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FIELD GUIDE TO A
DYNAMIC DISTRIBUTARY
DRAINAGE SYSTEM:TIGER WASH,
WESTERN ARIZONA
By Jeanne E. Klawon and Philip A. Pearthree

INTRODUCTION

Management of flood hazards on piedmonts
of the western United States is increasingly im-
portant as urban development expands into
these areas. In the western United States, the
term �piedmont� describes the low-relief, gen-
tly sloping plains between mountain ranges
and the streams or playas that occupy the low-
est portions of the valleys. Distributary, down-
stream-branching fluvial systems are common
in piedmont areas, and all or parts of many of
these distributary systems are active alluvial
fans. Management of flood hazards on active
alluvial fans is particularly challenging be-
cause of complex flow patterns, widespread
inundation, local high-velocity flow, and the
potential for development of new channels
during floods. Geologic and geomorphologic
analyses provide insights into the fluvial pro-
cesses on piedmonts and thus can be invalu-
able in assessing flood hazards (Pearthree,
1989; Baker and others, 1990; Field and
Pearthree, 1991; Hjalmarson and Kemna,
1991; Pearthree and others, 1992; Hjalmarson,
1994; Field, 1994a; 1994b; National Research
Council, 1996; Field and Pearthree, 1997;
Pearthree and others, in press). This field
guide provides an overview of investigations

of the Tiger Wash distributary drainage system
in western Arizona, which experienced an ex-
treme flood in late September, 1997.

On September 25 and 26, 1997, heavy pre-
cipitation associated with dissipating tropical
storm Nora generated a flood on Tiger Wash
that inundated much of the piedmont and
caused several significant changes in the dis-
tributary channel system. Tiger Wash had pre-
viously been investigated for the Flood
Control District of Maricopa County in 1992 as
part of the Alluvial Fan Data Collection and
Monitoring Study (CH2MHill, 1992), so some
of the physical characteristics of Tiger Wash
had been documented prior to the 1997 flood.
The abundant evidence of inundation left by
the 1997 flood provides an unusual opportu-
nity to analyze flow characteristics and the ex-
tent of inundation, and thus increase our
understanding of the hazards associated with
alluvial-fan floods in Arizona. The primary
purposes of this study are to:  (1) map the
surficial geology of the piedmont as it existed
prior to the flood; (2) document the extent
and character of flood inundation; (3) docu-
ment and evaluate changes in the distributary
channel network; and (4) compare the extent
of potentially flood-prone areas predicted by
analysis of the surficial geology with the ac-
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Figure 1. The Tiger Wash drainage
basin in west-central Arizona. Solid
line on the main map shows the ex-
tent of the tributary portion of Tiger
Wash. The dashed line shows the ap-
proximate extent of the distributary
system. Inset map shows the location
of Tiger Wash in western Maricopa
County.
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tual extent of inundation in 1997.
This field guide begins with an overview of

the Tiger Wash fluvial system. Next, we de-
scribe the character of its surficial deposits
and their implications for the character and ar-
eal extent of flood hazards in the Tiger Wash
distributary drainage system. We then briefly
discuss the meteorology and hydrology of the
1997 flood, followed by a description of inun-
dation mapping and implications for the na-
ture of flooding on alluvial fans in this region.
Descriptions of specific field trip sites are
found at the back of the field guide.

This research was conducted with the sup-
port and assistance of a number of agencies
and individuals. Funding for this research was
provided by the Flood Control District of
Maricopa County and the Arizona Geological
Survey. The work was conducted in coopera-
tion with JE Fuller Hydrology/Geomorphology.
Ted Lehman of JE Fuller provided the indirect
discharge estimates reported here, and much
valuable information regarding the floodplain
management implications of this work. Jon
Fuller, Kyle House, Kirk Vincent, Lee
Amoroso, and Steve Monroe provided field as-
sistance and feedback. Joe Tram of the
FCDMC provided moral and logistical support.
Joe Capesius of the USGS pointed out to PAP
that Tiger Wash had its flood of record in
1997; this was the initial impetus for these in-
vestigations. Tim Orr was responsible for map
digitization and developed map and figure
layouts, and Pete Corrao helped with illustra-
tions and is responsible for the layout of this
document.

Tiger Wash Fluvial System

Tiger Wash is a moderately large drainage
in the Gila River system in west-central Ari-
zona, approximately 70 miles [120 km] west of
Phoenix. The upper reaches of Tiger Wash are
a ~100 mi2 [300 km2] tributary system that

drains parts of the Harquahala and Big Horn
mountains and a moderately dissected basin
between them (Figure 1). Topographic relief
in the roughly circular upper basin is modest,
with maximum elevation difference of 3900 ft
[1180 m] between the base of the tributary sys-
tem on Tiger Wash and the top of Harquahala
Peak. Through most of the basin, total relief is
less than a thousand feet. As Tiger Wash en-
ters the low-relief piedmont of the Harquahala
Plain to the south, it changes from a tributary
system to a large (~40 mi2 [120 km2]), com-
plex, downstream-branching distributary drain-
age system.

The first distributary split occurs as Tiger
Wash flows around the western end of the Big
Horn Mountains, where it splits into two ap-
proximately equal branches that are primarily
east and west of Eagle Eye Road (Figure 2).
Each of these branches is composed of many
downstream-branching channels, as channels
decrease in size and increase in number
downslope. Local topographic relief across the
distributary system is a few meters or less. Late
Holocene deposits in the active distributary
system consist of sand and gravel in channels,
sheet gravel deposits in areas of less topo-
graphic confinement adjacent to channels, and
very extensive sandy to silty overbank and
sheetflood deposits. Channel deposits diminish
in extent and fine-grained deposits become
much more extensive downstream in the dis-
tributary system, which indicates that sheet
flooding between and downstream of chan-
nels is a very important component of large
floods on Tiger Wash. The lowermost part of
the Tiger Wash distributary system is truncated
by the Central Arizona Project canal. Flood
flows from Tiger Wash are contained in large
detention basins upslope of the CAP canal;
rare overflows from these detention basins
join Centennial Wash, which drains southeast-
ward to the Gila River.
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Figure 2. Overview of the Tiger Wash distributary drainage system in west-central
Arizona. Heavy dashed white line delineates the distributary system and part of the
tributary portion of Tiger Wash. The thinner dashed white line shows the approximate
boundary between the east and west branches of Tiger Wash distributary system.
Aerial photo is from 1972.
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Previous Work

Previous geomorphologic investigations of
the Tiger Wash distributary system suggested
that it is a dynamic system. Wells (1977) stud-
ied alluvial fan building in the Harquahala
Plain and developed equations based on these
systems to predict areas of net deposition and
associated sediment types. Variables that make
up these equations include wash length from
the headwaters divide and drainage area.
Wells interpreted the fine-grained alluvial fans
where deposition occurs as coalescing berm
sediments that have spread laterally over the
shallow interfluves of the lower piedmont
(Wells, 1977). He also maintained that there is
a contact between coarse grained alluvial fans
that are being eroded and young, predomi-
nantly fine-grained depositional areas; he
called this the �zero edge of alluviation�
(Wells, 1977). He concluded that mean inter-
fluve width in a basin and the size of a
basin�s source area are major factors in the ex-
tent of berm aggradation.

Tiger Wash was investigated as part of stud-
ies of alluvial fans and distributary drainage
systems in Maricopa County in the early
1990�s (Hjalmarson and Kemna, 1991;
CH2MHill, 1992). As part of these investiga-
tions, soils, geomorphic, and geologic data
were compiled in an effort to identify portions
of the Tiger Wash system that are active allu-
vial fans. Criteria used to assess fan activity
included soil survey maps, generalized
surficial geologic maps, hydraulic capacity of
channels, and the character of the drainage
network. As part of the CH2MHill study, a
260-m-long trench was excavated across part
of the Tiger Wash that was considered to be
an active alluvial fan. Stratigraphic relation-
ships exposed in the trench were interpreted
by P.K. House, P.A. Pearthree, and K.R.
Vincent (included in CH2MHill, 1992). They
identified three different types of depositional
units: (1) gravelly channel deposits; (2) more
laterally extensive sheet gravel deposits; and

(3) sandy to silty overbank and sheetflood de-
posits. They found evidence for several gen-
erations of these deposits, which implied that
this part of the Tiger Wash system is quite dy-
namic. There have been substantial shifts in
loci of deposition during the past few hundred
years, and less dramatic shifts in depositional
patterns have occurred during the historical
period.

