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Introduction  

The purpose of these investigations is to document and map the extent of Holocene channel and 

floodplain alluvium associated with five large tributaries to the Verde River in central Arizona. These 

tributaries are Oak Creek, Wet Beaver Creek, West Clear Creek, Fossil Creek, and the East Verde River. 

Mapping completed in this study may be used by Arizona Department of Water Resources (ADWR) staff 

as part of their effort to delineate subflow zones in the Verde River Watershed. Geologic mapping is a 

primary function of the Arizona Geological Survey (AZGS), so in cooperation with ADWR staff we have 

established procedures and protocols for documenting and mapping the extent of Holocene floodplain 

alluvium along rivers in Arizona.  

This report and associated maps complete the second part of an effort to map Holocene channel and 

floodplain alluvium mapping along the Verde River corridor. In the first phase of this effort, we mapped 

Holocene river deposits along the Verde River (Cook et al., 2010). Together, this mapping effort includes 

over 370 miles of new and updated surficial geologic mapping along the Verde River, Oak Creek, Wet 

Beaver Creek, West Clear Creek, Fossil Creek, and the East Verde River.  

Surficial geologic mapping methods 

The AZGS has been actively involved in mapping surficial deposits in Arizona for the past 22 years. 

During this time, the AZGS has produced many 1:24,000-scale 7 ½ô quadrangle maps with detailed 

surficial geologic mapping in southern, central and western Arizona. All of these maps differentiate 

alluvial deposits based on relative age, and most maps separate deposits associated with larger axial 

drainages (rivers or washes) from local tributary deposits. AZGS geologists have mapped surficial geology 

along the Verde River previously (Cook et al., 2010; House and Pearthree, 1993; House, 1994; and 

Pearthree, 1993) and updated geologic maps for the Page Springs and Cornville 7 İô quadrangles are near 

publication (House et al., in press). Portions of these maps are visible along the lower sections of mapped 

tributaries near their confluence with the Verde River (Figure 1). Although these mapping efforts were not 

directed specifically at delineating Holocene floodplain alluvium, they provide information about the 

distribution of deposits of various ages and from various sources and thus were helpful in delineating the 

extent of Holocene river deposits. 

Mapping criteria.  Quaternary geologists use several criteria to differentiate and map river and tributary 

alluvial deposits of different ages. Deposits along Oak Creek, Wet Beaver Creek, West Clear Creek, 

Fossil Creek, and the East Verde River (river deposits as used in this report) commonly consist of two 

fairly distinct phases: channel deposits dominated by sand and gravel and including boulders in narrow 

canyon reaches, and overbank floodplain deposits that are composed of sand, silt and clay with minor 

gravel. River channel deposits are distinguished from tributary channel deposits based on the presence 

of well-rounded pebbles and cobbles composed of diverse rock types derived from upstream areas along 

the river. Tributary deposits typically have less diversity of rock types, and pebbles, cobbles and 

boulders tend to be more angular. As one moves upstream along the tributaries mapped for this report, 

this distinction becomes less apparent, because tributaries cut through the same bedrock layers as the 

main channel and have channel deposits that have similar characteristics as the mainstem channel 

deposits. Overbank or floodplain deposits associated with the river typically are thicker and more 

laterally extensive than fine-grained tributary deposits, although floodplain deposits of large tributaries 

may be quite similar to river deposits. Landforms associated with deposits also provide clues to their 

origin. This is especially important for mapping purposes because landforms can be analyzed using 

topographic information and aerial photos. Slopes of landforms associated with river deposits (the river  
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Figure 1. Location map showing the extent of mapping of Holocene floodplain alluvium discussed in 

this report. Mapped area is shown by white overlay. Blue strips and boxes represent areas previously or 

presently mapped by AZGS geologists. New surficial mapping along the full length of each tributary 

was completed for this report. The final strip maps include bedrock geologic mapping compiled from 

various pre-existing AZGS and USGS geologic maps. 
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channel, flood plain and terraces) are typically quite low and generally mimic the down-valley slope of 

the modern river, whereas the gradients of landforms associated with tributary deposits are typically are 

steeper and slope toward the valley axis. Along the river, slopes formed on bedrock and older basin 

deposits, and reworked sediment derived from them, are steeper yet and slope toward the river. Deposits 

and alluvial surfaces associated with them may also be differentiated by age using a variety of criteria 

(e.g., Gile et al, 1981; McFadden, 1981). In the semiarid southwestern U.S., surface color varies with 

age because of soil color, vegetation, and rock varnish. 

