradients and contain channels composed largely of silt and clay whereas

braided streams have higher valley gradients and channels composed dominantly of

sands and gravel (Schumm, 1977; Schumm and Brackenridge, 1987). Braiding has
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Figure 3. Plan-view patterns of stream channels (from Pearthre,e and Baker, 1987;
originally adapted from Leopold and Wolman, 1957).
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also been linked to abundant sediment load, erodible banks, and a highly variable

discharge (Knighton, 1984).

Channel transformations are the result of a river's response to changing

discharge and sediment load. The discharge:sediment load ratio may change as a result

of natural processes such as tectonism and climate change (Bull, 1991). Tectonism

affects discharge by modifying stream gradient; climate directly affects discharge

through precipitation and indirectly by controlling vegetation and rates of runoff and

infiltration. Sediment load is also affected by climate as defined by the relationship

between precipitation and sediment yield (Langbein and Schumm, 1958). In addition to

natural processes, human activities can modify the discharge -sediment load ratio and

initiate channel changes both directly, e.g., dams, irrigation systems, and flood-plain

channelization (Williams and Wolman, 1984, Winldey and others, 1984), and indirectly

through land-use changes, e.g., urbanization, logging, and grazing (Richards, 1982).

Finally, changes in channel patterns can also be driven by internal processes within the

fluvial system (Knighton, 1984:172). These internal processes are known as intrinsic

thresholds (Schumm, 1973), and examples include meander cut-offs, stream piracy, and

entrainment of bank- and channel-stabilizing materials.

Schumm (1969, 1977) reviewed the relationships between channel morphology

and slope to discharge and sediment load for selected rivers in temperate semiarid and

humid environments and produced a qualitative model of channel change or "river

metamorphosis" (Table 1). This model predicts the direction of channel changes that

will occur when discharge and sediment load are modified by natural and human

processes. Dependent variables in the model include channel width and depth, meander
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Table 1. Qualitative model of channel changes (Richards, 1982; originally adapted from
Schumm, 1969).

a) Increase in discharge alone	 Decrease in discharge alone
Q+ = w+ d+ F+ L+ s-	 Q- w- d- F- L- s+

b) Increase in bed-load discharge	 Decrease in bed-load discharge
Qs+ = w+ d- F+ L+ s+ P-	 Qs- = w- d+ F- L- s- P-

c)Discharge and bed load increase together
Q+ Qs+ = w+ d+ F+ L+ s+ P-

d)Discharge and bed load decrease together
Q- Qs- = w- d+ F- L- s+ P+

e)Discharge increases as bed load decreases
Q-1- Qs- = w+ d+ F- L+ s- P+

f) Discharge decreases as bed load increases
Q- Qs+ = w+ d- F+ L+ s+ P-

Q = a suitable discharge index; Qs = bedload transport (expressed as a percentage of total load); w =
width; d = depth; F = width/depth ratio; L = meander wavelength; s = channel gradient; P = sinuosity;
+ indicates an increase in the variable; - indicates a decrease in the variable.
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wavelength, channel gradient, and sinuosity; the independent variables are some index

of discharge and bedload. Discharge may be represented by some type of mean

discharge (e.g., monthly, seasonal, or annual), total annual discharge, annual peak

flood, or general flood frequency. Note the elements of indeterminacy in this model.

When combining streamflow and bed load changes, the direction of change in some

dependent morphological variables cannot be predicted and are apparently controlled by

other hydrological variables. Moreover, responses to changes in the discharge/sediment

load ratio may vary not only between rivers, but also between different reaches of the

same river (Schumm and Brackenridge, 1987).

Channel changes have been viewed from a conceptual perspective of equilibrium

(Leopold and Bull, 1979; Mackin, 1948; Morisawa, 1968). Rivers are open systems

that maintain a balance over the long term between sediment supplied within the

watershed and that transported to the ocean, and they will adjust their morphology (i.e.,

gradient, channel shape, and hydraulic roughness) in order to provide the stream power

necessary to transport their sediment load. For example, a shift from a meandering to a

braided stream pattern may represent an attempt to increase hydraulic gradient and shear

stress on the channel bed in order to transport increased bedload (Schumm and Lichty,

1963). A change from a braided to a meandering pattern may reflect a reduction in

bedload and an attempt to conserve potential energy loss. A change from an

unentrenched to an entrenched channel may be an effort to transport sediment that has

aggraded in the flood plain (Schumm and Hadley, 1957). Thus, channel changes are a

river's attempt to maintain a balance between changing hydraulic variables, often in

response to environmental perturbations (Bull, 1991:6).
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Under the conceptual model of equilibrium, alluvial rivers self-adjust their channel

morphology and gradient in order to best transport streamflow and sediment load. If

environmental factors are steady, then the river should maintain some type of

equilibrium channel form and gradient over a period of time. This concept seems to

work best in humid and temperate environments where streamflow is continuous and the

ratio of flood discharges to average discharges is small (Baker, 1977; Graf, 1983). In

such systems, channel and flood-plain characteristics are formed by bankful discharges

that have recurrence intervals of one to two years (Wolman and Leopold, 1957). When

catastrophic floods occur, the channel will widen and straighten, but then recover

relatively rapidly to their pre-existing form. Flood-plain restorative processes in humid

stream systems are greater due to rapid rates of revegetation (Wolman and Gerson,

1978). Such characteristics are not necessarily true for all rivers, however, especially

for those in arid and semiarid environments (Baker, 1977). In arid and semiarid rivers,

average annual discharges are considerably smaller than flood discharges, and channel

and flood-plain morphology tend to be controlled by infrequent flood events. These

rivers often lack the stream power and bank-stabilizing vegetation to quickly adjust their

channel to previous equilibrium forms (Graf, 1983; Richards, 1982:252; Schumm and

Lichty, 1963; Wolman and Gerson, 1978).

An example of a semiarid stream that responds slowly to flood-induced channel

changes is the upper Gila River in the Safford Valley. Burkham (1972) demonstrated

that channel morphology changed substantially between 1846 and 1970. Specifically,

between 1846 and 1904, the upper Gila River channel was stable, narrow (< 100 m

wide), slightly sinuous, and flowed through a heavily vegetated flood plain. Between

1905 and 1917, much of the flood plain was eroded, and the channel was braided and
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approximately 600 m wide. The 1905-1917 period of channel instability correlated to a

period of increased flood flow not witnessed in several centuries. Following 1917,

there were few large floods and the flood plain and channel slowly returned to its

previous condition after approximately 50 years. Burkham (1972) noted that the wide

braided condition during 1905-1917 was caused and maintained by large, erosive floods

with low sediment loads. Between 1918 and 1970, smaller flood flows with relatively

high sediment loads contributed to flood-plain formation and stabilization. Burkham's

study of the upper Gila River has led some to use the term "nonequilibrium" to describe

this type of channel behavior (e.g., Graf, 1981; Stevens and others, 1975). In

nonequilibrium streams channel and flood-plain morphology is greatly influenced by

infrequent large floods rather than on average or frequent discharge. As stated by

Stevens and others (1975:557): "The river has a memory for past flood events that is

expressed in the river form". At timescales of 10 to 100 years, nonequilibrium rivers

seldom maintain an average pattern or morphology because the recurrence interval of

large floods is often less than the time necessary to restabilize the flood plain.

The nonequilibrium model has generally been applied to the entire Gila River

although it has only been demonstrated for the upper Gila River by Burkham (1972).

Grafs (1981) historical study of a segment of the lower Gila River below the mouth of

the Salt River does not indicate radical changes in channel width or transformations

between single and braided channel conditions. Instead there have been rapid changes

in the position of the main flow channel in response to large flood events. How the

middle Gila River responds to large floods has yet to be demonstrated and is one of the

goals of the present investigation. If it can be demonstrated that channel changes on the

middle Gila River are related to the frequency and/or magnitude of large floods, then the
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nonequilibrium model is appropriate for this reach of the Gila River. This is important

because only by demonstrating channel sensitivity to flooding can one model prehistoric

channel behavior based on the paleoflood record.
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CHAPTER 3: METHODS OF RECONSTRUCTION FLOOD REGIME

There are several approaches to reconstructing flood regime depending on the

timeframe of concern (Jarrett, 1990; Figure 4). Within the historical timeframe, archival

accounts provide records of floods and channel changes. Gaged records of streamflow

are most valuable but usually discontinuous and cover only limited periods of time. As

a result, other sources of archival information are utilized to gain information on

streamflow, floods, channel size, and flood-plain characteristics. These sources include

travel diaries, survey notes, maps, and photographs. Beyond the historical period, one

must rely on the stratigraphic evidence or on proxy records of streamflow (e.g., tree

rings). Alluvial stratigraphy is also inherently incomplete and often only records

relatively large floods, however large floods are usually of interest to geomorphologists

since these have the greatest impact on flood-plain morphology (Graf, 1983).

Admittedly, both historical and prehistorical methods have their limitations, but when

combined, the archival-stratigraphie approach can provide a reasonable chronology of

large floods and channel changes.

Historical Records

It has been demonstrated that considerable geohydrological information can be

gained from the archival record (Betancourt, 1990; Burkham, 1972; Cooke and Reeves,

1976; Hereford and Betancourt, 1993; Knox, 1984). For rivers lacking long records of

gaged streamflow or exposed flood-plain stratigraphy -- a characteristic of many larger

Southwestern rivers -- archival data constitute a primary source of information for

reconstructing floods and channel changes. Not surprisingly, the accuracy and detail
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provided by archival records vary. In a few instances, historical descriptions were

intentionally spurious (see Betancourt, 1990 for examples). However, more often

historical accounts were sincere, but affected by the personal biases of the recorder. For

example, an individual's experience with flooding would make a big difference with

how one described a flood. Those unfamiliar with desert streams may have described a

high frequency strearnflow event as "catastrophic".

Another possible source of error is that archival records, like stratigraphy, are

discontinuous. Geomorphologically important events may have been missed or simply

not recorded by early travelers whose interests lay elsewhere. Consequently, there is the

potential for archival records to be interpreted as recording trends in an actual random

process (Schumm, 1991). For example, a compilation of episodic descriptions of a

randomly changing channel may give the impression of a progressive change. In

general, floods were perceived as important, and in communities with newspapers, there

is a fairly continuous record of flooding. However, Arizona newspapers generally do

not begin until after 1860 and offer a limited time range for continuous flood records.

Yet another source of error is that historical descriptions can be misinterpreted by

the reader. This is especially true with cadastral survey notes that vary in their

thoroughness of channel descriptions. If surveyors only periodically note channel

depths for an entrenched reach, those channel transects that lack information on channel

depth might be interpreted as nonentrenched (Hereford and Betancourt, 1993). Hence,

one should be cautious in interpreting negative evidence in archival records.



27

Stratigraphic Evidence

In the past 15 years, there have been several geologic studies designed to

complement traditional engineering approaches in defining flood frequency and

magnitude (e.g., Kochel and Baker, 1988; House, 1991; Partridge and Baker, 1987;

Webb, 1985). These paleoflood studies use alluvial stratigraphy to identify discrete

flood events, and a combination of radiometric and artifactual data to date those events

(Baker, 1987). Flood frequency and magnitude can be reconstructed from bedrock-

confined segments of streams where assumptions of channel stability can be made. In

such reaches, discharge can be reconstructed from the height of the slackvvater deposits

through the use of a step-backwater model (O'Connor and Webb, 1988). In alluvial

rivers, channel boundaries are unstable, and hence only flood frequency can be

estimated from the stratigraphic record (Costa, 1978).

In order to reconstruct a flood chronology from alluvial terrace stratigraphy, one

must distinguish channel and overbank deposits and assume that the overbank deposits

are the product of infrequent flood flow, i.e., relatively large floods. Although

overbank deposits are generally finer textured, large floods can generate high, out-of-

channel, water velocities resulting in coarse textured overbank deposits that can be

mistaken for channelized flow (Costa, 1978). The best criterion for distinguishing

channel and overbank deposits is the three-dimensional geometry of the deposit.

Channel deposits have characteristic cut-and-fill geometries whereas overbank deposits

are tabular (Boggs, 1987; Brackenridge, 1988; Costa, 1978; Miall, 1985).
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The assumption that the overbank sediments are the result of flood flow is

predicated on the main channel being deep relative to the terrace tread such that only

during infrequent streamflow events do water levels exceed bank height and inundate the

adjacent terrace. The height of the channel banks depends on both the height of adjacent

vertical accretion deposits and the depth of the streambed, two parameters that change

through time (Nanson, 1986). The assumption that overbank flow is flood flow may be

invalid if the main channel has little depth and relatively minor, frequent streamflow

exceeds channel capacity and inundates adjacent terraces. Arguments for overbank

sediments representing flood deposits should be based on historical and modern

observations of flood-plain formation. If overbank sediments are distinguished from

channel deposits, and historic observations indicate that sedimentation on terrace treads

is the product of infrequent, large floods, then a flood chronology can be established by

delineating and dating temporally discrete flood deposits. Evidence for distinguishing

temporally discrete flood deposits include bedforms indicative of the upper to lower

flow regime transition, buried paleosols, organic detritus, lithological discontinuities,

mudcracks, and color changes (Baker, 1987:Table 4; Ely, 1992). These features may

be indicative of an erosional unconformity (e.g., lithological unconformity) or a

depositional hiatus (e.g., mudcracks and paleosols).

Most temporal information extracted from stratigraphy is derived through

radiocarbon analysis of occluded organic matter (Haynes, 1968). The benefits and

pitfalls of radiocarbon dating are many and well described in the geological and

archaeological literature (e.g., Dean, 1978; Schiffer, 1986; Taylor, 1987). Assuming

that experimental and systemic problems such as sample contamination and fluctuations

in the radiocarbon reservoir through time are accounted for, the greatest source of error
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in dating flood deposits is in relating the dated material to an associated flood event.

