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Abstract 
 
Scattered, isolated outcrops of siliciclastic red beds occur throughout southeastern California and southwestern Arizona. Camel, dog, cat, and 
bird trackways in fine-grained sediments, found near Lincoln Ranch, Arizona, suggest a continental origin. Red and orange staining derives 
from post-depositional weathering of iron bearing minerals, such as hornblende and biotite, in hot arid or semi-arid climates. North of Alamo 
Lake, Arizona, an approximately 2 foot thick, cream to light green volcanic ash occurs within the red-orange Chapin Wash Formation. Basal 
ash was deposited on a dry, mud-cracked lake bed. U-Pb Zircon age of this ash is: 12.53 ± 0.16 Ma (Middle Miocene).  
 

Introduction 
 
The purpose of this article is twofold, 
 

1) To report progress since a red beds poster was presented at the California State University, Fullerton, Desert Symposium at ZZYZX 
Field Station, California, in 2015, (Elliott, 2015). This poster delineated the approximate areal extent of individual red beds outcrops in 
southeastern California and southwestern Arizona. Poster topics included preliminary observations of principal outcrop characteristics 
such as: color, thickness, attitude, composition, post depositional diagenesis, provenance, direction of transport, relative position in 
basin or basins of deposition, and estimated age, and 
 

2) To report the U-Pb age of Chapin Wash Formation red beds north of Alamo Lake. 
 
The scope of work included is literature research, field work, assembling/archiving data, and dating volcanic ash found within red beds strata. 
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Methods 
 

Field   
 
An extensive search was made for widely scattered, isolated, seemingly ubiquitous outcrops of continental red beds. For the most part, red beds 
outcrops tend to be associated with detachment fault terrane (for example, Spencer and Reynolds, 1989). Geologic maps, highway maps, 7½’ 
topographic maps, and Google Earth imagery were used to locate and document red beds outcrops (Figure 1, Appendix A). Red casts seen on 
Google Earth images are useful, but may be misleading, especially where reddish volcanic rocks are exposed. 
 
Laboratory   
 
A laser-ablation Uranium-Lead age of volcanic ash found sandwiched in between siliciclastic red beds was obtained at the University of 
Arizona (Tucson) LaserChron Center. Sample preparation was done by JR Morgan at San Diego State University. 
 

Discussion 
 
Red Beds in the Colorado River Corridor   
 
Although of great interest in the late 20th Century as an aid to locating detachment faults, with numerous exceptions, little attention appears to 
have been paid to making an overarching assessment of the red beds themselves. Over the past several years, a passive effort has been made to 
locate and document basic data on these seemingly ubiquitous red beds outcrops in southeastern California and southwestern Arizona. Results 
of this effort, so far, have led to the identification of ~130 scattered and isolated outcrops (Figure 1, Appendix A). For brevity’s sake, Figure 1 
shows only general locations; Appendix A lists only outcrop number, nearby landmark, latitude, longitude, and elevation.  
 
General Characteristics   
 
Mid-Tertiary sedimentary red beds crop out in several isolated locations in the eastern Mojave Desert and along the Colorado River corridor, 
between Yuma and Bullhead City, Arizona. The easternmost exposure is at Freeman Road (~ 21 miles east of Gila Bend, Arizona), and the 
westernmost exposure is at Rainbow Basin (~ 9 miles north of Barstow, California). Exposures vary in size from tens to thousands of square 
feet. Bedding dips fall in the range of moderate to high (Figure 2). Strike directions vary widely. High angle faulting is common (Figure 3). 
 
Colors vary from tan to magenta, but for the most part are dominated by brick-red to red-orange; cavernous weathering is common (Figure 4). 
Sediment sizes range from clay, silt, sand and gravel (Figure 5), to boulders as large as 3 to 6 feet in diameter. Clast compositions at each 
outcrop vary with provenance; for the most part consisting of sub-angular to sub-rounded, dense, durable, volcanic, granitic and metamorphic 
rocks (Figure 6). Depositional sites vary from proximal to distal. 
 