Alluvial surfaces on piedmonts and river deposits of Holocene age typically are light gray to light 

brown in color (10 YR to 7.5 YR on a soil color chart), reflecting the color of the silt, sand, pebbles and 

cobbles that make up most of the deposits. Pleistocene surfaces typically have slightly or distinctly 

reddened color (7.5 YR to 2.5 YR) associated with clay accumulation and oxidation in the near-surface 

soil, and may be mantled by reddish- or black-coated pebbles and cobbles. Relatively young alluvial 

surfaces typically retain abundant evidence of the depositional processes that initially shaped them 

(channels, sand and gravel bars, and swales) whereas older surfaces have been smoothed by local 

erosion of bars and infilling of swales. Dendritic tributary (joining downstream) drainage patterns are 

characteristic of older surfaces that are not subject to extensive flooding, and typically older deposits are 

increasingly more deeply incised and eroded by tributary drainages. Because of this, very old surfaces 

may be substantially degraded by erosion. The net result of all of these varying surface characteristics is 

that surfaces of different ages have quite different aspects on the ground and on aerial photographs.  

Development of the Verde River and major tributaries, and ages of river deposits.  The through-

flowing Verde River developed several million years ago. In Verde Valley, lacustrine and related fan 

deposits of the Verde Formation that pre-date the development of the river accumulated until about 2.5 

Ma [million years ago] (Bressler and Butler, 1978). The very highest alluvial fan remnants preserved 

around the margins of Verde Valley (map units QTo and QTor) record the maximum level of sediment 

accumulation in Verde Valley probably date to about this time as well (House and Pearthree, 1993). 

When the through-flowing Verde River developed, it began to downcut through Verde Formation 

sediments. To meet lowering base level of the Verde River, Oak Creek, Wet Beaver Creek, West Clear 

Creek, Fossil Creek, and the East Verde River have also undergone downcutting. The headwaters of 

each of these drainages originate on the Mogollon Rim; incision has created steep-walled, narrow, 

bedrock lined canyons that become less confined nearer the confluence with the Verde River. Isolated 

high river terrace deposits found throughout Verde Valley record former river levels through the 

Pleistocene. The highest preserved early Pleistocene river terrace deposits along most of the Verde River 

and major tributaries are about 350-400 feet above the modern river channel, but are inset well below 

the highest remnants of the Verde Formation. The only exception to this is Table Mesa along Oak Creek 

southwest of Sedona (location of the Sedona airport), which is capped with coarse, rounded gravel (map 

unit QTor) that we interpret to have been deposited by Oak Creek when it was feeding into the highest 

levels of Verde Formation deposition.  

The Verde River has also downcut dramatically upstream and downstream of Verde Valley during 

the past several million years, resulting in the development of deep bedrock canyons and deeply 

dissected alluvial basins. Although there are no dated deposits that bear directly on the age of initial 

river development in these areas, river terrace deposits along the lower Verde River that range up to 

about 400 feet above the modern river channel (Péwé, 1978, Menges, 1983, Pearthree, 1993; this study) 

likely record a generally similar downcutting history as the river terraces in Verde Valley.  

Soil development provides a somewhat quantitative basis for estimating deposit and alluvial surface 

ages. Significant soil development begins beneath an alluvial surface after it becomes isolated from 
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active flooding and depositional processes (Gile et al., 1981; Birkeland, 1999). Over thousands to tens of 

thousands of years, distinct horizons rich in reddened clay (argillic) or calcium carbonate (calcic) 

develop in soils. Comparison of soil horizon development in surficial deposits along the Verde River 

with other soil sequences in the western United States is the primary method used to estimate the ages of 

the different alluvial surfaces (Gile et al, 1981; McFadden, 1981; Machette, 1985; Bull, 1991). There is 

uncertainty in age estimates derived from soil characteristics, particularly for river deposits that date 

approximately to the early Holocene to latest Pleistocene (approximately 5 to 20 ka [thousands of years 

ago]).  

Where they exist and have been investigated, archaeological sites, paleontological remains, and 

other dated organic material can provide direct numerical age estimates for Holocene and latest 

Pleistocene deposits. We reviewed the records of these investigations and visited several of the sites in 

the field. The implications of archaeological features and sites for the ages of young river deposits are 

discussed later in this report.  

The AZGS currently employs a naming standard scheme for surficial geologic units utilizing a ñQyò 

and ñQiò designation for Holocene (young) and Pleistocene (intermediate) age deposits, respectively. 

Older Pleistocene deposits are labeled ñQoò, while units spanning early Quaternary to latest Tertiary 

time are labeled ñQTò. Further temporal subdivisions are expressed using number (i.e., Qy1, Qy2). 

Younger units have higher numbers relative to other units within the general designation. For example, 

Qi3 (late Pleistocene) sediments were deposited after Qi2 and Qi1 deposits and before all Qy deposits 

(Table 1). Older maps geologic maps produced by the AZGS used somewhat different nomenclature for 

surficial deposits; this nomenclature has been replaced in the maps that accompany this report. 