Different types of organic material may occur within and between flood deposits, and

the type of radiocarbon sample and its stratigraphie provenience can affect the

interpretation. For example, detrital charcoal and wood can be considerably older than

the surrounding deposits (Blong and Gillespie, 1978; Schiffer, 1986). More favorable

material for radiocarbon dating is flotsam of leaves, stems, and twigs of woody annuals

that often cap flood deposits, although Ely (1992) notes that even this type of material

may persist 20 years or more in arid environments and thus predate the associated flood

deposit. In older alluvium, this discrepancy may be insignificant. Organic paleosols,

hearths, and laterally continuous zones of charcoal separate temporally discrete flood

deposits and represent a minimum limiting age for the underlying deposit (Baker, 1987;

Costa, 1978; Ely, 1992). Because of the different types of organic matter and their

variable stratigraphic contexts, it is important to be specific in defining the provenience

and type of material being analyzed.

Dendrohydrology

A third method for reconstructing flood regime is dendrohydrology (Figure 4),

the study of tree rings and their relationships to runoff and streamflow (Bradley, 1985;

Stockton, 1975). The premise behind dendrohydrology is that tree growth and runoff

respond similarly to climate (Graybill, 1989). Runoff may be defined as annual or

seasonal discharge and can be statistically related to tree-ring width or density. Thus, a

tree-ring time series from a given watershed can be calibrated to a time series of annual

or seasonal runoff for a river within the watershed. Various statistical regression

models can then be used to reconstruct prehistoric annual or seasonal discharge.
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A limitation of this approach to reconstructing prehistoric flood regimes is that

the relationship between annual or seasonal discharge and flooding is poorly

understood. Years with above average annual discharge are more likely to have

experienced floods (Ackerly, 1989), but the magnitude or number of floods within a

given year is not defined. Likewise, the geomorphic significance of annual or seasonal

discharge is poorly understood. At best, dendrohydrological reconstructions can be

related to Schumm's (1977) qualitative model of river metamorphosis to infer general

flow regime and channel geometry. This approach was adopted by Nials and others

(1989) who reconstructed episodes of "bar braided" and "island braided" conditions for

the Salt River near Phoenix between A.D. 740-1370 based on Graybill's (1989)

dendrohydrological model. However, the exact geometric or stratigraphie and

sedimentological characteristics of these two fluvial regimes is not clear, and it is not

possible to test their model with geologic evidence.

As of yet, no dendrohydrological reconstructions have been performed for the

middle Gila River, although annual streamflow reconstructions are presently being

performed for the upper Gila River (Don Graybill, University of Arizona Tree-ring Lab,

1992, oral communication). Graybill's (1989) tree-ring reconstructions of annual

streamflow (A.D. 740-1370 and 1800-1979) for the Salt and Verde Rivers may provide

some insight into prehistoric and historical middle Gila River streamflow. Graybill

(1989:38) believes that the "Salt River reconstruction can also serve as a rough

approximation of streamflow for the Gila River for the same period." A comparison of

historical Salt and Verde streamflow with that of the upper Gila River near Clifton

indicates a correlation of 0.86. This is unsurprising given that the upper Gila River and
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the Salt and Verde Rivers have similar high elevation watersheds (e.g., Mogollon Rim

and Mountains). In contrast, the middle Gila River is only partly supplied by high

elevation watersheds. A large part of middle Gila River watershed is in relatively low

elevation watersheds farther south, e.g., San Simon and San Pedro drainage basins

(Figure 1). These lower elevation rivers have flood frequency distributions with

seasonal peaks that contrast significantly with those of the Salt, Verde, San Francisco,

and upper Gila River (Hirschboek, 1985). Thus, I prefer to stress Graybill's term

"rough approximation" when correlating the Salt River annual streamflow

reconstructions to the middle Gila River. Nonetheless, the Salt and Verde prehistoric

streamflow reconstructions can serve as an independent check for flood reconstructions

based on middle Gila River stratigraphy.
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CHAPTER 4: PHYSICAL SETTING

Location

The project area is a 70 km segment of the middle Gila River extending from the

Ashurst-Hayden Diversion Dam to Pima Butte (Figure 5; Table 2). Nearby communities

include Florence, Coolidge, and Sacaton (Figure 2). Downstream from Coolidge, the

study area is located within the Gila River Indian Community. The study reach contains

only one large tributary, McClellan Wash, the primary drainage for the Picacho Basin to

the south. All other tributaries to the middle Gila River within the project area drain

areas less than 250 km2 . The Ashurst-Hayden Diversion Dam approximately marks

where the middle Gila River exits the Mexican Highlands subprovince and enters the

Sonoran Desert subprovince of the Basin and Range physiographic province. Another,

more local physiographic term for the study area is the Phoenix Basin (Péwé, 1978)

which includes a series of topographic and structural basin surrounding the greater

Phoenix metropolitan area. Flood-plain altitudes range from 476 m above mean sea

level (a.s.1.) at the diversion dam to 339 m a.s.l. at Pima Butte. The middle Gila River

flows generally westward with a slight bend to the south near Coolidge.

Climate and Vegetation

The climate of the project area is arid and thermic (Bull, 1991). July maximum

temperatures at Sacaton average 41° C; January minimum temperatures at Sacaton

average 1 C 1 . There is a slight moisture gradient from west to east; mean annual rainfall

1 Averages at Sacaton based on the period 1951-1981 (Camp, 1986).
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Figure 5f. Study reach of the middle Gila River (Snaketown to Pima Butte segment).



Table 2. Site locations referenced in study (see Figure 5).

1.Ashurst-Hayden Diversion Dam
2. Cross-section 1
3. Cross-section 2
4. Cross-section 3
5. Cross-section 4
6. U.S. Highway 89 Bridge
7. Old Florence Bridge (see Figure 11)
8. Cross-section 5
9. Cross-section 6
10. Cross-section 7
11. Trench 9
12. Trench 8
13. Trench 7
14. Trench 10
15. Cross-section 8
16. Trench 6
17. Cross-section 9
18. Cross-section 10
19. Cross-section 11
20. Trench lb
21. Cross-section 12
22. Gravel Quarry 1
23. Cross-section 13
24. Trench 2b
25. Gravel Quarry 2
26. Olberg (see Figure 13)
27. Cross-section 14
28. Trench 3b
29. Gravel Quarry 3
30. Cross-section 15
31. Cross-section 16
32. Gravel Quarry 4
33. Trenches 4a and 4b (see Figure 6)
34. Trench 5b
35. Cross-section 17
36. Cross-section 18
37. Cross-section 19
38. Cross-section 20
39. Historic Phoenix-Maricopa Railroad bridge.

3 9
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ranges from 19 cm at Maricopa to 21 cm at Sacaton and 24 cm at Florence (Sellers and

Hill, 1974). Rainfall is biseasonal with peaks in winter and summer. Winter

(December to March) rainfall is derived primarily from cold fronts derived from the

northern Pacific Ocean. Summer rainfall (July to early September) is usually produced

from convection of unstable, moist air derived from the gulfs of Mexico and California.

Occasionally, late summer or early fall tropical storms from the eastern mid-Pacific are

steered over Arizona and may contribute considerable rainfall to the region (Hirschboek,

1985; Smith, 1986). Overall climate has probably not changed significantly during the

late-Holocene (Shafer, 1989), although the relative contributions of seasonal

precipitation have probably fluctuated with time (Webb and Betancourt, 1992).

Vegetation within the middle Gila River area is classified as Sonoran Desert

Scrub (Turner and Brown, 1982). The Sonoran desert scrub biome is subdivided into

several zones including the Lower Colorado River Valley and Arizona Upland zones.

The easternmost part of the project area (east of Florence) is in the Arizona Upland zone;

the rest of the area is in the Lower Colorado River Valley zone. Outside the middle Gila

River flood plain vegetation is characterized by creosote (Larea), bursage (Franseria),

palo verde (Cercidium), ironwood (Olneya), saguaro (Cereus), and cholla (Opuntia).

An exception is near Pima Butte and Snaketown where areas outside the flood plain are

dominated by saltbush (Atriplex). Before cultivation and upstream water diversion,

much of the middle Gila River flood plain contained an extensive riparian community

with large groves of mesquite (Prosopsis), cottonwood (Populus), and willow (Salix).

Today, the middle Gila River riparian communities are only a fraction of their original

size (Rea, 1983), and have been modified by the introduction of tamarisk (Tamarix).

Tamarisk is an exotic introduced to the Southwest at the end of the 19th century (Graf,



4 1

1978); it is now the dominant plant species along the middle Gila River and plays an

important role in sedimentation along the channel (Haschenburger, 1988b).

PreQuaternary Geology

The structural basins comprising the Phoenix Basin formed during the Basin and

Range disturbance approximately 8-15 Ma2 (Shafiqullah and others, 1980). During this

period, drainage was regionally internal but integrated between individual structural

basins as evidenced by thousands of meters of basin alluvium and evaporites

(Scarborough and Peirce, 1978). Along the middle Gila River, however, bedrock is

commonly at or near the surface. Several small normal-fault block mountains border the

middle Gila River including the Sacaton Mountains and isolated protrusions such as

Gila, Poston, and Pima buttes (Figure 5). Most of these mountains are composed of

Precambrian and Laramide crystalline rock, although middle- to late-Tertiary volcanics

are also present (Balla, 1972; Reynolds, 1988). The youngest K-Ar date in the project

area is from a dike in Poston Butte that dates 5.86+.14 Ma (Reynolds and others,

1986). Pedimentation in the Sacaton Mountains (Bryan, 1925) indicates relative tectonic

stability since the Pliocene.

As the late Tertiary basins began to fill with material shed from adjacent

mountains, drainage became more integrated and through-flowing. Potassium-argon

dates from volcanics associated with Gila River alluvium indicate that the Gila River

became established approximately 3 to 5 Ma (Shafiqullah and others, 1980). The oldest

2 1 My = One million years, 1 Ma = 1 My ago; 1 ky = one thousand years, 1 ka = 1 ky ago (North
American Commission on Stratigraphie Nomenclature, 1983).
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surficial deposits in the project area indicate that the middle Gila River was established in

this part of the Phoenix Basin by latest Pliocene time (Huckleberry, 1993).

Quaternary Geology

The Quaternary is a period of overall aggradation along the middle Gila River

punctuated by episodes of stream incision. Surficial geological mapping (Huckleberry,

1993, 1992a) has resulted in the delineation of nine distinct middle Gila River landforms

(Table 3). A tripartite system of classification based on relative age is used to

distinguish the surfaces (Y - young, M - middle or intermediate age, and 0 - old; Table

3). Relative age estimates are based on topographic and weathering characteristics (see

Bull, 1991:51-85 for specific criteria). There are four Pleistocene terraces in the vicinity

of Florence (Figure 6a) that are mapped as 0, Ml, M2, and M3 and given the informal

names of the Target, Florence, Bogart, and Stiles terraces (Huckleberry, 1993). These

terraces converge downstream near Coolidge into one Pleistocene terrace (M) that grades

into the regional basin floor (Figure 6b). The Holocene flood plain of the middle Gila

River is composed of four surfaces: Y 1, Y2/Y1, Y2', and Y2. Y2 is the modern middle

Gila River channel; Y2' is a branch channel near the community of Blackwater referred

to as the Little Gila River (Figure 5c). Y1 is the main Holocene terrace that extends

throughout the project area; it is informally named the Adamsville Terrace. Below the

Adamsville Terrace is a low, discontinuous terrace that is mapped as Y2/Y1. Numerical

age estimates for these terraces (Table 3) are based on correlating topographic and

pedologic characteristics to geologic surfaces in other areas that have radiometric age

estimates [e.g., lower Colorado River Valley (Bull, 1991) and the middle Rio Grande

Valley (Gile and others, 1981)].
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Holocene Flood Plain

(b)

Figure 6. Schematic cross-section of middle Gila River terraces near Florence (a)
and near Sacaton (b).
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In the eastern part of the project area the most extensive terraces are the Target

(0), Florence (M1), and Adamsville (Y1) terraces. In the western part of the project

area, only the M and Adamsville terraces are extensive in area. I interpret these terraces

to be climatic in origin. Specifically, the Gila River incised its flood plain and produced

the terraces during a glacial to interglacial climate shift when sediment production within

the watershed was reduced (Melton, 1965). That there are only four climatic terraces

and at least 10 glacial-interglacial cycles witnessed during the Quaternary (Bradley,

1985) suggests that other climatic terraces are buried. The other middle Gila River

terraces that are smaller and more discontinuous (i.e., Bogart, Stiles, and Y2/Y1) may

be the product of internal adjustments within the fluvial system without any climatic

perturbation, i.e., they are probably complex response terraces (Schumm, 1973).

Although climate change and complex response are the favored causal

mechanisms for terrace formation along the middle Gila River, the fact that Pleistocene

terraces in the eastern part of the project area converge downstream suggest that there

has been some crustal movement during the Quaternary. This downstream-converging

stream terrace sequence is seen elsewhere near the margins of the Phoenix Basin along

the Salt, Verde, and Agua Fria rivers (Menges and Pearthree, 1989; Morrison, 1985;

Péwé, 1978). Péwé (1978) first proposed that the converging terraces record some type

of Quaternary tectonism whereby the Phoenix Basin lowered or the mountains to the

north and east rose, or perhaps both. However, a paucity of neotectonic features in the

area, the presence of pediments, and the overall undeformed nature of the terrace treads

suggest that if there is Quaternary tectonism, it is not in the form of reactivated, high

angle, Basin and Range-type normal faults. Although converging terrace treads have

been related to climate change (Bull, 1991:208), the scale of terrace convergence
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strongly suggests that the margins of the Phoenix Basin have been tilted westward,

perhaps as a result of isostatic rebound in response to denudational unloading (Bishop

and Brown, 1992) in the Central Highlands and Mexican Highlands subprovinces

(Menges and Pearthree, 1989; Shafiquallah and others, 1980).

Of interest in this study is the Holocene flood plain of the middle Gila River,

primarily the Adamsville and Y2/Y1 terraces and the middle Gila River channel (Y2). In

Figure 7, a photograph of the Trench 4 locality (Figure 5; Table 2) provides a partial

view of the Holocene flood plain and these surfaces. The Y2 surface is distinguished by

tall grasses whereas the Y2/Y1 terrace is sparsely vegetated and lighter in color. The

Adamsville Terrace is in the background.