As part of the CH2MHill (1992) study, J.E.
Fuller and P.K. House collected and analyzed
paleoflood data near the Tiger Wash stream
gage site. They described at least 5 slackwater
deposits (SWDs) in an alcove in the bedrock
hillside that forms the left margin of Tiger
Wash in this area. Based on HEC-2 modeling,
these deposits correspond to flood discharges
ranging from at least 4,000 cfs [115 cms] to at
least 8,000 cfs [230 cms]. The two youngest
and highest SWDs may have been emplaced
in the past 100 years. In addition, they de-
scribed a floodplain terrace that has a thick
fine-grained cap that is evidence of at least
occasional flood inundation. A discharge of
about 10,000 cfs [285 cms] is required to over-
top this floodplain terrace. They documented
a Pleistocene terrace that has not been ex-
posed to any significant inundation by Tiger
Wash during the Holocene [the past 10,000
years]. A discharge of about 13,000 cfs [370
cms] would overtop the Pleistocene terrace, so
the non-inundation of this terrace provides an
approximate upper bound on Tiger Wash
floods during the Holocene. Thus, there is evi-
dence of several floods in the range of 6,000
to 10,000 cfs [170 to 285 cms] in the recent
past, but no evidence of floods larger than
13,000 cfs [370 cms] in the past 10,000 years
(CH2MHill, 1992).

Field (1994b) summarized the historical
record of channel changes on Tiger Wash. He
used a sequence of aerial photos to assess
channel changes that had occurred from 1953
to the late 1980�s. He observed that no signifi-
cant changes occurred between 1953 and 1988
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in the distributary area; however, he noted
that some channels had been recently aban-
doned within the drainage network. He pre-
dicted that given a large flood, significant
modifications would occur on the east side of
the fan based on headcuts along the east side
and evidence of significant overbank flow.
The east side of the fan did receive substantial
overbank flow and some channel lengthening
and expansion occurred in 1997, but the main
avulsions occurred on the west side of the fan
upstream from Field�s study area. In addition,
Field noted that of the 6 fans he studied in
southern and central Arizona, Tiger Wash had
been the most stable for the period investi-
gated.

SURFICIAL GEOLOGIC
FRAMEWORK OF THE TIGER
WASH DISTRIBUTARY SYSTEM

Surficial geologic mapping provides a long-
term perspective on the behavior of distribu-
tary drainage systems on piedmonts that can
be used to delineate the extent of active allu-
vial fans. Active alluvial fans are depositional
systems, and thus they leave a record of their
activity in the form of extensive late Holocene
deposits. Surface characteristics, soils, local to-
pography, channel patterns, and exposures of
surficial deposits record the character and ex-
tent of fluvial activity on piedmonts over de-
cades to tens or hundreds of thousands of
years. Surface color, black and red varnish on
surface gravel, development of desert pave-
ment, local surface topography, drainage net-
work character and development, relief
between channels and adjacent alluvial sur-
faces, and soil development can be used to
differentiate alluvial surfaces by age.

Alluvial surfaces of similar age have a dis-
tinctive appearance and soil character because
they have undergone similar post-depositional

modifications. Young alluvial fan surfaces that
are less than a few thousand years old still re-
tain clear evidence of the original depositional
topography, such as bars of coarse gravel de-
posits, swales (trough-like depressions) where
low flows passed between bars, and distribu-
tary channel networks. Young fan surfaces
also show minimal development of soil, desert
pavement, and rock varnish, and dissection.
Old alluvial fan surfaces, in contrast, have
been isolated from substantial fluvial deposi-
tion or reworking for tens to hundreds of
thousands of years. These surfaces are charac-
terized by strongly developed soils with clay-
and calcium-carbonate-rich horizons, smooth,
closely packed desert pavements between
drainages, dark varnish on surface rocks, and
well-developed tributary stream networks that
are entrenched below the fan surface. The
ages of alluvial surfaces in the southwestern
United States may be roughly estimated based
on these surface characteristics, especially soil
development (Gile and others, 1981; Bull,
1991).

We mapped the surficial geology of the Ti-
ger Wash distributary system primarily using
color 1:24,000-scale aerial photographs from
1979, which were provided by the U.S. Bureau
of Land Management. We also conducted sub-
stantial field investigations to document sur-
face characteristics and soil development
associated with the various alluvial surfaces
and to check contacts between map units. We
did not modify the surficial geologic map to
reflect any changes in the extent of various
map units caused by the 1997 flood. Thus, the
surficial geologic map may be evaluated for its
predictive value regarding the inundation as-
sociated with this recent flood. In some areas
away from the 1997 flood inundation, larger-
scale color aerial photos obtained for this
project in 1999 were used to augment our in-
terpretation of the 1979 photos.
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Surficial Geologic Map Units

The surficial geology of the Tiger Wash dis-
tributary system provides insights into the
character of fluvial behavior and flood haz-
ards throughout the system. Surficial map units
can be grouped into Holocene and Pleis-
tocene units. For a more detailed description
of each unit, please refer to Table 1. Holocene
units include Qyc, Qy2 and Qy1. The active
fluvial system is outlined by the extent of siz-
able modern washes (Qyc) and overbank and
sheetflood areas (Qy2). Older Holocene de-
posits (Qy1) cover areas that have been part
of the active depositional system in the past
few thousand years but are currently isolated
from flood inundation. Qyc deposits are light-
colored, freshly deposited channel sediment
ranging in size from sand to small to medium
boulders. Sediment is typically is deposited on
flat, generally sandy channel bottoms with
some gravel, gravel bars that commonly are
0.5 to 1 m high, and lower-relief sand bars.

Qy2 deposits are generally much finer grained
sandy to silty overbank and sheetflood depos-
its, but they include sheet gravel deposits at
the downslope margins of channels and fine
gravel deposits on the beds of small channels.
Qy1 surfaces have minimal rock varnish and
desert pavement development and are weakly
dissected. Particle size varies from sand, silt,
and clay to pebbles and cobbles, and gener-
ally decreases downslope. Qy1 surface relief is
quite variable, depending on particle size and
post-depositional entrenchment by local drain-
ages. Commonly, however, local relief on Qy1
surfaces is greater than on adjacent Pleis-
tocene surfaces because of well-preserved bar
and swale depositional topography and bur-
rowed areas. Soils associated with the Ho-
locene units have nonexistent to weak
structural development with no discernible
clay accumulation, and thin discontinuous car-
bonate coatings in the older Holocene depos-
its (Qy1).

Table 1. Selected properties of surficial geologic units in the Tiger Wash distributary system.
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Pleistocene surficial geologic units record
the longer-term evolution of the Tiger Wash
distributary system. They include Ql, Qm, and
Qmo, with Ql being the youngest (late to lat-
est Pleistocene) and Qmo the oldest (early to
middle Pleistocene; Qmo surfaces are found
only in the northernmost part of Figure 3, and
are not part of the Tiger Wash distributary sys-
tem). Pleistocene Ql and Qm surfaces are the
relict alluvial fans of Tiger Wash that have
been isolated from active fluvial deposition or
reworking for at least 10,000 years. In upper
piedmont areas, these surfaces are generally
higher than adjacent Holocene channels and
terraces. In middle and lower piedmont areas,
however, topographic relief between Holocene
and Pleistocene surfaces in minimal. In these
areas, some Pleistocene surfaces have been
partially buried by Holocene deposits within
and along the margins of active deposition.

Pleistocene alluvial surfaces typically have
moderately to strongly developed rock var-
nish; smooth desert pavements are well devel-
oped on the Qm surfaces. Surface clasts are
mostly pebbles and cobbles, which are poorly
sorted on Ql surfaces and moderately sorted
on Qm surfaces. Local topographic relief is
greater on Ql surfaces than Qm surfaces due
to much better preservation of bar and swale
topography. Former bars and swales may be
recognized on Qm surfaces by variations in
particle size, but original depositional topogra-
phy has been almost completely smoothed by
local deposition and erosion. Pleistocene soils
show an increase in soil development with in-
crease in age of the map unit. For example, Ql
soils have slight clay accumulation, weak
structure, and thin discontinuous carbonate
coatings on clasts. Qm soils have moderately
developed structure, reddened zones of clay
accumulation, and continuous carbonate coat-
ings on clasts and local weak cementation in
the calcic horizon. Older, indurated, carbon-
ate-rich deposits may underlie much of the
upper piedmont. These deposits are exposed

in the channel bed of the west branch of Tiger
Wash and in smaller washes in this area.
Based on the tremendous amount of carbon-
ate in these deposits, they probably date to
the middle or early Pleistocene. Along the
west branch of Tiger Wash, the surficial de-
posits (Qy1 and Ql) are quite thin, and were
deposited on an erosion surface formed on
top of the much older, carbonate-cemented
deposits.