 

Table 1. Generalized geologic time scale displaying relative ages and naming conventions for 

Quaternary to late Tertiary age surficial and lithostratigraphic units. Ages of Holocene/Pleistocene, 

Pleistocene/Pliocene, and Pliocene/Miocene boundaries are from Walker and Geissman (2009); other 

age boundaries are informal. All river-deposited units receive an ñrò designation while similarly-aged 

piedmont deposits do not. Descriptions for all map units shown on map sheets A through J are located in 

the last section of this report. 
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Mapping the extent of Holocene floodplain alluvium  

Our strategy for mapping Holocene floodplain alluvium involved the following steps: 

1) compilation of existing geologic mapping in an ArcGIS framework 

2) re-evaluation and revision of existing mapping using aerial photos and topographic data 

3) new mapping of Holocene river alluvium where no large-scale geologic mapping had been done 

previously  

4) field-checking of the boundaries of Holocene alluvium in various geologic environments along 

the river, including systematic collection of GPS field points with observations and ground 

photos (field notes and digital photos available on accompanying CD) 

5) depiction of all Holocene river alluvium units on 1:24,000-scale strip maps associated with this 

report 

We compiled all of the existing geologic mapping conducted by the AZGS as well as relevant 

geologic mapping from outside sources covering the Verde River. During the past 7 months, we have 

checked and revised existing AZGS geologic maps that cover the five major tributaries to the Verde 

River and have integrated this Holocene mapping with updated geologic mapping in the Page Springs 

and Cornville 7 İô quadrangles, which include the lowermost sections of Oak Creek. We revised 

existing geologic mapping based on aerial photo interpretation, topography from 7 İô quadrangles, 10-

meter DEM (USGS, 2008) interpretation along the river, and extensive field investigations, so they 

accurately portray the extent of Holocene river alluvium. We also completed new mapping along each 

tributary floodplain where no previous mapping existed.  

Boundaries of Holocene river alluvium were verified through extensive fieldwork and map analyses. 

We collected GPS points, made field observations, and took ground photos at the lateral margins of 

Holocene river alluvium at approximately 1-mile spacing along the river. We used standard geologic 

nomenclature (solid, dashed and dotted lines) to depict the positional uncertainty of the lateral limits of 

Holocene river alluvium. From the geologic quadrangle maps, we extracted an approximately 2-mile-

wide strip geologic map centered on each tributary to depict the extent of Holocene river alluvium 

(Figure 2). Some geologic mapping outside of the Holocene river alluvium corridor was compiled from 

older USGS and thesis maps where AZGS mapping does not exist. In all cases, the relationships and 

extent of Holocene river alluvium and bounding units throughout the mapped area were mapped and 

field checked as part of this project. Holocene river alluvium is depicted as active channel(s) (unit Qycr), 

flood channels, low terraces, and remnants of Holocene floodplains (Qy4r ï Qy1r). Holocene river 

alluvium is bounded by Holocene tributary alluvial fans and channels, Pleistocene alluvial fans and river 

terraces, eroded basin deposits, and bedrock (Figure 3). The 2-mile-wide strip was chosen to illustrate 

the nature of the bounding limits of Holocene river alluvium, because the certainty of the limit of 

Holocene river alluvium is strongly dependent on the nature of the bounding geologic units.  

Field data collection and access.  We collected field data on the lateral limits of Holocene river 

alluvium every mile where access was permitted, and made observations at other sites as needed. Data 

collected include GPS waypoints, ground photos, and field notes. River access generally is good, but 

private property limited field data collection in a few areas. Significant portions of Wet Beaver Creek, 

West Clear Creek, Fossil Creek, and the East Verde River are located within designated wilderness 

boundaries. Access to these remote areas is extremely limited so mapping was conducted on foot over 
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the course of numerous 2-5 day long backpacking trips. Throughout steep-walled canyon reaches such 

as the uppermost and middle sections of each tributary, GPS reception may be weak to nonexistent due 

to obstruction of satellite signal or reflected signals from canyon walls, and in the best cases positional 

uncertainty is relatively large. In these reaches GPS control points were recorded where signal was 

available as near as possible to the Holocene river alluvium boundary. Detailed notes and photos were 

recoded for these locations and map linework was compiled using a combination of field collected data 

and high resolution aerial photography (Figure 4, for example). 

Geologic contacts.  We use 3 different line types to delineate the margins of Holocene river alluvium 

depending on the clarity of the contact. 