Hydrology

The headwaters of the Gila River system extend into west-central New Mexico

in the Mogollon Mountain area and into far northern Sonora, Mexico (Figure 1). Of the

150,000 km2 comprising the Gila River drainage basin, 47,400 km2 lies above

Ashurst-Hayden Dam with 33,390 km2 located above Coolidge Dam and most of the

remaining 14,010 lun2 located within the San Pedro River system. There are no pristine

records of annual streamflow for the middle Gila River. By the time gaging stations

were established, water was already being diverted for irrigation. Annual streamflow of

the middle Gila River measured at the Ashurst-Hayden Diversion Dam between 1889

and 1899 averaged 5.79 x 108 m3 (4.69 x 105 acre-feet) (Lippincott, 1900). With the

construction of Coolidge Dam in 1928, streamflow from approximately three-fourths of

the watershed above the middle Gila River became regulated. The San Pedro River is



47



4 8

now the primary source of unregulated streamflow for the middle Gila River. Today the

middle Gila River is usually dry with all upstream flow being diverted into the Florence-

Casa Grande Canal at the Ashurst-Hayden Diversion Dam (Figure 5a; Table 2).

The timing and magnitude of streamflow generated upstream from the middle

Gila River varies seasonally between different tributaries (Hirschboek, 1985). This is

linked to physiographic differences within the Gila River watershed and the spatially

variable contributions of summer monsoonal and winter frontal precipitation. The

northern and easternmost part of the Gila River watershed in New Mexico includes

altitudes higher than 2,000 m that receive considerable snowmelt in the spring. In

contrast, the southernmost parts of the watershed including the San Simon and San

Pedro rivers contain less area above 2,000 m a.s.1., and snow melt represents a small

fraction of the annual streamflow. The Gila River watershed also transects a climatic

transition zone where the southern and easternmost areas are dominated by warm season

rains (Sellers and Hill, 1974). Areas farther north receive greater winter precipitation

resulting in a more distinct, bimodal annual rainfall distribution. The ramifications of

this hydroclimatology is that the middle Gila River historically experienced two periods

of increased discharge. One was in winter and the other in late summer and early fall. In

between were periods of greatly reduced discharge. Even before anglo irrigation in the

Safford Valley began diverting Gila River water, it was common for middle Gila River

streamflow to be intermittent in places during May, June, and October (Rea, 1983;

Southworth, 1919).

Because there are no gaging stations on this segment of the middle Gila River, it

is difficult to assess sediment load during the infrequent periods of streamflow.
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However, anecdotal evidence indicates that historically the middle Gila River was

renowned for its high suspended load. During the late 1890's, the U.S. Government

initiated a series of studies to find a feasible site for a water-storage dam on the Gila

River. Joseph Lippincott, a geologist with the U.S. Geological Survey commented "No

other stream is known in America which carries such large volumes of debris"

(1900:40). Water samples collected between North and South Buttes (Figure 2)

discontinuously between 1889-1899 indicated that the suspended load content was 1.5-

4.0 percent by weight; "mud" content by volume averaged 10 percent (Lippincott,

1900). By far the maximum sediment loads occurred during summer and early fall

floods. It should be noted that these readings may be higher than normal given the

drought of the late 1890's, heavy grazing pressures, and upstream arroyos (Forbes,

1911, 1902; Hastings and Turner, 1965). Nonetheless, it is clear that historically the

middle Gila River contained relatively high sediment loads. For comparison, water

samples collected from the Salt River near Mesa in 1899 and 1900 indicated that the

suspended load content never exceeded 1.0 percent by weight even during the highest

flood stages (Forbes, 1902).

Flood-plain and Channel Characteristics

The middle Gila River is confined by bedrock upstream from the Ashurst-

Hayden Diversion Dam. Downstream from the dam, the river begins to flow over deep

basin alluvium where it has the ability to shift laterally and adjust its channel geometry in

response to changing discharge and sediment load. The flood plain varies in width from

approximately 200 m at the diversion dam to over 3 km near the historic site of

Adamsville and near Snaketown (Figures 5b and 5e). Before the floods of January



5 0

1993, the middle Gila River was characterized by a large channel that supported flood

flow and a single, straight to slightly meandering low flow channel (Figure 7). In 1991

and 1992, I surveyed 20 cross-sections of the low-flow channel at selected locations

with a Soklda Set4b Electronic Station (see Figure 5, Table 2 for site locations).

Upstream from Florence both the low-flow and flood channels had a braided stream

pattern and a high width/depth ratio. Downstream from the Southern Pacific Railroad

(Figure Sc), the low-flow channel had characteristics of a meandering stream whereas

the large flood channel maintained a braided form.

The cross-sectional area of the low flow channel decreased downstream (Figure

8a) as a result of seepage losses and lack of major tributary streams. Downstream

irregularities in cross-sectional area were most prominent near Florence and related to

the discontinuous distribution of the Y2/Y1 terrace, channelization for flood control, and

the October, 1983 flood (Roeske and others, 1989). Downstream from the Southern

Pacific Railroad, the decrease in cross-sectional area was more uniform.

Concomitant with the general downstream decrease in cross-sectional area of the

middle Gila River's low flow channel was a decrease in the width/depth ratio (Figure

8b). This pattern is related to the downstream decrease in the mean alluvial particle size

in the bed of the channel (Leopold and Maddock, 1953; Schumm, 1977), again the

product of decreasing downstream discharge and stream competence. The downstream

reduction in width/depth ratio was greatest in the Florence area and more moderate

within the Gila River Indian Community.
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Figure 8. Downstream changes in cross-sectional area (a) and width/depth ratio (b) of
the low flow channel.
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Based on U.S. Geological Survey quadrangles, the modern gradient of the

middle Gila River low-flow channel from the diversion dam to Pima Butte averaged

0.0019. The mean gradient was larger (0.0024) between the diversion dam and the

Southern Pacific Railroad than segments between the railroad and Sacaton (0.0016) and

between Sacaton and Pima Butte (0.0014). The greater gradient near Florence may have

been linked to human channelization of the low-flow channel. The average sinuosity of

the low-flow channel between the diversion dam and Pima Butte was 1.15. Low-flow

channel sinuosity increased from 1.09 between the diversion dam and the Southern

Pacific Railroad to 1.20 within the Gila River Indian Community. Again, channelization

may have modified the natural sinuosity near Florence, but increased sinuosity in the

western part of the project area was probably related to decreasing sediment load

(Schumm, 1977) and increased influence of tamarisk growth on sedimentation

(Haschenburger, 1988).

In January 1993 a period of sustained flood flow on the middle Gila River

resulted in the modification of the flood plain. Segments of the low-flow channel have

been replaced by a wide, braided channel (see CHAPTER 5: HISTORICAL

DESCRIPTIONS OF CHANNEL AND FLOODS). These new channel dimensions

have yet to be systematically measured.

Stratigraphy and Seditnentology

The middle Gila River is not entrenched and thus contains few natural

stratigraphic exposures. As a result, there is little known about the nature and age of the

flood-plain deposits. Probicidean remains from a gravel quarry near Sacaton (Kevin
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Moodie, Department of Geosciences, 1992, oral communication) indicate that at some

depth below the Adamsville (Y1) Terrace the gravels are Pleistocene in age. Almost all

significant exposures of stratigraphy are provided by mechanical excavations for

gravels. Because gravel quarries are strategically located in areas of high energy

deposits, associated sediments may not be representative of all flood-plain stratigraphy.

Flood-plain sediments are heterogeneous consisting of higher energy channel and lower

energy overbank sediments. In order to characterize middle Gila River flood-plain

stratigraphy, I supplemented gravel quarry exposures by placing 12 geological backhoe

trenches on the Adamsville (Y1), Y2/Y1, and Y2 surfaces (Figure 5; Tables 2 and 4).

The trenches were approximately 2.0 m in depth and provided a means of analyzing and

sampling near surface sediments.

In describing middle Gila River alluvium, I use the lithofacies terminology of

Miall (1985, 1978; Table 5). This system is based on the dominant grain size of the

alluvium (G, S, and F for gravels, sand, and fines, respectively) and associated

bedforms. In addition, I group all deposits into two general categories: channel bed

deposits and overbank deposits (see Brackenridge, 1988). Channel bed deposits are the

higher energy sediments associated with streamflow in the main channel. Because

channel position changes laterally, channel bed deposits are also referred to as lateral

accretion deposits. Overbank deposits are the relatively lower energy deposits

associated with sedimentation during overbank flooding. These sediments are also

referred to as vertical accretion deposits. Vertical accretion deposits are laterally

extensive and enable stratigraphic tracing and correlation.
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Table 5. Lithofacies classification, adapted from Miall, 1978.

Facies	 Lithofacies	 Bedforms
	

Interpretation
code
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Gm	 massive or
crudely bedded

gravel

Gp	 gravel, stratified

St	 sand, medium to
very coarse, may

be pebbly

Sp	 sand, medium to
very coarse, may

be pebbly

Sh	 sand, very fine to
very coarse, may

be pebbly

SI
	

sand, fine

Ss	 sand, fine to
coarse, may

be pebbly

Sm	 sand, fine to
medium

Fl
	

sand, silt, mud

Fm

horizontal bedding,
imbrication

planar crossbeds

solitary or grouped
trough crossbeds

solitary or grouped
planar crossbeds

horizontal lamination,
parting or streaming

lineation

low angle (<10 degrees)
crossbeds

broad, shallow scours
including eta cross-

stratification

massive to weak
horizontal laminae

fine lamination,
very small ripples

longitudinal bars,
lag deposits,

sieve deposits

linguoid bars or
deltaic growths from
older bar remnants

dunes (lower flow
regime)

linguoid, transverse
bars, sand waves

(lower flow regime)

planar bed flow
(lower and upper

flow regime)

scour fills, crevasse
splays, antidunes

scour fills

planar bed flow
(lower & upper
flow regime),

bioturbated

overbank or waning
flood deposits

overbank or drape
deposits, bioturbated

mud, silt	 massive, dessication
cracks



Table 6. Sedimentary units exposed in backhoe trenches.

Trend2 Stratigraphie Field Description Lithofacies
Unit

la 1 loamy fine sand; canal berm and alopewash
2 very fine sand to loamy fine sand; no internal bedding Sm
3 silty day; weak thin lamina Fl
4 very fine sand; no internal bedding Sm
5 silty loam; no internal bedding Fm

lb 1 very fine sand; no internal bedding Sm
2 fine loamy sand; no internal bedding Sm
3 sandy clay loam; common white mottles; no internal bedding Sm
4 silty loam; few white mottles; no internal bedding Sm
5 fine loamy sand; few white mottles; no internal bedding Sm

2b 1 silty loam with silty clay lamina H
2 fine to medium sands with common gravel lenses; trough

cross-bedding
St

3b 1 very fine sand; weak thin lamina Sb
2 medium sand; no internal bedding Sm
3 very fine and medium sand; trough cross-bedding St

4b 1 very fine sand and silty loam Fm
2 fine loamy sand; no internal bedding Sm
3 Silty loam; no internal bedding Fm
4 fine to medium sand with faint silty fine lamina; trough

cross-bedding
St

4c 1 silty loam and silty clay loam; few sand lenses Fm
2 silty loam; no internal bedding Fm
3 fine to medium sand; no internal bedding Sm

5b 1 silty loam; no internal bedding Fm
2 organic silty clay with silty thin lamina Fl
3 very fine loamy sand; no internal bedding Sm
4 organic clay; angular blocky structure Fm
5 silty loam and silty clay; few lenses of fine sand;

no internal bedding
Fm

6 medium sand; no internal bedding Sm

6 1 organic silty clay; mixed Fm
2 very fine sandy loam; no internal bedding; mixed Fm
3 very fine sand; no internal bedding Sm
4 very fine sandy loam; no internal bedding Fm
5 silty clay; no internal bedding; 5 mm CO3 nodules Fm
6 very fine sand to fine sand; horizontal thin lamina Sh
7 silty clay loam; no internal bedding Fm
8 very fine sandy loam; no internal bedding Fm
9 very fine sandy loam; no internal bedding; 5 mm CO3 nodules Fm
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Table 6-continued. Sedimentary units exposed in backhoe trenches.

Trench Stratigraphie Field Description Lithofacies
Unit

7 1 very fine sandy loam; no internal bedding mixed Fm
2 very fine sand; no internal bedding Sm
3 silty clay loom; no internal bedding Fm
4 very fine sandy loam; no internal bedding Fm
5 very fine sand; no internal bedding 5 mm CO3 nodules Sm
6 very fine sandy loam; no internal bedding Fm

7 fine sand; no internal bedding Sm
8 very fine sandy loam; no internal bedding Fm
9 very fine sand; no internal bedding Sm

10 fine sand; no internal bedding Sm

8 1 silty clay loam; no internal bedding mixed Fm
2 very fine sany loam; horizontal thin lamina Fl
3 very fine sand; no internal bedding Sm
4 fine sand; no internal bedding Sm

5 coarse sand; no internal bedding Sm
6 very fine sandy loam; no internal bedding Fm

7 very fine sand; no intentai bedding Sm
8 coarse sand and gravel; weak horizontal thin lamina Gm

9 1 very fine sandy loam; no internal bedding; mixed Fm
2 very fine sand; horizontal planar thin lamina Sh
3 fine sand; horizontal planar thin lamina Sit
4 silty clay; no internal bedding Fm
5 very fine sand; no internal bedding Sm
6 very fine sand; no internal bedding Sm
7 coarse sand and gravel; no internal bedding Gm
8 medium sand; few gravel lenses; trough cross-bedded

thin lamina
St

9 coarse sand and gravel; no internal bedding Gm

10 1 very fine sand; trough cross-bedded and horizontal thin lamina Si
2 silty clay and silt; discontinuous horizontal thick lamina; mixed Fl
3 very fine sand; no internal bedding Sm
4 silty clay loam; no internal bedding Fm

5 very fine sandy loam; no internal bedding Sm
6 silty clay and fine sand; no internal bedding; mixed Fro/Sm
7 fine sand; no internal bedding Sm

8 very fine sand; no internal bedding Sm
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Middle Gila River channel deposits consist of cobbles, gravels, and sands

(Figure 9). Cobbly and gravelly units tend to be poorly sorted with slightly imbricated

clasts (Gm). Associated with these deposits are cobbles and gravels with planar cross

beds (Gp). Middle Gila River cobbles in the Adamsville and Y2/Y1 terraces are

generally <20 cm in diameter with a field-estimated median diameter of approximately 4

cm. These sediments are commonly cemented by calcium carbonate and contain iron

and manganese oxyhydroxyoxides where located > 3 m below the surface. Intercalated

with the cobbles and gravels are coarse to medium sandy sediments, sometimes

containing gravel lenses. A variety of lithofacies with preserved bedforms exist

including low angle cross-bedded sands (S1), planar cross-bedded sands (Sp), and

horizontally bedded sands (Sh). Gravels may be present in all three of these sandy

lithofacies but constitute a minor fraction of the stratigraphy. In places, concave-up, cut

and fill structures are preserved.