Implications for the Extent of Alluvial Fan
Flooding in the Tiger Wash Distributary
System

Tiger Wash is typical of many drainage sys-
tems in southern and central Arizona in that
the channel network changes from tributary to
distributary (branching and diverging down-
stream) on the piedmont downslope from the
mountains. Distributary systems spread water
and sediment over wide portions of the pied-
mont, but the existence of distributary channel
networks alone does not imply that the entire
system is an active alluvial fan. All or parts of
distributary drainage systems may be consid-
ered active alluvial fans if: (1) topographic re-
lief between channels and surfaces between
channels is low enough that channel banks
along most reaches are overtopped during
large floods; and (2) the surfaces between
channels are primarily composed of Holocene
deposits. The predominance of Holocene de-
posits in all or parts of a distributary system
implies that these areas have been inundated
in the past few thousand years either by
sheetflooding, changes in channel positions,
or both. On active alluvial fans, channels typi-
cally are discontinuous and decrease in size
downfan. Channels are a minor element in the
lower parts of some of these fans, which are
covered with young, fine-grained deposits in-
dicative of extensive unconfined sheetflooding
between channels.

The mapped distribution of surficial depos-
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its of different ages points to areas that are
likely to be subject to alluvial fan flooding
(Figure 3). Extensive Holocene deposits exist
along both branches of Tiger Wash in the area
of the first major distributary channel split, but
very young deposits (units Qy2 and Qyc) are
restricted to narrow areas along the main
channel systems. Qy2 deposits are actually
more extensive along the east branch of Tiger
Wash, which suggests that this branch may
have been relatively more important in the re-
cent past. During the 1997 flood, however,
most of the flow went down the west branch
and most of the area covered by Qy2 deposits
in the upper part of the east branch was not
inundated. This is also the area where humans
have excavated sizable gravel pits on the east
branch, but it is not clear whether this gravel
mining resulted in diversion of flow to the
west branch. The distribution of young
surficial deposits in the area of the first dis-
tributary split implies that substantial changes
in depositional patterns have occurred quite
recently; these deposits may record a shift in
flow and deposition from the east branch to
the west branch over the past several decades.
The moderate topographic relief between ac-
tive channels and adjacent fan surfaces (up to
3 m) and the existence of relict Pleistocene al-
luvial fan surfaces within and bounding the
distributary system implies that the general
configuration of the distributary channel sys-
tem in this area is reasonably stable. Major
shifts in channel position in this part of the
system during floods are very unlikely in an
engineering timeframe.

Well downstream of the first distributary
split, the lateral extent of Qy2 deposits in-
creases dramatically along both the east and
west branches of Tiger Wash. In these same
areas, channel systems branch and become
smaller downstream and topographic relief
generally is less than about 1 m. We consider
these areas with extensive Qy2 deposits and
downstream-branching channel networks to be

active alluvial fans within the larger distribu-
tary drainage system. Most of these areas
would be inundated in large floods, and the
potential exists for significant changes in
channel patterns. Fine-grained Qy2 deposits
are very extensive in the southern part of the
map area, and channels are small and discon-
tinuous. We infer that these areas are subject
to very broad, relatively shallow sheetflooding
during large flow events.

Topographic relief across the piedmont de-
creases downslope in conjunction with the in-
crease in extent of very young deposits, so
that the topography associated with the lateral
boundaries of young deposition in the middle
and lower piedmont is minimal. Relief be-
tween Pleistocene remnants and Holocene de-
posits is also very small, and in some
situations Pleistocene surfaces are actually
lower than adjacent Qy2 and Qy1 surfaces.
The margins of the active alluvial fan areas
are evolving over time, and the contacts be-
tween young and older surficial deposits
along the fan margins are modified during
large floods. Although the vast majority of the
inundation during the 1997 flood occurred in
areas covered by young deposits, we found
field evidence for local burial and erosion of
Pleistocene alluvial fan surfaces during the
1997 flood.

METEOROLOGY AND
HYDROLOGY OF THE 1997
FLOOD

The 1997 flood on the Tiger Wash distribu-
tary system was generated by as much as 12
in. [300 mm] of rainfall derived from dissipat-
ing Tropical Storm Nora. Incursions of very
wet regional storm systems associated with dis-
sipating tropical storms occur infrequently in
western Arizona, but when they do occur they
have the potential to generate large floods
throughout the region (Hansen and Schwartz,
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Figure 3.
Surficial Geologic
map of the Tiger
Wash distributary
system.  Field trip
sites are indicated
by red numbers.
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1981). Hurricane Nora originated in
the eastern Pacific Ocean, eventu-
ally developing wind gusts up to
150 miles per hour [250 km per
hour] as it moved northward
through the week of September 21-
27. It crossed the southern Baja
California peninsula of Mexico on
Sept. 22 through 24 and into the
Gulf of California, where it re-
mained a hurricane as it continued
northward up the Gulf (Figure 4).
Maximum wind speed decreased
considerably and Nora became a
tropical storm as it moved to the
head of the Gulf. The storm was
still moisture laden, delivering the
equivalent of the average annual
total rainfall of 4 in. [100 mm] at
Yuma, Arizona, on Sept. 24. A
southwest-northeast-trending area in
west-central Arizona received heavy
precipitation from dissipating Tropi-
cal Storm Nora beginning on Sept.
25 and extending through mid-day
on Sept. 26 (Figure 5). The greatest
amounts of rain fell in the high el-
evations of the Harquahala Moun-
tains, where there are numerous
fresh debris flow scars, but over 4
in. [100 mm] fell on the Tiger Wash
fan itself in a 24-hour period (Fig-
ure 6).

Flooding in the Tiger Wash area
occurred on September 26, 1997 fol-
lowing the heavy rains from Tropi-
cal Storm Nora. The crest-stage
stream gage operated by the U.S.
Geological Survey and the Flood

Figure 4.  Satellite imagery of the east-
ern Pacific and western United States,
September 24-26. Tiger Wash drain-
age is denoted by the black squares.
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Control District of Maricopa County (�Tiger
Wash near Aguila, AZ�) was destroyed by the
flood, but the peak discharge at the gage site
was subsequently estimated by indirect meth-
ods at 8,070 cfs [230 cms] (Tadayon and oth-
ers, 1998). This is the peak of record for the
gage location, and it is nearly twice as large as
any previously recorded discharge (Figure 7).

Paleoflood data collected at the gage site indi-
cate that floods somewhat greater than this
magnitude have occurred during the Ho-
locene. Based on non-inundation of Pleis-
tocene surfaces, there is an upper bound of
13,000 cfs [370 cms] for Holocene floods and
physical evidence of several floods with peak
discharges of at least 10,000 cfs [285 cms]

Figure 5. Regional precipitation associated with tropical storm Nora, September 25 and 26, 1997. Contours
are based on individual rain gages that are part of the Flood Control District of Maricopa County ALERT
flood warning network. Note the limited area of extreme precipitation over the high part of the Harquahala
Mountains in the Tiger Wash drainage basin, based on the rain gage on top of Harquahala Mountain.
Rainfall data and isohyetal map courtesy of Steve Waters, FCDMC.
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Figure 6. Cumula-
tive rainfall data
from Tropical Storm
Nora for rain gages
in the Tiger Wash
drainage. Rain
gages are part of the
ALERT flood warn-
ing network of the
Flood Control Dis-
trict of Maricopa
County.

Figure 7. Peak dis-
charge estimates for
the Tiger Wash
stream gage and
maximum Holocene
paleoflood discharge
estimates for the
same site. The pe-
riod of the gage
record is 1963-79,
1983, and 1991-
present. The maxi-
mum paleoflood
estimate of 13,000
cfs is based on non-
inundation of a
Pleistocene alluvial
surface. The highest
Holocene terrace
with slackwater de-
posits on it suggests
that more than one
flood greater than
10,000 cfs has oc-
curred in the Ho-
locene.
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(CH2MHill, 1992). Reconnaissance of the gage
site by Jon Fuller and Ted Lehman following
the 1997 flood showed that the highest 1997
flood evidence was approximately 2 feet be-
low the highest level of paleoflood deposits.
Because of degradation of the bed by 2 feet
since 1970, however, the 1997 flood may have
been nearly as large as any paleoflood re-
corded in the stratigraphy at the site (Ted
Lehman, unpublished data, 1999).