1) Solid line ï The contact between Holocene alluvium and the bounding geologic unit is clear and 

associated with a distinct topographic feature. We find these clearly defined, accurately located 

contacts associated with bedrock hillslopes, fairly steep scarps or terrace risers cut into older 

deposits, distinct margins of small active alluvial fans or talus slopes, and boundaries of small 

entrenched tributary channels (Figures 4, 5, and 6). We estimate that solid line location is 

accurate to within 50 feet (±25 ft). 

2) Dashed line ï The contact between Holocene river alluvium and the bounding geologic unit is 

subtle or gradational and more difficult to confidently identify on the ground. These subtle 

contacts are commonly found at the boundaries between Holocene river alluvium and Holocene 

fine-grained tributary fans (Figures 6, 7 and 10). Slopes in the distal portions of these larger fans 

are relatively low and little different from floodplain slopes, and deposits from both sources are 

typically quite fine-grained. In some areas, vegetation changes at the contact between floodplain 

and distal fan deposits, but in other areas obvious vegetation changes do not appear to 

correspond with these contacts and may be reflecting other variables such as depth to water. 

Dashed line boundaries are also commonly located within historically plowed fields. We 

estimate that dashed line location is accurate to within 100 feet (±50 ft). 

3) Dotted line ï The contact between Holocene river alluvium and the bounding geologic unit 

(typically, tributary fans or slightly higher river terraces) has been thoroughly obscured by 

anthropogenic activity and must be inferred using other information. In these areas, we place the 

lateral boundary of Holocene floodplain alluvium based on topography if it has not been altered 

and interpretation of older aerial photos that pre-date disturbance (Army Map Service (AMS) 

1953, Forest Service (FS)/United States Department of Agriculture (USDA) 1977-1979, and Soil 

Conservation Service/USDA 1940ôs era photos). There is greater uncertainty in the location of 

these contacts, and occupation of these sites in the field does not substantially improve positional 

uncertainty (figure 9). Dotted line boundary location is probably accurate to within 500 feet 

(±250 ft) depending on level of disturbance.  
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Figure 2. Schematic diagram depicting distribution of map sheets A through J (white boxes). Individual 

map sheets often span multiple 7 İô USGS quadrangle maps. Overlap of sheet figures is intentional to 

ensure complete coverage of mapped areas. 



 8 

 

 

Figure 3. A) Generalized cross section of geomorphic relationships between Tertiary basin fill 

sediments, Pleistocene piedmont and river (Qin, Qinr, Qonr units), and Holocene piedmont and river 

(Qyn, Qynr units) deposits. Boundaries between units are based on surface mapping. B) Generalized 

cross section of geomorphic relationships between Holocene river deposits in narrow bedrock canyon 

sections. Deposits are bound by steep bedrock walls, terraces are generally thin, channel sediments are 

coarse, and bedrock is exposed locally in the channel bottom. Subsurface relations are not well-

constrained and likely vary along the river. 
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Figure 4. Map of bedrock-bound Holocene floodplain alluvium in the central portion of East Verde 

River. Abrupt bedrock walls mark the extent of Holocene alluvium. Elevated Qi3r terraces are 

Pleistocene in age and separated from the modern floodplain. Holocene terraces are better preserved on 

inside meander bends. Heavy dashed line is a fault mapped by Wrucke and Conway (1987). 

 

 

Figure 5. Ground photo of lower Wet Beaver Creek incised into late Miocene to Pliocene Verde 

Formation. Abrupt boundaries are mapped with solid lines. The limit of Holocene floodplain alluvium 

on the right is located at the base of the lacustrine beds of the Verde Formation. An abrupt change in 

vegetation and terrace elevation marks the boundary between active channel (Qycr) and latest Holocene 

(Qy3r) deposits to the left. 
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Figure 6. Blue arrows point to solid line boundaries marked by cliff faces and distinct terrace elevation 

changes in lower Wet Beaver Creek. These contacts are abrupt and apparent in the field and in aerial 

imagery. Black arrows point to dashed line boundaries marked by low relief, diffuse terrace transitions 

or contacts obscured by vegetation or recent flood activity. These transitions are gradual and more 

ambiguous in the field and in aerial imagery.  

 

Figure 7. Ground photo of the transition between late (Qy2r) and older (Qy1r) Holocene floodplain 

alluvium. A subtle change in slope marks the contact. An isolated, relatively wide valley along the 

central East Verde River allows for greater preservation of Holocene river terraces in an otherwise 

narrow, bedrock-lined canyon. 
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Figure 8. In narrow bedrock lined canyon reaches, the channel bottom is often devoid of sand and gravel 

underlying bedrock is exposed. A) Central West Clear Creek, B) upper Wet Beaver Creek, C) central 

East Verde River, and D) upper Fossil Creek. Large cobbles to boulders resting directly on underlying 

bedrock are the dominant bedload in these reaches. 