Overbank stratigraphy (Figure 10; Table 6) generally contains sediments with

textures ranging from medium sand to clay, although thin lenses of gravels are common

in places. The sandy units may contain weak horizontal bedding (Sh) or low angle to

normal trough cross beds (S1 and St, respectively). However, it is more common for

the sandy deposits on the Adamsville Terrace to lack primary bedforms due to

bioturbation. I refer to these latter, massive sandy deposits as the Sm lithofacies. All of

the sandy overbank deposits probably represent sand sheets or crevasse splays

deposited on the low terraces during or after peak discharge. The finer textured bank-

overbank deposits contain massive (Fm) to finely laminated (FI) fine sands, silts, and

clays. These represent the lower energy backwater areas during flooding or areas closer

to the channel during the waning stages of flooding. Bioturbation is common and clearly
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Figure 10. Middle Gila River overbank stratigraphy exposed in backhoe trenches (see
Figure 5 and Table 2 for locations).
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expressed in the form of insect and worm burrows and overall disrupted lamina. The

clayey deposits are commonly carbonaceous and reflect formerly marshy areas on the

Adamsville Terrace.

Overall, there is a repeated pattern of associated middle Gila River lithofacies.

The predominant lithofacies at depth are Gm and Gp representing gravel bars, and

intercalated within these deposits are SI and Sp lithofacies representing lower energy,

lateral accretion deposits within the channel environment. Although difficult to discern

with limited stratigraphic exposures, the morphology of these deposits is likely wedge-

or lobe-like (Miall, 1985). Near surface deposits are dominated by overbank deposits

containing Sh, Sl, Sm, Fi, and Fm lithofacies. These sediments form by vertical

accretion outside the main channel (Brackenridge, 1988). Thus middle Gila River

flood-plain formation entails simultaneous lateral and vertical accretion. As the main

channel sweeps laterally, various channel bars migrate as bank deposits are undercut.

Lateral movement may be sudden as in the form of channel avulsion during floods with

critically erosive discharges (Graf, 1983). During flooding, streamflow overtops the

natural levee and inundates adjacent terraces. Increased hydraulic roughness on the

terraces reduces stream power outside the channel causing the sediments to settle.

Eventually, lateral sweeping of the main channel destroys the overbank stratigraphy

(Schumm and Lichty, 1963). Thus, at timescales of 10,000 years, lateral accretion

deposits predominate and vertical accretion deposits are seldom preserved. However, at

timescales of 1,000 years, overbank deposits are stable and cover much of the flood

plain. There are few erosional unconformities in the overbank sequence since the

deposits are relatively cohesive, and erosion is mostly accomplished by lateral
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movement of the channel. The overbank deposits are the focus of this study for they

provide an opportunity to distinguish and date paleofloods on the middle Gila River.
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CHAPTER 5: HISTORICAL DESCRIPTIONS OF CHANNELS AND FLOODS

The Gila River has an extensive cultural history that makes it one of the earliest

described rivers in the Southwest. The first non-Native Americans to see the Gila River

were possibly two friars named Juan de la Asuncion and Pedro Nadal in 1538 (Coues in

Garces, 1900:136). The upper Gila River was crossed the next year by the Marcos de

Niza expedition in 1539. The earliest middle Gila River descriptions are found in the

journals of Spanish missionaries who visited the Pima and Maricopa Indians living

along what was then the northern boundary of the Pimeria Alta. Jesuit Eusibio Kino

was the first to record descriptions of the middle Gila River in 1697 (Rea, 1983: 17). In

addition to the Spanish, the Pima provide insight into middle Gila River streamflow

before Anglo settlements in the 1800's by recording two catastrophic floods (Russell,

1908). More quantitative descriptions of the middle Gila River begin with the first

cadastral surveys in 1868. Field notes made by survey crews provide information

regarding riparian vegetation and channel width, but give little information regarding

channel depth. Topographic maps of the region produced by the U.S. Geological

Survey begin in 1900. Systematic aerial photography of the middle Gila River begins in

1936. Despite the discontinuous nature of middle Gila River channel descriptions, the

archival record does provide important glimpses into almost 300 years of middle Gila

River channel characteristics and 160 years of flood history.

In compiling this historical overview, I have relied heavily on Amadeo Rea's

(1983) chronology of ecological changes along the middle Gila River, and Burkham's

(1970) and Dobyn's (1981) flood chronology for the Gila River. I investigated the
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original documents referenced in these compilations in order to glean further descriptive

information on the middle Gila River channel. I have also included some historical

accounts of floods and channel changes on the San Pedro River presented by Hereford

and Betancourt (1993) since erosion in this part of the watershed would have affected

the middle Gila River. I divide the middle Gila River archival record into two periods.

The first period, 1697-1867, summarizes descriptions of the middle Gila River made by

Catholic missionaries, Pima, U.S. Cavalry, and subsequent individuals who passed

through here on their way to California. The second period, 1868-present, represents

the period of direct channel measurements as recorded by survey notes, maps, and aerial

photographs. During this second period, I reconstruct middle Gila River changes in

channel width through time in a fashion similar to that of Burkham's (1972) study of the

upper Gila River. The following overview of historical channel descriptions and floods

does not pretend to be an exhaustive archival review of the middle Gila River. It is

however sufficient for providing a historical framework of middle Gila River floods and

channel changes and is a step towards understanding the relationships between the two.

Early Channel and Flood Descriptions: 1697-1867 

Between 1539 and 1823, the middle Gila River was part of New Spain. During

this period, Jesuit and Franciscan missionaries traveled north to the Pima and Maricopa

settlements located along the middle Gila River downstream from the Casa Grande

Ruins. The Pima Villages were located near the present communities of Blackwater,

Sacaton, Sweetwater, and Bapchule (DoeIle, 1981). Jesuit Eusibio Kino visited the

Pima Villages several times between 1694 and 1699, and although he was more
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interested in the Pima than the physical characteristics of the middle Gila River, he did

comment on the large cottonwood trees (Populus) lining the banks of the channel (Kino,

1919). In November, 1697, Kino led an expedition north along the San Pedro River to

the Gila River and then downstream to the Pima Villages. Accompanying Kino was

Captain Juan Manje who described the Gila River downstream from the San Pedro

River as "...lined with shady cottonwoods..." and large enough "...that it is navigable

by boat." (Burrus, 1971:206). Manje also noted that a prehistoric canal near Casa

Grande was approximately 8.5 m wide and 3.4 m deep and that it could divert

"...perhaps one half of the river's volume." (Burrus, 1971:206).

Two other Jesuits priests that visited the Pima Villages were Jacobo Sedelmayr

and Ignaz Pfeffercorn. In 1744 Sedelmayr noted that the middle Gila River runs

entirely underground in hot weather (Sedelmayr, 1955:23; also in Rea 1983:17). In

1763 Pfeffercorn (1949:28-29) noted that the Pima's fields were easily irrigated by

canals (also in Rea, 1983:18). These two accounts indicate that segments of the middle

Gila River were intermittent during the drier parts of the year and that the middle Gila

River channel was generally unentrenched allowing for streamflow to be diverted from

the mainstem for agriculture.

In 1767 the Jesuits were expelled from the New World and replaced by

Franciscan missionaries. One of the more well-traveled Franciscan missionaries was

Father Francisco Garces (1900) who visited the Pima Villages between 1768 and 1775

and noted the presence of cottonwood, willows, and mesquite along the banks of the

middle Gila River (also in Rea, 1983:19). Franciscan Pedro Font (1930:49) passed

through the Pima Villages in November, 1775 as part of the De Anza Expedition to
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California and noted that the middle Gila River "carries so little water that when an

Indian waded in and crossed it, the water only reached half way up his legs." and "...the

river was so low the water could not enter the ditches." (also in Rea, 1983:20). In 1797

Franciscan Diego Bringas (1972:90-91) describes riparian vegetation lining the banks of

the middle Gila River and noted that the Piman fields are inundated during the flood

season. He also noted that water could be easily conducted anywhere for farming.

These accounts suggest that the main flow channel of the middle Gila River had steep

banks, and that water levels would alternately exceed bank height and lie below canal

intakes throughout the year. Although banks were steep, the fact that canals functioned

seasonally implies that the channel was not significantly entrenched.

There was little Hispanic activity in the northern Pimeria Alta during the fmal

years of Spanish rule (Rea, 1983) or during the subsequent Mexican Period (1823-

1848). However, the Pima provide information on a catastrophic flood in 1833. They

recorded this event with a calendar stick, a piece of wood that was notched with cryptic

symbols marking important events between 1833 and 1903. The symbols served as a

memory device for the owner of the stick whose narrative was documented by

ethnographer Frank Russell (1908). According to the Pima, the flood of 1833 occurred

during the winter and extended from Gila Butte to the village of Casa Blanca, a width of

almost 5 km (Dobyns, 1981; Hoover, 1929; Figure 11). Such a flood extends across

the entire Holocene flood plain of the middle Gila River. Based on slope-area

calculations and conservative hydraulic assumptions, a minimum discharge of 3,100

cubic meters per second (cms) would have been necessary to cover such an area

(Huckleberry, 1992b).
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Except for the exploits of trapper James Ohio Pattie (1833) whose accounts are

of dubious veracity, the earliest Anglo reports of the middle Gila River after the Spanish

begin with the Mexican-American War (1846-1848). In October and November, 1846,

the military expedition of Colonel Stephen W. Kearny traveled down the Gila River

from New Mexico to the Pima Villages and beyond to California. Accompanying

Kearny were several men including Lieutenant Colonel William H. Emory (1848),

Captain Abraham R. Johnston (1848), and Henry S. Turner (1966) who maintained

journals describing the physical characteristics of the Gila River. Most of their

descriptions were of reaches of the Gila River upstream from the project area, although

on November 11, 1846, Emory (1848:85) noted that a segment of the middle Gila River

near Pima Butte was dry and that all of the water was being diverted by upstream Piman

canals (also in Rea, 1983:22).

In 1849, the California Gold Rush initiated a new chapter in the history of the

middle Gila River region as the Gila River became a major travel route for those seeking

fortune out west. The Overland Stage Route from El Paso to California passed through

the Pima Villages and followed the middle Gila River on the south side (Southworth,

1919). John Durivage (1937:217) provided the first explicit descriptions of channel

width when he noted in June, 1849, that the middle Gila River at the Pima Villages was

"...narrow, not more than 100 yards and flows at the rate of six miles an hour [2.7 m/s]

(also in Rea, 1983:23). In the vicinity of Casa Grande on August 22, 1849, George

Evans (1945:152-153) noted that the middle Gila River was "...a deep, narrow, and

rapid stream of warm, muddy water.. .with banks covered with a dense growth of wild

willow and weeds, tall cottonwoods, and the low willow tree..." (also in Rea 1983:23).

Robert Eccleston (1950:207) described the middle Gila River at the Pima Villages on
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November 18, 1849 as "...a swift stream about 40 feet (12.2 m) wide." (also in Rea,

1983:24).

Between the end of the Mexican-American War in 1848 and the Gadsen

Purchase in 1853, the middle Gila River formed part of the Mexico-United States

boundary. This new boundary was surveyed by John R. Bartlett and his party who

spent two weeks in July, 1852 near the Pima Villages (Rea, 1983:24). Bartlett

(1854:259) described the middle Gila River north of Casa Grande Ruin as "...much

contracted, with steep banks 15 feet [4.6 m] high, and completely overhung with

willows and cottonwoods, the latter from the opposite banks meeting the top. Its width

was less than 50 feet [15 m] and its greatest depth did not exceed 9 inches [23 cm]". It

is possible that what Bartlett was describing was actually the Little Gila River, a side

channel of the main middle Gila River channel that was utilized by the Pima for

irrigation (Southworth, 1919:131). However, a survey conducted between 1853 and

1856 for purposes of assessing the feasibility of a railroad route along the Gila River

described the middle Gila River has being composed of a bed 50-100 m wide but with a

"...single channel or stream..." that in July (year between 1853 and 1856 not specified)

was 6.0 m wide and 30 cm deep (Parke 1857:27). Hence, it is possible that the main

flow channel of the middle Gila River was less than 15 m wide during the 1850's.

Channel and Flood Descriptions and Measurements: 1868-present.

Anglo settlement began along the Gila River in earnest after Arizona became a

separate territory in 1863. In 1866, Levi Ruggles, a U.S. Indian Agent for the Pima,
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settled on the south side of the middle Gila River and established the town of Florence.

In the same year, Charles Adams established the town of Adamsville also on the south

bank of the middle Gila River, approximately 6 km downstream from Florence (Barnes,

1988). Although Adamsville was a "rough and tumble" town, it was built in a

vulnerable location in the middle Gila River flood plain and fell victim to flooding during

the 1880's; it was abandoned by 1900.