MAPPING AND ANALYSIS OF
THE 1997 FLOOD

The 1997 flood was an extreme event for
the west branch Tiger Wash alluvial fan. This
is borne out in the changes that occurred in
the system and the evidence the flood left be-
hind, which could be clearly seen even two
years following the event. We utilized the
abundant evidence of flow to (1) map the in-
undated areas on Tiger Wash fan; (2) differen-
tiate flow regimes based on flood deposits
and high water indicators; and (3) document
channel changes from the 1997 flood. In addi-
tion, peak discharge estimates were made at
several locations in the distributary system us-
ing indirect slope-area and slope-conveyance
methods by Ted Lehman (JE Fuller Hydrology
/ Geomorphology, 1999).

Methods Used to Document 1997 Flood
Inundation

We mapped the area inundated by the 1997
flood in the field during the spring of 1999
(Figure 8). Several kinds of field evidence
were used to map the extent of inundation.
(1) The most ubiquitous evidence of the flood
is freshly transported sediment. In areas of
deeper inundation, fresh sediment typically is
light-colored sand and locally gravel. This
sediment partially buries vegetation of various
sizes, and in many places sandbars were de-

posited on the lee sides of vegetation. In areas
of shallower flow, fresh sediment typically is
fine sand, silt and clay. The color of this fine-
grained sediment is typically slightly redder
than deposits that pre-date the flood. In true
slackwater areas, the fine sediment deposited
by the flood commonly developed moderately
large mud cracks as it dried. (2) Flotsam
(floated organic debris) is also a very common
indicator of flow. Flotsam around the margins
of inundation is especially valuable, because
it floats and may mark the maximum extent of
the water surface. Flotsam was also observed
in trees and bushes in areas of deeper flow.
(3) Evidence of fresh scour and formation or
modification of gullies of various sizes was
also common. In these areas, it was evident
that the surface had recently been swept clean
or substantially altered. In some areas, rela-
tively old (Pleistocene) deposits were freshly
exposed in stream channels. In areas of sheet
flooding, scour commonly was focused be-
tween bushes or animal burrows.

Using all of these kinds of evidence of
flood inundation, we mapped the maximum
extent of the flood in the field using a com-
posite, black-and-white, ~1:15,000-scale aerial
photo map made from photos taken in Febru-
ary, 1998. The composite map is a mosaic of
digital aerial photos, with some cultural infor-
mation superimposed on them from GIS data.
We initially made several walking transects
across the distributary system to identify areas
of inundation and non-inundation. The mar-
gins of the many flow paths in the Tiger Wash
system were traced in the field and mapped.
Possible islands of no flow within flow paths
were identified on the aerial photos and field
checked. Field mapping data were then com-
piled over the photo mosaic base map. More
recently, the flood inundation map was modi-
fied and extended using color, 1:9,600-scale
aerial photos flown in March, 1999. Deposi-
tional and erosional features left by the 1997
flood are very evident on these high-quality
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Figure 8. Preliminary map of 1997 flood inundation in part of the Tiger Wash dis-
tributary system.  Peak discharge estimates in cubic feet per second (cfs) at various
locations are shown (from Ted Lehman, JE Fuller Hydrology / Geomorphology).
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photos, and it is much easier to identify spe-
cific locations on the ground using these pho-
tos.

There are several sources of uncertainty in
the inundation map shown in Figure 8. (1)
There is substantial uncertainty in the mapped
flow boundaries in areas where flood lapped

onto fine-grained, young deposits. The princi-
pal problem in these areas was the lack of
contrast between the color and grain size of
the 1997 flood deposits and deposits from
older floods. (2) There is some uncertainty in
the mapped flow boundaries throughout the
map due to location uncertainty on the aerial

Figure 9. Topographic transects surveyed across the main flow path on the west branch of Tiger Wash.
Surficial geologic units are shown on the bars below each transect.Flow catagories are channels (c), deep
unfined flow (deep or d), and shallow sheet flooding (shallow or s).  The upper transect follows the dirt
track in the area of the fan apex identified in previous studies. The transect begins near site 4 and ends
near site 10. On the upper transect, local topographic relief is much greater on the young alluvial surfaces
that were flooded than on adjacent Qm surfaces. Also note that the Qy surfaces are higher than adjacent
Qm surfaces because of young deposition associated with this alluvial fan. On the lower transect, inunda-
tion was generally shallow and very widespread. Topographic relief is minimal except for several narrow,
steep-sided gullies. No exposed Pleistocene surfaces were encountered on the lower transect.
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photo mosaic that was used as a base map. In
areas with low relief and few trees, it was es-
pecially difficult to identify precise locations
on the photo while in the field. Location un-
certainties tended to be worst in the same ar-
eas where shallow flow lapped onto young,
fine-grained deposits. (3) The photos them-
selves are not rectified, so there are some
variations in scale through the photos, adja-
cent photos do not join perfectly, and they do
not fit all of the GIS information superim-
posed on them. Therefore, when the flow
boundaries are transferred to a topographic or
GIS framework, there is uncertainty related to
distortion in the aerial photo base.

We obtained larger-scale 1999 color aerial
photos (scale 1:9,600) of the west branch of
the Tiger Wash distributary system after most
of the field mapping was complete. It is much
easier to be certain of locations on these new
photos because of variations in surface color
and better resolution of vegetation and chan-
nels. In addition, color contrasts between 1997
flood deposits and pre-existing deposits in the
distributary system show up very well on the
new photos. We were also able to make some
conclusions about the character of flow based
on indicators of flow depth and the nature of
sedimentation. We grouped flow categories
into channel flow, deep unconfined flow, and
shallow sheetflooding. These different catego-
ries of flow form distinctive patterns on
1:9,600-scale color aerial photographs. By
field-checking a portion of flooded areas and
surveying several detailed topographic cross
sections perpendicular to drainage (Figure 9),
we are supplementing our field mapping to
delineate areas of different flow categories on
the aerial photographs (see Figure 10 for an
example of this mapping). The flood inunda-
tion mapping shown in Figure 8 will be re-
vised using these photos, and we will digitize
these data in a GIS format to produce a more
detailed and precise map of the 1997 flood in-
undation.

Indirect Peak Discharge Estimates

Ted Lehman made rough approximations of
peak discharge values during the 1997 flood
at several locations in the Tiger Wash system
based on slope-area and slope-conveyance es-
timates (Figure 8; JE Fuller, 1999). He esti-
mated a peak discharge of roughly 9,000 cfs
[260 cms] at the head of the distributary sys-
tem. Of that peak, about 7,000 cfs [200 cms]
flowed down the west branch and 1,800 cfs
[50 cms] down the east branch. Farther
downslope in the distributary system, some
undetermined amount of water was conveyed
as unconfined overbank flow and is not ac-
counted for in the following indirect discharge
estimates. In the area of the upper western
breakout, he estimated that a peak discharge
of 1,700 cfs [48 cms] escaped the main chan-
nel and continued downslope in several dis-
tributary channels; the main channel had a
peak of about 4,000 cfs [115 cms] downstream
from the breakout. At the new channel
breakout, he estimated peak discharges of
1,000 cfs [30 cms] in the new channel and
1,700 cfs [48 cms] in the main channel. Down-
stream of that point the flow continued
through multiple channels and broad
overbank areas.

Characteristics of the 1997 Flood Flow

The 1997 flood inundated essentially all of
the young alluvial fan areas on the west
branch of Tiger Wash and caused some dra-
matic changes in the channel system. Several
large new channels formed during the flood,
and numerous pre-existing channels were en-
larged or extended. Some of these were very
minor prior to the 1997 event. In the upper
part of the west branch where the single large
channel Tiger Wash is confined between Qy1
and older surfaces, flow was contained in the
channel with minor overbank flow. High wa-
ter marks are evident on channel banks and
tributary channel mouths were backflooded.
As flow became unconfined farther
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Figure 10. An example of detailed mapping of the 1997 flood inundation. Channel flow is
relatively deep flow in mappable, well-defined channels. Deep unconfined flow was typified
by variable flow depth, but with substantial areas of flow deeper than 20 cm (~1 ft). Small
channels are common in areas of deep unconfined flow. Shallow sheetflooding was charac-
terized by broad, shallow inundation less than 20 cm deep.
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downslope, inundation was widespread in the
active alluvial fan areas. Deep flow occurred
in preexisting channels and deep unconfined
flow occurred in overbank areas adjacent to
main channels. Deep flow in channels was re-
sponsible for the transport of bedload up to
small boulders and erosion of channel beds
and stream banks formed in Pleistocene and
Holocene deposits. Deep unconfined flow
transported some gravel, but mainly sand-size
and finer particles, from main channels into
overbank areas. This sediment was deposited
as broad sheets and in streamlined pendant
bars downstream of creosote bushes and other
vegetation. Many areas of deep unconfined
flow are characterized by alternating small,
narrow channels and sand bars, which results
in a corrugated topography (Figure 9). Shal-
low sheetflooding occurred at the margins of
deep unconfined flow, where water reached
its maximum distance away from the main
channels. In areas of shallow sheetflooding,
low sand deposits or �fingers� record flow and
deposition around creosote bushes and areas
between bushes are typically are slightly to
moderately scoured. At the very margins of
flow, thin silt layers typically cover the sur-
face.