Red beds are sandwiched in time between Early Miocene-Eocene (?) sediments/older crystalline basement rocks, and only slightly deformed 
younger Tertiary sediments, for example, ~5 to 6 Ma (Late Miocene/Early Pliocene) Bouse Formation (Karlstrom and others, 2016). These 
continental deposits contain the codes for unravelling the position and composition of adjacent highlands, position and direction of river and 
stream systems, as well as outlines of closed intermontane basins into which these sediments were deposited and preserved.  
 
Evidence for Continental Origin   
 
Camel, dog, cat, and bird trackways in fine-grained sediment, found near Lincoln Ranch, Arizona, suggest a continental origin (Gassaway, 
1972, p. 1 and 62, and Figs. 14-24), (Figure 7, Figure 8, Figure 9). 
 
Origin of Red Pigment    
 
Warm, red and orange coloration derives from hematite pigment formed after sediment deposition in hot, arid or semi-arid climates. In situ 
alteration of non-red sediments to hematite-stained red beds results from intrastratal alteration of iron-bearing detrital grains - particularly iron 
silicates such as hornblende and biotite. (for example, Walker, 1967-a). 
 
Origin of Sedimentary Basins    
 
These continental red beds occur in scattered and isolated outcrops throughout the Colorado River corridor. Presently disconnected from one 
another, but having similar characteristics (such as brick-red color, siliciclastic fluvial genesis, and being universally tilted and faulted), details 
of their origin and post depositional history remain to be determined. Are they all a part of one large irregularly shaped basin, do they originate 
in several smaller interconnected basins, or do they all originate in separate isolated basins?  
In order to understand similarities and differences between various red beds outcrops, the following tasks may be pursued to shed light on this 
enigmatic subject: 
 
1)  Detailed sedimentological and stratigraphic measurements,  
2)  Determination of direction of sediment transport,  
3)  Structural mapping, and  
4)  Determination of provenance. 
 
One clue lies in grabens and/or half grabens, for example, Jorgensen and others (1982), Miller and John (1983), Fedo and Miller (1992). 
 

Chapin Wash Formation 
 
Description   
 



Chapin Wash Formation red beds were mapped by Lasky and Webber (1944, 1949), Spencer (1991), Shackelford (1989) and by Spencer and 
others (2015) in the Rawhide and Artillery mountains region of Mohave County, Arizona (Figure 10). It consists of brick-red to red-orange-
brown alluvial fan and playa deposits of highly indurated sandstone, siltstone and mudstone. As an example, Figure 11 shows an approximately 
30 feet thick outcrop dipping about 20° southeasterly. An approximately 2 foot thick cream to pale green volcanic ash was found interbedded 
within these red beds in a small outcrop on the southwest side of Alamo Road (Figure 12) at virtual mile post 56.5. Ash was deposited on a dry, 
mud-cracked lakebed. Figure 13 shows ash filling mud cracks on the left side, and face of red lakebed clay.  
 
Location   
 
Located less than a half mile northwest of the nominal Alamo Lake static pool, near the southwestern corner of the Artillery Peak 7½’ 
topographic quadrangle map, Township and Range coordinates are: SE¼, Section 27, T11N, R13W, GSRBM (Gila and Salt River Base and 
Meridian). GPS (Google Earth Global Positioning System) coordinates are: 34o 15’ 51.13” N., 113o 35’ 34.94” W.; the elevation is 1,150’. 
 
Spencer and others (2015) mapped the Chapin Wash Formation in the Artillery Peak and east half of the Rawhide Wash 7½’ topographic 
quadrangle maps. From these maps, it appears that if mapping had been continued to the south and east, Chapin Wash Formation would have 
been found beyond their map boundaries.  
 