In the late 1860's, the U.S. General Land Office initiated a series of cadastral

surveys determining the location of township, range, and section lines. The first

cadastral surveys in the middle Gila River area were conducted in 1868 by Ralph Norris

(1869) who transected the middle Gila River channel along section lines upstream from

the Gila River Indian Community. Norris' survey notes and maps indicate a relatively

narrow middle Gila River channel with a "sandy river-bottom" and "dense

undergrowth" (Norris, 1869; Figure 12). These survey notes provide the earliest

systematic measurements of channel width on the middle Gila River. Channel widths

measured by Norris and his party are presented for selected cross-sections in Table 7a.

Where the transect was approximately perpendicular to channel alignment, channel

width is estimated to be equal to that defined in the transect. Where the transect is not

normal to the channel, the angle of intersection is estimated, and a simple sine or cosine

function is used to estimate channel width. Channel widths from selected cross-sections

between the Ashurst-Hayden Diversion Dam and the Southern Pacific Railroad average

approximately 63 m. A photograph of the first bridge constructed across the middle

Gila River at Florence during the 1880's also provides an indication of a relatively

narrow middle Gila River channel (Figure 13).
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Figure 13. Photograph of early Florence Bridge constructed in 1882 located 0.8 km
downstream from present Florence Bridge (Arizona Historical Society
photograph # 768).
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The Pima record a second catastrophic flood in 1868 that like the one in 1833,

extended from Gila Butte to Casablanca (Russell, 1908). This flood, however, is

corroborated by newspaper accounts (Dobyns, 1981). It occurred in September, 1868

and destroyed three Pima villages and a trading post located near Sacaton. The

magnitude of the 1833 and 1868 floods as defined by the area of inundation has not

been matched or exceeded during the historical or modern period.

Section lines were not surveyed within most of the Gila River Indian

Reservation until after 1900. However, a survey of the reservation boundaries and

township and range lines by Theodore White in 1876 indicated that the middle Gila

River channel was approximately 20 m wide at the Section 31 and 32 boundary (T. 4

S., R. 8 E.) and also at the eastern Range 7 and 8 boundary (Figure 5; Table 7b). White

(1876) also mentioned that much land along the river still lay uncultivated and that

cottonwood, willow, and mesquite timbers were plentiful along the river.

Upstream irrigation development began to affect middle Gila River streamflow

during the 1880's. Beginning in 1886, the greatest diversion was by the Florence Canal

(Lippincott, 1900:10) whose headgate was located near the present Ashurst-Hayden

Diversion Dam. In addition, irrigation development in the Safford Valley during the

1880's also diminished streamflow to the middle Gila River. These late 19th-century

Anglo diversions of water deprived the downstream Pima and Maricopa of water when

they needed it most during the irrigation season (Rea, 1983; Southworth, 1919). Still

water tables were relatively shallow in places. In the spring of 1889, surveyors near

Florence describe a "slough" south of the channel (NE 114, Sec. 12, T. 5 S., R. 8 E.)

and note that it is "impossible to cross the river.. .on account of high water" (Charalou,
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1889). Dan Stevens, a long-time Florence resident noted that in 1884, the banks of the

Gila River near Florence were 10 or 12 feet (3-4 m) high (Arizona Blade-Tribune, Vol.

26, No. 52, p 1).

Although a series of floods are documented within the Gila River watershed in

1874, 1880, 1884, 1886, 1887, 1889, and 1890 (Betancourt, 1990; Burkham, 1970;

Dobyns, 1981; Hereford and Betancourt, 1993), their magnitude and effect on the

middle Gila River are uncertain. San Pedro River floods in 1886, 1887, and 1890

(Hereford and Betancourt, 1993) are particularly significant to the middle Gila River

because they resulted in significant incision and channel widening of the lower San

Pedro River. This produced a flux of sediment to the middle Gila River which would

have decreased the discharge/sediment load ratio and probably caused aggradation. In

February, 1891, the middle Gila River experienced a major flood. In Florence, it

"covered the entire bottom lands up to Brady Ditch on Main Street." (Arizona

Republican, Vol. II, No. 95, p. 1). During U.S. Geological Survey investigations of

potential dam sites along the Gila River, geologists commented on the 1891 flood:

The greatest rise so far recorded on the Gila River occurred on
the 22nd of February 1891. Considerable evidence was obtained that no
such flood has occurred since a date many years before the advent of the
white man. Irrigating ditches supposed to be extremely old were
overflowed and destroyed. Lands were overflowed that had retained no
evidence of any previous inundation (A.P. Davis in Lippincott, 1900:34-
35; see also Burkham, 1970).

Phial County Engineer Albert T. Colton noted the high water marks produced by the

flood at a point approximately 5.2 km downstream from the Florence canal intake

located near the present diversion dam (Figure 5a; Table 2). Colton described the

channel here as sandy and free of brush or large obstructions. Using the slope-area
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formula and a conservative estimate of a coefficient of roughness (0.025), he estimated a

peak discharge of 2872 cms (102,566 cfs) (A.P. Davis in Lippincott, 1900:34-35).

Channel shifts of 60 m at the Florence bridge and 3 km at the Phoenix-Maricopa railroad

bridge (Figure 5f; Table 2) rendered these structures temporarily inoperable (Dobyns,

1981). Survey notes by A.T. Colton (1892) indicate that the channel width near

Florence (sections 19-30 boundary, T. 4 S., R 10 E.) was 140 m on September 23,

1892 (Table 7a), which is considerably wider than that indicated by Norris and his

survey crew. It appears the 1891 flood resulted in some channel widening.

U.S. Geological Survey maps covering the middle Gila River were published in

the early 1900's at scales of 1:125,000 (Florence) and 1:62,500. At these scales, it is

difficult to ascertain much information regarding the nature of the channel. The 1900

Florence quadrangle does show a road following the bed of the middle Gila River

upstream from the Buttes suggesting sparse riparian vegetation. Photographs in

Lippincott's (1900: Plates 1, 2, 7b, and 17a) dam study show the channel at the Buttes

and other upstream segments to be sandy and braided with little mature riparian

vegetation. More detailed maps of parts of the Gila River Indian Reservation were

produced by the U.S. Indian Irrigation Service including a 1903 map of a segment near

Gila Butte that shows a single, relatively narrow channel3 (Table 7b).

After a prolonged drought between 1899 and 1904, the middle Gila River

experienced a series of catastrophic floods in 1905 (Burkham, 1970; Dobyns, 1981).

The first two floods that year came in January and February (Olmstead, 1919). The

Arizona and Eastern Railroad which had just been constructed in 1903 and followed the

3 Historic U.S. Indian Irrigation Service maps are on file at the Bureau of Indian Affairs in Phoenix.
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Gila River through its canyons between Florence and Winkleman had three bridges

destroyed (Myrick, 1980:571-576). These winter floods caused "greater damage to the

farms along the Gila and lower San Pedro.. ..than was wrought by the great flood of

1891." (Arizona Blade and Florence Tribune, vol. 15, no. 47, p 2). However, the rains

and snows of early 1905 only served to prime the watershed for a bigger flood to come.

In November, 1905, the middle Gila River experienced its largest recorded flood.

Insights into peak discharge are provided by slope-area calculations:

Mr. A.C. Sieboth, of Florence, states that high-water marks made by
this flood between Florence and the Buttes indicated a flow of 190,000
cfs [5,320 ems]. During the present investigation, lodged driftwood has
been found at San Carlos several hundred feet upstream from the
proposed [Coolidge] dam site, at an elevation of 26 feet [8 m] above low
water in the river alongside; which indicates a flow of possibly as much
as 150,000 cfs [4,200 ems] (U.S. Army Corp of Engineers, 1914:84).

Large floods struck the middle Gila River in December, 1914 and January, 1916

washing out the approaches to the bridge at Florence (Arizona Blade Tribune, Vol. 25,

No. 48, p. 1; Vol. 26, No. 52, p. 1; Figure 14) and causing damage to Pima irrigation

canals (Southworth, 1916). The December 1914 flood reached a peak discharge of

1,540 ems at the then recently established stream gage at Kelvin located approximately

40 km upstream from Florence (U.S. Geological Survey, 1947). The January 1916

flood was larger and contained the largest gaged discharge on the middle Gila River:

3,696 ems. During the 1916 flood, water extended to the northern outskirts of

Florence. Newspaper accounts of lost farmland indicate that the channel continued to

widen during these floods.
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Figure 14. Photograph of Gila River flood in 1914 or 1916 at Florence Bridge (Arizona
Historical Society photograph # 46724).
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In September 1926 the San Pedro River experienced a catastrophic flood with a

peak discharge of 2,780 cms at Charleston (Hereford and Betancourt, 1993). Due to

downstream attenuation of the flood wave, maximum discharge at Kelvin was

considerably less at 1,025 cms (U.S. Geological Survey, 1947). The San Pedro River

experienced considerable channel widening.

A resurvey of section lines in the Florence area was performed in 1928 by

Dupree Averill. His survey notes indicate a considerably wider middle Gila River

channel than reported 60 years earlier by Norris (1868). This is well exemplified by a

comparison of maps for the same reach (Figure 12). The average channel width for

selected cross-sections upstream from the Southern Pacific railroad is almost 300 m.

Likewise, a U.S. Indian Irrigation Service map from 1913 indicates a wide middle Gila

River channel (Table 7b). This is congruent with a photograph taken my Homer

Schantz in March, 1915 from Olberg looking west toward Sacaton (Figure 15). The

middle Gila River channel is wide and braided, and there is little riparian vegetation.

Also of interest in the photograph are Pima Indians trying to repair a weir to divert water

into their irrigation canal.

Records of streamflow diverted by the Florence-Casa Grande Canal at the

Ashurst-Hayden Diversion Dam begin to be recorded in 1928. This provides the

opportunity to estimate annual streamflow on the study reach by subtracting annual

diversions at the canal from annual discharge at the Kelvin gaging station (Figure 16).

The values presented in Figure 16 correspond to water years which run October to

September (e.g., water year for 1929 includes all days between October 1, 1928 and

September 30, 1929).
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Figure 15. Photograph of the middle Gila River (top) taken by Homer Shantz on March
17, 1915 from Olberg facing west (Negative on file at the University of Arizona
Herbarium). Repeat photograph taken December 10, 1992 (Gary Huckleberry
photograph # 4239).
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Beginning in 1936, measurements of middle Gila River channel width are more

direct. In March, 1936, the middle Gila River was systematically photographed from

the air by the Soil Conservation Service4 . The photographs reveal a single, low, flow

channel inset into a broad sandy channel. Most of the low terraces are cultivated, and

the channel is dry except for a short segment between Blackwater and Sacaton.

Measurements of width of the low flow channel at selected cross-sections upstream

from the Southern Pacific Railroad average approximately 62 m (Table 7a); low flow

channel widths average approximately 49 m downstream from the Southern Pacific

Railroad. Sinuosity for the low flow channel averages 1.13 upstream from the railroad

and 1.24 downstream from the railroad. Subsequent aerial photographs5 taken of the

middle Gila River area upstream from the railroad indicate that the low flow channel

widths averaged approximately 39 m between 1954 and 1957 and approximately 34 m

between 1969 and 1970.

U.S. Geological Survey quadrangle maps of Florence SE, Florence,

Blackwater, and Sacaton produced in 1966 at scales of 1:24,000 show the location and

width of the low flow channel. Average channel width upstream from the Southern

Pacific railroad measured from the Florence SE and Florence maps average

approximately 43 m (Table 7a). Average channel width in the reach between the railroad

and Sacaton measured from Blackwater and Sacaton quadrangles average approximately

40 m (Table 7b).

4 These aerial photographs can be ordered from the National Archives, Washington D.C.
5 These aerial photographs are in storage at the Pinal County Administration Building.



8 7

In October, 1983, moisture from Tropical Storm Octave was steered over

Arizona resulting in major floods in southern Arizona (Roeske and others, 1989). Most

of the runoff in the upper Gila River system was retained behind Coolidge Dam where

regulated peak discharge only reached 140 cms. Most of the middle Gila River flooding

was derived from the San Pedro River. Peak discharge at Kelvin was 2,800 cms on

October 2. Although there are no gaging stations within the study reach, peak discharge

was estimated at approximately 1700 cms and 1300 cms at Florence and Sacaton,

respectively (Roeske and others, 1989). The period of flood flow as indicated at the

Kelvin gage was approximately three days.

Measurements of channel width based on cross-sectional surveys performed at

selected sites along the middle Gila River in the summers of 1991 and 1992 indicate that

low flow channel widths in the reach between the Ashurst-Hayden Diversion Dam and

the Southern Pacific railroad averaged 68 m whereas the reach between the railroad and

Pima Butte averaged 28 m (Table 7). Increases in channel width near Florence are

attributed to the 1983 flood.

In January, 1993, a persistent split in the mid-latitude jet stream resulted in a

series of cold fronts with associated subtropical moisture to pass over Arizona. These

storms resulted in considerable flooding along the middle Gila River. Unlike the 1983

flood, most of the middle Gila River streamflow was generated upstream from Coolidge

Dam, and for the first time since the dam was constructed, large volumes of water

flowed through the spillways. On January 20, water releases at the dam peaked at 918

cms (MacNish and others, 1993). Peak discharge at Kelvin was 2,080 cms on January

19. Although peak discharge was less than that of the 1983 flood, the volume of water
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associated with the 1993 flood was considerably larger. Above Coolidge Dam, the

volume of the 1983 flood was 503,000 acre-feet compared to 884,900 acre-feet for the

1993 flood. The effects of these floods on the middle Gila River flood plain have yet to

be analyzed, but cursory inspections indicate that the channel has widened considerably

(Figure 17). In many segments, the low-flow channel has been abandoned, buried, or

eroded.