We can begin to evaluate the usefulness of
surficial geologic mapping as a predictive tool
in piedmont flood hazard assessment by com-
paring the extent of inundated areas of the
1997 flood with the pre-flood surficial geol-
ogy. Based on the ages of surfaces, we predict
that older surfaces such as Qm, Ql, and Qy1
would be unlikely to experience flooding, and
that the younger surfaces, Qyc and Qy2,
would likely be inundated in a large flood.
Our inundation mapping shows that this gen-
erally was the case. Flow remained confined
in the upper part of west branch Tiger Wash
where older deposits exist along the banks,
and it broke out and spread widely where
Qy2 deposits are adjacent to the main chan-
nel. There are locations, however, where older

Holocene and Pleistocene surfaces adjacent to
younger surfaces were inundated in 1997. This
occurred along the margins of active alluvial
fan areas where topographic relief between
surfaces of different ages is minimal.

In several cases, flow not only inundated
Qy2 surfaces, but also formed new channels
along drainages that were small or weakly de-
fined prior to the flood. These channel
changes are illustrated dramatically by com-
paring pre-flood and post-flood photos. Pho-
tos taken in 1953, 1979, and 1999 document
the formation a large new channel during the
1997 flood (Figure 11). The new channel ap-
proximately followed the course of a small
channel that existed within an area of fine-
grained late Holocene overbank deposits (unit
Qy2). The new channel probably formed as
1997 floodwater inundated the overbank areas
and began to downcut into the Holocene de-
posits. Flow funneled through the new chan-
nel, eroding the bed down to Pleistocene soil
in places and laterally eroding the Holocene
channel banks. This new channel is much
wider and somewhat shallower than the pre-
existing main channel in that area (Figure 9).
The new channel may narrow and deepen
with time if larger riparian vegetation becomes
established along it.

There are also numerous examples of less
dramatic channel changes where flood waters
widened or lengthened preexisting channels.
These changes occurred in areas of channel
flow and deep unconfined flow, flow depth
zones where both erosive and depositional
settings exist. Changes include channel widen-
ing, bank erosion along outside bends, bed
scour, and formation of discontinuous well-
defined channels. In addition, the apex of the
most prominent active alluvial fan on west
branch of Tiger Wash has migrated about 1500
ft [500 m] upslope between 1953 and 1999.
About ½ of this migration occurred as a result
of the formation of the new western channel
in 1997, but it appears from the 1979 aerial



Field Guide to a Dynamic Distributary Drainage System: Tiger Wash, Western Arizona Page 20

photos that upslope migration of the fan apex
also occurred between 1953 and 1979 (Figure
11).

Historical aerial photographs from 1953
suggest that the east branch was the dominant
wash at that time (JE Fuller, 1999). By the time
the 1979 aerial photographs were flown, the
west branch seemed to be dominant. The 1997
flow event was a much larger event on the
west branch than on the east branch. It is un-
certain whether this change may have been
caused by alterations of the channels due to
gravel mining in the area of the first distribu-
tary split, a natural shifting of flow from one
branch to the other, or some combination of
these factors.

FIELD GUIDE

From Phoenix, proceed about 60 miles west
on Interstate Highway 10. Exit at Salome
Highway and proceed about 9 miles north-
west. Turn north on Eagle Eye Rd. and con-
tinue due north for about 5 miles. Look for 2
small hills west of the road, and turn west
onto a poor dirt road across from a more obvi-
ous gravel pit road. Proceed to the base of the
first hill, park, and hike to the top of the hill.

Figure 11. Repeated aerial photographs documenting changes in channel position and character near the
apex of an alluvial fan within the western branch of the Tiger Wash distributary system. Letters identify
similar positions in each photograph,generally where fairly dramatic changes have occurred. The letters N
point out the future position of the new channel that developed in 1997. Two sizable trees along this chan-
nel that are visible in all three photos are identified by the letter T and leaderlines. The letters A with asso-
ciated horizontal lines identify approximate positions of the alluvial fan apex, where the first major
expansion in this part of the distributary system exists. Apparently, the fan apex has been migrating
upslope since 1953, and made a major jump upslope in 1997.
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Figure 12. Oblique downstream aerial photo of the west branch of Tiger Wash. The following features
are labeled: main western distributary channel, WC; first major western flow breakout, UB; approxi-
mate apex of alluvial fan identified in previous studies, A; new channel that formed in 1997 flood,
NC. Size of various arrows approximates amount of flow in the system. Approximate locations of field
trip sites are indicated.
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Site 1. OVERVIEW: upstream at west
branch, where Tiger Wash flows between
twin hills.

Welcome to Tiger Wash! We are located on
the eastern of the twin hills that the west
branch of Tiger Wash flows between (Figure
12). Looking upslope (north), we can see the
highest part of the Tiger Wash drainage basin,
the top of the Harquahala Mountains. The rain
gage on top of Harquahala Peak received
about 12 in. [300 mm] of rain in a 24-hour pe-
riod, which is close to a record 24-hour
precipation event for Arizona. Two other rain
gages in the Tiger Wash watershed received
about 4 in. [100 mm] of rain during the same
period. We are about 1.3 miles [2 km]
downslope of the first distributary split in Ti-
ger Wash, which is at the upper end of a large
gravel pit on the east branch. The vast major-
ity of flow in the 1997 flood came down the
west branch just to our west. At our overview
site, note that west branch of Tiger Wash is
confined and its channel carved into old, car-
bonated-cemented gravels (site 2). In this up-
per reach of the distributary system, the 1997
flow was contained within this channel and
narrow overbank areas. High water evidence
for this flow is found mainly in the form of
flotsam and scour lines as well as sand and
silt deposition along channel margins and in
backwater zones such as minor tributary chan-
nels.

Looking downstream, we can see the
branching channels that partially define the
distributary character of the Tiger Wash system
(Figure 12). The first major new breakout of
flow during the 1997 flood occurred on the
right (west) bank about 0.5 miles [1 km]
downstream of this site. Flow from the east
branch spilled back into the west branch
through several channel systems downstream
from here; the channels just southeast of this
hill conveyed some of this �return� flow. Our
next stop will be in the main channel just to
the northwest of this hill.

From site 1, proceed downhill to the west
and enter the main channel of the west
branch of Tiger Wash. Walk upstream about
300 ft [100 m].

Site 2. Scoured single channel of the west
branch of Tiger Wash.

At this location, all of the 1997 floodwater
in the west branch of Tiger Wash was con-
tained in a single large channel and limited
overbank areas, although flow came close to
overtopping the right bank. The estimated
peak 1997 flood discharge for this reach is
7000 cfs [200 cms] (JE Fuller, 1999). The allu-
vial channel bottom here is fairly wide and
flat and is covered with sand and gravel, but
broad exposures of carbonate-cemented
early(?) Quaternary deposits in the right bank
imply that intense scour occurred on the out-
side of this gentle left bend in the channel. At
this location, flow was probably 5 to 7 ft [1.5
to 2 m] deep. In the straight channel reach just
upstream, the alluvial channel bottom narrows
and becomes essentially a slot channel with
scoured cemented deposits on either side. The
surficial deposits mapped along the channel in
this area, units Qy1 on the right bank and Ql
on the left bank, are much younger than the
carbonate-cemented deposits exposed in the
channel. The top of the cemented deposits
was eroded and stripped of overlying soil ma-
terial prior to emplacement of thin late Pleis-
tocene and Holocene deposits. On the right
bank, we estimate that the surficial Qy1 de-
posits are less than 1 m thick.

From site 2, proceed north on Eagle Eye
Road for about 4 miles; pull off on the right
side of the road and walk east to Tiger Wash,
which here flows along the base of a bedrock
ridge at the far northwestern end of the Big
Horn Mountains.
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Site 3. Stream gage and paleoflood site.