Wilson (1933) noted Tertiary (?) red beds consisting of more than 1,000 feet of tilted and faulted, reddish-brown to gray conglomerates, arkosic 
sandstones and shales exposed at Baker Peaks, Antelope Hills and Mohawk Mountains. Similar looking red beds were noted at Osborne Wash 
(east of Parker, AZ), Gila Mountains (southeast of Yuma, AZ), and northwest of McPhaul bridge (at the Yuma, AZ, shooting range, Adair Park 
Road). A granitic boulder breccia exposed at Yuma bridge, Yuma Crossing (?), and west of Laguna Dam may be equivalent to the basal red 
bed series (Wilson, 1933, p. 30, 31). A similar conclusion was reached by Shackelford (1989, p. 25) with respect to the apparent widespread 
occurrence of the Chapin Wash Formation. 
 
Based on our observations of the many scattered and isolated red beds outcrops between Yuma and Bullhead City, Arizona, it is our opinion 
that the name Chapin Wash Formation “could” easily apply to most, if not all, of these ubiquitous outcrops. Because of the isolated nature of 
these red beds outcrops, however, it is our opinion that using the name Chapin Wash Formation to identify all of these outcrops is not advised. 
Likely, it is better to qualify naming by using “Chapin Wash-like red beds” unless, or until a defensible correlation can be made between 
outcrops. In the meantime, it is probably better to apply informal provincial geographic names to individual exposures, and where appropriate, 
simply reference their similarity to the Chapin Wash Formation. 
 
Age    
 
A review of Colorado River corridor red beds literature shows that age estimates vary from Early Cretaceous (Robinson, 1980) to Early 
Pliocene (Lasky and Webber, 1949). 
 



Wilson (1933, p. 30) identified scattered and isolated red beds in the Colorado River corridor as Tertiary (?). Spencer (1991) bracketed the age 
of the Chapin Wash Formation red beds between K-Ar 13.3 and 20 Ma - Lower Miocene.  
 
A sample of ash from the Chapin Wash Formation was collected along the southwest side of Alamo Road, at virtual mile post 56.5. The laser 
ablation Uranium-Lead age of ash found sandwiched in between the siliciclastic Chapin Wash Formation red beds was found to be 12.53 ± 
0.16 Ma (this study).  
 
Shackelford (1989, p. 24, 25) noted that a basalt found in the upper portion of the Artillery Formation was dated 15.9 ± 0.3 Ma (whole-rock K-
Ar). This provides a lower bound age for Chapin Wash Formation. Furthermore, he noted the Chapin Wash Formation is overlain by a Late 
Tertiary (?) basalt which he speculated may be equivalent in age to 8-10 Ma basalts on the southwest edge of the Colorado Plateau (~60 miles 
northeast). Assuming these two dates are correct, or at least reasonably correct, they nicely bracket the age we obtained for the Chapin Wash 
Formation. Although our orphan date may or may not be representative of other red beds outcrops in the Colorado River corridor, it does 
provide a starting benchmark for future investigations. 
 

Artillery Formation – A Sidebar Note 
 

The Artillery Formation was named by Lasky and Webber (1949, p. 16) for thousands of feet of catastrophic, fan, and fluvial, closed-basin 
deposits of Early Eocene (?) age. These continental sediments consist of a variety of mostly red, with some gray and greenish, siliciclastic 
deposits with inter-beds of limestone and basalt (Lasky and Webber, 1949).  
 
Although, perhaps casually confused with the Chapin Wash Formation (for example, Jemmett, 1966; Nicks, 1982; and Stevens, 1982), Lasky 
and Webber, 1944, 1949; Shackelford, 1989; Spencer, 1991; and Spencer and others, 2015, make clear age and lithologic distinctions between 
the older Artillery Formation and the younger Chapin Wash Formation.  
 

Questions to be Answered 
 

Questions to be answered and enigmas to be explained with carful investigation include: 
 
1)  Size, shape, and connectedness of basins of sediment accumulation, 
 
2)  Direction of transport at individual outcrops, 
 
3)  Approximate position and composition of each highland provenance, and 
 
4)  Changes in tectonic, volcanic, sedimentary and climate patterns over time. 
 