Summary

Early historical descriptions of the middle Gila River between 1697 and 1867

provide no indications of significant channel changes (Figure 18). Although the

evidence is anecdotal and discontinuous, diary accounts are consistent in describing

successful Pima irrigation and a stable river characterized by a single flow channel with

well-defined banks, even after one extremely large flood in 1833. After 1868, more

detailed descriptions, maps, and photographs provide a clearer picture of channel

geometry. Norris's (1869) survey notes provide the clearest record of a relatively

narrow middle Gila River channel despite the catastrophic flood of 1868. Kirk Bryan

(1925:109) noted that until "about 1880", the Gila River flowed in a deep channel and

would overflow this channel only in times of flood. By 1892, the channel begins to

widen near Florence (Table 7a). Turn-of-the-century photographs upstream from

Florence reveal a sandy, braided channel devoid of mature vegetation (Lippincott,

1900). The middle Gila River probably began to widen its channel after the 1891 flood,

but major channel widening did not occur until the floods of 1905 (Figure 19). After

1905, the middle Gila River channel was wide, straight, and braided. This sequence is

relatively synchronous with that of the upper Gila River (Burkham, 1972). After 1928,
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1697: Kino mentions large cottonwood groves along MGR

90

AD 1700    

—

-

1763: Pfeffercorn notes that Pitman Nelda are easily irrigated by canais Implying MGR channel stability

1768-1775: Gerais describes riparian vegetation along MGR

1797: Bringss comments that water can be easily diverted from MGR for irrigation and that channels
and banks are covered with cottonwood and willow.

1800

-

1833: Winter flood recorded by Plman calendar stick; receded to have extended across Holocene
flood plain

1846: Turner notes flood debris located 9-12 m above the river In canyons upstream from Florence
1849: Anglo travellers describe the MGR at the Pirna Villages as narrow and lined with tall cottonwood

niil

1868: September flood extends across Holocene flood plain and destroys 3 Pima villages.
1869: First cadastral surveys by G.LO; MGR channel width ranges 43-82 m; dense undergrowth noted

1891: February flood estimated at 2800 ems at Florence; large trees uprooted

1900: Photographs of Gila River upstream from Florence show no mature cottonwood or willow

1905: Largest recorded flood for MGR occurs in Nov.; peak discharge estimated at 5380 ems at Florence;
MGR has a wide, braided channel; ripadan communities destroyed

13111 572mt flood
,

lidocesituadatimad.naratior

1928: Resurvey of cadastral lines; MGR channel width ranges 151-517 m; Coolidge Dam constructed

1928-present: MGR flows only during rare wet years; tarnadsic invades flood plain; narrow main flow
channel becomes re-established

-

—

1983: October flood estimated at 1730 ems at Florence

1993: January flood with peak discharge of 2080 ems at Kelvin

Figure 18. Summary of middle Gila River channel descriptions and floods, A.D. 1697-1993.
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the upper and middle segments of the Gila River have radically different flow regimes

due to Coolidge Dam. By 1936, a single, low flow channel became re-established in the

middle Gila River flood plain, and this channel experienced a more or less uniform

decrease in width between 1936 and 1978 (Figure 19; Table 7). Except for 1941, this is

a period of relatively little streamflow (Figure 16). The flood of October 1983 and

especially the flood of January, 1993 have again modified the flood plain by widening

the low flow channel (Figures 17). The January 1993 floods have resulted in the most

rapid and dramatic channel change since 1905.
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CHAPTER 6: MODEL OF MIDDLE GILA RIVER CHANNEL BEHAVIOR

It is clear from the archival record that the middle Gila River has fluctuated

between a wide, braided channel and a narrow single channel, at least within the last 150

years. Like the upper Gila River in the Safford Valley (Burkham, 1972), channel

widening generally corresponded with large floods and channel narrowing with periods

of below average streamflow. Changes in channel morphology tend to follow a certain

pattern. When an unusually large flood occurs, the low flow channel, unable to convey

this discharge, widens. If above average streamflow persists for several months or

years (e.g., 1905-1928), wide, braided channel conditions are maintained. Eventually,

streamflow returns to previous conditions, and bars within the channel become

vegetated and attach to the flood plain (Burkham, 1972; Leopold and Wolman, 1957).

Eventually, several channels are abandoned, and a single, main flow channel forms. If

the frequency of large streamflow events is low (e.g., 1928-1982; Figure 16), the main

flow channel will become progressively narrower until it reaches a geometry suited for

"average" streamflow.

At first glance, the disequilibrium model that has been applied to the entire Gila

River (Graf, 1981; Stevens and others, 1975) that emphasizes large flood frequency and

magnitude as controlling variables in channel geometry seems adequate for the middle

Gila River reach as well. However, when looking at the middle Gila River chronology

in greater detail, a few inconsistencies stand out that warrant further consideration.

During the historical period there have been at least five unusually large floods

documented: 1833, 1868, 1891, 1905, and 1916 (Figure 20). Interestingly, channel
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widening did not occur during the floods of 1833 and 1868. Anecdotal evidence

suggests that the 1833 and 1868 floods had peak discharges unmatched within the

historic period (Dobyns, 1981; Russell, 1906). Also, if one looks at the two smaller,

more recent floods, the January 1993 flood had tremendously greater impact on channel

morphology than did the October 1983 flood despite the fact that the latter flood had a

larger peak discharge. Apparently, factors other than the magnitude and frequency of

large floods play a role in channel dynamics on the middle Gila River. Based on the

historical behavior of the study reach, these factors may be flood seasonality, climatic

shifts, arroyos, humans, and internal geomorphic thresholds (Figure 21).

The last two large floods on the study reach suggest that flood seasonality may

affect channel sensitivity. Winter floods tend to be of greater volume and duration than

those of the summer and early fall. Although the October 1983 flood had a larger peak

discharge (Figure 20), its duration and volume were considerably less than those of the

January 1993 flood (MacNish and others, 1993). In addition to the 1983 flood, the

only other documented large warm-season flood on the study reach was the September

1868 flood, and it apparently had little impact on the channel geometry. It also was

probably derived from a dissipating east-Pacific tropical storm and short-lived. In

addition to greater flow duration, it is possible that winter floods have a greater potential

to modify the flood plain because of the greater capacity of cold water to transport

bedload. Reduced water temperatures increase the kinematic viscosity and shear

stresses on the channel (Colby and Scott, 1965). Winter flows also tend to carry less

suspended sediment which increases the erosive potential of the streamflow (Bull,

1991:13; Burkham, 1972).
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Another factor to consider in channel instability is antecedent climate and its

effect on watershed conditions. The most dramatic channel changes on both the upper

and middle Gila River reaches occurred in 1905 (Burkham, 1972; Figure 19). This

corresponded with a shift from a period of drought between 1899 and 1904 to a period

of above normal precipitation between 1905 and 1930. Based on tree-ring studies, this

shift from dry to moist is unmatched for several centuries (D'Arrigo and Jacoby, 1991;

Stockton and Fritts, 1968). The drought may have made the middle Gila River more

susceptible to channel widening during the floods of 1905 by reducing hillslope and

flood-plain vegetation and the hydraulic resistance to flow. This climatic shift also

corresponds with widespread arroyo activity within the upper watershed (Cooke and

Reeves, 1976; Haynes, 1987; Hereford and Betancourt, 1993) that increased the

sediment load to the study reach. This may have increased the bedload:suspended load

ratio, which as noted in Schumm's (1969) process-response model (Table 1), should

cause channel widening. However, there is no evidence of changes in grain size in the

historic stratigraphy, and hence no evidence of changes in the bedload:suspended load

ratio. Thus the increased sediment load during this period as a result of upstream arroyo

activity may have played a role in the maintenance of braided stream conditions

(Pearthree and Baker, 1987) rather than channel widening.

Humans have also played a role in middle Gila River channel changes perhaps as

far back as 2,000 years ago. Prehistorically, Hohokam canals modified the flow regime

by diverting most of the streamflow out of the main channel during the warm seasons.

Historically, flow regime has been affected by water diversions and riparian habitat

losses. Dobyns (1981) believed that anthropogenic degradation of the Gila River

watershed was the driving force behind the channel dynamics of the last 100 years. The
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watershed was tremendously overgrazed during the drought of 1899-1904 (Hastings

and Turner, 1965; Turner, 1974). Water tables began to drop in the middle Gila River

area as early as the construction of the Florence Canal in 1887 and especially after the

establishment of electric water pumps in the early 1900's (Rea, 1983). Thus, it is a

platitude to say that humans have affected channel dynamics on the study reach, but it is

uncertain what the net effect of these activities have been on channel morphology.

While human activities like deforestation and overgrazing increase the potential for

arroyo formation and channel widening due to the removal of stabilizing vegetation (see

Betancourt, 1990; Cooke and Reeves, 1976; Webb, 1985), other activities on the Gila

River have contributed to channel stability. For example, Coolidge Dam has facilitated

the stabilization of the middle Gila River flood plain and maintenance of a single, narrow

channel by reducing the frequency of flood flows. In addition, tamarisk has also helped

to maintain a stable, narrow channel (Haschenburger, 1988). Thus, human impacts on

channel dynamics may be offsetting. Furthermore, although these anthropogenic

processes are important, they are probably of secondary importance in relation to the

magnitude and frequency of large floods.

Finally, one cannot rule out the possible effects that internal geomorphic

thresholds may have on channel changes (Schumm, 1973). That the study reach did not

respond to large floods in 1833 and 1868 by widening its channel but did in 1891,

1905, 1914, and 1916 may have been due to an internal threshold, i.e., the sensitivity of

the river increased after 1891. Whether or not a river responds to a perturbation by

aggradation or erosion will depend on that river's proximity to its threshold of change

(Schumm and Brackenridge, 1987). Factors controlling thresholds are primarily slope

and sediment load, and unfortunately, the critical values are often difficult to defme, thus
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limiting our abilities to predict channel changes. On the other hand, the concept of

internal thresholds increases our understanding of why rivers may respond differently in

time to similar perturbations and should be considered in modeling river behavior

(Figure 21).

In sum, a modified disequilibrium model best describes middle Gila River

behavior (Figure 21). In this model, channel patterns are controlled by the frequency of

large floods (e.g., Stevens and others, 1975) which in turn are controlled by secular

climatic change (Figure 21). However, factors other than just the magnitude of the

flood are important, and channel responses to floods will vary in time depending on

these other factors. Nonetheless, the probability for wide, braided, unstable channel

conditions is favored by increased frequency of large floods. Because the frequency of

large floods plays such an important role in the behavior of the middle Gila River, the

paleoflood record has the potential to provide insights into prehistoric stream behavior.

Prehistoric periods of increased large flood frequency are likely to be periods of

unstable, braided channel conditions. Thus, an alluvial chronology from overbank

flood deposits within the study reach combined with regional paleoflood and

dendrohydrological reconstructions constitute a basis for reconstructing prehistoric

channel behavior.
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CHAFFER 7: MIDDLE GILA RIVER PALEOFLOOD RECORD

In order to extend the middle Gila River flood chronology beyond the historic

period, it is necessary to age-estimate the overbank sediments within the flood plain with

radiocarbon (14C). Near the surface of the Adamsville and Yl/Y2 terraces are fine-

textured, vertical accretion deposits that contain isolated pieces of detrital charcoal

(Figure 10). The origin of the charcoal is uncertain, although given the intense cultural

activity in the area over the last 2,000 years, much of it may be derived from Hohokam-

Pima fires (see Castetter and Bell, 1942:125 for Piman examples of fire use in

agriculture). Also present in places are lenses of fine charcoal (Figure 10) that may

represent in situ or local burning. In addition to charcoal, there are organic silty clay

sediments that contain humates that can be age estimated. By dating vertical accretion

deposits in the Adamsville and Y1/Y2 terraces, it is possible to estimate the frequency of

overbank flooding at different locations.

There are, however, inherent limitations and assumptions used in using 14C-

dated middle Gila River stratigraphy in reconstructing paleoflood frequency. First, it is

assumed that sedimentation does not occur on the Y2/Y1 and Adamsville terraces during

relatively small streamflow events. Although the magnitude of the flow necessary to

flood these terraces changes with time as channel geometry changes, historically only

the relatively infrequent flood flows have extended beyond the middle Gila River

channel (Y2). Second, it is assumed that temporal gaps in the vertical stratigraphic

sequence represent depositional hiatuses rather than erosional unconformities. This

assumption is based on stratigraphy and observations of flood-plain formation that

indicate erosion is predominantly by lateral bank-cutting by the main channel. Finally,
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because the cost of procuring a sufficient number of 14C ages for statistical analysis is

great, the inferred changes in prehistoric flood frequency on the middle Gila River based

on 14C-dated stratigraphy is qualitative.

Nine charcoal samples and one bulk organic silty clay sample were analyzed for

14C content (Table 8). Out of the nine charcoal samples, five were isolated pieces of

detrital charcoal; the other four were fine disseminated charcoal in lens-shaped deposits.

In Trenches 4b, 6, and 8, two samples were analyzed from within a single stratigraphic

sequence (Figure 10); the other 14C samples are from separate trenches. Due to the

small size of the samples, generally < 1 g, they were analyzed with an accelerator mass

spectrometer (AMS) at the National Science Foundation-University of Arizona AMS

Facility. All of the samples were pretreated to remove contaminants. Pretreatment

included:

1)removal of visible contaminants (e.g., modern rootlets, salts) by hand;
2) digestion in 6 N HC1 solution to remove carbonates;
3)rinsing with distilled water to remove Ca ++ and Cr; and
4) digestion with 1% NaOH solution to remove humates.