The U.S. Geological Survey crest-stage gage
on Tiger Wash is located at the lower end of
the paleoflood study site that was investigated
in the early 1990�s (CH2MHill, 1992). The
crest-stage gage has been in operation from
1963 to 1979 and 1991 to present. The gage
was destroyed by the 1997 flood, but the
USGS subsequently made an indirect dis-
charge estimate at the gage site of about 8,000
cfs [230 cms]. Repeated cross section surveys
at the gage site indicate that the channel bed

in this reach has undergone about 2 ft [0.5 m]
of degradation since 1970.

The paleoflood study reach extends for
about 300 ft [100 m] upstream of the stream
gage. There is an alcove on the left bank up-
stream of the gage that is partly filled with
fine-grained slackwater deposits. Based on ex-
cavations by Jon Fuller and Kyle House
(CH2MHill, 1992) there are at least 5 distinct
slackwater deposits in this alcove. These de-
posits correspond to flood discharges ranging
from at least 4,000 cfs [115 cms] to at least

Figure 13.  Results of HEC-2 step-backwater modeling of the paleoflood reach on Tiger Wash. Modelling
was done by P.K. House and J.E. Fuller in 1992, and this figure is  modified from CH2MHill (1992). Fine-
grained slackwater deposits mantling the highest Holocene terrace provide a minimum water-surface eleva-
tion for the largest Holocene floods. The adjacent Pleistocene terrace has not experienced substantial
inundation during the Holocene. This evidence of non-inundation provides a maximum constraint on the
water surface of the largest Holocene floods on Tiger Wash. The channel bottom in this reach is alluvial,
and some scour and backfilling undoubtedly have occurred during the Holocene.
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8,000 cfs [230 cms] (Figure 13). The two
youngest and highest SWDs were emplaced
above a colluvial (hillslope) deposit and ap-
pear to be quite young. A heavily vegetated
floodplain terrace on the right bank that has a
cap of fine-grained slackwater sediment that is
evidence of at least occasional flood inunda-
tion. A discharge of about 10,000 cfs [285 cms]
is required to overtop this floodplain terrace.
Higher on the right bank, there is a Pleis-
tocene terrace that has not been exposed to
any significant inundation by Tiger Wash dur-
ing the Holocene. A discharge of about 13,000
cfs [370 cms] would overtop the Pleistocene
terrace, so the non-inundation of this terrace
provides an approximate upper bound on Ti-
ger Wash floods during the Holocene.

From site 3, drive south on Eagle Eye Road
for approximately 6 miles. Look for the dirt
track turn off on the right about 0.1 miles
south of milepost 4.

GUIDE TO THE SURFICIAL
GEOLOGY ALONG THE DIRT
TRACK INTO TIGER WASH

 (See Figure 14 for a large-scale map of this
area).

Turn west (right) onto dirt track from Eagle
Eye Rd.

Immediately enter a small drainage and
cross a sliver of Qy2 deposits. This is the
youngest unit mapped with the exception of
Qyc channel deposits. Qy2 surfaces are gener-
ally fine grained and have minimal dissection,
and have small channels that are not map-
pable at a scale of 1:24,000. Most Qy2 surfaces
in the Tiger Wash distributary system were in-
undated in the 1997 flood. A small amount of
water spilled across Eagle Eye Road from the
eastern branch of Tiger Wash into this chan-
nel.

Drive up a gradual rise onto a Ql surface.
Ql surfaces typically have well-preserved

coarse gravel bars and fine-grained swales.
Rock varnish development is quite dark and is
similar to Qm surfaces, but Ql surface topogra-
phy is much more irregular because deposi-
tional gravel bars and finer-grained swales are
well preserved.

Cross a medium-sized wash at about 0.2
miles. There is a narrow strip of Qy2 deposits
along this wash. It conveyed somewhat more
flow during the 1997 flood derived from the
east branch of Tiger Wash. This flow contin-
ued south from this location and went on ei-
ther side of the low basalt hill.

Beyond the wash, we drive on a Ql surface
for about another 0.2 miles. Then we drive
over a narrow, relatively fine-grained example
of the Qy1 unit. Qy1 also preserves bar and
swale topography; however, rock varnish is
weakly developed compared to the Ql surface.
Relict or �ghost� channels are prevalent on
Qy1 surfaces, but there are better examples of
this elsewhere. In this particular area, Qy1 de-
posits probably only partially bury older Ql
and/or Qm deposits.

Cross a small wash. On the west side of the
wash we are on a small remnant of the Qm
unit.  The Qm surface is planar with rounded
edges near the drainages, and it has a tightly-
packed desert pavement and darkly varnished
surface clasts. Note that the Qm surface is only
slightly higher than the younger surfaces sur-
rounding it.

Just after the left bend in the dirt track, we
drive onto a broad Qy2 surface associated
with a moderately large distributary channel.
This channel and associated overbank areas
conveyed a moderate amount of flow from the
east branch of Tiger Wash. This flow merged
with the main western flow a few hundred
meters downslope from the dirt track. Flow in
this area was broad but very shallow, except
in the small, discontinuous channels we will
cross. Qy2 deposits here are generally sand
and silt, with fine gravel in channels and in
small sheets at the lower ends of channels.



Field Guide to a Dynamic Distributary Drainage System: Tiger Wash, Western Arizona Page 25

Figure 14.  Large-scale surficial geologic
map of dirt-track-fan apex area.  Refer to
Figure 3 for unit descriptions.  Field trip sites
are identified by number.
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Drive up an abrupt rise to a Qm surface af-
ter the large tree on the left side of the road.
Again note the planar nature of Qm surfaces.
Continue across a small wash and onto an-
other Qm surface remnant. The dirt track con-
tinues to the west-northwest, but this part of
the track was washed out by the 1997 flood.
Pull off to the right and park here, and we
will explore a portion of Tiger Wash that was
dramatically impacted by the 1997 flood.

FEATURES OF THE 1997 FLOOD
ON THE ACTIVE ALLUVIAL FAN

See Figures 10 and 14 for the location of
field trip sites.

Site 4. INUNDATION OF PLEISTOCENE
SURFACE (Qm) AT CAMPSITE

This site demonstrates marginal inundation
of older surfaces during the 1997 flood. Shal-
low channels have been carved into the Qm
surface, exposing the reddened argillic hori-
zon and displacing desert pavement on the
surface. Portions of this Qm surface may have
been buried by late Holocene (Qy2) deposits
prior to 1997; if so, they were re-exposed in
the 1997 flood. Slightly farther east, closer to
the margin of 1997 inundation, look for evi-
dence of disturbance of the desert pavement
on the Qm surface. In this area of very shal-
low flow, there is little sedimentary evidence
of inundation.

Walk upslope and slightly to the west.

Site 5. LEFT BANK BREAKOUT FOR
UNCONFINED FLOODING

This the first major breakout point along
the left (east) bank on the west branch of Ti-
ger Wash. Overflow from this area initiated
broad, deep unconfined flow on the left
overbank, which continued downslope for at

least 1 mile. Note that coarse bedload is de-
posited within a short distance of the main
channel, and downstream numerous small,
discontinuous channels (> 1 ft [20 cm deep])
developed between bushes and sandbars were
deposited on the downstream side of bushes.
The sandbars were streamlined by additional
flow (Figure 15). This pattern is characteristic
of areas that experienced deep unconfined
flow.

Walk upstream in the channel for several
hundred feet.

Site 6. ERODED PLEISTOCENE
SEDIMENT IN THE CHANNEL BED

Erosion on the east bank in 1997 exposed
reddened and carbonate-rich Pleistocene soil.
This Pleistocene soil had been buried by late
Holocene deposits (unit Qy1) prior to the
1997 flood. Erosion during the flood removed
the less-resistant Holocene deposits and par-
tially eroded the underlying Pleistocene de-
posit. Because of carbonate cementation of
the Pleistocene soil, this bank has only been
partly eroded (Figure 16).

Walk upstream along the main channel for
about 1500 ft.

Site 7. UPPER WESTERN BREAKOUT

A substantial amount of floodwater and
bedload sediment spilled out over the right
(west) bank in this area in 1997, forming a
dramatic distributary reach (Figure 17). Several
very small channels existed in the right
overbank area in 1979, suggesting that fairly
recent floods had overtopped the right bank
with a modest amount of overbank flow. The
1997 floodwater spread widely at this site and
formed a large channel in this area that did
not exist prior to 1997. Flood flow from the
western breakout gradually became
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Figure 15.  An area of deep unconfined flow east of the main channel and north of the dirt track. Note the
~0.5 m of relief between small channels (c) and adjacent sandbars (sb). Small channels typically devel-
oped between bushes and sandbars were deposited on the lee sides of bushes, resulting in a corrugated local
topography.