 



Conclusions 
 

Red beds have been found as far north as Bullhead City (at Sacramento Spring, near Needles, California), and as far south as Yuma (Telegraph 
Pass), Arizona. The easternmost exposure is ~21 miles east of Gila Bend (Freeman Road), Arizona, and the westernmost exposure is ~ 9 miles 
north of Barstow (Rainbow Basin), California. 
 
So far, approximately 130 isolated outcrops have been located and documented in a tabular database (Appendix A). 
 
Siliciclastic red beds sediments are typically brick-red to orange-brown.  
 
Cavernous weathering is common. 
 
Sediment sizes vary from clay to coarse gravel. Boulder sizes range from 12 inches, to occasionally as large as 3 to 6 feet in diameter.  
 
Sediments typically vary from well-indurated to highly-cemented. 
 
Depending upon provenance, clast compositions range from volcanic and plutonic to metamorphic. Clasts vary from angular near source areas 
(proximal) to well-rounded when far traveled (distal). 
 
Without exception, outcrops are tilted from about 10° to 50°. Direction of strike varies. 
 
Laser-ablation Uranium-Lead age of an ash sandwiched in between red beds of the Chapin Wash Formation, north of Alamo Lake, is 12.53 ± 
0.16 Ma. 
 
As noted by several authors (e.g. Jorgensen and others, 1982; Miller and John, 1983; Fedo and Miller, 1992), these sediments appear to be 
associated with grabens and half-grabens created during Mid-Tertiary extension. Whether or not any or all of these outcrops are connected, 
remains an enigma.  
 
Carefully coordinated field studies will be required to answer questions raised and yet to be suggested. 
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Figure 1. Location map of U-Pb age dated sample and red beds outcrops. 



  

Figure 2. Moderately dipping and faulted red beds at Maggie Wash. 



                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. High-angle fault in red beds. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Cavernous weathering is common in the red beds. 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Sediment sizes range from clay, silt, sand and gravel, to boulders as large as 3 to 6 feet in diameter. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Clast compositions at each outcrop vary with provenance; for the most part consisting of sub-angular to sub-rounded, dense, durable, 
volcanic, granitic and metamorphic rocks. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Camel and bird trackways in fine-grained sediment, found near Lincoln Ranch, Arizona, suggest a continental origin. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Camel and dog trackways in fine-grained sediment, found near Lincoln Ranch, Arizona, suggest a continental origin. 



 

Figure 9. Bird trackways in fine-grained sediment, found near Lincoln Ranch, Arizona. 



                                                     

Figure 10. Geologic map showing Chapin Wash Formation and location of ash bed used for U-Pb age dating. Modified after Spencer, 1991. 



                                        

                                        

Figure 11. An approximately 30-foot-thick outcrop of Chapin Wash Formation dipping about 20° southeasterly. An approximately 2-foot-thick 
cream to pale green volcanic ash was found interbedded within these red beds in a small outcrop on the southwest side of Alamo Road. 



        

Figure 12. Aerial photo showing location of approximately 2-foot-thick cream to pale green volcanic ash (Figure 11) was found interbedded 
within these red beds in a small outcrop on the southwest side of Alamo Road at virtual mile post 56.5. Ash was deposited on a dry, mud-
cracked lakebed. 



      

Figure 13. Ash filling mud cracks on the left side, and face of red lake bed clay. 













Caveat: The purpose this ongoing reconnaissance is to note and list every possible red beds outcrop observed. Some exposures on this list had 
to be viewed from a distance and therefore could not be physically verified as sedimentary red beds; a number of these errant exposures are 
thought to be red volcanics. Other outcrops are listed only to provide completeness and to be sure no stone has been left unturned. The 
following sample localities may or may not represent sedimentary red beds:  19, 67, 70, 90, 102, 106, 107.
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