The cellulose fraction of the charcoal and the humates from the silty clay were measured

for 14€ content. 13C/12C ratios were also measured because of concerns that some of

the charcoal was derived from plants prone to isotopic fractionation (Bradley, 1985;

Taylor, 1987). The 14C data are presented in two forms at one sigma standard

deviation. First, uncalibrated 14C ages are presented as years before present, i.e. before

AD 1950. Second, 14C ages calibrated with the tree-ring record (Stuiver and Reimer,

1993) are presented in calendrical years AD.
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14( Results

Based on surficial geologic mapping of the middle Gila River flood plain

(Huckleberry, 1992a, 1993), the Adamsville and Yl/Y2 terraces are age-estimated at

<10 ka and <1 ka, respectively (Table 3). However, given that the 14C samples were

collected from within 2 m of the surface, and that there was little evidence of

pedogenesis, it was estimated that all of the 14C ages would be younger than 2 ka, and

that the younger ages would come from the Y2/Y1 terrace. In general, the 14C results

support these age estimates (Table 8). Eight of the 14C dates are less than 1.1 ka, and

the samples from the Y2/Y1 terrace are less than 500 years old. However, two samples

from Trenches la and 8 on the Adamsville Terrace date at 4,730+65 BP (AA-8376) and

4,270+105 BP (AA-9823). Both samples are fine charcoal from a lens-shaped deposit

suggesting that the charcoal is not "old wood". These 14C ages indicate that in places

middle Holocene, overbank sediments occur within 2 m of the surface on the

Adamsville Terrace, and that there appears to be a significant depositional hiatus within

the near-surface, overbank stratigraphy. For example in Trench 8, only 40 cm above

sample AA-9823 is a stratum age-estimated at 770+85 BP (AA-9822). The only

contrast in pedogenesis between these two temporally disparate strata is that the older

layer contains faint calcium carbonate nodules  (<5 mm in diameter). These nodules

were not visible in the field but were discovered only after wet sieving the sediments in

the laboratory. The older 14C ages also indicate that there are subtle cut-and-fill

sequences within the Adamsville Terrace. For example, the mid-Holocene charcoal in

Trench la was located at 70-90 cm below the surface, and 30 m away in Trench lb

charcoal dated at 695+55 BP (AA-8377) was located at 130-140 cm below the surface
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(Figure 10). Because these were "skip" trenches6 , a cut-fill stratigraphie sequence was

not identified in the field.

The remaining 14C age estimates fall between approximately 200 and 1100 BP

(AD 990-1800) (Figure 22; Table 8). Trenches lb, 6, 8 and 10 contain 14C ages for

overbank flood deposits on the Adamsville Terrace. In Trench lb, flood-transported

charcoal dated at 695+55 BP (AA-8377) occurs in Stratum 5 providing a maximum

limiting age for this deposit, i.e., this deposit is no older than 695+55 BP. In Trench 6,

14C ages come from flood-transported charcoal at the top of Stratum 3 and humates in

the surface cienega deposit (Stratum 1). The charcoal and humate samples are similar in

age [1010+60 BP (AA-9820) for Stratum 3 and 890+90 (AA-9821) for Stratum 11

Trench 8 contained flood-transported charcoal in Stratum 2 dated at 790+85 (AA-9822);

this overlies the mid-Holocene charcoal lens in Stratum 4 dated at 4,270+105 (AA-

9823). Trench 10 contains the youngest 14C age for the Adamsville Terrace; flood-

transported charcoal in Stratum 5 is dated at 270+95 BP (AA-9824).

Age estimates for the Yl/Y2 Terrace is provided by 14C samples from Trenches

4b and 5b. In Trench 4b, flood-transported charcoal at the top of Stratum 4 is dated at

340+60 (AA-8378). Only 40 cm higher is another piece of flood-transported charcoal in

Stratum 2 that is dated at 280+65 BP (AA-8379). In Trench 5b, flood-transported

charcoal is dated at 365+60 BP (AA-8380).

6 The original trenching design was oriented towards procuring stratigraphic information from relict
irrigation canals for a separate investigation. Thus Trenches 1-5 are short and discontinuous.
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Interpretations

The 14C data reflect spatial variations in sedimentation on the Adamsville

Terrace. Based on the 14(  data (Table 8), deposits cluster in time between 4,800 and

4,100 BP and between 1,100 and 200 BP. At Trench 6 only 3 strata are younger than

1,010+60 BP whereas at Trench 10 five strata are younger than 270+95 BP. The

Trench 10 area was flooded several times during the historic period as attested by the

nearby flood-prone town of Adamsville (Figure 5b). Much of this surface near Trench

10 was also inundated as recently as October, 1983 (Keith Layton, 1992, oral

communication). Assuming that the Adamsville Terrace was correctly mapped at the

Trench 10 locality (Huckleberry, 1993), it appears that this terrace is spatially

diachronous at time scales of 1,000 years.

Although 14C age control for the Y2/Y1 terrace only comes from two sites

(Trenches 4b and 5), the age of near-surface sediments are more consistent than on the

Adamsville Terrace. The Y2/Y1 Terrace was formed by middle Gila River incision into

the Adamsville Terrace approximately 1.0 ka (Huckleberry, 1993), and the Y2/Y1 flood

deposits are younger than 500 BP (Table 8). Four strata date 400 years and younger in

Trench 4b. At Trench 5b, three strata date 400 years or younger. The Y2/Y1 14C data

provide insights into processes that obscure the paleoflood record. It is clear from

archival records that flood frequency on this surface is greater than indicated by the

number of recognizable strata. The Y2/Y1 surface was inundated in 1833, 1868, 1891,

1905, 1916 and at least partly inundated in 1983. That the number of floods on the

Y2/Y1 terrace are underrepresented by stratigraphy is probably due to bioturbation.

Given the historically high sediment loads of the middle Gila River and personal
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observations of the January 1993 floods, every overbank flood event deposits some

sediment on the terrace tread. However, with time, many of the contacts separating

temporally discrete flood deposits are eventually destroyed by floral and faunal mixing.

Plowing has also done its share to disrupt the stratigraphy in places. An indication of

the relationship between bioturbation and sediment age is demonstrated by the profiles

and '4C ages presented in Figure 10. The Y2/Y1 Terrace stratigraphy (Trenches 2, 3,

4, and 5) is generally distinct whereas stratigraphic boundaries in the Adamsville Terrace

tend to be more gradual.

The 14C information from the Y2/Y1 terrace when viewed in light of the archival

flood record clearly demonstrates that bioturbation limits the accuracy of the paleoflood

analysis and that stratigraphy alone can only provide a minimum estimate of the number

of prehistoric floods that have occurred at any given location. It can be further argued

that the older Adamsville Terrace stratigraphy has a greater potential to underrepresent

the actual number of paleofloods since these deposits have been longer exposed to

bioturbation. Although it is not possible to reconstruct the frequency of large

paleofloods with specificity, it is still possible to reconstruct general changes in the

frequency of prehistoric floods through time which is adequate for retrodicting middle

Gila River prehistoric channel behavior. General reconstructions can be further

strengthened by comparisons to regional paleoflood and paleohydrological

reconstructions (e.g., Ely, 1992).

The middle Gila River 14C data indicate "clustering" of flood deposits between

4,800 and 4,100 BP and between 1,100 BP and present. Although there is a single

stratum that is age-estimated between 4,270+105 and 790+85 BP in Trench 8 (Figure
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10), and there are undated strata at depth in the other trenches that could correlate to this

period, there appears to be a general paucity of flood deposits between 4,100 and 1,100

BP. Of the remaining samples that fall within the period of 1,100 BP and present

(Figure 22), three date between AD 1450 and 1680, and a fourth sample dates between

AD 1490 and 1810. Interestingly, the period AD 1450-1690 represents a cultural hiatus

within the region: no archaeological remains are known from the middle Gila River

region that date AD 1450-1690 (Berry and Marmaduke, 1982:186).

How do the above interpretations compare with the regional paleoflood record?

In Ely's (1992) regional synthesis of slackwater sites, she constructs a paleoflood

chronology that is partly in agreement with the middle Gila River record. Based on

Ely's (1992) study, there appears to be an increase in the frequency of large floods

4,800-3,600 BP, a decrease in large floods 3,400-2,200 BP, and an increase in large

floods 2,200 BP to present with significant peaks around 1,000 BP and 500 BP to

present. She also notes a marked decrease in large floods between 600 and 800 BP.

Her one slackwater site on the Gila River located 4 km downstream from the mouth of

the San Francisco River (Figure 1) contains 11-12 flood deposits that are mostly

younger than 400 years (Ely, 1992:93). Other slackwater sites relevant to the middle

Gila River are two tributaries to the San Pedro River, Aravaipa Creek and Redfield

Canyon, that contain evidence for at least one flood between 1,100 and 1,000 BP and at

least four floods within the last 200 years. However, these streams represent relatively

small watersheds, and it is uncertain if floods on these streams would have much of an

effect on the middle Gila River, especially if the floods were caused by isolated,

convective storms.
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Dendrohydrological reconstructions for the Salt River (Graybill, 1989) provide

streamflow information for the period AD 740-1370. Years that particularly stand out

for high streamflow during this period are AD 803, 805, 899, 1200, 1202, 1259, 1302,

1305, and 1358. In distinguishing periods of similar annual streamflow, Niais and

others (1989) noted that AD 797-822 and AD 1356-1370 were periods of relatively

high flood flows and probably periods of Salt River channel instability. Also, as

previously mentioned, the frequency of large floods appears to have increased since AD

1800 (Graybill, 1989), although it is interesting to note that years of high streamflow

for the Salt River in the last 200 years based on tree rings are AD 1838, 1839, 1865,

1911, and 1979 and do not correspond to large floods on the middle Gila River.

That dendrohydrological studies indicate changing flood regimes through time is

important, because there is always some uncertainty in stratigraphie studies of whether

or not the apparent clustering of paleofloods in time is a manifestation of unconformities

and bioturbation. The growing database on historic and modem climate and streamflow

seems to further support the notion that flood regimes indeed change through time in

response to high frequency climate change (Hirschboek, 1985; Webb and Betancourt,

1990). I interpret the middle Gila River stratigraphie record to further support the

hypothesis of changing flood regimes during the late Holocene in response to secular

climatic variations. These changes in flood regime likely impacted the morphological

properties of the river and flood plain.
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CHAPTER 8: RECONSTRUCTION OF LAIE-HOLOCENE CHANNEL CHANGES

The archival record provides an indication of the relationship between floods and

channel changes on the middle Gila River whereas stratigraphy and I 4C data provide

information on the general frequency of large prehistoric floods since 5.0 ka. By

combining this information, it is possible to reconstruct general late-Holocene channel

behavior. It is worthwhile noting that there is no stratigraphic evidence of major flow

regime changes during the late Holocene for the middle Gila River, i.e., no shifts

between bedload-dominant and suspended load-dominant systems. The late-Holocene

flood-plain sediments are comprised of relatively higher energy channel deposits (e.g.,

sands, gravels, and cobbles) and lower energy overbank deposits (sands, silts, and

clays). Thus, throughout the late Holocene, the middle Gila River has been a mixed

load system.

Since at least 5.0 ka, the middle Gila River channel has remained between the

confines of the Adamsville Terrace (Huckleberry, 1993, 1992a). The river, however,

has fluctuated between a single channel and braided morphology depending largely on

the frequency of large floods (Figure 21). Between 4 and 5 ka, the middle Gila River

probably experienced channel widening and braided conditions (Figure 23). The

evidence for this includes at least two large floods that extended across the Adamsville

Terrace between 4.3 and 4.7 ka. Another possible contributing factor for wide, braided

conditions may have been upstream channel erosion. Many watersheds in the West

were experiencing arroyo cutting during this period (Haynes, 1968). At Curry Draw, a

tributary to the San Pedro, there is evidence of aggradation rather than degradation

between 4.3 and 6.5 ka (Haynes, 1987), but slight degradation is noted during this
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period outside the project area watershed at Whitewater Draw (Waters, 1986) and on

the Santa Cruz River (Haynes and Huckell, 1986). In terms of climate, this period

represents a transition from the traditional Altithermal to the relatively moister

Medithermal (Antevs, 1948). Subsequent paleoenvironmental work has resulted in

different interpretations of Southwestern climate during this transition period (e.g., Van

Devender, 1987, Shafer, 1989), but as previously mentioned, Ely (1992) notes a period

of increased large flood frequency in Arizona 4.8-3.6 ka with a peak 4.8-4.4 ka based

on slackwater deposits. Thus, conditions appear to have been favorable for increased

channel dynamism on the middle Gila River during this period.

Between 4 and 1 ka, the middle Gila River experienced overall channel stability

during a period of reduced large flood frequency. The middle Gila River likely

contained a straight to slightly meandering single channel within a stable, well-vegetated

flood plain. Flood deposits dating to this period were not identified in the Adamsville

and Y2/Y1 terraces. Elsewhere, Ely (1992) noted no floods that date to the period 3.6-

2.2 ka. After 2.2 ka, large flood frequency increases but does not peak until 1.2-0.8 ka.

Channel changes on the middle Gila River cannot be entirely ruled out during this

period, however, since this encompasses a large period of time and the stratigraphie

sample is still small. Also, there is evidence of arroyo formation between 4 and 1 ka

within the watershed (Haynes, 1987; Waters, 1988) and elsewhere in the Southwest

(Haynes and Huckell, 1986; Karlstrom, 1989; Wells, 1987). This would have

increased the sediment load to the middle Gila River and presumably have lead to

aggradation and potentially braided conditions. Nonetheless, I found little evidence of

aggradation during this period along the study reach.
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After 1 ka, large floods on the middle Gila River increased in frequency, and the

channel experienced several transformations in planview form (Figure 23). Eight of the

ten 14C age estimates in this study are from this period with three of these corresponding

to the period AD 1450-1680 (Figure 22). Ely (1992:235) notes "numerous large floods

centered around 1 ka", with a sharp decrease 0.8-0.6 ka. She also notes that large

floods increase in frequency after 0.6 ka. There are several lines of evidence suggesting

that at approximately 1 ka there was a shift to relatively cooler and moister conditions

(e.g., Denton and Karlen, 1973; Shafer, 1989; VanDevender, 1987). Episodes of

arroyo formation in the Southwest are noted during this period as well (Hall, 1977;

Karlstrom, 1988; Waters, 1988; Wells, 1987), but the only evidence of arroyos within

the middle Gila River watershed that fall within this period date to the historic period

(Cooke and Reeves, 1976; Haynes, 1987).