Figure 16. Channel in the area of site 6. Lateral erosion of the left channel bank removed unconsolidated
Holocene deposits and exposed underlying Pleistocene deposits with enough carbonate cementation to resist
erosion. The large black arrow indicates the approximate position of the left channel bank prior to the
1997 flood; the large white arrow indicates the current position of the bank.
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reconfined downslope into several pre-existing
channels. In 1997, the peak flow down the
western breakout was about 1/4 of the peak
flow in the single channel upstream (1700 cfs
[48 cms] vs. 7000 cfs [200 cms]; JE Fuller,
1999). Nearly all of the coarse bedload sedi-
ment was deposited in the area of the
breakout and is not very evident farther
downstream in the distributary channels. The
breakout occurred at the outside of a moder-
ate left bend in the main channel, such that
the new channel is straight and continuous
with the main channel upstream. The slope of
the pre-existing eastern channel is substan-
tially greater than that of the new breakout
channel, but floodwater must bend to the left

to follow the pre-existing channel. It will be
interesting to see how this area evolves in fu-
ture floods.

Previous assessments of the Tiger Wash dis-
tributary system had not noted the potential
for breakout at this location, and had placed
the apex of the active alluvial fan on the west-
ern branch of Tiger Wash 1 mile [1.5 km]
downslope in the vicinity of Site 4 (CH2MHill,
1992). The surficial geologic map developed
for this study using 1979 aerial photos shows
that extensive young overbank deposition
(unit Qy2) had occurred on the right bank
prior to the 1997 flood, however (Figure 3).

Figure 17. The upper breakout on the west branch of Tiger Wash. This was an area of dramatic change in
the 1997 flood on Tiger Wash. It is evident from the 1979 aerial photo that this breakout occurred on the
outside of a moderate left bend in an expansion reach where the channel was wider than farther upstream.
In addition, there is an area with a slightly lighter surface color on the right bank on the1979 photo where
the future breakout occurred, which indicates that floods of the recent past had spilled over the bank at this
location. Also note increases in channel width at other locations above and below the breakout. Letters with
leader lines point out trees visibleon both photos. Heavy dotted white lines on the 1999 photo show the ap-
proximate outer limits of 1997 flood inundation.
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Walk downslope following the breakout
channel. Bear to the left in the channel and
look for a closely spaced pair of small iron-
wood trees. Downslope from these trees, chan-
nels are smaller and we are in an area of that
had deep unconfined flow in the 1997 flood.
Bear gently to the left and look for 3 closely
spaced ironwood trees aligned along a well-
defined channel where flow became
reconfined; they are about 0.25 miles [350 m]
downslope of the previously mentioned pair of
ironwood trees. Continue downslope to the
next large ironwood tree (about 100 m).

Site 8. CONFINED DISTRIBUTARY
CHANNEL WITHIN OLDER HOLOCENE
(Qy1) DEPOSITS

In this portion of the distributary system,
flow that exited the main western flow path at
the upper breakout was mostly contained in
several channels and relatively narrow
overbank areas. Prior to the 1997 flood, these
channels were not directly connected to the
main west branch channel system and ap-
peared to be small tributary systems that
drained this portion of the piedmont. Flood-
water that spilled out of the upper western
breakout in 1997 integrated these channels
into the distributary drainage system. In this
area, surfaces between distributary channels
are composed primarily of moderately coarse,
young alluvial fan gravels that were deposited
sometime during the Holocene (unit Qy1).
Soil development in these Qy1 deposits is
minimal, bar-and-swale depositional topogra-
phy is well preserved, and abandoned �ghost�
channels are common. Very little of the Qy1
surface area was inundated in the 1997 flood,
but the extensive young deposits indicate that
at times during the Holocene this area has
been a major locus of flow and deposition.
Topographic confinement varies along these
distributary channels; channel splits and

broader overbank flow occurred in areas
where the confining banks are relatively low.

Walk southeast across Qy1 and Qm surfaces
for about 0.3 miles [500 m] to the main west-
ern channel; look for the new channel
breakout on the right bank.

Site 9. NEW CHANNEL BREAKOUT

At this point, approximately 0.6 miles [1 km]
downstream of the upper breakout, flow dur-
ing the 1997 flood broke out of the pre-exist-
ing main channel to form a large new channel
in the right overbank area (Figure 18). This
may have been a low point in the channel
bank prior to 1997; young deposits evident on
older aerial photos suggest that some flow es-
caped the main channel here in previous
floods (Figure 11). Lots of water overtopped
the bank here, resulting in deep sheetflooding
in the right overbank area. This sheetflooding
evidently exploited a minor existing drainage,
dramatically widening it for about 0.6 miles [1
km] downslope. In many places, the bed of
the new channel consists of slightly indurated
Pleistocene deposits and less cohesive Ho-
locene deposits form the channel banks. This
relationship implies that downcutting in this
channel was controlled by the presence of re-
sistant deposits, and that Holocene deposits
were stripped off of the underlying Pleis-
tocene deposits as the banks were eroded.
Note the fresh banks and the absence of large
vegetation along the new channel, in contrast
to the gentler, vegetation-covered banks of the
pre-existing channel. Also note the large
width/depth ratio of the new channel com-
pared with the main channel that existed prior
to 1997.

Walk down the new channel to the dirt
track crossing on the right bank.
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Figure 18a.  Looking downstream at the new channel breakout on the west branch of Tiger Wash (site 9).
The vegetation-lined channel to the left (solid arrow) was the only large channel in this reach prior to the
1997 flood. There was abundant overbank flow in this reach during the flood and a major breach of the
channel bank occurred at this locality (dashed arrow). The spot where the new channel developed may
have been a low point in the bank, because the light surface color on the right bank on 1979 aerial photos
suggests that some young deposition had occurred there in recent floods.

Figure 18b.  Downstream in the new channel that formed in the 1997 flood. The new channel is much
wider and shallower than the main channel. Channel bed sediment is sand and gravel, and exposures of
eroded Pleistocene alluvium in the bed are common. Note the low, but steep, eroded right bank of the chan-
nel (dashed arrows) and the absence of large riparian vegetation along the banks. The large tree in the
middle distance (solid arrow) was growing along a small channel prior to the 1997 flood.
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Site 10. WESTERN FLOW MARGIN AT Qm
SURFACE

This the western margin of 1997 inundation
on the main flow path on the west branch of
Tiger Wash, where very shallow sheetflooding
lapped onto a Qm surface. Note the slightly
reddish tinge to the fine sediment deposited
by the flood. There is very little topographic
relief between the Qy2 surface and the adja-
cent Qm surface here.

Walk down the new channel to the second
large tree in the channel.

Site 11. LOCATION OF “PILOT” CHANNEL
FOR NEW CHANNEL FORMATION

These three ironwood and palo verde trees
existed along the small channel that was dra-
matically modified into the large new channel
during the 1997 flood (see Figure 11). Based

on its appearance on pre-flood aerial photos,
the channel was probably less than 3 ft wide
prior to the 1997 flood. The area on either
side of the small channel was covered with
young, fine-grained overbank deposits prior to
1997; local topography consisted of small
mounds around creosote bushes. The new
channel that formed in the flood is about 130
ft [40 m] wide and 2 ft [0.5 m] deep.

Walk east to the first channel associated
with the main channel system.

Site 12. MODIFIED BANK OF A PRE-
EXISTING CHANNEL

This is an area where substantial lateral
bank erosion occurred during the 1997 flood.
At this site, the right bank on an outside bend
of a channel has been eroded such that it now
is well west of the established vegetation that
existed along the pre-flood banks (see Figure
11).

Figure 19.  Interpretation of a backhoe trench excavated across part of an active alluvial fan in the west
branch distributary system. The active fluvial system is represented by modern channels, historical sheet
gravels, and fine-grained overbank deposits. Older channel deposits and sheet gravels record times when
the distribution of floodwater and sediment in the system was somewhat different. A metal can lid was dis-
covered within the historical sheet gravels, although this area received minimal inundation in the 1997
flood. The dead ironwood tree described in Figure 20 was growing while the older sheet gravels at the east
end of the trench were being deposited. Trench interpretation is by Kyle House, Phil Pearthree, and Kirk
Vincent (1992).
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Walk slightly downstream and to the east.

Site 13. 1992 TRENCH SITE

Analyses of alluvial-fan stratigraphy re-
vealed in trenches provide a record of
changes in channel positions and depositional
patterns on fans that is hundreds to thousands
of years long. This is the location of an 800-ft-
long [260 m] trench excavated across part of
the active Tiger Wash alluvial fan (CH2MHill,
1992; Figure 19). Three different types of de-
posits were recognized in the trench: 1) chan-
nel deposits of sand and gravel; 2) more
laterally extensive, tabular sheet gravel depos-
its; and 3) finely bedded or massive sandy

and silty overbank deposits. Channels of the
modern drainage system are slightly en-
trenched below the level of the fan surface at
the trench location. More extensive coarse
deposition occurred at the trench location ear-
lier during this century, however, because we
found a metal can lid buried within the sheet
gravel deposits between the modern channels
in the middle of the trench.

A dead ironwood tree at the eastern end of
the trench provides information on changes in
locations of flow and gravel deposition in this
part of the distributary system. The ironwood
tree was progressively buried by 5 ft [1.5 m] of
deposits while it was alive (Figure 20). Radio-
carbon dates obtained from the tree indicate

Figure 20.  Dead, partially buried ironwood tree in Qy1 deposits near the east end of the alluvial fan
trench. Conventional radiocarbon dates obtained from various parts of the tree indicate that it began grow-
ing at least 500 years ago. At that time, this area was a locus of major deposition, which resulted in about
1.5 m of burial of the tree as it continued to grow. Sometime between 680 and 420 years ago, a sizable
branch was broken off and buried by continued deposition (location G). Younger dates obtained from the
outsides of two large branches (locations F and H) imply that the tree died at least one hundred, and prob-
ably several hundred years ago. We speculate that the tree died after flow and deposition shifted to the
west, making this area a much drier microenvironment. This illustration is modified from unpublished
work by Kirk Vincent (1992).
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that it began to grow sometime before 500
years ago and died about 200 to 300 years
ago. This deposition resulted in the area at the
east end of the trench being higher than areas
to the east and west. When the �dead iron-
wood� surfaces was abandoned sometime in
the past few hundred years, the locus of
gravel deposition shifted to the west. The
modern distributary channel network diverges
to the east and west around this local high
ground, so the �dead ironwood� surface (unit
Qy1) is not now subject to inundation or
deposition.

Walk north (upstream) ~600 ft [200 m] to
an area of complex channels and coarse gravel
bars.

Site 14. COARSE GRAVEL BAR DEPOSITS
IN MAIN FLOW EXPANSION

This was an area of coarse gravel deposi-
tion during the 1997 flood in a major flow ex-
pansion reach. This is just downstream of the
apex of the alluvial fan identified in previous
studies of Tiger Wash (CH2MHill, 1992). Flow
in this area in 1997 consisted of channel flow
and deep unconfined flow, with the latter
component becoming more important
downslope. It is typical of these stream sys-
tems to drop their coarsest bedload in expan-
sion reaches where flow depths are rapidly
decreasing downslope. Because lateral topo-
graphic constraints are minimal in this area
and it is a locus of active, relatively dramatic
deposition, the potential for changes in chan-
nel position is high. Coarse gravel deposits ex-
isted in this area prior to the 1997 flood, but
they were obviously refreshed in that event
and some channel changes occurred in this
area (Figure 11).

Walk east into area of smaller channels.

Site 15. DEEP UNCONFINED FLOW AREA

Zones that experienced deep unconfined
flow have a corrugated topography consisting
of streamlined sandbars downstream from
creosote bushes and other vegetation and
small, discontinuous channels between
bushes. In some places, relatively narrow and
deep channels developed or lengthened
within this broad, continuous band of deep
unconfined flow that paralleled the main
channel system during the 1997 flood. The
channel system becomes increasing complex
and discontinuous downslope, eventually
merging into sheetflood areas with small, dis-
continuous channels. Flow depths in decrease
to the east, where shallow sheetflooding cov-
ered broad areas and lapped out onto Qy1
and Qm surfaces.

Walk upslope through area of deep
sheetflooding to vehicles.

Return to main road.

REFERENCES

Baker, V.R., Demsey, K.A., Ely, L.L., Fuller,
J.E., House, P.K., O�Connor, J.E., Onken,
J.A., Pearthree, P.A., and Vincent, K.R.,
1990, Application of geological informa-
tion to Arizona flood hazard assessment,
in French, R.H., ed., Hydraulics/Hydrol-
ogy of Arid Regions: ASCE National Con-
ference Proceedings, p. 621-626.

Bull, W.B., 1991, Geomorphic Response to
Climatic Change, New York: Oxford Uni-
versity Press, 326 p.

CH2MHill, 1992, Alluvial fan data collection
and monitoring study: A report to the
Flood Control District of Maricopa
County, 204 p., 4 plates.

Field, J.J., 1994a, Surficial processes on two
fluvially dominated alluvial fans in Ari-
zona, Arizona Geological Survey Open-
File Report 94-12, 31 p.



Field Guide to a Dynamic Distributary Drainage System: Tiger Wash, Western Arizona Page 34

Field, J.J., 1994b, Processes of channel mi-
gration on fluvially dominated alluvial
fans in Arizona:  Arizona Geological Sur-
vey Open-File Report 94-13, 40 p.

Field, J.J., and Pearthree, P.A., 1991, Geo-
logic mapping of flood hazards in Ari-
zona: An example from the White Tank
Mountains area, Maricopa County, Ari-
zona: Arizona Geological Survey Open-
File Report 91-10, 16 p., 4 sheets, scale
1:24,000.

Field, J.J., and Pearthree, P.A., 1997, Geo-
morphologic flood-hazard assessment of
alluvial fans and piedmonts: Journal of
Geoscience Education, v. 45, p. 27-38.

Gile, L.H., Hawley, J.W., and Grossman,
R.B., 1981, Soils and geomorphology in
the basin and range area of southern
New Mexico � guidebook ot the Desert
Project: New Mexico Bureau of Mines
and Mineral Resources Memoir 39, 222 p.

Hansen, E, and Schwartz, F., 1981, Meteo-
rology of important rainstorms in the
Colorado River and Great Basin drain-
ages, Hydrometeorological Report 49:
Washington, D.C., U.S. Department of
Commerce, NOAA, 161 p.

Hjalmarson, H.W., 1994, Potential flood
hazards and hydraulic characteristics of
distributary-flow areas in Maricopa
County, Arizona: U.S. Geological Survey
Water-Resources Investigations Report 93-
4169, 56 p.

Hjalmarson, H.W., and Kemna, S.P., 1991,
Flood hazards of distributary-flow areas
in southwestern Arizona: U.S. Geological
Survey Water-Resources Investigations
Report 91-4171, 58 p.

JE Fuller/Hydrology & Geomorphology,
Inc., 1999, Approximate floodplain delin-
eation study for portions of Tiger Wash
piedmont, draft, Technical Data Note-
book: Prepared for the Flood Control
District of Maricopa County.

National Research Council, 1996, Alluvial
fan flooding: Washington, D.C., National
Academy Press, 172 p.

Pearthree, P.A., 1989, A geomorphic per-
spective on management of flood haz-
ards on desert piedmonts of the
southwestern United States, in Partner-
ships: Effective Floodplain Management:
Proceedings of the 13th Annual Confer-
ence of the Association of State Flood-
plain Managers, p. 105-111.

Pearthree, P.A., Demsey, K.A., Onken, Jill,
Vincent, K.R., and House, P.K., 1992,
Geomorphic assessment of flood-prone
areas on the southern piedmont of the
Tortolita Mountains, Pima County, Ari-
zona: Arizona Geological Survey Open-
File Report 91-11, 31 p., 4 sheets, scale
1:12,000 and 1:24,000.

Pearthree, P.A., House, P.K., and Vincent,
K.R., in press, Geomorphologic assess-
ment of flood hazards in southern and
central Arizona: Proceedings of the Con-
ference on Arid Regions Floodplain Man-
agement Issues, Las Vegas, January,
1999.

Tadayon, S., Duet, N.R., Fisk, G.G.,
McCormack, H.F., Pope, G.L., and Rigas,
P.D., 1998, Water Resources Data, Ari-
zona, Water Year 1997: USGS-WRD-AZ-
97-1, Tucson, Arizona, 416 p.

Wells, S.G., 1977, Geomorphic controls of
alluvial fan deposition in the Sonoran
Desert, southwestern Arizona, in
Doehring, D.O., ed., Geomorphology of
Arid Regions: Proceedings of the Eighth
Annual Geomorphology Symposium,
SUNY Binghamton, p. 27-50.