Although potentially a manifestation of the greater resolution of the archival

record in distinguishing floods, it appears that the greatest flood frequency on the

middle Gila River is recognized within the last 200 years. Five large floods have

occurred within a timespan of 83 years (1833-1916; Figure 20). Increased flood

frequency after AD 1800 is supported in the tree-ring record (Graybill 1989) and

regional slackwater sites (Ely, 1992). The increase in large flood frequency after AD

1800 is probably the product of increased meridional global circulation, a climatic

condition that favors flooding in Arizona (Ely, 1992; Webb and Betancourt, 1992).

Despite upstream diversions and impoundment of water and a radical alteration of the

flood plain, floods continue to impact channel morphology as demonstrated recently in

January 1993.
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CHAPTER 9: FLOOD-PLAIN MANAGEMENT IMPLICATIONS

The modern middle Gila River seldom carries streamflow due to upstream

retention and diversion of water for irrigation agriculture. However, as the floods of

January 1993 have demonstrated, floods do still occur on this reach of the Gila River,

and there is an inherent risk to development within the flood plain. Today, most of the

development within the middle Gila River flood plain is agricultural and low density

residential, but the flood plain is crossed by major transportation routes and pipelines for

petroleum and natural gas. In addition, as the Phoenix metropolitan area encroaches

southward, future land leases for industrial development are possible along the middle

Gila River in the Gila River Indian Community. It is therefore important to defme the

nature of flood hazards along the middle Gila River. This study complements traditional

engineering approaches of assessing flood hazards by extending the flood chronology

and describing channel responses to flooding.

There are many different definitions for the term "flood plain" (Graf, 1988),

however one familiar type of flood plain seen in the literature is the "100-year" flood

plain. The "100-year" flood plain is defined as an area that has a 1 in 100 chance of

being flooded in any given year. This definition is used by the U.S. Government for

determining eligibility in receiving Federal dollars for development in flood plains and

for disaster relief in case of flood damage (Pearthree and Baker, 1987). Defining the

boundaries of the "100-year" flood plain can be difficult. On the middle Gila River,

there are two different "100-year" flood-plain boundaries. Upstream from the Gila

River Indian Community, the "100-year" flood-plain boundaries are determined by a
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rainfall-runoff model adopted by the Federal Insurance Management Agency. These

boundaries are marked on Flood Insurance Rate Maps (on file at Pinal County Flood

Control offices in Florence). In the Gila River Indian Community, the "100-year flood-

plain" boundaries are defined as the limits of inundation during the October, 1983 flood

(Roeske and others, 1989; maps on file at the Gila River Indian Community Tribal

Offices in Sacaton). These boundaries are not congruous where the two areas meet.

There are two important problems in defining the boundaries of the "100-year"

flood plain One problem is that the mathematical models used in determining flood

frequency distributions assume that the means and variances of flood discharges do not

change through time (Hirschboek, 1985). This has been demonstrated not to be true by

the climatic variability witnessed within the historical period (Hirschboek, 1985; Knox,

1984; Webb and Betancourt, 1990). This is further supported by the middle Gila River

flood-plain stratigraphy and other slackwater sites (Ely, 1992) that indicate the

frequency of large floods varies through time. A second problem is that hydraulic

analyses used to determine the area of inundation by a given discharge are based on

relatively static channel geometry (Pearthree and Baker, 1987). In reality, channel

geometry changes through time, especially for arid and semiarid streams like the middle

Gila River that have a wide range of peak-flood discharges (Stevens and others, 1975).

The transmission of the flood wave will vary significantly depending on whether the

river contains a well vegetated, single channel with moderate sinuosity or a wide, poorly

vegetated, braided channel (Burkham, 1976). Thus, the parameters used in flood

routing models will change with the characteristics of the channel and flood plain. The

present study re-enforces the idea that flood hazards change in space and time due to
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channel transformations. Such information should be considered in the cost-benefit

analysis of designing flood protection (Costa, 1978).

The frequency and characteristics of future flood flows on the middle Gila River

will depend on the nature of future climate change, a topic that is presently being

investigated with much abandon in light of growing evidence for anthropogenic

modification of climate (Abrahamson, 1989). As of yet, there is no consensus as to

how climate will respond to the buildup of greenhouse gasses (Post and others, 1990).

In Arizona, a variety of climatic scenarios are possible that would change the flood

regime of the Gila River including an increase in the frequency of tropical storms

generated in the eastern Pacific Ocean (Sellers, 1990). An increase in cold season

flooding would have the greatest potential to change flood-plain morphology. Despite

the unknown direction of future climate change, it is important to remember that only

modest changes in annual temperature and precipitation can result in substantial

modifications in the recurrence intervals of moderate and large floods (Knox, 1984),

and this can have a significant impact on middle Gila River channel geometry.

Hydraulic modeling of the middle Gila River should take into account various scenarios

of future climate change and how those changes are likely to affect the planview form of

the river.



CHAPTER 10: ARCHAEOLOGICAL IMPLICATIONS

The middle Gila River area has one of the highest archaeological site densities in

Arizona. Most of these are Hohokam and Pima sites, although there are also Archaic

sites in the project area (Dave Gregory, oral communication, 1993; Wilcox, 1979).

Given the rich cultural history of the area, it is not surprising that middle Gila River

history is of significance to archaeologists. Alluvial chronologies are archaeologically

important because they provide a temporal framework for assessing rates of deposition,

and depositional rates directly affect artifact densities, spatial patterning and preservation

(Ferring, 1988; Waters, 1992). However, of greater archaeological relevance in this

study is the history of channel changes reconstructed for the middle Gila River (Figure

23) and how these changes affected the Hohokam and Pima. The Hohokam and Pima

were (are) irrigation agriculturalists inextricably connected to the middle Gila River.

Floods and channel changes created hardships on these people by damaging or

abandoning canal intakes (Ackerly 1989; Niais and others, 1989). Periods of increased

flood frequency when the middle Gila River channel was braided would have increased

the difficulty in diverting water onto adjacent fields. This is well exemplified by the

photograph taken by Homer Shantz in 1915 (Figure 15) that shows the Pima trying to

repair an intake structure on the historical Santan Canal (also in Haury, 1976:Figure

8.47).

When the Hohokam began practicing irrigation agriculture along the middle Gila

River is a topic of debate due largely to a paucity of datable materials associated with

Hohokam sites (Schiffer, 1986). Following the chronology of Haury (1976), it is

117



1 1 8

believed that some type of irrigation agriculture was being practiced by the Hohokam as

early as AD 0. If so, then the first one thousand years of Hohokam tenure (AD 0-1000)

coincided with a period of relative channel stability on the middle Gila River. Such

conditions would have favored development and expansion of irrigation systems.

Based on archaeological site distributions, this period coincides with overall increasing

population (Wilcox, 1979). The number of habitation sites increased during the

Colonial period (AD 500-900), and many of these sites later increased in size during the

Sedentary period (AD 900-1100). This trend reversed during the Classic period (AD

1100-1450) when some of the habitation sites were abandoned and canal systems

became more consolidated (Doyel, 1979; Haury, 1976; Wilcox, 1979). The Classic

period is one of significant cultural change for the Hohokam on both the Salt and Gila

rivers with evidence of increasing influence from surrounding cultures. Consequently,

changes in settlement patterns at approximately AD 1100 may be driven by extraneous

cultural influences (Wilcox, 1979). However, one cannot ignore the fact that these

changes take place during a period of increased channel instability on the middle Gila

River. Increased flooding and changes in channel position associated with braided

conditions would damage the canal systems and force the Hohokam to consolidate their

human resources.

The idea that Hohokam cultural change was linked to river dynamics is not new.

Channel instability has previously been postulated as a driving force in Hohokam

demographic changes (Ackerly and others, 1987; Doyel, 1979; Niais and others, 1989;

Waters, 1988). Direct evidence of floods and channel changes, however, has been

lacking. In its place, proxy evidence of climatic variability and flooding has been used

including dendrohydrological reconstructions (Graybill, 1989). The chronology of
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middle Gila River channel changes differs from that constructed for the Salt River based

on tree rings (Niais and others, 1989). On the Salt River, the periods AD 798-899 and

AD 1197-1355 are believed to have been unfavorable for Hohokam irrigation

agriculture, i.e., a period of increased flood and spatial variability of the main-flow

channel. In contrast, the period AD 900-1051 and AD 1052-1196 were relatively

favorable for irrigation. It is difficult to evaluate the model of Niais and others (1989)

with the middle Gila River stratigraphic data because 1) the hydrologic characteristics of

the two rivers are different (Hirschboek, 1985) and 2) the dendrohydrological model

considers an additional environmental parameter, drought, that cannot be addressed

stratigraphically. Therefore, the conclusions reached in this study do not necessarily

contradict the model proposed for the Salt River by Niais and others (1989). The

discrepancy does however call attention to the need for more direct lines of evidence

(i.e., stratigraphic data) for prehistoric flooding in the Gila River system.

As previously mentioned, four out of ten radiocarbon samples from the middle

Gila River flood plain date to the period AD 1450-1680. Archaeologists have very little

information as to what was happening culturally in this area between the abandonment

of the last Hohokam site and the arrival of Father Kino (Doelle, 1981). What is defined

as Hohokam essentially disappears and is replaced by Pima. Both groups share many

cultural traits leading to the strong hypothesis that the Pima are descendants of the

Hohokam (Haury, 1976), however there is no mistaking that population, material

culture, and the scale of irrigation radically changed during this period. It is uncertain to

what degree the relatively high flood frequency and channel dynamics along the middle

Gila River during this period influenced this cultural change. Environmental changes of

one type or another have been offered as possible culprits (Graybill and Dean, 1992;
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Haury, 1976; Weaver, 1972). However, because this is a period of cultural change

throughout the Southwest (MacGregor, 1982), it is important to remember that the

driving mechanism for this change was regional in extent In that sense, middle Gila

River floods and channel changes cannot alone be held responsible for the Hohokam

collapse, but they may have contributed to it.



121

CHAPTER 11: CONCLUSION

In this study I present the results of the first systematic archival-stratigraphic

investigation of the middle Gila River. The goals of the study were to 1) construct a

chronology of floods and channel changes for the middle Gila River during the historic

period, 2) formulate a model of channel behavior based on the historical record, and 3)

reconstruct late-Holocene channel patterns.

The archival record provides information on floods and channel changes back to

AD 1697. Although the early part of the record is discontinuous and anecdotal, the

middle Gila River appears to have had a relatively stable channel geometry during the

first 200 years of this reconstruction. This reconstruction thus extends the period of

middle 19th century channel stability for the Gila River defined by Burkham (1972) into

the 18th century. Channel dynamism begins after the 1890's and continues to today on

the middle Gila River despite upstream diversions and impoundment of water. During

periods of low flood frequency the channel is narrow and slightly sinuous. Large

floods convert the channel into a wide, braided morphology. The disequilibrium model

of channel dynamics applied to the Gila River (Graf, 1981; Stevens and others, 1975)

emphasizes the role that infrequent floods have on changing flood-plain morphology.

Because historic and modern channel responses to floods of similar magnitude were not

uniform, I believe that other environmental parameters effect channel sensitivity (Figure

21) and have to be considered in the disequilibrium model of channel behavior.

Furthermore, process-response models developed for rivers in subhumid environments

(Schumm, 1969; Table 1) do not apply well to the middle Gila River where channel

changes occur without obvious changes in the bedload-suspended load ratio.
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Radiocarbon dating of near surface overbank deposits provides an alluvial

chronology for this reach of the middle Gila River extending back 5,000 years. This

represents the first attempt at constructing an alluvial chronology for the main trunk

stream of the Gila River. Because of the prevailing mode of flood-plain formation

where erosion is accomplished mainly through lateral cutting of the main channel, and

because only large, infrequent historic and modern floods inundate the Y2/Y1 and

Adamsville terraces, I have used the alluvial chronology to interpret paleoflood

frequency. This is seldom done for alluvial reaches of rivers, and the accuracy of my

paleoflood reconstructions hinges on the validity of my flood-plain formation model.

If historic and modern processes are representative of the late Holocene, and my

stratigraphie interpretations are correct, then the stratigraphie record supports the

hypothesis that the occurrence of large floods on the middle Gila River is not random

through time and supports the arguments of nonstationarity in flood frequency analysis

made by others (Ely, 1992; Hirschboek, 1985; Knox, 1984; Webb and Betancourt,

1990). Within the last 5 ky, the frequency of large floods on the middle Gila River was

relatively low 4.0-1.0 ka and relatively high 5.0-4.0 ka and 1.0 ka to present. The

highest flood frequency appears to be within the last 200 years (Graybill, 1989).

Because the recurrence interval of large floods and the geometry of the middle

Gila River change through time, traditional approaches to flood-plain hazard assessment

need to consider the dynamic nature of climate and fluvial response. If the floods of

1983 and 1993 are an indication of increasing flood frequency, then it is probable that

the channel will have a wider, more braided channel pattern. Climatic and channel
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dynamism should also be considered in the construction of cultural-ecological models of

the region's prehistory. Shifts in the spatial distribution of Hohokam archaeological

sites and irrigation canals at approximately A.D. 1100 are penecontemporaneous with

increased flooding on the middle Gila River. This study provides additional evidence

that cultural change within the Hohokam-Pima continuum may be linked to the vagaries

of streamflow and channel behavior (Nials and others, 1989). This study does not

suggest, however, that floods were responsible for the demise of the Hohokam culture;

other factors probably played a greater role.

The emerging story of climate change, rivers, and humans in the arid Southwest

is by no means complete. This study represents a small stratigraphie sample of a very

large middle Gila River flood plain, and I consider the alluvial chronology and

reconstructed channel patterns to be a working hypothesis. More stratigraphie work is

needed, not only from the middle Gila River but also from the upper and lower

segments of the system. Relict prehistoric canals along the Gila River may also contain

valuable paleoflood information in their deposits. There is also plenty of archival

information pertaining to floods and channel changes on Arizona rivers and streams that

has yet to be analyzed in any systematic manner. As urban pressures on flood plains

increase in the Southwest and our understanding of climate change is refmed, there will

be an increasing desire for archivai-stratigraphie studies of rivers for purposes of

assessing flood potential, predicting channel changes, and minimizing losses of life and

property.
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